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5.2 Flow Proportionality 

The research has shown that the flow rate through the multi-outlet test facility was not equal 

and flow proportionality through each outlet varied as a function of the magnitude of the total 

system flow rate shown in Figure 5.1. 

 

 

Figure 5.1 Flow Proportionality as a Function of the System Flow Rate 

 

This highlights that current design criteria are fundamentally flawed as the assumption is 

made that this is the case. In this study percentage changes of 5.40% (Outlet A), 6.70% 

(Outlet B) and 2.53% were recorded, as summarised in Table 5.1. 

 

Table 5.1 Average Flow Proportionality Relative to System Flow Rate 

Flow Rate Relative to 

System Design (%) 

Average Flow Proportionality (%) 

Outlet A Outlet B Outlet C 

20 29.87 41.33 28.80 

40 32.09 40.13 27.77 

60 31.75 39.14 29.11 

80 33.51 37.57 28.92 

Design 34.18 36.44 29.18 

Ultimate 35.27 35.47 29.26 

120 35.07 34.63 30.30 

 

  

y = 0.140x + 29.86
R² = 0.229

y = -0.210x + 42.71
R² = 0.628

y = 0.067x + 27.44
R² = 0.067
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5.3 Measured and Calculated System Flow Rate and Pressure 

Measured system flow rates and pressure using the experimental test facility at the University 

of Sheffield differed to the calculated values from the model based design software. 

 

A comparison between the measured minimum system pressure, the mean pressure minus 3 

standard deviations and the calculated system pressure of -3.23 mH2O for the tests completed 

at ±5% of the design flow rate is shown in Table 5.2. 

 

Table 5.2 Comparison Between Measured and Calculated System Pressure at the 

Design Flow Rate 

Test  Measured 

Flow Rate 

(l/s) 

Minimum 

Measured System 

Pressure (mH2O) 

Difference to 

Calculated System 

Pressure (%) 

Mean 

Pressure -3σ 

(mH2O) 

Difference to 

Calculated System 

Pressure (%) 

13 31.02 -3.51 8.67 -3.42 5.88 

14 31.24 -3.38 4.64 -3.41 5.57 

15 31.28 -3.45 6.81 -3.45 6.81 

34 31.23 -3.52 8.98 -3.45 6.81 

35 30.80 -3.46 7.12 -3.44 6.50 

56 28.67 -3.46 7.12 -3.44 6.50 

 

A comparison between the measured minimum system pressure, the mean pressure minus 3 

standard deviations and the calculated system pressure of -4.67 mH2O for the tests completed 

at ±5% of the ultimate flow rate is shown in Table 5.3.  

 

Table 5.3 Comparison Between Measured and Calculated System Pressure at the 

Ultimate Flow Rate 

Test  Measured 

Flow Rate 

(l/s) 

Minimum 

Measured System 

Pressure (mH2O) 

Difference to 

Calculated System 

Pressure (%) 

Mean 

Pressure -3σ 

(mH2O) 

Difference to 

Calculated System 

Pressure (%) 

18 36.51 -3.58 23.34 -3.53 24.41 

37 36.10 -3.61 22.70 -3.54 24.20 

38 34.67 -3.57 23.55 -3.53 24.41 

20 36.73 -3.42 26.77 -3.45 26.12 

21 36.84 -3.46 25.91 -3.42 26.77 

40 35.34 -3.45 26.12 -3.47 25.70 

41 35.37 -3.44 26.34 -3.47 25.70 

42 35.38 -3.48 25.48 -3.49 25.27 

61 33.87 -3.49 25.27 -3.45 26.12 

62 34.06 -3.43 26.55 -3.46 25.91 

63 34.13 -3.47 25.70 -3.49 25.27 

 

These results show there is a difference of between 4.64% and 8.98% between the measured 

and calculated system pressure for the steady flow tests completed at ±5% of the design flow 

rate. There is a much more significant difference of between 22.70% and 26.77% in the 
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comparison between the calculated system pressure and the measured results recorded during 

the steady flow tests completed at ±5% of the ultimate flow rate.  

 

The differences between the measured system pressures and flow rates and those estimated 

using the commercially available software and steady state hydraulic calculations can be 

attributed to five reasons: 

1. Steady state hydraulic theory is based on the pipes within system being full of water 

and free of air; 

2. The flow observed within the horizontal carrier pipe contained unquantified amounts 

of air at the crown of the carrier pipe and as a homogenous mixture that varied 

temporally and spatially; 

3. The steady state hydraulic calculations used within the software are based on certain 

assumptions, specifically the pipe roughness (ks) and the head loss coefficient (K); 

4. Head loss due to fittings within the software are assumed to be local to the fitting; 

5. In practice, any slight displacement or imperfection in the pipe joints will affect the 

head loss at that fitting and be a source of error. 

 

These findings bring into question the accuracy of the model based design software to 

estimate system pressure within multi-outlet siphonic drainage systems at flow rates in excess 

of the design conditions. In practical terms, this could lead to the incorrect specification of 

pipe sizes and system configuration. Hence, siphonic systems designed using software based 

on steady state hydraulic relationships may not achieve their optimal performance and be 

over or under designed.  
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5.4 Flow Regimes 

This experimental research has  for the first time quantified the measurement of flow through 

each outlet with corresponding time series pressure and image data. The change in pressure 

and flow regimes within the horizontal carrier pipe of a siphonic system has been shown to be 

an extremely complex phenomena. A summary of the observed regimes are shown in Table 

5.4. 

 

Table 5.4 Observed Flow Regimes 

Flow Rate  Camera Position 

P1 P2 P3 

20% of 

Design 

Free surface flow 

Free surface flow with 

entrained air 

Free surface flow 

Plug flow 

Free surface flow 

Free surface flow with 

entrained air 

Plug flow 

Full bore flow 

40% of 

Design 

Free surface flow 

Plug flow 

Full bore flow 

Free surface flow 

Plug flow 

Full bore flow 

Free surface flow 

Aerated two-phase 

flow 

60% of 

Design 

Free surface flow 

Full bore flow 

Free surface flow 

Plug flow 

Full bore flow with air 

pockets 

Free surface flow 

Aerated two-phase 

flow 

80% of 

Design 

Free surface flow 

Plug flow 

Full bore flow with air 

pockets 

Plug flow 

Full bore flow with air 

pockets and entrained air 

Aerated two-phase 

flow 

Design Free surface flow 

Full bore flow with air 

pockets 

Free surface flow 

Full bore flow with air 

pockets 

Aerated two-phase 

flow 

 Ultimate Full bore flow with air 

pockets 

Full bore flow with air 

pockets 

Aerated two-phase 

flow 

120% of 

Design 

Full bore flow with air 

pockets 

Full bore flow with air 

pockets 

Aerated two-phase 

flow 

 

