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SUMMARY 

A literature survey ha.a been carried out to assess the 

merits of the diverse methods of analysis of side weir flow previously 

available. Two of these appeared to have potential as practical 

methods of analysis and they were tested against the data obtained 

during this investigation. 

A momentum analysis of the flow in the main channel 

yielded a general differential equation which, for supercritical now, 

included terms to allow for the effect of curvature on the vertical 

pressure distribution. The discharge over the side weir, per unit 

length, was obtained using the transverse weir equation. These two 

simultaneous equations formed the basis of a mathematical model 

incorp~rating standard integration techniques. 

Preliminary tests were conducted in a large rectangular 

channel which tapered uniformly so as-to produce a constant head along 

the weir, This enabled values of the coefficient of discharge to be 

obtained for use in the transverse weir equation, and values were found 

to lie within 2% of t~ose given by the Rehbock equation. Velocity 

distributions were measured to establish values of the momentum nux 

correction factor, and these were found to correspond to normal values. 

In the main experimental investigations fiw side weirs 

were tested in a prismatic rectangular channel. The aoat significant 

parameters that affected the discharge over the weir were the settings 

of the channel controls and the crest height. Substantial variations 

in the weir length were required to affect the side spill discharge 

significantly, whilst the effect of the channel slope ya.s almost 

negligible. 

,, 
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A comprehensive set of experimental data. was obtained 

and this was used to test the accuracy of the mathematical model. It 

was found to give extremely good simulation of the flow with both mean 

and standard deviation of errors in the computed discharge less than 

5~ in all cases. 

------
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CHAPTER 1. INTRODlCTION 

1.1 Introduction 

1.1.1 The side weir and side spillway have been widely used 

since the end of the 19th century for diverting a proportion of the 

mainstream flow in a channel or watercourse into a secondary chamber 

alongside. By far the most common application has been ea storm sewage 

overflows and Victorian engineers were responsible for the construction 

of a large number of such overflows on combined sewer systems in most 

cities and towns in the British Isles. Originally these overflows 

consisted of no more than a slot in the side of the sewer pipe, but 

soon they developed into proper side weirs constructed in special 

chambers. The channel was normally rectangular in section with either 

a single side weir, or double side weirs where space was restricted. 

More recently side weirs have been used to distribute flows to settling 

tanks in sewage treatment works and side spillways can be seen let into 

river banks as part of flood relief schemes. 

1.1.2 In•the majority of cases the use of a side weir as a 

storm sewage overflow has proved unsatisfactory in the long term. 

There are several reasons for this1-

(a) 

(b) 

(c) 

I , 

The existing sewers now carry flows well in excess 

of their original design values. 

The inabilit! of the traditional side weir overflow 

to provide a separation of solid particles. ---

A lack of understanding of the various characteristics 

of side weir flow. 

( 21 



(d) 

1.1.3 

, 

The absence of a satisfactory theoretical or 

eml)irical treatment to enable the engineer 

to design a new installation or analyse an 

existing system. 

Accurate prediction of sewer flows and redesigning of 

overflow chambers has done much to alleviate the l)roblems listed under 

(a) and (b) above, but despite numerous l)ubllshed works on the subject 

the engineer was still without proper means of design or analysis 

unless he resorted to an over-simplified theoretical or limited 

eml)irical approach. Naturally this led to errors in design •. 

It is the purpose of this investigation, therefore, to 

develop a satisfactory theoretical analysis of side weir flow and provide 

the engineer with a design method capable of dealing with_a wide variety 

of side weir and spillway configurations and flow conditions. 

---
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1.2 Review of Previous Work 

1.2.1 Over the past eighty years there have been a large 

number of contributions to the field of side weir flow. Some have 

been similar in nature to more major works whilst others have been 

limited to very specific applications. In general these works have 

been excluded from this review. The more significant contributions 

have been divided, for ease of reference, into empirical and theoretical 

categories, though in a few cases this is somewhat arbitrary as both 

approaches have been considered. 

(a) Theoretical 

1.2.2 
I 

1 Parmley W .c. 

.l3y assuming that the discharge per unit length over a 

side weir is given by the transverse weir equation Parmley developed an 

expression for the time required to reduce the head on the weir by a 

given amount:-

t ... o.2i .t.r {-✓-,,Y-2=1 -=c=-
••••• ~ •••••• (1.1) 

He then assumed that the longitudinal velocity v along 

the weir was constant, and thus the length of weir required is 

L • 
vB 

0.294/g .•••........ (1.2) 

Parmley did not support this equation by e~perimental 

data nor did he indicate how the value of v was to be detemined. Since 

the formula may only be applied to supercritical flow conditions (Fig. 2.1), 

( . 2j 



where the mean velocity varies substantially along the length of the 

weir, it is unlikely to give accurate results. 

1.2.J Nimmo W.H.R.2 

A detailed momentum analysis is given for a trapezoidal 

section by considering the channel to be divided into a number of small 

finite sections each i1 x in length. The discharge over the weir is 

computed for each section from the transverse weir equation 

Q = 
J/z 

C (y - c) ~x ............ (l.J) 

and a finite difference fomula is derived for computing the changes in 

depth, and hence in discharge, along the length of the weirs-

~ = {sf - so - Q 2 2 • !g + i:_ 
Ax g (by + ny ) ox g 

2 
+ ,Q • 

g ( by + nyl?..·•p 

y 
• 2 J • 

(by+ ny) 
Ab 
Ax 

••••••••••••• (1.4) 

The validity of the method was determined by comparing 

computed longitudinal surface profiles and discharges with those measured 

in a ,54m trapezoidal timber flume, and there was foWld. to be a reasonably 

good correlation. The value of the weir coefficient C used in equation 

{1.J) was first obtained by measuring the mean head and discharge over 

each 1.2m length of flume. For general application of the method the same 
-#-- . 

value of C as used for a transverse weir of the same type is suggested 

but this is not supported by experimental data. 

y' 
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1.2.4 
·' 

De Marchi G. 3,4 

The discharge per unit length of weir is given by a fom 

of the transverse weir equation, such that 

q .. - g_g 
dx 

. 3/2 
= /l'ffg (y - c) •••••••••••••• (1.5) 

in which case 

The same value for pas a transverse weir could be used, 
2 /' = J c,D' although no recommendation is given by De 

Marchi. By neglecting energy losses and slope of the channel bed the 

following differential equation is derived 

= •••••••••••••• (1.6) 

Inspection of this equation enabled De Marchi to 

distinguish between the falling supercritical flow profiles (Figs. 2.1 

and 2.4) and the rising subcritical profile (Fig. 2.2). After 

substituting the terms of the transverse weir equation for dQ/dx in 

equation (1.6), the latter is integrated to 

where 

p (f) = 2E - Jc 
E - C 

p (~)} 

-1 J sin 

•••••••••••••• (1.7) 

I E - y ..... (1.8) 
E - c 

Values of /J ( i) are given graphically enabling the 

method to be used easily for analysing existing weirs or for computing the 

length of a weir required to remove a given proportion of the mainstream 

flow. Although it has been shown to give good results in c~;.;,ain cases11 

· (section 6.13) significant errors have also been observed with this 

method, particularly when applied to supercritical flow (section 6,13), 

2.5 . 
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1.2.5 Ackers P • .5 

This method also neglects energy losses and the effect 

of a sloping channel bed. In this case energies are related to the weir 

crest and similar equations for side spill discharge and surface slope 

are derived to those given by De Marchi. The equations are integrated 

using a similar integration function to that given in equation (1.8) 

and it may be concluded that there is no advantage to be gained in using 

this method over the one summarised in the previous section. A number of 

important conclusions are drawn by Ackers however. 

By inspection of the theoretical equations it was shown 

that the subcritical flow upstream of the weir would be drawn down 

sufficiently to form supercritical flow on the weir itself (Fig. 2.1) 

if the crest height was less than a half of the specific energy at the 

upstream end of the weir. This has been verified by the current 

investiation (section 6.4). 

It was also shown that if energy losses and bed slope 

a.re neglected then the condition for a constant head along the weir is 

dB 
dx 

... 
J/2 

- C fa:- c) 
yv 

............. (1.9) 

It follows that if a constantly tapering channel is 

used to produce a constant head then the mean velocity remains constant 

along the le~oth of the weir (ref: section 4.2). Ackers recommended 

that no allowance for longitudinal velocity should be made in computing 

the value of the weir discharge·coefficient which should be the same as 
.-P---

if the weir were transverse. This has also been verified during the 

present investigation (section 6.1) 
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1.2.6 6 Chow V.T. 

By dividing the channel into small finite sections IJ.x 

in length, and applying a momentum analysis, Chow developed a numerical 

integration technique in which the rise in water surface elevation Ay• 

is given by the equation 

; 

Ay• = 
081 (v~ + "2) 

g (Ql + '½J 
••••••• (1.10) 

Suffixes 1 and 2 refer respectively to the upstream and 

downstream ends of the section under consideration. The side spill 

discharge AQ is computed from a form of the transverse weir equation; 

... J 
J/2 . 

- C: • AX • • • • , • • (l, 11) 

and the gradient of the total energy line sf may be comput~d from the 

Manning equation or by any other suitable method. The performance of 

Chow's Numerical Integration Method has been studied as part of this 

investigation and the findings are discussed in section 6.13. Although 

-Chow makes no recommendation for values of CD or ex the method was 

found to work reasonably well in most cases when the normal values of 

en· and o< were used. It is recommended for use when a digital 

. computer is not available as the computations can easily be arranged 

into tabular form. The method is applicable to both subcritical and 

supercritical flow profiles where a hydraulic jump is not formed along 

the weir section. 

---___ ..... 



1.2.7 
, 7 

Smith K,V. 

A general differential equation for spatially varied 

flow over side weirs is derived from energy considerations, 

& = 
dx 

~ dl'l 
s-s- 3•~ 

o f gA dx 

«_f::t. dB 
+ J • -gA dx 

where ~ is given by the transverse weir equation, 
dx 

= 
2 J/2 J fig CD (y - c) 

•••••••••••• (1.12) 

••••••••••••(1.lJ) 

Equation (1.12) is applicable to most artificial sections, 

and an extended form of the equation is given for irregular section 

natural channels. 

The solution of equations .(1.12) and.(1.lJ) is 

simultaneously effected by dividing the channel into small incremental . 
_lengths and working along the weir in steps from known conditions at 

one end. Each step length is dealt with successively and solutions 

obtained iteratively for that length. Although tedious by long hand 

calculation the method is readily hand.led by a digital computer. It 

is claimed that convergenc~ to a solution is rapidly reached at each 

step for both subcritical and supercritical flows, although difficulty 

is experienced in the region of critical flow. Worked examples a.re 

included but the results a.re not supported by experimental data. No 

recommendations a.re given for suitable values of the weir coefficient 

CD or the velocity energy coefficient oc:. 

,· 
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This is the first method to apply a generalised 

theoretical approach to the problem of flow over side weirs. 

(b) Empirical 

1.2.8 Engels H. 8 

By neglecting the effects of friction and channel slope 

Engels suggests a simple formula for the side spill discharge, 

a ••••••••••••• (1.14) 

in which the indices ~ and 6 are related by the equation 

l + 6 = 2 • .5 ••••••••••••• (1.1.5) 

Equation (1.15) ensures that equation (1.14) is 

dimensionally homogenous. 

A series of 25 tests were perfonned on a wide variety of 

side weirs in prismatic rectangular channels, in which the flow was 

subcritical throughout (Fig. 2.2). From the results Engels concludes 

that '6 should have a value of 0.8Jl and S a value of 1.669. The data 

from these tests has been used in section 6.12 to help to evaluate the 

performance of the mathematical model developed as a pa.rt of the current 

investigation. 

Engels undertook a further series of tests on weirs set 

in a tapering rectangular channel. Values of ~ and 6 were found to 

be 0.9 and 1.6 respectively, and these values were not affected by the 

ratio of upstream to downstream width. However, since a pr~smatic 

channel can be thought of as a special case of a tapering channel, there 

is clearly some inconsistency in the recommended values for ~ and 6 • 

,· 
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A value of CD of 0.855 is recommended for a round 

crested weir and 0.735 for a sharp crested weir, which do not agree with 

accepted values for transverse weirs. 

1.2.9 Coleman s. and Smith D. 9 

The usual form of the transverse weir equation is 

abandoned in favour of an empirical equation of the type 

••••••••••••• (1.16) 

where the upstream specific energy E1 is computed by adding the velocity 
v2 

head .:.1 to the depth at the start of the weir, y1• The formula is 
2g 

only applied to cases where supercritical flow occurs along the length 

of the weir (Fig. 2.1) and having conducted a series of tests for that 

condition Coleman and Smith suggest sul.table values for C, '6 and 6 

such that 

~ = 0.316 L o. 7z (E1 - c) 
1

•645 m3/s _·''. .··.·•••••••••••••(1.16.1) 

This is further developed by including the channel 

width B, 

~ = 2.583 B L o. 7z {E
1 

- c) l. 645 m3/s ...•.•.••••.. (1.17) 

although this is not supported by experimental data. 

Finally, by a semi-empirical analysis, a formula for the 

length of weir is obtained1 

L = 1.158 B v· (y
2 

- c) O.lJ { l 
IY1 - c JY~ -_ ~1 m • (1.18) 

,' 
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It can be seen that equation (1.18) is similar to that 

developed by Parmley (equation (1.2)). Again no indication is given as 

to how the value of vis to be calculated. Furthennore, none of the 

equations given above allow for the draw-down effects in the upstream 

channel. Despite these drawbacks, however, the equations were used as 

the principal design method in Great Britain for a number of years. 

1.2.10 Fa~re H. and Braendle F. lO 

By applying a momentum analysis to a short length of 

channel the following differential equation for spatially varied flow 

with decreasing discharge is developedr 

- dy = {l - ~} ••••••••• (1.19) 

where u represents the longitudinal ccmponent of the side spill flow. 

Since equation (1.19) cannot be integrated directly it is written as 

a difference equation relating to a sm~l finite length of channel .Ax, 

with the friction gradient sf computed from the Manning equations 

fly 
2 2 · .2 2 { } n Ym Y - v l - ~m • 

= R4/J Ax + . 2 2g · 1 +. 

{
~2 - ~21 
2 A 

2 
gm 

••••••••••••• (1.20) 

A preliminary series of 9 tests were undertaken to 

establish suitable roughness values n for the channel and to determine --
the head/discharge characteristics for the side weirs. The latter was 

achieved by testing the weirs as transverse weirs under constant head, 

. )1 . 



A second series of 19 tests were conducted on 2m long 

round crested weirs in a 201m wide horizontal rectangular channel. The 

first 9 tests used a double side weir installation. In each case the 

flow was subcritical throughout (Fig. 2.2). 

Data from the preliminary tests was used for computing 

n and ('½ - Q1) for use in equation (1.20). The velocities u and 

v were assumed to be the same, thus putting the last term in equation 
m 

(1.20) equal to zero, and theoretical longitudinal profiles were computed 

by applying equation (1.20) to successive short increments of channel 

a.long the weir. At the same time the side spill discharge was computed. 

Computed longitudinal surface profiles are found to lie 

within about: 1~ of measured values, while computed discharges differ 

by about ± 5%. The effect of friction is found to be small, The effect 

of a sloping channel bed is not considered and the tests have not been 

extended to different sized weirs or channels, nor to cover supercritical 

flow. The validity of this method fo~ general application is therefore 

uncertain. 

1.2.11 Gentilini B. 11 

Gentilini conducted a series of 12 experiments in a 

• 214mm wide rectar1gqilar channel in order to assess the validity of De 

Marchi's theory 3,4• The first 8 tests were conducted with subcritical 

flow along the weir (Fig. 2.2) and the remainder with supercritical 

flow occurring (Fig. 2.4). De Marchi's assumption that energy losses 

along the weir were negligible is investigated by plotting values of 

1oo{E1 E: Ez J against C for subcrl.tical flow. Values oi"-
-~ ' 

100 { '\; Ez } are found to reduce 

( 

from 2.80 to zero as Q... increases; 
E2 



from 0.70 to 0.95. Gentilini concludes therefore that the assumption of 

zero-energy loss is reasonable for subcritical flow. He further 

substantiates this by computing mean values for the weir discharge 

coefficient j>'- (equation (1.5)) and comparing them with measured values. 

Theoretical /J. = 1! 
L 

Experimental 
A= J 3/z 

./2g (y - c). dx 
. L 

.......•.. (1.7.1) 

••••••••• (1.21) 

For subcritical flow the ratio A/j'- varies from 

0.903 to 0.981 as y2 increases. 

For supercritical flow, however, the ratio PJJJ- varies 

from 0.381 to 0.575 showing a substantial discrepancy between theoretical 

and experimental values. It is concluded that·De Marchi's method is not 

suitable for application to supercritical flow. The experimental work 

was not extended to investigate the effect of sloping the channel bed, 

· although this has subsequently been found to introduce further errors 

into De Marchi's method (section 6.13). The data from Gentilini's 

experiments has been used in section 6.12. 

1.2.12 Schmidt M. 12 

Schmidt identifies four possible flow cases as shown in 

Figs. 2.1 to 2.4, and investigates the value of the weir discharge 

coefficient and energy loss along the length of the weir using the 

results of a series of tests undertaken in a large rectangular channel. 

)J 
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Using an average value for the head on the weir, Ym - c, 

the discharge over the side weir is obtained from the formula 

••••••••••• (1.22) 

Values of the coefficient of discharge, CD, are found 

to be well scattered within ± 5% of Rehbock's19 values. 

The energy of the flow is represented by the dimensionless 

function' t, such that 

!. = ~··········<1.23) 

where °" 1 and o< 2 are ta.ken as 1. 1 and hf is an average head loss for 

the main channel computed from a form of the Manning eq_uationa 

...•....... (1.24) 

Values of ~ are plotted against Ym - c for various 
Ym 

conditions of flow and the data of Engels 8 and Gentilini 9 are also 

included. Although relationships are indicated on the graphs the points 

are far too scattered for reliable conclusions to be drawn. This is not 

surprising since in many cases a hydraulic jump formed on the weir. 

1.2.13 13 Allen J.W. 

Experiments were conducted on a side weir formed in the --
side of a 150mm·circular pipe. The main channel, therefore, had a 

circular invert which was adjusted to slopes varying between horizontal 

and 1 in 70. Weir lengths varied from 23.5mm to 762mm. 



The tests were only conducted for supercritical flow 

along the weir (Fig. 2.1) and the subcritical flow in the upstream 

channel was observed to draw down by up to J~. 

Allen considers the flow in the upstream pipe as being 

made up of two parts, namely the 'unavailable' flow which passes along 

the main channel below th~ crest, and can be computed from proportional 

depth-discharge curves, and the remainder which he terms the 'available' 

flow,~• He shows that the discharge over the weir, "1 is proportional 

to~ and deduces the following fonnula for computing its value, 

•.•......... (1.25) 

; 

where C1 is a dimensionless constant. The effect of channel slope is 

found to be negligible. 

An attempt is made to correlate the eXl)erimental results 

with a simple theory. The shape of the water surface profile is 

approximated by a square law of the type 

(y - c) •...•....... (1.26) 

where x = distance from the upstream end of the weir. 

Equation (1.26) does not give good agreement with the 

measured water surface profile at the upstream end of the weir and it 

leads to an expression for side spill flow per unit length of the form 

2/ 
dQ = C (y - c) J d L ••••........ (1.27) 

It can be seen that equation (1.27) is contra.:cy to the 

findings of previous research where the value of the head over the weir 

(y - c) is raised to the power 3/2. 
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Finally an empirical formula is deduced for computing 

the value of the coefficient c• in equation (1.25): 

c• = 

where B is the width of the channel at crest level. w 

••••••••••• (1.28) 

Although the formulae above are given in dimensionless 

form there is no reason to suppose that they will give good correlation 

with wiers of different proportions to those used for the experiments, 

particularly bearing in mind the novel form of equation (1.27). 

1.2.14 Collinge V.K. 14 

Collinge conducted tests in a 102mm and a J05~ wide 

flume in order to observe the types of water surface profiles that could 

occur, to check if the De Marchi theory could be applied to side weirs and 

the limits of its applicability, to determine whether the coefficient 

of discharge of the weir is affected by the longitudinal velocity, and to 

detemine the nature of the bed load movement. 

Measurements of discharges and surface pr?file co-ordinates 

were made fur a variety of flows in each flume for both subcritical and 

supercritical conditions (Figs. 2,1 and 2.2), although from the 

observations recorded it would appear that an unbroken hydraulic jump 

occurred on the weir in a number of cases (Fig. l.J). 

A preliminary series of tests were undertaken to 

establish values of the weir coefficient /A' (equation (1.5)) for use with 

the De Marchi method. The downstream channel was sealed and an average .--
head over the crest determined from equations (1.29) and (1.JO) below • 
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For small variations of head, 

Mean head = Y1 + Yz - c 
2 

•••••••••• (1.29). 

For larger variations of head, L 

Mean head = {t· . l (y - c//2 , dx } 
2
/J , , . (1.J0). 

0 

The mean head is then used in equation (1,5) to obtain 

a value of)'-. Since equation (1.5) is strictly only applicable to short 

leI1t,o-ths of weir where the head may be considered constant, its use with 

equation (1.JO) to produce a value of weir coefficient must be questioned, 

and it is not surprising that the test results produce values of weir 

coefficients of 0.352 and 0.374 for the J05mm and 102mm flumes respectively 

which a.re substantially different from the usual transverse weir 

coefficient of o.415 recommended by De Marchi. A value of r of 1.JJ 

is obtained for a clinging nappe using the 102mm flume, but the value of 

the indice in equation (1.5) rises from 1,5 to 1.8 in this case. 
-

In the main programme of tests the measured discharge is 

compared with computed values using the empirical weir coefficients 

obtained from the preliminary tests. For subcritical flow (upstream 

Froude Number ranging from O.J to 0.98) the computed side spill discharges 

a.re about 2~ greater than the measured values but this rises to over 

150% greater as the flow becomes supercritical (Fr1 = 1,0) and then 

falls to about JO% greater as the upstream Froude Number rises to 1.3. 

It is unfortunate that the theoretical discharges were computed using the· 

empirical weir coefficients since the more generally accepted value of ----• ~ .... 

of o.415 would have given 1:Btter correlation • 
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Collinge, however, attributed the discrepancies to the 

effects of longitudinal velocity on the weir coefficient and proceeded 

to obtain values forf"' from the main series of tests in the same manner 

used for the preliminary tests. The values o~r thus produced are found 

to be up to 20% less than those previously computed and a graph showing 

the percentage reduction in I"' with longitudinal velocity is given. 

Although relationships are indicated for both free and clinging nappes 

on the graph there is too much scatter and insufficient data for fim 

conclusions to be reached, 

The present investigation has shown the weir coefficient 

to be unaffected by longitudinal ·velocity and the discrepancies between 

theoretical and measured values that Collinge observed can be wholly 

attributed to the inability of the De Marchi method to take friction and 

channel slope into account, as discussed in section 6,13, 

1.2.15 Frazer W. 15 

Frazer was the first investigator to identify all of the 

five possible flow types that can occur in a channel fitted with a side 

weir. He denotes the types as Cases I to V and they a.re shown in Figures 

2,1 to 2,5 respectively. 

After a series of qualitative tests on a small pilot rig 

the main investigations were carried out in a rectangular flume with a 

width that could be varied up to a maximum of 229mm, This was fitted 

with a sharp crested weir whose length and crest height were varied during 
., 

the course of the experiment. ---
An attempt at a conventional analysis of side weir flow 

is made but it amounts merely to a statement of constant specific energy 

when applied to a prismatic channel. Further attempts at a theoretical 

analysis are abandoned in favour of.a semi-empirical approach. 



, 

The experimental results a.re shown in dimensionless 

form and for each flow case an attempt is made to give a correlation of 

quantity with depth of flow, and quantity with length of weir. 

The.following dimensionless parameters a.re definedr-

= 

= 

4o, = 

Discharge at Downstream End of Weir 
Discharge at Upstream End of Weir 

Depth at Downstream End of Weir 
Critical Depth at Upstream End of Weir 

.qS for infinitely long weir. 

For supercritical flow (Case I) the relationship 

between quantity and depth of flow is shown to be 

and the relationship between quantity and length 

= 

L 
1.:. 10 - 8B 

•••••••••••(1.Jl) 

........... (1.32) 

Equation (1.Jl) implies an energy loss of ¼ (y1 - y2 ). 

For subcritical flow (Case II) equation (1.Jl) becomes 

' ........... (1.33) 

where 8 = 2yl -ye + {~} 2 

In order to correlate quantity with weir length the 

transverse weir equation is assumed to apply ---
= 

where Ym represents the mean depth of flow along the weir. 
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In dimensionless form, 

= (ii -r •. 1 •••••••••• (1.34) 

where St 
2 

J2g dr Ym = CD J ' = -ye 

C and 1 L 
er - - = B ye 

Values of S:I are shown graphically and vary between 

0.3 and 0,6, but there is too much scatter for reliable values of °rr to 

be obtained, In addition, all the tests were conducted on a horizontal 

channel so the effect of channel slope was not observed. This limits 

the range of application of the method considerably. 

Perhaps the most interesting aspect of Frazer's work was 

his attempt to deal with the formation of an hydraulic jump on a side 

weir (Case III) and he is the only person known to have included this 

case in his inv~stigations. It is considered as a combination of Cases 

I and II. Suffixes 1 and 2 refer to the upstream and downstream end· of 

the weir respectively in this case, and suffixes 3 and 4 to the upstream 

and downstream ends of the hydraulic jump. The latter is assumed to 

occur instantaneously and the sequent depth formula is therefore applied. 

In dimensionless form this states that 

{ iq{_ 
3 + 1 

dJ 

) 

.•......... (1.35) 

This is clearly a simplification of the phenomenon 

since it was observed during the present investigation that a significant 

flow passed_ over the weir along the length of an hydraulic jump._ 

I ' 
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The flow downstream of the jump is treated as a Case II 

profile, and upstream of the jump as Case I where equations (1.31) and 

(1.32) can be used to compute dJ and q3• d4 is obtained from equation 

(1.35) and the dimensionless specific energy just downstream of the 

jump is defined as 
2 

1 
d 2 
J 

, . 
.... 

............ (1.36) 

The conditions at the downstream end of the weir are 

computed from the following expressions 

For o. 882 > 4z > o. 700, 42 = d2 / {l. 01 ff - 2d2) •••••••• (1.37) 

For 0.700) q2 ) 0,478, 0 q2 = d2 · /(O.J8J'/J 2 ~ 2d2) ••••••••(1.38) 

Equations (1.J7) and ( l.J8) are obtained by curve 

fitting data which exhibits a good deal of scatter, and it is 

questionable whether they are applicable even within _their limited 

ranges of q2• Furthermore, an attempt to obtain a weir discharge 

" coefficient for the section downstream of the jump by a similar method 

to that used with the Case II profile met with the same problem of 

widely scattered results, This coefficient is required to provide the . 
additional relationship between q2 and d2 needed for the solution of 

equation (1.37) or (1.38). 

1.2.16 
16 El-Khashab A. and Smith K.V.H. 

The experimental work reported by El-Khashab and Smith 

was underta.~en concurrently with the present investigation. 
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Side weir flow is analysed using both an energy and a 

momentum approach in a similar fashion to the more detailed analysis 
. 18 · 

attributed to Yen and Wenzel • The energy analysis yields an equation 

identical to that alre8;?-y proposed by Smith but simplified for a 

prismatic channel:-

s - sf - Oi"Q ~ 
' 

0 

i • dx 
.2Z = 
dx 1 - O(i:JJ.. ••••••••••• (1.J9) 

gAJ 

Results of the experimental tests, which were conducted 

in a 0.46m wide rectangular flume, show the total energy line to deviate 

considerably from the theoretical line even after allowing for friction 

losses. This was at first thought to be due to the effect of secondary 

flows induced by the flow over the weir but three dimensional velocity 

measurements, used to compute the total kinetic energy at each section, 

did little to alleviate the problem. -The discrepancy was finally 

attributed to the acceleration of the flow passing over the weir where 

the'longitudinal velocity component of u was observed to be greater than 

the mean velocity v in the main channel at that section. 

A momentum approach was therefore adopted which yielded 

the following differential equations 

& = 
dx 1 -

J_ (2p V -

gA 

¼. 

n) g_g 
dx ••••••••••• (1.40) 

---



This equation was solved by the step by step procedure 

of Smith7 in which the discharge over the weir per unit length is 

computed from the transverse weir equation (1.13). No recommendation 

is given for a suitable value of the coefficient of discharge however. 

The value of u used in equation (1.40) was first 

obtained experimentally. For subcritical flow the value of u is 

obtained from one of two relationships, shown graphically. For 

~/Ql < 0.5 the ratio u/v is shown to be proportional to y/c, and I 

for'¾/~> 0.5 the ratio v1/ti is shown to be proportional to (y - c)/. 

(y1 - c). For supercritical flow a single relationship between u/v 

and the upstream Froude Number Fr1 is concluded from the results. 

There are two important drawbacks to the use of these 

relationships in computing side spill discharges and surface profiles. 

Firstly there is no reason to suppose that these empirical correlations 

can be extrapolated for weirs whose dimensions differ appreciably from 

those used in the experiments. Secondly, for subcritical flow a 

preliminary computation is required to estimate u. Neither of these 

·drawbacks apply to the mathematical model developed as the result of 

the present investigation. 

It is also doubtful whether it is correct to distinguish 

between the longitudinal component of the side spill flow u and the mean 

velocity of the mainstream v in equation (1.40). The momentum analysis 

is conducted along the centre line of the channel and the longitudinal 

velocity of particles which ultimately pass over the weir, as they 

initially deviate from the mainstream, is clearly equal to the mean 

velocity of the mainstream at that point (i.e. u = v). Once a particle 

has passed over the weir, however, it will have travelled some distance 

~-



downstream and the mean velocity in the mainstream will be less at that 

downstream section in most cases. At that point the particle is remote 

from the mainstrea~ flow and no longer involved in the analysis. 

For super<::ritical flow (Case I) an upstream depth of y1 
equal to o.9J Ye is recommended as a starting value for computations, 

but results of the present investigation showed y1 to vary between 

o.84yc and 0.98yc, which has _a significant effect on any computed values. 

El-Khashab and Smith state that their method of analysis 

showed "excellent agreement" with observations but no values for the mean 
-

or standard deviation of errors are quoted. A discussion on this 
. 17 

published paper has been submitted by the author , and a copy is 

contained in Appendix I. 
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CHAPTER 2. THEORY 

2.1 Classification of Side Weir Flow 

2.1.1 Before conducting an investigation into the behaviour of 

flow over side weirs it is important to identify the various now 

categories that can occur. There are five possible flow configurations 

and these were first classified by Frazer15 who denoted them as Cases I -~ 

to V respectively. The flow profile for each case is shown in Figures 2~1, 

to 2.5 and the conditions under which each occurs are discussed below. 

2.1.2 Case I (Fig. 2.1) 

If a low side weir is installed in a channel where the 

flow regime is normally subcritical then the water surface will be drawn 

down as the flow approaches the weir and the Froude Number progressively 

increases until critical conditions are reached a short distance upstream 

of the weir. The surface continues to fall so that at the start of the 

weir the depth is a little less than the critical depth (normally between 

o.84 an1. 0.98 of the critical depth). 

The flow along the weir is supercritical for the whole 

length, with a falling profile, and despite the discharge over the weir 

the flow accelerates in the main channel and the Froude Number · 

progressively increases. Initially the curvature of the_ water surface 

is negative, but a point of contraflecture is reached a short distance 

downstream of the start of the weir and the curvature becomes positive 

(a sag-curve profile) for the remainder of the length of the weir. 

Due to the high longitudinal velocities the -iiide spill 

flow makes a small angle with the weir as it passes over the crest, and 

the magnitude of the angle reduces progressively as the flow passes 

downstream. 

( 
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The flow is entirely controlled by the conditions that 

exist at the upstream end of the weir and the surface profile along the. 
' upstream section of the weir is not affected by the length of the weir. 

With long weirs the water surface may fall sufficiently for the nappe to 

cling at the downstream end of the weir and in extreme cases side spill 

may cease altogether before the downstream end of the weir is reached. 

If the downstream channel cannot sustain supercritical flow an hydraulic 

jump will form in the downstream channel. 

It is shown in section 6.4 that the Case I condition 

only occurs if the crest height is less than half of the Specific Energy 

of the flow at the upstream end of the weir. 

2.1.J Case II {Fig. 2.2) 

In the case where the flow in the channel upstream of 

the weir is subcritical, but the crest height is greater than a half 

of the Specific Energy at the upstream end of the weir, subcritical 

flow will occur along the whole length of the weir. The entire flow 

in the channel is controlled by conditions in the downstream channel 
. 

and the water surface rises along the weir despite the reduction in 

discharge due to the side spill flow. The surface curvature is negative 

over virtually the whole length of the weir and the Froude Number 

progressively decreases along the weir. 

The longitudinal velocities are much less than those 

observed with Case I flows and the angle that the side spill flow 

makes with the weir is correspondingly greater and increases progressively 
..... ---.. -

as the flow passes downstream. 
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The water surface in the upstream channel is again 

drawn down as the flow approaches the weir but this is not as severe as 

in Case I, and the critical depth is not reached. 

In practical applications this flow case often occurs 

when there is a control structure, such as a weir or sluice, in the 

downstream channel, It is possible in such a case to vary the down

stream depth by adjusting the settin6S of the control structure thereby 

regulating the proportion of flow that passes over the weir. This is 

dealt with in more detail in section 6.3. 

2.1.4 Case III (Fig. 2,3) 

This case is strictly a combination of the Case I and 

Case II profiles. Like the Case I flow it can only occur if the crest 

height is less than a half of the Specific Energy of the.i'low at the 

upstream end of the weir, and in fact the two cases are identical up to 

the hydraulic jump. However in this case the downstream flow is 

throttled, either by a control structure or by the downstream channel 

itself, so that the hydraulic jump, which occurred downstream of the 

weir in Case I, now moves upstream to form on the weir. The flow profile 

on the latter part of the weir is essentially the same as the Case II 

profile and is regulated by the downstream control in exactly the same 

fashion. 

A slight relaxing of the downstream throttle causes the 

jump to move downstream and less flow passes over the weir. Conversely 

increased throttling moves the ·jump upstream and increases the side spill --
discharge. In many cases the jump is observed to oscillate in position 

resulting in fluctuating side spill and downstream discharges. For this 

reason, and because of the difficulty in analysis, it is advisable to 

avoid this case in practice. 

. ( 



2.1.5 Case IV (Fig. 2.4) 

In certain circumstances supercritical flow will occur 

upstream of a side weir, for example, when the channel is steep sloping 

or when the upstream flow is regulated by a sluice. If the downstream 

channel does not throttle the flow then supercritical flow will occur along 

the whole length of the weir with a falling profile similar to that of 

Case I. In this case, however, the depth at the start of the weir is 

not directly related to the critical depth, but is regulated by the upstream 

channel control which governs the whole of the flow along the weir. If 

the downstream channel cannot sustain supercritical flow an hydraulic 

jump will form in the downstream channel. 

2.1.6 Case V (Fig. 2.5) 

In the same way as the Case III profile is f o:rmed by a 

combination of Case I and Case II so the Case V profile is formed by a 

combination of Case IV and Case II. The supercritical profile upstream 

of the hydraulic jtL~P is regulated by the upstream channel control and 

is identical to the corresponding Case IV profile. The subcritical 

profile downstream of the hydraulic jump is regulated by the downstream 

channel control and is identical to the corresponding Case II profile. 

The Case V profile is formed because the downstream throttle is 

sufficiently severe to move the hydraulic jtL~p upstream so that it forms 

on the weir. The jump has also been observed to oscillate in position 

in this situation, and again it is advisable to avoid this case in 

practice. ---
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2.2. Development of the General.Differential Equation 

2.2.1 The analysis that follows is based on the Principles of 

Conservation of Momentum and Continuity and is similar to a more general 

analysis of spatially varied flow performed by Yen and Wenze118• 

Figure 2.6 shows a small finite length of channel, 

length Ax, with the upstream and downstream cross-sections defined as 

sections land 2 respectively. 

the equation 

If q = discharge passing aver the weir per 

unit length of channe.l 

then ~ = -q 
dx 

' •••••••••••• (2.1) 

The change in momentum over the length Ax is given by 

............ (2.~) 

where ~ is the momentum of the water lost over the weir between sections 

l and 2. 

. ........... (2.J) 

where p is the momentum flux correction factor {or momentum coefficient) 

defined by 

If each particle that ultimately passes over the weir 

initially deviates from the mainstream with a longitudinal velocity 

equal to the mean velocity at that section then 

~ = . pq /1x V ............ (2.4) 

,,. 
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J.ccordir1g to Newtons Se.cono. La.w of Motion the rate of 

cha.nge of momentwa io bal.an.ced l,y th:caei :forcaG. Tnes9 are s-

(a.) Tho compon~nt l-:olght of water between section..~ 

land 2 

•••••••••••• (z.s> 

(b) The oppoei~ effect of friction 

a •'t Pl::.x ox 

whore P is th$ wetted perimeter. 

/ 
$~ -
f 

• ••••••••••• (2.6) 

:. - 'r P6.x . ox - •• ; ••••••••• (2,?) 

(c) Tho chango in pressure force, including the :fo:cca 

exerted by the t~1)~1.'"'-ne channsl walls ,.n tha 

direction of flow 

••••••••• (2.8) 

where K is the pressure force corr6ct1on factor 

defi~ed by 

/p dA • K t'gAy cos8 

Putting equations (2.5), (2,7), (2.8), and (2.J) a..~d {2.4) into 

equation (2,2) giv~s 

rgAs
0

Ax - fgAsfAx - A(fgKAyc:osO)+egKy2 t-,.wcos0 

2 .. ti(epAv ) + fqvAx 

fgA so~x - rgA Bf ~x - rqvA X 

+ ff!){y
2 

AW cose 

.5J 

Ill 



In the Umi t as ~x tends to zero, 

Ex:J)andlng equation (2.9) 

• fgA {s0 - sf) ~ f4V 

Di tlding throughout by p gA 

y_2 '~ + p,y_2 M + · 2~ • £.! + y d(K c52~e ) 
g • dx gA • dx g · dx · • rue 

d.W + K1,,,,cos0 
A 

dA + K cos8 gz -- ',;~2 
ccs9 

• dx •·dx A . -dx 

- :9..!. 
gA 

For the generalised cross-section sho\m in figure 2. 7 

M :::::: .\l'.gz + y. §! 
dx dx dx 

Q - vA 

• ~ v • dA + A. dv - - q . •· - - --dx dx dx 

• dv 1 
{ q _+ dA} •• dx 

.. -- • v-A dx 

£!. 1 
{ q .+ ( w.~ + Y•~)} - -- • V 

dx A 

... -;, 

' 

•••••••••••• (2.10) 

•••••••••••• (2.11) 

' 
•••••••••••• (2.12) 



Stibstituting equations (2.11) and (2.12) into equation (2.10) 

. 

Y.2 .£li + f;.:!2 ( w £X. + y fill ) -
g •· dx gA "dx "dx 

2f.! { q + V ( W • rul, + y • £li ), 1 
gA d..ic dx .J 

+ y_d.(K ~sB) + KY ~os e • (W-~ + ·Y.~) + K cose .~ 

_ Y::l cos e... dw 
A • dx .. s -s -!l!, 

o f gA 

2 2 2 
x. .M + r.:t...! gz + ~ y_x. • fill. 
g • d.x gA • dx gA dx 

2:!9:! 
gA 

av + ... _ -
gA 

? 

2£.~.li • QZ 
gA ,be 

<1t1 26v2v fill. + y £!.,F;...c,os e 1 + R}/y Q,Q.l..~. m': + E:l,
2 s~~ - '""iA"ruc • dx A "dx A . --ex 

+ K cos~ & K:v2 cosO .dx-nv::'A ...... 
dll 

• cii -

gz ( p.Xii _ 2 tv
2w + !W.Y co3 2..) 

dx · gA gA A . + d.W ( e...Jv 
~ , ............. 
clx gA 

s .. sf - $Jl. • (l - 2 p) 
o gA 

s - sf - 9.! (1 - 2f) - y__
2

• i11, - y. 2,(K q,ree l +·~. fili 
• . o {{ A • e; 9-.Z .,_.. • f±r- .E. A !tL 

K cos G • ( 1 + ~) - f- v:: 

••••••••••••••••••• (2.13) 
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Equ..,tion {2.13) is the gcnera.l di:ffGren~ie.l eqtui.·~ic-n 

for steady ei,atially varied flow 1-r.i. th decraasin~ o.isch~-'..rge <:J<1er n si.de 

weir in a non-:pxismatic chs.nnol with a varyii~ bod $lope. 

2.2.2. Equation (2.13) r,:e.y be simplifled for diff.erc:m.t 

applications as follows. 

For a constant t.;:xI. ~lope 
,. 

d {!_~f.) • cos e • dK 
dx c,"i 

Equation (2.13) oocc~as 

s - sf - !JY. • (1 - 2~) - y_
2 

• fu! - y cos G • ~\Ti + pv
2

~ • dW 
..:t O , g.A c, d:... dx A -d £!1:. .. -----____ .. 11..._ ______ --.;...;:~------ {!i.:_ .x 
dx 

- ~,,zw 
gA 

For a shallow sloping rectangular sectio11, whe:i:-e the 

curvature of the flow is srr:all, 

A _M · dK 1 
W • B =- y , dx • O, dx .. O, K • 2 , a...11.d . 

so - sf - .9.Y... • . (l - 2 r ) . _+ ?2 • 
£I. • gB;r__ - - ._,J 
dx 

cosO - ~2 
gy 

dB --d~ 

For a rectangula~ prismatic channel 

s - sf - av 
!!I .. 0 fisi• 

(1 - 2p) 

dx 
cos 0 

' . 

-, . 

••••••••••••• (2.14-) 

· •••••• , •••••• (2.1.5) 



Equation (2.1.5) is the tom of the general differential 

equation U8ed tor f'omulating the •odel for applications where the 

curvature of the wa.ter surface ia negligible. Note that this equation 

reduces to the general differential equation for gradually varied now 

when q is put equal to zeros-

- coa e - ~v
2 

gJ 

C · Sl 

•••••••••••• (2.16) 

• 

---



Computation of the Side Spill Discharge 

2.3.1 Before equation (2.14) can be used as a basis for a 

u.theut1cal aodel an expression for q, the discharge over the weir per 

unit length, has to be derived. 

The caaplex three dimensional flow over the weir aay 

conveniently be considered as consisting of two parts, the longitminal 

flow passing down the •a.in channel, and a transverse now passing over 

the weir. The latter aa.y be considered as being independent of the· 

wnstrea11 now in that it is determined at 81J.1 section solely by the 

bead over the crest at that section and the ge011atric cha.racteristics of 

the weir (excluding length). In other words, the discharge per unit 

length over the side weir •&J be computed from the transverse weir 

equation. 

. )/2 
CD (1 • c) ••••••••••• (2.17) 

---
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2.4 Allowance for Channel Roughness 

2.4.l '!be term sf in equation (2.15) also has to be co11puted 

at each point along the channel. It accounts for the resistance due to 

boundary shear stress in the x direction, ~~x• am is related to the 

latter by equation (2.6). 

Ideally ~ox should be measured directly or computed 

from the velocity profile near the bounia.ry. However, in practical 

applications the necessary information is not usually available a.nd the 

value of sf must be estimated by other means. It is normal practice 

to assUlle sf to be equal to the gradient of the total energy line and 

to compute its value frOJI the Chezy, Manning, or Darcy-Weisba.ch formulae. 

For the smooth channels used in the experimental tests 

the Darcy-Weisbach equation was chosen, 

- ~ v2 
1ii • ii ••••••••••• (2.18) 

in which the friction factor A was computed from the Blasius· formulas 

--

).. • o.¼164 
Re 

where R
8 

• Reynolds NDber • ~ 
"\1 

••••••••••• (2.19) 

For larger channels with rougher walls constructed in 

brick or concrete the Chezy or Manning equations would be •ore appropriate • 

- ••••••••••• (2.20) 

-
'!be Mathematical Model waa also tested.with sf canputed 

by the Manning equation and a ccaparison of the results is made in 

section 6.11. 
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2.5 The Effect of Curvature of the Water Surface 

2 • .5.1 Whan supercr1t1cal now forms along all or part of the 

weir there is an appreciable curvature of the water surface in the 

Ticinity of the upatreaa end of the weir. Thls is particularly 

significant for the Case I andllI profiles due to the draw-down of the 

water surface upstream of the weir. The curvature of the streamlines 

has the effect of modifying the pressure distribution and the magnitude 

of' the pressure force. For a negative curvature (hog-curve) the 

centrifugal effects of curvature reduce pressures below their hydrostatic 

values, and f'or pos1t1ve curvature (sag-curve) the pressures increase. 

The assumptions inherent in equation (2.1.S) no longer apply and a further 

a.nalysis of the now is required to incorporate curvature effects. 

--
2 • .5.2 Consider a sul.l elemental cuboid of width B, length dx 

am height dd, a distance d below the water surface, as shown in 

Figure 2.8. The element is travellln&, at the instant considered, with 

a velocit1 u in the direction of fiow. 

Equating the forces acting on the element in a direction 

perpendicular to the channel bed 

(p + dp) B.d.x - (p) B.d.x - fg B.dd.d.x. cos8 • f>g B.dd.d.x.JC cos ~. 
r 

dp . • f g.dd. cos8 ~: + fY: .dd. cos /J 
. r 

It can be seen from Fig. 2.8 that fJ va.rles fraa a 

ma.ximum at the surface to zero at the channel bed. Since the uximwa 

surface slope recorded during the experiments was -0.2, corresponding 

to a cos /J of 0.98 at the water surface, the value of cos /J is nearly 
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always very close to 1. O, so tha.t 

dp . ~· pg.dd.cos9 + p!C .dd 
r 

- •••••••••••• (2.22) 

2.5.3 Assume now that the velocity distribution is of the 

wbere u
0 

is the velocity- at the water surface. 

ibe discharge passing any one section can be computed 

b7 integration, 

- for a rectangular section. 

Now Q - V By 

• uo - (n + 1) V •• 

and u - (n + 1) V {1- ~} 
n 

•••••••••••• (2.24) 

2.5.4 AssUllle also that the distribution of curvature (1/r) is 

of the form 

•••••••••••. (2.25) 

-----where r' is the radius of curvature of the water surface. · 

'lhe radius of curvature of the water surface is given 

by the expression 

., 
r• • 

············<2.26) 
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In practice the value of dy/dx is aall so that 

r' 1 ••••••••••• (2.27) 

Specimen computations were made using both equation 

(2.26) am (2.27). '!he mathematical model wa.s found to perform equally 

well with either equation, the results being virtually indistinguishable, 

Equation (2.27) was therefore adopted for general application, so that 

••••••••••• (2.28) 

2.5.5 F.quation (2.22) now becomes 

dp • fg.dd.cos + f(n + 1)2 v2 • d2y {- 1 - ,i } 11 ~ Zn dd • • (2.29) 
. J 1 . 

At a distance d below the water surface 

p • jdp 

- • + 2n} 
f(D +1)

2 
v
2 

• d
2z (1 • a

1
) dd 

dx2 

- pgd cos O -
a+2n+l ti(n +1)

2 v2- Y • d2z: { 1 - ~, ) + Constant 
• + 2n + 1) dx.2 

When d • o, p • O 

: • constant • 

fgd cos9 + 

( 

d2y 
• 2 

dx 

2 2 2 · - ---- a + 2n+l 
Pf n + 1) v 1 • !.z [ 1 - (1 - d) } 

m + 2n + l) dx2 l 7 
••••••••••• (2.30) 
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. Pressure f ol'Ce P • 
1 J p B.dd 

For a rectangular section, therefore, 

1 2 9 
y 

P • 2 pgBy cos + @fli + 1}'1· v2 yB d2y [d + y (1 ._ .ay•+2n+2] 
m + 2n + 1) • dx2 • . C• + 2n + 2) y 

0 

• ½ pgBy2 cos 9 + (n + 1)2 

(m + 2n +1) 

• ½ pgBy2 
COB 0 + (n + 1)

2 
oBv2v2 • S.2Y <• + 2n + 2) \ ., 

dx2 

Let 1 - (n + l )2 
(i + 2n + 2) 

... p • ½ fgBy2 cose + 

y } <• + 2n + 2) 

••••••••••• (2.31) 

••••••••••• (2.32) 

••••••••••• (2.33) 

2 • .5.6 The change in pressure f'orce over a finite length or 

cba.nnel f,. x now beoaaes 

Equation (2.9) may thus be rewritten to incorporate the 

effects of curvature. For a rectangular section channel 

•••••• •·•· •• (2.34) 

' (JI. . 



, 

Equation (2.34) may be expanded and the tenns regrouped 

in the same generalised way as equation (2.9) in section 2.2.1. 

However ~ and 1 may be assumed to be sensibly constant, and limiting 

the application of equation (2.34) to a prismatic channel with a 

constant bed slope gives 

•••••••••••• (2.35) 

For a prismatic rectangular channel equation (2.12) 

becomes 

dv - -dx 
- q -By •••••••••••• (2.12.1) 

Substituting into equation (2.35), 

· 2 2 f~Bv • f - Zf~vq - 2 r~Bv f + fgBy cos e •. ~ 

----•.--
2 . 2 , 

- 2 '\ pBv 7 • U . gz - pgay {s - sf') + f4Y • 0 
dx2 dx 0 

, . 



,, 

1e:Bv2y2 • ~ - 2'\fV14 • d2y + (~gBy cos0 - e~Bv2) . & 
. ~ d:x.2 dx 

l V2Y 
g • 

•••••••••••• (2.36) 

Dividing equation (2.36) by egBr, 

d2y 
• 2 + 

dx 

( cos 9 - t, v2 ) • & 
a dx 

•••••••••••• (2.37) 

Equa.tion (2.37) is the general differential equation 

for spatially varied now in a :prismatic rectangular channel where the 

curvature of the water surface is significant. It can be seen, by 

ccapa.r.tson with equation (2.1.5) that curvature has the effect or ra.1aing 

the order of the differential equation from 1st to 3rd. 

2.5.7 When curvature cea.ses to be significant both d'.3y and 

42
1 tend to zero, so that equation (2.J7) reduces to equa.tiona_x) (2.1.5). 

dxz 
For gradually varied now q • o, and equation 

(2.37) reduces to 

••• (2.38) 

---.~--
.. ,::'. Assuming a linear distribut1on of curvature (a• 1) 

and um.fora velocity (n • o), t • ½ , so that equation (2.38) becaaes 
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•••• (2.39) 

which is essential.11 the same as the equation given by Jaeger20• 

Before equation (2.37) can be used in a m.athemat1cal 

aodel a value of 'i must be established.. This entails obtaining values 

of a and n by dete:rmin1ng the distributions of curvature and 

yelocity over the depth of now. 

' 

-----



2.6 Distribution of Curvature 

2.6.1 If potential now is assuaed then curvature distributions 

can be obtained by producing now nets for varying degrees of surface 

curvature. Although this is possible by graphical construction or 

electrical analogue the direct aeasurement of curvature of a stream.line 

is open to substantial errors and an a.naJ.ytical representation of·the now 

net was therefore established. 

For positive surface curvature the streamlines at 

any section are approximated to hyperbolae, and hence the equipotential 

lines are represented by ellipses. ,It should be noted that this· 

approximation is only made ~er aver:, short length of channel (Fig. 2.9). 

For negative surface curvature the streamlines at any 

section are approximated to ellipses, and hence the equipotential lines 

become hyperbolae. 

2.6.2 Positive Surface Curvature 

For the streamlines .2 
z -

where c is a constant and t/' is the stream function. 

Along a particular streamline 

.2 
L. 
&2 - 1 

where a • c cos I' and b • c sin¥' 

• -2 • • z. -
-

(l +~) 
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2 • l ••• (2.40) 

c2 sin2'/I 

••••••• (2.41) 
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2 u -
dx2 

Along the centreline of the element A z ( the z axis) 

X • 0 

• • • 

-
2 

!L!. -
dx2 

cos~ 

c (1 - cos
2tp) 

and Z • a • C COS '/I 

Let K • cos f , 
IC • value of K at the water surface, 
s 

and IC - nKS 

••••••••••• (2.42) 

••••••••••• (2.4J) 

Substituting into equations (2.42) and (2.43) 

At the water surface 

• •• 
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••••••••••• (2.44) 
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nIC 2. 
s 

•••••••••(2.42.l) 

and at the water surface, n • l 

• •• - x2 
s 

••••••••• (2.42.2) 

2 
For a g1 ven depth 1 and surface curvature d ~ , 

dx 
the vai.ue of Ks may be caaputed. by inverting equation (2.42.2), 

. { l • d2Y/a.x_2 } ½ -------~2-- ••••••••• (2.46) 
K

8 
• l + y • d 1/d:J!, 

. '!bus for values of n ranging fran O to l · the values 
2 

of z and 5!..i (the curvature of the streamline) may be caaputed from 
dx 

equations (2.44) and (2.42.1) respectively. 

2.6.3. Negative Surface Curvature 
___ s __ 2 __ + x2 •·1- . (2 47) 

For the streamlines c2 simt2~ c2 cosh2, · • • • 

Along a particular streamline 

( ' 

dz • ax ( 1 - ~
2 

) 
di• -;t., II 

ax2 
- :i.b 
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I 

X • 0 

and 

• •• 

z -
Let 

a.Di 

d
2z -dx2 

a -
lC -
I{ -8 

K -

Along the centreline of the eleaent Az (the z axis),· 

-
- - c ainh tJ!. 

c2 cosh2 '{1 

- sinh(/' - • 
c (1 + aimi2'1') 

•••••• ~ ••••• (2.48) 

C sinhf •••••••••••• (2.49) 

sinh,P 

value of IC at the water surface 

nKa 

substituting into equations {2.48) and (2.49) 

z • cK • cnK 
8 

At the water surface 

• •• 

d2z -dx2 

1 - cX s 

z - ny 

C - .:r. 
KS 

. 2 -- nJCB 

7 (1 + n2x
8 
2) 

( 

.. 
••••••••••• (2.44) 

••••••••••• (2.45) 

--•• ·;· •••••••• (2.48.1) 



and at the water surface, n • .1 

• •• -- IC 2 
s 

y (1 + IC 2) s 

• ••••••••• (2.48.2} 

Inverting equation (2.48.2) to give the required 

expression for coaputing K
8 

2 t 
{
• y • d Y/d,x2 ] 

1 + y. 42y/dx2 
- •••••••••• (2 • .50) 

For values of n ranging trca Oto l the values of 
2 

s am L! may be c011puted tr011 equations (2.44) a.nd (2.48.2) respectively. 
dx2 

2.6.4. Two computer programs were written to calculate 

curvature distributions for positive and negative surface curvatures. 

ibe listings of these programs are given in Append.ix II. 

Curvature -distri butiona were computed for surface 

curvatures ranging from+ 1.0 to - 1.0 for a standard. depth of 0.1m, 

which well covers the range of measured values. The distributions are 

tabulated in Appendix II also. 

The tabulated curvature distributions show that the 

curvature of the streamlines is distributed approximately linearly with 

depth. This is well illustrated by Fig. 2.11 which shows the proportional 

curvature d2z/dx2 plotted against the proportional. depth n • z/y. 

d
2
Y/dx2 

-· ~--,..,.--

Thus the value of m in equation (2.25) is 1 • 
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.. 
2.7 12!_stribution of Velocitz 

2.7.1 Velocity distributions can also be obtained from the 

flow net 11.ethod described. in section 2.6. 

For two adjacent depths zn ·and zn-l the respective 

stream function values f n and tf n-l can be canputed f'rCllll 

.... 
cos •l K for positive curvatures n 

sinti91 Kn for negative curvatures • 

. For positive curvatures, therefore, 

-

- -1 -1 
cos Kn-l • cos ~ 

z - z n n-1 

and for negative curvature, 

-

-

I/In -
z -n. 

~n-1 
zn-1 

sinh-l Kn - sinh-l Kn-l 

zn - zn-1 

•• ~ •••••••• (2.51) 

••••••••••• (2 • .52) 

Velocity distributions were also calculated br the 

computer prograas 11.entioned in section 2.6 and they are included in the 

tables in Appendix II. Although the mean velocity does not correspond 
. ~--

directly with any measured value, all-the velocities may be scaled up 

or down without affecting the velocity distributions. 

I ' 
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There is clearly little change in the value of u over 

the depth and the velocity distribution may be assUllled to be unifom, 

i.e. n • 0 in equation (2.24). 

With values of JI • 1 and n • O, equation (2.32) 
1 gives a value of 'i of y This value is therefore used in equation 

(2.:37) in the mathematical model. 

..----
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2.8 Modification of the Side Spill Discharge F.quation to 

Allow for Curvature Effects 

2.8.1 The transverse weir equation (2.17) used to compute 

the side spill discharge por unit length of the weir is derived assuming 

a hydrostatic pressure distribution. When curvature significantly alters 

the pressure distribution an allowance must be made and equation (2.17) 

. aodified. 

2.8.2 Consider a small element dd in depth and Ax in 

length (Fig. 2.12) 

Mean velocity through element • 

Discharge through element • /2g ( P/ pg} • /J. x dd 

h 

Total discharge through section /j, x • J /4g ( P/ pg) • Ax dd 

- t.Q • Ax Jzi J (P/pg) ½ , cld •••••••• (2 • .53) 
·o 

As Ax - o, and applying a coefficient of discharge, 

q - -~ • CD /2g dx . 
•••••••• (2.,54) 

From equation (2.30), with 11 • 1 a.nd n • o, 

p - pgd cos8 + { 1 • (1 • i) 2} ;; ...... (2.30.1) 
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• •• 
p_ • d {. cos8 + y_2 

pg . g 

2.8.J Negative Curvature. 

Let Ii - {cos e + Y.2 • d2y} 
g dx2 

Kz - - {l l d2;t} 
2 gy • 2 

dx 

Then from equation (2.30.2) 

Substituting into.equation (2.,54) 

q - CD [2g j (1S_d + X2d2)½· dd 
0 

- h . 

• CD /zg Kz ½ 7 (d2 + ~ d)½ dd 

0 Kz 

h 

(~) 2J •. CD /zi 'z ½ J { ( d + 1..).2 -
2K2 

. 79 

••••• (2.30.2) 

•••••••••••• (2.30.3) 

½ 
dd 



••••• (2 • .5.5) 

2,8.4 Positive Curvature 

Let Ki - (cose + v
2 n) - . g dx2 

'2 - (! l . 
2 gr ~) 

dx2 

Then from equation.(2.30.2) 

•••••••••••••• (2.30.4) 

Substituting into equation (2.,54) 

q -

h . 

/ii rzt / (~ rd2)t dd 

h 2 . _ 2 ½ 
/zg 'z ½ / {(5...) -(d-- 5...)} _dd-

o 2Ki ~ 
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••••••• (2.,56) 

2.8 • .S To show the effect of curvature-the following data 

u.y be used in equations (2 • .5.5) and (2.56) as &PProprlate and compared 

with the results obtained fran 

\ 
v · • 1.2 •/s d

2y/ d.xJ. • • o • .sm •1 a.Di + o • .sm-1 

y • 0.105m 

C · • · 0.0J6m 
'·., 

h • O.o69m 

s - . o.o 
0 

CD• 0,6 

For Negative Curvature 

For Positive Curvature 

For No Curvature 

q 

q 

• . . . 
: • 1Ci • o. 927 and 1. 07.'.3 

'2 • 0.349 

-. 

- o.0312m.2/s (equat1on(2.,5.S)) 

- O,OJJOD.2/s (equation (2 • .56)) 

q .• o. 0321,l / s (equation ~.17)) 

~-------
Thus, negative curvature of - o • .5m•l leads to a 2,8% 

decrease in q, whilst a positive curvature of o • .5m•l leads to a 2.8% 

increase in q. 
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CHAPTER 3, THE MATHD1ATICAL MODEL 

J.l Arrangement of the Genera1 Differential Equations 

3.1.1 .The general differentia1 equation for gradually varied 

now in a prismatic rectangular channel (equation (2.16)) is of the form 

f - Jv(y) •• • • •••••• (3.1) 

since the velocity may be expressed as a function of depth at a.ny

section, the discharge being caistant. This first order differential 

equation may then be integrated by one of the standard numerical 

integration methods, such as a Bunge Kutta method. This technique was 
21 adopted by Humpidge and Moss in formulating a mathematical model 

describing gradually varied now. 

In spatially varied now, however, the problem is 

complicated by the varying channel discharge. The mean velocity at 

any section v is not only a function of the depth y but also of 

the discharge Q which is a variable and depends, in this case, on 

the amount of now that has passed over the weir up to the section 

under consideration. The differential equation (2.15) may be written 

in the fom 

where 

weir 

· f - l<v, y) 

i.. 
T • By 

•••••••••• (3.2) 

•••••••••• (3.3) 

---At any section, a distance x from the start of the 

Q - ~ -



BO that . V • 

X '¾. _, / q dx 

By 

Let w - vy 
X 

:. ,, - ~ - c/qdx 
B 

Differentiating equation (J.4.1) with respect to x. 

£!! - - q 
cix i 

Substituting.for v • i in equation (2.15), 

it! -dx 

qw 
s

0 
• St • ;;; (1 • 2P ) 

2 
cos - bL. 

if 

••••••••• (J.4) 

••••••••• (J.4.1) 

••••••••• (3 • .5) 

••••••••• (2.15.1) 

s:r aa.y be computed by making the same substitution into equa.tioll' (2.18), 

- ••••••••• (2.18.1) 

Since q is a function of 7 only, equations (2.15.1) 

and (J.5) may be respectively written in the form 

f • r (y, w) 

~ - g (y) 
dx 

(. 83 . 

••••••••• (J.6) 

•••••• -••• (3.7) 

-- . ---



Equations (3.6) and (3.7) are two simultaneous first 

order differential equations for y and w, and they may be solved by 

applying one of the numerical integration techniques suitable for 

dealing with simultaneous first order differential equations. 

J.1.2 When curvature of the water surface is significant, 

equation (2.15) is replaced by equation (2.37) which is a Jrd order 

differential equation. Making the substitution v • .?! , y 

2 
U+ • 2 
dx 

(c~9 - ~) 

- (so - sf) + qw (l- 2p ) -
gBy2 

Let gz and t dz d:X 
z - - - -dx 

, 
dx dx2 

Equation (2.37.1) becomes 

tw2 dt 21. wqt 
-;; • dx - gBy + 

+ qw (1 - 2p ) 
gBy2 

• dt - -• • d.x 
2qt f.i:l!. { cos 9 - ~w~ } 
wB - tw2 gr 

q (1 - 2~) 
"l,WBy 
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o. 

y 
• d.x 

••••••••• (2.37.1) 

' 

••••••••• (2.37.2) 

••••••••• (.'.3.8) 



Hence, 

dt 
di -

-

-
-

r (t, z, y, w) ••••••••• (3.9) 

g (t) ••••••••• (J.10) 

h (z) ••••••••• (:3.11) 

i (y) •••••••••• (:3.7.1) 

F.quations (J.9), (3.10), (3.11) and (.3.7.1) are four simultaneous 

first order differential equations fort, z, y and w, and again these 

can be solved using an appropriate numerical integration method. 

---



).2 Numerical Integration Methods 

3.2.1 The simultaneous differential equations arising fr0111 

the theoretical analysis of the previous chapter may not be solved 

analytically, and therefors a numerical approximation to the solutions 

must be made. In choosing an appropriate method consideration must be 

given to the accuracy and stability of the·solution and to the 

efficiency of the method in terms of computing time and required 

storage. 

Numerical integration methods may be divided into 

two types, 

(i) Runge Kutta methods, which are single step 

methods using information at the current step 

only in progressing to the next step, 

(11) predictor-corrector methods, which are 

multi-step methods using info:nnation at a 

nwnber of locations up to the current step, 

and normally requiring iteration in 

in progressing to the next step. 

In all the cases considered in this investigation 

the depth, discharge, slope a.n:l curvature of the water surface may 

all be specified at a particular point along the channel so that, 

whether curvature effects are included or not, adequate starting values 

are available and boundary value problems are thus avoided • 

. --
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J.2.2 Runge Kutta methods have the advantage of being self 

starting, and the intervals between each step may readily be changed, 

although this was found to be unnecessary in this case. In general 

they are particularly straightforward to apply on a digital computer. 

Also, Runge Kutta methods are comparable in accuracy, and are often more 

accurate, tran predictor-corrector methods of the same order but 

because of difficulties in estimating the per step error, the step 

size h must generally be chosen conservatively (i.e. smaller than is 

actually necessary). 

However, once the derivative expressions becaae 

anything but simple arithmetical expressions their evaluation becomes 

the most time consuming part of the computation._ A fourth order Runge 

Kutta method normally requires four evaluations of each derivative 

expression per step, whereas a predictor-corrector method of the same 

order will usually require only two. Under these circumstances 

therefore a predictor-corrector method will be approximately twice as 

fast at arriving at a solution. 

In choosing a suitable predictor-corrector method it 

is important to carefully consider stability. Two types of instability 

11ay be identified1 inherent instability and induced instability. 

Inherent instability is concemed with the physical 

problem itself, and occurs when small variations in the conditions of 

the problem cause large variations in the true solution, and this 

instability must inevitably be reflected in the numerical solution. ---



Induced instability of multi-step methods occurs due 

to the formation of spurious solutions to the equations at each step. 

Ideally these spurious solutions will be sma.11 and ·w111 remain small 

throughout the computations, but in certain cases sane predictor

corrector methods produce spurious solutions which accumulate until 

they dominate the true solution and produca serious errors. 

Induced instability may be avoided by using a stable 
22 predictor-corrector method. Ralston shows the Manning predictor-

corrector method to be stable in virtually a.11 applications. The 

aethod makes use of an intermediate 'modifier• between the predictor 

and. corrector stages which leads to rapid convergence and good stability, 

Inherent instability cannot be removed by choice of 

method of solution since it is concerned with the physica.1 problem, 

It can only be dealt with by reformulating the differential equations 

in a way that will produce a satisfactory solution. 

--
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.3 • .3 The Runge Kutta method · 

J.J.l A fourth order Runge Kutta method was chosen for 

solution where curvature effects are negligible. For the two 

simultaneous differential equations 

and 

f • f (y, w) 

~ - g (y) 

••••••••• (J.6) 

••••••••• (3.7) 

solutions are obtained at a section xrf-1 (• xr + h) from previously 

canputed values at section xr only, using the equations 

yr+l - Yr + 1 (k
0 

+ 2~ + 2k2 + k3) •.••••••• (J.12) i 

and + 1 
(mo + 2ml + 2m2 + m.3) ••••••••• (J.1.3) wr+l - wr i 

in which ko - h.f (yr' wr) ••••••••• (J.14.1) 

•o - h.g (yr) ••••••••• (J.14.2) 

lei - h.f (yr + ½ko• wr + ½mo) ••••••••• (3.14.J) 

•1 - h.g (yr+ ½ko) ••••••••• (J.14.4) 

kz - h.f (yr + ½~, wr + !mi) ••••••••• (J.14.5) 

~ - h.g (yr -i- ½~) ••••••••. (J.14.6) 

~ - h.f (yr+ kz, wr + m2) ••••••••• (J.14.7) 

•3 - h.g (yr+~) ••••••••• (J.14.8) 



This method was found to be efficient in both canputing 

time and storage requirements and no instability problems were 

encountered. In order to determine a suitable step size a step length 

analysis was undertaken using the data fran reading 2.'.3 (main series) 

and step lengths varying between 1mm and 64mm. 'nle results are 

summarised in Table J.1 and Figure .'.3.l. 

Table J.l Results of Step Length Analysis. 

Computed Cmputed 
Step Length Upstream Upstream 

Discharge ~ Depth Y1 
JIUI 1/s mm 

1 5.220 92 • .36 
2 5.218 92.39 
4 5.218 92.48 
8 5.217 92.39 

16 .5.217 92.39 

.'.32 .5.215 93.1.5 
64 .5.298 93.14 

The largest step length consistent with steady canputed 

values was chosen am. rounded up to give a step length of 0.02m. 
I , 

• 

---
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3,4 The Hamming Predictor Corrector Method 

J,4.1 When curvature effects become significant, am are 

included in the analysis (equations (3.9), (3.10), (J.11) a.rn (3.12)), 

t.he Hamming Predictor Corrector method is used, Since the fourth 

order method requires three sets of values prior to the step under 

consideration another method is required to start the solution. A 

Runge Kutta method is used for this purpose, 
22 Balston showed that it is pointless to iterate to • 

a high degree of accuracy at each step and that it is more efficient to 

achieve the required accuracy by reducing the step size rather than by 

using a large number of iterations. Al.so, when the required accuracy 

is readily attained, rounding errors may be reduced by increasing the 

step size. A facility for changing the step length was therefore • 

incorporated into this method. 

3.4.2 When the Hamming Predictor Corrector method was applied 

to equations (3.9), (3.10), (3.11) am (3.7.1) the solution rapidly 

became unstable, the computed water surface diverging from the measured 

profile with the depth approaching infinity. The instability was 

identified as inherent instability {section 3.2.3) and it appeared 

from inspection of the computer printout that unrealistically large 

values of dJY/dr' (dt/ruc) were being calculated. Actual values of 

d2y/dx2 were therefore comput~d from the measured surface profiles for 

readings 71 to 76 using the method described in Appendix III. Graphs 

showing the distribution of curvature along the weir were plotted from 

these values (Fig. J.2) and it became apparent that d2Y/d.x?, increases 

uniformly over the upstream part of the weir {i.e, d.'.3y/dx.'.3 is constant). 

r. 



FIG. 3.2 CURVATURE OF THE WATER SURFACE 
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The constant value of d'JY/dx3 varies from reading to reading, and 

Figure J.J shows that the valua depends upon the upstream critical 

depth, y, according to the expression 
~ . 

or in dimensionless form, y
0 

2 • d.3y • 7•16 x 10-2 
1 dxJ •••••• (.3.15) 

Fixing the third order derivative in equation (2.37.1) 

at the value obtained from equation (J.1.5) reduces the former to a 

second order equation,-

wB - - . 2q 

'.Putting z -
dz wB - - - • dx 2q 

-

+ (1 - 2P) 
21 Y' 

~ in equation (J.16) gives 
dx 

d3y 
+ ~ { cose - ll..} 

dxJ 21,wq gy3 

~ (so - sf) + (1 - 2~) 
2\wq 2\y 

••••••••••• (J.16) 

z 

••••••••••• (.3.17) 

Thus, if d'JY/a.xJ 1s constant, equations (.3.9), (3.10), (J.ll) and ---
(3.7.1) are replaced by 

~ • f (z, y, w) ••••••••••• (J.18) 
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~ • g (z) •••••••• (3.11.1) 

~ • h (y) •••••••• (3.7.2) 

This modification proved successful in removing the 

inherent instability. 

3.4.) The Hamming Predictor Corrector method uses the 

following eXI)ressions to solve equations (J.18), (3.11.1), and (3.7.2) 

simultaneously. 

Denoting f (zn' Yn• wn) as fn 

Mod.ifierss-

y {o) • 
n+l 

- (o) 
3 n+l -
- (o) 
1n+l -
- (o) 
"'n+l -

. {o) 112 
zn+l + ffi' 

(o) 112 
1n+l + -121 

(o) fil wn+l + 121 
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•••• (3.19.2) 

•••• (J.19.J) 

'(o) 
( zn ~ zn ) 

•••• (J.20.1) 

. (o) 
{ Yn - Yn ) •••• (3.20.2) 

--••'-

(o) 
{ "'n • wn } •••• (J.20.J) 



,. 

and rCo) - f ( - (o) - (o) w. (o)) •••• (J.21.1) n+l zn+l' yn+l' n+l 

. - (o) 
gn+l - g ( zn+io)) •••• (J.21,2) 

ii {o) - h ( yn+fo)) •••• (3.21.3) n+l. 

C or.rectors a -
(j+l) 

zn+l • ¼ ( 9zn - zn-2) i ( (j) ) + fn+l + 2fn - fn-l .,(J,22,1) 

y (j+l). 
n+l ! ( 9-yn - Yn-2) ~ ( (j) ) + gn+l + 2gn - gn-1 •• (J.22,2) 

(j+l) 
wn+l • i ( 9'.Wn - wn-2 ) Jh ( (j) ) ( ) + 8 ~+l + 2hn - ~-1 •• J,22,J 

Figure J.4 indicates the sequence of steps required to 

use the above formulae in proceeding from xn to xn+l' The convergence 

tolerances used in the computation are 

0.02.50 X Ye for fn+l 
1 

0,0095 X y°i for gn+l 

0.016.5 X Ye for hn+l 
1 

Large variations in the tolerance levels were found to 

have little effect on the computed values and length of computation. 

:3.4.4 In using this method there is an additional canplication 

arising from the use of equations (2.55) and (z.,56) in computing the 

side spill discharge q, Since the modification to q due to curvature 

is small it was felt that it would be sufficiently accurate to use the 



·' 

value of curvature from the previous step in computing q. However 

this led to values of surface curvature oscillating between positive 

and negative values in the region of the point of contra.nectu.re, instead 

of producing a smooth transition from negative.to positive. To overcome 

this.the actual value pertaining at that point in time in the iterative 

process of Hamming' s method was tried, but this lead to physically 

unacceptable solutions. Finally an under-relaxation process was adopted, 

as described below. 

Let AJ • value of the surface curvature during a 

particular iteration j of Hamming's method, 

and AJI • value of the surface curvature for the 

previous step (xn-l to xn) 

nien the value of curvature 

for the next iteration j + l • AJ + 0.5 x (A.JI - AJ) 

used in computing q. 

---

t 
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Figure J.4 

[low Chart Showing the Use of the Hamming Predictor Corrector Met11Qg. 
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This wa.s found to give good stability and accurate canputations. · 

3.5 Solution for Subcritical Flow · 

3.5.1 For all subcrltical. flows the effect of surface 

curvature is negligible and the model based on equations (J.6) and 

(3.7) with the Runge Kutta method of integration is used, as described 

in section J.J. Starting values are given by the conditions in the 

downstream channel, as govemed by the downstream control, which in this 

investigation wa.s either an adjustable sluice gate or transverse weir. 

It was found advanta&eous to start the computation some distance 

downstream (usually 428mm downstream.) and compute the gradually varied 

flow profile back as far as the weir, which was achieved by putting the 

weir discharge coefficient equal to zero up to this point. This over

came the errors in the measured depth at the downstream end of the weir 

arising from the presence of a small transverse wave caused by the 

interference of the vertical downstreu edge of the weir plate. This 

phenomenon is discussed more fully in section 6.10. 

3 • .5.2 The computer program consists of a main program which 

reads and subsequently prints the data, computes starting values and 

prints the surface profile coordinates and canputed discharges. The 
. ~ 

main program calls the subroutine PROFL which contains the Runge Kutta 

method of integration, and this 1n turn makes use of two function sub

programs FUNI and FUN2 which describe the derivative functions of 

equations (J.6) and (3.7). Figure 3.5 shows the now chart for the 

program and a. listing and specimen printout are contained in Appendix IV. 
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Figure .3 • .5 

Flow Chart for Mathematical Model Computer Program -
No allowance for curvature 

FUNCTION 
SUB-PROORAMS 

START 

C<MPUTE 
STARTING VALUE3 
NUMBER OF STEPS 

C~ SUBROUI'INE 
PROFL 

--- TO CC],tptJTE PROFILE 
COORDINATES 

C01PUTES 
FINAL DISCHARGE 

PRINTS 
PROFILE COORmNATES 
AT SPECIFIED INTERVALS 

PRINTS 
DEPTHS AT EACH Effll 
OF WEIR AND FINAL 
mSCHARGE 

STOP 
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The program requires the following input data1-

Test run number 

Channel wicith (rectangular sections) m 

Channel slope (as a real value e.g. 0.003) 
+ Viscosity of the water 

Weir crest height, m 

Chainage of the upstream end of the weir, 11 

Chainage of the downstream end of the weir,• 

Cbainage at which the canputatinn is to start, m J

Cha.inage at which the computation is to finish, m !

Depth at the starting point, m 

Discharge at the starting point, m3/s 

Step length for the computations, m (negative for subcritical 
flow) 

+ Water may be assumed to be at 15°c for design purposes without 

significant error. 

J- The prosram will automatically compute gradually varied flow profiles 

upstream and downstream of the weir. 

3.5.4 output data is printed as follows,

A list of all input data 

A table of profile coordinates (if desired) consisting of 

Station chainage, m 

Depth, m 

Mean velocity, m/s 

Froude number 

---

(This table includes a separate statement of the depths 

at the start and finish of the weir at the appropriate places). 

,· 
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The discharge, m3/s, and the depth, m, at the end of 

the computation (see Append.ix IV). 

The program uses about 18 seconds C.P.U. time in 

compilation and about 2 seconds C.P.U. time per test run~ depending 

upon the step size chosen. 

3.5.6 In practical application of the program to the design 

or analysis of subcritical side weir flow several computations will 

usually be necessary. This is because the conditions in the channel 

downstream of the weir will not in general be known. Apart fran the 

weir a.n:i channel dimensions only the discharge in the upstream channel 

will be known. It will first be necessary to canpute, or estimate the 

stage-discharge.relationship for the downstream channel control. A 

tn,ical stage-d;scha.rge curve is shown in Figure 3.6. The following 

procedure is then adopted. 

Choose at least six points on the downstream stage

discharge curve (Fig. 3.6) and use the corresponding values of~ and Yz 
in turn as input data to the model. Use the printed output data to 

draw the side weir discharge characteristic~ against~ {Fig. 3.7) 

and the upstream stage-discharge curve~ against y1 (Fig. 3.8). For 

any specified upstream discharge, Figure J.8 can be used to determine 

the degree of draw down in the upstream channel, followed by Figure 3.7 

to obtain the residual flow in the downstream channel (and hence the side 

spill discharge) and finally Figure J.6 to obtain the depth in the 

downstream channel. This graphical approach is considered to be 

superior to extending the mathematical model to include iterative 
. . 

procedures for such cases. 
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fig 3.6 Typical· stage- discharge curve 
for dONnstreom channel 

Q, 

fig. 3.7 Typical side weir 
discharge characteristic 

Y, 

--

fig.3.B Typical stage-discharge curve 
for the upstream channel 
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The computer program may easily be modified to enable 

other crest geometries to be dealt with, including side spillways, 
' 

providing the transverse discharge properties of such crest shapes 

are known. The model may also be extended to.cover non-rectangular 

sections. 

In a.11 computations it is important to ensure that the 

results are physically possible and that a Case III profile is not 

formed in practice. The computed conditions at the upstream end of 

the weir should therefore be tested to ensure that a subcritical 

profile will actually form. The conditions under which subcritical 

profiles form is fully discussed in section 6.4. 

-~~-. 
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Solution for Supercritical Flow 

3.6.l The program described in section 3.5 above may also 

be used for computing supercritical now profiles. The input data is 

the same, except that the step length is positive as the computation 

commences fran the upstream end of the weir and proceeds in the downstream 

direction. When curvature of the water surface is significant, errors 

can be expected using this model, but it was found that when the 

Froud.e Number at the start of the weir exceeded 1.5 curvature of the 

surface was not sufficient to significantly affect the problem, a.in 

this model gave acceptable results. 

3.6.2 In practical applications the same information listed 

in section 3.5.6 will be available. In this case, however, this does 

not present the same problem. Using the known upstream discharge and 

the known weir and channel dimensions, the depth at the start of the 

weir may be found using the method described in section 6.10. 

Since the starting values are now known the downstream 

discharge and depth, and hence the side spill discharge, may be computed 

directly, Only one computation is necessary, 

The computed downstream values should be tested to 

ensure that the supercritical flow can exist in the downstream channel, 

and that the latter does not throttle the flow causing a Case III or 

Case V profile to occur along the weir, 

---
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J.7 Solution for Supercritical Flow with Curvature 

J.7.1 When curvature effects are significant, i.e. when the 

Froude number at the upstream end of the weir is less than 1 • .5, the model 

is based on equations (J.18), (J.11.1), and (3.7.2) and the Hamming 

Predictor-Corrector method is used, as described in section J.4.J. 

The input data.required is identical to that specified 

for the previous model in sections J • .5 and J.6 but the method of solution 

also requires an initial estimate for surface slope. A fixed value of 

-0.12 is used for this, and the effect of this is fully discussed in 

section 6.10. Although the input data includes a step length value the 

program reduces this in size to reach the required accuracy at each step. 

Although this method gives good simulation of curvature 

effects along the upstream section of the weir, errors are introduced 

along the downstream section because the model uses the fixed val.ue of 

dJy/dxJ obtained fran equation (J.15),-which is strictly only applicable 

to the upstream section of the weir. These errors are small, but since 

curvature effects are not significant a.long the downstream section the 

results can be improved by changing over to the no-curvature model once 

curvature effects have ceased to be significant. 'lbis is achieved using 

the following change-over criteria. 

3. 7.4 (a) The change over should not occur prematm-ely, 

1.e. the Froude Number must be at least 1.2. 

(b)' The point of contra.flecture must have been 

reached. 

(c) The positive curvature must have passed its 

maximum v~lue. 



{d) The surface slopes computed by each model 

must lie within 10% of each other. 

3.7.5 The canputer program consists of a main program which 

reads and.writes the input data, computes starting values, and calls 

the subroutine HPCG containing the Hamming predictor-corrector method. 

This is generally called twic·e, firstly for the curvature analysis, 

where it uses the subroutine FCT to compute the derivative functions, 

and the subroutine OUTP to print the output data, and secondly for the 

no-curvature analysis, where it uses subroutines XCT and XUTP in a 

similar fashion. A flow chart for the program is given in Figure J. 9 

and a listing and specimen printout are contained in Appendix IV. 

3.7.6 The print-out is essentially the same as that described 

in section 3.5.4 except that additional information is printed for the 

curvature analysis, namely, 

- -1 
at each station chainage, the curvature m 

d3y/dx'J a·2 

a factor F~ 

FAC denotes the ratio of the value of q computed from 

equation (2,55) or (2,56), and equation (2.17), thus showing the effect 

of curvature on the side spill discharge. 

3.7.7 The same practical considerations and restraints 

discussed in sections J.6.2 and J.6 • .3 also apply to this model. The 

program can be readily adapted to suit different crest geometries am 

non-rectangular sections. 
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The program uses about 20 seconds C.P.U. time in 

compilation and about S s~conds C.P.U. time per test run depending 

mainly upon the convergence tolerances chosen. 

--
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Figure .3.9 

. Flow Chart for Mathematical Model Computer Program -

with curvature allowance 

START 

READ DATA 

PRINT DATA A.'tiD 
HEADI~N_GS'-----1 

CCffl>UTE STARTING 
VALUES 

No 

CALL HPCG TO 
SUBROUTINE---cooUTE PROFILE --

FCT COORDINATES 

PRINT 
COORDINATESi------

SUBROUTINE 
OUTP 

Yes 

No 

E'lt ----------' 

PRINT 
COORDINATES 
E,1U 

7 -

SUBROUTINE 
XCT 

CALL HPCG TO 
CCl1PUTE PROFILE 
COORDINATES 

SUBROU'I!NEr--~----,-----' 
XUTP 

PRINT FINAL 
DEPTH & mSCHARGE 

STOP 
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CHAPTER 4. PRELIMINARY EXPERIMENTAL INVFSTIGATIONS 

4.1 Scope of the Investigation 

4.1.1 Before the mathematical model can be used to simulate 

side weir flow reliable estimates of the coefficient of discharge CD, 

and the momentum nux correction factor /' , are required. De Ma.rchi:3,4 

recommends the use of the same value of CD as for a transverse weir, 

but Collinge14 reports a significant reduction in the value of the 

coefficient which he attributes to the effects of longitudinal 

velocity. However, the results of Collinge's tests are based on the 

application of De Marchi's theory which has been shown to give 

substantial errors in computation (section 6.13). Thus, it is not 

clear whether the differences between the computed and measured values 

of the side spill discharge are due to errors inherent in his method 

of analysis, or to an actual reducation in the coefficient of discharge. 

4.1.2 It is important to remove any such sources of error 

1n determining values of the discharge coefficient and therefore the 

mathematical model cannot be used to evaluate c0• Instead a completely 

independent method of determining CD values is required. 

4.1.3 If the geometric properties of the channel and side 

weir can be arranged in such a way as to produce a constant head along 

the length of the weir then the side spill discharge and the head are 

directly related by the transverse weir equation (2.17). Thus, by 

measuring the head and the side spill discharge, values of the 

· coefficient of discharge can be obtained without reference to the 

mathematical model or any other method of side weir analysis. 

llJ.. 



4.1.4 At the same time the main channel should be sufficiently 

large in cross-section to enable velocity profiles to be measured from 

which values of the momentum flux correction factor may be obtained. 

4.2 Criterion for a Constant Head 

4.2.1 Ackers5 showed that a constant head will occur along 

a side weir in a rectangular channel if the width is reduced uniformly 

along the length of the weir at a rate given by equation (1.9). 

3/2 
dB - C (y - c) .; •••••• (1.9) - -dx yv 

where C - 2/3 /zg CD 

Although his analysis neglects the effects of friction 

and channel slope it was found to be reasonably accurate so that only 

small adjustments were required to achieve a constant head. 

4.2.2 Inspection of equation (1.9) shows that if d13/dx and 

y are constant then the mean longitudinal velocity vis also constant, 

and this was confirmed by the measured velocity profiles. 

Let B1 

and B 2 

-
-

width of channel at the upstream end of the weir, 

width of channel at the downstream end or the weir. 

For a weir of length L, 

- .@. • C (y - c)'J/2 

d.x yv _.-r--

Now ~ - Biyv 

• Bl - B2 
3/ 

•• C B1 (y - c) 2 -L 
~ 



3/ 
(y - c) 2 -

y - C + {~ ( 1 - ~) } 2/ 'J 
CL Bi ••••••••• (4.1) 

4.2 • .3 Thus for a particular taper and upstream discharge, a 

constant head may be achieved by regulating the downstream depth to 

the value given by equation (4.l), In calculating this value, the 

value of C was obtained by assuming a coefficient of discharge CD 

equal to the transverse weir value. Only a small adjustment to the 

estimated downstream depth was required in practice to achieve a 

constant head. 

4.2.4 It is apparent from equation (4.1) that for a fixed 

ta.per a range of upstream discharges ~ can be chosen, each with 

a corresponding value of y (obtained from equation (4,1)), so that 

a. series of values of CD may be obtained. Further series of CD values 

may be obtained for different channel tapers. 

--
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4.J Description of the AEparatus 

4.3.1 An existing flume, l,5.24m long and with a rectangular 

section 1.067m wide and 0.914m deep, was adapted to contain both the 

main channel and the side spill channel, as shown in Figure 4.1. The 

floor and walls of the flume had a smooth concrete surface and the 

bed was horizontal. Water entered the flume from a large stilling 

tank which wa~ connected to the flume by a short uniformly tapering 

rectangular channel and this effectively stilled the turbulence caused 

by the jet of water leaving the delivery pipe. The downstream end 

of the flume was unrestricted and thewater was allowed to flow freely 

into a vertical shute which transferred the water to the sump tank 

below. 

4.J.2 The water supply for the flume was taken from a large 

head.er tank via a 20.3mm diameter pipe to the stilling tank. 'lhe 

water in the head.er tank was kept at-an approximately constant head 

by recirculating water from the stnnp through two rising mains and 

two overflow pipes. The 20.Jmm delivery pipe was fitted with a 

control valve adjacent to the flume, and a Dahl tube flow meter. 

This arrangement was found to give a steady discharge through the 

nume over long periods of time. 

4.J.J The vertical shute at the downstream end of the weir 

was fitted with a deflector enabling all of the flow to be diverted 

into a. large measuring tank 2. 74m x J. 96m x , m deep. This was 

fitted with a stilling well and float wh;ch was connected to a sliding 

scale adjacent to the flume enabling the water level in the measuring 

tank to be easily recorded. The tank was -fitted with a valve in the 

noor thrrugh which the water could be drained into the sump ta7:lk 

below. 
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4.J.4 The Dahl tube, situated at the downstream end of a long 

straight horizontal length of the delivery pipe (Fig. 4.2(a)), was 

remotely connected to an inclined mercury differential manometer 

conveniently situated adjacent to the flume (Fig. 4.2(b)). After 

taking special care to bleed air out of the connecting pipes, and 

to correctly zero the scale, the Dahl tube was calibrated using the 

measuring tank described above. The Dahl tube was subsequently used 

for all discharge measurements in the delivery pipe, although these 

were checked from time to time by additional discharge measurements 

using the measuring tank, 

4.3.5 Special attention was paid to ensuring a uniform 

distribution of velocity on entry to the flume. This was achieved 

by fixing two frames with 12mm mesh vertically across the. flume at 

its upstream end. The 300nm space between was filled with large 

round pebbles (Fig. 4.J) and when the velocity distribution down

stream was measured with a current meter good unifonnity was observed. 

A timber float was fastened loosely to the downstream frame to reduce 

surface disturbances. 

4.3.6 The main channel was fonned by reducing the width of 

the flume to·73.5mm. This was achieved by inserting a vertical wall 

of marine plywood supported on a dexion frame and sealed with an 

expanded foam filler {foreground of Fig. 4.4). The width of the 

flume was smoothly reduced to the 73.5mm wide section with an •s•
shaped aluminium profile. The side weir was installed immediately 

downstream of the plywood section and the reduction in width enabled 

a galvanised steel side spill channel to be installed downstream of 

· the weir (Figs. 4.1 and 4._4.) 
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fig. 4.2 (a) Dahl Tube Flow Meter on Delivery Pipe. 

--

fig . 4 .2(b} Dahl Tube Differential Manometer . 
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fig. 4.4 

fig . L. .3 Graded Pebble at Inlet 
to the Flume. 

General View of , the Apparatus used in the 
Preliminary Investigations, Looking Downstream. 
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4.J.7 The weir was fabricated from a 50nm x 2,5mm brass angle 

section which was set carefully on top of a 19mm. thick steel plate. 

Great care was taken in aligning the outside face of the angle with 

the surface of the steel to ensure a smooth vertical face with no lips 

or grooves. The weir crest was machined to BS J680 specifications23 

as shown in Figure 4.11 and the surface kept clean by careful 

polishing with a non-abrasive polish. The weir plate assembly was 

installed in the flume with its back face vertical a.nd. the weir 

crest horizontal and parallel to the walls of the flume (Fig. 4.5). 

The joints around the weir plate assembly were thoroughly sealed with 

a flexible sealing compound. 

4.3.8 The tapering channel section was constructed by 

installing a vertical marine plywood board on the opposite side of 

the channel to the weir (Fig. 4 • .5). This was attached to the wall 

of the flume at the upstream end with an aluminium sheet bent into an 

existing chase in the wall of the flume, and sealed with plasticene. 

nie downstream end of the board was hinged to the marine plywood 

boardfonning the left-hand wall of the downstream channel. The latter 

was supported on transverse dexion runners (Fig. 4.4) and by moving 

the supporting frames along these runners the width of the downstream 

channel could be altered, enabling the angle ofthe taper to be adjusted. 

4.3.9 The now in the downstream channel was regulated by an 

adjustable sluice gate constructed in marine plywood and supported 

in aluminium runners. The gate was moved by a vertical screw mechanism 

and sea.led by the pressure of the water against the upstream face. 

This arrangement enabled the depth in the downstream channel to be 

accurately regulated. 
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fig. 4 . 5 The Taper ing Channel Section. ...::::::::.. 

. - -. - ~ . ,. .. , 
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fig . 4 . 6 The Downstream SI uice Gate . ~ 
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fig . 4.7 The Side Spill Channel Depth Gauge. fig.4.B The Miniature Current Meter, 
Depth Gauge and Carr i age. 
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The side spill charmel was fabricated from galvanised 

steel sheet with horizontal transverse stiffeners joining the top 

edges (Fig. 4.4). A sharp edged rectangular weir plate, machined 

from 3mm brass sheet was bolted to the do~tream end (Fig. 4.6) to 

enable the side spill discharge to be measured. Tlofo sheets of expanded 

metal were installed 76.5mm and lo6,5mm from the u-pstream end of the 

channel to still the flow. The depth of water in the channel was 

measured using a stilling tube fastened to the wall of the flume 

downstream (Fig. 4.7) and connected to pressure tapping point 62Qnm 

from the downstream end of the channel. 

The side spill channel was calibrated by diverting 

the whole of the mainstram flow over the wier at different discharges 

and recording the water levels in the stilling tube with a pointer 

gauge. 

4.J.11 The head above the crest of the side weir was measured 

using a pointer gauge and carriage (Figs. 4.4 a.nd 4.8). 'lbe carriage 

was cut from aluminium channel section and was machined to run smoothly 

and accurately on a longitudinal aluminium runner supported on two 

transverse dexion runners. The runners were carefully levelled using 
' 

aluminium shims. Using the carriage, the pointer gauge could be 

positioned over any point in the tapering section of channel along 

the length of the weir. Its exact position was determined from scales 

fastened to the loI1oai.tudinal and transverse runners. The pointer 

gauge was fitted with a vernier scale to ensure accurate recordings 

of the water surface level. 



fig . 4.9 The Current Meter Recorder 

fig . L. .10 Weir being Tested Transversely 
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4.;.12 In addition to the pointer gauge aminiatu.re_propeller 

current meter was attached to the carriage as shown in Figure 4.8. 

Not only could the meter be positioned at any point behind the weir, 

but also at any depth below the surface using the slider mechanism 

of the pointer gauge. The meter was attached to a digital recorder 

(Fig. 4.9) and velocity measurements were made by counting revolutions 

over a fixed time interval and using the calibration fonnulae provided. 

Particular attention was paid to the alignment of the current meter 

whose axis was kept parallel to the crest of the side weir so that 

only the longitudinal component of velocity was recorded, 

4,3.13 The apparatus was found to give good steady flow 

conditions. Both the head over the crest of the weir and the mean 

longitudinal velocity were sensibly constant along the length of the 

weir for all readings, and the apparatus could readily b3 adjusted to 

give repeatable test conditions. At the end of the series of tests 

the side weir was placed transversely across the flume (Fig, 4.10) 

am the rest of the apparatus removed apart from the stilling 

arrangements at the flume entrance, The weir was then calibrated as 

a transverse weir by measuring the head over the crest for the full 

range of nows. 

------
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5mm brass angle, 50 mm x 25 mm 

76 mm steel plate 

fig. 4.11 

Section through Weir Crest 
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4.4 Ex~erimental Proced~ 

4.4.l The channel taper was set approximately in the middle 

· of the range of adjustment at 1 in 4.08. 

The pointer gauge was positioned directly over the 

weir crest at its centre, and the zero of the scale was set by care

fully lowering the pointer onto the crest and adjusting the scale zero 

clamp. The weir crest height was then measured using a steel metre 

rule. 

4.4.2 The range of upstream discharges that could be run 

satisfactorily through the apparatus was divided into 9 increments. 

The discharge was adjusted to the first of these values by slowly 

opening the control valve on the delivery pipe and noting the reading 

on the Dahl tube manometer. 

The pointer gauge carriage was traversed to the centre 

of the downstream channel, level with the downstream end of the weir, 

and the pointer set to the level corresponding to the depth of flow 

computed from equation {4.1). The now in the downstream channel was 

then regulated by careful adjustment of the sluice gate until the 

water surface just touched the pointer. 

The gauge carriage was moved to a longitudinal section 

300nm behind the weir crest and the pointer moved slowly along the 

channel to ensure that the water surface was horizontal. If necessary, 

minor adjustments were made to the downstream sluice gate to ensure 

that a. horizontal water surface (i.e. a constant head) was formed. 
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4.4.J The flow was then allowed to settle for a few minutes, 

after which time the upstream discharge was measured by recording the 

reading on the Dahl tube manometer, and the side spill discharge was 

obtained by recording the level in the stilling well attached to the 

wall of the flume downstream. 

4.4.4 Using the gauge carriage the pointer was traversed 

across the channel at successive cross-sections 200nm apart along the 

length of the weir, starting at the upstream end. The head was 

recorded each lOQnm behind the weir crest and, when appropriate, a 

velocity traverse was ma.de over the whole depth immediately after 

taking a head reading. 

4.4.S The current meter was carefully lowered and velocity 
-·-

readings taken at increments of .50nm starting at JQnm below the crest. 

Ea.eh velocity reading was made by recording the number of propeller 

revolutions over a period of 15 seconds using the digital recorder 

and then applying the calibration formulae supplied by the manufacturer. 

AbOut 10 seconds was allowed after moving the meter before a reading 

was taken. 

4.4.6 After completion of the head recordings and velocity 

traverses the upstream discharge and side spill discharge were measured 

again to check that the flow conditions had remained steady during the 

test. If the readings were found to differ appreciably from those 

taken at the start of the test~ then the test was repeated • 
.. -

The upstream discharge was then adjusted to each of the 

remaining 8 now rates in turn and the above measurements repeated. 

Two further series of results were obtained for channel tapers of 

·1 in J.42 and 1 in 4.90. 
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4.5 Computation of Results 

4 • .5.1 The discharge in the downstream channel was obtained by 

deducting the side spill discharge from the upstream discharge. 

4.5.2 Although the head over the crest of the weir remained 

constant along the length of the weir sane variation was observed over 

the cross-sections. This was principally due to the drawdown of the 

water surface as it passed over the weir causing a reduction in the 

head in the region immediately behind the weir. Small variations in 

the head were also observed adjacent to the opposite wall of the 

channel due to boundary effects. The head over the crest was 

therefore taken as the mean of the measured values along the 200nm, 

JOQnm and 40Qnm longitudinal sections •. 

4.5.3 The results of the velocity traverses are given in 

Appendix v. Values of velocity energy coefficient and the momentW11 

flux correction factor were obtained by numerical canputation with 

the aid of a programmable calculator. The method of computation is 

discussed in Appendix Vania table of results is included. 

4.,5.4 Values of the coefficient of discharge were obtained 

from the transverse weir equation using the measured values of side 

spill discharge ani mean head over the crest. The results of the 

preliminary investigations are fully discussed in Chapter 6. 
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CHAPTER 5. MA!N EXPERIMENTAL INVESTIGATIONS 

5.1 Scope of the Investigations 

5.1.1 Having obtained reliable values of the Coefficient of 

Discharge and MOlllentum Flux c_orrectlon Factor the Mathematical Model 

deacrl.bed in Chapter '.3 could now be tested. It was essential that the 

model be proven for as many different channel configurations as possible. 

i'he apparatus was therefore designed with a variable channel slope, a 

aeans of controlling the now upstream and downstream. of the weir, and 

a facility for incorporating a ntllllber of weirs of differing dimensions. 

5.1.2 Using the full range of discharges available the 

effects of weir length am crest height, channel slope and regulation 

of the flow by the channel control structures were investigated. For 

each reading the measured discharges were compared with values obtained 

by the appropriate aatbematical. model, and for selected readings measured 

a.nd computed surface profiles were also canpared. 
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5.2 Description of the Apparatus 

5.2.1 An existing 102mm. wide x 2d-hum deep rectangular flume 

was modified so that any of five different side weirs could be fitted. 

This was achieved by replacing the central section with a specially 

constructed unit in which 91.5mm of the channel wall had been removed. 

The edges of the opening were flanged and accurately drilled so that a 

weir could easily be bolted into place with its crest parallel to the 

bed of the channel and the inside surface of the weir plate flush with 

the face of the perspex channel wall (Figs. 5.1, 5.2 and 5.3). 

5.2.2 The flume was supplied by a centrifugal pUlllp which 

pumped water from a sump tank through a lOOulll de~ivery pipe to a 

specially shaped inlet section designed to still the flow on entry to 

the nume. An expanded polystyrene float was loosely connected to the 

flume at entry to reduce surface disturbances (Fig. 5.3). 

The delivery pipe was fitted with a Venturi meter 

which was connected to two differential manometers, an air/water manometer 

used for low flows, and a water/mercury manometer, used for higher flows 

(Fig. ,5.4). The Venturi meter and manometers were calibrated by 

weighing, for the full range of flows, prior to the start of the main 

aeries of tests. 

'lbe now in the delivery pipe was regulated by a 76mm 

sluice valve and a J8mm sluice valve fitted on a short by-pass pipe 

(Fig. 5.3). 

---
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fig. 5 .2 The Apparatus used in the 
Main lnvestigat ions. 

fig . 5.3 The Apparatus used in the 
Main Investigations. 
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Showing the Vee Notch 
and the Stilling Tube . 

4 fig . 5 .L. The Differential Manometers . 



5.2.J The weir plates were each machined from _5mnl sheet brass 

to BS J680 specifications23, i.e. with the same crest geometry as the 

weir shown in Figure 4.11. The principal dimensions of the five weirs 

used in this investigation are given in Table .5.1 below. The weir 

plates were kept clean by polishing with a non-abrasive polish. 

Table .5.1 Principal Dimensions of the Side Weirs 

used in the Main Investigation. 

Weir Crest Cha1nage at Chainage at 

No. Height Length Upstream Downstreaa 
End End 

IUl1 
.,, inches inches 

1 80.0 o.6096 96 120 

2 118.0 0.6096 96- 120 

3 36.0 0.6096 96 120 

4 79.5 o.4572 99 - 117 
5 80 • .5 0.7620 93 12) 

5.2.4 The side spill flow was collected in a J0.5mm x J0..5min 

p.v.c. nume fitted with a Vee notch at its downstream end (Fig. 5 • .5). 

Two expanded metal.meshes were placed transversely across the f1UJ1e 1.67m 

and 1.84m upstrea of the Vee notch to still the now, and a vertical 

stilling tube and pointer gauge were fastened to the side of the 

channel and connected to a central pressure tapping, SJOnm upstream 

of the notch, to enable ~curate recordings of the water level in the 

channel to be made. The channel and Vee notch were calibrated prior 

to the main tests by diverting the whole of the upstreu now over the 

side weir and then passing the outflow through the Vee notch into a 

weigh tank. 
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.5.2 • .5 A sluice gate was installed at entry to the nume so 

that supercritical now could be formed in the channel upstream of the 

weir (Case IV). The sluice gate was adjustable enabling a range of 

Froude Numbers to be attained in the upstream now. A second sluice 

gate was installed downstream of the side weirs (Fig. 5.7) to regulate 

the flow in the downstream channel. Thus the flow immediately downstream 

of the weir could be free fiowing supercritical flow {Fig • .5.8) or 

regulated subcritica.1. flow with the downstream sluice gate lowered 

(Fig. 5.9). In addition the flow in the downstream channel could be 

regulated using an adjustable rectangular weir clamped to the downstream 

end of the flume. (Fig. 5.10) 

5.2.6 For all readings measurements of the depth of now 

upstream and downstream of the weir were required. To reduce the effect 

of surface disturbances two stilling wells were attached to the wall of 

the nume and fitted with Vernier pointer gauges (Fig • .5.11). The first 

of these was attached to a pressure tapping point carefully set in the 

centre of the channel bed level with the upstream end of Weir l 

(chainage 96''). The second could be attached to either of two such 
, 

tapping points, one being level with the downstream end of Weir l 

(chainage 120") and the other J98u further downstream(Fig •. .5.12). 

In addition surface profiles were measured. for selected 

subcritical flows and all supercritical nows. This was achieved using 

a vernier pointer gauge mounted on a perspex carriage {Fig. ,S.lJ). Its 

longitudinal position (chainage) was easily determined fran the scale 

attached to the runner (Fig. ,S.lJ) and for subcritical now profiles 

the surface elevation was readil1 determined by carefully lowering the 

pointer until it just touched the water surface • 

. lJ6 . 
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f ig .5.12 Alternative Downstream 
Pressure Toppings 

fig. 5 . 13 Depth Gauge, Carr iage 
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For supercritical flow, however, the water surface 

was disturbed by sma.11 waves and difficulty was experienced in measuring 

the surface elevation. This was overcane using a simple electronic 

integrator attached to the pointer gauge carriage. When the pointer 

was completely out of the water the scale read zero and when the 

pointer was immersed below the surface the scale read.lo. When the 

scale read 5 the pointer was partially immersed for 5°-' of the time, 

thereby indicating the mean water surface level. Some fluctuation of 

the scale reading was observed but provided the reading was within the 

range 4 to 6 the pointer accurately gave the mean elevation of the 

water surface, 

5.2.8 For eases where the surface curvature was appreciable 

the depths at the beginning and end of the side weir were taken fran the 

readings of the moveable pointer gauge in preference to the stilling 

well recordings as the latter were subject to the effects of vertical 

acceleration due to the curvature of the now. 

5,2. 9 For measuring transverse surface profiles the single 

pointer was replaced by a five pointer bridge enabling the water 

surface elevation to be measured at five points across each section 

(Fig • .5,14), 
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fig . 5.14 The Five Point Depth Gauge . 
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5.3 1a9>erlmental Procedure 

.5.J.l After carefully fastening the weir in place and sealing 

with plasticene the flume was levelled by sealing the downstream sluice 

gate in a fully closed position and filling the flume with about 50nm 

of water. This was allowed to settle and the depth measured at three 

points along ··the channel. The bed slope was then slowly adjusted until 

all three depth readings were the same. The water surface level was 

then measured in each of the stilling wells so that readings ta.ken 

during each test could be related to the depth at the pressure tapping 

points. 

The nume was then set at the desired slope using the 

scale on the screw jack, and the slope was checked by recording the 

depth at two points in the nume. 

For subcri tical profiles (Case II) the downstream 

· sluice gate was set at the desired opening. During the main investigation 

openings of 12.7mm, 19.1mm am 25.4mm were used. 

Alternatively, for supercritical profiles (Case IV) the 

upstream sluice gate was set, or for supercritical now Case I both 

sluice gates were fully raised clear of the flow. 

For each configuration a series of 9 readings was 

generally taken, for a full range of fiows. The upstream discharge 

was set· by carefully adjusting the control valves on the delivery pipe 

until the desired reading on the appropriate manometer was obt.ained. 

The now was then allowed to settle for a few minutes before the upstream 

discharge was recorded. The side spill discharge was al.so recorded 

using the stilling tube and pointer gauge attached to the side spill 

channel. 
I • 
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5.3.4 The depths upstream. am downstream of the weir were 

then measured using the stilling wells described in .5.2.6, or where 

appropriate the travelling pointer gauge. '.I'he surface profile was then 

obtained by traversing the carri~e along the runners and recording the 

water surface level and bed elevation every 2" between chaina.ge 76" 

and chainage 1J8". For supercritical flow profiles the electronic 

integrator was used to position the pointer, as described in 5.2.7. 

5.3.5 The temperature of the water flowing over the side 

weir was recorded using a thermometer installed at the upstream end of 

the side spill channel. 

The upstream and side spill discharges were measured 

again at the end of the test to ensure tha.t the now had remained. steady 

throughout. Provided that sufficient time had been allowed to establish 

steady now before readings commenced, the flow was found to remain 

steady during each test run. The test reeul ts were f own to be fully . 
repeatable. 

--

14) 



5.4 Computation of the Results 

5.4.1 The downstream discharge was obtained by subtracting 

the side spill discharge from the upstream discharge. The viscosity of 
\ 

the water flowing was computed from the recorded temperature using 

sta.niard tables. 

5.4.2 For subcritical flow conditions the depth downstream 

of the weir and the downstream discharge are used as input data to the 

Mathematical Model. For each configuration these values of depth and 

discharge were checked by plotting a depth-discharge rating curve for 

the downstream channel. 

s.4.:3 For supercritical now the upstream depth and 

discharge are required as input data. Because of curvature effects 

the former was obtained from the travelling pointer gauge recordings. 

j.4.4 The appropriate Mathematical Model was then used to 

compute theoretical profiles and discharges and the results are fully 

discussed in Chapter 6. 

--
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CHAPTER 6 DISCUSSION OF THE EXPERIMENTAL RESULTS 

6.1 The Coefficient of Discharge 

6.1.1 'lhe results of the preliminary investigations are 

contained in Appendix V. The head above the crest of the side weir 

was found to be virtually constant over the whole of the tapering 

section except the region im..~ediately behind the weir where draw

down of the water surface was,observed, and the region immediately 

adjacent to the channel wall. Values :for the 20Qnm, JOQnm and 400nm 

longitudinal sections, used to compute the mean head, showed little 

variation. 

6.1.2 Values of the coefficient of discharge obtained fran 

the preliminary investigations are given in Table 6.1 arn Figure 6.1. 

The latter also contains a plot of CD values obtained from the Rehbock 
19 . 

equation • 

• . (0.602 + 0.083 h)(l + 0.0012)1•5 ..•..•... (6.1) 
o h 

and the experimental results generally fall within! 1% of the values 

given by this equation. An error analysis (Appendix VI) revealed a 

+ possible error due to the scale divisions on the apparatus of - 0.5% 

which would account for a substantial part of the deviations shown. 

There is no systematic error in the results nor any trends to indicate 

that the coefficient of discharge is affected by the longitudinal 
14 velocity, as suggested by Collinge • The results of the supplementary 

tests in which the weir was tested transversely also gave CD values 

within! 1% of the Rehbock values, and they were indisti~shable 

from the side weir results. The Rehbock equation was therefore used 

to compute values of the coefficient of discharge in the mathematical 

model, and in the other methods tested. 
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Table 6.1 

Coefficients of Discharge - Side Weir with Constant Head. 

•Read- Mean ·h CD CD 
Lot)gitud-

ing Head inal 
No. h c· Measured Rehbock Velocity Remarks 

mm m/s 

1 23.95 o. ofJ70 0.652 o.6:Ji, 0.098 

2 29.19 o.o817 0.658 o.647 0.102 

J JJ • .5.5 0.0938 o.641 o.64J 0.117 1st Series 

4 J4.11 0.09.54 o.642 o.642 0.133 

s 38.78 o.1o8.5 0.632 o.64o 0.148 ChaMel taper 

6 40.72 0.11.39 o.6J8 0.639 0.158 • 0.24.5m/m 

7 37.28 O.ld-J.3 o.64o o.64o 0.136 

8 25.24 o.<:11o6 0.656 0.6.52 O.<:f?7 

9 21.01 o.o,588 0.656 0.660 0.057 

10 25.1.5 o. <:1103 0.655 0.652 o. o65 

11 27.52 0.0770 o.646 o.649 0.076 

12 29.9.3 o.OSJ7 o.642 -o.646 o.o97 2nd Series 

lJ .32 • .38 o.09o6 0.0+9 o.644 0.097 

14 )4.96 0.0978 0.0+0 0.0+2 o.1oa ChaMel taper 

1.5 39.95 0,1117 o.646 0.6.39 0.1.30 • 0,292m/m 

16 37.46 0.1048 0.638 o.64o 0.120 

17 42 • .51 0.1189 0.636 o.6J8 0.143 

18 4.5.14 0.126.3 · o.644 0.6.37 0.153 

19 22,42 o.c627 0.6.58 0.657 o.o81 

20 24.98 0.0699 0.6.50 0.6.52 0.092 

21 26.48 0.0741 0,0+9 0.650 0.103 Jrd Serles 

22 28.67 o.o802 o.646 o.647 0.114 

2J 30.56 0.0055 o.646 o.64.5 0.126 ChaMel taper 

24 33.29 0.0931 o.641 o.64J 0.141 • o.2cAm/m 

25 35.97 O.loo6 0.6.38 0.0+1 0.160 

26 37.90 o.1o60 o.6JJ o.64o -
27 .'.39,09 0.1093 o. 633 · 0.639 0.179 

28 41,Jl 0.11.56 0.6JO o,6J8 0.196 
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6.2 The Energy and Momentum Coefficients 

6.2.1 Appendix V also contains the results of the velocity 

traverses undertaken with the current meter in the _tapering channel, 

and typical velocity distributions, for test No. 16, are plotted in 

Figures 6.2 to 6.6. Velocity energy coefficients and momentum 

coefficients were calculated at each cross-section numerically, using 
24 · 

the method described by Chow and outlined in Appendix V. The results 

are summarised in Table 6.2, which shows that the mean velocity and 

o< and~ all remain sensibly constant along the length of the weir 

in each case. 

' 
6.2.2 'lhe values of « and (3 obtained compare favourably 

24 
with those quoted by Chow , and although neither « nor f, vary a 

great deal over the whole series of tests, there is some indication 

that they decrease in magnitude with increasing longitudinal velocity, 

as shown in Figure 6. 7. A least squares regression analysis gave the 

following expressions for or and p with correlation coefficients of 

about 0.8J. 

« .. 1.14 - 0.28v 

~ • 1.o6 - 0.10v 

• ••••••••• (6.2) 

- ••••••.••• (6.J) 

Equation (6.J) was used to obtain values of /3 in the 

mathematical model for values of v not exceeding 0.6m/s. 

---
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Table 6.2 

Velocity Energy Coeffici&nts and MomentU11 Flux Correction Factors. 

Read-
V 

Read 
ing 0( ,, ing V O(' f> 
No. m/f No. m/s 

o.d355 1.1176 1.o490 0.1163 l.(1)55 1.0!}13 
o.o964 1.1215 1.0508 0.1136 1.0996 1.0396 

2 o.d344 1.1613 1.o635 J 0.1164 l.ldi-8 1.0!}50 
o.oszs 1.272) 1.1050 o.n41 1.1273 1.0528 

o.0943 1.1864 1.0716 o.n4o 1.1197 1.0!}97 

. o.d376 1.209.) 1.0796 0.1161 1.13)4 1.0.541 

Mean o. d3.52 1.1779 1.o699 Mean 0.1151 1.1117 1.0!}71 

Read- Read 
f> ing V ot' ,, ing V c:,( 

No. m/s No. m/s 

0.1,519 1.(1)95 l.o424 o. C1129 1.o849 1.0381 

0.1.530 1.0946 1.0379 o.wd+ 1.0944 l.du4 

6 0.1.54.5 1.0730 1.0339 8 o.a,99 1.1173 1.o497 

0.1499 1.096.5 1.o417 o.a598 1.1459 1.0595. 

0.1.509 1.1139 1.o474 0.(1/00 1.1096 1.d+64 

0.1580 1.1370 1.0.551 O.(f/20 1.1321 1.0_540 

Mean 0.1.530 1.1008 1.d+31 Mean O.Cl/r::B 1.1140 1.d+82 

Read· Read 
/> ing V c,< p ing 

y .( 

No. m/s No. m/s 

o.d309 1.1220 l.0.517 0.()()13 1.1292 1.0536 

0.0799 l.d39J 1.0398 0.()()(2 1.(1)14 1.d+QJ 

12 0.0782 1.(1)78 1.d+27 lJ o.d392 1.10.32 1.'1446 

o.mo 1,1.321 1.05.51 o.cR,97 1.1aSo ·1.d+.54 

0,0793 1.1050 1.di-50 o.()()09 1.099.5 1.d,-:30 

0.0796 1.1435 1.0576 O.OC)JO 1.1010 1.d+JJ 

Mean o.0792 1.11.50 1.d+87 Mean O.C/X1l 1.10.51 1. o'-1-,50 

. 1,54. 



Table 6.2 continued. 

Read- V 
Read 

ing tX p ing V O(' f, 

No. m/s No. m/s 

0.1116 1.1.546 1.o625 o.1Y+8 1.1559 1.0641 

0.1140 1.0905 1.0397 0.1366 1.0790 1.03.58 

16 0.1111 1.10.33 1.<>440 17 0.1JJ8 1.093:3 1.o409 

o.noa 1.1134 1.o478 0.lJJ0 l.lo64 1.o45:3 

0.1121 1.1038 1.~1 0.1376 1.00.52 1.0379 

0.11.58 1.lo4l 1.cAA-1 0.1415 1.0030 1.0370 

Mean 0.1126 1.1116 1.d+70 Mean 0.1362 1.1005 l.o4J5 

Read- Read 
ing 

V -< p, ing V " (!, 

No, m/s No. m/s 

0,1021 1.1237 1.05o6 0.1220 1.1324 1.05.52 

0,1018 1.08Y.,. 1.0378 - 0,1247 1.0853 l,OJ8J 

21 0.0987 1.~l 1.dn5 2J 0.1227 1.0915 1.o40J 

0.0984 1.1163 1.o492 o.12Y.,. 1.1056 1. o4:;/+ 

0,0978 1.1286 1. 0535 0.1215 1.1281 1.0530 
·ic;. 

0.0980 1.1.561 1.o623 0.1238··· 1.1285 1.0530 

Mean 0.0995 1.1170 l,o492 Mean 0.1230 1.1119 1.d+75 

·-

Read- Read 
ing 

V .,( p ing V o(' ,, 
No. m/s No. m/s 

0.1.546 1,1087 1.o467 0.1718 1.1153 1.0'-J.85 

0.1600 1.0756 1.0350 0.1760 1.0776 1. OJ:/+ 

2.5 0.1579 1.0784 1.03.58 2?·· 0.1737 1.0743 1.~ 

0.1557 1.0931 1.o407 0.1739 1,07.58 1.0J48 

0.15,56 1.1038 1.~J 0.1724 1.0909 1.d+oo 

0.1537 1.1.543 1.o613 0.1720 1.1203 l,o496 

- 0.156.3 1.1ce3 1.cM-0 0.1733 1.0924 1.0405 Mean Mean 

,· 15.5 
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6.J A S4alitative Discussion of Side Weir Flow 

6.J.1 Using the apparatus described in Chapter 5 it was 

possible to produce all the five flow cases identified by Fra.zer1.5 

and described in section 2.1, although it was not possible to achieve 

all the flow cases on each weir independently. The full range of 

conditions achieved is shown in Figures 6.8 to 6.37. 

6.J.2 Figures 6.8 to 6.12 show Weir I (whose dimensions a.re 

given in Table 5.1) with the downstream sluice gate lowered and 

controlling the flow. The discharge progressively increases fraa 

Figure 6.8, which shows the first spill condition for a Case II 

subcritical profile, to Figure 6.11 where the upstream flow has been 

sufficiently drawn down to fonn supercritical flow along the upstream 

section of the weir, with an undular hydraulic jump forming on the 

weir (Case III). 

6.J.J A further increase in the flow rate produced a broken 

jump on the weir (Figure 6.12). Although Case III (ani Case V) 

profiles were observed during the tests readings were not taken when 

a hydraulic jump formed on the weir as this condition was beyond the 

scope of the current investigation. 

6.J.4 Similar results were obtained when the transverse weir 

was used instead of the sluice gate as the downstream control. With 

the downstream control removed a supercritical flow profile formed 

(Case I) (Figure 6.13). --



, 

6.J • .5 Figures 6.14 to 6.18 show a similar set of conditions 

occurring on Weir 2, but beca~se of the increased crest height the 

subcritical profiles existed up to a much greater discharge. Also, 

when the downstream control was removed it was only just possible to 

produce a falling supercritical profile at the maximum channel discharge 

(Fig, 6.18). Figures 6.17 and 6.18 clearly show the importance of a 

downstream throttle. In both cases the upstream discharge is about the 

same, but in the former case the downstream flow 1s throttled by the 

sluice gate which substantially increases the discharge over the weir. 

6.3.6 With the lower crest height of Weir J, however, it was 

only possible to produce a subcritical profile at low discharges, and 

with a severe downstream throttle (Fig. 6.19). Any significant increase 

in the flow lead to a hydraulic jump forming on the weir (Figs. 6,20 to 

6.22) and quite strong jumps could be achieved. The stronger jumps 

were observed to be unstable an:i oscillated up arrl down the weir by up 

to O.Jm. Although moving the sluice gate further downstream tended to 

reduce the magnitude of the oscillations the effect could not be 

entirely eliminated. 

Fig, 6,23 shows the same upstream conditions as Fig. 6.22, 

but with the downstream throttle removed, foming a supercritical flow 

profile. Again the side spill discharge is reduced but the effect is 

not as dramatic a.s with Weir 2. 

6.3.7 The effect of changing the length of the weir is shown 

in Figs. 6,25 to 6.30 with Weir 4, a shorter version of Weir 1, and in 

Figs. 6.31 to 6.36 with Weir 5, a longer version of Weir 1. In each case 

the flow profiles follow the same pattern as the Weir 1 profiles, but 
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with shorter Weir 4 a greater range of subcrltical profiles is possible, 

whereas with Weir S the range is reduced. 

6.).8 The effect of changing the weir length is clearly less 

significant than varying the crest height, and this conclusion is 

supported by the discharge characteristics and depth-discharge 

relationships discussed in section 6.4. 