The recognised and reported flow regimes within the horizontal carrier pipe of a siphonic 

roof drainage system varied temporally and spatially from the observations made during this 

experimental research during both sub-prime and primed flow conditions. These observations 

support the research reported by Öngören and Materna (2006) and Arthur and Swaffield 

(2001a). Current design criteria do not take these observed regimes and changes into account. 
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5.5 Air Entrainment 

The experimental research demonstrated that flow rate, pressure and the quantity of air within 

the horizontal carrier pipe varied temporally and spatially, even when the system was 

operating above the design capacity. What is clear is that the quantity of air entrainment is 

extremely difficult to both accurately measure and model as such entrainment varied as a 

function of the magnitude of flow. Hence it is recommended that further research, both 

modelling and experimental, is completed to address this issue. 

 

The experimental research has, for the first time, demonstrated the relationship between 

localised system pressure, the relative flow through each component outlet of the system and 

a visual representation of air entrainment along the length of the horizontal carrier pipe. 

Arthur et al. (2005) recognised that to estimate the air content in turbulent two-phase flows 

was complex, but clearly, the results of this experimental research have demonstrated that, 

with further analysis, the image data collected would enable the level of air entrainment to be 

quantified. 

 

Lucke (2009) identified that the relationship between system pressure and air entrainment 

within siphonic roof drainage was not well understood. Arthur and Swaffield (1999) 

recognised that any sudden changes in the proportion of air in the inflow resulted in a sudden 

change in the local pressure that was subsequently transmitted throughout the system at the 

propagation velocity. The experimental research reported in this thesis has confirmed, for the 

first time, that such pressure changes may be observed. 
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5.6 Flow Velocity 

A sophisticated system of measurement was developed and refined to record the transverse 

velocity of the flow within the horizontal carrier pipe. This is a unique approach of measuring 

velocity in siphonic systems and provides a novel and non-intrusive method of measurement 

without interrupting the flow field. Observations following analysis of the measured flow 

velocity using high-speed image velocimetry and PIV analysis showed that the transverse 

velocity profile within the horizontal carrier pipe was variable and complex. Hence, the use 

of flow velocity measurement at individual locations within a siphonic drainage system may 

not be appropriate to estimate flow rate. 

 

Considerable fluctuations in the velocity profile of the flow within the horizontal carrier pipe 

were measured during sub-primed conditions and at the system design. It was not until the 

system flow rate exceeded the design threshold that the velocity field tended to a uniform 

state. However, even at full bore flow conditions significantly in excess of the system design, 

variability in the flow velocity was recorded. This is a new finding that requires further 

exploration. Previous experimental research using alternative methods of measuring and 

estimating flow rate and velocity may not be able to accurately determine these conditions at 

the required resolution and further work is recommended to address this shortfall in 

knowledge. 

 

Results from this study support key findings that within a multi-outlet siphonic system, 

different flow regimes occur along the length of the horizontal carrier pipe during steady flow 

tests. The results have highlighted new understanding of the way in which the 3 outlet 

siphonic system performed and that the flow rate through each outlet is not constant which is 

in contrast to the philosophy used in existing design software. Hence, the basic siphonic 

drainage system design principles which utilise conventional pipe flow theories should be 

reviewed. This thesis has highlighted that further research is required to investigate these 

issues further. 
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5.7 Recommendations for Further Research 

The outputs from this programme of research have highlighted the need for further research 

to better understand the performance of multi-outlet siphonic roof drainage systems and to 

inform and update current design practice. 

 

 

5.7.1 Hydraulic Design 

Further experimental research is required to confirm whether a standard safety factor is 

applicable for both sub-prime and primed siphonic action. 

 

 

5.7.2 Design Criteria 

Quantification of air entrainment is important to enhance siphonic system design criteria 

within multi-outlet siphonic roof drainage systems. The development of analytical 

measurement techniques is required to be able to accurately quantify air entrainment relative 

to system flow rate. These techniques could then be applied to increasing numbers of outlets 

within a gutter to investigate the relationship between system flow rate, number of outlets and 

level of air entrainment. 

 

 

5.7.3 System Balancing 

Further experimental research is required to investigate system balancing for a range of outlet 

and pipework configurations. The experimental techniques and methodology developed and 

enhanced during this experimental research are transferable and appropriate to this proposed 

research. 

 

 

5.7.4 Minimum Flow Velocities 

Further experimental research is required to investigate whether the equation proposed by 

Volkart (1982) and the Froude number suggested by Arthur and Wright (2007) are 

appropriate for both sub-primed and primed siphonic action. Again the experimental 

techniques and methodologies developed during this experimental research would be 

appropriate for such a study. 

 

 

5.7.5 Speed of Priming 

The methodologies and experimental techniques developed during this experimental research 

study could be applied and used to examine the speed of priming. This would involve a series 

of time varying flow tests within a multi-outlet siphonic roof drainage test facility. This 

experimental research would provide much needed data and be used to inform and update 

current British Standards and be incorporated within existing design software and models. 

Tail pipe configurations could then be sized more accurately improving the efficiency and 
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design of future siphonic roof drainage systems as well as providing safety and security 

against failure. 

 

 

5.7.6 Minimum Allowable Pressures 

The methods of continuous flow rate and pressure measurement developed and enhanced 

during this experimental study could be applied to further experimental research to 

investigate and quantify the effect of the four factors identified by May and Escarameia 

(1996) that can cause an increase in the cavitation index: 

a. An increase in flow velocity; 

b. An increase in temperature; 

c. A reduction in the mean static pressure; 

d. A reduction in the value of atmospheric pressure. 

 

The methods of continuous flow rate and pressure measurement developed and enhanced 

during this experimental study could be applied to further experimental research to 

investigate and quantify the effect of these factors. 

 

 

5.7.7 Air within Siphonic Systems 

Further work is therefore recommended to complete the PIV analysis of the series of steady 

flow tests to examine and test this proposed method. The corresponding time-series pressure 

data would complement this analysis further to provide a much needed data set and provide a 

detailed understanding of the interaction between flow rate, flow velocity, system pressure 

and volume of air entrainment within a multi-outlet siphonic roof drainage system. 

 

All of these topics may be addressed with the technology and methodologies that have been 

developed within this thesis and hence procedures are now in place to tackle such further 

work. 

 

Furthermore, the data that has been collected within the experimental programme of research 

may be made available to assist any programme of further work. 
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6 Summary Conclusions 

This experimental research presents novelty in several aspects: 

 The application of flourometry within the experimental system and methodology 

refined during this research has for the first time, provided a repeatable, robust and 

reliable approach to simultaneously measure the relative proportion and components 

of flow within a multi-outlet siphonic roof drainage system over a range of steady 

flow tests below, at, and above the design criteria. Significantly, this non-intrusive 

methodology enabled the continuous measurement of flow through each outlet 

without affecting the hydraulic performance or generating additional, uncalculated 

losses. It is concluded therefore, that the provision of such a measurement system 

represents a novel and original way in which to measure the flow components in a 

multi-outlet siphonic roof drainage system; 

 Flow rate through the multi-outlet test facility was not equal and flow proportionality 

through each outlet varied as a function of the magnitude of the total system flow rate. 

This highlights that current design criteria are fundamentally flawed as the 

assumption is made that this is the case; 

 Commercially available model based software based on steady state hydraulic theory 

was used to calculate the design and ultimate flow capacity through the system. It was 

observed that the measured system flow rates and pressure using the experimental test 

facility differed to the calculated values from the model based design software. The 

differences can be attributed to five reasons: 

1. Steady state hydraulic theory is based on the pipes within system being full of 

water and free of air; 

2. Flow observed within the horizontal carrier pipe contained unquantified 

amounts of air at the crown of the carrier pipe and as a homogenous mixture 

that varied temporally and spatially; 

3. Steady state hydraulic calculations used within the software are based on 

certain assumptions, specifically the pipe roughness (ks) and the head loss 

coefficient (K); 

4. Head loss due to fittings within the software are assumed to be local to the 

fitting; 

5. In practice, any slight displacement or imperfection in the pipe joints will 

affect the head loss at that fitting and be a source of error. 

These findings bring into question the accuracy of the model based design software to 

estimate system pressure within a multi-outlet siphonic drainage system at flow rates 

in excess of the design conditions. In practical terms this could lead to the incorrect 

specification of pipe sizes and system configuration. Hence, siphonic systems 

designed using software based on steady-state hydraulic relationships may not achieve 

their optimal performance and be over or under designed; 

 The change in pressure and flow regime within the horizontal carrier pipe of a 

siphonic system has been shown to be an extremely complex process with many 

observed phenomena. The recognised and reported flow regimes within the horizontal 

carrier pipe of a siphonic roof drainage system varied temporally and spatially from 
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the observations made during the steady flow tests during both sub-prime and primed 

flow conditions. Current design criteria do not take these observed regimes and 

changes into account; 

 Flow rate, pressure and the quantity of air within the horizontal carrier pipe varied 

temporally and spatially, even when the system was operating above the design 

capacity. What is clear is that the quantity of air entrainment is extremely difficult to 

accurately measure and model as such entrainment varied as a function of the 

magnitude of flow; 

 For the first time, the relationship between localised system pressure, the relative flow 

through each component outlet of the system and a visual representation of air 

entrainment along the length of the horizontal carrier pipe, has been clearly 

demonstrated; 

 A sophisticated system of measurement was developed and refined to record the 

transverse velocity of the flow within the horizontal carrier pipe. This is a unique 

approach of measuring velocity in siphonic systems and provides a novel, non-

intrusive method of measurement without interrupting the flow field. Observations 

following analysis of the measured flow velocity using high-speed image velocimetry 

and PIV analysis showed that the transverse velocity profile within the horizontal 

carrier pipe was variable and complex. Hence, the use of flow velocity measurement 

at individual locations within a siphonic drainage system may not be appropriate to 

estimate flow rate; 

 Considerable fluctuations in the velocity profile of the flow within the horizontal 

carrier pipe were measured during sub-primed conditions and at the system design. 

Even at full bore flow conditions significantly in excess of the system design, 

variability in the flow velocity was recorded. This is a new finding that requires 

further exploration. Previous experimental research using alternative methods of 

measuring and estimating flow rate and velocity may not be able to accurately 

determine these conditions at the required resolution and further work is 

recommended to address this shortfall in knowledge. 

 

In summary, the results from this study support several key findings: within a multi-outlet 

siphonic system the flow rate through each individual outlet is not the same; that significantly 

different flow regimes occurred along the length of the horizontal carrier pipe during steady 

flow tests; that air entrainment is a major influence on system performance and that 

differences were observed between the experimental pressure and flow rate results with those 

computed using software based on steady-state hydraulic relationships. Hence, the current 

approaches applied in conventional siphonic roof drainage design should be reviewed. Design 

engineers should also be made aware of these findings. 
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Appendix 1 - Commercial System Software Design 

 

Pipe Run List 

Node 

Top 

Node 

Bottom 

Dir Diameter 

(mm) 

Length 

(m) 

Flow 

(l/s) 

Velocity 

(m/s) 

Loss 

(m/m) 

OpP 

(m) 