6.J.9 Finally the effect of lowering the upstream sluice gate 

was observed on Weir J. This produced supercritical flow both along 

the weir and in the upstream channel (Case IV). The longitudinal 

velocities along the weir increased and the upstream depth and side 

spill discharge decreased (Figs. 6.37 and 6.J8)~ 

. -~--.----

1.59 



fig. 6.8 Weir 1. First Spill. Cose II Flow, 
Clinging Noppe. 

fig. 6.9 Weir1. LowFlowCaseII, Free Nappe . 
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fig.6.10 Weir1, Intermediate Flow, Cosen. 

fig . 6.11 Weir1, Undular Jump , Casem . 
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fig. 6.12 Weir 1, Broken Jump, Case ill. 

fig.6.13 Weir1, Case! Flow . 
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fig.6.14 Weir 2, F irst Spill, CaseII Flow, 

Clinging Nappe . 

fig.6 .15 Weir 2, Intermediate Flow Case II . 
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fig. 6.16 Weir 2. High Flow Case II. 

fig. 6.17 Weir 2. Maximum Flow Case II . 
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fig. 6 .18 Weir 2, Maximum Flow Case! 

fig. 6 . 19 Weir3, Case II Flow with Severe 
Downstream Throttle ( part of nappe 
clinging ) 



fig. 6. 20 Weir 3, Weak Jump Forming, 

Case ill . 

fig. 6. 21 Weir 3, Increased Flow, 
Stronger Jump Caselli . 
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fig . 6 .22 Weir 3, Strong Broken Jump, 
Case m (some instability} 

fig. 6. 23 Weir 3 , as fig . 6.22 but with 
downstream thrott le removed . 

Case I . 
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fig . 6. 24 Weir 3. High Flow Case I. 

I 
f i g . 6. 2 5 Wei r I+ • Low FI ow Cose Il . 
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fig. 6. 26 Weir 4, I nterrned iate Flow Case II. 

fig·. 6. 27 Weir I+, as fig . 6.26 but with increased 
flow, Cose II . 
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fig. 6.28 Weir 4, Broken Jump, Casem. 

:1--------------r., ,r-...-· ., ,, 

fig. 6.29 Weir4, Intermediate Flow Case! 
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fig. 6. 30 Weir 4. High Flow Case I 

fig . 6.31 Weir 5, Low Flow Casell . 
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fig.6 . 32 Weir 5, Intermediate Flow CaseII 

fig. 6.33 Weir 5, High Flow Ca se Il . 
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fig . 6.34 Weir 5, Broken Jump. Case ill. 

fig . 6. 35 Weir 5, lntermed iate Flow Case I . 
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fig. 6. 36 Weirs, High Flow .Case I . 

fig . 6. 37 Weir 3, High Flow Case IV, 

(upstream sluice gate contrdl ing flow) 
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fig . 6. 3B Weir 3. as fig . 6.37 but with the 
upstream sluice gate set lower, 

Case IV. 
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6.4 A guantitative Discussion of Side Weir Flow 

6.4.1 The hydraulic performance of the side weirs tested is 

shown graphically in Figures 6.39 to 6.55. The former half, Figs. 6.39 

to 6.46, show the discharge characteristics whilst the remainder show 

the relationship between the depths at the upstream and downstream ends 

of the weir and the upstream discharge. The experimental data used in 

plotting these graphs is included in Appendix VII. 

6.4.2 There are three distinct discharge characteristics that 

can be identified. With subcritical flow along the weir, controlled 

by the downstream sluice gate (Figs. 6.39, 6.40 an:1. 6.42 to 6.45), the 

discharge characteristics form a family of straight lines. The'¾/~ 

characteristics approach the horizontal indicating only small changes 

in~ over a wide range of upstream discharges. This is a desirable 

feature for practical applications, e.g. as storm sewage overflows, and 

similar results would be obtained with an orifice plate or throttle 

pipe as the downstream control. 

6.4.3 When the s~uice gate is replaced by a transverse weir, 

however, the discharge characteristics become curved (Fig. 6.41) and in 

this case pass through the origin as the transverse weir crest was set 

level with that of ~he side weir. Values of~ at the upper end of the 

range increase significantly with increasing~• with is generally 

undesirable. 

6.4.4 For supercritical flow (Fig. 6.46) the characteristics 

are also straight but in this case the residual mainstream discharge~ 

is greater than the side spill discharge Q., in every case due to the 
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higher longitudinal velocities and smaller depths resulting from the 
j 

absence of the downstream throttle. 

6.4.5 In every case the V~ characteristic has been 

extrapolated to give the first spill discharge. Thus for Weir 1 with 

a horizontal bed and the downstream sluice gate open 19.1mm first spill 

occurs at 1.501/s (Fig. 6.39). The~/'½_ characteristics have also 

been extended to the first spill values, where~•~• Below this 

point ~ is always equal to ~ and the characteristics form a 45° 

straight line. A further property of all the discharge characteristics 

is their symmetrical placing about the line~ • ½~• 

6.4.6 The discharge characteristics clearly indicate the 

effects of variations in the bed slope, weir length, crest height, and 

downstreaJll control. The latter has the most significant effect on both 

discharge over the weir and drawdown in the upstream channel for 

subcritical now profiles. Reference to Figure 6.57 (the depth-discharge 

rating curve for the downstream sluice gate) shows that lowering of the 

• sluice gate substantially increases the downstream depth. This leads 

to an increase in depth along the weir and, therefore, an increase in 

the side spill discharge. The shift in the characteristics in Figures.·6.39 

a.rd 6.40 clearly reflects this. The effect is also shown in the depth

discharge relationships in Figures 6.48 and 6.49. Note that in the 

_fonner the·y1/~ curve tends to level off at the higher discharges so 

that any increase in ~ leads t~ a corresponding increase in v 1 and the 

Froude number rapidly increases until it exceeds one and supercritical 

now occurs. This feature is not evident with Weir 2 as the slope of 

the y
1
/~ curve is steeper, and increases in ~ are offset by corresponding 

increases in y1, leading to only small changes in v1 • 
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6.4.7 Figures 6.41, 6.42 and 6.43 show that the channel's 

slope has little effect on the subcritical discharge relationships. 

This effect can be explained by Figures 6.51 and 6.52. .An increase 

in the channel slope has the effect of decre~sing y1 and increasing 

y2 • Thus the side spill discharge over the first part of the weir is 

reduced whilst over the latter part of the weir the discharge is 

increased. The net result is that the total side spill discharge 

remains virtually unchanged. 

6.4.8 The effect of varying the crest height is shown in 

Figure 6.44 and is the second most important variable to affect the 

discharge. An increase in crest height clearly reduces the side spill 

discharge~• all other variables remaining constant. Figure 6.53 shows 

that the surface profil~ is also affected by crest height._ The depth

discharge curves are not merely shifted by the change in crest elevation, 

but the gradients and first spill points also differ, as shown when the 

weir 2 results are reduced to Weir 1 level, as denoted by the broken 

line. 

6.4.9 For subcritical profiles Figure 6.45 shows that variation 

in the weir length produces surprisingly little variation in the 

+ discharge characteristic, despite changes in length of - 25%. This 

phenomenon can be explained to some extent by Figure 6 • .,54. For a given 

upstream discharge a decrease in weir length leads to an increase in 

both y.
1 

and y.2• This gives a greater discharge per unit length of weir, 

thus compensating for the reduction in the length. The converse is true 

for ~he longer weir. 
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6.4.10 The discharge characteristics for supercritical profiles 

shown in Figure 6.46 clearly show the channel slope to be significant 

in this case. An increase in the bed slope leads to a reduction in 

the upstream depth (Fig. 6.55) which in turn reduces the side spili 

discharge. ~ is substantially greater than corresponding values for 

subcritical flow and generally exceeds~ in practical cases. Figure 

6.56 shows the depth-discharge relationship in dimensionless fom. 

Extrapolation of the curve to the point where supercritical flow is 

just formed at the upstream end of the weir, i.e. y1 • 1 c• gives a 

value of ~ • 0.7.5. Since Y • -3
2E then Ec • 2c-: Thus, as first 

~-C C C 

stated by Ackers5, the condition for formation of supercritical flow 
-

at the upstream end of the weir is that the specific energy of the upstream 

now exceeds twice the crest height. 

6.4.11 Lowering of the upstream sluice gate to produce Case IV 

profiles hcG the effect of reducing both the upstream depth and the side 

epill discharge. The depth at the upstream end of the weir is now 

·governed by the gradually varied now profile in the upstream channel. 

A relationship was found between the percentage reduction in y 1 and the 

percentage reduction in Q,.. from their respective values for Case I· profiles 

at the same upstream discharge. This relationship is shown graphically 

in Figure 6.47 and is unaffected by the channel slope. 

6.4.12 In a.11 cases the first spill conditions shown on the 

depth-discharge relationships indicate a first spill depth 1 ~o 2mm 
. ,• .. -

greater than the crest height. This was observed during the experiments 

and is due to surface tension effects. 

I 
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FIG. 6.40 DISCHARGE CHARACTERISTIC : Effect of Varying Downstream Control: 
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FIG. 6.L.1 DISCHARGE CHARACTERIST r C Effect of Varying Downstream Control 

and Slope: Weir 1, Downstream Trqnsverse Weir: Case Il Flow. 
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FIG.6.l.2 DISCHARGE CHARACTERISTIC: Effect of Varying Bed Slope: 

Weir 1, Downstream Sluice Open 19.1mm: Cose II Flow. 
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FIG. 6. 43 DISCHARGE CHARACTERISTIC: Effect of Varying Channel Bed Slope: 

Weir 5, Downstream · Sluice Open 19.1 mm : Case II Flow. 
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FlG.6.44 DISCHARGE CHARACTERISTIC: Effect oi Varying Crest Height: 
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FIG.6 .45 DISCHARGE CHARACTERISTIC: Effect of Varying Weir Length: 
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FIG. 6.46 DISCHARGE CHARACTERISTIC: Effect of Varying 
Channel Bed Slope: Weir 3: Case I Flow. 
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FI G. 6. 4 7 CASE IV FLOW: REDUCTION 
IN SI DE SPILL DI SC HAR GE FROM 

CASE I FLOW DUE TO REDUCTION 

IN UPSTREAM DEPTH : Weir 3. 
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FIG. 6. 48 DEPTH - DISCHARGE RELATION
SHIP: Effect of Varying Downstream Control : 

Weir 1, Slope Horizontal: Case Il Flow. 
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FIG. 6.49 DEPTH-DISCHARGE RELATION

SHIP: Effect of Varying Downstream Control: 

Weir 4, Slope 0.00366 : Case II Flow. 
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FIG.6.50 DEPTH-DISCHARGE RELATION
SHIP: Effect of Varying Downstream Control 

and Slope: Weir 1, Downstream Transverse 

Weir: Case II Flow. 
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FIG. 6.51 DEPTH - DISCHARGE RELATION

SHIP: Effect of Varying Channel Slope : 

Weir 1, Downstream Sluice Open 19.1 mm: 

Case II FI ow. 
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FIG. 6.52 DEPTH - DISCHARGE RELATION

SHIP : Effect of Varying Channel Slope: 

Weir 5. Downstream Sluice Open 19 .1 mm: 

Case II Flow . 
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FIG .6 .53 DEPTH- DISCHARGE RELATION

SHIP: Effect of Varying Crest Height : 

Weir Length= 0 .6096 m ; Case II Flow 
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FIG. 6.54 DEPTH - DISCHARGE RELATION
SHIP-: Effect of Varying Weir Length: 

Crest Height = BO mm approx.: Case II Flow. 
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FIG. 6. 55 DEPTH - DISCHARGE RELATION

SHIP : Effect of Varying Channe I Slope : 

Wei r 3 : Case I FI ow . 
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FIG. 6 . 56 DIMENSIONLESS DEPTH- DISCHARGE 

RELATIONSHIP FOR SUPERCRITICAL CASE I FLOW: 
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FIG. 6. 57 DOWN STREAM CONTROL DEPTH -

DISCHARGE RATING CURVES: 

Results for Weirs 1.2,4. &5, all slopes . . 
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6.5 Longitudinal Surface Profiles 

6.5.1 Longitudinal surface profiles were measured along the 

centreline of the channel for a number of the suoorltical flow readings 

and the profile coordinates are tabulated in Appendix VII. The shape 

of the surface profile is not appreciably affected by the slope of the 

channel and Figure 6.,58 shows typical profiles, for readings 19 and 29. 

At the lower discharges subcrltical profiles rise smoothly from y1 to 

y2 , irrl:tially with a concave surface which changes_to convex about a. 

quarter of the way along the weir. At the higher discharges the profile 

1s disturbed by the formation of a surface wave towards the upstream 

em. of the weir (reading 29), which increases in size with increasing 

upstream flow rates. It wa.s difficult to detemine visually the point 

at which this wave changed into an undular hydraulic jump. 

6.5.2 Similar subcritical profiles were observed on Weir 2 

(Fig. 6.59) but in this case the higher crest height produced smoother 

surface profiles a.nd the surface wave observed on Weir l only became 

·apparent at the highest discharges (reading 66). 

An additional disturbance was also observed in sub-

critical flow, at the downstream end of the weir. The vertical down

stream edge of the weir caused a local bunching of the water surface 

(Figs. 6,65 and 6.67) and a surface wave was formed.which passed 

. diagonally across the channel from the edge of the weir to the opposite 

wall downstream. ---.. -
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6.5.4 Supercritical surface profiles were measured for each 

supercritical reading, the results also being tabulated in Appendix VII. 

On Weir 1, Case I profilea only could be produced.with a clinging nappe 

formed over most of the length of the weir (Fig. 6.60). With Weir J 

however it was possible to achieve a range of profiles (with free 

na.ppes) o:f both the Case I and Case IV types, the latter being achieved 

by lowering the upstream sluice gate. 

6.5.5 Figures 6.61 and 6.62 show two typical Case I profiles. 

The water surface falls rapidly as it approaches the weir with 

appreciable curvature of the flow. This curvature is sufficient to 

affect the hydrostatic pressure distribution, as shown in Table 6.J, 

so that the incorporation of curvature effects in the mathematical 

model is justified. The 'S-shaped' surface profile is similar to that 

· 15 observed by Frazer and its shape is unaffected by the length of the 

weir. 

6.5.6 Figure 6.64 shows the shape of the surface profiles for 

the case I condition upstream of the weir. The profiles are in 

dimensionless fonn and upstream of the critical depth (Y/yc • 1.0) 

the now is gradually varied and the dimensionless profiles are virtually 

identical. On approaching the critical depth, however, the profiles 

diverge slightly to give unique conditions at the upstream end of the 

weir. The position of the critical depth varies between o.8 and 1.1 

times the critical depth upstream of the weir. 
---
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TABLE 6.J 

Read• Y1 ~ measured P1 computed ing Flow -
No. Case mm pg mm pg 

' 

132 I 1o6.7 97.4 98.6 
lJJ I ice.a 9.3.7 95.6 
134 I 99.4 91.3 9.3.6 
135 I 95.7 88.2 90.8 
1.36 I 90.5 85.6 87.2 
l.'.37 I 85.5 81.2 82.7 
l.'.38 IV 89.0 81.7 84.7 
l'.39 IV 76.2 69.6 72 • .3 
140 IV 68.o 61.1 62.J 
141 I 105.5 96.0 98.5 
142 I 10.3.0 93 • .3 96 • .'.3 
14J I 97.4 89.1 92.1 
144 I 9.3.1 85.7 88.6 
145 I 88.4 81.6 85 • .3 -
146 I 8.3.5 77.4 . 80.9 
147 IV 85.2 76.4 80.1 
148 IV 7.3.5 6.3.7 69.8 
149 IV 66.2 .55.2 62.6 

-

+ '.Itlese values are computed from the theory used to fonnulate 

the mathematical model with curvature. 

+ 

mm 

-6.5. 7 The Case IV profiles (Fig. 6.6.3) show the same •s-

shaped curve but with less pronounced curvature. Upstream of the weir 

the supercritical flow is gradually varied, being controlled by the 

upstream sluice gate, and this determines the value of the depth at 

the start of the weir. 
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6 • .5.8 The supercritical profile·coordinates were used to 

compute values of curvature and slope which helped to formulate the 

mathematical model described in section J.4. 'lbe method of computation 

is described in Appendix III, 

---
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FIG. 6.58 LONGITUDINAL SURFACE PROFILES: 

160 

140 

120 

N 100 
S Depth 

· mm 80 

60 

40 

20 

0 
Chainage92 

I 

-0.1 

Weir 1 : Case Il Flow. 

. 
I 

_____..,. 

- - ---- -- - " 
" , 

Cr;st 

-- Measured Profile 

-- Computed Profile 

I I I I I 

94 96 
I 

98 100 102 104 
I • 

' 0 0.1 0.2 

29, ' - ..J.--,_ - --
" " 

19] 
' 

I I I I 

106 ~03 110 ,112 
0.3 0,4 

I --
., 
" " 

I I 

114 1,16 
0.5 

Distance from Start of Weir • m 

' I\ 

I I 

118 120 
I 

122 124 ins. 
I 

0.6 0.7 



N g 

FIG. 6.59 LONGITUDINAL SURFACE PROF! LES: 
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FIG. 6.61 LONGITUDINAL SURFACE PROFILES: 
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FIG. 6.62 LONGITUDINAL SURFACE PROFILES: 
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6.6 Transverse Surface Profiles 

6.6.l Figure 6,65 shows typical transverse surface profiles 

for subcrltical flow, At the upstream end of the weir there is no 

draw-down effect transversely but for all profiles along the weir 

itself.there is a similar draw-down effect to that observed on transverse 

weirs. The profile plotted for the section level with the downstream 

end of the weir shows an approximately horizontal water surface at 

this point except adjacent to the right hand wall of the channel where 

a bunching of the flow occurs due to the interference of the vertical 

downstream edge of the weir (Fig. 6,67). 

6.6.2 With supercritical flow (Fig, 6.66) the transverse 

profiles show two additional features. Towards the upstream end of 

the weir the water surface is drawn down to a considerably greater 

extent than would occur on a transverse weir (section chainages 100 

and ldl- in Fig. 6.66). Also, towards the downstream end of the weir -

a trough is formed in the surface away from the crest of the weir 

(section chainages 112 and 116 in Fig. 6.66). Both these features 

are likely to affect the discharge capacity of the weir. 

....---
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f ig . 6. 67 Surface Wove Disturbance due to 
the Downstream Edge of the We ir. 
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6.7 Performance of the Mathematical Model for Subcritical Flow 

6.7.1 In assessing the performance of the mathematical model 

described in Chapter 3 the computed upstream discharge, side spill 

discharge, and upstream dP.pth were compared with measured values for 

all subcritical readings on Weirs 1, 2, 4 and 5, The results of this 

comparison are contained in Appendix VIII. 

6.7.2 The mean and standard deviation of the percentage 

errors in ~, ~ and y.1 were .computed for each weir. The largest 

mean errors in~ and~ were recorded on Weir 2 (-4.26% and -6 • .'.37%) 

but this weir showed the smallest standard. deviation ( 0.9~ and 

·0.87%). Conversely, Weir 5 showed the smallest mean (-2.18% and 

-2.71%) and the largest standard deviation (J.15% and 4.82%). Errors 

in the computed upstream depth did not follow the same pattern. The 

largest mean and standard deviation were recorded on Weir 4 {-S.94-% 

and 4.24%) and the smallest on Weir 2 (-2,.56% a.nd 1.39%). The 

variation in the mean and standard deviation of errors followed a 

random pattern and there were no trends that indicated a relationship 

between the magnitude of error and the dimensions of the weir. 

6.7.3 The overall means and standard. deviations of errors 

for all the subcritical results are given in Table 6,4 below. 

TABLE 6.4 
Means and Standard Deviations of Error, Subctltical Flow 

Mean % S.D. % No. of 
Error Error Readings 

Upstream Discharge~ - 2 • .54 2.46 -
Side Spill Discharge~ - 3.39 3.52 1~ 

Upstream Depth Yi - 4,80 J.26 
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. 
Both the mea.n and standard deviation a.re small in each 

case showing that the mathematical model performs well. Furthemore, 

a comparison between measured and computed surface profiles showed 

excellent a&reement (Figs. 6.,58 and 6.59) although the model did not 

simulate the surface wave that fomed at the higher flow rates on 

Weir 1. 

The inclusion of an allowance for curvature made 

virtually no difference to the computed values confirming that 

curvature effects a.re negligible for subcrltical flow. 

------· 
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6.8 Performance of the MathematicRl Model for Supercritical Flow 

. ' 

6.8.1 In assessing the performance of the mathematical model 

for supercritical flow the computed downstream discharge, side spill 

discharge, and downstream depth were compared with measured values, 

for both Case I and Case IV :profiles, and the results are ai-so contained 

in Appendix VIII. The overall mean and standard deviation of errors are 

tabulated below. 

TABLE 6,5 
Mean and Standard Deviations of Error. Supercritical Flow, 

No Curvature With Curvature 
Allowance Allowance No. of 

Mean% S,D. % Mean% s.n. % ~eadings 
Case I Profiles Error Error Error Error 

Downstream Discharge~ 6.39 1.80 J.64 1.71 

Side Spill Discharge~ - 8,76 2.27 - 5.03 2.30 18 
Downstream Depth Y.z 4.13 1.12 2.88 1.18 

Case IV Profiles 

Downstream Discharge ~ 1.18 3.21 0.71 2.47 
Side Spill Discharge ~ - 0.77 5.73 - 0,14 4,97 9 . 
Downstream Depth Y2· 0.29 1.30 - 0.39 1.13 

6.8.2 When no allowance is made for curvature effects the 

· model shows reasonably good correlation for Case IV profiles but for 

the Case I results the mean errors are larger. 'lhis additional error 

is further illustrated by the comparison of computed and measured 

surface profiles shown in Figures 6.61 and 6.62. The slope of the 

computed profile at the upstream end of the weir is too great when the 

model does not allow for curvature. This leads to a profile 

substantially lower than is actually the case and the side spill 

discharge is therefore underestimated. 
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6.9 Effect of Modifying the Model to Allow for Curvature, 

6,9.1 In order to improve the simulation of supercritical 

now the mathematical model was modified to incorporate an allowance 

for curvature, as described in Chapter 2. The effect was to considerably 

improve the computations for all the Case I results, as·shown in Table 

6.S, giving mean and standard deviation of errors of a similar order 

to those achieved for subcrltica.l flow, An improvement to the computed 

longitudinal profiles was also observed (Figs. 6,61 and 6.62), the computed 

curve now :following the same shape as the measured profile but still · 

with significantly smaller depths at the upstreSJll end of the weir. 

6.9.2 For Case IV profiles, once the Froude Number at the 

upstream end of the weir exceeds 1.5, curvature effects become negligible 

and the modified model gives virtually_the same profile and computed 

values of ~• ~ and y2 as the model not modified for curvature 

(Fig, 6,63). Thus the modified model was only used for simulating 

case IV profiles where the Froude Number was less than 1,5 at the 

upstream end of the weir, but this still significantly improved the 

overall accuracy of computation, as shown in Table 6.5. 

6.9,J As an independent check of the theory on which the 

curvature analysis is based the modified pressure head at the upstream 

end of the weir was computed for readings 132 to 149 using equation 

(2.30.J), The computed values are compared with measured values 

(using the stilling well), and measured depths, in Table 6.3,_ The 

curvature analysis significantly modifies the pressure head from its 

hydrostatic value (equal to the depth) a.nd there is good correlation 

with measured values for Ca.Se I profiles. The theory does, however, 
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underestimate the effects of curvature to some extent which would 

account for the deviation of the measured and computed :profiles shown 

in Figures 6,61 to 6,63. 

6.9.4 ·In order to verify the distribution of curvature 

obtained by theoretical analysis (Section 2.6) an attempt was made 

to measure the curvature of the streamlines directly in the test flume. 

streaks of :permanganate dye were injected into the flow at various 

depths a short distance upstream of the weir, Although the curvature 

effects could be seen to extend below the level of the weir crest, the 

magnitude of turbulent and seconda.ey currents was sufficient to cause 

rapid dispersal of the dye and :prevent any direct measurements being 

made, 

6.9.5 Specimen velocity traverses were performed-in the 

test flume using a miniature :propellor current meter, There was no 

variation in the velocity over the depth that could be attributed to 

curvature effects. 

-- ' 
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6.10 Startin$ Values 

6.10.1 When the mathematical model was initially tested 

against measured data for subcrltical flow the depth at the downstream 

end of the weir was used as a starting value.· The agreement between 

the measured and computed surface profiles was not as good as had been 

expected, but inspection of the water surface in the vicinity of the 

downstream end of the weir revealed the presence of a surface wave 

(described earlier in section 6.5) and this was found to be affecting 

the depth measurements locally. 

6.10.2 The performance of the mathematical model was 

significantly improved by starting the computations some distance 

downstream of the weir, where the depth could be measured without 
-·-

being affected by surface disturbances. The model was'modified to 

compute the gradually varied flow profile back as far as the weir in 

addition to computing the spatially varied flow profile along the weir 

itself. 

6.10 • .3 When taid.ng readings on Weir No, 4, depth recordings 

were made at 76mm and 505mm downstream of the weir so that the effect 

of the position of the starting depth could be established, A 

comparison of the two sets of computations is given in Appendix IX. 

Despite a substantial shift in the position of the starting station of 

429mm the mean and standard deviation of errors are only changed slightly, 

the 76mm values giving eITors a·little larger than those for the 50.5mm 
~-~- --· 

results. 
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6.10.4 For supercritical flow computations the depth and 

discharge at the upstream end. of the weir were used as starting values. 

The starting slope of the water surface was fixed at -0,12 for 

computations involving an allowance for curvature, and to test the 

effect of this duplicate computations were perfomed for readings 

71 to 79 using the actual slope at the start of the weir, The actual 

surface slope was obtained from measured longitudinal surface profiles 

using a standard finite difference technique as described in Appendix 

III, The results (Appendix IX) show the effects of this approximation 

to be negligible. 

6,10,5 In practical applications the starting depth at the 

upstream end of the weir would be obtained from Figure 6 • .56 for Case I 

supercritical flow computations, 

-----.--
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6.11 Assessment of Possible Errors 

6.11.1 The effect of possible errors in readings, due to the 

scale divisions of the apparatus, on the measured value of CD has been 

assessed by conventional error analysis, details of which are given in 

Appendix VI. A similar analysis for the main results and computations 

1s not possible, however, due to the complex nature of the mathematical 

model. 

6.11.2 In order to assess the possible error in computed 

values a typical reading was chosen (No. 2J) and the possible range 

of error for each piece of input data was assessed in the usual way. 

A separate computation was then performed to assess the effects of 

possible errors in each piece of data in turn on the computed values 

~ and y
1

• The results of those computations are given in Table 6.6 

below. 

TABLE 6.6 
Error Analysis - Mathematical Model 

Possible Input :Possible Resultant+ Resultant+ 
!Measured Data Error in Error in 

Value Error Affected Error 
~ d1 

U-tube ± 1mm Upstream ±o.c63 1/s 
Manometer Discharge 

♦ 
Vee Notch + Side Spill !0.005 1/s 
Stage 

- 0.05mm Discharge I 
Downstream ±o.o68 1/s ±o.dn 1/s + 
Discharge -0.172mm 

Depth of + 0.05mm Downstream + ±o.oc:6 1/s + - Depth -0.0.5mm -o.oo.5mm 
Flow ,. --·· 

·' 

Temper-_ ! 0.05°c Viscosity + -0.002 Zero Zero 
ature 

X 10-6 
kg/ms 

+ See overleaf'. 
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+ The resul tan-t. error in ~ and Y 1 is equal to the difference between 

the computed value of~ (or y1) with the input data as measured, 
. + 

and the computed value with the input data - the possible error. 

6.11 • .'.3 In additivn to the possible errors in the computed 

values in Table 6.6 the possible errors in the measured upstream 

discharge and depth must also be considered when assessing the 

performance of the mathematical model. 

If the total possible errors between measured and 

canputed values of Q1 andY 1 are denoted as d~ and df1 respectively 

then 

d~ + { (~:~a) 2 
( o.dn) 2 (0008) 2} ½ - - - + .5.193 + .s:19J '½. 

t ' I 
Possible Error Possible Errors in 
in Measured Computed Value 
Value 

+ 0.0142 + - - or - 1.42% 

and d.Y1 ± {(:M2)2 ( 0.172) 
2 

(9~:W) 
2

} t - - 95.90 + 92 • .58 + 
Y.1 t ' I 

Possible Error Possible Errors in 
in Measured Computed Value 
Value 

+ + - - 0.0019 or - 0.19% 

Thus 1.42% of the observed errors in computed values of 

~ and 0.19% of the observed errors in computed values of y1 could be 

attributed to errors in the readings taken from the experimental apparatus, 
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6.11.4 It is arguable that the Blasius and Darcy-Weisbach 

formulae for computing the friction gradient sf are generally applicable. 

In view of the smooth surface of the experimental flume and the range 

of Reynolds'. nwnbers encountered the use of the Blasius equation can be 

justified in this case, but in practical applications another method 

of assessing sf, such as the Manning equation, might be appropriate. 

Further computations were therefore performed, for readings 15 to 40, 

using the Manning equation with an appropriate roughness value, instead 

of the Blasius and Darcy-Weisbach equations, and the results are 

tabulated in Appendix IX. Table 6.7 summarises the effect of using 

the Manning equation, and the differences between both the means and 

the standard deviations is seen to be negligible, 

TABLE 6,7 
Comparison between Methods of Computing the Friction Gradient sf 

sf from Blasius & 
Darcy-Weisbach · sf from Manning No. of 

Mean% S,D. % Mean % S.D. % Readings 
Error Error Error Error 

Upstream 
4.20 1.85 4.15 1,91 Discharge ~ - -

Side Spill 
5.65 2.11 5 • .51 2.14 26 Discharge ~ - -

Upstream 
3.69 2.22 3.34 1.97 Depth Y-1 - -

6.11.5 Chow24 recommends an additional term in the computat~on 

of the energy gradient to allow for increased eddy effects i.~_diverging 

ar converging flow. Also, it may be argued that the transverse 

components of the flow alter the velocity distributions and thus affect 
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the value of sf' but it should be remembered that the magnitude of sf 

has only a small effect on the computed values obtained from the 

mathematical model • 

.An attempt was made, however, to improve the performance 

of the mathematical model by applying multiplying factors to sf to 

account for a:ny possible increase in its value due to secondary current 

effects. The result was that the mean errors in the computed values 

were reduced slightly in certain cases whilst there was a significant 

overa.11 increase in the standard deviations of the errors. 

Attempts to improve the computations i~ this way were 

therefore abandoned. 

---.. -

• 
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6.12 Performance of th~ Mathematica1 M2del with En,eel's8 

· 11 
and Gentilini's Data 

6.12.1 The performance of the mathematical model, when applied 

to side weir installations with substantially different dimensions 

from those used in this investigation, was assessed using the 
· 8 11 experimental data of Engels and Gentilinl • 

6.12.2 Engels tested single side weirs ranging from o • .5m to 

10. Om in length in prismatic rectangular channels with widths varying 

between 205mm and 2m. His experiments were conducted for subcritical 

now and a comparison between his measured values, and corresponding 

values computed by the mathematical model, is given in Appendix X. 

Table 6.8 below gives the means and standard deviations of the computed 

values. There is excellent agreement between computed and measured 

values of depth and discharge at the upstream end of the weir. The 

agreement between the measured and computed side spill discharge is not 

so good, however, the mean error exceeding 20%. Inspection of the 

· actual values of the side spill discharge reveals the reason for this, 

In all the tests the side spill discharge is very small in comparison 

with the upstream flow. For reading E 19; for example, the upstream 

discharge is 103.7 1/s whereas only 8,2 1/s of that passes over the 

weir. The error in the computed value of(¾_ of 1 • .543 1/s is small in 

comparison with~• but it also appears in the computed value of Qlf 

since Q,, • '½_ - '¼• and as Q-,, is only 8,2 1/s the· :percentage error 

.--is appreciable. 
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TABLE 6.8 
Perfomance of the Model with Engels Data 

Mean % s.n. % No. of 
Error Error Readings 

-

Upstream Discharge ~ 3.17 5.53 
Side Spill Discharge ~ 20.23 28.68 19 
Upstream Depth Y 1 0.24 l.74 

6.12.3 Differences in crest geometry will also affect the 

value of the coefficient of discharge and this will be reflected in the 

accuracy of computation. 

6.12.4 Using Gentilini•s11 data, results for both subcrltical 

and supercritical flow were available for weirs in a 214mm wide 

prismatic rectangular channel, with weir lengths of 499mm and lo68mm, 

· and crest heights ranging from 50.9mm to 2,52.Jmm. 

6.12,.5 A table comparing measured values with those computed 

from the model appears in Appendix X and the means and standard 

deviations of errors are given in Table 6,9 below. The computed 

supercritical values were calculated using upstream depths obtained 

from Figure 6 • .56, which would be the method used in practice. Values 

were also computed, however, using the measured upstream depths, and 

trese also appear in Appendix X. There is little difference between 

the two sets of computed values. ---
The mathematical model gives excellent results in this 

case, 
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TABLE 6.9 
Performance of the Mathematical Model with Gentilini's Data 

Subcri tical Flow No. of 

Mean % s.n. % Readings 
Error Error 

Upstream Dizcharge ~ - 1.40 1.76 
Side Spill Discharge ~ - 2.01 2.70 8 
Upstream Depth Y1 - o.86 1.03 

Supercritical + Flow No. of 

Mean % S.D. % Readings 
I 

Error Error 

Downstream Discharge ~ 2.48 0.69 
Side Spill Discharge ~- - 7.60 2.00 4 

Downstream Depth Yz - 1.47 .3.99 
, 

+ Upstream depths obtained from Fig. 6.56. 

---... -
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6.13 
, 4 

Performance of De Marchi's Method and Chow's NUmerical 

Integration Methcd 

6.13.1 De Marchi's graphical method has been widely used fo~ 

analysing side weir flow, and it is appropriate that its accuracy is 

established and compared with that of the mathematical model. The 

De Marchi Method was therefore tested against the experimental data 

obtained during this investigation and the results are given in 

Appendix XI and summarised below in Table 6.10. In computing the . 

results tabulated in the Appendix, the values of the coefficient of 

discharge were computed from the Rehbock equation (6.1). 

TABLE 6,10 
Performance of De Marchi's Method 

Subcritical Flow No, of 

Mean % s.D. % Readings 
Error Error 

Upstream Discharge Ql 4.9.5 9.17 
Side Spill Discharge ~ 7.57 13 • .51 103 

Upstream Depth Yt - J.6J 4.55 

Supercritical Flow No. of 

Mean % s.D. % Readings 
Error Error 

Downstream Discharge ~ 6.oo J.48 
Side Spill Discharge ~ - 8.42 4,87 27 

Downstream Depth Y .2 0.11 2.00 

.------
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6.13.2 Comparison between Table 6.10 and Tables 6.4 and 6.5 

show De Ma.rchi's method to be substantially worse than the mathematical 

model and in particular errors in Q,., as high as 4J% were recorded for 

subcritical now, and 15% for supercritical flow. This is not surprising 

since the method does not account for the slope of the channel or for 

friction. In addition it was not possible to compute values for five 

of the results. 

6.lJ.J However, De Marchi's method does in general give errors 

less than 10% so it could prove useful for establishing approximate 

weir dimensions in design. 

6.13.4 Chow's Numerical Integration method.6 wa..s found to give 

fairly good results for subcritical flow, sanewhat worse than the 

mathematical model but significantly better than De Marchi's method. 

The accuracy is summarised in Table 6.11 and the detailed results are 

given in Appendix XI. Values of the coefficient of discharge were again 

computed from the Rehbock equation (6.1). 

TABLE 6.11 
Performance of Chow's Numerical Integration Method 

Subcritical Flow No. of 

Mean % S.D. % Readings 
Error Error 

Upstream Discharge ~ 2.J4 5.86 
Side Spill Discharge ~ 3.87 8.88 103 

Upstream Depth Y1 - 4.71 3. 9".J. 

Supercritical Flow No~-of 

- Mean % S.D. % Readings 
Error Error 

nownstream Discharge '½ 5.00 3.27 
Side Spill Discharge ~ - 6.69 4.88 ~7 
Downstream Depth Y 2 2.81 2.18 

. , I 
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6.13 • .5 The method can be easily arranged into tabular form 

and is recommended for the computation of side weir flow when access 

to a digital computer is not available. 

---_,_.-· 
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CHAPTER 2• CONCLUSIONS 

Whatever method of anaJ.ysis is used to detennine the 

discharge over a side weir reliable values of the coefficient of 

discharge are required. It has been shown conclusively that the 

coefficient of discharge is unaffected by longitudinal velocity 

components and that it takes the same value as if the weir were a 

full width transverse weir. Thus, for the sharp crested weir used 

in this investigation, the Rehbock equation would be appropriate 

for computing CD. If a different crest geometry were to be used 

then an expression for CD under transverse conditions would have to 

be established prior to any computations. 

The values of the velocity energy coefficient « and. 

momentwn flux correction factor p were found to be within the range 

of values nonnally applicable to open channel flow, although some 

reduction in their values was ol:served with increasing longitudinal 

velocity. 

The formula proposed by Ackers5, that defines the 

uniform taper of a rectangular channel which produces a constant 

head along a side weir, performed well, and only minor adjustments 

to the downstream discharge were required to achieve a constant head 

and constant longitudinal velocity in practice. 

7.1.4 When subcritical flow occurs along a side weir with 

a downstream orifice or sluice control the relationship between the 

upstream and side spill discharge is linear. The increase in down• 

stream discharge is only ema.11 for large increases in upstream discharge. 

A downstream weir does not give such good control to the now and 

the downstream discharge rises appreciably with increasing upstream now. 

' 
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Subcritical flow conditions will exist along a side 

weir until the upstream. discharge rises to a value where the upstream 

specific energy exceeds twicethe crest height whereupon the subcrltical 

flow changes to supercritical now and the surface profile falls. If 

the downstream now is throttled a hydraulic jump will form on the 

weir, but otherwise the now will generally be supercritical over the 

whole length of the weir. 

When subcritical flow in the upstream channel is 

drawn down to form supercritical flow along the weir there is a 

relationship between the depth at the upstream end of the weir, the 

crest height, and the critical depth in the upstream flow. This 

relationship is dependent_ upon the slope of the channel and is shown 

in dimensionless fom in Figure 6.56. Both the side spill and 

downstream discharges increase linearly with increasing upstream· 

discharge, the downstream discharge always exceeding the side spill 

now. Towards the upstream end of the weir there is an appreciable 

curvature of the now which affects the distribution of pressure 

with depth. 

7.1.7 A mathematical model has been developed capable of 

simulating both subcriticaJ. and supercritical now to a high degree 

of accuracy (both mean and standard deviations of errors being less 

than 5%). The model incorporates an allowance for curvature which is 

used for supercritical flows where the Froude Number at the upstream 

end of the weir does not exceed 1.5. .- ,..----

I 
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7.1.8 The theory on which the mathematical model is based 

follows well established analytical techniques which ~ee with the 

work of previous investigations. Standard integration techniques 

have been used and the model only requires ~mpirical values of the 

coefficient of discharge and momentum flux correction factor, both 

of which have been thoroughly investigated and found to agree with 

well established values. 

7.1.9 "'\ The mathematical model gives significantly better 

results than methods previously available and has been shown to 

perform well using data from previous investigations not undertaken 

by the author. The model may therefore be applied with confidence 

to any size of side weir installation in a prismatic rectangular 

channel. 

Since the theory is based on a generalised momentW11 

analysis of the now it may readily be extended to cover non-prismatic 

and non-recta.ngular channels. 
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ExPERl~tD-'TAL lsVESTtGATION OF FLOW 

. OVER. SIDE WEIRS 8 

Discussion by David J. Balmforth4 and Edward J. Sarglnson1 
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1 •• _,. ,:. 

l 
/ The authors have developed an interesting method · of analyzing side weir 
,
1
· . · flows; the writers would like to compare the authors' findings with the results 

. of similar investigations carried out in Sheffield. England. The authors' use 
of a longitudinal velocity component of the side spill flow. u, involves the 
use of empirical correlations that cannot be extrapolated with certainty beyond 
the range of the authors' tests. Also, for subcritical flow. a preliminary comput!l• 
tion is required to estimate u. The computational method suggested (6) involves 
a step procedure requiring an iterative solution at each step. The writers suggest 
the following method that overcomes these drawbacks. 

' 

In the momentum analysis, if d is the depth at the center line, it may be , 
assumed that the longitudinal velocity with which the side spill flow initially 
deviates from the mainstream is equal to the mean velocity of the mainstream. 
Eq. 14 then becomes 

. Vq :_ .. 
S - S + - (213 - 1) 

o t gA dd 
- = ---------
dx Q2 T 

1-~
gAJ 

....... . . . . . . . . . . . . . . . . . 
• 

(17) 

The assumption inherent In Eq. 17 Is compatible with the authors• findings, 
'lince at any cross section the value of u. corresponds to the mean velocity 
some dis,ance upstream. This is generally greater than •the mean velocity at 
the section under consideration. , · 

For a rectangular section: 

. ·. . Q
1 
-·J'" qdx 

. Q . 
y.--!.. _ __!__. 

Bd Bd •••• ' I t f I · • _ t e I f f I • I I I I :•' I .. t t. t (18) 

Let 

Q~ -1• qd~ 
w III vd • ·, o 

B 

· .• , •• i-

•. I I '·:'· I I .t_ I t I·, I • I I I ~ I t t t I I (19) 

Differentiating: ~ ::s _.!!._ •· -. ~ Vg (d - c) u, , •• , ••••• • •• (20) 
dx · B ·· B 

•September, 1976, by Ahmed EI-Khashab and Kenneth V. H; Smith (Proc. Paper 1240:!). 
4 Sr. Lt.:ct. in Civ. Eng1g., Sh.:ffic:IJ City Polytechnic, Sherfield. Englund, 

-. 'Sr, Leet. in Civ. Engrg., Univ. of Sheffield, Sheffield, England. 
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_ Eq._ 17 becomes 

dd 

. qw - -
s,, - s, +·---; (2/J - 1) 

·gBd 
--- = ----------
dx {3w2 

1--
gd' 

AUGUST1977 HYB 

...... ~ ... . . ~ (21) 

The friction slope~ S1, is determined by a suitable channel flow formula (e.g., 
Manning). The writers used a fourth-order Runge-Kutta method for the simulta
neous solution of Eqs. 20 and 21. It was necessary to find the coefficients, -· 
Cw and ~. experimentally before the method could be used. The former was 
found by measuring the discharge over a sharp-edged side weir. A constant 

TABLE 1.-Accuracy of Writers' Method of Computation 

Error in Computed 

Number Computed Flow, as a percentage . 

Upstream Flow along of channel Mean Standard . 
flow weir section test!I flow value deviation 

(1) (2) (3) (4) (5) (6) 

Subcritical Subcritical 105 Upstream•. -2.8 2.3 · · 
Supercritical Supercritical 9 Downstream +1.4 3.2 
Subcritical Supercritical 18 Downstream +6.6 1.8 

TABLE 2.-Values of d,/dc 
\• 

c/d 1 

s. 0.3 0.35. 0.4 _ 0.6 
(1 l (2) (3) . (4) (5) 

0 0.877 0.898 0.91S -·-0.0038 0.864 0.886 0.905 --
0.0069 0.849 0.871 0.892 ' 0.957 

.. 
head was achieved by tapering the channel over the length of ~the-weir, and 
Cw was found to be unaffected by longitudinal velocity components, and came 
within ± 1% or Rchbock's values for a trnnsvcrse sharp-edged weir, Vnlues 
or ~ were found from velocity traverses to vary between 1.04 and 1.05. 

Tests were mnde over a wide runge of weir lengths und heights, ~nd the 
results are summarized in Table 1. In the third case the mean error is significantly 
larger, and this was attributed to streamline .curvature at the upstream end' 
of the weir. Also in this case, the writers found that the ratio d 1 / de depended 
on the weir hei:;ht and channel bed slope, as summarized in Table 2. These 

· values gave more accurate flow computations than the authors' recommended 
value of 0.93 (see Fig. 10). 

The writers' method gives good correlation with measured values. Since the 
only empirically derived values used in the computation are Cw and ~. which 

\ 

·, 
' 
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FlG. 10.-Relatlonshlpfor d,, Upstream Channel Flow Subcrltlcal, Weir Channel Flow 
Supercritical ,. · 

were found to correspond with well established values, the method is applicable 
to any side weir installation in a rectangular channel. The method can also 
be adapted to suit nonrectangular sections. 

APPEN01x.-NoTATION 
. . 

The fallowing symbols are used if!. this discussion: 

QIC = mainstream discharge at section x; and 
w=Vxd. ! .. 

· ExA~ SOLUTION or GRADUALLY VAtuED FLow• 

Dlscu~lon by John Allcn4 and Keith J, £never~ 

.. 

; >, 

The writers wish to compliment the author on producing· such a v'ersatilo 
method for solving the problem of calculating water surface profiles in open 
channels of complex cross-sectional shape, In his introduction, the author suggests 
that nothing significant has been achieved it\ the (iedvation of exact solutions 

•September, 1976, by Mohammad Akram Gill (Proc. Paper 12406). 
"Sr. Leet. in Civ. Engrg., Queen Mary Coll., Univ. o[ London, London, En~1and, 
'Leet, in Civ, Engrg., The City Univ., London, England. 
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APPENDIX II 

(a) Details of the Computer Program used to obtain the 

Theoretical Distributions of Curvature and Velocity. 

(b) Computed Curvature and Veloc~ty Distributions. 
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(a) Details of the Computer Prom;:am used to obtain the Theoretical 

Distributions of Curvatur3 and Velocit~. 

II,l Two computer programs were used to obtain theoretical 

distributions of velocity and curvature. For positive surface 

curvatures the programme DISTN was used, whilst for negative 

surface curvatures RDISTN was used, Both programs follow the 

same logical progression as shown in the flow chart below (Fig. II.1), 

and only differ in the form of the mathematical expressions used, 

after the theory given in Chapter 2. The principal mathematical 

equations used are tabulated in Table II,l. 

TABLE II.l. Principal Equations used in msTN and RDISTN 

Variable Equation used Equation used 
Computed in DISTN in RDISTN 

KS j y~/(l~yt) /-yt/ ( l+yt) 

I/In 
cos-1(n K

5
) sinh.1(n Ks) 

nK 2 K 2 

Curvature 
s n s 

y(l - n2Ks2) 
-

y(l + n2K 2) s 

Velocity 
1/1 n - l/ln-1 1/J n - f/Jn-1 

Yn - Yn-1 Yn • Yn-t 

---

24.) . 



'. 

0 . 
,-f 

0 
~ 

,-f 
• 0 

ff 
s:: 

gj-
rr.. 

~ 
..:I 

. ~ ( 
START 

( READ t, y 

C01PUTE K 
s 

CCMPUTE l/Jn 

COMPUTE 
CURVATURE 

COMPUTE 
VELCX:ITY 

PRINT 
CURVATURE & 
VELCX:ITY 

( STOP 
. 

) 

-

-

-

Fig. II.l 

flow Chart for Programs 

DI STN and RDI STN 

A listing and specimen printout for programs msTN and 

RDISTN a.re given overleaf, .. -... ---
Tables of velocity and curvature distributions are 

contained in part (b). 
• 
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OOlR 
OOl'l 
0020 
0021 
0022 
0023 
00:>4 
0025 
007.6 
0027 
0028 
002q 

~ 0030 
\.r\ OOH 

DIMENSION zr101.cURVflOl,UllOI 
IOHTEf6,31 

3 FCR~AT(5X,'PRCGRA~ DlSTN'III 
5 READ(5,IOIClYrx,Y 

10 FORMAT(ZFlo.o, · 
tF(OZYOX.LT.O ■ OIGOTClOO 
hRITE(6,121 

12 FCR~AT(llX.•v•,1ox,•u•,1ox,•cuRV 1 ,8X, 1 N1 t5X,'PPOP CURV'/) 
A=CZYDX*Y 
AKS=SQRT(A/(l. ♦ A)t 
CUM=O ■ O 
CC50 N=l,10 
EN=N/10. 
IF(N.GTo\JE~=(N-lJ/10. 
·zO.J=EN♦ Y 
-CURV(N)=EN♦ AKS•AKS/lV•tt.-EN•EN*AKS+AKSJ) 
IFIN.F.Q.llU(N)=lO.t(l.570q-ARCOS(FN*hKS11/Y 
IFCN.GT.llU(Nl=lO.•lARCUSlf.MtAKSJ-ftRCOS(EN*AKSJ)/Y 
P~QP=CURV(Nl/OZYDX 
~Rt TEH,,22,U( 11:l 
kRITEl6,20tZ(Nl,CURVINJ,EN,PROP 

20 fORMAT(lOX,Fl0.7,lOX,3Fl0.7) 
22 FORMAT(20X,Fl0.7) 

cu.-=CUl'ol ♦UIN) 

50 CCll:llNUE 
IIMIEAN=CUMl/10 ■ 0 

kRITEl6,5~)A~[AN 
55 fORMAT(lOX,•~EAN VElOCtTY• 1 ,FlO.l///t 

GOT05 
100 CALL EXIT 

ENO 

•nPTlONS IN EFFECT• NOTERM,tD,ERCDIC,SOURCE,NOltSt,NOOECK,lOAO,NOMAP,NOTEST 
•~PTICNS IN EFFECT• NA~E = ~AlN , llNECNT: 56 
♦ STATISTICS• SOURCE STATEMENTS= 31,PROGRAM SIZE= 0004f2 
♦ STATISTICS• NO DIAGNOSTICS GENFRiTEO 

/DATA 3.4S 
OC3r.no 8YTFS USED 
EXECUTION KEGI~S 3.9S 

PROGUA~ DISTN 

y u CURV N PROP CURV , 

2.1921824 
0.0100000 0.0476417 0.1000000 0.0952834 

2. 183~HO 
0.0200000 o.0954198 0.2000000 o.1908396 

2.1855345 
o.0·300000 0.1434120 0.1000000 o.2e6q43q 

2.1885862 
0.0400000 0.191~385 0.40CCOOO 0.3838770 

2.1927624 
0.05'JOOOO o.2409b39 o.~000000 o.4819279 

2. 1<;81230 
n.C6CCOCO 0.2~06976 0.6CCOOOO 0.5813953 
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I 
I , 
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/ O.OTOOOCO 
Z.2120466 

0.34L2970 0.7000000 0.6825939 

/ o.osooooo 
Z.2208204 

0.0900000 
2.230E433 

o.39z9z74 o.Boooooo o.TB5B54B 

o.44576ss 0.9000000 o.e9t53lO 

0.1000000 0.5000001 1.0000000 1.0000000 
~EAN VELOCITY• Z.2009153 

1 

ENO OF Jaq O~J.AALMFORT 
6 Ct,ROS READ 

\ 
\ 

,, 

AT 10H07M ~CN MAR 06• lq78 EXECUTE TIME 0.07 MINS. 
72 LINES PRI~TEO O CAROS PUNCHED O TAPE ~OUNTS O DISK ~OUNTS 

\ 



/re o.J.PALHFORTH 010 050 
/ETC 728 HUSIC JOB 2 

/LOAD F?RTGI 

FCR1RAN TV Gl RElEASF. 2.0 tofAlN DA1E • HON HAR 06, 1978 

001]1 
oooz 
C0'J3 
0004 
0105 
00% 
00<)7 
OC08 
000'1 
0010 
0011 
0012 
0013 
0014 
OOl"i 
OOH, 
0017 
0018 
001g 
0020 
\J02l 
0022 
0023 
007.4 
0025 
0026 
0027 
002R 

~ oozg 
-'1 00'\0 

0031 
0012 
0033 
0014 
0015 
0036 
0031 
003fJ 
003q 

DlMENSlDN lllOl,CURVltOl,UIIOI 
REAL*8 Xl,X2,EM,EN,AKS 
co~~CN E~,EN,AKS 
EXTERNAL FUNl,FUNZ 
WRITE(6,3J 

3 FORMAT(5X, 1 PROGPAM RCISTN 1 //J 
5 REAC(5,10JOZYOX,Y 

tO FOR~AT(2fl0.0J 
IF(Y.LT.O.OJGOTOlOO 
1,RIT!:(6,12) 

17 FORMAT(6X,'Y',lOX, 1 U1 ,lOX, 1 CURV 1 ,BX, 1 N1 ,5X 1 1 PROP CURV 1 /I 
A=02YUX*Y 
AKS=SO«TI-A/11.+AJ) 
CUM=O.O 
0050 l\i=l,10 
EN=N 
fN=EN/10. 
IF&N.GT.l)EM=EN-0.l 
ZlNJ:EN•Y 
CURVlN)=-EN•AKS*AKS/(Y*Cl. ♦ El\i*EN*AKS*AKSII 
CALL C05 AAFl-10.ooo,10.ooo,o.00000100,0.00000100,FUNl,Xl,ll 
CALL C05 AAfl-10.ooo,10.ono,o.0000100,o.00000100,FUN2,x2,1, 
IFltFA1L.GT.O)WRITE(6,\5) 

15 FCR~ATlSX,'FUNCTlrN P~S SA~E SIGN AT INTERVAL LIMITS 1 /I 
lF(N.EO.l)UlN):lO.•Xl/Y 
tflN.GT.l)UlN)=lO. ♦ (Xl-X2J/Y 
PRCP=CURV(NI/D2YOX 
~R1TEl6,22)U(I\) 
~P1TE(6,2CIZlNl,CURVlNl,EN,PROP 

20 fOR~AT(5X,fl0.7,lOX,3Fl0.71 
22 FORMAT(l5X,Fl0.7J 

CUll=CUM ♦ UINI 
50 CONTINUE 

.611EA1'4=CUt,1,/lO.O 
l,RITEl6 1 55JA!IEAN 

55 fURMATl5X,'MEAN VfLOCtTY = t ,F\0.71/1) 
GOTOS 

100 CALL EXIT 
ENO 

•OPTIONS IN EFFECT• NOTERM,10,EBCDIC,SOURCE,NOLIST,NOOF.C~,LOAD,NOMAP,NOTEST 
*OPTIONS JN EFFECT• NAME= MAIN , LINECNT • 56 
•ST\TtSTICS• SOURCE STATEMENTS• 39,PROGRAM StZE • 0005~6 
*STATISTICS• NO OIAGNOSTICS GENERATED 

FORTRAN IV r,1 RELEASE 2.0 FUNl TIATE = MON MAR 06, lq78 

0001 
0001 
0003 
0004 
0005 
0006 

"'· 
♦nPTJONS IN EFFCCT* 
tOPTJONS IN EFFECT* 

OOUBLE PPECtSION FUNCTION FUNl(X) 
REAL*8 F~,EN,A~S,X 
COMMON EM,EN,AKS 
FUNl=OSINHIXJ-EN*A~S 
PETUR~ 
ENO 

~CTERM,IC,E8CD1C,SCURCE,NOLIST,NOOECK,LOAC,NOMAP,NOTEST 
NAME: FU\'41 , llNECNT • 56 

- -lOHOTH MON MAR 06• 1978 

PAGE 0001 
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. i 

•STATts'r"'rcs• S011Rc'Tc STATEMENTS~ 
*STATISTICS• NO OlAGNOSTTCS GENERATED 

6.PRt!ERAN srze = o'ffaz5z 

FORTRAN IV Gl RELEASE z.o FUNZ DATE= ~ON HAR 06• 1978 

OOfJl 
0002 
0003 

·0004 
0005 
0006 

OCUHLE PRECISION FUNCTlDN FUNZ(XI 
RfAL*A EM.EN.~KS,X 
COMMON E~,EN,AKS 
fUN2=0S1NH(Xl-f~•AKS 
RETURN 
END 

*OPTIO~S I~ EFFECT• NOTERM,IC,EOCDIC,SOURCE,NOLIST,NODECK,LOAO,NOMAP,NOTEST 
*OPTIONS IN EFFECT* NAME = FIIN2 , l INECNT = 56 
♦ STATISTICS* SOURCE STATFMFNTS: 6,PROGRAM SIZE z 000152 
*STATISTICS* NO DIAGNllSTICS GENERATED 

•STATISTICS• NO DIAGNOSTICS THIS STEP 
/CATA 
004920 BYTES USED 
EXECUTION BFGl~S e.es 

PROGRAM RCISTN 

y u CURV N PROP CURV 

2. 29393'S8 
0.0100000 -0.0526039 0.1000000 0.1052017 

2.zq2qc;35 
0.0200000 -0.1050420 0.2000000 0.2100840 

2.2~0,;355 
O.OJOOUOO -0 ■ 1571503 C.3000000 0.3143007 

2.2fl6R27l 
0.0400000 -C.2087682 0.40COOCO 0 ■ 4175365 

~ 
2.2821083 

o.0~00000 -0.2597402 o.soooooo o.51'14805 
2.2762518 

0.0600000 .-0.3099173 0.6000000 0.6198347 
2.2692871 

0.0100000 -o.35?1586 0.1000000 0.1103112 
2.261244A 

o.0~00000 -0.4073320 c.eoocooo o.Rl46640 
2.2521620 

O.il?OOOOO -0.4543160 0.9000000 0 ■ 90B6J20 

2.2420797 
0.1000000 -0.5000000 1.0000000 1.0000000 

~EAN V[LPCITY = 2.2747784 

\ 

6.ZS 

END OF JO~ O.J.BAL~FORT 
6 CARDS REAO 

AT 10H07M MON ~AR 06, 1978 EXECUTE Tl"F. 0.16 MINS. 
105 LINES PRINTED O CAROS PUNCHED O TAPE MOUNTS O DISK MOUNTS 

------------·- ---------------- .... 
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(b) Computed Curvature and Velocity Distributions. 

TABLE II.2. Theoretical Velocity and Curvature Distributions 
Positive Curvature. 

y m 

0.010 

o.reo 

0.030 

o.04o 

.0.050 

0.060 

0.070 

0.080 

0.090 

0.100 

u m/s 

1.005 

0.99.5 

0.995 

0.996 

0.996 

0.997 

0.997 

0.998 

0.999 

0.999 

Curv. -1 m 

0.0099 

0.0198 

0.0297 

0.0397 

o.0'-1-96 

0.0596 

o.o696 

0.0797 

0.0898 

0.1000 

MEAN VELOCITY = 0.998 m/s 

y m 

0.010 

0.020 

0.030 

o.04o 

0.050 

o.o6o 

0.070 

0.080 

0.090 

0.100 

u m/s 

1.411 

1.401 

1.401 

1.402 

1.403 

1.404 

1.406 

1.408 

1.410 

1.413 

MEAN VELOCITY = 1.406 m/s 

0.0196 

0.0392 

0.0589 

0.0787 

0.0985 

0.1185 

0.1.386 

0.1589 

0.179.3 

0.2000 

249 

N 

0.1 

0.2 

0.3 

o.4 

0.5 

o.6 

0:7 

o.8 

0.9 

1.0 

N 

0.1 

0.2 

0.3 

o.4 

0.5 

o.6 

o. '7 

0.8 

1.0 

Prop Curv 

0.099 

0.198 

0.297 

0.397 

o.496 

0.596 

0.696 

0.797 

0.898 

1.000 

Prop Curv 

0.098 

0.196 

0.295 

0 • .393 

o.49J 

0.592 
-- ,.+ .. --:-

0.693 

0.794 

0.897 

1.000 



TABLE II.2. continued 

y u m/s Curv.m-1· N Prop Curv m 

1.717 
0.010 0.0291 0.1 0.097 

1.707 
0.020 0.058 0.2 0.194 

1.708 
0.0.30 0.0876 O.J 0.292 

1.710 
o.o4o 0.1170 o.4 0 • .390 

1.712 
0.050 0.1466 · 0.5 o.489 

1.714 . 
o.o6o 0.1766 o.6 0.,589 

1.717 
0.070 0.2068 0.7 0.689 

1.721 
0.080 0.2374 o.s 0.791 

1.725 
0.090 0.26S4 0.9 0.895 

1.7.30 
0.100 0.3000 1.0 1.000 

MEAN VELOCITY = 1. 716 m/s 

y u m/s Curv, -1 N Prop Curv m m -

1.972 
0.010 0.0.384 0.1 0.096 

1.962 
. 0.020 0.0770 0.2 0.193 

1.96.3 
0.0.30 0.1157 0.3 0.289 

1.966 
o.o4o 0.1,548 o.4 0.387 

1.969 .. 