Material 

26 25 +Z 63 0.300 10.00 3.92 0.81 -1.29 HDPE9910 

25 24 -Y+Z 63 0.190 10.00 3.92 0.35 -1.51 HDPE9910 

24 12 +X-

Y+Z 

63 0.180 10.00 3.92 0.54 -1.92 HDPE9910 

23 22 +Z 75 0.250 10.00 2.67 0.28 -0.39 HDPE9910 

22 21 -Y+Z 75 0.270 10.00 2.67 0.27 -0.47 HDPE9910 

21 15 +X-

Y+Z 

110 0.130 10.00 1.24 0.05 -0.15 HDPE9910 

20 19 +Z 110 0.250 10.00 1.24 0.08 0.09 HDPE9910 

19 18 -Y+Z 110 0.350 10.00 1.24 0.06 0.28 HDPE9910 

18 17 +X 110 3.430 10.00 1.24 0.07 0.21 HDPE9910 

17 16 +X 110 6.000 10.00 1.24 0.12 0.09 HDPE9910 

16 15 +X 110 6.000 10.00 1.24 0.13 -0.04 HDPE9910 

15 14 +X 110 5.120 20.00 2.48 0.40 -0.78 HDPE9910 

14 13 +X 110 6.000 20.00 2.48 0.49 -1.28 HDPE9910 

13 12 +X 125 6.000 20.00 1.92 0.27 -1.42 HDPE9910 

12 11 +X 125 0.580 30.00 2.88 0.20 -1.85 HDPE9910 

11 10 +X+Z 125 0.490 30.00 2.88 0.19 -1.70 HDPE9910 

10 9 +X 125 3.870 30.00 2.88 0.62 -2.32 HDPE9910 

9 8 +Y 125 7.000 30.00 2.88 0.91 -3.23 HDPE9910 

8 7 +Z 125 4.500 30.00 2.88 0.68 0.59 HDPE9910 

7 6 +Y 125 1.245 30.00 2.88 0.39 0.20 HDPE9910 

6 5 +X 125 5.580 30.00 2.88 0.78 -0.58 HDPE9910 

5 4 +Z 125 0.265 30.00 2.88 0.17 -0.48 HDPE9910 

4 3 +Y+Z 125 1.490 30.00 2.88 0.28 0.29 HDPE9910 

3 2 +Z 125 2.310 30.00 2.88 0.36 2.24 HDPE9910 

2 1 +Y+Z 125 1.310 30.00 2.88 0.27 2.90 HDPE9910 

1 0 +Y 125 3.360 30.00 2.88 0.73 2.18 HDPE9910 

 

System Design Summary 

Node Original 

Inflow (l/s) 

Reserve Ultimate 

Inflow (l/s) 

Reserve 

m % m % 

26 10.00 2.690 27 11.74 0.000 0 

23 10.00 2.600 26 11.25 -0.025 0 

20 10.00 2.700 27 12.14 0.024 0 

 

Design flow (l/s): 30.00 

Ultimate flow (l/s):  35.12 

Design OpP (m): -3.23 

Ultimate OpP (m): -4.67 
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Appendix 2 - Steady State Hydraulic Equations of the Experimental Test Facility 

Design Flow Rate (30 l/s) 

Node Top Node Bottom Dir D (mm) L (m) Q (l/s) V (m/s) z1 (m) z2 (m) h1 (m) h2 (m) i (m/m) ΔHp (m) K ΔHF (m) ΔH (m) Pk (m) 

26 25 +Z 63 0.300 10.00 3.92 9.75 9.45 -4.77 -5.29 0.41 0.12 0.88 0.78 0.81 -1.29 

25 24 -Y+Z 63 0.190 10.00 3.92 9.45 9.32 -5.29 -5.51 0.41 0.08 0.35 0.27 0.35 -1.51 

24 12 +X-Y+Z 63 0.180 10.00 3.92 9.32 9.19 -5.51 -5.96 0.41 0.07 0.65 0.51 0.58 -1.92 

23 22 +Z 75 0.250 10.00 2.67 9.72 9.47 -4.63 -4.65 0.15 0.04 0.65 0.24 0.27 -0.39 

22 21 -Y+Z 75 0.270 10.00 2.67 9.47 9.28 -4.65 -4.74 0.15 0.04 0.65 0.24 0.28 -0.47 

21 15 +X-Y+Z 110 0.130 10.00 1.24 9.28 9.19 -4.74 -4.70 0.02 0.00 0.65 0.05 0.05 -0.15 

20 19 +Z 110 0.250 10.00 1.24 9.69 9.44 -4.87 -4.70 0.02 0.01 1.00 0.08 0.08 0.09 

19 18 -Y+Z 110 0.350 10.00 1.24 9.44 9.19 -4.70 -4.51 0.02 0.01 0.65 0.05 0.06 0.28 

18 17 +X 110 3.430 10.00 1.24 9.19 9.19 -4.51 -4.58 0.02 0.07 0.00 0.00 0.07 0.21 

17 16 +X 110 6.000 10.00 1.24 9.19 9.19 -4.58 -4.70 0.02 0.12 0.00 0.00 0.12 0.09 

16 15 +X 110 6.000 10.00 1.24 9.19 9.19 -4.70 -4.82 0.02 0.12 0.00 0.00 0.12 -0.03 

15 14 +X 110 5.120 20.00 2.48 9.19 9.19 -4.82 -5.22 0.08 0.40 0.00 0.00 0.40 -0.67 

14 13 +X 110 6.000 20.00 2.48 9.19 9.19 -5.22 -5.71 0.08 0.47 0.05 0.02 0.49 -1.15 

13 12 +X 125 6.000 20.00 1.92 9.19 9.19 -5.71 -5.96 0.04 0.24 0.00 0.00 0.24 -1.27 

12 11 +X 125 0.580 30.00 2.88 9.19 9.19 -5.96 -6.16 0.09 0.05 0.35 0.15 0.20 -1.70 

11 10 +X+Z 125 0.490 30.00 2.88 9.19 8.84 -6.16 -6.00 0.09 0.04 0.35 0.15 0.19 -1.90 

10 9 +X 125 3.870 30.00 2.88 8.84 8.84 -6.00 -6.62 0.09 0.35 0.65 0.28 0.62 -2.17 

9 8 +Y 125 7.000 30.00 2.88 8.84 8.84 -6.62 -7.53 0.09 0.63 0.65 0.28 0.90 -3.07 

8 7 +Z 125 4.500 30.00 2.88 8.84 4.34 -7.53 -3.70 0.09 0.40 0.65 0.28 0.68 0.75 

7 6 +Y 125 1.245 30.00 2.88 4.34 4.34 -3.70 -4.09 0.09 0.11 0.65 0.28 0.39 0.36 

6 5 +X 125 5.580 30.00 2.88 4.34 4.34 -4.09 -4.87 0.09 0.50 0.35 0.28 0.78 -0.41 

5 4 +Z 125 0.265 30.00 2.88 4.36 4.09 -4.87 -4.77 0.09 0.02 0.35 0.15 0.17 -0.34 

4 3 +Y+Z 125 1.490 30.00 2.88 4.09 3.24 -4.77 -1.90 0.09 0.13 0.35 0.15 0.28 0.23 

3 2 +Z 125 2.310 30.00 2.88 3.24 0.93 -1.90 0.06 0.09 0.21 0.35 0.15 0.36 2.18 

2 1 +Y+Z 125 1.310 30.00 2.88 0.93 0.00 0.06 0.72 0.09 0.12 0.35 0.15 0.27 2.84 

1 0 +Y 125 3.360 30.00 2.88 0.00 0.00 0.72 0.00 0.09 0.30 1.00 0.42 0.72 2.12 
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Ultimate Flow Rate (35.12 l/s) 

Node Top Node Bottom Dir D (mm) L (m) Q (l/s) V (m/s) z1 (m) z2 (m) h1 (m) h2 (m) i (m/m) ΔHp (m) K ΔHF (m) ΔH (m) Pk (m) 

26 25 +Z 63 0.300 11.74 4.60 9.75 9.45 0.16 -0.65 0.56 0.17 0.88 0.95 1.12 -1.90 

25 24 -Y+Z 63 0.190 11.74 4.60 9.45 9.32 -0.65 -1.08 0.56 0.11 0.35 0.38 0.48 -2.25 

24 12 +X-Y+Z 63 0.180 11.74 4.60 9.32 9.19 -1.08 -1.75 0.56 0.10 0.65 0.70 0.80 -2.68 

23 22 +Z 75 0.250 11.25 3.00 9.72 9.47 0.20 0.10 0.19 0.05 0.65 0.30 0.35 -0.55 

22 21 -Y+Z 75 0.270 11.25 3.00 9.47 9.28 0.10 -0.06 0.19 0.05 0.65 0.30 0.35 -0.72 

21 15 +X-Y+Z 110 0.130 11.25 1.39 9.28 9.19 -0.06 -0.04 0.03 0.00 0.65 0.06 0.07 -0.33 

20 19 +Z 110 0.250 12.14 1.51 9.69 9.44 -0.05 0.08 0.03 0.01 1.00 0.12 0.12 0.01 

19 18 -Y+Z 110 0.350 12.14 1.51 9.44 9.19 0.08 0.24 0.03 0.01 0.65 0.08 0.09 0.18 

18 17 +X 110 3.430 12.14 1.51 9.19 9.19 0.24 0.14 0.03 0.10 0.00 0.00 0.10 0.08 

17 16 +X 110 6.000 12.14 1.51 9.19 9.19 0.14 -0.04 0.03 0.18 0.00 0.00 0.18 -0.10 

16 15 +X 110 6.000 12.14 1.51 9.19 9.19 -0.04 -0.21 0.03 0.18 0.00 0.00 0.18 -0.28 

15 14 +X 110 5.120 23.39 2.90 9.19 9.19 -0.21 -0.76 0.11 0.55 0.00 0.00 0.55 -1.14 

14 13 +X 110 6.000 23.39 2.90 9.19 9.19 -0.76 -1.42 0.11 0.64 0.05 0.02 0.66 -1.80 

13 12 +X 125 6.000 23.39 2.25 9.19 9.19 -1.42 -1.75 0.06 0.33 0.00 0.00 0.33 -1.96 

12 11 +X 125 0.580 35.12 3.37 9.19 9.19 -1.75 -2.03 0.12 0.07 0.35 0.20 0.27 -2.55 

11 10 +X+Z 125 0.490 35.12 3.37 9.19 8.84 -2.03 -1.94 0.12 0.06 0.35 0.20 0.26 -2.82 

10 9 +X 125 3.870 35.12 3.37 8.84 8.84 -1.94 -2.79 0.12 0.48 0.65 0.38 0.85 -3.32 

9 8 +Y 125 7.000 35.12 3.37 8.84 8.84 -2.79 -4.03 0.12 0.86 0.65 0.38 1.24 -4.55 

8 7 +Z 125 4.500 35.12 3.37 8.84 4.34 -4.03 -0.46 0.12 0.55 0.65 0.38 0.93 -0.98 

7 6 +Y 125 1.245 35.12 3.37 4.34 4.34 -0.46 -0.99 0.12 0.15 0.65 0.38 0.53 -1.51 

6 5 +X 125 5.580 35.12 3.37 4.34 4.34 -0.99 -1.87 0.12 0.69 0.35 0.20 0.89 -2.40 

5 4 +Z 125 0.265 35.12 3.37 4.36 4.09 -1.87 -1.86 0.12 0.03 0.35 0.20 0.24 -2.39 

4 3 +Y+Z 125 1.490 35.12 3.37 4.09 3.24 -1.86 -1.40 0.12 0.18 0.35 0.20 0.39 -1.93 

3 2 +Z 125 2.310 35.12 3.37 3.24 0.93 -1.40 0.43 0.12 0.28 0.35 0.20 0.49 -0.10 

2 1 +Y+Z 125 1.310 35.12 3.37 0.93 0.00 0.43 0.99 0.12 0.16 0.35 0.20 0.36 0.46 

1 0 +Y 125 3.360 35.12 3.37 0.00 0.00 0.99 0.00 0.12 0.41 1.00 0.58 0.99 -0.53 
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Appendix 3 - Pump Calibration Results 

 

 

 
 

Pump 1 Calibration Results 
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Pump 1 Calibration Results 

Valve Opening (%) Start (ft) Finish (ft) Time 1 (s) Time 2 (s) Time 3 (s) Average time (s) Average time per ft (s) Calibration Average flow rate (l/s) 

12 1 1.5 796.21 798.32 810.93 801.82 1603.64 849.505 0.53 

15 1 1.5 440.41 440.15 440.13 440.23 880.46 849.505 0.96 

18 1 2 605.33 595.29 603.48 601.37 601.37 849.505 1.41 

20 1 2 474.01 471.59 477.27 474.29 474.29 849.505 1.79 

25 1 3 544.81 538.99 548.37 544.06 272.03 849.505 3.12 

30 1 3 383.95 380.89 382.20 382.35 191.17 849.505 4.44 

35 1 4 465.02 462.06 460.81 462.63 154.21 849.505 5.51 

40 1 4 342.00 346.98 346.37 345.12 115.04 849.505 7.38 

45 1 4 283.47 284.07 287.15 284.90 94.97 849.505 8.95 

50 1 4 245.35 244.89 247.66 245.97 81.99 849.505 10.36 

55 1 4 214.35 215.09 217.47 215.64 71.88 849.505 11.82 

60 1 4 192.73 192.13 192.33 192.40 64.13 849.505 13.25 

70 1 4 172.53 172.33 172.21 172.36 57.45 849.505 14.79 

80 1 4 154.76 154.47 154.47 154.57 51.52 849.505 16.49 
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Pump 3 Calibration Results 

Valve Opening (%) Start (ft) Finish (ft) Time 1 (s) Time 2 (s) Time 3 (s) Average time (s) Average time per ft (s) Calibration Average flow rate (l/s) 