0.050 0.1942 
1.97.3 

0.5 o.485 

0.060 0.2.340 
1.977 

o.6 0.585 

0.070 0.2744 
1.98.3 

0.7 o.686 

0.080. 0.3155 0.8 0.789 
1.989 --· -

0.090 0.357.3 0.9 0.893 
1.996 

0.100 o.4000 1.0 1.000 

MEAN VELa:!I TY = 1.975 m/s 



, 

TABLE II.2. continued 

y u m/s Curv.m-1 N Prop Curv m 

2.193 
0.010 o.cJ+77 0.1 0.095 

2.183 
0.020 0.09,54 

2.186 
0.2 0.191 

0.030 0.1435 0.3 0.287 
2.189 

o.d-1-o 0.1919 o.4 0.384 . 2.193 
0.050 0.2410 0.5 o.482 

2.198 
o.o6o 0.2907 o.6 0.581 

. 2.205 
0.070 0.3413 0.7 0.683 

2.212 
0.080 0.3929 o.8 0.786 

2.221 
0.090 o.4458 0.9 0.891 

2.231 
0.100 0.5000 1.0 1.000 

MEAN VELCCI TY = 2.201 m/s 

y u m/s Curv. -1 N Prop Curv 
m m 

2.390 
. 0.0566 . 0.010 0.1 0.094 

2.J81 
0.920 0.1135 0.2 0.189 

2.J84 
0.030 0.1707 0.3 0.284 

2.:387 
o.d-1-o 0.2285 o.4 O.J81 

2.J93 ... 
0.050 0.2871 0.5 o.478 

2.400 
o.o6o o.J467 o.6 0,578 

2.408 
0.070 o.4075 0.7 0.679 

2.418 
o.oao o.4699 o.8 0.783 

2.429 .. -
0.090 0.5339 0.9 

. 

0.890 
2.442 

0.100 0.6000 1.0 1.000 

MEAN VELa!I TY = 2.403 m/s 



TABLE II.2. continued 

y u m/s Curv. m-1 N Prop Curv m 

2.569 
0.010 

2.560 
0.0655 0.1 0.094 

0.020 
2.563 

0.1312 0.2 0.187 

O.OJO 0.1974 0 • .3 0.282 
2.568 

o.04o 0.2645 o.4 0.378 
2.575 

0.050 0 • .3325 0.5 o.475 
2.584 

o.o6o o.4020 o.6 0.574 
2.594 

0.070 · o.4731 
2.606 

0.7 0.676 

o.oao 0 • .5462 0.8 0.780 
2.621 

0.090 0.6217 0.9 o.888 
2.6.37 

0.100 0.7000 1.0 1.000 

MEAN VELCCI TY = 2.588 m/s 

y u m/s Curv. l N Prop Curv 
m m-

2.7.32 
0.010 

2.724 
0.0741 0.1 0.093 

0.020 0.1486 0.2 0.186 
2.728 

O.OJO 0.2237 O.J 0.280 
2.7J4 

o.04o 0.2998 o.4 0.375 
2.742 .• 

0.050 0.3774 0.5 o.472 
2.753 

o.o6o o.4566 
2.765 

o.6 0.571 

0.070 
2.780 

0.5380 0.7 0.673 

o.oao 0.6221 , o.8 0,778 
2.798 - ~--~ 

0.090 0.7092 0.9 o.887 
2.818 

0.100 o.aooo 1.0 1.000 

MEAN VELCCI TY = 2.757 m/s 

. 2.52 



TABLE II.2. continued 

y m 

0.010 

0.020 

0.030 

o. dl-0 

0.050 

o.o6o 

0,070 

o.o9o 

0.090 

0.100 

u · m/s 

2.884 

2,876 

2.881 

2.888 

2.898 

2.910 

2,925 

2.94J 

2.963 

2,987 

Curv. -1 m 

o.o926 

0.1657 

0.2496 

O,JJ47 

o.4215 

0.5106 

o.6ce4 

0.6974 

o.79r:A 

0.9000 

MEAN VELOCITY = 2. 916 m/s 

y JJI 

0.010 

0.020 

O.OJO 

o.o'+o 

0.050 

o.o6o 

0.070 

o.o9o 

0.090 

0.100 

u m/s 

3.026 

).018 

J.024 

J.0,32 

J.o'+3 

3.058 

3.075 

3.095 

3.119 

J.147 

MEAN VELOCITY = J.o64 m/s 

0.0910 

0.1825 

0.2750 

0.3690 

o.4651 

0.5639 

0.6660 

0.7722 

0.8832 

1.0000 

2.53 

N 

0.1 

0.2 

0.3 

o.4 

0.5 

o.6 

0.7 

o.s 
0.9 

1.0 

N 

0.1 

0.2 

0.3 

0,4 

0.5 

o.6 

0.7 

o.a 
0.9 

1.0 

Prop Curv 

0.092 

0,184 

0.277 

0.372 

o.468 

0.567 

0.669 

0.775 

0.885 

1.000 

Prop Curv 

0.091 

0.182 

0.275 

0.369 

o.465 

o.srA 

o.666 

0.772 

· 0;883 

1.000 



TABLE II.J Theoretical Velocity and Curvature Distributions 
Negative Curvature. 

Y m 

0.010 

0.020 

0.0J0 

o.o4o 

0.050 

o.o6o 

0.070 

o.oao 

0.090 

0.100 

u m/s 

1.005 

1.005 

1.005 

1.005 

l.0o4 

1.od+ 

1.002 

1.002 

1.001 

Curv. m-1 

-0.0101 

-0.0202 

-0.0J0J 

-0.d+0J 

-o.05d+ 

-o.o60'+ 

-0.070'+ 

-0.0803 

-0.0902 

-0.1000 

MEAN VELOCITY = l.lo4 m/s 

Y m 

0.010 

0.020 

0.0J0 

o.o4o 

0.050 

o.o6o 

· 0.070 

0.080 

0.090 

0.100 

u m/s 

1.429 

1.428 

1.428 

1.427 

1.426 

1.424 

1.423 

1.421 

1.418 

1.416 

-0.020'+ 

-O.o408 

-o.o611 

-o.o814 

-0.1015 

-0.1216 

. -0.1414 

-0.1612 

-0.1807 

-0.2000 

MEAN VELCCITY = 1.424 m/s 

. ( 
. 2!}+ . 

' 

N 

0.1 

0.2 

0.3 

o.4 

0.5 

o.6 

0.7 

o.s 
0.9 

1.0 

N 

0.1 

0.2 

o.J 
o.4 

0.5 

o.6 

0.7 

o.s 
0.9 

1.0 

Prop Curv 

0.101 

0.202 . 

0.J0J 

o.4oJ 

o.5o4 

o·.6o4 

0.70'+ 

0.803 

0.902 

1.000 

Prop Curv 

•. 

0.102 

0.20'+ 

O.Jo6 

o.407 

0.508 

0.608 

0.707 

o.8o6 
.. ~-

0.903 

1.000 



, 

TABLE II.J. continued 

y m 

0.010 

0.020 

0.030 

o.d+o 

0.050 

o.o6o 

0.070 

o.oao 

0.090 

u m/s 

1.759 

1.758 

1.757 

1.756 

1.753 

1.751 

1.747 

1.744 

1.740 

1.735 

-0.0310 

-o.o618 

-0.092.5 

-0.1231 

-0.1.53.5 

-0.1835 

-0.2133 

-0.2426 

-0.271.5 

0.100 -0.3000 

MEAN VELOCITY = 1. 7 50 m/ s 

y m 

0.010 

0.020 

0.0.30 

o.d+o 

0.050 

o.o6o 

0.070 

o.oso 

0.090. 

u m/s 

2.d+l 

2.dt0 

2. 0J9 

2.037 

2.033 

2.029 

2.024 

2.018 

2.012 

2.0~ 

-o.d+16 

-0.0832 

-0.124.5 

-0.1656 

-o.2o62 

-0.246.J 

-0.2859 . 

-0.J247 

-0.3628 

. 0.100 -o. 4000 

MEAN VELOCITY = 2. 028 m/ s 

. 2.5.5 

N 

0.1 

0.2 

0.3 

o.4 

0.5 

o.6 

0.7 

0.8 

0.9 

1.0 

N 

0.1 

0.2 

o.J 
o.4 

0 • .5 

o.6 

0.7 

o.8 

0.9 

1.0 

Prop Curv 

0.103 

0.206 

o.3o8 

o.410 

0.512 

0.612 

0.711 

0.809 

0.905 

1.000 

Prop Curv 

O.ld+ 

0.208 

0.311 

o.414 

0.515 

0.616 

0.715 

0.812 
-· ,-
0.907 

1.000 



TABLE II. J continued , . 

y u m/s Curv. m-1 N Prop Curv 
m 

2.294 
0.010 -0.0526 0.1 0.105 

2.293 
0.020 -0.1050 0.2 0.210 

2.291 
O.OJO 

2.287 
-0.1572 O.J O.Jl4 

o.o4o -0.2088 o.4 o.418 
2.282 

0.050 -0.2597 0.5 0.519 
2.276 

o.o6o -0.3099 o.6 0.620 
2.269 

0.070 -0.3592 . 0.7 0,718 
2.261 

· o.09o -o.4073 o.8 0.815 
2.252 

-o.4.543 0,090 0.9 0.909 
2,242 

0.100 -0.5000 1.0 1.000 

MEAN VELO:I TY = 2.275 m/s 
, 

y u m/s Curv. l N Prop Curv 
m m-

-

2.526 
-0.0638 0.010 0.1 o.1o6 

2.525 
0.020 -0.1273 0.2 0.212 

2.522 
-0.190!+ 0.030 0.3 0.317 

2.517 
o.o4o -0.2527 o.4 o.421 

2.510 ~ 

0.050 -0.3141 0.5 0.524 
2 • .503 

-0.3744 o.o6o o.6 o.624 
2.49J 

-o.4333 0.070 0.7 0.722 
2.48J 

-o.4906 o.09o o.s 0.818 
2,471 ----0,090 -0 • .5462 0.9 0.910 
2.4.57 

-0.6000 0.100 1.0 1.000 

MEAN VELO:I TY = 2.501 m/s 

T, 2.56 



TABLE II.J continued 

y u m/s Curv. -1 N Prop Curv 
m . m 

2.743 
0.010 

2.741 
-0.0752 0.1 0.107 

0.020 -0.1501 0.2 0.214 
2.738 

0.030 
2.731 

-0.2243 O.J 0.320 

o.o4o -0.2975 o.4 o.42.5 
2.723 

0.050 
2.713 

-o.J694 0.5 0 • .528 

0.060 -o.4397 o.6 0.628 
2.701 

0.070 -0.5081 0.7 o. 726 . 
2.688 

0.080 -0.5745 o.8 0,821 
2.673 

0.090 -0.6385 0,9 0.912 
2.656 

0.100 -0.7000 1.0 1,000 

MEAN VELOCITY = 2.711 m/s 

y u m/s Curv,m-1 N Prop Curv 
m -

2,948 
0.010 -0.0869 0.1 0.109 

2,946 
0.020 -0.173.3 0.2 0.217 

' 
2.942 

O.OJO -0.2588 0.J 0.J24 
2.933 

-0.YfJl o.o4o o.4 o.429 
2.923 ·-

0.050 -o.425.5 0.5 0 • .532 
2. 911 . 

0.060 -0.5059 o.6 0.632 
2.896 

0.070 -0.5838 0.7 0.730 
2.880 

0.090 -0.6590 0.8 0.824 
2,861 .. -~.--

0.090 -o. 7311 0.9 0,914 
2.841 

0.100 -0.8000 1.0 1.000 

MEAN VELCX::I TY = 2,908 m/s 

I , 

( 2S, , 
,.1-



TABLE II.J continued 

y u m/s Curv. m-1 N Prop Curv. m 

3.144 
0.010 

J.142 
-0.0988 0.1 0.110 

0.020 
3.1.36 

-0.1970 0.2 0.219 

0.0.30 -0.2941 o.J 0 • .327 
J.126 

o.o4o -0.3894 o.4 o.433 
J.114 

0.050 -o.4826 0.5 0.536 
J.099 

0.060 
. 

-0.5730 o.6 0.637 
3.082 

0.070 -0.6603 
J.o62 

0.7 0.734 

o.oao -0.7441 o.a 0.827 
3.039 

0.090 -0~8241 0.9 0.916 
3.0lJ 

0.100 -0.9000 1.0 1.000 

MEAN VELOCITY· = J.096m/s 

y u m/s Curv. m-1 N Prop Curv m 

3.333 
0.010 -0.1110 0.1 0.111 

3.329 
0.020 -0.2212 0.2 0.221 

3.322 
O.OJO. -0.3300 0.3 O.JJO 

J.311 
-o.4367 o.o4o o.4 o.437 

3.297 ·• 

0.050 -0.5405 0.5 0.541 
J.280 

-o.6410 o,o6o o.6 o.641 
3.258 

-0.7376 0,070 0.7 0.738 
J.2J5 

o.o8o -0.8299 o.8 0.830 
J.2o8 .. --

-0.9174 
... 

0.090 0.9 0.917 
3.178 

0.100 -1.0000 LO 1.000 

MEAN VELCX:I TY = J.275 m/s 

I • 



,, 

APPENDIX III 

Details of the Computer Program,. used to calculate Surface 

Slope and Curvature from the 1-leasured Longitudinal Surface 

Profiles. 

---.~--
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III.1 

III.2 

The computer program, SLPl, makes use of a standard 

scientific subroutine, DET5, available on the program library 

file. This subroutine computes values of dy/dx at ~ach point 

along a curve specified by co-ordinate values of x and y. 

Measured values of yin metres at equal intervals of x of 

0.0508m are read from data cards by the main program, SLPl, 

and stored as a one-dimensional array. The subroutine DETS 
. d 
is then called and values of Y/dx are computed at each 

co-ordinate point and stored in a second one-dimensional a:rray. 

Subroutine DET5 is called a second time, but now the array in 

y is replaced by the array in dy/dx so that second derivative 
d2 

values Y/dx2 are computed. A third a:rray is used to store 

these values. The main program then prints a table of x, y, 
d2 

dy/ dx and Y/ dx2 values. 

The subroutine DET5 uses a standard five point finite 

difference method for computing derivative values. Values of 
2 . 

d Y/dx2 are particularly sensitive to variations in y and 

occasional large values of curvature were computed due to local 

disturbances of the water surface. 

A flow chart for the main program is shown in Fig. III.l 

followed by a listing of the program and a specimen printout. 
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I ' 

, 

. ( START 

J READs 
INTERVAL OF x, 
VALUES OF y 

CALL 
SUBROUTINE 

DET5 

REPLACE ARRAY 
IN a BY ARRAY 
IN Y/dx 

CALL 
SUBROUTINE 

DET5 

PRINT 
TABLE OF x, y, 

dy/ a.x.' d2y/d 2 

C STOP ) 

-----
FIG. III.l, FLOW CHART FOR PROO RAM SLPl, 
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OOO L 
\)00 2 

0003 
0004 
0005 
00 06 
0007 
COO R 
0009 
0010 
UOll 
0012 
001] 
00 l ,, 
001, 
0016 
0017 
OOlll 
UOl ' J 
U02C 
0021 
0022 
002J 
0024 
0025 
oou-
002 7 

0 ll1ENS toNX UJ I, YI 32 I , OYOX 1321 • 02 Y OX 021 
PEA0(5,'IIH 

g fCRMAT(FlO.O) 
8 RE AOl5,lUN 

IF(N.LT.o.o,r.010100 
\o,RlTEl6,l21N 
RfA0l5,l0)IYIJl,J:1,321 

10 fORMATl7FlO.O) 
11 FCRr~A TI 11 l 
12 FORMAT(5X,'REAOING NC. 1 ,14//1 

CALL OE15(H,Y,OYOX,32,F.l) 
CALL 0FT5111,0YDX,t:?YCX.32,E21 
t,RITEl6,6 0 ) 
Xll)-=O.O 
OC50K-=lo32 
X(K+ll=X( K ) ♦ I~ 

~RITF(n,701XIKl,V(Kl,OYOXIKl,02YDXIKI 
50 CONTINUF. 

1,RITEl 6 ,7\ll'l 
1,RITEtr,,721 !:2 

60 FORMATl10X,'X',15X,'Y',13X,'OYOX',11X,'C2YDX2 1 //I 
70 FORMAT(5X,~l).q,c;x,Ftl.9,5X,Fll,q,5x,F11.q/) 
71 FOR MATl5X,'F.RP.OR IN DYOX COMPUTATIO~ =',13/l 
72 fORMAT(5X,'FRRGR IN 02vnx2 COMPUTATION =',13///1 

GOT08 
100 CCNTINllE 

Et-.0 

• I 

N *OPTIONS IN EFFECT* NOTERM 1 1C,E8COJC,SOURCF,NOLIST,NOOECK,LOAD,NOMAP,NOTEST 
~ •nP T IONS I Ill fFf-FC T• NAME = MA IN , LI NEC NT = 56 

•STIITISTICS• SOIIRCE STATFM[NTS ~ 27,PROGRAM SIZI: = 0005AC 
•STATISTYCS• NO OIAG~OSTICS GENERATED 

/0ATA 3.lS 
OC3CDO HYlF.S USED 
EXECIJT llJN O[G INS 4. AS 

RF~OING Nf!. 132 

X 'r CYOX C2'rCX2 

o.o 0.136200011 -.20q20584<; ·••11c••···"'· 
0.0507099<;9 0.12910COC5 -.027066220 l.5341C139 

0.1015999'H 0.129100025 -.021Al7867 -.550 852656 

0.152l9'Vi57 0.126699984 -.'.)3674~4l8 -.0788 34057 

c.2onc;c:c23 0.125500023 -.03oa3q4n -.lt.7112470 

G. 25 V , <;c;F,9<; 0.1233COOlb -.0';11'11350 -,0635LR107 

0, 3047 '19R55 0.120100002 -.1})';41:\453 0.277710915 

0.~555'19H7l O. 11949 'l9A 1 -.0 ~477f,q82 -,:H, 4~P.f.1C'i 

&( (JQO / 

• 

) 



I\) 

O . S0 7 99•H I 

o . s;n 7996A4 

0. M)g , <;% 5C 

O.H03'l%16 

o. H t 1gg5P.2 

o.7619 ° 9547 

o. Al 27'l'l'513 

O.f\6,5 <J 9'+79 

o. 0 1439c;,,45 

0.%5lg94ll 

1.01599884 

l .0 t., (,7'l82l 

l.ll759 758 

l.lfJR3<J 6 'l5 

1.21g1g~~2 

~ 1.26<: <; <;56<; 

l.3207'l506 

l.3715'7443 

l.4?.2393FlO 

1.47319317 

1.52399254 

1.57479191 

0 .1 06 1 0000 

O. O'lR29<;9RO 

o. ose scic;gso 

0.078700006 

o.c102coo2c, 

0.C6319c;9'H 

o.osq300002 

0.055000000 

o.os2499qgs 

0.050400000 

0.0487'l99<J9 

0.047100000 

0.0460CCOOO 

0.045400001 

0.0457.qqgqg 

O.C463c;c;9<19 

0.046«i9'lC,98 

0.050400000 

0.050500002 

O.C4A300002 

0.047300000 

0.()46'l999'l8 

- . 1 .. 0?"ltl \ 6& 

- .1 82 0 867(:b 

-.1Gl3420 <;8 

-.18 3 890343 

-.155347705 

-.104166746 

-.078575969 

- .0682414 77 

-.043143008 

-.0355970R2 

-.0 32644339 

-.02854~279 

-.016568217 

-.OOA038059 

O. Oll 1tfl2913 

a. 01 1• 101509 

o.043%32~1 

0.1)42814974 

-.0?1!051142 

-.036"17324 

-.oor.sc;J346 

-.021981742 

ERkOR JN DYDX CO~PUTATIC~ = 0 

FRPOR IN 02YDX2 CC~PUTATION = 0 

STOP 0 

- . 9 1 -'053QH, 

-. 605130531\ 

0. 0 01 08 7471 

0 .423285663 

O.B5141 1t56l 

o. 817789'H2 

0.287'!97265 

0.352516\H 

0.35305f, 66'l 

0.072655976 

0.048<J75755 

o.165764153 

0.196709931 

0.2'l815'l5 1t0 

0.191328049 

O.:Ft283024l 

0.4415Fl'l475 

-.8621B73?.6 

-.'l60l39Rl l 

0.4141311615 

0.545457 8 40 

........... "'. 

ENO OF JOR O.J.BAL~FORT 
12 CAROS READ 

AT 10H07 M ~ON MAR 06, 1~7 8 EXECUTE TIME o.og ~tNS. 
116 LI NFS PRINTE D O CA RDS PUNCHED O TAPE MOUNTS O DISK MOUNTS 

- -••· - - - • - H - .... - ·- - ----- - -------• -• - - - --~ 

I .' 

,i 

, !" 

.,, 



APPENfilX IV 

Listing of the Computer Programs for the Mathematical 

Model and Specimen Printouts. 
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0001 
0002 
0001 
000 1• 

0005 
0006 
0007 
000R 
000 'l 
0010 
00ll 

0012 
oou 

00 l '• 
00 l 'i 

N 0016 
Q'\0017 
Vl 001 ll 

OOLQ 

0020 
0071 
0022 
0023 

002', 
0025 

0026 
0027 

002!3 
oozq 
0030 

0031 

0031 
0033 

C 
C 
C 
C 

· c 
C 
C 
C 
C 

C 

SIDE WEIRS IN rRtSHATIC RECTANGULA~ CHANNELS 

THIS PROGRA M USFS S.I. UN ITS ONLY 

l IS THE OVERALL LENGTH OF CHANNFL. 
THE SHARP CRESTED SIOE WEIR CCCUPIES ThE SECTION 
BETWEEN XCONl ANDXCON?. 

REAL L 
CtMENSlONX(3000J,YC3000l,V(30001 

10 REA0(5,50)~U~,1 
IFINUM.LT.O)G010100 
REAOl5,52JB,SO,EN 
REAOl5,521C2,XCON1,XCON2 
READ15,54IXST,XFN 
REA015,52)Yl,Ql,H 

50 FORMATl2l51 
52 FOR~Al(3F\O.OJ 
54 FOHMATl2Fl0.0I 

C THE ~EXT SFCTICN PRINTS DATA ANO HFAOINGS 
C 

C 

C 
C 
C 

kPITEl6,60l 
60 FORMAT15X,'SUQFACF. PPOFILES FOR RECTA~GULAR rRISMATtC OPEN CHANNEL 

CS'/1 
I.RITEl6,6lll 

61 fOR~ATl5X,'TEST RUN ',16/1 
IF(XCONl.LT.XCCN21WRTTEl6,~21XCONl,XCON2 

67 FORMAT(5X,•~tDF WEIR BETWEEN •,Fll.4,•M, ANO ',Fll.4, 1 M1 //I 
WRITEl6,63IB, SO,EN 

63 FORMATl5X,•CHANNEL WIDTH • 1 ,Fll.6,'M, SLOPE= •,Flt.a,• VISCOCIT 
CY =',Fll.9,'KG/MS'/1 

WRITE(6,64)C2 
64 FOH~ATC5X, 1 CREST HEIGHT =',Fll.6,'M'/1 

WRITE16,651Ql,H 
65 FOMMAT15X,'INITIAL DISCHARGE •',Fll.6,' CUOIC METRES PER SEC., ST 

CFP LENf.TH =•,Ftl.R,'M'//1 
wRTTEl6,66IXST,Yl 

66 FORMATl5X, 1 1NITIAL STATICN 1
1 Fll.6,'M, INITIAL DEPTH =•,Fll.6,'M'/ 

Cl 
W?ITFC6,6el 

6R FOR~AT(l3X,'X P'fTRES',13X,'Y METRES',13X,'V M/S 1 ,l4X,'FROUDE NO.•/ 
Cl 

Vl=Ql/A/Vl 
l.=AOSIXF~-XSTI 
N=ABSIL/Hl+O.<; 

CALL PROFL(C2,B,50,EN,H,XST,Yl,Vl,N,XCON1,XCON2,X,Y,V,0Nl,ON21 

THE NEXT SECTl~N PRl~TS PPOF!LF CC-ORDINATES 

P'=N+l 
OOA7K=l,,-,2 

FORTR~~ IV GI RELEASE 2.0 ~AtN OATF.: P,QN MAR 06, 1q79 

,· 

!>AGE 0002 

' I 



00) 
0040 
:>04 l 
0042 
0043 
01)44 
0045 
0046 
0047 
0048 
0049 
0050 
0051 
0052 
0053 
005 1, 

0055 
0056 
0057 
oose 
00 5 9 
001-0 
0061 
0062 

12 
75 

76 
77 

82 
85 

86 
87 

95 

96 

100 

, 
I FfH . L , . o .1 co r r-1 
l flX l l< ) . CE . KC11N ll C.n T0 75 
l FI ST. GE . XCON llWAl1 El 6 ,721 0N l 
F~RM AT (l OX ,' STI\RT OF SlOE WEIR, DEPTH~ ',Fll.6,'H'/1 
1F( Xl !<. l.r. f. .X(. flt-12 1GllTCl7 
1FIST.GE.XCUN2 1WRlTEl6,7610N2 
FOR~AT(lOX,'E NU OF SlOE WFlR, OEPTH • ',fll.6i'M'/1 
lF(H.CT.0.1GOTfR7 
lFIXIKI.LE.XC~N2IGOTC~5 
1FIST.L£-.XCON21WRITEl6,82)0N2 
FORMI\T(lOX,'FNll OF SIOF WFIR, nePTH,. •,Fll.6,'M'/J 
lFIXIKI.LE.XC ON llGOTC87 
IFIST.LE.XCONl)NRITE(6,R6)QNl 
FORMATllOX,'Sll\RT OF SIOE WEIR, OEPTH z ',fll.6,•M•/1 
COIHINUE 
Q2:V\Ml*Yl"11*R 
WRITEl6,95)Q2 
FORMATl5X,•FJNAL DISCHARGE= ',fll.6,' CUSIC METRES PER SECON0'/1 
WRITEl6,96IYl~I 
FOR~AT(5X,'Fl~AL UEPTH = ',Fll.6,'M'///1 
GOTOlO 
CONTINUE 
CALL EXIT 
END 

*llPTIONS IN EFFECT• NOTERM,TO,EOCDIC,SOURCE,NOLIST,NOOEC~,LDAO,NOMAP,NOTEST 
•nPTtnNS IN EFFECT• NAME= MAIN , LTNECNT • 5~ 
•ST~TISTICS• SCUP.CE STATE~ENTS = 62,PROGRAM SIZE• 00960A 
*ST~TISTICS• NO OIAGNOSTICS G[NERATEU 

NFIJRTRAN lVGl 
~ 

RELEASE 2.0 PROFL DATE= MON MAR 06, 1978 

00()1 

00()2 
00()1 

0004 
0005 
0001> 
0001 

OOOA 

0009 
0010 
0011 
0012 
0013 
0014 
0015 
OOli, 
0017 

C 
C 
C 

C 
C 
C 

C 

SUAROUTINE PROrLIC2,R,SO,EN,H,XST,Yl,Vl,N,XCON1,XCON2,X,Y,V,CNl,DN 
C21 

REAL KO,MO,Kl,Ml,K2,~2,K3,M3 
OJ~ENSIONXl30001,Yl3000l,Vl30001,Wl3000l 

STARTING VALUES FF.C INTO ARRAY 

XI lJ:XST 
Y(ll=Yl 
VI 11 =Vl 
'-lll=Vlll•Ylll 

CALCULATES NEXT VALUES OF X, Y, V, AN~ W 

C040J=l,N 

Xll=XCON1-AB51H/2.l 
Xl2=XCD~l+AOSIH/2.I 
IFIXIJI-Xl2ll5,20,20 

15 IFIXIJJ.GE.XLllD~l=YIJI 
20 CONT WUE 

Xll=XC CN2 -AnSIH/2.} 
XL',=XCC N2 +/l l\S IH/2. I 
IF(XIJl-XL41 30 , 15,35 

30 TFIXIJl.G ~.Xl l l DN ?.=Y(JI 

PAGE 0001 



N 

°' 

00?4 
0025 
002'> 
002 7 
0021\ 
002 <) 
0030 
00'31 
0032 
0033 
003 1, 

0035 
0036 
0037 
0016 
0039 
0040 
0041 
0042 
0043 
0044 

/ . c r . KC,, ... ,. , "- • -v 
l<O • ll•F UNl(Cl, Cl , tt , SO , f'- , 6ETA ,YC J l,WC J II 
~O wH ~FU~Z I Cl, C? , O, YIJI) 
YY=YIJ)+ K0 /2. 
\,\, =lo! ( Jl-t ,...0 /7. 
Kl=H•FU N11Cl,C2, B,S0 ,fN,BETA,YY, WW ) 
"l=H*F UN21Cl,C2,8,YYI 
YY=Y(Jl+Kl/2. 
WW=WIJ)+l'l/2. 
K2=H~Fl1Nl(Cl,C2,B,SO,f.N,BETA,YY,WWI 
1'2=H *F UN21Cl,C2,B,YYI 
YY=YIJl+K2 
WW=WIJl+M2 
K3=H*FUN11Cl,C7.,B,SO,E~,BETA,YY,WW) 
M3=H*FUN21Cl,C2,0,YYI 
YIJ+ll=VIJl+IK0+2.*Kl+2.•K2+K31~6. 
"(J+ll=WIJ) ♦ (M0 ♦ 2.•Ml+2.•M2+M31/6. 

VIJ+ll=W(J+ll/YIJ+ll 
X ( J ♦ 11 =X (JI +H 

40 CONTINUE 
RETURN 
END 

*OPTIONS IN EFFECT* NOTERM,10,EBCtlC,SOURCE,NOLIST,NOOECK,LOAO,NOMAP,NOTEST 

f0 1 TRAN IV Gl PELEASE 2.0 PROFL DATE• NON MAR 06, 1978 

, LINECNT • 56 *'IPTIONS IN EFFECT• NAME = PROFL 
• SThTTSTICS• SOURCE STATEMENTS 
•STATISTICS• NO DIAGNOSTICS GE~ERATED 

44,PROGRAM SIZE= 003634 

~ FORTRl\r,,i IV Gl Rf.L l:ASE 2 .O FUNl DATE= "10N MAR 06, 1978 

0001 
C 
C 
C 
C 
C 

0002 
0003 
0004 
0005 
0006 
00 07 
0008 
000') 

0010 
0011 

1 
2 

FUNCTION FUNl(Cl,C2,A,S0 1 fN,AETA,Y,WI 

THE VALUE UF SF IS COMPUTEO FROM THE DARCY EQUATION WITH THE 
THE FRICTION FACTOR GOVF.R NED BY THE RLASIUS FORMULA. 
THIS IS A LITTLE ~nRE ACCURATE THAN ~ANNING FOR SMOOTH CHANNELS. 

IFICL.LE.O.OOOOOLIGOTOl 
R=ll*Y / ( B+Y+f.2 l 
GOT0 2 
P=B•Y/(H+2.*YI 
RE=4.•W•R/lEN*YI 
5F=w•w•0.3L64/(QE• • 0-25•Y•Y•R•78.4R) 
C=2.952q6•CI•IY-C~l••l.5 
FUNl=(SO-SF+(Z.•B ETA-l.l•Q •W /(9.Rl•B • Y•YJ)/(COSlATAN(SOII-BETA•w•w 

c11q.01•Y•v•v> 1 
RFTURN 
END 

•OPTIO~S tN EFFECT• NOTERM ,10,ERCOIC,S OURCF , NC LIST,NG~FCK,LOAO,NOMAP,NOTEST 
•nPr ·roNS IN F.FFECT* NAME = FUN! , ltNECNT -= 56 
•STATISTICS• SOUR CE STATEMENTS : 11,PROr,RAM SIZF. 3 0003R2 
•STAT1~r1cs• NO DIAG NO STICS GFNER~Tro 

FORTR•N IV G l RELEASE z.o . FU N2 OATE = ~ON MAR 06, 1978 

, , 

PAGE 0007. 
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FFfCT• NAM E• FUNZ 
SOURCE ST AT E 

NO OI AGNO STI CS 

•SThllSTICS• NO OIAG NOSTICS THIS STEP 
/OATA 
010f5 8 BVT f S USEC 
EXECUTI ON BEGI NS l6.7S 

'l / f r , NCCt'CK,l 
51, 

S I ZE• 000 1 86 

SU RFAC E PROFILES FnR RECTANGULAR PRIS~ATIC OPEN CHANNELS 

TEST RUN 19 

SICE ~EIR eET~EEN 0.050011, A~C 0.65<;6M 

~r 

15.4S 

CHhN"l EL WIOTH ,. 0.101600M, SLOPE= o.o VISCOCITY •0.000000951KG/MS 

C~ EST HF'tGHT: O.OAOOOO~ 

I NITIAL DISCHARGE= 0.002060 CUBIC METRES PER SEC., STEP LENGTH =-0.01000000~ 

PHTIAL STATtnN t.CP.8000M, tNITII\L OEPTH = 0.098100M 

X METRES Y MET RFS V H/S FROUDE NO. 

I.OP.BO 0.098100 0.7.06683 0.210686 

N 
l.C <> BO 0.098108 0.20(:666 0.210659 

~ t.C4eO 0.098116 0.20ti6 1,8 I 0.210633 

· 1.0280 0.09 8125 0.206631 0.21060~ 

1.00!10 0.098133 0.206614 0.210580 

0.988 0 0.098141 0.20(:596 o.21oss3 

0.96110 0.09 8149 0.2 06579 0.210527 

C. 'J 1, 80 0.09 8150 0.206 562 0.210500 

0.9280 0.09 8166 0.2 0 6544 0.210474 

C.9 0 80 \ 0.09 81 74 0 . 206 527 0.21044!3 

o. ee 8o i 0.0981 !1 2 0.206 5 10 0.210421 
I 

0.86!10 0.09Rl 90 0.20 (: 492 0.210395 

0. 84 80 0.09 8 199 0.20t:475 0.210 3613 

C. 1! 280 0.09 8 207 0.20645q 0.210342 

'). 8080 0. 098215 0.2 06441 0.210315 

• I 



0 . 7 280 0 . 098248 0 . 2061 11 0 . 2 102 10 

0 .70 80 0.0982 ':6 0.20t:354 0.21018) 
. . 

O.t:8RO O.O<l8265 0.206337 0.210157 

o.t680 0.0987.73 0.201,320 0.210131 ., 
ENO Of SIDE WEIR, DEPTH= 0.09e7.71M 

'l.64fl0 O.O<;eL61 0.211528 0.215557 ,. 
0.6280 0.097925 0.221873 0.226373 

0.0080 0.097080 o.23209q o. 237102 

0.5880 o.on429 0.242199 0.247739 

C.56110 0.097172 0.252171 0.25R280 

0.5460 0.096908 0.2!i2011 0.268723 

0.5?.80 0.096640 0.271715 0.279061 

0.5080 0.096367 0.281279 0.289294 

0.4flF!O 0.096090 0.290701 0.299415 

N 0.4680 0.095809 0.299<;78 0.309423 °' \() 

0.4480 0.0()5525 0.309100 I 0.319313 

0. 1,2110 0.095239 . o.310oe0 0.3290112 

0.4080 0.094951 0.326915 o. 338728 

0.3880 0.094661 o. 335590 0.348247 

0.3680 o.oq4371 0.344108 0.357636 

0.3480 0.094080 r o.352470 0.366893 

0.3280 O.OCJ3789 0.360 6 74 0.37!i015 

0.30F!O 0.0'134<;11 0.368 719 0.385000 

().28110 \ 0.093208 0.376!iQc; 0.3<;3845 

0.2680 O.C929l9 0.3 84 331 0.402548 

0.2480 0.0() 2632 0.391897 0.411108 

0.2200 0.092347 0.39'1303 o."1<;523 

0.2000 0.092065 0 .40654', 0.427792 



N 
~ 
0 

0 .1 2 1'0 o . o9o".l64 0 . 4))946 

o.1ceo o. 0906<17 O. V,0402 

o.oeao o.oqo435 0.4 1tb704 

O.ObR'J . 0.090177 0.45285] 

START OF SIOE WEIR, DEPTH~ 0.08?923M 

o.C4BO O. C89923 0.458850 

0.0280 O.OR9%b 0.458628 

0.0080 0.090010 0.458407 

FIN4l DISCHARGE: 0.004192 CUBIC ~ETRES PER SECOND 

FINAL DEPTH = o.oc:ioo32~ 

0 . 459) 711 

0.46f> 8 94 

0.474261 

0.4814 77 

0.488541 

0.488186 

0.487833 

ENO OF JC~ BAL~FORTH D 
10 CARDS P.EAD 

AT lOH09~ ~CN ~AR 06, 1q1e [XECUTE TI ME 0.35 ~INS . 
327 LINES PRINTED O CARDS PUNCHEO O TAPE MOUNT S O OISK ~OUNT S 

... '----~""·e----T"r ... .. 

I •. 

. ' 



0001 
0002 
0003 
000 1♦ 
0005 
0006 
0007 
oooe 
oooq 
0010 
OOtt 
0012 
0013 

0014 
0015 
0011', 
0017 
0018 
0019 

N 0020 

~ 
002l 
0022 
002 .J 

0024 
0025 
0026 
0027 
002µ 
0029 
0030 
OOH 
0032 
0033 
0034 
00~5 
OOH, 
0037 
oo .rn 
0039 

0040 

00'• I 
00 42 

FOHTRA~! IV Gl 

, 
C 
C PR OGPA~ NA~E CHEC~2 
C 
C S. l • Ur,.; IT S ON L V 
C 

C 

Ol~E~SION PRMTl51,Yl31,0ERYl31,AUXll6,3) 
CO MMON /COML/8,SO,E~,Cl,03YDX3,C2,AJ,A~,SF,0,RETA,FAC,TRV,AJ1 
EXTERNAL FCT,0UTP,XCT,XUTP 

10 RFA0(5,50)NU~,I 
AJ=O.O 
IF(NUM.LT.OIGOTOlOO 
REACl5,52)B,SO,EN 
REA0(5,521C2,XST,XFN 
REA0(5,521Yl,Cl,H 
OYDl=-0.12 

50 FORMATl215) 
52 FORMAT(3FlO.OI 
54 FqRMAT(2FlO.O) 

C THE NEXT SECTION PRINTS HEADINGS ANO OATA 
C 

C 

C 

~RITEl6,f:.O)I 
60 FORMATISX,'PROr,RA~ CHEr.~2, TEST RUN ',16//1 

WRITEl6,6ll 
61 FCRMAT(SX,'ALL VALUES PRINTFC IN BASIC S.t. UNITS'//J 

WRITE(6,62) 
62 F Qf(MA T ( 3 X,' WI 0TH' , 5X, •SLOPE' , 4X, 'VI SCOC ITV', 3X, • XS T' , 7X, 1 XFN •, 6X, • 

cnEPTHi DISCHARGE STEP C2'/I 
WRITE16,63IB,SO,EN,XST,XFN,Yl,01,H,C2 

63 FORMAT(9FlO.i//l 
WRITE(b,641 

64 FORMA TISX,'X' ,1ox,•v•,ex,•ovox•,sx,•02vcx2•,4x,•03yox3 VELOCITY 
CFROUOE N0. 1 ,3X,'FACTOR'/I 

PR"-T 111 =XST 
\ll=Ql/0/YI 
Y{lJ=Yl 
Yl21=Ql/B 
JF1Vl/SQRT(9.Al*Yl).GE.l.5lr.OT065 
PRfolT(2l=XFN 
PRMT(3)=H 
Yl2l=DYD1 
Yl31=01/B 
CERYlll=0.17 
OERYl21=C.50 
CERY(31=0.33 
P..01"-=3 
OC=I IQI/Bl*IOl/8)/9.811••0.333333 
C3YDX3=0.0716/CC/DC 
PRMT(4l=0.05•nc 

CALL HPCG(PR~T,Y,CERY.ND(M,THLF,FCT,OUTP,AUXJ 

PR~Tlll=AJ 
YI 21-=Y 131 

RELEASE: 2.0 MA IN [II\ TE ~n~ ~AR 06, 1978 

\I 

·1-i 
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N 

oo~q 

0050 
005l 

0052 
0053 
0054 
0055 

C 

C 
C~LL HPCG I P~ ~T,Y,OERY,NOIM,l~LF,XCT,XUTP,AUXI 

WRITEl~,300)AJ,AK 
300 FO RMA T(5X,'FINAL DEPTH =1 ,FL0.6,' M, FINAL DISCHARGE••, 

CFL0.6,' cu.M. PER SEC. 1 ///) 

GOTn\O 
100 CONTINIJF. 

CALL EXIT 
HO 

•~PTIONS tN EFFECT* hOTERM,IC,EBCOIC,SOURCE,NOLIST,NOOECK,LOAD,NOMAP,NOTEST 
*□ PTIONS IN EFFECT* NAME• MAIN , LINECNT = 56 
*STATISTICS* SCURCE STATEMENTS= 55,PROGRAM SIZE= 00072E 
*STATISTICS• NO DIAGNOSTICS GENERATED 

FORTRIIM IV Gl 

000\ 
0002 
0003 
OO'l'+ 
0005 
000h 
0001 
OOOR 
0009 
0010 
OOll 

RELEASE 2.0 FC T DATE= MON MAR 06, 1978 

SUBROUTINE FCT(X,Y,OERY) 
DIMENSION Y(3),0ERY(3) 
CO~MON/CO~l/R,SO,F.N,Cl,03YOX3,C2,AJ,AK,SF,0,BETA,FAC,TRY,AJI 
FAC=O.O 
R=D*Ylll/lB+Ylll•C2I 
V=YIJI/Ylll 
RE=4.•1av/EN 
SF=0.3164*V*V/17R.4B•R•RE••0.25I 
Cl=I0.602+0.0R3*1Yll)-C21/C2J*ll.+0.0012/IY(l)-C2JJ••l.5 
IFl4BSIAJI.LT.O.OllGOT068 

~ 0012 
EH-=Y I ll-C2 
AKl=COSIAT~NISOJl•V*V/9.8l*AJ 

00 l 3 
0014 
0015 

0011, 
0017 
0018 
0019 

0020 
0021 
007.2 
1)0?3 
0024 
0025 
0:)26 
0027 
0028 
002° 

0030 
0031 
003;? 

IFl4J.GT.O.OIGOT067 
AK2=-0.5•V+V/Y(ll/9.~l•AJ 
C=2.21472•Cl•SQRTl~K21•11EH•AK1/2./AK2J•SQRTIEH•EH+AKl•EH 

C/AK21-(AK1/2./A K2J+•2.•ALOG(l2.+AK2•EH/AK1+1.) 
C+2.*IIK2/AKl•SO ~TIEH+EH•AKl*EH/AK2lll 

FAC=l.O 
GOT068 

67 AK2=0.5*V*V/Yl11/q.Bl•AJ 
0=2.21472•Cl*SORT(AK2)+((AKl/2./AK21••2. 

C*I l.5708 ♦ ARSINl?..*Al<.2*FH/AK1-l. I I t1EII-AK1/2./AK2J• 
r.soRTIAKL*EH/AK2-EH*EHIJ 

FAC=l.O 
68 CCl';T!NUE 

JFIFAC.l T.0.910=2.952q6*Cl*IYlll-C2J••l.5 
FIIC-=0/12.95296 ♦ f.l•IYl11-C2l**l•Sl 
AETA=L.0577-0.0q95*V 
IF(BETA.LT.l.O)HETA•l.O 
AK=l./3. 
CE=COSIIITANISOJI 
CERY(ll=Yl2I 
OER Y(21=V*YI ll *R l2.IQ•03YDX3+4.9C5*A/Q/~K/V*ICf-BETA 

c•v•V/9.81/YI l I l*YI 2l+0.5/AK/YI 11•11.-2.•BETII) 
C-4.9C5*R/C/AK/V*ISO-Sfl 

DERY(31=-0/A 
AJ=AJl+0.5*(0F RYl21-AJll 
IFIAJ.lT.-l.OIAJ=-1.C 

---- - - - .. . -·-- ------- - -

, . 

... 

.. 
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• OP TI ONS fN 
• 11r r1 0111 s I N 
•STo\TISTtCS• 
•STo\T\qtcs• 

fOIHRAN IV Gl 

0001 
0007. 
0003 
00 <)4 
0005· 
000(, 
00')7 
000R 
0009 
0010 
00ll 
0012 
001" 
001'♦ 

01)15 
0016 
0017 
00113 
001q 

0020 
0021 

N 0022 
~ oon 

0024 
00 2 5 
0026 
01) 2 7 
0028 
0029 
0030 

CO I C , SOURCE , NOt f S T, NOOFCK ,lOAO,NO~APtNO TES T FFECT • ~ OTEP ~ ,1 0 , 
FFECT• NA~ E • FC T 

SOUR CF STATEMfN TS 2 

, LIN EC NT • 56 
36 ,PROGRAH Sil[• OOOTBC 

NO OtAGNOSTICS GENE~hTEO 

RELEASE z.o OUTP OATE s MO~ MAR 06, 1978 

SU~ROUTI NE fJIJT P ( X, Y, CERY, IHL F, NO tM, PR"ITI 
Ot~F.NSION Yl31,nERY(3l,PRMTl51 
C0~M0N/C0Ml/0,S0,EN,Ql,03YIJX3,C2,AJ,A~,SF,Q,BETA,FAC,TRY,AJl 
V-= YI 3) / Y 111 
f=V/SQRTl9.8l*Yllll 
WRITEl6,70IX,Vlll,OERVILl,OERYl21,03YCX3,V,F,FAC 

70 FORMATIBFl0.6/1 
AJl:IJE~Yl21 
IFCAJl.LT.-l.OIAJl=-1.0 
lf(AJl.GT.1.0)AJl=l.O 
AJ=AJ l 
lf(F.GE.l.21GOTOl99 
GGTOZ 10 

1qq IF(OE RYl2).GT.O.O)GOT0200 
GOT0210 

200 CE=COSCATANISOll 
Cl=I0.602+0.0B3*1Ylll-C21/C21•11.+0.00l2/1Ylll-C211••t.5 
0=2.9529t*Cl*(Y(ll-C21••L.5 
SLOPE=(SO-Sf-O*V/9.Rl/B/Y(ll•il.-2.•RETAJJ/ 

CICF.-BETh*V*V/9.81/Yllll 
CIFF=ABS(CERV(ll-SLOPEt 
TF.ST=O.l*ABS( DE RYlllt 
IFIUIFF.LE.TESTIGOTC203 
f;OT0210 

203 lFIOERYl2t.LT.TRYlr.OT0205 
GOT021() 

205 PRl'Tl51=1.0 
AJ=X 

210 TRY=DERY(2) 
RETURN 
ENC 

*OPTIONS IN EFFECT• NOTER~,ID,EBCDIC,SOURCE,NOLIST,NCOECK,LOAD,NCMA~,NCTEST 
?0PTJnNS IN EFFECT* NAME= OUTP , LINFCNT = 56 
•STATISTICS* SOURCE STATEMENTS= 30,PROG~A~ SIZE= 0004A6 
•STATISTICS• NO DIAGNOSTICS GENERATED 

FORTPAN IV Gl RELEASE 2.0 XCT DATE= ~ON ~AR 06, 1q75 

0001 
0002 
0003 
000 1, 

OO ,J 5 
0006 
0007 
000.<! 
0000 
OOtr) 
0011 

SUBROUTINE XCT(X,Y,DEPYI 
DIME NSION Yl2),nE RY(2t 
co~~CN/CG~l/R,SO,EN,Ql,01YDX3,C2,AJ,h~~SF,0,0ETA,FAC,TRY,AJ1 
R= O •Ylll/lli ♦ Y(ll ♦ C21 . 
V=Y(7-I/Ylll 
RE=4.* P* V/E~ 
SF=0.3164*V~V/(78.48•~•RE •• o.2s1 
Cl=(0. 607- +0. 0~3~ (Y(l I-C21/C2J•11.•o.001211vt11-c211••L.5 
Q=2.Q5Z96*Cl *CYl1)-C21**l.5 
RETA=l.0577-0.0QQ5*V 
IF( BET A.LT.l.OI PETA= l.O 

,., 
PACE OOOl 

~ r: 
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fh O 

• OP TI ONS IN EffFCT• N~ TFRM ,IO,Eocn t r. ,S OURCE,NOLIST,NOOFCK,LOAO,NOMAP,NOTEST 
• OPTIONS IN EFFECT• NAME = XCT • lt NF CNT • 5~ 
•STAllSTtCS• SOURCE STATE MENT$= lh,PROG~AM SIZE~ 00035A 
•STATISTICS• NO OIAGNOSTICS GENERATED 

FORTRAN IV Gl RELEASE 2.0 XUTP OATE • MON MAR 06• 1978 

00!)1 
0002 
0003 
001)4 
0005 
OO'J6 
0007 
oooq 
oooq 
0010 
0011 
0012 

SUfiROUTINE XUTPIX,Y,O[RY,lHLF,NOJM,PRMT) 
DIMENSION Y(2),0ERY(2),PR~T(51 
CO~MON/COMl/R,SO,lN,Ql,03YOX3,C2,hJ,AK,SF,Q,AETA,FAC,TRY,AJl 
V=Yl21/YIU 
r=v/SURl(q.~1•Yltl) 
CN=O.O 
WRITE16,2701X,V(ll,DERY(l),CN,CN,V,F 

270 FOR~AT(7Fl0.6/I 
IIK=YI l l*B*V 
AJ=Y 111 
RETURN 
HO 

•OPTIONS IN EFFECT• NOTERM,10,EBCOIC,SOURCE,NOLlST,NOOECK,LOAD,NOMAP,NOTEST 
•rPTlnNS IN EFFECT• NAME= XUTP , LINECNT • 56 
•SThTISTICS• SOURCE STATEMENTS~ 12,PROGRIIM SIZF ~ 000248 
•STATISTICS• NO DIAGNOSTICS GENERATED 

•STATISTICS• NO DIAG~OSTICS THIS STEP 
/DATA 19.0S 

NOC71~8 RYTfS USED 
~EXECUTION RF.GINS 22.:,s 
~ PRIJGI< Ar-I CHECK2, TEST RUN 132 

ALL VlllUES PRINTED JN P.ASIC s.1. UNITS 

WIDTH SLOPE VISCOCITY XST XFN DEPlHl DISCHARGE STEP C2 

O.lOlnOO o.003760 0.000001 o.o o.609600 0.106100 o.013a20 0.020000 0.036000 

X y IJYDX D2YOX2 03YOX3 VELOCITY FROUDE NC. FACTOR 

o.o 0.106700 -0.120000-11.4~7030 4.69033A 1.274822 1.246043 1.000000 

0.010000 0.1C4~62 -0.225565 -~.707077 4.69C338 l.2575C9 1.239254 0.933023 

0.020030 0.102247 -0.311863 -7.886061 4.690~3A 1.254661 1.252753 0.933102 

0.0?0000 0.09A755 -0.380967 -5.36RlQ4 4.69033q t.264156 1.284362 0.931721 

0.04000C 0.094733 -C.4lP25A -l.96605 9 4.69033R l.2A521R l.333lA6 0.92A918 

0.050030 0.090518 -0.41A882 0.06~1Rl 4.6903 3A 1.314721 t.395185 1.029774 

o.051?50 o.oAq965 -0.416795 -0.130313 4.69C338 1.319006 t.404 0 26 1.010313 

I. 
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_,,,, ~/ ?7/TF Q , ,r ,r .71T~" ~, "YQJJlr /. J?,l;J(lJ , . ,u1a, { . 

0.053750 o . oeaq 11 -0.4l5065 O. ':ll70l0 4 . 6':IC3J8 l. 326560 I .4 20363 l.063608 

0.054175 0 .0 88658 -0.41446q 1.0?lq6 R 4.6':10338 1.3284'i3 \.424467 l.071425 ... 
o.osso'Jo 0.0883qq -0.413168 1.253513 4.6'l0338 1.33035A l.4285% 1. 071662 '· 

0.056750 o.001q03 -o.411q45 1.7l1826 '• .690338 1.334225 t.436q52 1.072124 

0.057500 o.os13f:q -o.4oq504 2.158341 4.6903313 1.338167 \.445428 1.0125q4 

0 .058750 0.08685~ -0.406534 2.5~3065 4. 6qC33R 1.342160 1.453993 1.073072 

0.0600Jl) 0.086153 -0.403026 3.012239 4.690338 l.34619'3 l • 1t62636 1.073565 

0.062500 0.085356 -0.39~521 3. 7954H · 4.6q0338 1. 354358 l.48006q l.074550 

0.065000 0.0843A7. -0.384157 4.48768Q 4.69033A l.362570 1.497608 1.075564 

0.067',JQ o.oe3437 -0.372184 5.07284° 4.6<j0J3R l.370149 l.515112 1.076555 

0.0700fJO 0.082523 -0.358893 5.537325 4 .6<j0138 l.378808 1.532438 1. 077559 

0.075000 0.0130801 -0.329661 6.0837-'lZ 4.6q033A 1. 3':14277 1.566054 l.0794<j6 

0.0'30'100 0.079229 -0.298915 6. l321tOe 4.690338 1. 40R537 l.5<;7687 1.081318 

o.oa5oJo 0.077Al0 -0.268995 s. 779958 4.6<j0338 1.4212% 1.626794 1.082981 ' I 

N 0.090000 0.076535 -0.241562 5.16&%8 4.690138 l.432470 1.653185 1.084453 
-'1 

,\.n 0.100000 o.C74360 -o.1~1qa1 3.784552 4.6903313 l.4502q7 1.698053 1.086897 

0.110000 0.072560 -0.168554 2.749703 4.690338 l.463513 1.734&56 1.088718 
: : 

0.120090 O.OT09q8 -O.l468qq l.'128212 4.690338 l.474Cll 1.Hi62l2 1.090350 

0.120000 o.0109qs -0.132591 o.o o.o 1.474011 1.766212 

c.130000 O.C69724 -0.122538 o.o o.o l.4fllql8 1.7911342 

c.140 000 o.o6e543 -0.113141 o.o o.o 1.489145 1.8160lq 

0.150 000 o. □ 67ti45 -0.105979 o.o o.o 1.4957711 1.838894 

0.160000 0.0&6421 -0.09907'1 c.o o.o 1.!".i01RA5 1.!!&0590 

o.1100Jo 0.0&5461 -0.092905 o.o a.a 1.507527 1.ee1215 

0. lB00 r)0 0.0&4560 -0.087349 o.o G.() l.':12753 l.900'!62 

0.200000 0.06 2912 -0.077760 o.o o.o 1.522115 1.937514 

0.220 0 00 0.061439 -O.C6G7 8 2 o.o o.o 1. 5-3 021, 1 1.c1106q 

0.21,0000 0.()60113 -0.063048 o .o - o.o t.537316 ~.CCl'l37 

-- -· - -----·- ---- -------- -- - . -- · .. ---·-------- - - -· - --



, v lh U l . 51'JU8 ~ . (J(l lJR Q 

C. 32?000 0 . 055892 - 0 . 0 4'i 20 7 o. o o. o l. 558 t 3'i 2.1 04235 

0.3400 00 0.055042 -0.040852 o.o o.o \.561902 2. \25546 

C.360000 0.054256 -0.037871 o.o o.o 1.565228 2.1454'.i<l 

0.)80000 0.053525 -0.035206 o.o o.o 1.568162 2.164094 

0.400000 0.052846 -0.032813 o.o o.o 1.570744 2.\81554 

0.420000 0.052211 -0.030654 o.o o.o t.573008 2.1°1<J2q 

0.440000 0.051618 -0.02A698 o.o o.o l.574<JA4 2.213300 

0.460000 0.051062 -0.076921 o.o o.o 1.576699 2.227739 

0.480000 0.050540 -0.0252G9 o.o o.o 1.578176 2.241310 

0.500000 0.050049 -0.023816 o.o o.o 1.579434 2.254073 

0.520000 0.04G587 -0.022455 o.o o.o t.580494 2.2t:6080 

0.53<JQ'JQ 0.049150 -0.021203 o.o o.o 1.581369 2.277379 

0.5599'1', 0.04873~ -0.020049 o.o o.o l.582074 2.288013 

0.5799•19 0.040348 -0.018981 o.o o.o L.';82623 2.298023 

l\>0.599'H9 0.047978 -0.017993 o.o o.o l.583024 2.307444 
""2 

. °'0.6l9 'S 99 0.04762q -0.017075 c.o o.o t.583290 2.316309 

F!Nhl OEPTH = 0.047628 ,.,, FINAL CtSCHARGE ~ 0.007661 CU.M. PER SEC. 

AT lOHOSM ~ON MAR 06, 1~78 F.XECUTE TIME 0.42 MINS. END OF JOO C.J.BALMFORT 
9 CARDS RfAO 341 LINES PRINTEO O CARDS PUNCHED O TAPE MOUNTS O DISK MOUNTS 

...., ______ ___ . --·--- ----~---
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APPENfilX V 

Results of the Preliminary Experimental Investigation. 

(a) 

(b) 

(c) 

Head, Discharge and Coefficient of Discharge 
Values. 

Velocity Traverse Readings. 

Details of the Method_ of Computing ex and ~ Values. 

-·---.. --
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(a) Head, Discharge and Coefficient of Discharge Values. 

____ .--, 
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Test No. 1 • 

Dahl tube manometer reading: 1.05 Ql = 0.02612m3;s 

•Side spill stage . 6.62cm ~ = 0.007866m3/s . 
Weir 1 ength L . 110.72cm Q2 = 0.01824m3;s . 
Crest height C . 35.75cm vl. = 0.093m/s . 
81 

. 73.50cm v2 = 0.103m/s . 

82 
. 46.32cm Vmean = 0.098m/s . 

Mean head above crest h* . 2.387cm c0 (measured)= 0.652 . 
Mean depth* . 38.137cm CD (Rehbock) = 0.654 . 

Surface Profi 1 es 

X-Section HEAD ABOVE CREST mm 
(Distance 
from start LONG SECTION (DISTANCE BEHIND WEIR) mm 
of weir) -

mm 0 50 100 200 300 400 500 605 700 

-

0 (50)-- i.l 9. 6 23.1 23.7 23.7 23.7· 23.6 23.6 23.3 23.4 

100 19. 6 23. 1 23.7 23.7 23.7 23.6 23.5 23.3 

200 19.6 23.3 23.8 23.8 23.8 23.7 23.6 23.1 

300 19.7 23.5 23.8 23.9 23.8 23.7 23.6 23.2 

400 19.8 23.5 23.8 24. 1 23.8 23~7 23.6 

500 19. 7 23.5 23.8 24. 1 23.8 23.8 23.6 
·---- 19.8 23.6 23.9 24. 1 23.9 23.8 23.4 600 

700 19.9 23.8 24. 1 24.2 23.8 23.7 23.4 

800 20.0 23.8 24. 1 24.3 23.9 23.8 23.4 
-·--

900 20.0 23.9 24.2 24.2 23.9 23.8 

1000 20.3 24. 1 24.4 24.3 23.9 23.8 

1050 20.5 24.4 124. 5 24.4 23.9 23.6 

* Averaged over 200mm, 300m and 400mm, long sections. 
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Test No. 2. 

Dahl tube m.anometer reading: 1.30 Ql = 0.02894rn3/s 

•Side spill stage 8.02cm ~ = 0.01072m3/s 

Weir 1 ength L 110. 72cm Q2 = O.Ol824rn3/s 

Crest height C . 35.75cm vl. = 0.102m/s • 

B1 
. 73.50cm . v2 = 0.102m/s 

82 • 46.32cm Vmean = 0.102m/s . 
Mean head above crest h* . 2.919cm CD (measured)= 0.658 . 
Mean depth* • 38.664cm C0 (Rehbock) = 0.647 • 

Surface Profiles 

X-Section HEAD ABOVE CREST mm . 
(Distance 
from start LONG SECTION (DISTANCE BEHIND WEIR) mm 
of weir) 

mm 0 50 100 200 300 400 500 605 700 

0 (50)- .. 23.8 28. l 28.6 28.8 28.9 28.9 29.0 28.5 28.7 

100 23.9 28. l 28.7 28.9 29.0 29.0 28.9 28.7 

200 23.8 28.2 28.8 29.0 29.0 29.0 28.9 28.5 

300 23.9 28.4 28.8 29 .1 29 .o 29.0 28.8 28.5 

400 23.9 28. 5 28.9 29.2 29.0 29.0 28.9 28.5 

500 24.1 28.5 29. l 29.2 29. l 29 .1 28.9 

600 23.9 28.7 29.2 29.3 29.2 29.1 29.0 . 
700 24.0 28.7 29.3 29.4 29.3 29.2 28.9 

800 24.1 28.8 29.4 29.5 29.3 29.2 28.9 
.. -

900 24.3 28.9 29.5 29.6 29.4 29.2 

1000 24.5 29.3 29.8 29.6 29.5 29.2 

1050 24.9 29.6 29.9 29.8 29.6 29. l 

* Averaged over 2001111ll, 300m and 400mm, long sections. 
I • 
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Test No. 3. 

Dahl tube m.anometer _reading: 1.785 Q1 = 0.03389m3/s 

•Side spill stage . 8. 99cm Ow = 0.01288m3/s • 

Weir length L . 110.72cm Q2 = 0.0210lm3/s . 
• Crest height C . 35.75cm . V1. = O. l l 8m/s 

81 
. 73 .• 50cm v2 = 0.116m/s . 

82 
. 46.32cm Vmean = O. l 17m/s . 

Mean head above crest h* . 3.355qn· c0 (measured)= 0.641 . 
Mean depth* • 39.105cm C0 (Rehbock) = 0.643 • 

Surface Profi 1 es 

X-Section HEAD ABOVE CREST mm 
(Distance 
from start LONG SECTION (DISTANCE BEHIND WEIR) mm 
of weir) 

mm 0 50 100 200 300 400 500 605 700 

0 (50}- ► 27.0 32.2 33.0 33.4 33.4 33.3 33.2 32.8 32.8 

100 27.3 32.2 33.0 33.4 33.4 33.4 33,l 32.6 

200 27.4 32.4 33. 1 33.4 33.5 33.4 33.3 32.6 
I 

300 27.5 32.5 33.2 33.5 33.4 33.4 33.2 32.7 

400 27.5 32.6 33.3 33.5 33.5 33.3 33.2 32.7 

500 27.5 32.6 33.4 33.6 33.6 33.3 33.2 

· 600 27.6 32.8 33.4 33.7 33.6 33.3 33.2 

700 27.7 32.8 33.4 33.8 33.6 33.3 33. 1 

800 27 .8 32.9 33.5 33.9 33.6 33.6 33.2 . -

900 27.9 32.9 33.5 33.9 33.7 33.4 

1000 28. l 33.1 33.9 34.0 33.8 33.5 

1050 28.3 33.7 34. 1 34.1 33.7 33.6 

* Averaged ever 200rrm, 300m and 400mm, long sections. 
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Test No. 4. 

Dahl tube manometer r~eading: 2.22 Ql = 0.03774m3/s • 
•Side spill stage . 9. 14cm ~ = 0.01323m3/s . 
Weir length L . 110. 72cm Q2 = 0.0245lm3/s . 
Crest height C . 35.75cm Vl. = 0.13lm/s . 
B1 

• 73.50cm v2 = 0.135m/s . 

B2 
. 46.32cm Vmean = 0.133m/s • 

Mean head above crest h* . 3.413cm c0 (measured)= 0.642 . 
Mean depth* • 39.163cm CD (Rehbock)= 0.642 • 

Surface Profi 1 es 

X-Section HEAD ABOVE CREST mm 
(Distance 
from start LONG SECTION .(DISTANCE BEHIND WEIR) mm 
of weir) 

mm 0 50 100 200 300 400 500 605 700 

0 (50)- ... 27 .o 33.5 34.0 34.2 34.0 34.0 33.8 33.9 

100 27.8 33.5 33.9 34.2 34.l 34 .1 33.7 , 

200 28. l 33.5 34.0 34.0 33.9 33.9 33.5 

300 28.2 33.7 34.0 34.0 34.0 33.9 33.4 

400 28.2 33.8 34. 1 34. 1 34. 1 33.9 33.5 

500 28.2 33.9 34.3 34.1 34.1 33.8 

600 28.2 34.0 34.3 34.1 34.1 33.8 

700 28.2 34. 1 34.3 34.2 34.0 33.9 

800 28.4 34.2 34.3 34. 1 34.0 33.7 -·-

900 28.5 34.2 34.5 34. 1 34.2 

1000 28.9 34.5 34.6 34.2 33.8 

1050 29.9 34.8 34.6 34 .1 33.9 

* Averaged over 200mm, 300m and 400mm, long sections. 
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Test No. 5. 

Dahl tube manometer reading: 2.89 
.,. Ql = 0.04294m3Js 

•Side spill stage • 10.21cm ~ = 0.0158lm3/s . 
Weir 1 ength L . 110. 72cm Q2 = 0.02713m3/s . 
Crest height C . 35.75cm Vl. = 0.148m/s . 

B1 
. 73.50cm v2 = 0.148m/s • 

B2 
. 46.32cm vmean = 0.148m/s • 

Mean head above crest h* . 3.884cm c0 {measured)= 0.632 . 
Mean depth* • 39.634cm Co (Rehbock) = 0.640 • 

Surface Profi 1 es 

-

X-Secti on HEAD ABOVE CREST mm 
(Distance 

LONG SECTION {DISTANCE BEHIND WEIR) from start mm 
of weir) 

mm 0 50 100 200 300 400 500 605 700 

0 (50)- ... 29 .5 38.2 38.5 38.8 38.6 38.9 38.3 38.3 

100 31.3 38.2 38.5 38.8 38.5 38.7 38.3 

200 31.5 38.3 38.6 38.9 38,5 38.5 38.3 

300 31.8 38.3 38.7 38.8 38,6 38.7 38. 1 

400 31.8 38.3 38.8 38.8 38.7 38.7 38.2 

500 32.2 38.5 38.8 38.9 38.8 38.6 

600 32.3 38.5 38.8 38.9 38.8 38.6 

700 32.5 38.5 38.9 38.9 38.9 38.5 

800 32.6 38.8 39.0 38.9 38.9 38.5 
.. -

900 32.5 38.9 39.2 28.9 38.8 

1000 32.4 39.1 39.3 39.0 38.9 

1050 33.8 39.4 39.4 39.1 38.9 

* Averaged over 200mm, 300m and 400mm, long sections. 
i • 
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Test No. 6. 

Dahl tube m.anometer reading: 3.355 01 = 0.04618m3/s 
... 

·Side spill stage . 10.73cm ~ 0.01713m3/s . = 
Weir length L • 110. 72cm Q2 0.2905m3/s • = 
Crest height C . 35.75cm 

Vl . 0.158m/s . = 

81 
. · 73. 50cm 

v2 0.157m/s . = 

82 
• 46.32cm 

vmean 0.158m/s . = 
Mean head above crest h* . 4.072cm CD {measured)= 0.638 . 
Mean depth* . 39.822cm CD (Rehbock) 0.639 . = 

Surface Profiles 

X-Section HEAD ABOVE CREST mm 
(Distance 
from start LONG SECTION (DISTANCE BEHIND WEIR) mm 
of weir) 

mm 0 50 100 200 300 400 500 605 700 

-
0 (50}~ 31.2 39.9 40.6 40.7 40.8 40.7 in. 7 40.5 

100 32.9 40.0 40.5 40.6 40.6 40.6 rn.5 

200 32.2 40.0 40.7 40.5 40.6 40.5 rn.3 

300 33.2 40. l 40.7 40.6 40.6 40.5 io. 3 

400 33.5 40. 1 40.7 40.5 40.7 40.3 io.2 
. 

500 33.7 40.3 40.6 40.7 40.6 40.5 

600 33.8 40.4 40.7 40.8 40.6 40.4 

700 33.8 40.4 40.9 40.8 40.7 40.4 

800 33.9 40.5 41.0 40.8 40.6 40.4 
_ ...... -

900 34.0 40.8 41.0 40.9 40.5 

1000 34.5 41.0 41.2 40.9 40.4 

1050 35.0 41.4 41.4 40.9 40.4 

* Averaged over 200mm, 300m and 400mm, long sections. 
I •, 
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Test No. 7. 

Dahl tube m.anometer reading: 2.47 Ql = 0.03975m3/s .. 
•Side spill stage . 9.90cm ~ 0.0150Sm3/s . = 
Weir 1 ength L 110. 72cm Q2 = 0.02470m3/s 

Crest height C . 35.75cm vl . 0.137m/s . = 

_Bl 
. 73.50cm v2 = · 0.135m/s . 

Bz 
. 46.32cm 

Vmean = 0.136m/s • 

Mean head above crest h* . 3. 728cm c0 (measured).= 0.640 . 
Mean depth* . 39.478cm Co (Rehbock) = 0.640 . 

Surface Profiles 

X-Secti on - HEAD ABOVE CREST mm 
(Distance 
from start LONG SECTION (DISTANCE BEHIND WEIR) mm 
of weir) 

mm 0 50 100 200 300 400 500 605 700 

0 (50)- .28.5 36.5 36.9 37.2 37.2 37.2 37.0 37.0 

100 29.8 36.5 36.9 37.2 37.2 37.2 36.9 

200 30.5 36.8 37. l 37.3 37.2 37. l 36.9 

300 30.9 36.8 37.2 37.3 37.2 37. l 36.8 

400 30.8 36.9 37.2 37.3 37.2 37.2 36.7 

500 30.8 36.9 37.3 37.3 37.3 37.l 

600 30.8 37.0 37.4 37.3 37.2 37.2 

700 30.8 37. l 37.5 37.3 37.2 37. l 

800 30.9 37.2 37 .6 37.3 37.2 37. 1 --
900 31. l 37.4 37.7 37.3 37. 1 36.9 

1000 31.3 37.6 37.8 37.4 37. 1 

1050 31.7 37.8 37.8 37.4 37.0 

* Averaged over 200mm, 300m and 400mm, long sections. 
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Test No. 8. / 

Dahl tube manometer reading: 0.74 Ql = 0.0220om3/s .. 
·Side spill stage . 7.00cm ~ 0.00861m3/s . = 

Weir length L .. 110.72cm Q2 = 0.01339m3 /s . 
Crest height C . 35.75cm vl. = 0.078m/s . 
B1 

. 73 .• 50cm v2 = 0.076m/s . 
B2 

. 46.32cm Vmean = · 0.077m/s • 

Mean head above crest h* . . 2.524cm c0 (measured)= 0.656 

Mean depth* . 38.274cm Co (Rehbock) = 0.652 . 

Surface Profi 1 es 

X-Section HEAD ABOVE CREST mm 
(Distance 
from start LONG SECTION (DISTANCE BEHIND WEIR) mm 
of weir) 

mm 0 50 100 200 300 400 500 605 700 

0 (50)- .. 20. 4 24.9 25.0 25.0 25.0 25.0 24.9 24.9 

100 20.5 24.9 25. l 25.0 25.0 24.9 24.8 
, 

200 20.5 25.0 25 .1 25. 1 24.9 25.0 24.8 

300 20.5 · 25.1 25.2 25.2 25.0 24.9 24.6 
' 

400 20.6 25 .1 25.2 25.3 24.9 24.9 24.7 

500 20.7 ·25.2 25.3 25.3 25.0 24.9 

600 20.6 25.3 25.4 25.3 25. 1 25.0 

700 20.7 25.3 25.5 25.4 25. l 25.0 

800 20.7 25.4 25.5 25.4 25.2 25.2 ·~--
900 20.9 25.5 25.5 25.5 25.3 

1000 21.1 25.7 25.6 25.5 25.3 

1050 21.2 25.8 25.7 25.5 25. 1 

* Averaged over 200r.m, 300m and 400mm, long sections • 
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Test No. 9. ., 

Dahl tube manometer reading: 0.40 Ql = O.Ol627m3/s 

•Side spill stage . 5.90cm . ~ = 0.00653m3/s 

Weir length L . 11 O. 72cm Q2 = 0.00974m3/s . 
. Crest height C . 35.75cm Vl. 0.058m/s . = 

81 
. 73,50cm v2 = 0.056m/s . 

82 
• . 46.32cm 

Vmean = 0.057m/s 

Mean head above crest h* . 2.101cm c0 (measured)= 0.656 . 
Mean depth* . 

• 37.851cm c0 (Rehbock) = 0.660 

• Surface Profiles 

X-Section HEAD ABOVE ·cREST mm 
(Distance 
from start LONG SECTION (DISTANCE BEHIND WEIR) mm 
of weir) 

mm 0 50 100 200 300 400 . 500 605 700 

0 (50)- ,.. 16.8 20.5 20.9 20.9 20.9 20.9 20.5_ 20.3 

100 16.7 20.6 20.9 20.8 20.9 20.7 20.4 

200 16.8 20.7 20.9 20.8 21.0 20.7 20.4 

300 16.9 20.8 21.0 20.9 20.9 20.8 20.4 

400 16.9 20.9 21.0 20.9 20.9 20.8 20.J 

500 17 .o 21.0 21.1 21.0 20.9 20.7 

600 17. 0 21. l 21.2 21. 1 20.9 20.7 

700 17 .o 21. l 21.3 21.0 20.9 20.6 

800 17.2 21.3 21.3 21.1 20.8 20.5 
----

900 17. 1 21.3 21.4 21.1 20.9 

1000 17.2 21.4 21.5 21. 1 20.8 

1050 17.5 21.7 21.6 21.2 20.7 

* Averaged over 200mm, 300m and 400mm, long sections. 
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Test No. 10 

Dahl tube manometer reading: 0.530 Ql = O.Ol868m3/s 
' 

·o.00855m3/s •Side spill stage . 6.97cm ~ . = 

Weir length L : 110.72cm Q2 = 0.01013m3/s 

Crest height C . 35.75cm Vl . = 0.066m/s . 

B1 
. 73.50cm v2 0.064m/s . = 

82 
. 41.20cm 

Vmean = 0.065m/s . . 

Mean head above crest h* . 2.515cm c0 (measured)= 0.655 . 

Mean depth* . 38.265cm Co (Rehbock)= 0.652 . 

Surface Profi 1 es 

X-Section HEAD ABOVE CREST mm 
(Distance 
from start ·LONG SECTION (DISTANCE BEHIND WEIR) mm 
of weir) 

mm 0 50 100 200 300 400 500 605 700 

0 (50}- ..20.0 24.5 25.0 25.2 25.2 25.2 24.9 24.7 24.2 

100 20.0 24.6 25.0 25.2 25.2 25.2 24.8 24.7 

200 20.3 24.6 25.0 25.2 25.2 25.2 24.8 24.6 

300 20.3 24.6 25.0 25.2 25.2 25. 1 24.8 24.6 

400 20.4 24.7 25.0 25.2 25.2 25. 1 24.8 

500 20.5 24.8 25.0 25.3 25.2 25.0 24.8 

600 20.5 24.7 25.l 25.3 25.2 25.0 24.7 

700 20.7 24.8 25.2 25.3 25.2 25.0 24.7 

800 20.8 24.8 25.2 25.3 25.2 25.0 
\ . --~--

900 20.8 24.9 25.2 25.3 25.2 24.9 

1000 20.8 25.0 25.3 25.3 25.0 24.8 

1050 20.8 25.0 25.3 25.4 25.0 24.8 

* Averaged over 200nm, 300m and 400mm, long sections. 
j ; 
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Test No. 11. 

Dahl tube manometer reading: 0.720 Ql = 0.02170m3/s .. 
0.00964m3Js •Side spill stage . 7 .51cm Ow = . 

Weir 1 ength L . 110.72cm Q2 = O.Ol206m3/s • 

Crest height C . 35.75cm Vl. = 0.077m/s . 
B1 

. 73.50cm 
v2 = 0.076m/s . 

82 
. 41.20cm 

Vmean = 0.076m/s . 
Mean head above crest h* . 2.752cm c0 (measured)= 0.646 . 
Mean depth* • 38.502cm Co (Rehbock) = 0.649 . 

Surface Profi 1 es 

X-Section HEAD ABOVE CREST mm 
(Distance 
from start LONG SECTION (DISTANCE BEHIND WEIR) mm 
of weir) 

mm 0 50 100 200 300 400 500 605 700 

0 (50)-►22.2 27.0 27.3 27.6 27.6 27.5 27.3 27.2 27..0 

100 22.3 26.9 27.3 27.5 27.6 27.5 27.3 27.1 

200 22.5 26.9 27.3 27.5 27.6 27.5 27.3 27.1 

300 22.5 26.9 27.3 27.6 27.6 27.5 27.3 27.0 

400 22.5 26.9 27.4 27 .6 27.6 27.5 27.3 

500 22.5 27.0 27.5 27.6 27.6 27.5 27.2 

600 22.5 21 .·o 27.5 27.6 27.5 27.4 27.2 

700 22.6 27.0 27.5 27.6 27.5 27.4 27.2 

800 22.7 27. 1 27.5 27.7 27.5 27.3 --
900 22.8 27.1 27.5 27.7 27.4 27.3 

1000 22.9 27.3 27.6 27.7 27.4 27.3 

1050 23.1 27.4 27.7 27.7 27.4 27.2 

* Averaged over 200mm, 300m and 400mm, long sections. 
I • 



Test No. 12. ,, 

Dahl tube manometer reading: 0.94 Ql = 0.02474m3/s 

•Side spill stage . 8.09cm . ~ = 0.01087m3/s 

Weir 1 ength L . 110. 72cm Q2 = 0.01387m3/s . 
Crest height C . 35.75cm . Vl. = 0.087m/s 

B1 
. 73.50cm v2 = 0.087m/s . 

Bz • 41. 20cm 
vmean = 0.087m/s . 

Mean head above crest h* 2.993 c0 {measured)= 0.642 

Mean depth* . .38.743 CD {Rehbock)= 0.646 . 

Surface Profi 1 es 

X-Section HEAD ABOVE CREST mm 
{Distance 

LONG SECTION {DISTANCE BEHIND WEIR) from start mm • 
of weir) -

mm 0 50 100 200 300 400 500 605 700 

0 (50)-- ..-23. 9 29.2 29.6 30.0 29.9 30.0 29.9 29.7 29:4 

100 24.2 29.1 29.6 30.0 29.9 30.0 29.8 29.5 

200 24.4 29.1 29.7 30.0 30.0 30.0 29.7 29.5 

300 24.3 29.2 29.7 30.0 30.0 30.0 29.8 29.5 

400 24.4 29.2 29.8 30.0 29.9 30.0 29.7 
- .. 

500 24.5 29.2 29.9 30.0 29.9 29.9 29.6 

600 24.5 29.2 29.9 30.0 30.0 29.8 29.6 

700 24.5 29.3 29.9 30.0 30.0 29.7 29.5 

800 .24.6 29.4 29.9 30.0 30.0 29.7 -
900 24.6 29.4 30.0 30.0 30.0 29.6 

1000 24.7 29.5 30.1 30.1 29.9 29.6 

1050 24.8 29.8 30!2 30.2 29.9 29.5 

* Averaged over 200mm, 300m and 400mm, long sections • 
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Test No. i3. 

Dahl tube manometer reading: 1.20 Ql = 0.02788m3/s .. 
•Side spill stage 8.77cm ~ = 0.01238m3/s 

Weir length L 110. 72cm Q2 = 0.015S8m3/s 

Crest height C 35.75cm Vl. = 0.097m/s 

B1 
73.50cm v2 = 0.097m/s 

Bz 
. 41.20cm 

vmean = 0.097m/s • 

Mean head above crest h* . 3.238cm c0 (measured)= 0.649 . 
Mean depth* 38.988cm Co {Rehbock)= 0.644 

Surface Profiles 

X-Section HEAD ABOVE CREST mm 
(~istance 
f om start LONG SECTION (DISTANCE BEHIND WEIR) mm 
of weir) 

mm 0 50 100 200 300 400 500 605 700 

0 (50)-i 26.2 31.8 32.3 32.5 32.5 32 . .3 32.3 32. l 31.9 

100 26.8 31.7 32.2 32.5 32.4 32.3 32.3 32.l 

200 26.9 31.8 32.2 32.5 32.4 32.3 32.3 32.0 

300 26.9 31.7 32.2 32.4 32.4 32.3 32.3 31. 9· 

400 26.9 31.7 32.3 32.5 32.5 32.2 32.3 

500 27.0 31.7 32.3 32.5 32.5 32.2 32.2 

600 27. 1 31.7 32.3 32. 5; 32.5 32.2 32.0 

700 27.1 31. 7 32.4 32.5 32.5 32.2 
,, 

800 27. l 31. 7 32.4 32.5 32.5 32.2 ·-
900 27. 1 31.8 32.5 32.5 32.4 32.1 

• 1000 27.2 31.9 32.5 32.5 32.4 32.0 

1050 27.4 32. 1 32.6 32.6 32.3 32.0 

. , * Averaged over 200mm, 300m and 400mm, 1 ong sections. 
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Test No. 14. ,. 

Dahl tube manometer reading: 1.51 Ql = 0.03122m3/s 

•Side spill stage . 9.33cm ~ 0.01367m3/s . = 

Weir length L . 110.72cm Q2 = 0.01755m3/s • 

Crest height C . 35.75cm . Vl. = 0 .108m/s 

B1 
. 73 .• 50cm . v2 = 0.109m/s 

Bz • 41. 20cm Vmean = O .108m/s . 
Mean head above crest h* . 3.496cm CD (measured)= 0.640 . 
Mean depth* . . 39.246cm Co (Rehbock)= 0.642 

Surface Profi 1 es 

X-Section HEAD ABOVE .CREST mm 
(Di stance 
from start LONG SECTION (DISTANCE BEHIND WEIR) mm 
of weir) 

mm 0 50 100 200 300 400 500 605 700 

0 (50)- ... 28 .2 33.9 34.6 35.0 35.0 35.0 35,0 34.6 34.5 

100 28.5 33.7 34.5 35.0 35.0 35.0 34.9 34.6 

200 28.7 33.9 34.6 35.0 35.0 35.0 34.9 34.6 

300 28.9 33.9 34.6 35.1 35.0 35.0 34.8 34.5 

400 28.9 34.0 34.7 35. 1 35.0 35.0 34.7 

500 28.9 34.0 34.8 35.1 35.0 34.9 34.6 

600 28.8 34. 1 34.9 35.1 35.0 34.9 34.6 

700 29.0 34. 1 34.8 35. l 35.0 34.8 34.5 

800 29.0 34. 1 34.9 35.1 35.0 34.8 
---· 

900 29 .1 34.2 35.0 35.1 35.0 34.6 

1000 29.1 34.5 35.0 35.1 34.9. 34.4 

1050 29.3 34.9 35.3 35 .1 34.9 34.4 

* Averaged over 200mm, 300m and 400mm, long sections.· 
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Test No. 15 

Dahl tube manometer reading: 2.27 Ql = 0.03815m3/s 

•Side spill stage . 10.63cm ~ = O.Ol687m3/s . 
Weir length L . 110. 72cm Q2 = 0.02128m3/s . 
Crest height C . 35.75cm vl. = 0.13lm/s • 

B1 
. 73.~50cm v2 = 0.130m/s • 

B2 • 41.20 cm vmean = 0 .130m/s . 
Mean head above crest h* 3.995cm c0 {measured)= 0.646 

Mean depth* . 39.745cm Co {Rehbock)= 0.639 . 

Surface Profiles 

x-section HEAD ABOVE CREST mm 
{Distance 
from start LONG SECTION {DISTANCE BEHIND WEIR} mm 
of weir) 

mm 0 50 100 200 300 400. 500 605 700 

0 (50}- ~31.5 38.7 39.5 39.9 40.0 40. l 40. l 39.9 39.8 

100 32.3 38.7 39.5 39.9 40.0 40.0 39.9 39.7 

200 32.8 38.8 39.6 39.9 40.0 40.0 39.9 39.6 

300 32.9 38.8 39.6 39.9 40.0 40.0 39.9 39.6 

400 33.0 38.8 39.7 40.0 40.0 40.0 39.8 
-

500 33.0 38.8 39.7 40.0 40.0 39.9 39.8 

600 33. l 38.8 39.8 40.0 40.0 39.9 39.6 

700 33.2 38.9 39.8 40.0 39.9 39.7 39.5 

800 33.2 38.9 39.8 40.0 39.9 39.6 
.. --

. - .. 

900 33.3 39.0 39.8 40.0 39.8 39.5 

1000 33.3 39.2 39.9 40.1 39.8 39.3 

1050 33.9 39.9 40. l 40. l 39.7 39 .1 

* Averaged over 200mm, 300m and 400mm, long sections. 
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Test No. 16. 

Dahl tube manometer reading: 1.87 Ql = 0.03468m3/s .. 
•Side spill stage . 9.93cm ~ = 0.01512m3/s . 
Weir 1 ength L . 110. 72cm Q2 = 0.01956m3/s . 
Crest height C . 35.75cm v1. = 0.119m/s • 

81 
. 73~50cm . V 2 = 0.120m/s 

Bz . 41.20cm 
vmean = O. 120m/s • 

Mean head above crest h* . 3.746cm CD (measured)= 0.638 . 
Mean depth* • 39.496cm Co (Rehbock)= 0.640 . 

Surface Profi 1 es 

X-Section HEAD ABOVE CREST mm 
(Distance 
from start LONG SECTION· (DISTANCE BEHIND WEIR) mm 
of weir) 

mm 0 50 100 200 300 400 500 605 700 

0 (50)- .. 29.9 36.3 37.2 37.5 37.5 37.6 37.6 37.3 37.3 

100 29.7 36.3 37.2 37.5 37.5 37.6 37.5 37.2 

200 29.8 36.4 37.2 37.5 37 .5 37.7 37.5 37.0 

300 29.9 36.4 37.2 37.5 37.5 37.6 37.4 37 .o 

400 30.0 36.4 37.2 37.5 37.5 37.5 37.3 

500 30.0 36.5 37.2 37.5 37.5 37.5 37 .1 

600 30.0 36.5 37.2 37.5 37.5 37 .4 37.0 

700 30.0 36.5 37.2 37.6 37.5 37.3 37.0 

800 30 .1 36.5 37.3 37.6 37.5 37.3 
,---

900 30. l 36.6 37.4 37.6 37.5 37 .1 

1000 30.2 36.8 37.4 37.6 37.3 37.0 

1050 30.8 37.3 37.8 37.6 37.2 36.9 

* Averaged over 200mm, 300m and 400mm, long sections. 
I • 
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Test No. 17. , 

Dahl tube manometer reading: 2.74 01 = 0.0418Sm3/s · .. 
·Side spill stage 11. 15cm Ow = O.Ol822m3/s 

Weir length L . 110.72cm Q2 = 0.02363m3/s . 
Crest height C 35.75cm Vl. = 0.142m/s 

.. B1 73.50cm v2 = 0~143m/s 

82 
• 41.20cm Vmean == 0.143m/s . 

Mean head above crest h* . 4.251cm c0 (measured)= 0.636 . 
Mean depth* . 40.001cm Co (Rehbock)= 0.638 . 

Surface Profiles 

-

X-Section HEAD ABOVE CREST mm 
{Distance 
from start LONG SECTION {DISTANCE BEHIND WEIR) mm 
of weir) 

mm 0 50 100 200 300 400 500 605 700 

0 (50)- ► 33. l 41.0 42. l 42.5 42.7 42.7 42.6 42.3 42.3 

100 34.3 41.0 42. l 42.5 42.7 42.7 42.6 42. l 

200 34.7 41.2 42.l 42.5 42.6 42.6 42.6 42. l . 
300 34.9 41.3 42.2 42.5 42.6 42.6 42.4 42.0 

400 34.9 41.3 42.3 42.6 42.6 42.5 42.2 

500 35.0 41.3 42.3 42.6 42.6 42.4 42.2 

600 35.0 41.3 42.3 42.6 42.6 42.4 42. l 

700· 35.l 41.3 42.3 42.7 42.6 42.4 42.0 

800 35.3 41.4 42.3 42.7 42.5 42.3 .~--
900 35.4 41.4 42.4 42.7 42.4 42.1 

1000 35.4 41. 7 42.5 42.8 42.3 42.0 

1050 36.0 42.2 42.6 42.7 42.3 41.9 
-

* Averaged over 200mm, 300m and 400mm, long sections. 
j. 
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. Test No. 18 . , 

Dahl tube manometer reading: 3.25 Ql = 0.04549m3/s 

-Side spill stage . 11.88cm ~ = 0.02018m3/s . 
Weir length L . 11 O. 72cm . Q2 = 0.02533m3/s 

Crest height C . 35.75cm Vl. = 0.154m/s . 
B1 

. 73.50cm . v2 = 0.153m/s 

B2 
. 41.20cm Vmean = 0.153m/s • 

Mean head above crest h* . 4.514cm c0 (measured)= 0.644 . 
Mean depth* . 40.264cm Co (Rehbock)= 0.637 . 

Surface Profi 1 es 

X-Section HEAD ABOVE CREST mm 
(Distance 
from start LONG SECTION (DISTANCE BEHIND WEIR) mm 
of weir} 

mm 0 50 100 200 300 400 500 605 700 

0 (50)- ,.. 35. 9 43.2 44.4 45.2 45.2 45.3 45.3 45. 1 45.2 
• 

100 37.6 43.1 44.4 45.2 45.2 45.2 45.Z 45. 1 

200 37.9 43.3 44.5 45.2 45.2 45.2 45. 1 45.0 

300 37.9 43.4 44.6 45.2 45.2 45.2 45.0 45.0 

400 37.8 43.5 44.6 45.2 45.2 45.2 44.9 

500 37.8 43.5 44.7 45.2 45.2 45.2 44.8 

600 37.8 43.5 44.7 45.2 45.2 45.2 44.8 

700 . 37.8 43.6 44.7 45.2 45.2 45.1 44.8 

800 37.8 43.6 44.8 45.2 45.2 45.0 
.... -

900 38. l 43.7 44.9 45.2 45.2 44.9 

1000 38.1 44 .. 2 45 .. 3 45.2 45 .. l 44.6 

1050 
38. 1 44.8 45.4 45.3 44.9 44.5 

* Averaged over 200mm, 300m -and 400mm, long sections. 
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Test No. 19. 

Dahl tube manometer reading: 0.80 Ql = 0.02285lm3/s 

·Side spill stage . 6.28cm Ow 0.00722Sm3 is . = 
Weir 1 ength L . 110.72cm Q2 0.01562m3/s . = 

Crest height C . 35.75cm vl . 0.082m/s . = 

B1 • . 73.50cm v2 = 0.08lm/s 

Bz • . 50.92cm vmean = 0.08lm/s 

Mean head above crest h* . . 2.242cm c0 (measured)= 0.658 

Mean depth* • 37.992cm CD (Rehbock)= 0.657 . 

Surface Profi 1 es 

X-Section HEAD ABOVE CREST mm 
(Distance 
from start LONG SECTION (DISTANCE BEHIND WEIR) mm 
of weir) 

mm 0 50 100 200 300 400 500 605 700 

-· 

0 (50)- ~ 18. 3 21. 7 22.3 22.3 22.3 22.3 22.4 22.1 22.0 

100 18. 3 21.9 22.3 22.3 22.3 22.3 22.3 22.0 

200 18. 2 22.0 22.3 22.3 22.4 22.3 22.3 21.9 

300 18. 2 22.0 22.3 22.4 22.5 22.3 22.3 21.9 

400 18. 3 22.1 22.4 22.4 22.5 22.3 22.3 21.9 

500 18. 2 22.1 22.5 22.4 22.5 22.3 22.2 

600 18. 2 22.1 22.5 22.4 22.5 22.3 22.2 

700 18. 2 22.l 22.5 22.5 22.5 22.3 22.1 

800 18.4 22.3 22.6 22.6 22.5 22.3 22.1 -
900 18.3 22 .. 3 22.6 22.6 22.6 22.3 22.0 

1000 18. 3 22.3 22.7 22.7 22.6 22.3 

1050 18. 5 22.5 22.8 22.8 22.6 22.3 

* Averaged·over 200mm, 300m and 400mm, long sections. 
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Test No. 20. , 

Dahl tube m.anometer reading: 1.04 Ql = 0.02600m3/s 

•Side spill stage . 6.89cm Ow 0.008390m3 /s • = 
Weir 1 ength L • 110.72cm Q2 = 0.0176lm3/s • 

Crest height C . 35.75cm • Vl. = 0.093m/s 

81 
. 73 •. 50cm v2 0.090m/s . = 

82 • 50.92cm 
vmean = 0.092m/s . 

Mean head above crest h* 2.498cm c0 (measured)= 0.650 

Mean depth* . 38.248cm Co (Rehbock) = 0.652 • 

Surface Profi 1 es 

x-section HEAD ABOVE CREST mm 
(Distance 
from start LONG SECTION (DISTANCE BEHIND WEIR) mm 
of weir) 

mm 0 50 100 200 300 400 500 605 700 
. 

0 (50}- ~20.1 24.4 24.9 25.0 25.0 25.0 24.8 24.6 24.3 

100 20.4 24.5 24.9 24.9 24.9 24.9 24.9 24.5 
., 

200 20.5 24.5 24.9 24.9 24.9 24.9 24.8 24.5 

300 20.5 24.6 25.0 25.0 25.0 24.9 24.8 24.4 

400 20.5 24.6 25.0 25.0 25.0 24.9 24.7 24.4 

500 20.6 24.7 25.0 25.0 25.0 24.9 24.7 

600 20.6 24.7 25.0 25. 1 25.0 24.9 24.6 

700 20.7 24.7 25.1 25.1 25.0 24.9 24.6 

800 20.7 24.8 25.1 25.1 25.0 24.9 24.5 ----
900 20.9 24.9 25.l 25.2 25.0 24.9 24.5 

1000 21.0 25.0 25.2 25.2 25.0 24.8 

1050 21.1 25.1 25.3 25.2 25.0 24.7 

* Averaged over 200mm, 300m and 400mm, long sections. 
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Test No. 21 

Dahl tube manometer reading: l.J2 

•Side spill stage 

Weir length L 

Crest height C 

B1 

B2 
Mean head above crest h* 

Mean depth* . 

Surface Profiles 

X-Secti on 

: 7.27cm 

. 110.72cm .. 
35.75cm 

. 73.50cm 
• 

. 50.92cm . 
2.648cm 

. 38.398cm . 

HEAD ABOVE 

Ql = O. 0292Jm3 /s 

~ = 0.009147m3/s 

Q2 = O. 02008m3 /s 

Vl. = O.lo4m/s 

v2 = o.103m/s 

vmean = 0.103m/s 

c0 (measured)= o.649 

Co (Rehbock)= 0.650 

CREST mm 
(Distance 
from start LONG SECTION (DISTANCE BEHIND WEIR) mm 
of weir) 

mm 0 50 100 200 300 400 500 605 700 

0 (50)- --21.4 25.9 26.4 26.5 26.5 26.6 26.5 26.3 26.J 

100· 21.5 ·25.8 26.4 26.5 26.5 26 • .5 26.4 26.2 

200 21.6 25.9 26.4 26.5 26.5 26.5 26.4 26.2 

300 21.7 26.0 26.5 26 • .5 26 • .5 26 • .5 26.4 26.1 

400 21.8 26.0 26.5 26 • .5 26.5 26.5 26.4 26.1 

500 21.8 26.0 26.5 26.5 26.5 26.5 26.J 

600 21.9 26.0 26.5 26.5 26.5 26.4 26.J 

700 21.9 26.1 26 • .5 26.6 26.5 26.4 26.2 

800 22.0 26.2 26.5 26.6 26.4 26.J 26.0 
. ~--

900 22.1 26.J 26.6 26.7 26.4 26.2 25.9 

1000 22.1 26.4 26 .• 6 26.7 26.4 26.2 

1050 22.J 26.6 26.8 26. 7 26.4 26.1 

* Averaged over 200mm, 300m and 400mm, long sections. 
I ,-
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Test No. 22 

Dahl tube manometer reading: 1.64 01 = o.03252m3/s 
,• 

•Side spill stage . 7.80cm Ow = .O.Ol0246m3/s . 
Weir length L 110.72cm 02 = 0.02227m3/s 

Crest height C . 35.75cm Vl . 0.115m/s . = 

B1 
. 73.50cm v2 O.llJm/s . = 

B2 
. . 50.92cm 

vmean = 0.114m/s 

Mean head above crest h* 2.867cm c0 (measured)= 0.646 

Mean depth* . 38.617cm Co (Rehbock) = o.647 . 

Surface Profi 1 es 

-

X-Section HEAD ABOVE CREST mm 
{Di stance 
from start LONG SECTION (DISTANCE BEHIND WEIR) mm 
of weir) 

mm 0 50 100 200 300 400 500 605 700 

0 (50}- ~23.4 27.8 28.4 28.6 28.7 28.6 28.6 28.5 28.5 

100 23.6 27.9 28.4 28.5 28.7 28,7 28.5 28,4 

200 23.6 27,9 28.5 28.5 28,8 28,7 28.5 28.4 

300 23.6 28,0 28.5 28.5 28.8 28,7 28.5 28.3 

400 23.7 28.1 28.5 28.5 28.8 28.6 28.5 28.3 

500 23.7 28.1 28.5 28.6 28.8 28.6 28.5 

600 23.7 28.2 28.6 28.7 28.8 28.6 28.4 

700 23.7 28.2 28.6 28.8 28.7 28.6 28.3 

800 23.7 28.2 , 28.7 28,9 28.7 28,5 28,3 -
900 23.7 28.2 28.8 28,9 28.7 28,5 28,2 

1000 23.8 28.4 28,9 29,0 28.7 28.4 

1050 
24.o 28.6 28,9 29,0 28.7 28,J 

* Averaged over 200mm, 300m and 400mm, long sections • 
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Test No. 2J 

Dahl tube manometer reading: 2.03 Ql = o.03611m3/s 
,, 

•Side spill stage 8.28cm Ow = 0.01128 m3/s 

Weir length L . 110.72cm Q2 = 0.0248Jm:3/s . 
Crest height C 35.75cm Vl. = o.127m/s 

B1 
. 73.50cm V2 = 0.126m/s . 

Bz . ,50.92cm 
vmean = 0.126m/s • 

Mean head above crest h* 3.056cm c0 {measured)= o.646 

Mean depth* 38.806cm c
0 

{Rehbock)= o.645 

Surface Profiles 

X-Secti on HEAD ABOVE CREST mm 
{Distance 
from'start LONG SECTION {DISTANCE BEHIND HEIR) mm 
of weir) 

mm 0 50 100 200 300 400 500 605 700 

0 (50)- .24.4 29.6 JO.J 30.5 30.5 30.6 30.6 ~0.5 30.5 

100 24.9 29.7 30.2 30.5 30.5 30.6 30.5 ~o.4 

200 25.1 29.8 30.3 30.6 30.5 30.5 ~0.5 ~0 • .'.3 

. 300 25.3 29.9 30.3 30.6 30.5 l'.30.5 t30.4 30.2· 

400 25.3 29.9 30.4 30,7 J0.6 30.5 t30.J 30.2 

500 25.4 29.9 J0.4 J0,7 J0.6 30.5 t30.3 

600 25.5 29.9 30.5 J0.6 J0.6 l30.5 t30.J 

700 25.5 30.0 30.5 J0,7 J0.6 l30.5 DO.J 

800 25.6 JO.O 30.5 J0.6 J0.6 l30.5 t30.2 . -
900 25.6 JO.O J0.6 J0,7 J0.6 l)0.4 t30.1 

1000 25.7 30.1 30.8 J0.8 J0.6 JO.J 

1050 25,9 JO,J J0,9 J0,9 30.5 J0.2 

* Averaged over 200mm, 300m and· 400mm, long sections: 



Test No. 24 

Dahl tube manometer reading: 2.58 Ql = o.rJ+o62m3/s 

·Side spill stage . 8.92cm Ow = 0.01272 m3/s . 
Weir 1 ength L . 110.72cm Q2 = o.02790m.3/s . 
Crest ~eight C . 35.75cm v, . = 0.141m/s . 
81 

. ?J • .50cm v2 = 0.140m/s . 
Bz • ,50.92cm 

vmean :: 0.141m/s . 
Mean head above crest h* J.329cm c0 {measured)= o.641 

Mean depth* . 39.079cm Co. (Rehbock) = o.64J . 

Surface Profi 1 es 

X-Section HEAD ABOVE CREST mm 
(Distance 
from start LONG SECTION (DISTANCE BEHIND WEIR) mm 
of weir) 

mm 0 50 100 200 300 400 500 605 700 

0 (50)- ... 26.2 32.1 J2.9 JJ.2 JJ.3 JJ.J JJ.J JJ.O JJ.O 

100 26.9 32.1 32.9 33.2 33.2 3.3.2 33.2 JJ.O 

200 27.2 32.2 J2.9 JJ.2 JJ.2 33.3 JJ.J 33.0 

300 27.J J2.J JJ.O JJ.2 JJ.2 JJ.2 33.3 JJ.O 

400 27.J J2.4 JJ.1 JJ.J JJ.2 JJ.2 33.2 33.0 

500 27.3 32.4 JJ.2 33.4 3.3.2 33.2 3.3.2 

600 27.4 32.4 33.3 33.3 33.2 33.2 33.0 

700 27.4 32.5 33.3 33.4 33.2 JJ.2 33.0 

800 27.5 32. 7. 3.3.4 33.5 33.3 33.2 32.9 
. --

900 27.8 32.9 33.4 33.5 33.4 33.1 32.9 

1000 27-8 JJ.O JJ.6 33.7 JJ.4 JJ.1 

1050 28.2 33.3 33.7 33.8 3.3.5 33.1 

*·Averaged over 200mm, 300m and 400mm, long sections. 



Test No. 25 

Dahl tube manometer reading: 3.36 Ql = o.d+621m3/s 

•Side spill stage . 9.56cm . ~ = 0.01422 m3/s 

Weir length L . 110. 72cm Q2 = o,03199m3/s . 
Crest height C . J.5.7.5cm vl . o.160m/s • = .. 
81 

. . 7J.,50cm v2 = o.160m/s 

B2 
. 50,92cm 

Vmean = o.160m/s 
• 

Mean head above crest h* . J • .597cm CD (measured)_= O.pJ8 . 
Mean depth* . J9.J47cm CD (Rehbock)= o.641 . 

Surface Profiles 

X-Section HEAD ABOVE CREST mm 
(Distance 
from start LONG SECTION (DISTANCE BEHIND WEIR) mm 
of weir) 

mm 0 50 100 200 300 400 500 605 700 

0 ( 50 ~ 27.8 J4.6 35.9 36.1 35,9 36.0 3.5.9 35,8 3.5.9 

100 29.1 34.8 35.4 35.9 35.9 J6.o J,5.8 35,7 

200 29, 7 34,9 35,5 36.0 35,9 36.0 35.8 35,6 

300 29.8 J4.9 35.6 36.0 J.5,9 36.0 35.9 35.6 

400 29.8 34.9 35.6 36.1 35,9 35.9 35.9 35.6 

500 29.8 35.0 l35. 6 36.0 .'.36.0 35.9 35,9 

600 29,8 35.0 35,7 36.0 36.0 35.9 35.9 

700 29.9 35.1 35,7 36.0 36.0 35,9 35.7 

800 29,9 35.0 35.8 36.1 36.0 35,9 35. 5 . 
------

900 30.0 35,1 36.0 36.1 36.0 35,8 35,4 

lOOO 30.3 35.5 ~6.1 36.2 36.0 35,6 

1050 30,9 35,8 36,4 36.4 36.1 35,5 

* Averaged over 200mm, 300m and 400mm, long sections. 
I • 
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Test No. 26 

Dahl tube manometer reading: Ql = 
·' 

-Side spill stage · 9.99cm Ow = 0.0l,5268m3/s 

Weir length L . 110,72cm Q2 . = 

Crest height C 35,75cm Vl. = 

B1 
73.50cm v2 = 

B2 
• 50.92cm 

vmean = • 

Mean head above. crest h* 3,790cm c0 (measured)= 0.633 

Mean depth* . . 39.S40cm CD (Rehbock)= o.64o 

Surface Profi 1 es 

X-Section HEAD ABOVE CREST mm-
(Di stance 
from start LONG SECTION (DISTANCE BEHIND WEIR) mm 
of weir) 

mm 0 s·o 100 200 300 400 500 605 700 

0 (50 )- .. 29.:3 36.4 37.4 37.9 37.8 38.J 37.9 '.37,9 37.9 

100 30.3 36.3 37.J 38.0 37.8 38.0 37.8 37,8 

200 J0.8 J6.4 37.J 37.9 37.8 38.0 37.8 37.6 

300 J0.8 36.5 37.4 38.0 37.8 37.9 37.8 37.5 

400 30.8 36.5 37.5 38.0 37.8 37.9 37.7 :37.3 

500 30.9 36.6 37,.5 38.0 37.9 37.9 37.7 

600 31.0 36.6 37.5 37.9 37.9 :n.a 37.6 

700 31.1 36.6 37 • .5 38.0 37.9 37.8 37.5 

800 31.2 36.7 37.6 37,9 37.9 37.7 37,5 
. --~ 

900 31.J 36.8 37.7 38.0 37.9 37.6 37.3 

1000 31.5 37.0 38.1 38.2 JS.o 37.5 

1050 32.0 37.9 38.1 38.2 38,1 37.5 

* Averaged over 200mm, 300m and 400mm, long sections. 
j • 
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Test No. 27 

Dahl tube m.anometer reading: 4,30 Ql = O,O5212m3/s 

·Side spill stage . 10,28cm ~ = 0,01599 m3/s . 
Weir length L . 110.72cm Q2 = O,O361Jm3/s . 
Crest height C . .'.3.5,7.5cm Vl. = o.179m/s . 

B1 
. 7J,50cm v2 = o.179m/s . 

Bz . . 50,92cm 
Vmean = O,179m/s 

Mean head above crest h* . 3,909cm c0 (measured)= o.6JJ . 
Mean depth* . 39,659cm CD (Rehbock)= 0.639 . 

Surface Profiles 

X-Section HEAD ABOVE CREST mm 
(Di stance 

LONG SECTION (DISTANCE BEHIND WEIR) from start mm 
of weir) 

mm 0 50 100 200 300 400 500 605 700 

0 (50)- ► 30.7 37.5 38.6 39.0 39.0 39.1 39.2 39,O 39.1 

100 31.8 37.8 J8.4 38.9 J9,O 39.2 39,1 38.9 

200 32.1 37.8 38,5 .39.1 39,l 39,l J8.9 J8.9 

300 32.2 .37,8 38.6 .39.1 .39.1 39,O 38,9 38.7 

400 32.2 :37.8 38.7 39.1 39.1 39,0 38.9 38.7 

500 32.3 37.9 JS.8 J9.2 39.1 J8.9 38.9 

600 32.4 37.9 J8.8 39.3 39.2 38.9 38.9 

700 32.5 37.9 J8.9 39.3 39.2 J8.8 J8.8 

32.6 38.0 39.0 39.3 39,2 38.8 38.7 .. ~-
800 

900 32.6 38.1 39.2 39.2 39.1 38.9 38.5 

1000 32.9 38.5 39.5 39.4 39,3 J8.8 

1050 33.4 39.2 39,8 39.7 39,2 l,8.7 

; * Averaged over 200mm, 300m and 400mm, 1 ong sections. 
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Test No. 28 

Dahl tube m.anometer reading: 5.17 Ql = o.05712m3/s 

-Side spill stage . 10.79cm ~ o.017286m3/s . = 
Weir length L . 110.72cm Q2 O. OJ983m3 /s . . = 
Crest height C . 35.75cm . Vl . = · 0.195m/s 

B1 
. 73°50cm . v2 = o.196m/s 

B2 
. 
• 

50.92cm 
vmean = 0,196m/s 

Mean head above crest h* 4.131cm CD (measured)= 0.630 

Mean depth* . 39.881cm CD (Rehbock)= 0.638 . 

Surface Profi 1 es 

X-Section HEAD ABOVE CREST mm 
(Distance 
from start LONG SECTION (DISTANCE BEHIND WEIR) mm 
of weir) 

mm 0 50 100 200 300 400 500 605 700 

0 (so r 31.5 39.1 40.7 41.1 41.5 41.J 41.4 141.4 41.J 

100 32.,7 39.3 4o.8 41.2 41.4 41.4 41.4 ~1.J 

200 JJ.4 39.5 40.9 41.2 41.4 41.4 41.4 41.2 

300 33.7 39.6 40.9 41.J 41.4 41.4 141.4 V+1.1 

400 33.8 39.8 41.0 41.J 41.J 41.J ~H.J V+1.o 

500 '.34.0 [39.8 41.1 41.4 41.4 41.J 141.2 

600 J4.o [39.9 41.0 41.4 41.4 41.2 ~1.0 

700 J4.2 4-0,0 41.1 41.J 41.J 41.2 ~0.9 

800 J4.J 4-0,1 41 • .1 41.J 41.J 41.l ~0.9 ... -· 

900 J4.4 4-0.2 41.J 41.4 41.2 41.1 ~0.9 

1000 J4.8 4-0.7 41.4 41.8 41.2 41.0 

1050 J4.8 n.4 42.0 41.8 41.4 140.a 

1 * Averaged over 200rrm, 300m and 400mm, long sections. 
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Test No. 2. 

LONG SECTION 100 mm BEHIND WEIR : VELOCITY nm/s 

DISTANCE X SECTION, mm FROM START OF WEIR 
BELOW CREST 0 200 

mm. 
400 600 800 1000 

30 91.5 95.4 82.1 71.3 72.0 52.3 

80 109'.8 89.7 70.7 54.0 58.3 57.9 

130 103.0 87.6 64.9 48.6 58.6 70.6 

180 96.5 80.l 65.4 43.9 60.3 66.9 

230 88.1 83.4 61.l 39.9 65.8 71.1 

280 59.3 72. 1 56.3 38.3 63.0 68.9 

LONG SECTION 200 mm BEHIND HEIR . VELOCITY mm/s . 
DISTANCE X SECTION, mm FROM START OF WEIR 

·BELOH CREST 
0 200 400 600 800 1000 nm 

30 104. 7 98.7 88.1 95.3 102.6 92.8 

80 103.8 85.l 92.4 91.9 88.9 97.0 

130 92.8 68.5 79.2 86-.0 93.2 91.5 

180 83.4 85. l 77.5 88.9 76.6 91.9 

230 71.5 81.3 79.2 95.3 74.9 94.5 
-

280 68. l 57.9 80.9 86.0 74.0 92.8 



Test No. 2• 

LONG SECTION 300 mm BEHIND WEIR: VELOCITY nm/s 

DISTA~CE 
X SECTION, mm FROM START OF WEIR 

BELOW CREST 0 200 
mm. 

400 600 800 1000 

30 104.3 107.3 100.4 91.1 97.9 103.0 

80 98."7 103.4 94.1 83.4 87.2 98.7 

130 92.8 94.l 77 .9 75.8 89.4 96.6 

180 86.4 97.5 66.8 86.0 87.2 93.2 

230 91.5 89.8 72.3 93.2 92.8 91.5 

280 91.5 83.8 79.2 93.6 89.4 89.4 

LONG SECTION 400 mm BEHIND WEIR . VELOCITY mm/s . 

DISTANCE X SECTION, mm FROM START OF WEIR 
BELOW CREST 

0 200 nm 400 600 800 1000 

30 104.7 97.0 95.3 104.3 109.0 114. 9 

80 92.8 91.9 94.1 103.0 103.8 115.3 
' 

.130 95.8 90.7 90.2 97.0 106.8 110 .2 

180 86.8 85.5 86.4 97.5 107. 7 113. 6 

230 83.8 94. l 94.9 96.6 l 08.1 112.8 

280 91.9 95.8 89.8 97.9 104.7 109.8 
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Test No. 2. 

DISTANCE 
BELOW CREST 

mm. 

30 

80 

130 

180 

230 

280 

' 

DISTANCE 
·BELOW CREST 

nm 

30 

80 

130 

180 

230 

280 

LONG SECTION 500 mm BEHIND WEIR: VELOCITY nm/s 

X SECTION, mm FROM START OF WEIR 

0 200 400 600 800 1000 

79.6 101. 7 105.6 110.2 103 .8 

76".6 101.7 107 .3 109,0 106.0 

73.2 98.3 l 06. 0 · 109 .4 108. 1 

76.2 100.0 . 104. 3 1.10.2 106.0 

73,6 97.9 104.7 105.6 100. 9 · 

78.3 100.9 100.4 103 .o 88. l 

LONG .SECTION 635 mm BEHIND WEIR : VELOCITY mm/s . 
X SECTION, 

0 

89.8 

91.1 

94.5 

91.1 

86.4 

83.0 

200 

93.6 

89.7 

95.8 

98.8 

87.2 

73.2 

mm FROM START OF WEIR 

400 600 800 1000 

310 . 
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Test No. J. 

LONG SECTION 100 mm BEHIND WEIR: VELOCITY lllTl/s 

DISTA~CE X SECTION. mm FROM START OF WEIR 
BELOW CREST 0 200 400 600 800 1000 

mm. 

30 146.9 114. 1 117 .5 11 o. 2 107. 7 101.7 

80 134.5 11 o. 2 110.7 103.4 91.9 88.5 

130 128.5 111 .. 9 107.7 91 .. 9 88.9 88.5 

180 117 .5 11 o. 7 95.8 89.8 87.7 94.5 

230 114.5 101.7 88.9 83.4 86.4 · 95.3 

280 101 • 7 91.5 84.3 75.8 96.2 94.5 

LONG SECTION . 200 mm BEHIND WEIR . VELOCITY mm/s . 
DISTANCE X SECTION, mm FROM START OF ~~EIR 

·BELOW CREST 
0 200 400 600 nm 800 1000 

30 138.3 133.2 126 .8 129.0 123.9 121.3 

80 133.2 126.8 119 .2 124. 3 120.0 122.6 

, ... --
130 128. 1 116. 6 114. l 111. 9 120. 9 123 .9 

180 117 .o 111 .1 l 09 .4 114.5. 115. 3 118.3 

230 107 ~ 3 113. 6 109 .4 113. 2 113.6 118.3 
-I 

280 103.4 97 .9 113 .. 2 116. 2 111.5 118.3 
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Test No. J. 

LONG SECTION 300 mm BEHIND WEIR: VELOCITY ll111/S 

DISTANCE X SECTION. mm FROM START OF WEIR 
BELOW CREST 0 200 400 600 800 1000 mm. 

30 132.8 131 .. 1 135 .. 8 136.2 135.8 133.2 

80 129 :4 127.7 133.6 131. l 137.5 141.3 

130 122.2 123.0 130. 2 124.3 130. 2 133.2 

180 117 .9 121.3 121.3 124.3 128.5 132.4 

230 112. 4 116 .6 120.5 124.7 123 .9 130.7 

280 115.8 120. 5 109.4 119.2 116.6 126.0 
-

LONG SECTION 400 mm BEHIND WEIR . VELOCITY mm/s . 
DISTANCE X SECTION• mm FROM START OF WEIR 

·BELOW CREST 
0 200 400 600 800 1000 nm 

• 
30 132.8 130.2 134.1 135.8 137 .1 142.2 

80 124.7 132.8 132.8 137 .. 5 135.8 142.2 

130 126.4 126.4 131,5 · 133.6 135.4 140.9 

180 123.0 125.6 130.7 129 .4 131.9 137 .5 

230 121.7 118. 3 · 130.2 123.9 134.5 137 .1 . 

280 118.3 117 .o 121.3 118. 7 123.0 126 .4 



·' 

Test No. J. 

. .,. 

LONG SECTION 500 mm BEHIND WEIR: VELOCITY rrm/s 

DISTA~CE X SECTION, mm FROM START OF WEIR 
BELOW CREST 0 · 200 400 600 800 1000 mm. 

30 129.8 129 .4 132.4 129.0 125. 1 . 
80 125·.1 131. l 131.9 135.8 132 .. 4 

. 
· 130 129.0 128.5 131. 9 130.7 135.8 

180 123. 9 127. 3 131. 5 132.4 ·127. 7 

230 122.2 122 .6 126.0 132.8 125.6 

280 118.3 111.9 125.6 119.6 121.3 

LONG SECTION 635 mm BEHIND WEIR . VELOCITY mm/s . 
DISTANCE X SECTION, mm FROM START OF WEIR 

·BELOW CREST 
0 200 400 600 800 1000 nm 

30 114.9 120.9 

80 117 .9 121. 7 

130 114. l 120. 5 

180 116.2 115.8 

230 l 05 .1 l 09.4 
' .. .... -.. 

280 95.8 l 01. 7 



Test No. 6. 
,, 

LONG SECTION 100 mm BEHIND WEIR : VELOCITY mn/s 

DISTANCE X SECTION. mm FROM START OF WEIR 
BELOW CREST 0 200 

mm. 
400 600 800 1000 

30 197.0 166 .1 153.0 149.9 138.8 131.9 

80 181'.9 171.1 158.8 138.3 133.6 117 .5 

130 168.4 162. 7 148.4 139.2 126.8 120.9 

180 170.0 163.1 158.8 131. 9 117 .5 128. 5 

·230 158.8 152.3 143A 122.2 123.4 125.1 

280 151.5 160.0 143.0 118.3 122.6 136.6 

~ 

LONG SECTION 200 mm BEHIND WEIR . VELOCITY mm/s . 

DISTANCE X SECTION, mm FROM START OF l4EIR .. 
·BELOW CREST 

0 200 nm 400 600 800 1000 

30 181.6 173 .1 165 .4 163.8 165.7 160.7 

80 164.2 163.8 152.6 156 .5 149.9 156. 5 

130 160.7 154.2 147.2 148.0 149.6 160.7 

180 145.7 142.2 141 .3· 143 .o · 154. 2 163.8 

230 132.4 135.8 147.2 139.2 155.0 156 .1 
.. 

280 129.8 127. 7 137 .1 146 .9 157.3 157. 7 
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Test No. 6. 

LONG SECTION 300 mm BEHIND WEIR: VELOCITY nm/s 

DISTANCE X SECTION, mm FROM START OF WEIR. 
BELOW CREST 0 200 400 600 800 1000 

mm. 
. 

30 168.4 175.0 174 .6 175.4 179 .6 185.8 

80 161".9 17L5 162.3 166.5 176. 5 185.0 

130 155.3 164.2 160.4 158.8 167.7 181.6 

180 146.9 162.7· 160.7 161.9: 167.7 181 .6 

230 149.2 153. 0 158.0 162.7 167.7 180.8 

280 142.2 149.6 165.4 163. 1 163.8 178. l 

LONG SECTION 400 mm BEHIND WEIR . VELOCITY mm/s . 
DISTANCE X SECTION, mm FROM START OF WEIR 

·BELOW CREST 
0 200 400 600 800 1000 nm 

30 171. 5 173. l 173. 8 177.7 187.0 193.5 

80 162 .. 7 168.8 171 • l 172.7 176.9 190.8 

130 156.9 162.7 167.7 167 .. 3 173.8 191 .. 6 

180 149.6 158.0 165.7 166.1 176 .2 191 .6 

230 147.2 155. 0 162.3 165.0 171 .. 5 187.3 

280 158.8 161. 9 161.9 166,9 165. 7 178. l 

. :31,5. 



Test No. 6. 

LONG SECTION 500 mm BEHIND WEIR: VELOCITY nni/s 

DISTANCE X SECTION, mm· FROM START OF WEIR 

BELOW CREST 0 200 400 600 800 1000 mm. 

30 164.2 172.3 169 .. 2 173.1 176 .. 9 

80 167.3 164.6 165.0 167.7 171.5 

130 158 .. 4 158.8 163. l 164.2 165.4 

180 152.3 157.3 167.7 161.5 162. 3 

230 156. 5 159.2 166. l 154.2 137.9 

280 155.3 150.3 154. 2 140.0 140.0 
-

LONG SECTION 635 mm BEHIND WEIR . VELOCITY mm/s . 
DISTANCE X SECTION, mm FROM START OF WEIR 
BELOW CREST 

0 200 400 600 800 1000 nm 

30 155.3 162.7 

80 155.0 161. 5 

130 149. 9 156. 9 

180 147.6 145.7 

230 147.2 144.5 -
280 115.8 116.2 
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Test No. 8. 

,. 

LONG SECTION 100 mm BEHIND WEIR : VELOCITY mm/s 

DISTANCE X SECTION, mm FROM START OF WEIR 
BELOW.CREST 0 200 400 600 800 1000 mm. 