12 1 1.5 453.23 427.04 432.47 437.58 875.16 849.505 0.97 

15 1 2 288.80 292.49 292.34 291.21 291.21 849.505 2.92 

20 1 3 281.87 283.90 286.64 284.14 142.07 849.505 5.98 

25 1 3 191.83 195.50 195.50 194.28 97.14 849.505 8.75 

30 1 3 148.53 149.05 148.40 148.66 74.33 849.505 11.43 

35 1 4 173.30 172.40 172.57 172.76 57.59 849.505 14.75 

40 1 4 141.34 141.12 142.31 141.59 47.20 849.505 18.00 

45 1 4 117.34 117.83 119.62 118.26 39.42 849.505 21.55 

50 1 4 105.36 106.56 106.98 106.30 35.43 849.505 23.97 

60 1 4 96.93 96.54 96.65 96.71 32.24 849.505 26.35 

70 1 4 88.59 89.42 89.13 89.05 29.68 849.505 28.62 

80 1 4 83.61 83.30 83.07 83.33 27.78 849.505 30.58 
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Appendix 4 - Pressure Transducer Calibration Results 

 

 
PT1 Calibration 

 

 
PT2 Calibration 
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PT3 Calibration 

 

 
PT4 Calibration 
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Appendix 5 - Flourometer Calibration Results 

 

 

Flourometer Calibration 14.08.13 

 

Flourometer Calibration 14.08.13 Summary 

Flourometer Equation Regression 

F1 y = 13,534,576x + 0.080717 0.999 

F2 y = 13,853,140x + 0.056031 0.999 

F3 y = 14,286,935x + 0.077776 0.999 

FB y = 14,920,708x + 0.068745 0.999 
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Flourometer Calibration 10.09.13 

 

Flourometer Calibration 10.09.13 Summary 

Flourometer Equation Regression 

F1 y = 12,668,968x + 0.090856 0.999 

F2 y = 12,415,482x + 0.081173 0.999 

F3 y = 12,668,968x + 0.090856 0.999 

FB y = 13,327,667x + 0.087426 0.999 
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Flourometer Calibration 08.10.13 

 

Flourometer Calibration 08.10.13 Summary 

Flourometer Equation Regression 

F1 y = 12,124,494x + 0.076550 0.997 

F2 y = 12,395,476x + 0.077988 0.999 

F3 y = 12,547,154x + 0.084776 0.995 

FB y = 12,159,109x + 0.090159 0.986 
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Flourometer Calibration 09.12.13 

 

Flourometer Calibration 09.12.13 Summary 

Flourometer Equation Regression 

F1 y = 12,922,116x + 0.112571 0.999 

F2 y = 13,073,081x + 0.124625 0.998 

F3 y = 13,623,388x + 0.133913 0.998 

FB y = 13,131,950x + 0.138237 0.996 

 

 

  

0

1

2

3

4

5

6

0.0E+00 5.0E-08 1.0E-07 1.5E-07 2.0E-07 2.5E-07 3.0E-07 3.5E-07 4.0E-07

V
o

lt
ag

e

Dye Concentration

F1

F2

F3

FB



 

243 
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Abstract 
 

Recent trends in the development of our urban landscape have seen the introduction of larger 

buildings with vast roof areas. It is anticipated that the onset of climate change will see 

increased intensities and volumes of rainfall which will place significant pressures on the roof 

drainage systems for these buildings potentially leading to failure and major flooding. There 

is an urgent need to adapt and the principal solution is the use of siphonic roof drainage 

systems. However, it has been identified that there is a universal lack of understanding of the 

hydraulic performance of siphonic systems. Current design methodologies assume that the 

proportions of flow through each outlet within a common gutter are the same, previous 

research has reported that this is not the case. 

 

An experimental study has been undertaken using the full-scale test facility at the University 

of Sheffield to improve the understanding of the hydraulic performance of multi-outlet 

siphonic roof drainage systems. This paper presents the results from the feasibility tests and 

an assessment of the suitability of the experimental measurement methods. The reported tests 

include a series of novel experiments using high speed image velocimetry and a unique 

approach that uses a flourescein tracer to measure the flow component through each outlet. 

Proposed future tests are also reported including a systematic study of changes to the 

configuration of the outlets within the common gutter. 

 

Keywords 
 

Siphonic Roof Drainage, Priming, Flow Measurement 

 

1 Introduction 
 

We are living in a changing world and recent trends in the development of our urban 

landscape have seen the introduction of larger buildings with vast roof areas. It is anticipated 

that the onset of climate change will see increased intensities and volumes of rainfall which 

will place significant pressures on the roof drainage systems for these buildings potentially 

leading to failure and major flooding. There is an urgent need to adapt and the principal 

solution is the use of siphonic roof drainage systems. However, it has been identified that 
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there is a universal lack of the understanding of the hydraulic performance of siphonic 

systems, particularly when flow conditions are time varying. 

 

Conventionally, roof drainage systems have been designed to safely convey the rainfall that 

runs off roof surfaces to the below ground drainage system. It is usual for the rainfall to be 

collected in a gutter and then conveyed to a downpipe, or series of downpipes, that are used 

to transfer the water from roof level to ground level. These gravity driven systems have 

worked well for many years and, in the UK, their design is based on methodologies outlined 

in BS EN 12056-3: 2000 Part 3: ‘Gravity Roof Drainage, Layout and Calculation’ (BSI 

2000). However, in recent years the footprint of many buildings has increased significantly 

leading to large buildings with vast roof areas. Similarly architectural practice has changed 

with the use of new materials and exterior surface finishes which provide elegance and 

intricate aesthetic appearance that incorporates concealed roof drainage systems. The use of 

conventional roof drainage for such buildings requires large gutters and a large number of 

downpipes and associated pipework. 

 

As a consequence the worldwide construction industry has seen the introduction of siphonic 

roof drainage systems. These have the advantage that their capacity is significantly greater 

than that of conventional systems and hence can drain much larger volumes of rainfall in a 

shorter period of time. They also require less pipework as a single carrier is used to drain 

several outlets within the gutter. Siphonic systems also have the advantage that they can be 

more easily upgraded or retro-fitted onto existing buildings to accommodate future increases 

in the frequency and severity of extreme rainfall events with the onset of climate change. 

 

Previous research has reported the benefits of siphonic systems (Arthur and Swaffield 2001; 

Wright et al. 2002). However, to achieve these benefits, the system must prime. The priming 

mechanism is extremely complex and existing design standards (BSI 2000; BSI 2007), 

recognise that there is no available analytical method that satisfactorily describes the process. 

Of equal significance and concern is that it is not certain that any given system will prime 

(Arthur and Wright 2007). Guidance is given in Section 8.8 of BS 8490:2007, ‘Guide to 

Siphonic Roof Drainage Systems’, but this has been demonstrated to be based on a number of 

fallacies (Arthur and Wright 2007). 

 

Whilst some current design methodologies assume that the proportions of flow through each 

outlet within a common gutter are the same, previous research has reported that this is not the 

case. Furthermore, under time-varying flow conditions it has been shown that pressure 

fluctuations may cause the system to deprime with the catastrophic consequence that there is 

a rapid rate of the rise of flow depth within the gutter resulting in system failure. 

 

An experimental study has been undertaken using the full-scale test facility at the University 

of Sheffield to improve the understanding of the hydraulic performance of multi-outlet 

siphonic roof drainage systems. This paper presents the results from the feasibility tests and 

an assessment of the suitability of the experimental measurement methods. The reported tests 

include a series of novel experiments using high speed image velocimetry and a unique 

approach that uses a flourescein tracer to measure the flow component through each outlet. 

Proposed future tests are also reported including a systematic study of changes to the 

configuration of the outlets within the common gutter. 
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2 Experimental Study 
 

The full scale siphonic roof drainage experimental test facility is positioned on the mezzanine 

roof of the structures laboratory of the Sir Frederick Mappin Building of the University of 

Sheffield. Figure 1 provides a schematic of the experimental test facility. 

 

 
Figure 1 Schematic of the Experimental Test Facility (not to scale) 

 

The test facility has a gutter length of 35 m and a working head of 9.5 m. The supply of water 

to the rig is transferred from a 272 m
3
 sump via three independent pumps highlighted in 

Figure 1. Each supply pipe incorporates a computer controlled butterfly valve controlled 

using real time control technology and recorded using LabView software. The water is 

supplied from the pipes into three supply reservoirs from where it spills over a knife-edged 

weir, onto the roof section and into the gutter. 

 

The gutter dimensions are 600 mm wide by 150 mm deep with a 1.2 m wide roof section 

constructed from profiled roofing sheet at a pitch of 6°. Both the roof and gutter are fitted 

according to standard construction industry practice (Bramhall 2006). 

 

The tailpipes and carrier pipes are manufactured from annealed cast acrylic with a wall 

thickness of 5 mm. The sizing and configuration of the pipework was completed using 

commercially available software based on the Bernoulli Energy Equation and the Colebrook 

White Equation.  The system was designed as a primary system with three commercially 

available siphonic outlets fitted within the gutter sole. Design flow and operating pressure of 

the system was 30.0 l/s and -3.23 mH2O respectively with an ultimate flow of 35.1 l/s and 

ultimate operating pressure of -4.67 mH2O (Table 1). 

 

Table 1 Summary of Outlet Inflows and Reserves 

Outlet Design inflow 

(l/s) 

Reserve Ultimate 

inflow (l/s) 

Reserve 

m % m (%) 

A 10.0 2.69 27 11.7 0.000 0 

B 10.0 2.60 26 11.3 -0.025 0 

C 10.0 2.70 27 12.1 0.024 0 
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2.1 Methodology 

 

A series of feasibility tests were undertaken to assess, review and optimise the methods of 

flow measurement. The tests were completed to refine the measurement and data collection 

techniques and to determine the relative proportions of flow passing through each outlet. A 

number of tests were undertaken covering a range of flow rates that included both sub-prime 

and primed siphonic action. It was important to examine and understand the hydraulic 

performance over this flow range as siphonic systems predominantly perform at sub-prime 

conditions (Öngören and Materna 2006). Each section of the gutter was supplied with the 

same flow rate from 2 l/s to 14 l/s in 1 l/s increments. This is equivalent to a total flow rate 

through the system from 6 l/s to 42 l/s. 

 

For each feasibility test, the following measurements were recorded: 

1. Water depth within the common gutter 

2. System pressure within the horizontal carrier pipe 

3. Flow rate within the horizontal carrier pipe measured using flourometry 

4. Flow velocity within the horizontal carrier pipe measured using high speed image 

velocimetry 

 

2.1.1 Water Depth Measurements 

Water depth measurements were made using a digital depth micrometer fitted to a frame that 

could be moved along the length of the gutter (Figure 2). 

 

 
Figure 2 Digital Depth Micrometer and Frame 

 

Water depth measurements were made 150 mm either side of each outlet in accordance with 

Section B.2.6 of BS 8490:2007 Guide to Siphonic Roof Drainage Systems (BSI 2007). Two 

further depth measurements were made at 50 mm around the perimeter of the outlet to 

monitor the effect of draw down. Five water depth measurements were also made between 

each outlet including the midpoint, 0.5 metres and 1 metre either side of the midpoint. Two 

further water depth measurements were also made 0.5 metres and 1 metre from each gutter 

end. 

 

2.1.2 System Pressure 

Five pressure transducers were installed within the system to monitor pressure with a range of 

-1 Bar to 0.6 Bar (equivalent to -10 m to 6 m pressure head) with an accuracy of 0.15%, 

equivalent to 24 mm. Three transducers were positioned 2 metres downstream of where each 

tail pipe entered the horizontal carrier pipe. This distance from the junction was selected to 

reduce the risk of high pressure fluctuations closer to the fittings. A further transducer was 

located at the end of the horizontal carrier pipe and at the system outlet. 
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To record an average pressure around the circumference of the pipe, a unique collar was 

designed and manufactured. The collar featured two rubber o-rings either side of a 6 mm by 6 

mm bevel. Four 4 mm holes were drilled into the carrier pipe at the crown, invert and 

horizontal sides of the pipe wall and the collar slid over the pipe so the holes were positioned 

in the bevel. Sealant was then applied between the edge of the collar and the carrier pipe to 

create an airtight seal. Each pressure transducer was positioned at the invert of the collar and 

a simple bleed valve attached to the crown to enable the removal of any air blocks (Figure 3). 

This configuration enabled the average pressure to be taken around the circumference of the 

carrier pipe.  

 

 
Figure 3 Pressure Transducer Collar In-Situ 

 

2.1.3 Flourometry 

To measure the flow rate within the horizontal carrier pipe a unique approach using a 

flourescein tracer was used to measure the flow component through each outlet. Three 

submersible fluorometers were fitted within the horizontal carrier pipe downstream of each 

tail pipe such that the sensor was exposed to the main body of the flow, but with a minimum 

of disruption. A further flourometer was fitted within the supply reservoir to record the 

background solute levels. 

 

The flourometers are able to detect a change in solute concentration of Rhodamine WT with a 

sensitivity of 4 ppb. A temperature probe with an accuracy of ±0.3°C was also fitted within 

the supply reservoir to allow for temperature correction. For the feasibility tests, Rhodamine 

WT dye was injected into the outlet bowl of the upstream outlet using a dosing pump. The 

configuration of the apparatus is shown in Figure 4.  