30 88.5 72.3 68.5 70.2 68.9 58.3 

80 81.3 74.0 66.0 53.2 60.4 54.5 

130 80.0 70.6 58.7 52.3 56.6 55.7 

180 80.0 61.7 62.1 49.4 54.0 62.6 

230 75.8 56.6 50.6 48.1 59. l 60.4 

280 66.4 57.0 46.4 47.7 58.3 63.4 

LONG SECTION 200 mm BEHIND WEIR . VELOCITY mrn/s . . 
DISTANCE X SECTION, mm FROM START OF WEIR 

·BELOW CREST 
0 200 400 600 800 1000 rrrn 

30 85.5 84.3 76.6 76.l 74.9 74.5 

80 81.3 79.2 71.5 72.8 70.2 70.2 

130 80.9 75.3 68.9 74.0 69.8 72.8 

180 74.0 67.7 68.5 68.5 . 66.8 72.8 
.. 

230 68.9 68. l 69.8 69.4 72.3 73.2 
... 

280 62.1 67.2 64.7 68.5 70.6 71.9 
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., 

Test No. 8. 

•. 

LONG SECTION 300 mm BEHIND WEIR: VELOCITY rrm/s 

DISTANCE X SECTION, mm FROM START OF WEIR 
BELOW CREST 0 200 400 600 800 1000 mm. 

30 85. l 81.3 80.4 80.9 80.9 86.4 

80 80.0 81.3 77.9 77 .9 77.9 82.6 

130 78.3 73.6 75.3 79.6 77.0 85.5 

180 73.6 6_8. 5 73.2 72.8 76.6 82.6 

230 69.4 74.0 73.2 74.0 75.3 78.3 

280 74.0 76.2 73.6 74.5 74.9 77 .o 

LONG SECTION 400 mm BEHIND ~lEIR . VELOCITY mm/s . 
DISTANCE X SECTION, mm FROM START OF WEIR 

·BELOW CREST 
0 200 400 600 800 1000 11111 

30 80.0 83.0 83.0 83.8 83.0 86.8 

80 78.3 . 80.4 81.3 83.0 86.8 86.4 

130 79.2 79.6 79.6 79.6 83.8 86.0 

180 73.6 72.3 76.6 83.0 78.7 86.0 

230 73.2 73.6 78.3 77.5 79.6 85. 1 --
280 71.1 76.6 74.0 80.4 77.9 83.8 
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Test No. 8. 

LONG SECTION 500 mm BEHIND WEIR: VELOCITY 111ll/S 

DISTA~CE X SECTION, mm FROM START OF WEIR 
BELOW CREST 0 200 400 600 800 1000 mm. 

30 79.9 . 79.9 83.0 80.4 79.9 

80 81.3 79.6 78.7 83.0 82.1 

130 73.2 77.0 79.2 81.7 81.3 

180 71.9 74.0 77.5 82.6 77 .o 

230 69.8 75.3 77.9 79.9 76. 2 · 

280 75.8 75.8 77 .o 81.3 72.8 

.. 

LONG SECTION 635 mm BEHIND WEIR . VELOCITY mm/s . 
DISTANCE X SECTION, mm FROM START OF WEIR 

·BELOW CREST 
0 200 nm 400 600 800 1000 

30 72.3 73.6 

80 71.5 74.0 

130 70.2 74.9 

180 71.9 75.8 

230 75.3 65. 5 
-.. 

280 67.7 62.1 



·' 
Test No. 12. 

LONG SECTION 100 mm BEHIND WEIR: VELOCITY rrm/s 

DISTA~CE 
X SECTION, mm FROM START OF WEIR 

BELOW CREST 0 200 400 600 800 1000 mm. 

30 99.6 85.l 80.9 84.2 81. 7 71.1 

80 98'.i 85.5 74.5 74.5 70.6 63.0 

130 93.6 85.1 74.5 63.0 61. 7 63.4 

180 90.2 80.9 63.8 58.2 61. 7 64.7 

230 86.8 70.2 66.0 59.6 62.6 · 71.5 

280 75.8 61.3 58.7 47.0 68.9 58.2 
-

LONG SECTION · 200 mm BEHIND WEIR . VELOCITY mm/s . 
DISTANCE X SECTION, mm FROM START OF WEIR 

·BELOW CREST 
0 200 400 600 800 1000 nm 

30 94.9 86.8 86.4 86.8 86.8 90.2 
I 

80 94.1 88.1 86.0 84.7 88.9 90.2 

130 88.9 83.8 83.0 85.1 84.3 86.4 

180 84.7 84.7 82.6 81.3 83.8 86.0 

230 80.0 74_9· 79.2 77.5 80.0 83.4 
--

280 74.5 63.4 68.9 71.5 80.0 80.0 
-

.320 



·' 

Test No. 12. 

LONG SECTION 300 mm BEHIND WEIR: VELOCITY 11111/s 

DISTANCE 
X SECTION, mm FROM START OF WEIR 

BELOW CREST 0 200 400 600 800 1000 mm. 

30 94. 1 90.2 89.0 88. 1 90.2 94.5 

80 92;8 93.2 89.4 86.8 89.4 93.6 

130 91.1 90.7 89.4 87.3 89.4 94.9 

180 91.1 86.0 83.0 81.7 85.5 96.2 

230 85.5 81.3 79.6 83.0 86.0 91.5 

280 79.6 80.9 75.3 78.7 83.4 85.5 

LONG SECTION 400 mm BEHIND WEIR . VELOCITY mm/s . 

DISTANCE X SECTION, mm FROM START OF WEIR 
·BELOW CREST 

0 200 400 600 800 1000 nm 

' 30 90.7 91.5 89.8 89.8 91.5 94.9 

80 90.7 89.8 88.5 90.7 90.7 96.2 

130 . 89.4 90.2 87.7 88.5 91.9 99.2 

180 89.4 89.0 86.8 88. l 91.5 98.7 

230 86.0 86.0 86.8 86.8 88.1 97.9 

280 79.2 79 .6 82.6 83.4 83.0 86 .o 
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Test No. 12. 

LONG SECTION 500 mm BEHIND t~EIR : VELOCITY rrm/s 

DISTANCE X SECTION, mm FROM START OF WEIR 
BELOW CREST 0 200 400 600 800 1000 mm. 

30 87.3 86.0 86.8 89.0 

80 8a:1 88.5 86.8 89.0 

130 88. l 87.7 88. l 90.2 

180 85.5 86.4 86.4 89.4 

230 81.7 83.0 84.7 86.8 

280 78.7 80.4 81.3 82.1 

LONG SECTION 600 mm BEHIND WEIR . VELOCITY mm/s . 
DISTANCE X SECTION, mm FROM START OF WEIR 
BELOW CREST 

0 200 400 600 800 1000 ITTTI 

30 85.1 85.5 

80 85.1 85.5 

130 86.4 82. 1 

180 85.1 82. l 

230 80.9 81.3 
... --' 

280 77.5 78.7 



I 

Test No. 12. 

LONG SECTION 700 mm BEHIND WEIR : VELOCITY mm/s 

DISTANCE X SECTION, mm FROM START OF WEIR 
BELOW CREST 0 200 

mm. 
400 600 800 1000 

30 68. 1 

80 68~9 

65.5 
.. 

130 

180 59. 1 

230 59.6 

280 37.6 

LONG SECTION mm BEHIND WEIR . VELOCITY mm/s . 
DISTANCE X SECTION, mm FROM START OF WEIR 

·BELOW CREST 
0 200 400 600 800 1000 rrm . 

30 

80 

130 

180 

230 
. ,- ~ .. 

280 

32J 
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Test No. 13. 

LONG SECTION 100 mm BEHIND WEIR : VELOCITY mm/s 

DISTANCE X SECTION, mm FROM START OF WEIR 
BELOW CREST 0 200 

mm. 
400 600 800 1000 

30 117.5 100.0 93.6 85,5 92.4 84.7 

80 110.7 94.5 86.8 80.9 86.4 84.3 . 
130 103.0 88. 1 79.2 79.2 86,4 83.4 

180 100.4 80.9 76.2 77.9 79.6 81.7 

.230 92.8 76.6 66.8 72.4 70.6 80.4 

280 81.3 73.2 63.0 65 .1 71.9 78.7 
-

. 

LONG SECTION 200 mm BEHIND WEIR . VELOCITY mm/s . 
DISTANCE X SECTION, mm FROM START OF WEIR 

·BELOW CREST 
0 200 400 600 800 1000 nm 

30 109.0 103.0 103.4 101.3 103.4 101. 3 

80 109.4 102.2 98.3 100.0 98.7 98.7 

130 101. 7 97.5 94.9 97 .o 99.6 98.3 

180. 98.3 95.8 91.9 96.2 97 .5 101. 3 

230 95.3 92. ff 91.1 95.3 92.4 97.9 .. 

280 86.8 84.3 88.1 92.4 89.4 93.2 
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' Test No. 13. 

LONG SECTION 300 mm BEHIND WEIR: VELOCITY rrrn/s 

DISTANCE X SECTION~ mm FROM START OF WEIR 
BELOW.CREST 0 200 400 600 800 1000 mm. 

30 107.7 103.4 103.4 101.3 103,0 107.3 

80 109~0 103.9 102.6 102.6 103.9 106.0 

130 103.9 103.9 103.0 103.9 102.2 106.4 
-

180 100.9 · 98. 7 98.3 98.7 100.4 107.7 

230 98~7 97°.9 95.8 98.3 96.6 101.7 

280 92.8 90.2 94.5 93.2 92.4 98.7 
-

·LONG SECTION 400 mm BEHIND WEIR . VELOCITY mm/s . 
DISTANCE X SECTION, mm FROM START OF WEIR 

·BELOW CREST 
0 200 400 600 800 1000 nm 

30 103.4 100 .4. 101.7 104.3 104.3 106.0 

80 103.4 100.0 99.2 102.6 104.7 110.2 

130 103.9 l 01. 7 98.7 102.6 103.0 109.4 

180 102.2 97.9 97.9 103.0 102.6 107.7 

230 97.0 95.8 94.9 99.6 100.9 107,3 
.. -

280 89.4 93.2 91. 1 90.2 89.4 101. 3 
-



.. Test No. lJ • 

LONG SECTION 500 mm BEHIND WEIR: VELOCITY rm,/s 

DISTANCE X SECTION, mm FROM START OF WEIR 
BELOW CREST 0 200 

mm. 
400 600 800 1000 

30 98.7 99.6 99.6 100.0 

80 97.0 99.6 98.3 1.00.9 

130 98.3 99.6 98.3 99:2 

180 97.5 98.3 97 .o 100.4 

230 92.4 94. l 93.2 99.2 

280 89.8 93.4 88. l 88.5 

LONG SECTION 600 mm BEHIND WEIR . VELOCITY mm/s . 
DISTANCE X SECTION, mm FROM START OF WEIR 

·BELOW CREST 
0 200 nm 400 600 800 1000 

30 94.5 94. l 

80 92.8 92.4 

130 93.6 92.4 

180 90.2 92.4 

230 86.8 91.1 
~·--

280 80.0 71.9 

-
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Test No. 1). 

LONG SECTION 700 mm BEHIND WEIR: VELOCITY nm/s 

OISTAijCE X SECTION, mm FROM START OF WEIR 
BELOW CREST 0 200 400 600 800 . 1000 

mm. 

30 76.6 

80 74;5 

130 76.6 

180 72.4 

230 60.0 

280 45.2 

LONG SECTION mm BEHIND WEIR . VELOCITY mm/s . 
X SECTION, mm FROM START OF WEIR 

, 
DISTANCE 

·BELOW CREST 
0 200 400 600 800 1000 nm 

30 

80 

130 

180 

230 ...... .. 

280 
... 
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Test No. 16. 

LONG SECTION 100 mm BEHIND WEIR: VELOCITY nm/s 

DISTANCE X SECTION. mm FROM START OF WEIR 
BELOW CREST 0 200 400 600 800 1000 mm. 

30 147.2 126.4 120.0 114. 5 111.5 · 107.3 

80 135.4 122.2 108.5 106.0 l 03.4 101.3 

130 124.7 114.9 106.0 97.0 103.0 109.4 

180 119.6 111. 9 103.4 91.9 94. l 108.2 

230 114. 1 100.0 95.3 86.0 92.8 104.7 

280 l 01. 3 97 .o 76.6 77.9 89.4' 92.8 

LONG SECTION 200 mm BEHIND WEIR . VELOCITY mm/s . 
DISTANCE X SECTION, mm FROM START OF WEIR 

·BELOW CREST 
0 200 400 600 800 1000 nm 

30 139.6 134. 1 128. 1 128.1 131 • 1 124.3 

80 132.8 130.7 125.1 126.8 125.6 123. 9 

130 129.8 129.4 120. 9 124.3 123.9 123.9 

180 126.8 120.9 122.2 120.0 117 .9 116.2 

230 117. 5 110.7 117. 0 112.8 111.9 114.5 

280 99.2 99.2 108.5 110.7 114. 9 114. 5 

-
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Test No. 16. 

LONG SECTION 300 mm BEHIND WEIR: VELOCITY rrrn/s 

DISTA~CE 
X SECTION, · mm FROM START OF WEIR 

BELOW CREST 0 200 400 600 800 1000 mm. 

30 134. 5 133.6 130.7 130.7 130.2 136.6 

80 13l.5 129.4 126.0 127.3 130. 7 136.2 

130 130.7 128.1 124.3 126.8 126.8 131. 9 
-

180 128.5 127.3 117 .o 122.6 124.3 130.2 

230 125.1 119 .6 114.5 115.3 117 .9 126.0 

280 117.5 120.0 110.2 117. 0 109.4 117. 5 

. 
LONG SECTION 400 mm BEHIND WEIR . VELOCITY mm/s . 

DISTANCE X SECTION, mm FROM START OF WEIR 
·BELOW CREST 

0 200 400 600 800 1000 nm 

30 129.4 131. 5 126.8 130.2 131.5 134.5 

80 127.7 129.0 127.3 129.0 132.4 141. 7 

130 127.3 129.0 123.4 128.5 129 .4 141. 3 

180 125. 1 123.9 123.4 116.6 123.0 138.3 

230 119.6 117.0 115.8 115.3 117 .o 129.4 
. 

280 113, 2 112.4 105 .1 104.7 108.5 126.0 
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Test No. 16. 

LONG SECTION 500 mm BEHIND WEIR: VELOCITY rrm/s 

DISTANCE X SECTION, mm FROM START OF WEIR 
BELOW CREST o· 200 400 600 800 . 1000 

mm 

30 125. 1 126.8 125 .6 126.0 

80 122:2 123.0 126.0 126.4 

130 120.9 119. 2 123.9 127.7 

180 117.5 116.6 118. 7 120.0 

230 110. 7 109.8 114. 9 114. 1 

280 104.7 102.6 97.9 106 .8 

LONG SECTION 600 mm BEHIND WEIR . VELOCITY mm/s . 
DISTANCE X SECTION, mm FROM START OF WEIR 
BELOW CREST 

0 200 400 600 800 1000 rrm 

30 115.8 119.6 

80 113.2 120.5 

130 113.6 117 .o 

180 108. l 109.8 

230 97.9 100.9 
. -~· --... -

-
280 95.8 100.4 

.. 

-



·' 

Test No. 16. 

LONG SECTION 700 mm BEHIND WEIR: VELOCITY nm/s 

DISTANCE X SECTION~ mm FROM START OF WEIR 
BELOW CREST 0 200 400 600 800 1000 mm. . 

30 86.4 

80 sa; 1 

130 81.3 

180 71.5 

230 62.6 

280 50.6 

LONG SECTION mm BEHIND WEIR . VELOCITY mm/s . 
DISTANCE X SECTION, mm FROM START OF WEIR 

·BELOW CREST 
0 200 400 600 800 1000 nm 

30 

80 

130 

180 

230 .. _ ....... 
-

280 

JJl 



Test No. 17. 

LONG SECTION 100 mm BEHIND WEIR: VELOCITY nm/s 

DISTANCE X SECTION, mm FROM START OF WEIR 
BELOW CREST 0 200 

mm. 
400 600 800 1000 

30 178.9 147.6 · 139. 2 134.5 137.5 129.4 

80 165". 0 143.8 124.7 118.3 123.4 125.6 

130 156.5 139.2 121. 3 114.5 122.6 131.6 

180 143.8 129. 4 117 .o 105.1 119. 6 133.6 

230 135.4 125.6 105.6 104.7 123.4 134.9 

280 131. 9 117 .o 100.9 99.2 119 .6 133.2 
.. 

LONG SECTION 200 mm BEHIND WEIR . VELOCITY mm/s . 
DISTANCE · X SECTION, mm FROM START OF WEIR 

·BELOW CREST 
0 200 nm 400 600 800 1000 

30 166.9 158.4 151. l 153.8 154.2 151. 9 

80 158.0 154. 6 149.9 151. l 153. 0 151. 9 

130 145.3 143.8 148.0 150.3 150.3 149.6 

180 141.3 138.8 144.9 149.6 149.6 152.3 

230 126. 8 138. 8 · 137. 9 146.9 143.8 150. 3 
-

280 129.8 128. l 134.9 143.4 144.5 148.4 
.. 

~ 
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Test No. 17. 

LONG SECTION 300 mm BEHIND WEIR: VELOCITY ITITl/S 

DISTA~CE X SECTION, mm FROM START OF WEIR 
BELOW CREST 0 200 400 600 800 1000 

mm. 

30 158.8 156.9 152.3 152.6 154.6 163. l 

80 156'.5 156.9 153. 0 150.7 153.0 162,3 

130 153.4 151. 5 152. 6 149.9 152.3 158.8 

180 146.9 151.1 150. 3 149.9 151. l 154 .2 

230 140.5 145 .• 3 148.4 146.9 148.8 152.3 

280 137.9 137. 1 148.4 144.5 138,8 151. 1 
-

LONG SECTION 400 mm BEHIND WEIR . VELOCITY mm/s . 
DISTANCE X SECTION, mm FROM START OF WEIR 

-BELOW CREST 
0 200 400 600 800 1000 nm 

30 153.4 152.3 150. 7 149.6 156.5 165.4 

80 153.8 151. 5 149.6 149.6 154 .. 2 158.4 

130 147.6 148.4 143.4 146.9 150.7 155. 7 

180 145.7 147 .6 144.5 140.0 148.5 153.0 

230 147. 2 148.8 141. 7 136.6 146.5 146 .1 
-

280 144.2 140.0 140.9 133.2 133.2 131. 1 
~ 



Test No. 17. 

LONG SECTION 500 mm BEHIND WEIR : VELOCITY rrm/s 

DISTANCE X SECTION~ mm FROM START OF WEIR 
BELOW CREST 0 200 400 600 800 1000 

mm. 

30 148.8 146.5 144. 9 152.6 

80 146.5 143.8 146 .1 149.2 

130 144.9 146.5 144. 5 144.5 

' 180 144.5 142.2 140. 5 138.8 

230 140.5 133.6 134. 5 139. 2 

280 140.9 133.6 126.0 124.3 

LONG SECTION 600 mm BEHIND WEIR . VELOCITY mm/s . 
DISTANCE X SECTION, mm FROM START OF WEIR 
BELOW CREST 

0 200 400 600 800 1000 11111 

30 139.2 142.2 

80 134.5 138.8 

130 134.5 135.8 

180 134.1 134. 9 

230 134. l 123.4 
---.. 

280 123.4 124.7 



_, 

Test No. 17, 

LONG SECTION 700 mm BEHIND WEIR : VELOCITY mn/s 

DISTANCE X SECTION. mm FROM START OF WEIR 
BELOW CREST 0 200 400 600 800 1000 mm_ 

30 101. 7 

80 l 01. 7 

130 _ 89.4 

180 80.0 

230 76.6 

280 46. l 

LONG SECTION mm BEHIND WEIR • VELOCITY mm/s . 
DISTANCE X SECTION, mm FROM START OF WEIR 

-BELOW CREST 
0 200 400 600 800 1000 rrrn 

30 

80 

130 

180 

230 -- -,,, 

280 



Test No. 21. 

LONG SECTION 100 mm BEHIND WEIR : VELOCITY nm/s 

DISTANCE X SECTION, mm FROM START OF WEIR 
BELOW CREST 0 200 400 600 800 1000 

mm. 

30 137.89 113.63 105 • .5'+ 102.14 97.88 90.22 

80 129.38 113.63 102.99 93.20 86.39 73.62 

130 125.97 113,20 97.45 91.49 79.58 68.93 

180 125.55 109.80 94.90 80.85 79.15 76.17 

230 118.31 97.03 91.49 68.51 72.34 68.08 

280 103.84 95.33 80.43 69.36 64.25 73.62 

-

· LONG SECTION 200 mm BEHIND WEIR • VELOCITY mm/s . 
DISTANCE X SECTION, mm FROM START OF WEIR 

·BELOW CREST 
0 200 400 600 800 1000 rrrn 

30 117.89 111.50 110.22 111.50 110.65 lo6.J9 

80 117.46 110.22 108.10 105.12 105.12 102.99 

130 111.08 108.95 102.14 104.69 97.03 95.75 

180 102.99 99.58 100.86 88.94 98.73 100.01 

230 94.47 85.96 80.85 88.51 93.20 99.16 

280 84.26 78,30 71.49 90.64 97.03 93.20 
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Test No. 21. 

LONG SECTION JOO mm BEHIND WEIR: VELOCITY rrrn/s 

DISTANCE X SECTION, mm FROM START OF WEIR 
BELOW CREST 0 200 400 600 800 1000 

mm. 

30 114.91 114.48 111.93 116.18 114.05 114.48 

80 111~93 113.20 110.22 1o8.95 113.20 114.91 

130 107.67 109.37 109.37 109.37 109.37 114.48 

180 103.84 100.86 101.71 104.69 108.52 110.22 

230 97.88 102.14 lOJ.41 1c6.39 105.12 1c6.J9 

280 89.79 88.51 95.75 96.18 1o6.82 lo6.J9 

LONG SECTION 400 mm BEHIND WEIR . VELOCITY mm/s . 
DISTANCE X SECTION, mm FROM START OF WEIR 

·BELOW CREST 
0 200 400 600 800 nm 1000 

30 116.61 112.78 116.18 114.05 114.48 120.87 

80 109.37 110.22 112.35 109.37 117.46 121.29 

130 105.97 - 109.80 110.22 111.50 114.91 120.87 

180 105.97 102.99 105.97 111.50 110.65 117.89 

230 102.99 98,Jl 105.12 104.69 105.12 114,91 

280 
97.45 97.03 lOJ.41 104.69 106.39 114.0.5 
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Test No. 21. · 

LONG SECTION 500 mm BEHIND WEIR : VELOCITY mm/s 

DISTANCE X SECTION, mm FROM START OF WEIR 
BELOW CREST 0 200 400 600 800 1000 

mm. 

30 109.J7 111.9:3 104.69 112.35 1o8.10 114.91 

80 11Lo8 109.80 113.63 111.93 114.91 117.46 

130 lo'+.69 1o8.52 110.65 112.78 112.78 121.29 

180 lOJ.41 108.95 109.37 111.93 114.05 120.87 

230 100.86 ld+.26 105 • ..54 111.50 114.05 · 119.16 

280 96.18 lo'+.69 lOJ.41 108.10 107.24 1o8.52 

LONG SECTION 600. mm BEHIND WEIR . VELOCITY mm/s . 
DISTANCE X SECTION, mm FROM START OF WEIR 

·BELOW CREST 
0 200 400 nm 600 800 1000 

30 103.84 107.67 105.12 

80 106.82 108 • .52 109.37 

130 lOJ.41 108.95 106.82 

180 ioo.86 107.67 106.39 

230 102.99 105 • ..54 lCY+.69 
--~· -

280 99.58 105.12 98.Jl . --

. 
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Test No. 21. 

LONG SECTION 700 mm BEHIND WEIR : VELOCITY rrrn/s 

DISTANCE X SECTION, mm FROM START OF WEIR 
BELOW.CREST I 

400 0 200 600 800 1000 
mm. 

30 90.64 

80 91'.92 
. 

130 92.35 

180 80.4J 

230 78.72 

280 67.66 

LONG SECTION mm BEHIND WEIR . VELOCITY mm/s . 
DISTANCE X SECTION, mm FROM START OF WEIR 
BELOW CREST 

0 200 400 600 800 1000 nm 

30 

80 

130 
• 
180 

. 
230 

-·-.. 

280 • 
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Test No. 23. 

LONG SECTION 100 mm BEHIND WEIR: VELOCITY mm/s 

DISTANCE X SECTION, mm FROM START OF WEIR 
BELOW CREST 0 200 400 600 800 1000 

mm. . 
30 148.40 1J2.J6 122.99 127.25 118.Jl 113.63 

80 145~31 125.55 123.85 117,0J lOJ.41 96.18 

130 137.47 124.70 120.44 114.48 l00.4J 99.58 

180 132.36 120.44 111.08 108.10 97,45 91.49 

230 119.16 111.93 109.37 98.73 84.26 99.16 

280 105.12 101.28 102.14 85.11 85.11 94.90 

-

.--. 

LONG SECTION 200 mm BEHIND WEIR . VELOCITY mm/s . 
DISTANCE X SECTION, mm FROM START OF WEIR 

·BELOW CREST 
0 200 nm 400 600 800 1000 

30 146.86 141.72 137.47 lJJ.64 140.45 136.19 

80 144.16 140.87 1J6.19 130.66 126.40 137.0'+ 

130 137.89 138.32 124.27 128 • .53 127.68 131 • .51 

180 128.10 124.27 118.74 12).8.5 127.25 132.78 

230 119 • .59 122.14 110.65 121.72 122.99 127.25 

280 116.61 lOJ.84 107.24 116.18 121.72 126.82 

• 



Test No. 2J. 

LONG SECTION JOO mm BEHIND WEIR: VELOCITY rrm/s 

DISTANCE X SECTION, mm FROM START OF WEIR 
BELOW.CREST 0 200 400 600 800 1000 

mm. 

30 145.31 144 • .54 14).00 146.47 144.16 145.70 

80 143.39 141.JO 139.59 139.17 143.77 144.93 

130 1J4.06 139.17 1J4.91 138.74 139.17 142.57 

180 127.68 128.95 1J5,J4 135.76 1J4.o6 141,72 

230 125,97 122.99 131.93 135.76 137.47 137.89 

280 122.14 131.o9 124. 70 129.80 132.36 i.31.93 

LONG SECTION 400 mm BEHIND WEIR . VELOCITY mm/s . 
DISTANCE X SECTION, mm FROM START OF WEIR 

·BELOH CREST 
0 200 400 600 nm 800 1000 

30 142.57 139.17 141.30 140.02 142,15 148,79 

80 140.87 140.45 137,89 140.45 143,39 146.86 

130 · 137.47 137.47 138.32 142.15 142.15 146.86 

180 135.76 135.76 137.0'+ 1J4.06 140.45 145.70 

230 1J4.91 1J4.49 135.34 135.76 132.78 136.19 

280 1J4.91 133.64 131.51 133.21 130.23 139.59 
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Test No. 23. 

LONG SECTION 500 mm BEHIND WEIR: VELOCITY rrm/s 

DISTANCE X SECTION, mm FROM START OF WEIR . 
BELOW CREST 0 200 400 600 800 1000 

mm. . . 

30 137.o'+ 137.0'+ 140.02 141.72 143.39 143.39 

80 1)4·.49 136.62 132.78 140.87 144.16 148.40 

130 130.66 136.19 133.21 137.89 138.32 143.77 

180 131.93 132.78 132.,78 137.89 135.76 136.62 

230 131.08 131.51 128.95 130.23 128.10 lJJ.64 

280 127.68 12.5 • .55 123.8.5 119.16 120.01 124.70 

LONG SECTION 600 mm BEHIND WEIR . VELOCITY mm/s . 
DISTANCE X SECTION, mm FROM START OF WEIR 

·BELOW CREST 
0 200 400 nm 600 800 1000 

30 130.66 129.80, 137.0'+ 

80 126.82 1)4.49 135.J4 

130 126.82 133.64 135.34 

180 125.55 128.10 132.36 

230 123.85 122,99 119.59 
-·· 

280 111.oa 115.76 102.99 
-



Test No. 23. 

LONG SECTION 700 mm BEHIND WEIR: VELOCITY mn/s 

DISTANCE X SECTION, mm FROM START OF WEIR 
BELOW CREST 0 200 400 600 800 1000 

mm. 

30 96.60 

80 97.·03 

130 97.03 

180 85.96 

230 67.66 

280 62.55 

LONG SECTION mm BEHIND. WEIR . VELOCITY mm/s . 
DISTANCE X SECTION, mm FROM START OF WEIR 
BELOW CREST 

0 200 400 600 800 1000 nm 

30 

80 

130 

180 
.. 

230 
_ .... -

280 
-

. :343 



Test No. 25. 

LONG SECTION 100 mm BEHIND WEIR: VELOCITY 1m1/s 

OISTA~CE X SECTION, mm FROM START OF WEIR 
BELOW CREST 0 200 400 600 800 1000 

mm. 

30 188,89 168.45 159.58 1.50.33 146.47 122,14 

80 177~32 162.67 153.80 136.62 139,59 111,50 

130 172,31 164.60 159.58 1.51,48 147.63 127.68 

180 165,75 167,68 160.74 145.31 144 • .54 119.16 

230 161.13 167,30 165.75 158,04 137,89 120.87 

280 157.27 156.11 1.50.71 137,89 114.0.5 110.6.5 
-

LONG SECTION 200 mm BEHIND WEIR . VELOCITY mm/s . 
DISTANCE X SECTION, mm FROM START OF WEIR 

·BELOW CREST 
0 200 400 rrrn 600 800 1000 

30 181.9.5 173,85 165.37 162.67 162.28 160,74 

80 169.61 167,68 158,04 1.5.5.73 149.56 151.87 

130 162.28 168.07 152.26 144.93 147,24 147.63 

.. 180 1.58.43 1.55,73 14J,OO 142,1.5 140.87 146.09 

230 151,10 14).77 13),64 1)4.49 141-1-. 93 161.13 

280 136.19 127.68 128.95 118.Jl 151.87 164.21 

. ~ 



Test No. 25. 

LONG SECTION JOO mm BEHIND WEIR: VELOCITY rrm/s 

DISTAijCE X SECTION, mm FROM START OF WEIR 
BELOW CREST 0 200 mm. 400 600 800 1000 

30 178.10 172.70 174.24 172.70 176.17 180.02 

80 170.38 170.00 168.45 168.07 167.68 180.41 

130 153.80 1.54.96 155.JI+ 156.88 161.lJ 171.15 

180 153.41 151.10 156.88 163.83 167.30 168.07 

230 151.48 161.51 162.28 161.13 165.75 178.10 

280 147.63 144.16 156.88 1,58.4J 166.91 177.71 

LONG SECTION 400 mm BEHIND WEIR . VELOCITY mm/s . 
DISTANCE X SECTION, mm FROM START OF WEIR 
BELOW C~EST 

0 200 400 600 . 800 1000 nm 

30 172.70 173.47 171.93 178.10 182.72 187.74 

80 168.45 171.54 171.93 174.24 175.01 184.27 

130 163.05 168.07 172.70 173.8.5 175.40 18,J.11 

180 156.50 167.30 168.07 172.70 177.71 180.80 

230 156.11 16J.8J 165.75 166.53 176.94 187.74 
.. 

· 280 163.05 163.44 166.91 170.38 169.61 180.80 

. Y+.s. 



Test No. 2.5. 

LONG SECTION .500 mm BEHIND WEIR: VELOCITY nm/s 

DISTANCE X SECTION, mm FROM START OF WEIR 
BELOW CREST 0 200 400 600 800 1000 

mm. 

30 171.15 175.01 178.48 181.95 184.6.5 18.5.81 

80 174.62 174.62 178.10 181.9.5 181.95 189.67 

130 166.91 174.24 171.93 178.87 182.J4 190.44 

180 164.98 170.00 174.62 173.85 181.18 180.80 

230 158.81 170.00 178.10 171.93 174.62 18.5.~ 

280 157.66 164.21 173.47 163.44 164.60 161.13 

LONG SECTION 600 mm BEHIND WEIR . VELOCITY mm/s . 
DISTANCE X SECTION, mm FROM START OF WEIR 
BELOW CREST 

0 200 400 nm 600 800 1000 

30 171.15 175.40 174.24 

80 174.62 174.62 176.94 

130 169.23 175.40 170.00 

180 164.60 177.32 171.15 

230 16.5.74 175.78 159.20 
--

146.47 
.. 

280 1.55.J4 151.87 
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Test No. 25. 

LONG SECTION 700 mm BEHIND WEIR: VELOCITY rrm/s 

DISTA~CE X SECTION, mm FROM START OF WEIR 
BELOW CREST 0 200 · 400 600 800 1000 mm. 

30 132.78 

80 13'7.d+ 

130 129.38 

180 120.44 

230 lOJ.41 
, 

85.11 280 
-

LONG SECTION mm BEHIND WEIR . VELOCITY mm/s . 

DISTANCE X SECTION, mm FROM START OF WEIR 
·BELOW CREST 

0 200 nm 400 600 800 1000 

30 

80 

130 

180 ' 

230 
.. --· 

280 .. 

.. 
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Test No. 27. 

LONG SECTION 100 mm BEHIND WEIR : VELOCITY mm/s 

DISTANCE X SECTION, mm FROM START OF WEIR 
BELOW CREST 0 200 400 600 800 1000 

mm. 

30 215.89 199.31 185.d+ 179.64 172.31 145,31 

80 210.49 196.99 182.72 168.45 165.37 149.56 

130 196,61 194.29 180.41 163.0.5 161.13 140.02 

180 195.07 191.21 180.80 166.14 1.50.33 137.89 

230 186.97 180.02 175.01 157.66 142 • .57 135.76 

280 181.18 178,48 173.08 151.87 133,64 139.17 

LONG SECTION 200 mm BEHIND WEIR . VELOCITY mm/s . 
DISTANCE X SECTION, mm FROM START OF WEIR 

·BELOW CREST 
0 200 400 nm 600 800 1000 

30 208.18 198.92 192.37 190.82 193 • .52 197.38 

80 190.05 192.37 185.81 183,11 182.72 188.89 

130 184.65 173.47 158.43 18,5.81 181 • .57 176 • .5.5 

180 170.77 174.24 170.77 174.62 169.23 177.71 

230 
168.84 1.51.87 163.44 166.14 171.1.5 175.40 

280 
14.5.70 150.33 160.74 170.00 169.23 174.62 
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Test No. 27. 

LONG SECTION JOO mm BEHIND WEIR: VELOCITY nm/s 

DISTANCE X SECTION, mm FROM START OF WEIR 
BELOW CREST 0 200 400 600 800 1000 mm. 

30 198.92 196.99 196.22 191.21 189.67 200.8.5 

80 19.5.07 187.3.5 178.87 182.72 189.28 194.29 

130 176.5.5 17.5.78 178.87 186.19 186.19 188.89 
. 

180 175.78 168.07 178.48 173.8.5 180.02 189.28 

230 170.77 163.83 166.91 168.07 17.5.40 182. 72 . 

280 1.58,4.3 162.28 165.37 168.07 181.18 182.J4 

-

LONG SECTION 400 mm BEHIND WEIR . VELOCITY mm/s . 
DISTANCE X SECTION, mm FROM START OF WEIR 

·BELOW CREST 
0 200 400 nm 600 800 1000 

30 194.29 191.21 193.52 193.14 196.22 208.9.5 

80 190,05 189.67 189,28 196.22 196.61 20'+.32 

130 183 • .50 186.19 186.97 191.98 182.72 205.86 

180 173.08 179,25 - 186 • .58 181.18 18,5.81 199,Jl 

230 17.3.08 173.08 171 • .54 179.64 188.12 197/38 

280 172.31 169.61 170.38 179.64 187.74 189.28 

. 



Test No. 27 •. 

LONG SECTION· 500 mm BEHIND WEIR: VELOCITY nm/s 

DISTA~CE X SECTION, mm FROM START OF WEIR 
BELOW CREST 0 200 400 600 800 1000 

mm. 

30 190.82 192.J7 196.61 191.98 196.99 200.os 

80 184.65 195.07 186.97 196.22 196.22 209. 72 

130 17.5.78 178.48 180.02 193.52 195.84 201.62 

180 170.38 179.64 176.17 191.21 190.05 19'4-.29 

230 161.90 170.38 179.64 181.57 188.89 181.18 

280 168.45 174.62 178.48 177 • .32 175.40 169.61 

LONG SECTION 600 mm BEHIND WEIR . VELOCITY mm/s . 
DISTANCE X SECTION, mm FROM START OF WEIR 

·BELOW CREST 
0 200 nm 400 600 800 1000 

30 185.81 192.75 190.05 

80 178.10 186.19 189.28 

130 170.00 180.80 183.88 

180 169.61 182.72 178.48 

230 170.00 177.71 180.41 
.. 

280 172.31 161.90 144.93 
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Test No. 27. 

LONG SECTION 700 mm BEHIND WEIR: VELOCITY mm/s 

DISTA~CE X SECTION, mm FROM START OF WEIR 
BELOW CREST 0 200 

mm. 
400 600 800 1000 

30 161.90 

80 1.50~33 

130 141.72 
. 

180 128.95 

230 115.76 

280 97.45 
-

LONG SECTION mm BEHIND WEIR . VELOCITY mm/s . 
DISTANCE X SECTION, mm FROM START OF WEIR 

·BELOW CREST 
0 200 nm 400 600 800 1000 

30 

80 

130 

180 

230 
.. -.. •· 

280 
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(c) Details of the Method of Computing o< and f3 Values • 
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v.1 Velocity energy coefficients o<' and momentum flux 

correction factors fare used to allow for the effects of non

uniform velocity distribution when computing values of velocity 

energy and momentum flux. They are defined by the following 

equations, 

• •• 

and 

• •• 

Similarly 

c;,( • 

o( -

Q ... 

V -
c( -

= J ½ f'UJ • dA 
A 

fu3 • dA 
A 2 

Qv 

f u. dA 
A 

Q/A 

A2j u3 • dA 
A 

(ju 
A 

= 

• dA)3 

{eu2 
dA 

A j u2 • dA 
A 

( f u • dA)2 
A 

•••••••••••• (v.1) 

.~••••••••••(V.2) 

v.2 Calculation of ~ • 

Values of~ were initially computed using a graphical 

.method., as described below, for each cross-section at which velocity 

traverses were made. 

( 
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For each vertical section values of u were plotted 

against y (Figs. 6.2 to 6.6 are examples). The area contained by 

the distribution curve of u was denoted Area 1 (Fig. V.1). 

u 

Fig. V .1 

Vertical Distribution of u • 

. 

y 

krea 1 • J u • dy 
0 

Velocity distributions were plotted and Area 1 values 

measured at each vertical section alon~ a cross-section, The 

cross-sectional distribution of Area 1 values was then plotted 

(Fig. V .2), 

Area 2 

b Fig. v.2 
Cross-sectional Distribution of Area 1, 

• Ju, dA 

A 

---



"'· 

The area under this curve was denoted Area 2 and is 

equal to Ju. dA. Values of u2 were then computed and a similar 
A 

exercise undertaken with distributions of u2 with y, the two areas 

now being denoted Area J and Area 4. By a similar argument Area 4 • 

Ju
2 • dA. 

A 
The cross-sectional area of flow, A, was obtained by 

plotting the head measurements across the section, and~ was 

calculated from 

A. Area 4 

(Area 2)2 
•••••••••••••• (v.J) 

An example of the method is given in Table V.l below. 

TABLE v.1 
Computed Values of Momentum Flux Correction Factor (3 

Reading No. 2 Cross-section O mm 

Distance be- Area 1 Area 1 Area 2 Area 2 
hind weir Graph 

m2/s 
Computed 2 Graph J~ 2 Computed mJ /s2 

m /s m s 
mm x10- x10-J 

100 0.03184 o.033d+ 2.9318 J.0448 

200 0.03212 0.03267 2.8612 2.9216 

JOO 0.0.3573 0.03571 3.3260 3.3986 

400 O.OJ,544 0.03527 3.29.32 3.3203 

500 0.02909 0.02892 2.2102 2.2230 

600 0.03325 o.03y+o 2.9296 2.9653 

cross-section Area 2 Area 2 Area 4 4~ Area 4 4~ 2 m s m s 
Area 2 Graph m3/s ComputedmJ/s Graphxio- Compute~10_ 

m 

0.02839 0.02419 0.02439 2.1530 2.1916 

?>araph 
= 1.d+5 ~Computed 

... 1.o'+6·-

· 355 



It was found, however, that this method became 

tedious when applied to all the velocity traverse readings. A 

numerical method was therefore developed by approximating the 

velocity distribution and the other graphs to stepped distributions. 

An example is shown below for a typical velocity distribution. 

Fig. V.3 Stepped Approximation to 

. Velocity Distrl bution Curve 

3.56. 



Thus, 

•••••••••••••• (v.5) 

Similar approximations were made for Areas 2 to 6. 

Values off, and o(, were then calculated using equations (V .J) and 

(V.4) respectively, using the computed values of the Areas. Since 

the method only involves the use of simple numerical expressions it 

can be readily programmed for computation by a digital computer. A 
,. 

Hewlett Packard desk top computer was used to perform the computations, 

and Table V.l also contains the computed values of Areas 1, 2, J and 

4, andp , for comparison with the graphical values,, There is clearly 

very little difference between the two sets of results, the values 

off being virtually identical. 

The computed values of o<. and p are given in Table 6.2 

and plotted in Figure 6.7. 

--,. ~-
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APPENDIX VI 

Error Analysis for the Coefficient of Discharge. 

.--. -·· 
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VI.l Analysis of the.Possible Error in Measured CD-=values due 

to the Possible Errors in Scale Readings~ 

• For a typical reading in the centre of the range, 

Head above crest, h 

Side spill stage, H 

Length of Weir, L 

.. 0.03496 t 0.0001 m 

= 9.33 ± 0.01 cm 

= 1.1072 : 0.001 m 

11:t 

;. Proportional error in CD = 

Now, from the calibration data for the side spill channel, 

Qw = O.OOOJ74 H 1.6116 

:. ~ = 1.6116 !lli,_ 
Qw H 

{(1,6116 ~) 2 
+ {f') 2 

+. (1,5 ~) 2} 
½ 

= {
/)..6116. 0.01)

2 
+(0.001 )

2 
+(1.5. 0.0001)

2}½ 
\ 9.JJ 1.1072 0.03496 

= 

or 

:t- o.Od+7 

±~' ------

· 359 . 



.. . 

APPENDIX VII 

Results of the Main Experimental Investigation. 

(a) Depth and Dishcarge Measurements. 

(b) Longitudinal Surface Profiles. 

{c) Transverse Surface Profiles. 

--
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(a) Depth and Discharge Measurements. 

--~---
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S~RITICAL FLOW PROFILES EXCEPT WHERE STATED. 

Weir No. 1. Channel Width-= 0.1016 m Crest Height =80.0 mm Weir Length= o.6096m 

TEST UPSTREAM SIDE SPILL 
DEPTH AT 

BED SLOPE DOWNSTREAM DEPTH AT 428 mm 
VISCOCITY REMARKS 

No. DISCHARGE DISCHARGE DISCHARGE UPSTREAM DOWNSTREAM -6 
01 l/1 Ow ,,. 

02 
,,. ENDOFWEIR OF WEIR '# 10 ltg/m• 

y1 """ Y3 .. m 

15 6.59 . 4.)1 2.28 95.4 112.0 0.963 Horizontal Downstream sluice open 
25.4mm .. 

16 5.94 3.74 2.20 94.9 108.7 0.957 Horizontal " " II ·, 

17 5.)4 3.18 2.16 93.8 105.1 0.955 Horizontal " " " 
18 4.63 2.53 2.10 92.4 100.9 0.953 Horizontal " II " 
19 4.19 . 2.13 2.o6 91.1 98.1 0.951 Horizontal " " " 

\.J 
~ 20 3.53 1.90 1.63 91.1 95.6 0.967 Horizontal Downstream sluice open 

19.lnuu 
: 

21 4.27 2.62 1.65 93.3 100.J 0.964 Horizontal " " " 
22 4.56 2.90 1.66 94.1 101.8 0.962 Horizontal .. " " 
23 5.40 J.69 1.71 95.9 lo6.6 0.962 Horizontal II " .. 
24 5.94 4.21 1.73 97.1 109.9 0.960 Horizontal " " " 
25 6.43 4.68 1.75 97.2 112.7 0.951 - Horizontal " " " 
26 7.02 5.24 1.78. 97.9 115.8 0.951 Horizontal " " .. 
27 7.46 5.67 1.79 99.5 119.2 0.951 Horizontal " " " 
28 6.66 5.43 1.23 100.2 114.9 1.012 Horizontal Downstream sluice open 

'· 12.7mm 



SUBCRITICAL FLOW PROFILES EXCEPT WHERE STATED 

Weir No. 1. Channel Width= 0.1016 m Crest Height =80.0 mm Weir Length= o.6096m 

SIDE SPlll 
DEPTH AT 

BED SLOPE REMARKS TEST UPSTREAM DOWNSTREAM DEPTH AT 428 VISCOCITY 
mm 

No. DISCHARGE DISCHARGE DISCHARGE UPSTREAM DOWNSTREAM -6 
01 I/• o. .,. 02 1/s END OF WEIR OF WEIR y lo kg/m• 

y1 mm 
Y3 ..... 

29 5.99 4.81 1.18 99.1 111.4 1.007 Horizontal Downstream sluice open 
12.7mm 

30 5.34 4.20 1.14 97.8 108.0 0.997 Horizontal " " •• 

31 4.70 3.60 1.10 96.8 103.6 0.997 Horizontal " " " 
32 3.88 2.79 1.09 94.5 99.9 0.992 Horizontal " " " 
:n J.02 1.92 1.10 91.6 94.9 0.988 Horizontal " " " 

\,,) 34 2.19 1.82 0.37 91.7 93.3 1.022 Horizontal Downstream weir 
~ 35 2.93 2.44 o.49 93.9 96.9 1.017 Horizontal " " 

36 J.69 J.08 0.61 95.9 100.6 1.009 Horizontal " " 
37 4.J8 J.64 0.74 97.2 l~.O 1.009 Horizontal " " 
J8 5.54 4.49 1.05 98.7 109.3 1.007 Horizontal .. .. 
39 6.49 5.11 1.38 99.4 113.7 0.995 Horizontal .. " 
40 7.61 5.95 1.66 99.9 119.6 0.997 Horizontal - " 
41 J.46 1.84 1.62 88.7 101.3 0.921 0.00759 Downstream sluice open 

19.1mm 

42 4.JJ 2.70 1.63 91.5 1o6.6 0.915 0.00758 " " " 
\ 



. . 
SUBCRITICAL FLOW PROFILES EXCEPT WERE STATED 

Weir No. 1. Channel Width .. 0.1016 m Crest Height :80.0 mm Weir Length =0.6096 m 

TEST UPSTREAM SIDE SPILL 
DEPTH AT 

BED SLOPE DOWNSTREAM DEPTH AT 428 mm 
VISCOCITY REMARKS 

No. DISCHARGE DISCHARGE DISCHARGE UPSTREAM DOWNSTREAM -6 
01 I/• o. I/• 02 

,,. ENDOFWEIR OF WEIR '110 kg/m• 

y1 mm 
Y3 "'"' 

·- 43 5.33 _3.67 1.66 93.9 112.5 0.913 0.00758 Downstream sluice open 
19.1mm 

44 6.21 4.47 1.74 95.4 117.7 0.909 0.00758 " " " 
45 6.50 4.71 1.79 95.6 119.4 o.889 0.00753 " " .. 
46 7.50 5.67 1.83 95.7 125.7 0.881 0.00758 .. " " 

48 5.86 4.75 1.11 97.2 117.4 0.870 0.00758 Downstream weir 

Lo> 49 5.20 4.32 o.88 96.6 114.o o.868 0.00758 " " 
~ 50 4.56 3.85 0.71 95.9 111.J o.868 0.00758 " " 

51 J.77 J.24 0.53 94.6 107.7 o.866 0.00758 " " 

52 J.o6 . 2.62 o.44 92.8 1d+.1 o.866 0.00758 It " 

53 2.60 2.23 0.37 91.6 101.7 o.864 0.00758 " " 

:A lJ.42 2.39 11.0J 111.9 85.3+ o.862 0.00758 Supercritical flow 

55 7.58 5.82 1.76 98.8 122.6 0.909 0.00379 Downstream sluice open 
19.1mm 

.56 6 • .56 4.8J l.7J 97.2 116.8 0.901 0.00379 " " " 

57 5.77 4.14 1.6J 96.2 112.2 0.895 0.00379 It " " 
' ' 

+ Depth at downstream e~d of weir, -, 2 , mm. 



SUBCRITICAL FLCM PROFILES EXCEPT WHERE STATED 

Weir No. 1. Channel Width .. 0.1016 m Crest Height = 80.0 mm Weir Length= o.609fu 

TEST UPSTREAM SIDE SPILL 
DEPTH AT 

BED SLOPE DOWNSTREAM DEPTH AT 428 VISCOCITY REMARKS 

""" No. DISCHARGE DISCHARGE DISCHARGE UPSTREAM DOWNSTREAM -6 
01 ,,. a. ,,. 

Q2 l/1 END OF WEIR OF WEIR V 10 kg/m1 

'1 mm 
1'3 ll'ffl 

58 4.8) · 3.17 1.66 94.5 106.7 0.893 0.00379 Downstream sluice open 
19.1mm 

59 4.07 2.46 1.61 92.5 102.2 o.889 0.00379 " " " 
60 3.33 1.80 1.53 89.7 97.5 0.885 0.00379 " .. " 
61 14.25 2.59 11.66 115.0 85.4+ 1.o84 0.00379 Supercritical flow 

\,.) • 
8: 

I 

: 

\ 

' 
I 

' 
, + Depth at downstrea.."ll end of weir, y 2, m.11. 



\..) 

°' °' 

SUECRITICAL FLOW PROFILES. 

Weir No. 2. Channel Width.., 0.1016 ,,:_ Crest Height =118.0 mm 

TEST UPSTREAM SIDE SPILL 
DEPTH AT 

DOWNSTREAM DEPTH AT 428 mm 
VISCOCITY 

No. DISCHARGE DISCHA~E DISCHARGE UPSTREAM DOWNSTREAM -6 
01 1/s a. I/a 02 

,,. END OF WEIR OF WEIR Y 10 kg/ms 

'1 
mm 

Y3 "'m 

62 3.68 . 1.85 1.83 129.0 134.5 1.0..54 

63 3.95 2.07 1.88 129.9 135.9 1.087 
64 4.95 3.05 1.90 lJJ.6 141.2 1.071 

65 6.02 4.07 1.95 136.9 146.3 1.o65 
66 6.79 4.80 1.99 138.9 149.9 1.o60 

67 7.31 .5.32 1.99 140.4 1.52.3 1. 050 

68 7.74 5.71 2.03 141.5 1_54.4 l.Od+ 

69 . 9.83 7.79 2.0l 145.8 163.2 1.002 

70 8.44 6.42 2.02 143.2 1.57.8 1.044 

l 

\ 

Weir Length= 0.6096m 

BED SLOPE REMARKS 

0.00379 Downstream sluice open 
19.1mm 

0.00379 " " .. 
0.00379 " " " 
0.00379 " " .. 
0.00379 " " " 
0.00379 " " " 
0.00379 " .. " 
0.00379 " " " 
0.00379 " " •• 

. 



SUPERCRITICAL FLOH PROFILES. 

Weir No .. J. Channel Width ... 0.1016 m Crest Height = 36.0 mm Weir Length= 0.6096m 

TEST UPSTltEAM SIDE SPILL DOWNSTREAM DEl'TH AT DEPTH AT VISCOCITY BED SlOPE REMARKS 

No. DISCHARGE DISCHARGE DISCHARGE UPSTREAM DOWNSTREAM -6 
01 l/1 0. l/1 02 l/1 END Of WEIR END OF WEIR y)_Q kg/ma 

y1 nun Y2 mm 

71 13.20 . 6.20 7.00 105.0 46.2 1.123 Horizontal Upstream.flow subcritical 
72 11.69 5.24 6.45 98.0 44.7 1.129 Horizontal .. .. .. 
73 10:03 4.15. 5.88 90.5 42.7 1.121 Horizontal " " " 
74 8.03 2~91 5.12 79.2 41.6 1.112 Horizontal " .. " 
75 9.37 · 3.74 ·5.63 86.6 42.6 1.098 Horizontal II " " 
76 10.86 4.77 6.09 94.7 43.6 1.092 Horizontal .. .. " 

\,.,) 

~ 77 12~64 5.63 7._01 96.2 47.0 1.1)5 Horizontal Upstream flow supercritical 
sluice open_ll6mm 

I 

78 3:2.59 4.64 · 7.95 - 80.7 48.1 1.117 Horlzontal Upstrea~ flow supercritical 
sluice open 98mm 

79 12.53 J.69 8.84 69.9 49.0 1.109 Horizontal Upstream flow supercritical 
sluice open 8lr • .5mm 

132 13.82 6.37 7.45 lo6.7 46.o 1.oo4 0.00376 Upstream flow subcrltical 
lJJ lJ.11 5.98 7.13 102.8 46.o 1.035 0.00376 .. " " 
1_34 12.25 5.43 6.82 99.4 45.2 1.017 0.00376 .. " .. 
135 11.42 4.86 6.,56 95.7 44.o 0.960 0.00376 .. .. " 
136 I 10.41 4.21 6.20 90.5 4J.1 1.076 0.00J76 " " " 



SUPERCRITICAL FLOW· PROFILES ' 

Weir No. J. Channel Width.,. 0.1016 m Crest Height = J6.o mm Weir Length= 0.6096m 

TEST UPSTREAM SIDE SPlll DOWNSTREAM DEPTH AT DEPTH AT VISCOCITY BED SlOPE REMARKS 

No. DISCHARGE DISCHARGE DISCHARGE UPSTREAM DOWNSTREAM -6 
01 ,,. ow ,,. 

02 
,,. ENDOFWEIR ENO OF WEIR vlO kg/m• 

y1 mrn Y2 ftlffl 

137 9.47 3.63 5.84- 85.5 42.5 1.055 0.00376 Upstream flow subcritical 
138 12.63 5.14 7.49 89.0 46.6 1.032 0.00376 Upstream flow supercritical 

. sluice open 116mm • 
139 12.52 4.24 8.28 76.2 47.7 1.022 0.00376_ Upstream flow supercritical 

sluice open 98mm. 
140 12.60 'J;J2 9.28 68.0 48.o 1.017 0.00376 Upstream flow supercritical 

sluice open 84-.5mm. 

& 
141 14.-01 6.23 7.78 105.5 47.2 1.06) o.oo694 Upstream flow subcritical 
142 13.27 5.-81 7.46 lOJ.O 46.7 .1.di-2 o.00694 " " " 
14) 12.16 5.14 7.02 97.4 45.8 1.di-5 o.00694 " " n 

144 11.32 4.66 6.66 93.1 44.9 1.027 o.oo694 " " " .. 
145 10.33 4.0J 6.30 88.4 43.9 1.007 o.oo694 " " " 
146 9.29 3.40 5.89 83.5 42.4 0.997 I o.00694 . .. " "· 
147 12.50 4.75 7.75 85.2 47.4 1.014 o.oo694 Upstream flow supercritical 

sluice open 116mm. 
148 12.50 J.82 8.68 73.5 48.1 1.019 o.oo694 Upstream flow supercritical 

' sluice open 98mm. i 

·. . 



SUPERCRITICAL FLOW 
0

PROFILES 

Weir No. J. Channel Width ... 0.1016 m Crest Height =J6.o mm Weir Length= o.6096m 

TEST UPSTltEAM SIDE SPlll DOWNSTREAM DEPTH AT DEPTH AT VISCOCITY BED SLOPE REMARKS 

No. DISCHARGE DISCHARGE DISCHARGE UPSTREAM DOWNSTREAM -6 o, ,,. ow ,,. 
02 

,,. END OF WEIi ENO OF WEIR ~10 kg/m• 

y1 rnm y2 rnm 

149 12.47 .3.05 9.42 66.2 48.4 1.002 o.oo694 Upstream.flow supercritical 
sluice open 84.5mm. 

, 

. 

$ . 
I 

. 

. 
! 

\ 
·, 

\ 
\ 



SUBCRITICAL FLOW PROFILES 

. . 

Weir No. 4 Channel Width= 0.1016 m Crest Height = 79.5 mm Weir Length= 0.4572m 

TEST UPSTREAM SIDE SPILL 
DEPTH AT 

BED SLOPE DOWNSTREAM DEPTH AT 505 mm 
VISCOCITY REMARKS 

No. DISCHARGE DISCHARGE DISCHARGE UPSTREAM DOWNSTREAM -6 
01 

,,. a. I/• 02 1/s ENDOFWEIR OF WEIR YlO kg/m• 

yt mm 
Y3 .,m 

80 .3.09 ·l.49 1.60 92.4 97.9 1.o87 0.00366 Downstream sluice open 
19.1mm. 

81 4.44 2.82 1.62 98.4 107.4 1.079 0.00366 .. .. .. 
82 5.24 .3.60 1.64 101.6 112.9 1.076 0.00366 .. .. .. 
83 5.86 4.15 1.71 103.6 117.1: 1.07.3 0.00366 .. .. .. 
84 6.22 · 4.47 1.75 104.8 119.1: 1.068 0.00366 " .. " 

\.,) 

~ 85 6.69 4.9.3 1.76 106.4 122.3 1.060 0.00366 " .. " 
86 7.27 5.49 1.78 108.0 125.7 1.055 0.00366 " " " 
87 7.74 5.9.3 1.81 109.6 128.7 1.050 0.00366 " .. .. 
88 8.10 6.91 1.19 11.3.6 132.5 1.057 0.00366 Downstream sluice open 

12. 7mm. 

89 5.30 4.15 1.15 104.2 115.5 1.055 0.00366 n .. n 

90 4.29 J.16 . 1.1.3 100.4 109.0 1.052 0.00366 " n n 

91 .3 • .52 2 • .39 1.1.3 97.2 103.5 1.050 0.00366 " " ff 

92 2.62 1.50 1.12 92.8 97.4 1.o47 0.00366 " " n 

9.3 5.88 4.72 1.16 95.9 119.0 1.045 0.00366 n " " 



SUBCRITICAL FLOW PROFILES 

Weir No. 4 Channel Width ... 0.1016 m Crest Height =79-5 mm Weir Length =0.4572 m 

11:ST UPSTREAM SIDE SPILL 
DEPTH AT 

BED SLOPE DOWNSTP.EAM DEPTH AT 505 mm 
VISCOCITY REMARKS 

No. DISCHARGE DISCHARGE DISCHARGE UPSTREAM DOWNSTREAM -6 
01 l/1 Qw l/1 02 l/1 END OF WEIR OF WEIR V 10 kg/ma 

y1 mm 
Y3 .. m 

94 7.47 · 6.29 1.18 111.2 128.4 1.019 0.00366 Downstream sluice open 
12. '7mm. 

95 8.23 5.91 · 2.32 107.8 130.3 1.012 0.00366 Downstream sluice open . 
25.4mm. 

96 7.45 5.14 2.31 105.8 125 • .3 1.009 0.00366 II " " 
97 6.35 4.07 2.28 102.6 118.2 1.007 0.00366 II " n 

'-'> 98 5.24 3.07 2.17 98.8 110.4 1.007 0.00366 II " " 
~ 99 4.37 2.27 2.10 95.6 104.4 l.~ 0.00366 n " II 

100 . 3.55 1.48 2.07 91.9 98.5 1.00} 0.00366 II " " 
101 2.87 1.31 1.56 90.9 93.6 1.076 Horizontal Downstream sluice open 

19.1mm. 

102 4.29 2.72 1.57 97.7 lC>l.l 1.071 Horl.zontal " " n 

103 4.83 J.24 1.59 99.8 107.8 1.057 Horizontal. n n II 

l()'+ 6.14 4.45 1.69 104.2 115.8 1.052 Horizontal n " n 

105 7.20 5.47 1.73 107.6 122.1 1.050 Horizontal " " n 

1o6 8.0J 6.28 1.75 110.8 127.8 1.045 Horizontal " " " 
\ 



SUBCRITICAL FLOW PROFILES -

Weir No. 4. Channel Width ... 0.1016 m Crest Height = 79.5 mm Weir Length= o.4572 m 

TEST UPSTREAM SIDE SPILL 
DEPTH AT 

BED SLOPE DOWNSTREAM DE'1H AT 505 VISCOCITY REMARKS 

DISCHARGE "'"' No. DISCHARGE DISCHARGE UPSTREAM DOWNSTREAM -6 
01 

,,. Ow ,,. 
02 

,,. ENDOFWEIR OF WEIR vlO kg/ms 

'1 
mm 

Y3 """ 
107 3.22 .1.56 1.66 90.5 102.0 1.029 0.00713 Downstream sluice open 

19.1mm • 

108 . 4.35 2.69 1.66 95.6 110.0 1.027 0.00713 " .. " 
109 5.20 3.52 1.68 98.7 116.0 1.024 0.00713 " .. " 
110 6.16 4.37 1.79 101.7 121.8 1.014 0.00713 " " " 
111 7.00 5.17 1.83 1~.o 127.J 1.009 0.00713 " " " 

\.,) 

~ 
112 7.53 5.66 1.87 106.4 130.6 0.999 0.00713 " " " 

' 
r 

' 
\ . 
I 



.I 

WEI:R NO. 4. 

SUPPLEMENTARY RESULTS I TEST NOS. 101 TO 112. 

Depth 76.2 mm 
Reading No. Downstream of' 

Weir. mm 

101 94.1 

102 lo'+.l 

lOJ 107.6 

lo'+ 115.2 

105 121.1 

lo6 125.8 
-

107 99.1 

108 lo6.8 

109 112.1 
-

110 117.7 

111 122.6 

112 125.8 

___ ,__.. 

373 



SUBCRITICAL FLOW PROFILES 

Weir No. 5. Channel Width ... 0.1016 m Crest Height :80.5 mm Weir Length:: O. 762~ 

TEST UPSTREAM SIDE SPILL 
DEPTH AT 

BED SLOPE DOWNSTREAM DEPTH AT 352 mm 
VISCOCITY REMARKS 

No. DISCHARGE DISCHARGE DISCHARGE UPSTREAM 
DOWNSTREAM -6 

01 I/• ow '" 02 I/• END Of WEIR OF WEIR Y 10 kg/m• 

y1 mm 
Y3 mm 

llJ 4.25 ·2-59 1.66 90.0 104.8 0.976 0.00713 Downstream sluice open 
19.1mm. 

114 5.20 3.51 · 1.69 91.3 110.4 0.976 0.00713 " .. " 
115 5.96 4.17 1.79 91.5 114.3 0.976 0.00713 II .. " 
116 7.09 5.19 1.90 90.9 121.2 0.976 0.00713 n n " 
117 7.54 5.63 1.91 90.7 123.5 0.974 0.00713 " .. " 

\.,) 

~ 
119 J.74 2.15 1.59 90.1 99.4 0.988 0.00356 n H " 
120 4.58 2.94 1.64 91.4 104.1 0.988 0.00356 " .. II 

121 5.40 3.70 1.70 93.1 108.3 0.985 0.00356 " H " 
122 6.08 4.35 1.73 93.2 112.0 0.983 0.00356 " " II 

123 6.69 4.89 1.80 93.6 115.3 0.983 0.00356 .. " " 
124 7.29 5.43 1.86 92.9 119.2 0.979 0.00356. " n " 
125 7.73 5.85 1.88 92.9 121.8 0.976 0.00356 • n " " 
126 J.02 1.46 1.56 89.5 92.4 0.993 Horizontal " " " 
127 4.36 2.78 1.58 92.6 99.9 0.993 Horizontal n " " 
128 5.34 3.72 1.62 94.J 105.2 0.990 Horizontal n " n 



SUBCRITICAL FLOW PROFILES 

Weir No. 5. Channel Width.., 0.1016-n Crest Height = 80.5 mm Weir Length= o. 762cm 

DEPTH AT 
BED SLOPE UMARKS TEST UPSTREAM SIDE SPILL DOWNSTREAM DEPTH AT 352 mm 

VISCOClfY 

No. DISCHARGE DISCHARGE DISCHARGE UPSTREAM DOWNSTREAM -6 
01 

,,. o. ,,. 
02 I/• ENDOFWEIR OF WEIR YlQ li.g/m• 

y1 mm 
Y3 ..... 

129 6.13 . 4.43 1.70 94.6 109.1 0.988 Horizontal Downstream sluice open 
19.1mm. 

130 6.81 5.~ 1.77 94.6 113.1 0.981 Horizontal " .. .. 
lJl 7.49 5.70 1.79 94.5 117.1 0.972 Horizontal " " " 

\.) 

~ 
I 

' 

·, 

\ 



(b) Longitudinal Surface Profiles. 

.--

3'76 



\,) 

·-::j 

WEIR NO. 1 

Chai nage, ins 
Reading Depth,rmn 

No. 

16 
Chainage,ins 

Depth,mm 

Chainage,ins 
Reading Depth ,mn 

No. 
Chainage,ins 

19 
Depth,mm 

Chainage,ins 
Reading Depth,mn 

No. 

21 
Chai nage, ins 

Oepth,mm 

+ Start ~ Velr 
I End.a£ Veir 

76 

-
108 

100.6 

76 

-
108 

94.5 

76 

-
108 

96.9 

LONGITUDINAL PROFILE CO-ORDINATES 

78 80 82 84 86 88 

- - - - .. -
110 112 114 116 118 12of 

l()!f..o 1()!.f..1 105.1 106.) Lo6.6 l0'7.'.3 

78 80 82 84 86 88 

- - - - - -
110 112 114 116 118 12of 

95.5 95.7 96.f 96.9 97.0 97.7 

78 80 82 84 86 88 

- - - - - -
110 112 114 116 118 12cf 

97.8 98.1 99.0 99.2 99.a 100.0 

90 92 94 95+ 98 100 102 104 106 

- - 95.5 94.7 'A-7 94.3 97.3 u:2.5 LOO.) 

122 124 126 128 130 132 134 136 138 

1a,.7 -- - .. - - . - - -
90 92 94 96+ 98 100 102 104 106 

- - 91.3 91.1 90.7 92.5 92.9 9).0 94.6 

122 124 126 128 130 132 134 136 138 

98.2 - . - - - - - - - -
90 92 94 . 96 + 98 100 102 104 106 

- -- 9.3.7 93.0 93 • .5 94-.l 95.8 95.2 95.9 

122 124 126 128 130 132 134 136 138 

100.0 ~oo.6 1.00.5 100.3 100.7 100.s 101.0 101.0 100.7 

• 



~ 

~ 

UlR BO. ·1 
; .· 
Chainage,ins 

Reading Depth,rrm 
No. 

Chainage,ins 
24 Depth,mm 

Chainage,ins 
Reading Depth,rrm 

No. 
Chainage,ins 

29 
Depth,mm 

Chainage,ins 
Reading Depth,mm 

No. 
Chainage,ins 

J2 Depth,mm 

+ Start or Weir 

I End· of Weir 

76 

-
108 

lQJ.9 

76 

-
108 

1o6.6 

76 

-
108 

97.4 

LONGITUDINAL PROFILE CO-ORDINATES 

78 80 82 84 86 88 

- - - - - -
110 112 114 116 118 1201 

105.5 10,S.6 106.7 107.8 108.6 ;1.09.0 

78 80 82 84 86 88 

- - - - - - -
110 112 114 116 118 120,. 

1C1/.7 109.1 108.9 109.8 109.4 lll.l 

78 80 82 84 86 88 

- - - - - -
110 112 114 116 118 120,. 

98.c 98.6 99.4 99.5 99.9 100.0 

90 92 94 · 95+ 98 100 102 104 106 

-- - 97.1 96.8 96.3 96.6 100.1 103.9 102.6 

122 124 126 128 130 132 134 136 138 

109.4 109.4 109.9 110.0 110.0 110.1 uo.o 110.2 110.0 

90 92 94 96 + 98 100 102 104 106 

- - 99.1 98.6 97.3 99.~ l~.c 106.0 l~.o 

122 124 126 128 130 132 134 136 138 

110.9 lll.) uo.9 111.1 111.4 m . .s m • .5 Lll • .5 111.4 

90 92 94 . 96+ 98 100 102 104 106 

- - 94.4 ~-3 94.0 95.5 96.2 97.0 97.4 

122 124 126 128 130 132 134 136 138 

99.8 99.8 100.) 100.1 lOO.) 100.0 100.1 100.1 100.3 



\,,) 

~ 

· WEI.R XO. l 

Chai nage, ins 
Reading Depth,mm 

No. 

3.S 
Chainage,ins 

Depth,mm 

Chainage,ins 
Reading Depth ,mm 

No. 
Chainage,ins 

J8 Depth,mm 

Chainage,ins 
Reading Depth,mm 

No. 
Chainage,ins 

4Z 
Depth,mm 

+ Sta..-t. ~ Velr 

I End~ Weir 

76 

-
108 

95.s 

76 

-
108 

10.5.3 

76 

-· 
108 

97.8 

LONGITUDINAL PROFILE CO-ORDINATES 

78 80 82 84 86 88 

- - - - - - . 
110 112 114 116 118 120 ,-

96-! 96.6 96.9 97.2 97.3 97.3 

78 80 82 84 86 88 

- - - - - -
• 

110 112 114 116 118 120 ,-

105.9 10S.8 107.3 108.0 108.6 lo3.8 

78 80 82 84 86 88 

- - - - - - . 
110 112 114 116 118 120 ,-

99.0 99.4 100.2 101.8 1ce.2 103.1 

90 92 94 96+ 98 100 102 104 106 

- - 94.2 93.9 9'-f,.) 94.9 95.2 9.5.6 9.5.8 

122 124 126 128 130 132 134 136 138 

97.6 97.5 97.4 97.6 97.6 97.8 97.5 97.4 97.5 

90 92 94 96+ 98 100 102 104 106 

- - 98.9 98.5 97.6 98.9 101.7 102.6 102.6 

122 124 126 128 130 132 134 136 138 

!109.l L08.9 109.j 109.l 109.1 109.? 109.1 109.2 109.5 

90 92 94 . 96"': 98 100 102 104 106 

- -. 91.3 91.1 91.,_ 93.5. 9',J.l 95.3 97.0 

122 124 126 128 130 132 134 136 138 

lOJ•! l()J.8 ld..5 ld+.2 1oi..7 ld+.7 105.1 1105.5 ll.o6.2 

• 



~ 

WEIR KO. 1 

Chainage,ins 
Reading Depth,mm 

No. 

4S 
Chainage,ins 

Depth,mm 

Chainage~ins 
Reading Depth,mn 

No. 

~ 
Chainage,ins 

Depth ,mm 

Chainage,ins 
Reading Depth,mm 

No. 
Chai nage, ins 

56 
Depth,mm 

+ Start of Weir 
I End or Weir 

76 

-
108 

.. 0.5.3 

76 

132.9 

108 

91.0 

76 

-
108 

10.s.o 

LONGITUDINAL PROFILE CO-ORDINATES 

78 80 82 84 86 88 

- - - - - . -- . 
110 112 114 116 118 1201" 

108.9 108.8 110.4 m.a 113.9 115.2 

78 80 82 84 86 88 

1)0.4 129 • .5 129.1 l,28.7 L27.9 126.9 

110 112 114 116 118 12ot 

88.7 87.2 86.4 85.2 sr..7 8).7 

78 80 82 84 86 88 

- - - - . - -
110 112 114 116 118 12of 

Lo8.,S 109.8 UO.l 11.2 ll2.8 llJ.4 

90 92 94 95+ 98 100 102 104 106 

- - --·· 94.1 93.9 ~-5 9'7.l 99.8 10.s.o 1.~.9 

122 124 126 128 130 132 134 136 138 

11.s • .s 116.:3 116.6 116.6 116.2 116.4 ll'l.2 117.8 U7~8 

90 92 94 96 + 98 100 102 104 106 

12.5.0 12J.8 121.2 117.9 11) • .) 107.8 .. 01.7 97.5 93.9 

122 124 126 128 130 132 134 136 138 

s,.,.7 S!J.9 86.' .. 85-: ... 87.8 87.4 86.5 87.0 86.6 

90 92 94 . 96 + 98 100 102 104 106 

- - 95 • .s 9.S-9 96 • .) 97.1 .00.2 106.1 106.:, 

122 124 126 128 130 132 134 136 . 138 

114.7 n4.9 U.S.) 115.1 ll,S.:S Ll,S.8 11,S.4 115.4 116.2 

• 



\,) 

~ 

WEIR HO. 1 

Chainage,ins 
Reading Depth,mm 

No. 
Chai nage, ins 

.59 
Depth,mm 

Chainage,ins 
Reading Depth,mn 

No. 
Chainage,ins 

61 
Depth,mm 

Chainage,ins 
Reading Depth,111ll 

No. 
Chainage,ins 

Depth,mm 

+ Start of Weir 

f Em of Weir 

75 

-
108 

96.7 

76 

142.4 

108 

90.1 

76 

108 

LONGITUDINAL PROFILE CO-ORDINATES 

78 80 82 84 86 88 

- - - - - -
110 112 114 116 118 120 t 

97.5 97.9 98.8 99.3 100.1 100.6 

78 80 82 84 86 88 

il.)9.1 LJ6.J L,34.o LJZ•.S Jl.l 129.0 . 
110 112 114 116 118 12c/ 

88.2 86.6 8.5.6 8J.7 8J.7 8J.,5 

78 80 82 84 86 88 

. 
110 112 114 116 118 120 ,-

90 92 94 9t 98 100 102 104 105 

- - 92.1 91.4 92.1 93.5 9.5.1 9.5 • .5 96.2 

122 124 126 128 130 132 134 136 138 

100.7 101.1 100.8 0.01.1 ~01.7 LOI.. 7 01.8 101.s 101.7 

90 92 94 96 ~ 98 100 102 104 106 

127.5 125.7 122.7 u9.a U4.J .. 08.o 102.4 97.2 92.9 

122 124 126 128 130 132 134 136 138 

83.9 85.3 86.J 88.2 88.2 88.1 87.0 87.6 89.6 

90 92 94 . 96 + 98 100 102 104 106 

122 124 126 128 130 132 134 136 138 

• 



' 

-

~ 

WEIR NO. 2 

Chai nage, ins 
Reading Depth,mm 

No. 
Chainage,ins 

63 
Depth,mm 

Chainage,ins 
Reading Depth,rTlll 

No. 
Chainage,ins 

66 
Depth,mm 

Chainage,ins 
Reading Depth,mn 

No. 
Chai nage, ins 

Depth,mm 

+ Start-of Weir 
I End or Weir 

· 76 

-
108 

1.32.1 

76 

-
108 

14J.8 

76 

108 

LONGITUDINAL PROFILE CO-ORDINATES 

78 80 82 84 86 88 

- - - - - -
110 112 114 116 118 120 T 

132.6 l)J.C 133.2 133.7 134.4 1)4.6 

78 80 82 84 86 88 

- - - - - -
110 112 114 116 118 120 f 
L4,.5.2 14..5.3 146.1 146.2 146.8 147.9 

78 80 82 84 86 88 

110 112 114 116 118 120 f 

. . 

90 92 94 g{ 98 100 102 104 106 

- - 129.2 L29.4 129.6 LJ0.2 131.0 131.2 lJl.8 

122 124 126 128 130 132 134 136 138 

1)4.3 1)4.6 tl.J4. 9 1.3.5.4 1.3.5.4 13.5.4 13.5 • .5 lJ,S.6 135.7 

.,. 
90 92 94 96 98 100 102 104 106 

- - LJ7.8 lJ7.,5 LJ7.J .. 39.6 141.,S 141.7 142.8 

122 124 126 128 130 132 134 136 138 

148.4 148.9 L48.8 149.) 49.2 L49.4 149.3 149.8 149.4 

90 92 94 . 96.,. 98 100 102 104 106 

122 124 126 . 128 130 132 134 136 138 

'• 

• 



\.,) 

& 

WEIR NO. '3 

Chainage,ins 
Reading Depth,nm 

No. 
Chainage,ins 

71 
Depth,mm 

Chainage,ins 
Reading Depth ,nm 

-No. 
Chainage,ins 

72 Oepth,mm 

Chainage,ins 
Reading Depth,11111 

No. 
Chainage,ins 

7J Depth ,mm· 

+ Start ot Weir 
·f End of Weh-

76 

135.0 

108 

.59.4 

76 

128.J 

108 

56.1 

76 

113.5 

108 

52.1 

LONGITUDINAL PROFILE CO-ORDINATES 

78 80 82 84 86 88 

132.7 1)2.J 131.6 129.8 L27.5 L24.4 

110 112 114 116 118 12of 

55.1 52.7 49.8 47.9 46.7 46.2 

78 80 82 84 86 88 

126.0 ~3.3 121.9 ua.9 Ll7.J 114.9 

110 112 114 116 118 120 f 

52.1 .50.0 49.1 47.0 4.5.8 44.7 . 
78 80 82 84 86 88 

lll.7 w.o LlO.5 ~OJ-2 .. 08.) 1o6.J 

110 112 114 116 118 1201 

49.4 47.4 46.2 44.1 4J.~ 42.7 

90 92 94 96.,. 98 100 102 104 106 

121.7 117.4 -U2.·2 105.0 96.3 87.7 78.4 n.o 64.4 
, 

122 124 126 128 130 132 134 136 138 

45.6 45.7 45.8 46.7 48.2 .so.a .so.a 48.J 47.4 

90 92 94 96-+- 98 100 102 104 106 

112.3 108.6 103.9 98.0 9().0 81.7 7.3.2 64.8 59.8 

122 124 126 128 130 132 134 136 138 

~-0 44.2 44.6 46.o 47.4 48.9 48.1 46.l 46.o 

90 92 94 . 96 + 98 100 102 104 106 

lot4-.) 100.7 96.6 90.5 82.7 74.8 66.1- 6o.l 55.) 

122 124 126 · 128 130 132 134 136 138 

42 • .5 42.9 44.l 45.5 47.0 45.8 44.5 44.1 45.9 



.-...,. 

~ 

WErB 10. J 

Chainage,ins 
Reading Depth,rrnn 

No. 
Chainage,ins 

74 Depth,mm 

Chainage,ins 
Reading Depth,rrnn 

No. 
Chainage,ins 

15 
Depth,mm 

Chainage,ins 
Reading Depth,nrn 

No. 

76 
Chainage,ins 

Depth,mm 

+ Start of Veir 

I End of Weir 

76 

101.1 

108 

48.1 

76 

uo.7 

108 

.50.6 

76 

1121.0 

108 

53.7 

LONGITUDINAL PROFILE CO-ORDINATES 

78 80 82 84 86 88 

99.0 98.4 97.8 96.9 96.J 93.8 

110 112 114 116 118 12(/ 

46.2 44.6 4J.6 42.J 42.0 41.6 

78 80 82 84 86 88 

109.9 109.8 Lo8.2 Cfl.) 10.5.7 1ce.7 

110 112 114 116 118 12ot 

48.6 46.6 45.3 4J.8 4J.O 42.6 

78 80 82 84 86 88 

us.a U6.1 ll4.7 UJ.l lll.2 109.4 

110 112 114 116 118 120 f 

50.7 48.7 46.8 45.9 !44.1 4J.6 

90 92 94 g(t 98 100 102 104 106 

91.2 87.7 ~.) 79.2 73.7 66.,S 59.5 S4.4 ,Sl.O 

122 124 126' 128 130 132 134 136 138 

41.5 4J.1 4J.J 44.o 44.1 44.2 44.o 44.6 46.o 

90 92 . 94 96.., 98 100 102 104 106 

99.9 96.2 91.a 86.6 79.4 71.4 64.2 58.l S4.2 
122 124 126 128 130 132 134 136 138 

42,7 4J.) 44.4 4,S.4- ~6.1 45.0 44.3 "4.5 ~5-9 

90 92 94 . 96+ 98 100 102 104 106 

l(Yl.4 L~.4 99.9 ~-7 87.2 78.9 71.3 64.1 157.7 
122 124 126 128 130 132 134 136 138 

4J.l 4J.4 44.4 46.o 47.1 46~5 ~,.1 14,S.l ff.5.J 



\.,) 

8: 

WEtB RO. '3 

Chai nage, ins 
Reading Depth,mm 

No. 
Chainage,ins 

71 
Depth ,mm 

Chainage,ins 
Reading Depth,nm 

No. 
Chainage,ins 

78 Depth ,mm 

Chainage,ins 
Reading Depth,mm 

No. 

79 
Chainage, ins 

Depth,mm 

+ Start ot Veir · 

I End of Ve1r 

76 

97.6 

108 

59.7 

76 

79.0 

108 

61.1 

76 

67.4 

108 

.58.1 

LONGITUDINAL PROFILE CO-ORDINATES 

78 80 82 84 86 88 

97.4 99.0 100.8 101.6 101.8 101.8 . 
110 112 114 116 118 1207 

55 • .5 53.3 .50.3 48.8 47.4 47.0 

78 80 82 84 86 88 

79.1 79.3 79.3 79.5 79.4 79.6 . 
110 112 114 116 118 120,. 

,58.2 55.4 ,z.6 50.6 49.3 48.1 

78 80 82 84 86 88 

67.5 67.8 68.o 67.8 67.7 67.9 

110 112 114 116 118 12of 

56.9 ,54.8 52.9 31.1 50.0 49.0 

90 92· 94 96+ 98 100 102 104 106 

1C2.0 l~.o 100.0 96.2 91.7 m..a 71.5 n.2 6,1,.7 

122 124 126 128 130 132 134 136 138 

46.3 46.o 46.1 46.9 48.5 49.6 50.7 49.6 47.9 

90 92 94 96 T 98 100 102 104 106 

80.6 so.7 80.7 80.7 78.7 75.6 . V,1.8 68.1 6,S.l 

122 124 126 128 130 .132 134 136 138 

47.1 47.2 47.) 48.1 49.2 50.6 52.7 ,z.o ,50.2 

90 92 94 96 + 98 100 102 104 106 

69.0 70.4 70.3 69.9 68.) 66.8 65.0 6.3.5 6o.o 

122 124 126 128 130 132 134 136 138 

48.8 48.9 49.o 49.1 49.2 .,Sl.4 5.3.9 .5).) .51.8 

• 



~ 
°' 

WEIR '10. J 

Chainage,ins 
Reading Depth,mm 

No. 
Chainage,ins 

1)2 
Depth,mm 

Chainage,ins 
Reading Depth,mm 

No. 
Chainage,ins 

l)J 
Depth,mm 

Chainage,ins 
Reading Depth,mm 

No. 

1.)4 
Chainage,ins 

Depth,mm 

+ Start 0£ Weir 

f End of Weir 

76 

136.2 

108 

59.3 

76 

130.7 

108 

_58.8 

76 

122.2 

108 

57.J 

LONGITUDINAL PROFILE CO-ORDINATES 

78 80 82 84 86 88 

129.7 129.1 126.7 125.5 12).) 120.7 

110 112 114 116 118 1207 

55.0 52.5 .50.4 48.8 47.1 46.o 

78 80 82 84 86 88 

127.0 124.o 122.8 120.~ 119.! 111.1 

110 112 114 116 118 1201-

~.9 42.0 49.9 48.J 46.9 46.o 

78 80 82 84 86 88 

120.4 us.a 1118.J 1117.0 !1.16.2 114.2 

110 112 114 116 118 1207 

53.7 51.1 48.9 47.J 46.2 45.2 

90 92 94 95+ 98 100 102 104 106 

1.19.5· 116.7 ll.2.5 10S.7 98.) 00.6 78.7 70.2 6J.2 

122 124 126 128. 130 132 134 136 138 

45.4 4,5.) 46.4 47.0 50.4 .50 • .5 48.) 47.3 47.0 

90 92 94 96 + 98 100 102 104 106 

11.5.3 112.1 108.0 102.8 ~-.7 86.4 78.2 10.1 64.1 

122 124 126 128 130 132 134 136 138 

45.4 4,S.2 45.4 46 • .s ~7.9 ~.6 ~9.1 47.8 46.6 

90 92 94 . 96 + 98 100 102 104 106 

112.4 109.1 105.1 99.4 91.6 83.2 75.4 68.1 62.2 

122 124 126 128 130 132 134 136 138 

44.6 44.7 44.9 4.5.9 47.1 48.8 48.8 46.1 45.9 

• 



~ 
"",J 

WEIR iito. J 

Chainage,ins 
Reading Depth,mm 

No. 
Chainage,ins 

135 
Depth,mm 

Chainage,ins 
Reading Depth,nm 

No. 

1:36 
Chainage,ins 

Depth,mm 

Chainage,ins 
Reading Depth,nm 

No. 
Chainage,ins 

137 
Oepth,mm 

+ Start of Veir 

f. End of We1r 

76 

118.0 

108 

55.3 

76 

115.2 

108 

53.2 

76 

103.7 

108 

.51.2 

LONGITUDINAL PROFILE CO-ORDINATES 

78 80 82 84 86 88 

n5.7 u5.1 114.3 113.1 112.0 uo.4 . 
110 112 114 116 118 120 t 

51.8 49.6 47.8 46.6 4.5.0 44.o 

78 80 82 84 86 88 

LlJ.7 llJ.2 111.8 10}.7 103.2 106.0 

110 112 114 116 118 120 ,-

.50.3 48.4 46.8 45.2 44.1 43.1 

78 80 82 84 86 88 

lo6.8 105.4 103.5 101.a 100 • .5 98.4 

110 112 114 116 118 120 t 

48.8 47.1 45.6 44.J 42.9 42.5 

90 92 94 96+ 98 100 102 104 106 

lo3.2 105.2 101.1 95.7 88.1 79.9 71.6 64.5 59.2 

122 124 126 128 130 132 134 136 138 

4J.8 4J • .s 44.4 45.5 47.2 48.1 46.8 4.5.2 !4-5.1 

90 92 94 96 T 98 100 102 104 106 

103.4 LOO.S 95.9 90.s SJ.J 75.6 68.5 61.6 _ 56.5 

122 124 126 128 130 132 134 136 138 

42.9 4J.l 4J.8 45.6 46.9 46.5 44.4 44.1 ~-9 

90 92 94 . 96+ 98 100 102 104 105 

96.2 93.7 90.4 8.5 • .5 79.2 72.2 64.8 59.1 '.';4.4 

122 124 126 128 130 132 134 136 138 

42.2 42.6 4J.6 44.6 45.7 4.5.4 4J.5 4J.4 44.2 

• 



\.,) 

~ 

WEIR NO. J 

Chainage,ins 
Reading Depth,mm 

No. 

1)8 
Chainage,ins 

Depth,mm 

Chainage,ins 
Reading Depth,nm 

No. 
Chainage,ins 

.139 
Depth,mm 

Chainage,ins 
Reading Depth,nm 

No. 

140 
Chai nage, ins 

Depth,mm 

+ Start af Weir

/ End of Weir 

76 

89.9 

108 

60.) 

76 

74.6 

108 

59.J 

76 

66.o 

108 

,56.4 

LONGITUDINAL PROFILE CO-ORDINATES 

78 80 82 84 86 88 

90.J 90.2 91.2 92.2 93.1 9:3.0 

110 112 114 116 118 12ot 

56.0 .53.1 .51.0 49.0 47.4 46.6 

78 80 82 84 86 88 

75.3 75.8 75.8 75.6 75.5 75.6 

110 112 114 116 118 12ot 

56.5 54,.4 .52.J 50.2 48.8 47.7 

78 80 82 84 86 88 

6.5.9 6.5.a 6,S.) 65.1 6..5 ~-9 

110 112 114 116 118 12of 

.54 • .5 SJ.2 .51.6 .50.3 48.7 48.o 

90 92 94 96 + 98 100 102 104 106 

92.9 92.) 90.9 89.0 8.5.7 81.o 75.3 69.7 64 • .5 

122 124 126 128 130 132 134 136 138 

4.5.9 46.o 45.8 46.s 47.9 49.6 ,S0.2 48.5 47.J 

90 92 94 96 + 98 100 102 104 106 

75.7 76.3 76.6 76.2 75.0 72.4 69.4 6.5.J 62.6 

122 124 126 128 130 132 134 136 138 

47.) 47.4 47.4 47.9 49.0 .50.2 .51. 7 50.7 49.4 

90 92 94 96 + 98 100 102 104 106 

66.2 67 • .5 68.o 68.o 66.6 64.4 62.8 60.2 .sa.1 

122 124 126 128 130 132 134 136 138 

47 • .5 ~7.J 47.5 47.9 48.6 .50.0 51.8 .52.1 50.7 

• 



'c$ 
\0 

VEUl BO. l 

Chainage,ins 
Reading Depth,nm 

No. 
Chainage,ins 

141 
Depth,mm 

Chainage,ins 
Reading Depth,nm 

No. 

142 
Chainage,ins 

Depth ,mm 

Chainage,ins 
Reading Depth,nm 

No. 

14) 
Chainage,ins 

Depth,mm 

+ Start 0£ Weir 

f End of Weir 

76 

128.2 

108 

59 • .5 

76 

126.1 

108 

.59.6 

76 

:124.J 

108 

.57 • .5 

LONGITUDINAL PROFILE CO-ORDINATES 

78 80 82 84 86 88 90 

12.5.1 123.J 122.7 122.a 121.1 120.6 u1.1 

110 112 114 116 118 1207 122 

55.7 53.2 .51.0 49.5 48.4 47.2 45.7 

78 80 82 84 86 88 90 

124.9 124.9 124.6 123.7 121.6 119.6 116.4 

110 112 114 116 118 12of 122 

56.0 .52.6 .50.4 49.0 47.7 46.7 45.9 

78 80 82 84 86 88 90 

121 • .s 120.4 ua • .5 116.J n4.J 112.4 109.8 

110 112 114 116 118 1201 122 

53.9 .51 • .3 49.2 47.9 46.8 4.5.8 45.1 

92 94 95+ 98 100 102 104 106 

U4. 1 - lll.C 105.,! 98.) 89.) 79.2 71.1 .64.2 

124 126 128 130 132 134 136 138 

4,S.6 46.l 47.9 49.3 .50.8 49.2 47.6 47.) 

92 94 96+ 98 100 102 104 106 

112.9 103.4 103.0 9.5.1 - 86.5 1a.1 71.1 65.0 

124 126 128 130 132 134 136 138 

45 • .5 4.5.7 46.6 47.8 49.7 49.8 47.9 46.7 

92 94 95+ 98 100 102 104 106 

106.6 102.J 97.4 90.2 82.J ?4.6 68.o 62.1 

124 126 128 130 132 134 136 138 

44.8 45.1 45.8 47.1 48.6 48.8 46.9 45.8 

• 



-

\..) 

'8 

)lE[R NO. J 

Chainage,ins 
Reading Depth,mm 

No. 

144 
Chainage,ins 

Depth,mm 

Chainage,ins 
Reading Depth,mm 

No. 

145 
Chainage,ins 

Depth,mm 

Chainage,ins 
Reading Depth,mm 

No. 

146 
Chainage,ins 

Depth,mm 

+ Start of Weir 
I End or Weir 

76 

U8.1 

108 

55.6 

76 

109.4 

108 

.53.6 

76 

99.9 

108 

50.9 

LONGITUDINAL PROFILE CO-ORDINATES 

78 80 82 84 86 88 

U6.o 114.2 ll2.C 110.2 lo8.l 106.7 

110 112 114 116 118 120 f 

.52.2 50.1 48.2 46.9 45.9 44.9 

78 80 82 84 86 88 

~o6.6 105.0 l~.2 102.7 101.8 100.4 

110 112 114 116 118 120 f 

50 • .5 48.7 47.1 46.1 44.9 4J.9 

78 80 82 84 86 88 

98.5 97.9 97.3 96.6 95.:3 94.5 . 
110 112 114 116 118 120 T 

48.9· 47.4 45.8 44.4 43.5 42.4 

90 92 94 95+ 98 100 102 104 106 

10' ... ) 101.6 97.8 93.1 86.5 78.9 7l.6 64.9 59.6 

122 124 126 128 130 132 134 136 138 

44.4 44.1 44.) 4.5.1 46.7 48.2 47.8 4.5.8 44.9 

90 92 94 96+ 98 100 102 104 106 

98.7 96.2 9.3.2 88.4 82.5 75.6 68.) 62.) 51.1 

122 124 126 128 130 132 134 136 138 

42.8 4J.) 43 • .5 4J.8 46.2 46.9 46.4 44.7 44.1 

90 92 94 . 96T 98 100 102 104 106 

93.4 90.9 87.8 8.3.5 11.a 71.4 64.) S9.4 ~-5 

122 124 126 128 130 132 134 135 138 

42.2 42.6 4).2 44.o 45.3 4.5.:3 4.3.9 ~).4 4J.8 

• 



-. 

\,.,) 

';9 

WEIR RO. J 

Chai nage, ins 
Reading 

No. 
Depth,mm 

147 
Chainage,ins 

Depth,mm 

Chainage,ins 
Reading Depth,nm 

No. 

148 
Chainage,ins 

Oepth,mm 

Chainage,ins 
Reading Oepth,llll1 

No. 

149 
Chainage, ins 

Oepth,mm 

-+ Start o~ Weir 

f End or Weir 

76 

86.4 

108 

60.3 

76 

72.3 

108 

.58.6 

76 

64.6 

108 

55.5 

LONGITUDINAL PROFILE CO-ORDINATES 

78 80 82 84 86 88 

86.2 86.1 86.l 87.0 as.2 aa.s 
110 112 114 116 118 120 t 

,56.8 53.7 .51.2 49.4 48.2 47.4 

78 80 82 84 86 88 

72.6 7).0 72.9 72.8 72.9 73.1 

110 112 114 116 118 120,. 

55.6 53.9 .52~0 .5().6 49.1 48.l 

78 80 82 84 86 88 

64.4 64.4 64.J 63.6 6J.4 6J.9 

110 112 114 116 118 12of 

.54.3 52.5 51.5 .50.3 49.0 48.4 

90 92 94 96+ 98 100 102 104 106 

83.6 87.6 86.7 8.5.2 82.l 78.2 ?4.1 68.7 (h.5 

122 124 126 128 130 132 134 136 138 

46.4 46.4 46.7 47.1 48.2 49.7 .50.8 49.4 47.8 
I 

90 92 94 95+ 98 100 102 104 106 

7).1 73.3 73.5 73.5 72.3 70.5 67.5 64.7 60.9 

122 124 126 128 130 132 134 136 138 

48.l 47.4 47.7 48.2 49.2 so.1 .51.7 .so.a 49.5 

90 92 _ 94 _ 96 + 98 100 102 104 106 

6J.6 65.7 65.7 66.2 (A.7 63.7 61.4 6o.o 57.7 

122 124 126 128 130 132 134 136 138 

47.7 47 • .5 47.7 48.2 4-8.6 49.7 .51.2 52.1 .51 • .5 

• 



(c) Transverse Surface Profiles. 

392 



Transverse Sun"ace Profile Coordinates 

Subcrl tical Profile s Case II 

Reading No. 24. Depth in mlll. 

Station Distance frau back face of Weir, u. 

. 

Chaina.ge 
ins. 0 

.. 

+ 96 9.5.4 

100 9.3.0 

10,. 97 • .3 

109 99.2 

ll2 100.7 

116 102.9 

I- 120 110.6 

+ . Start of Weir 

/- End of Weir 

2.5 .so 15 

9.5.8 96.8 91.7 

95.0 96.6 99.0 

101.6 103.9 l<>l.6 

102 • .5 103.9 .. 106.0 

lo'-f..6 10,S.6 106.8 

106 • .5 107.a 109.2 

109.0 109.0 109 • .5 

100 

99.1 

99.9 

10'-f.. 6 

107 • .3 

108.2 

109.6 

109.5 

.... ----



Transverse Surface Profile Coo't"dinatea 

Supercritical Profile I Case I 

Beading No. l4J. Depth in llllle 

Station 
Distance f'ral back face ot Weir, u. 

Chainage 
ins. 0 

+ 96 94.3 

100 6,S.6 

1a.. .59.2 

108 55.3 

112 52.4 . 

116 49.1 

I 120 45.7 

+ start of Weir 

f End of Welr 

25 50 15 

95.9 97.4 98.4 

71.2 &.) 84.9 

64.o 68.o 70.7 

,56.6 s,.5 ,SS.6 

,52.4 S]..) 50 • .s 
-

49.7 47.9 47 • .5 

4,S.9 4,S.8 45.2 

100 

99.0 

86.) 

71.2 

60.o 

52.4 

48.1 

45.7 

---~·,-
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Pertorunce of the Mathent!.cal Model. 
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°' 

Weir No. 1. PERFORMANCE CF THE MATHZMATICAL MODEL: SUBCRITICAL FLOW, CASE II. 

TEST 
UPSTREAM DISCHARGE a, 1/, SIDE SPILL DISCHARGE Ow 1/s UPSTREAM DEPTH 

No •. 
measured computed "/., error meolu red computed % error measure.I computed 

15 6.590 6.307 -4.29 4.JlO 4.027 -6.57 95.40 90.96 
16 5.940 5.796 -2.42 J.740 J.596 -J.85 94.90 91.41 

17 5.)40 5.251 -1.67 J.180 3.091 -2.80 93.80 91.31 
18 4.630 4.601 -0.63 2.530 2.501 -1.15 92.40 90.72 

19 4.190 4.170 -o.48 2.130 2.110 -o.94 91.10 90.05 
20 3.530 J.467 -1.78 1.900 1.837 -J.J2 91.10 89.89 

21 4.270 4.184 -2.01 2.620 2.5J4 -3.28 93.30 91.49 

22 4.560 4.420 -J.07 2.900 2.760 -4.8J st,..10 91.86 

23 5.400 5.193 -J.83 3.690 J.48J -5.61 95.90 92.58 

24 5.940 5.711 -J.86 4.210 J.981 -5.44 97.10 92.69 

25 6.4JO 6.145 -4.4J 4.680 4.J95 -6.09 97.20 92.48 

26 7.020 6.616 -5. 75 . 5.240 4.8J6 -7-71 97.90 91.83 

27 7.460 7.098 -4.85 5.670 5.3o8 -6.38 99.50 90.61 

28 6.660 6.247 -6.20 5.430 5.017 -7.61 100.20 93.80 

29 5.990 5.66J -5.46 4.810 4.483 -6.80 99.10 94.24 

JO 5.340 5.084 -4.79 4.200 J.9'-14 -6.10 97.80 94.20 

r1 """ 

% error 

-4.65 
-J.68 
-2.65 
-1.82 
-1.15 
-1.JJ 
-1.94 
-2.38 
-J.46 
-4.54 
-4.86 
-6.20 
-8.93 
-6.39 
-4.90 
-3.68 



Weir No. 1. PERFORMANCE OF THE MATHEMATICAL MODELs SUBCRITICAL FLOW, CASE II. 

TEST 
UPSTREAM DISCHARGE o1 l/1 SIDE SPILL DISCHARGE Ow l/1 UPSTREAM DEPTH ,, """ 

No. 
measured computed % error meosv red computed % error measured computed 

0
/,. error 

31 4.700 4.330 -7.87 3.600 3.230 -10.28 96.80 93 • .56 -3.35 

32 · 3.880 3.714 -4.28 2.790 2.624 - 5.95 94.50 92 • .52 -2.10 

\ 
33 3.020 . 2.927 -J.08 1.920 1.827 - 4.84 91.60 90.42 -1.29 

J4 ,2.190 2.072 -5-39 1.820 1.702 - 6.48 91.70 90.73 -1.06 

35 2.930 2.769 -5.49 2.440 2.279 - 6.60 93.90 92.49 -1.50 

36 J.690 J.494 -5-31 3.080 2.884 - 6.36 95.90 93.80 -2.19 

37 4.380 4.169 -4.82 J.6'+0 J.429 - 5.80 97.20 94 • .53 -2.75 

~ 
~ 

J8 5 • .540 5.251 -5.22 4.490 4.201 - 6.44 98.70 94.55 -4.20 

39 6.490 6.125 -5.62 5.110 4.745 - 7.14 99.40 93.49 -5.95 

40 7.610 7.109 -6.58 5.950 5.449 - 8.42 99.90 90.93 -8.98 

41 J.460 J.416 -1.27 1.840 1.796 - 2.39 88.70 87.32 -1..56 

42 4.JJO 4.207 -2.84 2.700 2.577 - 4.56 91.50 89.03 -2.70 

4J 5.330 5.123 -J.88 J.670 J.46J - 5.64 93.90 89.91 -4.25 

44 6.210 5.944 -4.28 4.470 4.2d} - 5.95 95.40 89.5.3 -6.15 

45 6.500 6.214 -4.40 4.710 4.424 - 6.07 95.60 -81.05 -6.85 

46 7.500 7.037 -5.51 5.670 5.257 - 7.28 95.70 86.10 -10.0.3 



\,J 

~ 

Weir No. 1. PERFORMANCE OF THE MATHEMATICAL MODEL1 SUBCRITICAL FLOW, CASE II. 

TEST 
UPSTREAM DISCHARGE 

No. 
meosured computed 

48 5.860 5.608 
49 5.200 4.939 
50 4.560 4.391 
51 3.770 J.662 

52- 3.060 2.980 

53 2.600 2.520 

55 7.580 7.098 
56 6.560 6.272 

57 5.770 5.531 
58 4.830 4.703 

59 4.070 3.982 
60 J.JJO 3.225 

: 

Mean 
Standard Deviation 

o, ,,. 

% error 

-4.JO 
-5.02 
-J.71 
-2.86 
-2.61 
-3.08 
-6.36 
-4.J9 
-4.14 
-2.63 
-2.16 
-J.15 

-J.99 
1.63 

SIDE SPILL DISCHARGE 

meosured computed 

4.750 4.498 
4.320 4.059 
3.850 3.681 
J.240 3.132 
2.620 2 • .540 
2.230 2.150 
5.820 5.338 
4.8)0 4.:;42 
4.140 3.901 
3.170 J.04J 
2.460 2.372 
1.800 1.695 

. 
i 

ow ,,. 

% error 

-5.31 
-6.04 
-4.39 
-3.JJ 
-J.05 
-J.59 
-8.28 
-5.96 
-5.77 
-4.01 

-3.58 
-5.83 

-5.41 
1.90 

UPSTREAM DEPTH 

measured computed 

97.20 91.55 
96.60 92.21 
95.90 92.35 
94.60 91.96 
92.80 90.87 
91.60 89.89 
98.80 88.62 
97.20 90.81 
96.20 91.53 
94.50 90.94 
92.50 89.97 
89.70 88.36 

y
1 

mm 

°lo error 

~5.81 
-4 • .54 
-3.70 
-2.79 
-2.08 
-1.87 

-10.30 
-6.57 
-4.85 
-J.77 
-2.74 
-1.49 

-4.05 
2.42 

._ 



\.,.) 
\0 
\0 

, 
Weir No. 2. PERFORMANCE OF THE MATHEMATICAL MODELi SUBCRITICAL FLOW, CASE II. 

TEST 
1/PSTREAM DISCHARCI: 

No. 
measured computed 

62 3.680 3.543 
63 3.950 J.820 
64 4.950 4.768 
65 6.020 5.767 
66 6.790 6.499 
67 7.310 6.974 
68 7.740 7.420 
69 9.8.30 9.199 
70 8.440 8.098 

. 

Mean 
Standard Deviation 

o, ,,. 

% •rror 

-3-72 
-J.29 
-3.68 
-4.20 

-4.29 
-4.60 
-4.13 
-6.42 
-4.05 

-4.26 
0.90 

SIDE SPILL DISCHARGE 

m•o•u red computed 

1.850 1.713 
2.070 1.940 
3.050 2.868 
4.070 3.817 
4.800 4.509 
5.320 4.984 
5.710 5.390 
7.790 7.159 
6.420 6.078 

o,., 1/s 

¾ error 

-7.41 
-6.28 
-5.97 
-6.22 
-6.06 
-6.32 
-5.60 
-8.10 

-5.33 

-6.J7 
0.87 

UPSTREAM DEPTH 

measured computed 

129.00 127.76 
129.90 128.63 
133.60 131.72 
136.90 1J4.11 
138.90 135.48 
140.40 136.28 
141.50 136.82 
145.80 138.38 
14J.20 137.65 

r, "'"' 

. 

% error 

-0.96 
-0.98 
-1.41 
-2.c» 
-;:.46 
-2.93 
-J.Jl 
-5.09 
-J.88 

-2.56 
1.39 



Weir No. 4. PERFORMANCE OF THE MATHEMATICAL MODEL: SUBCRITICAL FLCM, CASE II. 

UPSTREAM DISCHARGE o, .,. SIDE SPILL DISCHARGE ow ,,. UPSTREAM DEPTH Y1 mm 
UST 

No.. 
"'easured computed % error measured computed % error measured con1puled °lo error 

80 3.090 3.105 o.49 1.490 1.505 1.01 92.40 90.15 -2.44 

81 4.440 4.401 -o.88 2.820 2.781 -1.38 98.40 94.73 -3.73 
82 5.240 5.213 -0.52 3.600 3.573 -0.75 101.60 95.72 -5.79 
83 5.860 5.876 0.27 4.150 4.166 0.39 103.60 97.20 -6.18 

84 6.220 6.194 -0.42 4.470 4.444 -0.58 ldl-.80 97.33 -7.13 

85 6.690 6.669 -0.31 4.930 4.909 -o.43 106.40 97.43 -8.43 

86 7.270 7.170 -1.38 5.490 5.390 -1.82 108.00 97.07 -10.12 

87 7.740 7.603 -1.77 5.930 5.793 -2.Jl 109.60 96.18 -12.24 

8 88 8.100 7.920 -2.22 6.910 6.730 -2.60 llJ.60 97.85 -lJ.86 
89 5.300 5.299 -0.02 4.150 4.149 -0.02 ldl-.20 98.61 -5.36 
90 4.290 4.283 -0.16 3.160 3.153 -0.22 100.40 96.56 -3.82 

91 3.520 3.469 -1.45 2.390 2.339 -2.13 97.20 94.05 -J.24 

92 2.620 2.623 0.11 1.500 1.503 0.20 92.80 90.55 -2.42 

93 5.880 5.853 -o.46 4.720 4.693 -0.57 95.90 99.29 3.53· 

94 7.470 7.315 -2.07 6.290 6.135 -2.46 111.20 99.21 -10.78 

95 8.230 7.989 -2.93 5.910 5.669 -4.oS 107.80 92.28 -14.40 



Weir No. 4. PERFOBMANCE OF THE MATHEMATICAL MODEL: SUBCRITICAL FLOW, CASE II. 

TEST 
UPSTREAM DISCHAR<U Qt ,,. SIDE SPILL DISCHARGE ow 1/, UPSTREAM DEPTH 

'1 "'"' 

No. 
measured computed % error measured computed % error measured computed °lo error 

96 7.450 7.J46 -1.40 5.140 5.036 -2.02 105.80 94.72 -10.47 

97 6.350 6.361 0.17 4.070 4.081 0.27 102.60 95.39 -7.03 

98 5.240 5.212 -0.53 3.070 J.o42 -0.91 98.80 94.J4 -4.51 

99 4.370 4.3.54 -0.37 2.270 2.2.54 -0.70 95.60 92.44 -3.31 

100 3.550 3.586 1.01 1.480 1.516 2.43 91.90 89.75 -2.34 

101 2.870 2.896 0.91 1.310 1.336 1.98 90.90 90.19 -0.78 

102 4.290 4.307 o.4o 2.720 2.737 0.63 97.70 95.57 -2.18 

§ 
lOJ 4.830 4.858 0.58 -3.240 3.268 o.86 99.80 96.91 -2.90 

ld-J. 6.140 6.111 -o.47 4.450 4.421 -0.65 lo4.20 98.53 -5.44 

105 7.200 7.o64 -1.89 5.470 5.334 -2.49 107.60 98.58 -8.JS 

lo6 8.030 7.883 -1.83 6.280 6.133 -2.34 110.80 97.16 -12.31 

107 3.220 3.328 3.35 1.560 1.668" 6.92 90.50 90.01 -0 • .54 

108 4.350 4.408 l.JJ 2.690 . 2. 748 2.16 95.60 93.71 -1.98 

109 5.200 5.285 1.63 3.520 J.605 2.41 98.70 95.55 -J.19 

110 6.160 6.198 0.62 4.370 4.408 0.87 101.70 96.15 -5.46 

111 7.000 7.010 0.14 5.170 5.180 0.19 1o4.oo 95.82 -7.87 



~ 

~ 

Wet r No. 4. PERFORMANCE OF THE MATHEMATICAL MODELs SUBCRITICAL FLOW, CASE II. 

TEST 
UPSTREAM DISCHARGE 

No. 
measured computed 

112 7.530 7.485 

' 

Mean 
Standard Deviation 

01 
,,. 

% error 

-0.60 

-0.32 
1.27 

SIDE SPILi. DISCHARGE 

meo1u red computed 

5.660 5.615 

I 

I 
I 

ow l/1 

% error 

-0.80 

I 

-0.27 
2.m 

UPSTREAM DEPTH Y1 

measured computed 

106.40 94.80 

"'"' 

% error 

-10.90 

- 5.94 
4.24 



Weir No. 5. PERFORMANCE OF THE MATHEMATICAL MODEL: StlBCRITICAL FLOW, CASE II. 

UPSTREAM DISCHARGE a, •I• SIDE SPILL DISCHARGE Ow l/1 UPSTREAM DEPTH Y1 mm 
TEST 

No. 
measured computed % error measured computed % error measured con1puted % error 

113 4.250 4.257 0.16 2.590 2.597 0.27 90.00 86.50 -J.89 
114 5.200 5.153 -0.90 3.510 3.463 -1.34 91.30 86.70 -5.d-J. 

- 115 5.960 5.785 -2.94 4.170 3.995 -4.20 91.50 85.97 -6.d-J. 
116 7.090 6.751 -4.78 5.190 4.851 -6.53 90.90 82.98 -8.71 ·, 

117 7 • .540 7.020 -6.90 5.630 5.110 -9.24 90.70 80.59 -11.15 
119 · J. 740 3.810 1.87 2.150 2.220 3.26 90.10 87.67 -2.70 
120 .4.580 4.601 o.46 2.940 2.961 0.71 91.40 88 • .36 -3.33 
121 5.400 5.299 -1.87 3.700 3.599 -2.73 93.10 88.33 -5.12 
122 6.080 5.877 -3.J4 4 • .350 4.147 -4.67 93.20 87.82 -5.77 a 
123 6.690 6.378 -4.66 4.890 4.578 -6.J8 93.60 86.79 -7.28 
124 7.290 6.908 -5.24 5.430 5.wB -7.03 92.90 84.95 -8.56 
125 7.730 7.217 -6.0-r 5.850 5 • .337 -8.77 92.90 83.20 -10.44 
126 J.020 3.170 4.97 1.460 1.610 10.27 89.50 88.17 -1.49 

127 4.360 4.412 1.19 2.780 2.832 1.87 92.60 90.30 -2.48 

128 5.340 5.311 -0 • .54 3.720 J.691 -0.78 94.JO 90.71 -3.81 

129 6.130 5.973 -2.56 4.4JO 4.273 -J • .54 94.60 90.33 -4.51 



§ 

Weir No. 5. PERFORMANCE OF THE MATHEMATICAL MODELs SUBCRITICAL FLOW, CASE II. 

TEST 
UPSTREAM DISCHARGE 

No. 
measured computed 

130 6.810 6.600 

131 7.490 7.155 

: 

Mea."1 
Standard Deviation 

01 
,,. 

% error 

-J.08 
-4.47 

-2.18 
3.15 

SIDE SPILL DISCHARGE 

meosurttd computed 

5.0'+0 4.830 
5.700 5.365 

I 

o. ,,. 

% error 

-4.17 
-5.88 

-2.71 
4.82 

UPSTREAM DEPTH 

measured computed 

~.60 89.42 

~.50 88.06 

Y1 mm 

0
/o • rror 

-5.48 
-6.81 

-5.70 
2.71 



. 
PERFOBMANCE OF THE MATHil1.ATICAL MODEL: SUPERCRITICAL FLCM, CASE I: 

Weir No. J. NO ALLOWANCE FOR CURVATURE • 

TEST 
DOWNSTREAM DISCHARGE 02 ,,. SIDE SPILL DISCHARGE o,., I/a DO\'VNSU EAM DEPTH y2 "'"' 

No. 
measured computed "/o error 1"eaaured computed % error measured computed "/o error 

71 7.000 7.622 8.89 6.200 5.578 -10.03 46.20 48.09 4;09 

72 6.450 7.025 8.91 5.240 4.665 -10.97 44.70 46.77 4.63 

73 5.880 6.JJ7 7.77 4.150 3.693 -11.01 42.70 45.23 5.93 
74 5.120 5.471 6.86 2.910 2.559 -12.06 41.60 43.26 3.99 ·, 

75 5.630 6.061 7.66 3.740 3.309 -11.52 ·42.60 44.59 ll.67 

76 6.090 6.682 9.72 4.770 4.178 -12.41 43.60 45.99 5.48 

132 7.450 7.925 6.38 6.370 . 5.895 - 7.46 46.oo 48.44 5.30 

133 7.130 7.661 . 7.45 5.980 5.449 - 8.88 46.oo 47.85 4.02 
~ 

~ 1J4 6.820 7.313 7.23 5.4JO 4.937 - 9.08 45.20 47.07 4.14 

135 6.560 6.978 6.37 4.860 4.442 --8.60 44.00 46.29 5.20 
136 6.200 6.561 5.82 4.210 3.849 - 8.57 43.10 45.37 5.27 
1J7 5.840 6.165 5.57 J.6JO 3.305 - 8.95 42.50 44.45 4.59 
141 7.780 8.o69 3.71 6.230 5.94-1 - 4.64 47.20 48.52 2.80 

142 7.460 7.767 4.12 ·5.810 5.50.3 - 5.28 46.70 47.85 2.46 

143 7.020 7.338 4.53 5.140 4.822 - 6.19 45.80 46.87 2.34 
144 6.660 7.00} 5.17 4.660 4.Jl6 - 7.38 44.90 46.09 2.65 



£ 

PERFORMANCE OF THE MATHEMATICAL MODEL: SUPERCRITICAL FLCYw, CASE I: 
Weir No. J. 

TEST 
DOWNSTREAM DISCHARGE 

No. 
meaaured cam puled 

145 6.300 6.591 -
146 .5.890 6.140 

. 

Mean 
Standard Deviation 

02 1/, 

% error 

4.62 
4.24 

6.39 
1.80 

NO ALLOWANCE FOR CURVATURE. 

SIDE SPILi. DISCHARGE 

111easu red comp.,ted 

4.030 3.739 
J.400 3.150 

I 

ow ,,. 

% error 

- 7.22 
- 7.35 

. 

- 8.76 
2.27 

DOWNSTREAII\ 

measured 

43.90 
42.40 

DEPTH Y2 

con1p.,ted 

45.12 
44.o6 

mm 

°lo error · 

2~78 
J.92 

4.13 
1.12 



g 
~ 

PERFORMANCE OF THE"MATHEMATICAL MODEL: SUPERCRITICAL FLOW, CASE IV: 
Weir No. '.3. 

TEST 
DOWNSTREAM. DISCHARGE 

No. 
measured computed 

77 7.010 7.527 
-

78 7.950 8.119 
79 8.840 8.826 

138 7.490 7.794 
139 8.280 8.385 
140 9.280 9.076 
147 7.750 7.908 
148 8.680 8.586 · 
149 9.420 9.157 

; 

Mean 
Standard. Deviation 

02 ,,. 

% error 

7.38 
2.13 

-0.16 
4.06. 
1.27 

-2.20 
2.04-

-1.08 
-2.79 

1.18 
3.21 

NO ALLOWANCE FOR CURVATURE. 

SIDE SPILi. DISCHARGE 

n,eo1ured computed 

5.630 5.113 
4.640 4.471 
3.690 3.7()!.J. 
5.140 4.836 
4.240 4.135 
3.320 3.524 
4. 750. 4.592 
J.820 3.914 
3.050 J.JlJ 

ow ,,. 

% error 

- 9.18 
- 3.64 

0.38 
- 5.91 
- 2.48 

.6.14 

- 3.33 
2.46 

· 8.62 
. 

- 0.77 
5.73 

DOWNSTREAM DEPTH 

measured con,puted 

47.00 47.77 
48.10 48.23 
49.00 48.26 
46.60 47.79 
47.70 48.06 
48.oo 48.08 
47.40 47.63 
48.10 47.92 
48.40 47.74 

y2 """ 

°lo error 

1.64 
0.27 

-1.51 
2.55 
0.75 
0.17 
o.49 

-0.37 
-1.36 

0.29 
1.30 

' 



§ 

Weir No. 3. 
PERFORMANCE OF THE MATHEMATICAL MODEL, SUPERCRITICAL FLOW, CASE Is 

WITH ALLOWANCE FOR CURVATURE. 

DOWNSTREAM DISCHARGE 02 ,,. SI.OE SPILL DISCHARGE ow ,,. DOWNSTREAM DEPTH 
y~ """ TEST 

No. 
measured computed 0/o error 111eo111 red computed % error measured con1puled °lo error 

71 7.000 7.366 5.23 6.200 5.8)4 - 5.90 46.20 47.31 2.40 
72 6.450· 6.822 5.76 5.240 4.868 - 7.10 44.70 46.14 3.22 
73 5.880 6.165 4.85 4.150 3.865 - 6.87 42.70 44.65 4.57 
74 5.120 5.350 4.49 2.910 2.680 - 7.90 41.60 42.97 3.29 
75 5.630 5.931 5.3'+ ·3. 740 3.439 - 8.05 42.60 44.20 3.76 
76 6.090 6.508 ·6.86 4.770 4.352 - 8.76 43.60 45.50 4.36 

132 7.450 7.661' - 2.83 6.370 6.159 - 3.31 46.oo 47.63 3 • .54 
133 7.130 7.432 - 4.24 5.980 5.678 - 5.05 46.oo 47.12 2.43 
13'+ 6.820 7.133 4.59 5.430 5.117 - 5.76 45.20 46.59 3.09 
1135 6.560 6.796 J.60 4.860 4.624 -.4.86 44.oo 45.71 J.89 
1136 6.200 6.401 J.24 4.210 4.009 - 4.77 43.10 44.80 J.94 
1137 5.840 6.d-1-9 3.58 J.630 J.421 - 5.76 42.50 44.08 3.71 
1141 7.780 7.827 - 0.60 6.2JO 6.183 

I 

- 0.75 47.20 47.75 1.17 
:142 7.460 7 • .540 - 1.07 5.810 5.730 - l.J8 46.70 47.12 0.90 
143 7.020 7.096 - 1.08 5.140 5.064 - 1.48 45.80 46.19 0.85 
144 6.660 6.867 3.11 4.660 4.453 - 4.44 44.90 45.70 1.78 

\ 



g 
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Weir No. '.3. 
PERFORMANCE OF THE MATHEMATICAL MODEL: SUPERCRITICAL FLOW, CASE Is 

WITH ALLOWANCE FOR CURVATURE. 

TEST 
DOWNSTREAM DISCHARGE 

No. 
measured computed 

145 6.300 6.458 
' 

146 5.890 6.044 

. 

i 

Mean 
Standard DeviatiDn 

02 ,,. 

0/o error 

2.51 
2.61 

J.64 
1.71 

SIDE SPILL DISCHARGE 

meo•vred computed 

4.030 3.872 
J.400 J.246 

I 

o.., l/1 

"lo error 

- J.92 
- 4.53 

.. 

. 

- 5.03 
2.30 

DOWNSTREAM DEPTH 

measured con1pvted 

43.90 44.66 
42.40 43.79 

y~ "'"' 

"/o • rror 

1.73 
3.28 

2.88 
1.18 



e 
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Weir No. 3. 
PERFORMANCE OF THE MATHEMATICAL MODEL: SUPERCRITICAL FLOW, CASE IVs 

WITH ALLOWANCE FOR CURVATURE. 

DOWNSTREAM DISCHARGE 02 ,,. SIDE SPILL DISCHARGE ow ,,. DOWNSTREAM DEPTH y2 mn, 
TEST 

+ 
+ 

+ 
+ 

+ 
+ 

No. 
mea1ured computed 

77 7.010 7-Y+7 
78 7.950· 8.119 
79 8.840. 8.825 

138 7.490 7.671 
139 8.280 8.385 
140 9.280 9.075 
147 7.750 7.900· 
148 8.680 8.585 . 
149 9.420 9.1.56 

i 

Mean 
Standard Deviation 

% error 

4.81 
2.13 

- 0.17 
2.41 
1.27 

-·2.21 
2.d-1-

- 1.09 
- 2.80 

0.71 
2.47 

measured 

5.630 
4.640 

3.690 
5.140 
'4.240 
3.320 
4.750 
J.820 
3.050 

compu_ted 

5.293 
4.471 
3.705 
4.959 
4.135 
3.525 
4.592 
J.915 
J.J14 

I . 

¾ error 

- 5.98 
- J.64 

o.41 
- 3.52 
- 2.48 

6.17 
- J.JJ 

2.49 
8.66 

. 

I 

- 0.14 
4.97 

+ Curvature not significant-· no allowance made in computation. 

measured con1puled 

47.00 47.13 
48.10 47.92 
49.00 47.98 
46.60 47.31 
47.70 47.75 
48.00 48.08 
47.40 47.30 
48.10 47.62 
48.40 47.47 

°lo error 

0.28 
- 0.37 
- 2.08 

1.52 
0.10 

0.17 
- 0.21 
- 1.00 
- 1.92 

- 0.39 
1.13 

\ 



. (a) 

. (b) 

(c) 

APPENDIX IX 

Effect of Chan&ing the POGition ot the 

Starting Station. 

Eff'ect of Fixing tho Value ot the Surface 

Slope at the Upatreaa EM of the Weir. 

Effect of Using the Mamung F.qua.tion tor 

Coaputing the Friction Gradient. 

~-----
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(a) Effect of Changing the Position of th• 

Starting Station. 

412 
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t 
\.a) 

Vi:IR BO. 4. PEHF<BUNCB OF 'ffiB KATBliMATICAL MODEL 1. CRABGE II STAB'l!liG STATIOI POSITIOI. 

Test Measured Measured 
No. a, . Y1 

Vs mm 

101 2.870 90.90 
102 4.290 97.70 
10) 4.8JO 99.80 
104- 6.14o 1m-.20 
10.5 7.200 107.60 
lOS 8.QJO 110.80 

Hean 
Standard Deviation 

Ccmpl!ted Values: 
Storti ng 505 mm dis of weir 

o, 
Vs 

2.896 

4.307 
4.8.,58 
6.lll 
7.of.A. 
7.883 

¾error 

0.91 
o.4o 
o • .ss 

-0.47 
-1.89 
-l.8J 

-o.,a 
1.23 

Y1 
mm 

90.19 
95.57 
96.91 
9S • .5J 
98 • .58 
97.16 

' 

¾error 

-0.78 
-2.18 

-2.90 
-,5.44 
-8.JS 

-12.)1 

'· 

-,5.JJ 
4.J,S 

Computed Values : 
Starting 76.2mm d/s of weir 

o, 
1/s 

2.~2 

4.293 
4.81,5 
6.008 
6.9()6 

7 • .593 

¾error 

2 • .51 
0.07 

-O.Jl 

-2.15 
-4.08 
-,5.44 

-1.57 
2.92 

Y1 
mm 

90.23 

9.5.08 
96.2J 
97.52 

97.37 
96.14 

% error 

-0.74 
-2.69 
-J.,53 
-6.41 
-9 • .51 

-1J.2J 

-6.0J 
4.68 

·, 



{b) Effect of Fixins the Value of the Surface 

Slope at the Upstream Eni of the We1r. 

'\ 
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PERFOfu~ANCE OF THE MATIDMATICAL MODEL: EFFEX:T OF FIXING THE SURFACE 

Weir No. J. SLOPE AT THE UPSTREAM END OF THE WErR. 

TEST 
DOWNSTREAM DISCHARGE 02 ,,. SIDE SPILL DISCHARGE ow 1/, DOWNSTREAM DEPTH y2 IMI 

No. 
m•o•ured compuled 

71 7.000 7.366 
72 6.4.50· 6.822 
73 5.880 6.165 
74 5.120 5.350 
75 5.630 5.931 
76 6.090 6.508 
77 7.010 7.347· 
78 7.950 8.119 . 
79 8.840 8.825 

( 

Mean 
Standard Deviation 

0/o •rror 

5.23 
5.76 
4.85 
4.49 
5.34 
·6.86 
4.81 
2.13 

- 0.17 

4.37 
2.12 

meo1ured computed 

6.200 5.8J4 
5.240 4.868 
4.150 3.865 
2.910 2.680 
J.740 J.439 
4.770 4.352 
5.630 5.293 
4.640 4.471 
J.690 3.705 

% error 

- 5.90 
- 7.10 
- 6.87 
- 7.90 
- 8.05 
- 8.76 
- 5.98 
- J.64 

o.41 
. 

- 5.98 
2.83 

measured con1puled 

46.20 47.31 
44.70 46.14 
42.70 44.65 
41.60 42.97 
42.60 44.20 
43.60 45.50 
47.00 47.13 
48.10 47.92 
49.00 47.98 

°lo error 

2.40 
3.22 
4.57 
J.29 
J.76 
4.J6 
0.28 

- 0.37 
- 2.08 

2.16 
2.33 

. 
~ .. 
0 
I 

n 
(]) 
p, 
0 

r-1 
(/} 

';;I 
•r-1 
+> 
•r-1 
s:: 

or-I 

.c 
+>· 
or-I 
;:;: 
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PERFORMANCE OF THE l1ATHEMATICAL MODEL: EFFEX!T OF FIXING THE SURFACE 

Weir No. 3. SLOPE AT THE UPSTREAM END OF THE WEIR. 

UST 
DOWNSTREAM DISCHARGE 02 ,,. SIDE SPILi. DISCHARGE Ow I/a DOWNSUEAM DEPTH -.,

2 
1nm 

No. 
measured computed 

71 7.000 7.409 
72 6.450 6.829 
73 5.880 6.179 
74 5.120 5.344 
75 5.630 5.932 
76 6.090 6.512 
77 7.010 7.289 
78 7.950 8.119 · 
79 8.840 8.825 

; 

Mean 
Standard Deviation 

% error 

5.84 
5.88 
5.09 
4.38 
5.36 
6.93 
3.98 
2.13 

- 0.17 

4.38 
2.19 

measured 

6.200 
5.240 
4.150 
2.910 
3.740 
4.770 
5.680 
4.640 
3.690 

computed 

5.791 
4.861 
3.851 
2.686 
J.438 
4.J48 
5.351 
4.471 
.3. 705. 

0/o error 

- 6.60 
- 7.23 
- 7.20 
- 7.70 
- 8.07 
- .8.85 

- 4.96 
- J.fA 

o.41 
. 

- 5.98 
2.88 

measured cornputed 

46.20 47.37 
44.70 46.08 
42.70 44.67 
41.60 42.97 
42.60 44.20 
43.60 45.51 
47.00 47.13 
48.10 47.92 
49.00 47.98 

°lo error 

2.·53 
3.09 
4.61 
3.29 
J.76 
4.38 
0.28 

- 0.37 
- 2.08 

2.17 
2.33 

• 
U'J 
Q) 

~ 
,-f 
f/l 

~ 
•r-f 
+> 
o,-f 

s::: 
o,-f 

'O 

~ 
~ 
Q) 
E! 

.c: 
+> 
•r-f 
::;;i:: 



(c) Effect of Using the Ma.nning Equation for 

Computing the Friction Gradient. 
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Weir No. 1. PERFORMANCE OF THE MATH™ATICAL MODEL, sf COMPUTED FROM MANNING. 

TEST 
UPSTREAM DISCHARGE 01 ,,. SIDE SPllL. DISCHARGE Qw 1/s Ul'STR EAM DEPTH 

Y1 """ 

No. 
measured computed % error n,eosured computed % error mea1ured computed °lo error 

15 6.590 6.323 - 4.05 4.310 4.0'+J - 6.19 95.40 91.60 - 3.98 

16 5.940 5.808 - 2.22 3.740 J.608 - 3.53 94.90 91.88 - 3.18 

17 c; 340 5.260 - 1.50 3.180 3.100 - 2.52 93.80 91.65 - 2.29 ~· 
18 4.630 4.607 - 0.50 2.530 2.507 - 0.91 92.40 90.96 - 1.56 \ 

19 4.190 4.175 - 0.36 2.130 2.115 - 0.70 91.10 90.24 - 0.94 

20 3.530 3.468 - 1.76 1.900 1.838 - 3.26 91.10 89.99 - 1.22 

21 · 4;270 4.186 - 1.97 2.620 2.536 - 3.21 93.30 91.65 - 1.77 

e 
0) 

22 4.560 4.42) - J.00 2.900 2.763 - 4.72 94.10 92.05 - 2.18 

2J 5.400 5.199 - J.72 3.690 J.489 - 5.45 95.90 92.88 - 3.15 

24 5.940 5.720 - 3.70 4.210 3.990 - 5.23 97.10 93.10 - 4.12 

25 6.4JO 6.157 - 4.25 4.680 4.407 - 5.83 97.20 93.00 - 4.32 

26 7.020 6.631 - 5.54 5.240 4.851 - 7.42 97.90 92.55 - 5.46 
I 

27 7.460 7.118 - 4 • .58 5.670 5.328 - 6.03 99.50 91.68 - 7.86 

28 6.660 6.255 - 6.08 5.430 5.025 - 7.46 100.20 94.29 - 5.90 

29 5.990 5.669 - 5.36 4.810 4.489 - 6.67 99.10 94.58 - 4.56 

30 5.J40 5.087 - 4.74 4.200 3.947 - 6.02 97.80 94.44 - 3.44 



e 
'0 

Weir No. 1. PERFORMANCE OF THE MATHEMATICAL MODEL, sf COU'trrED FRCM MANNING. 

TEST 
UPSTREAM DISCHAR<H 

No. 
measured computed 

Jl 4.700 4.JJl 
32 3.880 3.714 

33 J.020 2.925 

J4 2.190 2.070 

35 2.930 · 2.768 
36 3.690 3.493 · 
37 4.380 4.169 
38 5.540 5.2.54 
39 6.490 6.134 
40 7.610 7.127 

: 

Mean 
Standard. Deviation 

01 ,,. 

% error 

- 7.85 
- 4.28 
- 3.15 
- 6.71 
- 5.53 
- 5.34 
- 4.82 
- 5.16 
- 5.49 
- 6.35 

- 4.15 
1.91 

SIDE SPILL DISCHARGE 

meo1ured computed 

3.600 3.231 
2.790 2.624 
1.920 l.825 
1.820 1.700 
2.440 2.278 
J.080 2.883 
J.640 3.429 
4.490 4.2o+ 
5.110 4.754 
5.950 5.467 

l 
! 

Qw l/1 

% error 

-10.25 
- 5.95 
- 4.95 
- 6.59 
- 6.6A 
- 6.40 
- 5.80 
- 6.37 
- 6.97 
- 8.12 

I 

- 5.51 
2.14 

UPSTREAM DEPTH 

measured computed 

96.80 93.72 
94.50 92.62 
91.60 90.47 
91.70 90. 74 
93.90 92.52 
95.90 93.88 
97.20 94.66 
98.70 94.81 
99.40 93.97 
99.90 91.96 

Y1 mm 

°lo error 

- 3.18 
- 1.99 
- 1.23 
- 1.05 
- 1.47 
- 2.11 
..; 2.61 

- J.94 
- 5.46 
- 7.95 

- J.J4 
1.97 

\ 
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Wet r No. PERFORMANCE OF THE MATHEMATICAL MODEL, DATA BY ENGELS (SillCRITICAL FLOW, CASE II) 

TEST 
UPSTREAM DISCHARGE 01 ,,. SIi>£ SPILL DISCHARGE o,., 1/s UPSTREAM DEPTH 

'1 """ 

No. 
meosured computed % error measured computed 

0/o error meosured computed °lo error 

E4 14.700 14.198 - 3.41 3.500 2.998 .,. 14.34 110.00 110.59 0 • ..54 

E 5 14.700 13.908 - 5.39 4.400 3.608 - 18.00 101.00 100.35 -o.64 

E 7 125.500 146.980 17.12 23.400 44.880 91.79 180.00 177.33 -1.48 

E 9 180.000 180.,548 0.30 10.000 10._548 5.48 283.00 299.84 5.95 

ElO 180.000 182.375 1.32 14.000 16.375 16.96 285.00 389.36 1.53 

El2 153.500 155.936 1.59 31.JOO 33.736 7.78 356.00 355.64 -0.10 

El3 153.500 152.317 - 0.77 50.600 49.417 - 2.J4 297.00 298.34 o.45 
~ 
~ El4 153.500 152.198 - 0.85 56.J00 ..54.998 - 2.31 278.00 278.44 0.16 

El5 153.500 156.00J 1.6) 58.400 60.903 4.29 271.00 270.40 -0.22 

E16 153.500 156.995 2.28 60.100 63.595 5.82 276.00 266.10 -3.59 

El7 153.500 156.114 1.70 60.500 63.114 4.J2 266.00 264.69 -0.49 

El8 153.500 150.440 - 1.99 62.600 59 • ..540 - . 4.89 262.00 263.67 o.64 
El9 103.700 105.243 1.49 8.200 9.743 18.82 300.00 299.62 -0.lJ 

E20 103.700 1o8.3o8 4.44 10.700 15.308 43.07 290.00 291.40 o.48 

E21 lOJ. 700 108.101 4.24 14.800 19.201 29.74 278.00 279.60 0.58 

F22 103.700 n.11.297 7.33 17.400 24.997 43.66 271.00 270.93 -0.0J 



~ 

Weir No. PERFORMANCE OF THE MATHEMATICAL MODEL, DATA BY ENGELS (SUBCRITICAL FLCM, CASE II) 

TEST 
UPSTREAM DISCHARGE 

No. 
measured computed 

E2J 103.700 111..9n 
E24 103.700 114.074 
E2.5 103. 700 115.790 

r 

Mean 
Standard Deviation 

01 
,,. 

% error 

7.56 
10.00 

. 11.66 

3.17 
.5 • .53 

SIDE SPIU, DISCHARGE 

meosured computed 

18.900 26.741 
19.700 30.074 
20.000 32.090 

I 

Ow l/1 

% error 

41.49 
.52.66 
60.45 

.. 

20.23 
28.68 

UPSTREAM DEPTH 

mea•ured computed 

266.00 266.20 
262.00 263.86 
262.00 262.20 

Yt mm 

°lo error 

o.08 
0.71 
o.08 

0.24 
1.74 

._ 



~ 
\,,.) 

Weir No. PERFORMANCE OF THE MATHEMATICAL MODEL, DATA BY GENTILINI (SUBCRITICAL FLOW) 

TEST 
UPSTREAM DISCHARGE 

No. 
measured ~ompufed 

G 1 21.650 21.071 
G 2 18.850 18.579 
G J 16.050 15.490 
G 4 21.650 21.588 

G 5 17. 720 17.515 
G 6 12.450 12.007 

G 7 18.250 18.278 . 
G 8 14.650 14.841 

: 

Mean 
Standard Deviation 

o, ,,. 

% error 

- 2.67 
- 1.44 
- J.49 
- 0.29 
- 1.16 
- 3.56 

0.15 
1.30 

- 1.4o 
1.76 

SIDE SPILL DISCHARGE 

1neo1ured computed 

21.650 21.071 
14.280 14.009 
13.050 12.490 

7.680 7.618 
3.820 3.615 

10.850 10.407 
4.950 4.978 
7.000 7.191 

ow t/, 

% error 

- 2.67 
- 1.90 
- 4.29 
- 1.09 
- 5.37 
- 4.08 

0.57 
2.73 

- 2.01 
2.70 

UPSTREAM DEPTH 

measured computed 

298.40 296.39 
287.10 285.99 
285.30 283.95 
274.20 274.18 
265.80 265.61 
118.50 114.72 
1.58.90 157.62 
168~)0 166.13 

y
1 

mm 

0
/o error 

- 0.67 
- 0.39 
- o.47 
- 0.01 
- 0.07 
- 3.19 
- 0.81 
.. 1.29 

- o.86 
1.0J 

\ 



~ 
.c:-

. 
PERFORMANCE OF THE MATHEMATICAL MODEL, DATA BY GENTIUNI (SUPERCRITICAL FLCM, 

Weir No. UPSTREAM DEPTHS OBTAINED FROM FIG. 6.56) 

UST 
DOWNSTREAM DISCHARGE 

No. 
measured computed 

G 9 18.670 19.297 
GlO 17.650 17.956 
Gll 20.650 21.106 
Gl2 18.150 18.624 

; 

Mean 
Standard Deviation 

o2 1/s 

% error 

3.36 
1.7) 
2.21 
2.61 

2.48 
0.69 

SIDE SPILL OISCHAIIGE 

meo ■ ured comput•d 

7.750 7.123 
6.050 5.744 
6.200 5.744 
4.800 4.326 

I 

l 
i 

Ow 1/s 

%error 

- 8.09 

- 5.o6 
- 7.35 
- 9.88 

. 

I 

- 7.60 
2.00 

DOWNSTREAM DEPTH 

measured con1putod 

66.10 64.45 
65.50 68.41 
73 •. 00 70.01 
69.00 66.45 

y~ mm 

°lo ••••• 

- 2.50 
4.44. 

- 4.10 
- 3.70 

- 1.41 
J.99 

\ 



t 

PERFOitMANCE OF THE MATHEMATICAL MODEL, DATA BY GENTILINI 
Weir No. (SUPERCRITICAL .FLOl, MEAS~ED UPSTREAM DEPTHS) 

TEST 
DOWNSTREAM OISCHARGf 

No. 
meaaured computed 

G 9 18.670 19.456 
GlO 17.650 18.114 
Gll 20.650 21.130 
Gl2 18.150 18.632 

; 

Mean 
Standard Deviation 

02 ,,. 

% error 

4.21 
2.6J 
2.32 
2.66 

2.96 
o.85 

SIDE SPILL OISCHARGE 

meotu red computed 

7.750 6.964 
6.050 5.586 

~6.200 5.720 
4.800 4.318 

I 

o..., I/a 

% .,,., 

-10.14 
- 7.67 
- 7.74 
-10.o4 

. 

- 8.90 
1.38 

DOWNSTREAM DEPTH 

m•asvred con1pvted 

66.10 64.63 
65.50 63.32 
73.00 69.76 
69.00 66.41 

y ~ """ 

°lo • rror 

- 2.22 

- 3.33 
- 4.44 
- 3.75 

- J.44 
0.93 

·, 
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Weir No. 1. PERFORMANCE OF DE MARCHI 's MEI'HOD: SUB:!RITICAL FLOW, CASE II. 

lEST 
UPSTREAM DISCHARGE o1 1/s SIDE SPILL DISCHARGE o,., 1/s UPSTREAM DEPTH r1 mm 

No. 
measured computed % error measured computed % error measured computed °lo error 

15 6.590 6.270 - 4.86 4.JlO J.990 - 7.42 95.40 90.18 - 5.47 
16 5.940 5.7€A - 2.96 3.740 3.5€A - 4.71 94.90 90.85 - 4.27 

17 5.J40 5.217 - 2.JO J.180 J.057 - 3.87 93.80 90.93 - 3.06 

18 4.6JO 4.563 - 1.45 2.530 2.46J - 2.65 92.40 90.48 - 2.08 

19 4.190 4.128 - 1.48 2.130 2.o68 - 2.91 91.10 89.86 - 1.J6 

20 J.530 3.441 - 2.52 1.900 1.811 - 4.68 91.10 89.78 - 1.45 

21 4.270 4.169 - 2.37 2.620 2.519 - J.85 93.30 91.35 - 2.09 

~ 
" 

22 4.560 4.409 - 3.31 2.900 2.749 - 5.21 94.10 91.70 - 2.55 

23 5.400 5.189 - J.91 3.690 3.479 - 5.72 95.90 92.25 - 3.81 
• 

24 5.940 5.709 - 3.89 4.210 3.979 - 5.49 97.10 92.18 - 5.07 

.25 6.430 6.142 - 4.48 4.680 4.392 - 6.15 97.20 91.77 - 5.59 

26 7.020 6.607 - 5.88 5.240 4.827 - 7.88 97.90 90.85 - 7.20 

27 7.460 7.079 - 5.11 5.670 5.289 - 6.72 99.50 89.26 -10.29 

28 6.660 6.272: - 5.83 5.430 5.o42 - 7.15 100.20 93.02 - 7.17 

29 5.990 5.692 - 4.97 4.810 4.512 - 6.20 99.10 93.75 - 5.40 

JO 5.J40 5.111 - 4.29 4.200 3.971 - 5.45 97.80 93.93 - 3.96 



Weir No. 1. PERFORMANCE OF DE MARCHI 's METHOD: SUBCRITICAL FLOW, CASE II. 

u~t UPSTREAM DISCHARGE 01 ,,. SIDE SPILi. DISCHARGE o..,, 1/s UPSTREAM DEPTH y1 mm 

N ... 
measured computed % error measured computed % error measured computed °lo error 

31 4.700 4.350 - 7.45 3.600 3.250 - 9.72 96.80 93.46 - 3.45 

32 3.880 3.725 - 3.99 2.790 2.635 - 5.56 94.50 92A8 - 2.14 

33 3.020 2.90'+ - 3.84 1.920 1.8c» - 6.c» 91.60 90.48 - 1.22 

34 2.190 2.090 ·- 4.57 1.820 1.720 - 5.49 91.70 90.76 - 1.03 \ 

35 2.930 2.786 - 4.91 2.440 2.296 - 5.90 9.3.90 92.55 - 1.44 

36 .3.690 3.5o8 - 4.93 3.oao 2.898 - 5.91 95.90 93.89 - 2.10 

37 4.J80 4.205 -.4.00 3.640 J.465 - 4.81 97.20 94.47 - 2.81 

E 
(X) 

.38 5.5+0 5.2&.1- - 4.62 4.490 4.2,34 - 5.70 98.70 94.23 - 4.53 

39 6.490 6.14) - 5.35 5.110 4.763 - 6.79 99.40 92.79 - 6.65 

40 7.610 7.097 - 6.74 5.950 _5.4.37 - 8.62 99.90 89.5.3 -10.38 

41 J.460 4.Jc» 24.,39 1.840 2.6?/+9 45.87 88.70 91.68 .3 • .36 

·42 4.JJO 5.145 18.82 2.700 3.515 30.19 91.50 92.47 1.06 

43 5 • .330 6.074 13.96 .3.670 4.414 20.27 9.3.90 92.10 - 1.92 

44 6.210 6.857 10.42 · 4.470 5.117 14.47 95.4o 90.32 - 5.32 

45 6.500 7.1o6 9.32 4.710 5.316 12.87 95.60. 89.12 - 6.78 

46 7.500 N/C N/C 5.670 N/C N/c 95.70 N/C N/C 



~ 
\() 

.... 

Weir No. 1. PERFORMANCE OF DE MARCHI's METHOD1 SUBCRITICAL FLOW, CASE II. 

TEST 
UPSTREAM DISCHARGE 

No. 
1nea1ured computed 

48 5.860 6.618 
49 5.200 5.995 
50 4.560 5.469 
51 .3.770 4.749 
52 3.060 4.0Jl 

53 2.600 3.556 

55 7.580 7.500 
56 6.560 6.732 

57 5.770 6.016 
58 4.830 5.177 
59 4.070 4.439 
60 J.JJO J.652 

Mean 
Standard Deviation 

o, ,,. 

% error 

12.94 
15.29 
19.93 
25.97 
31. 73 
36.77 

- 1.o6 
2.62 
4.26 
7.18 
9.07 
9.67 

J.29 
n.42 

SIDE SPILL DISCHARGE 

meosured computed 

4.750 5.508 
4.J20 5.115 
3.850 4.759 
J.240 4.219 
2.620 3.591 
2.230 J.186 
5.820 5.740 
4.8JO 5.002 
4.140 4.J86 
J.170 3.517 
2.460 2.829 
1.800 2.122 

Ow 1/s 

% error 

15.96 
18.40 
23.61 
J0.23 
37.o6 
42.87 

- 1.37 
3.56 
5.94 

10.95 
15.00 
17.89 

4.49 
15.32 

UPSTREAM DEPTH 

measured compuhd 

97.20 92.65 
96.60 94.37 
95.90 95.21 
94.60 95.65 
92.80 95.37 
91.60 94.82 

98.80 86.45 
97.20 90.65 
96.20 92.24 
94 • .50 92.40 
92.50 91.91 
89.70 90.71 

Y1 tnm 

°lo error 

- 4.68 
- 2.31 
- 0.72 

1.11 
2.77 
3.52 

-12.50 
- 6.74 
- 4.12 
- 2.22 
- o.64 

1.13 

- 3.29 
J.47 

0 



~ 
0 

Weir No. 2. PERFORMANCE CF DE KARCHI's MErHOD a StJreBITICAL FLOW, CASE II. 

UPSTREAM DISCHARGE 
UST 

No. 
measured computed 

62 J.680 4.00'/ 
6J 3.9.50 4.29.5 
64 4.9.50 5.331 
6.5 6.ceo 6.374 
66 6.790 7.129 
67 7.310 7.619 
68 7.740 8.Cf/4 

69 9.830 9.87.5 
70 8.440 8.766 

\ 
I 

Mean 
StamaJ'fl Deviatloa 

o
1 

l/1 

% •rror 

• 

8.89 
8.73 
7.70 
.5.88 
4.99 
4.2J 
4.32 
o.46 
3.86 

.5.4.5 
2.70 

SIDE SPILL DISCHARGE 

111ea1ured computed 

1.850 2.171 
2.070 2.41.5 
3.050 J.4Jl 
4.070 4.424 
4.800 5.139 
.5.320 .5.629 
.5.710 6.c:AA-

7.790 7.83.5 
6.420 6.746 

' ' 

-

ow 1/s 

% error 

17.68 
16.67 
12.49 
a.70 
7.06 

. .5.81 
.5.85 
0 • .58 
.5.o3 

, 8.88· 

5.66 

UPSTREAM DEPTH y1 mm 

measured con1pute,I 

129.00 130.78 
129.90 1:,1.59 
133.60 1J4.32 
136.90 136.40 
138.90 137.50 
140.40 138.12 
141 • .50 138.46 
14,S.80 139.oa 
143.20 138.96 

% error 

1.38 
l.JO 
o.,54 

-0.:,7 
-1.01 
-1.62 
-2.15 
-4.61 
-2.96 

-1.o6 
2.01 

' . 



Weir No. 4. PERFOBMAHCE OF DE MARCHI 'a METHOD I SUOORITICAL FLOW, CASE II. 

UPSTREAM DISCtlARGE o
1 

l/1 SIDE SPILL DISCHARGE o,., ,,. UPSTREAM DEPTH Y1 mm 
UST 

No. 
measured computed % error meo1ured computed % error mea,ured con1pute,I ¾ error 

80 J.090 J.422 10.'74 1.490 1.822 22.28 92.40 92.46 o.o6 
81 4.440- 4.800 8.ll 2.820 J.180 12.77 98.40 96.24 - 2.20 
82 5.24o 5.'(,27 7.39 J.6oo 3.987 10.75 101.60 97.50 - 4.dl-

8J 5.860 6.JO'/ 7.63 4.150 4.597 10.77 1QJ.6o 9?.49 - 5.90 ' 
84 6.220 6.637 6.70 4.470 4.887 9.JJ ldf..80 97.10 - 7.3.5 
8.S 6.690 7.105 6.20 4.930 5.345 8.42 lc6.40 96.6J - 9.18 
86 7.270 7.601 4.55 5.490 .5.821 6.03 lo3.00 95.24 -11.81 

~ ..., er, 7.740 8.019 J.60 .5.930 6.209 4.70 1(9.6o 92.85 -1.5.28 
88 8.100 8.:)62 J.2J 6.910 7.172 '3.79 llJ.6o 92.84 -18.27 
89 5.300 5.760 8.68 4.150 4.610 . n.oa 1rh.20 99.42 - 4.59 
90 4.290 4.710 9.79 3.160 J • .580 lJ.29 100.40 98.17 • 2.22 

91 3.520 ).862 9.72. 2.J90 2.732 14.Jl 97.20 96.12 -1.n 
92 2.620 2.97J lJ.47 1.500 1.853 2J.,SJ 92.80 93.01 0.23 

9J .5.880 6.326 7.59 4.720 5.166 9.45 95.90 99 • .52 J. 71 

94 7.470 7. 78.5 4.22 6.290 6.6o.5 .5.01 lll.20 97.(A 12.73 

9.5 8.230 1/c B/C .5.910 H/C 1/c 10'/.SO 1/c H/C . 



Weir No. 4. PEBFORMAltCE OF DE MARCHl'a METHOD I SUBCBITICAL FLO'i,· CASE II • 

lESl 
UPSTREAM DISCHARGE 0

1 
1/s SIDE SPILL DISCHARGE ow 1/, UPSTR £AM DEPTH Yt mm 

No. 
measured computed % •rror m•o•ured computed °lo error meo1u red con1puled °lo error 

96 7.4.50 7.733 J.80 s.140 5.423 5.51 10.5.80 92.37 -12.69 
97 6.3.50 6.7.55 6.38 4.a,o 4.475 9.95 102.60 95.15 - 7.26 
98 5.240 .5.591 6.10 3.070 3.421 . 11.43 98.80 9.5.32 - J.,52 
99 4.370 4.7o6 7.69 2.270 2.606 14.80 95.6o . 9'+.0J - 1.64 

100 3 • .5.50 J.899 9.83 1.480 1.829 2J.,58 91.90 91.76 - 0.1.5 

101 2.870 2.841 • 1.01 1.JlO. 1.281 - 2.21 90.90 90.06 • 0.92 
.,, ice 4.290 4.282 • 0.19 2.720 2.712 - 0.29 97.70 95.25 - 2 • .51 

~ 10.'.3 4.SJO 4.8J9 0.19 J.24o J.249 0.28 99.80 96.44 - J.)7 
104- 6.140 6.0}8 - o.68 4.45() 4.4c8 - 0.94 ld.f..20 97.56 - 6.37 
10.5 7.200. 7.o6J • 1.90 .5.470 .5.JJJ - 2 • .50 107.60 96.81 -10.0J 
1o6 8.0JO 7.881 - 1.86 6.280 6.131 - 2.37 no.so 94.oa -1.5.09 
lC/l 3.220 · 4.df9 25.75 1.560 2.)89. .53.14 90 • .50 94.18 4.C/l 
lo3 4.3.50 .5.213 19.84 2.690 3.553 32.08 95.6o 96.81 1.27 

109 .5.200 .. 6.124 17.77 3 • .520 4.444 26.2.5 98.70 · 97.60 1.ll 

110 6.160 · 7.rif.5 - 14.J7 4.370 .5.2.5.5. 20.25 101.70 96.62 - .5.00 

. 

• 



~ 
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Weir No. 4. PEBFORMAroE OF DE MARCHI 'a METHOD 1 .SUBCRITICAL FLOW,, CASE II. 

UPSTREAM DISCHARGE 
TEST 

No. 
m•a•ured computed 

lll 7.rm 7.837 
112. 7.530 N/C 

• 

: 

'. 

Mean 
Standard Deviation 

01 1/s 

% error 

• 

ll.96 
N/C 

7.4J 
6.:,8 

SIDE SPILL DISCHARGE 

meosured computed 

.5.170 6.C1Jl-
5.660 N/C 

I 

ow 1/, 

% error 

16.19 
M/C 

-•· 

n.96 
n.73 

UPSTREAM DEPtH 

measur1td con1pulecl 

ldf..oo 93.98 
lo6.4o N/C 

,, mm 

°lo error 

.. 9.63 
N/C 

.. 4.42 
6.46 

~ 



Weir No. ,S. . PERFORMA,CE OF DE MARCHI's MEI'HOD I SUBCRITICAL FLOW, CASE II • 
• 

TEST 
UPSTREAM DISCHARGE o

1 
l/1 SIDE SPILL DISCHARGE a .. l/1 Ul'STREAM DEPTH Y1 mm 

No. 
meosured compuled % error ff1eo1ured computed % error mea,ured contpuled °lo error 

113 4.2.50 .5.148 21.lJ 2.590 3.488 'j½.67 90.00 89.81 - 0.21 
114 .5.200 6.024 1.5.a.5 3 • .510 4.JJ4 23.48 91.30 88.86 - 2.67 

11.5 .5.960 6.60) 10.79 4.170 4.813 1.5.42 91 • .50 87.19 :.. 4. 71 
116 7.090 N/C H/C .5.190 N/C N/C 90.90 N/C N/C \ 

117 7.,540 N/C N/C .5.630 N/C N/C 90.70 lt/C s/c 
119 3.740 4.229 13.07 2.150 2.6.39 22.74 90.10 89.68 - o.47 

120 4 • .580 .5.026 9.74 2.$40, 3.386 1.5.17 91.40 89.89 - 1.6.5 
121 5.400 .5.713 5.80 .3.700 4.013 8.46 93.10 89.31 - 4.07 
122 6.0SO 6.269 3.11 4.3.50 4.539 4.J4- 93.20 88.27 • .5.29 i 
12J 6.690 6.737 0.70 4.890 4.937 0.96 93.60 86.68 - 7.:39 
124 7.290 7.214 - 1.dl- .5.430 .5.3.54 - 1.40 92.90 8.3.90 - 9.69 

12.5 7.730 N/C N/C 5.8.50 N/C N/C 92.90 N/C N/C 

126 3.020 J.07]. 1.69 1.460 1 • .511 J.49 89 • .50 _ 87.76 - 1.94 

127 4.360 4.Jo6 - 1.24 2.780 2.726 - 1.94 92.6o 89.78 - J.0.5 

128 .5.340 .5.193 - 2.7.5 3.720 3 • .573 - 3.9.5 94.30 89.89 - 4.68 . 

129 6.1.30 .5.8)4 - 4.83 4.4JO 4.134 - 6.68 94.60 89.1.5 - 5.76 . 



$ 
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Weir No • .5• PERFORMANCE OF DE MIJCHI 's MEmOD I Sm£RITICAL Fl,OW, CASE II. 

UPSTREAM DISCHARGE 
TEST 

No. 
measured computed 

130 6.810 6.43.5 
131 7.490 6.959 

. C 

I 

Mean 
Stamard Deviation .-

01. 1/s 

% •rror 

- .5.51 
- 7.cy 

. 
3.96 
8.47 

SIDE SPILL DISCHARGE 

meosured computed 

.5.dto 4.66,5 

5.700 .5.169 

I 

Ow I/• 

¾ error 

- 7.44 
- 9.32 

6.~ 
1).12 

urSTREAM DEPTH Y1 

measured con1putec.l 

91-.60 87.76 
94 • .50 8.5.63 

mm 

°lo error 

- 7.2.:3 
- 9.3.:3 

.. 

- 4.;ft 
2.97 



Weir No. J. PERFORMANCE OF DE MARCHI's METHOD, SUPERCRITICAL FLOW, CASE I. 

UST 
DOWNSTREAM DISCHARGE 02 ,,. SIDE SPILL DISCHARGE Ow l/1 DOWNSTREAM DEPTH y~ fflffl 

No. 
moa1urod computed % orror meotured computed % error mea1urod coruputod °lo error 

71 7.000 7.691 9.87 6.200 5.509 -11.15 46.20 46.20 o.oo 

72 6.450 7.124 10.45 5.240 4.566 -12.86 44.70 45.11 0.92 

73 5.880 6.502 10.58 4.150 3.528 -14.99 42.70 44.17 J.44 
74 5.120 5.613 9.63 2.910 2.417 -16.94 41.60 42.08 1.15 

75 5.630 6.215 10.39 J.740 3.155 -15.64 42.60 4J.47 2.04 

76 6.090 6.790 11.49 4.770 4.070 -14.68 4J.60 44.46 1.97 
132 7.450 7.938 6.55 6.370 5.882 - 7.66 46.oo 46.66 l.4J 

& 
°' 

1J3 7.130 7.693 · 7.90 5.980 5.417 - 9.41 46.oo 46.20 o.4J 

134 6.820 7.360 7.92 5.430 4.890 - 9.94 . 45.20 45.57 o.82 
1J5 6.560 7.088 8.05 4.860 4.JJ2 -10.86 44.00 45.34 3.05 

136 6.200 6.666 7.52 4.210 3.744 -11.07 43.10 44.36 2.92 

1J7 5.840 6.261 . 7.21 3.630 3.209 -11.60 42.50 4J.43 2.19 

141 7.780 8.052 3.50 6.230 5.958 - 4.37 47.20 46.87 -0.70 

142 7.460 7.763 4.o6 5.810 5.507 - 5.22 46.70 46.JJ -0.79 

14J 7.020 7.395 5.34 5.140 4.765 - 7.30 45.80 45.84 0.09 

144 6.660 7.053 5.90 4.660 4.267 - 8.43 44.90 45.04 0.31 



s 
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Weir No. 3. PERFORMANCE OF DE MARCHI 's METHODs SUPERCRITICAL FLOW, CASE I. 

TEST 
DOWNSTREAM DISCHARGE 

No. 
measured computed 

145 6.300 6.637 -
146 5.890 6.208 

l 

Mean 
Sta..~dard Deviation 

02 
,,. 

¾ •rror, 

5.35 
5.40 

, , 

7.62 
2.40 

SIDE SPILL DISCHARGE 

meotured computed 

4.030 3.693 
3.400 J.082 

I 

ow ,,. 

¾ error 

- 8.36 
- 9.35 

. 

-10.55 
3.50 

DOWNSTREAM DEPTH 

measured con1puted 

43.90 44.13 
42.40 4J.J5 

y2 mm 

°lo error 

0.52 

2.24 

1.22 
1.26 



----

~ 

Weir No. 3. PERFORMANCE OF DE MARCHI 's METHODs SUPERCRITICAL FLOW, CASE IV. 

TEST 
DOWNSTREAM DISCHARGE 

No. 
mea1ured computed 

77 7.010 7.635 
78 7. 950' 8.271 
79 8.840 9.015 

138 7.490 7.882 
139 8.280 8.516 
140 9.280 9.260 
147 7.750 7.984" 
148 8.680 8.700. 
149 9.420 9.317 

! 

Mean 
Standard Deviation 

02 .,. 

"/o error 

8.92 
4.d-1, 
1.98 
5.23 
2.85 

-·0.22 

3.02 

0.2J 

-1.09 

' 

2.77 
J.09 

SIDE SPll'- DISCHARGE 

meo1ured computed 

5.630 5.005 
4.640 4.319 
3.690 3.515 
5.140 4.748 

. 4.240 4.004 
3.320 3.)40 
4.750 4.516 
J.820 3.800 
3.050 3.153 

·, 

ow 1/, 

0/o error 

-11.10 
- 6.92 
- 4.74 
- 7.63 
- 5.57 

0.60 
- 4.93 
- 0.52 

J.J8 
. 

I 

- 4.16 
4.52 

DOWNSTREAM DEPTH 

measured con1puted 

47.00 46.12 
48.10 46.83 
49.00 47.01 
46.60 46.49 
47.70 46.93 
48.oo 47.16 
47.40 46.61 
48.10 46.98 
48.40 46.95 

y~ fflffl 

°lo error 

- 1.87 
- 2.64 
- 4.o6 
- 0.24 
- 1.61 
- 1.75 
- 1.67 
- 2.33 
- 3.00 

- 2.13 
l.o6 



Weir No. 1. PERFORMANCE CF CHOV'a liUMRBICAL lNTmRATIClf MI1.'THCD> 1 SUBCRITICAL FLCW, CASE II. 

UPSTREAM DISCHARGE 01 .,. SIDE SPILL DISCHARGE o.., 1/s UPSlRlAN\ DEPTH Y1 """ 
TEST 

No. 
mea1ured cam puled % error ,neo1ured computed % error mea,ured con,puled °lo error 

15 6.590 6.346 - J.70 4.JlO 4.o66 - .5.66 9.5.40 91.26 - 4.)4 
16 5.940 5.824 - 1.95 3.740 3.624 • J.10 94.90 91.70 - J.J7 
17 .5.J40 5.269 - l.JJ 3.180 J.l~ - 2.23 9).80 91.60 - 2.34, 

18 4.630 4.600 - 0.65 2 • .530 2.500 - 1.19 92.40 90.91 • 1.61 ' 
19 4.190 4.166 - 0 • .57 2.lJO 2.106 - 1.1) 91.10 90.19 • 1.00 
20 ·3.530 J.464; - 1.87 1.900 1.8)4 - J.47 91.10 89.99 • 1.22 
21 4.270 4.194 • 1.78 2.620 2.544 • 2.90 9.3 • .30 91.66 - 1.76 

~ 
-.0 

22 4.,560 4.4.JJ - 2.79 2.900 2.773 - 4.J8 9'-1,.10 92.07 - 2.16 
2J 5.400 5.218 - 3.37 J.690 J • .sce - 4.93 95.90 92.87 - J.16 
24 _5.940 5.750 - J.20 . 4.210 4.ceo - 4.5]. 97.10 . 93.01 - 4.21 
2.5 6.4JO 6.19.5 - 3.65 4.680 · 4.44.5 - 5.02 97.20 92.80 - 4.,SJ 
26 7.020 6.676 - 4.90 5.240 4.896 -,6.,56 97.90 92.12 - 5.90 
27 7.460 7.171 - 3.87 5.610 .5.381 • .5.10 99.50· 90.87 - 8.67 
28 6.66o 6.J14 - 5.20 5.4.30 5.094 - 6.37 100.20 94.l) - 6.o6 
29 5.990 5.717 - 4.56 4.810 4.537 - 5.68 · 99.10 94.59 • 4.55 
JO 5.)40 5.127 - 3.99 4.200 J.987 - s.a, 97.ao 94.53 - 3.34 . 



.-

Weir No. 1. PERFORMANCE OF CHOW'a BtlmRICAL INTmRATIClf METHOD I SUBCRI'lICAL FLOW, CASE II. 

UPSlREAM DISCHARGE o, ,,. SIDE SPILL DISCHARGE o.., ,,. UPSTREAM DEPTH Y1 mm 
UST 

No. 
mea1ured computed % •rror meo1urod computed % error meosu red con,pulecl °lo error 

31 4.700 4.3.55 - 7.,y+ 3.600 3.255 - 9.59 96.80 93.80 - 3.10 

32 3.880 3.729 - J.89 2.790 2.6.39 - 5.41 94 • .50 92.70 - 1.90 
)J 3.020 2.9).'.3 - 2.88 1.920 1.8JJ - 4 • .5.'.3 91.60 90.53 - 1.17 

'4 2.190 2.o86 - 4.75 1.820 1.716 - .5.71 91.70 90.85 - 0.93 
\ 

J.5 2.9.30 2.787 - 4.88 2.440 2.297 - .5.86 93.90 92.64 - 1.J4 
36 3.690 J.515 - 4.74 J.090 2.905 - .5.68 95.90 91.00 - 1.98 
37 4.380 4.197 - 4.18 3.640 3.4.57 - .5.03 97.20 94.77 • 2 • .50 

$ 38 5.540 .5.29.3 - 4.46 4.490 4.24J - 5.50 98.70 94-87 - J.88 

J9 6.490 6.185 - 4.70 .5.110 4.805 - .5.97 99.4o 9.3.83 - .5 • .58 0 

40 7.610 7.191 - 5.51 5.950 5.531 - 7.d+ 99.90 91.18 - a.7.3 
41 J.460 3.922 lJ.J.S 1.840 2.302 2.5.n 88.70 88.68 • 0.02 

42 4.JJO 4.747 9.63 2.700 3.117 15.44 91 • .50 89.99 - 1.6.5 
4J ,S.JJO .5.63.5 6.66 3.670 4.c:25 9.67 93.90 90.27 - J.87 
44 6.210 6.49.5 4 • .59 4.470 4.755 6.JB 9.5.40 89.06 - 6.65 
4.S 6.500 6.7.59 3.97 4.710 4.963 5.48 95.60 88.24 - 7.70 
46 7.500 6.7.58 - 9.89 5.670 4.928 -13.09 95.70 88.24 - 7.80 . 



-. 
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Weir No. 1. PERFORMANCE CF CHOW'a NtMERICAL lNT}iX;RA'l'ION METHOD I StlBCRITICAL FLOW, CASE II. 

UPSTREAM DISCHARGE 
UST 

No. 
ffleosured co..,puled 

48 .5.860 6.209 
49 .5.200 .5 • .5.5.5 
.50 4 • .560 .5.012 
.51 3.770 4.282 

.52 :3.060 J • .587 

.53 2.600 J.118 

.5.S 7 • .580 7.401 
S6 6 • .560 6.579 
51 .5.770 .5.836 
.53 4.8JO 4.989 
.59 4.(J'/0 4.2.52 
60 J.:330 J.478 

,-

Mean 

Standa:rr\ Deviation 

o
1 

1/s 

°lo error 

5.96 
6.8) 
9.91 

lJ.,58 
17.22 

19.92 
- 2.36 

. 

0.29 

1.14 
J.29 
4.47 
4.44 

o.42 
6.76 

SIDE SPILL DISCHARGE 

meosu rod compulod 

4.750 s.rm 
4.320 4.67.5 
3.8.50 4.3ce 
3.240 3.752. 
2.620 J.147 
2.2JO 2.748 
.5.820 .5.,512 
4.8JO 4.849 
4.140 4.2o6 
3.170 3.329 
2.46o 2.642 
1.800 1.948 

. 
I 

Ow 1/s 

% error 

7.3.5 
8.22 

ll.74 
15.80 
20.u 
2J.2J 

- .5.29 
0.39 
1 • .59 
.5.ce 
7.4o 
8.22 

o.s, 
9.06 

. 
UPSTREAM DEPTH Y1 mm 

mea,ur .. d con1puted 

97.20 91.37 
96.60 92.60 
9.5.90 93.03 
94.60 93.03 
92.80 9'Z.29 

91.6o 91.,58 

98.80 87.61 
97.20 90.68 
96.20 91.80 
94 • .50 91.48 

92 • .50 90.01-

89.70 89.21 

°la error 

- 6.oo 
- 4.14 
- 2.94 
- 1.66 
- 0 • .5.5 
- 0.02 
-n.33 
- 6.71 
- 4.57 
- J.20 
• 2.01 

- 0 • .5.5 

- 3.65 
2.61 



l 

Weir No. 2. PERFORMANCE CF CHOW's NUMERICAL IHnmuTiat MiTHOD I SUBCRITICAL FLOW, CASE II. 

TEST 
UPSTREAM DISCHARGE 

No. 
measured computed 

62 J.680 J.827 
6J J.950 4.111 
64 4.9.50 .5.o89 
65 6.<:20 6.ll4 
66 6.790 6.8.58 
67 7.310 7.346 
68 7.74o 7.805 
69 9.830 9.619 
70 8.440 8.,SOO 

. 

i 

Mean 
Standard Deviation 

01 ,,. 

% error 

J.99 
4.o8 
2.81 
1 • .56 ' 
1.00 

o.49 
o.84 

- 2.15 

• 

0.71 

1.48 
1.94 

SIDE SPILL DISCHARGE 

measured computed 

1.8,50 1.997 
2.(1'/0 2.231 
3.0.50 3.189 
4.(1'/0 4.164 
4.800 4.868 
.5.320 5.3.56 
5.no 5. 715 
7.790 7.579 
6.420 6.480 

a.., 1/s 

% error 

7.95 
7.78 
4.,56 

2 • .31 

1.42 
o.68 
1.14 

- 2.71 
0.93 

2.67 

3.49 

UPSTREAM DEPTH 

measv red con1puted 

129.00 120.96 
129.90 129.80 
133.60 132.73 
136.90 lJ,S.02 
138.90 1J6.Jl 
14o.4o 137.09 
141 • .50 1.37.59 
14,S.80 1.)8.86 
14J.20 138.35 

Y1 mm 

°lo .. rror 

• 0.03 
- 0.08 
- 0.65 
• 1 • .37 

- 1.86 
• 2.J6 
- 2.76 
- 4.76 
- 3.39 

- 1.92 
1 • .58 

\ 



Weir No. 4. PERFORMANCE CF CHOW'a mltERIOAL IHTF&RATIOlf ME?HCI> a SUl£BITICAL FLOW, CASE II. 

TEST 
UPSTREAM DISCHARGE a, 1/, SIDE SPILL DISCHARGE o,., 1/, UPSTREAM DEPHI y

1 
mm 

No. 
measured computed % error measured computed % error mea,u,.,d contpuled °lo error 

80 3.0}0 3.3.50 8.41 1.490 1.750 17.4.5 92.4o 91.00 - 1 • .52 
81 4.440 4.6$4 .5.72 2.820 J.074 9.01 98.40 9.5.10 - 3.3.5 
82 .5.24o 5._.529 .5 • .52 3.600 3.889 8.0J 101.60 96 • .51 - .5.01 
8J .5.860 6.20} 5.96 4.1,50 4.499 8.41 lOJ.6o 96.82 - 6 • .54 
~ 6.220 6.532 .s.ce 4.470 4.782 6.98 l~.80 96.70 - 7.73 
8.5 6.690 7.018 4.90 4.9.30 .5.2.58 6.6.s 106.40 96.37 - 9.4J 
86 7.270 7 • .526 ).,52 .5.490 .5.746 4.66 100.00 9.5.3.5 -u.11 

! 87 7.740 7.962 2.87 5.930 6.152- J.74 10'}.6o 93.48 -14.71 
88 8.100 8.312 2.62 6.910 7.122 

~ 

J.(f/ 113.60 c;..07 -17.19 
89 .5 • .300 .5.646 6 • .53 4.1.50 4.496 8.,34 ldf.20 98.52 - .5.4.5 
90 4.290 4.600 7.2;3 J.160 J.470 9.81 l00.4o 96.92 - J.47 
91 3 • .520 3.761 6.8.5 2.390 2.631 ;10.oa 97.20 94.73 - 2 • .54 
92 2.620 2.881. 9.96 1 • .500 .. 1.761 17.40 92.80 91 • .55 - l.J.5 
9J .5.880 6.2'.l-4 .5.68 4.720 .5.0:)f 7.09 95.90 98.86 3.09 
94 7.470 7.705 J.1.5 6.290 6 • .52.5 J.74 lll.20 97.24 -12 • .5.5 
9.5 8.2J0 N/C .5.910 N/C 107.80 H/C · 

' 
I 
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Weir No. 4. PERFORMANCE OF CHOW's Nl.fflll!CAL INTEGRATION ~rlOD I SUBCRITICAL FLO'l, CASE II. 

UPSTREAM DISCHARGE 
JEST 

No. 
moo1ured computed 

96 7.4.50 7.674 
97 6.3.50 6.676 
98 .5.240 5.500 
99 4.:370 4.614 

100 3.550 J.818 
101 2.870 2.887 
102 4.290 4.JlJ 
103 4.8JO 4.873 
ldf. 6.140 6.1.58 
10.5 7.200 7.1)4 
lo6 8.0J0 7.97d 
lrJ'l 3.220 J.827 
108 4.J,50 4.967 
109 .5.200 .5.879 
llO 6.160 6.8<:fl 
1ll 7.000 7.619 
ll2 : 7 • .530 8.076 

Mean 

Stamard Dedation 

o, 1/s 

% error 

J.01 
.5.13 
'4.96 
5.,58 
7 • .5.5 
0 • .59 
O.!fi, 

0.89 
0.29 

- 0.92 

- 0.6.5 
18.85 
14.18 
1J.o6 
10 • .50 
8.84 

· 7.2,; 

.s.74 
4.38 

SIDE SPILL DISCHARGE 

meosured Compulod 

.5.140 .5.3~ 
4.070 4.396 
3.070 J.3JO 
2.270 2.614 
1.480 1.748 
1.310 1.327 
2.720 2.74J 
J.240 J.28J 
4.4,50· 4.468 
.5.470 .5.4<:h 
6.280 6.228 
1 • .560 2.167 
2.690 3.307 
3 • .520 4.199 
4.370 5.021 
.5.170 .5. 789 
5.650 6.2o6 

ow ,,. 

% error 

4.J6 
8.01 
8.47 

1.5.1.5 
18.11 

1.30 

0.8.5 

1.JJ 
o.40 
1.21 

- o.SJ 
:38.91 
22.~ 

19.29 
1,5.0J 

n.97 
Q.6-i 

9.:39 
8.16 

UPSTIIEAM DEPIH 
Yt "'"' 

measured con1pule<I 

10.5.80 92.6.5 
la?.60 ~-69 
98.80 ~-43 
9.5.60 92.87 
91.90 90.47 
90.90 90.oJ 
97.70 9.5.31 
99.80 96.58 

lo'-1-.20 97.99 
107.60 97.67 
no.so 95.53 
90 • .50 91 • .59 
9.5.60 ~-.55 
98.70 9.5.68 

·101.70. 9.5.23 
lc:4.oo 9J.26 
,~ hn 80.71 

°lo error 

-12.43 
- 7.71 
- 4.42 
- 2.86 
- 1 • .56 
- 0.96 
- 2.45 
- J.2J 
- 5.96 
- 9.23 
•lJ.78 

1.20 
- 1.10 
- J.06 
- 6.J6 
-10.33 
.,c ~o -

• 6.2.5 

.5.19 

\ 



Weir No. S• PERFORMANCE OF CHCN'a NUMERICAL IBTmRATIOli METHOO I SUBCRITICAL FLQI, CASE II. 

UPS1REAM DISCHARGE 01 1/, SIDE SPILL DISCHARGE Ow 1/s UPSTREAM DEPTH Y1 mm 
TUT 

No. 
measured computed % error measured computed % error measured con,pul"d °lo error 

113 4.2.50 4.700 10.59 2 • .590 J.m-o 17.37 90.00 87.00 - 3.33 
U4 .5.200 .5.603 7.7.5 3 • .510 3.913 u.48 91.30 86.72 - 5.02 
ll.5 5.96o 6.218 4.JJ 4.170 4.428 6.19 91 • .50 85 • .50 - 6 • .56 
U6 7.090 7.124 o.48 .5.190 .5.224 . o.66 90.90 79.95 -12.05 ' 
117 1.:Ao 7.124 - .5.52 .5.6JO .5.214 - 7.39 90.70 79.95 -11.85 

ll9 3.740 4.QJ6 7.91 2.1.50 2.446 13.71 90.10 88.1.S • 2.16 

120 4.,580 4.844 5.76 2.9'-fo J.2~ 8.98 91.4o 83.73 - 2.92 

! 121 5.400 5.;J.J2 2.63 3.700 . J.~2 J.84 93.10 88.49 - 4.9.5 
122 6.080 6.125 0.74 4.J.so 4.J96 1.o6 9.3.20 87.80 - .5.79 
12.3 6.690 6.623 - 1.00 4.890 4.82) - 1.37 93.60 86 • .51 - 7.57 
124 7.290 7.139 - 2.Cf/ 5.430 .5.279 - 2.78 92.90 84.24 - 9.32 
12.5 7.7.30 7.430 - J.88 5.850 5 • .550 - .5.13 92.90 80.80 -13.02 
126 J.020 J.164 4.7/ 1.460 1.6d-J. 9.86 89 • .50 88.JO - 1.J4 
127 4.Jo() 4.421 1.40 2.780 2.841 2.19 92.60 90 • .51 - 2.26 

128 5.340 . .5.336 - O.Cfl 3.720 .3.716 - o.u 94.30 90.97 - 3 • .53 
129 6.130 6.0l.J - 1.91 4.4.)0 4.3].J - 2.64 94.60 90.60 • 4.2J 

. 
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Weir No. S• PERFOBMA11CE CF CHOW's 'NfflEBICAL INTmBATICti METHa> a SUB:!RITICAL FLGl, CASE II. 

TEST 
UPSTREAM DISCHARGE 

No. 
measured computed 

1)0 6.810 6.657 
lJl 7.490 7.226 

1 

\ 

Mean 

01 1/s 

% error 

. 

• 2.2.5 

- J • .52 

1.4.5 
4.56 

SIDE SPILi. 

meosurod 

.5.dr<> 

.5.700 

. 

I 

DISCHARGE 

computed 

4.897 
.5.436 

I 
I 

Ow 1/s 

% error 

- ).~ 

- 4.6) 

I 

2.68 
7.u 

UPSTREAM DEPTH 

meosu red con1puled 

94.6o 89.67 
94 • .50 88.24 

Y1 ff\ffl 

% error 

- .5.21 
- 6.62 

- 5.99 
).54 



Weir No. J. PERFORMANCE CF CHOW's NUI1ERICAL INTE}'.;RATION METHOD: SUPERCRITICAL FLOW,· CASE I. 

TEST 
DOWNSTREAM DISCHARGE 02 ,,. SIDE SPILL DISCHARGE Ow I/a DOWNSTREAM DEPTH y~ mm 

No. 
mea1vred computed % error meoavred computed % error meaaured con1puled % error 

71 7.000 7.641 9.16 6.200 5.559 -10.34 46.20 48.07 4.05 
72 6.450 7.d+l 9.16 5.240 4.0+9 -11.28 44.70 46.75 4.59 
7) 5.880 6.34) 7.87 4.150 J.687 -11.16 42.70 45.20 5.85 
74 5.120 5.471 6.86 2.910 2.559 -12.06 41.60 4J.24 J.94 
75 5.630 6.067 7.76 J.740 J.JOJ -11.68 42.60 44.57 4.62 
76 6.090 6.690 9.85 4.770 4.170 -12,.58 4J.60 45.97 5.44 

1J2 7.450 7.949 6.70 6.370 . 5.871 - 7.83 46.oo 48.42 5.26 

t 133 7.130 7.686 - 7.80 5.980 5.424 - 9.30 46.oo 47.83 3.98 
~ 1)4 6.820 7.332 7.51 5.430 4.918 - 9.43 45.20 47.05 4.09 

1J5 6.560 6.993 6.60 4.860 4.427 - 8.91 44.oo 46.28 5.18 
136 6.200 6.574 6.0J 4.210 J.836 - 8.88 4J.10 45.36 5.24 
137 5.840 6.178 . 5.79 J.630 3.292 - 9.31 42.50 44.44 4.56 
141 7.780 8.098 4.09 6.230 5.912 - 5.10 47.20 48.50 2.75 
142 7.460 7.792 4.45 5.810 5.478 - 5.71 46.70 47.84 2.44 
143 7.020 7.360 4.84 5.140 4.800 - 6.61 45.80 46.86 2.31 
144 6.660 7.024 5.47 4.660 4.296 - 7.81 44.90 46.08 2.63 



£ 

Weir No. J. PERFORMANCE OF CHO'..Z's Nt.MERICAL INT:EnRATION METHODs SUPERCRITICAL FLO'..Z, CASE I. 

TEST 
DOWNSTREAM DISCHARGE 

No. 
111ea1ured computed 

145 6.JOO 6.607 
146 5.890 . 6.153 

r 

' 

Mean 
Standard Deviation 

02 ,,. 

% error 

4.87 
4.47 

6.63 
1.76 

SIDE SPILL 

meo•ured 

4.0JO 
J.400 

I 

. 

DISCHARGE 

computed 

3.723 
J.1J7 

o,., l/1 

% error 

- 7.62 
- 7.74 

. 

- 8.91 
2.38 

DOWNSTREAM DEPTH 

mea1u red con1puted 

43.90 45.12 
42.40 44.05 

Y2 m111 

°lo error 

2.78 
3.89 

4.09 
1.12 



I 

Weir No. J. PERFORMANCE OF CHOW's NUMERICAL INTEGRATION METHOD a SUPERCRITICAL FLOW, CASE IV. 

TEST 
DOWNSTREAM DISCHARGE 

No. 
measured computed 

77 7.010 7.559 
78 7.950 8.166 
79 8.840 8.879 

1J8 7.490 7.8J4 
139 8.280 8.435 
140 9.280 9.128 
147 7.750 7.950 
148 8.680 8.635 
149 9.420 9.207 

r_ 

( 

Mean 
Standard Deviation 

o2 1/s 

% error 

7.8J 
2.72 
o.44 
4.59 
1.87 

- 1.64 
2.58 

- 0.52 
- 2.26 

1.7J 
J.18 

SIDE SPILL DISCHARGE 

meosured computed 

5.630 5.081 
4.640 4.424 
3.690 3.651 
5.140 4.796 
4.240 4.085 
3.320 J.472 
4.750 4.550 
J.820 3.865 
3.050 3.263 

\ 

Ow l/1 

0
/., error 

- 9.75 
- 4.66 
- 1.o6 
- 6.69 
- J.66 

4.58 
- 4.21 

1.18 
6.98 . 

I 

- 1.92 
.5.:38 

DOWNSTREAM DEPTH 

measured co111puteJ 

47.00 47.77 
48.10 48.24 
49.00 48.27 
46.60 47.80 
47. 70 · 48.07 
48.oo 48. 09 

47.40 47.63 
48.10 47.93 
48.40 47.75 

y
2 

mm 

¾ error 

1.64 
0.29 

- 1.49 
2.58 
0.21 

0.19 
o.49 
0.35 
l.J4 

0.25 
1.29 

\ 