 

Bleed valve 

Pressure transducer 
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Figure 4 Feasibility Tests Dye Injection Apparatus Configuration 

 

For each feasibility test, 1 litre of Rhodamine WT dye at a concentration of 5x10
-4

 (Cin) was 

pumped from the measuring cylinder into the bowl of the upstream outlet. The turbulence 

within the outlet bowl and tail pipe was sufficient to ensure the dye was fully mixed before 

reaching the first measurement point. The dye injection rate (qin) was measured 

volumetrically recording the time taken to dose every 100 ml of dye. 

 

The raw values recorded by each flourometer were first resolved to a common temperature 

according to the following calculation (Wilson, 1968): 

 

𝐹𝑟 = 𝐹𝑠𝑒
[𝑛 𝑇𝑠−𝑇𝑟 ] 

 

Where Fr is the calculated fluorescent reading at the reference temperature, Fs is the observed 

fluorescence reading of the sample at the time of reading the sample temperature, e is the 

base of natural log, n is the temperature coefficient of the dye used (0.026 for Rhodamine 

WT), Ts is the sample temperature at the time of reading Fs and Tr is the reference 

temperature. 

 

For the feasibility tests the observed fluorescence readings were resolved to a common 

temperature of 20°C. The appropriate calibration was then applied to the resolved readings to 

calculate the concentration of dye (C) at each measurement point. 

 

The position of each of the flourometers within the test facility was selected to assess the 

flow rate through each outlet based on the measured dilution of the dye: 

 

𝑞𝑖𝑛𝐶𝑖𝑛 = 𝑄𝐹1𝐶𝐹1 
 

Where qin is the dye injection rate, Cin the concentration of dye injected, QF1 the flow rate at 

flourometer point 1 and CF1 is the concentration of dye at F1. This equation can be 

rearranged to: 

 

𝑄𝐹1 =
𝑞𝑖𝑛𝐶𝑖𝑛
𝐶𝐹1

 

 

Measuring cylinder 

Dye injection point 

Dosing pump 

Upstream outlet tailpipe 
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The background solute level was measured to accurately determine the flow rate at the 

location of each flourometer: 

 

𝑄𝐹𝑛 =
𝑞𝑖𝑛𝐶𝑖𝑛

𝐶𝐹𝑛−𝐶𝐹𝐵
 

 

Where CFB the concentration of the background solute level, CFn and QFn is the concentration 

of dye and flow rate at each flourometer location respectively. 

 

2.1.4 High Speed Image Velocimetry 

High speed image velocimetry feasibility tests were necessary to assess the quality of image 

produced within the test environment and the flow velocity results following Particle Image 

Velocimetry (PIV) analysis. 

 

The feasibility tests were completed using a Photron Fastcam XLR high speed camera to 

record images of the flow within the horizontal carrier pipe. To reduce distortion of the 

images as a result of the curvature of the pipe, a glass fronted water box was designed, 

manufactured and installed at three points along the length of the carrier pipe downstream of 

each tailpipe. The configuration of the apparatus is shown in Figure 5.   

 

 
Figure 5 Configuration of the High Speed Image Velocimetry Apparatus 

 

For each test, the flow was seeded using inert, white, plastic particles with a diameter of 150 

μm and density of 1000 kg/m
3
. Blackout material was fitted to the pipe behind the water box 

to provide sufficient contrast for the particle seeding to be observed. Additional lighting was 

required to be able to view the images being recorded at the required frequency. 

 

Prior to testing, the water box was filled with water and a graduated steel rule placed along 

the crown of the pipe. The rule was required to be able to scale the images for analysis. The 

camera was positioned in front of the water box and the image field adjusted to include the 

pipe and steel rule. An example image is shown in Figure 6. 

 

Water box 

Single 650W 

lamp 

Photron 

Fastcam XLR 

Camera 

Double 500W 

tripod light 

Blackout 

material 
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Figure 6 Image of Seeded Flow within the Horizontal Carrier Pipe 

 

For the feasibility tests the camera was set to record images at a frequency of 2000 Hz. 10 

consecutive images every 1000 were selected for analysis representing a flow measurement 

point every 0.5 seconds. The images were then analysed using PIV software to determine the 

local flow velocity within the horizontal carrier pipe at each measurement point: 

1. For each set of images the field of view was adjusted for the size of the image 

2. Cross-referencing of each image relative to the next one was completed producing nine 

vector analysis results 

3. Range validation was applied to the vector analysis results to eliminate spurious readings 

detected outside of the flow field 

4. Statistical analysis of the validated, vector analysis results was completed. One result was 

generated of the average flow velocity from the nine, validated, vector analysis results. 

5. The average of the flow velocity results from was calculated. Any results less than 0.01 

m/s were excluded from the average so that stationary objects within the image did not 

skew the resulting mean. 

6. The average flow velocity for that half second interval was plotted. 

 

2.2 Results 

 

2.2.1 Water Depth Results 

The water depth along the length of the gutter was recorded three times for each steady flow 

test in accordance with the methodology outlined in Section 2.1.1. Figure 7 shows the 

average water depth along the length of the gutter at the different test flow rates. 
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Figure 7 Average Water Depth within the Gutter 

 

2.2.2 System Pressure Results 

Figure 8 shows a plot of the mean pressure values at each measurement point for the series of 

feasibility tests. 

 

Figure 8 Plot of Feasibility Test Pressure Measurements 

 

The results show that at the upstream monitoring position (P1), there was minimal change in 

pressure irrespective of the flow rate through the system. A maximum pressure of -0.2 mH20 

was recorded during the tests completed at 21 l/s and 30 l/s. The system pressure after the 

second tailpipe (P2) steadily decreased from a positive pressure of 1 mH20 to less than 0.1 

mH20 at test flow rates greater than 36 l/s. The pressure transducer located downstream of the 

third tailpipe (P3) showed a steady pressure decrease throughout the tests from -0.22 mH20 at 

9 l/s to -2.59 mH20 at 42 l/s. The transducer located at the top of the downpipe (P4) showed 

the most significant change in system pressure. The results decreased from -0.35 mH20 at 9 

l/s to -4.44 mH20 at 42 l/s. 

 

Table 2 provides a comparison of the calculated and measured system pressures at the design 

and ultimate flow rates outlined in Section 2. 
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Table 2 Calculated and Measured System Pressure Comparison 

Flow Rate (l/s) Calculated System Pressure (mH20) Measured System Pressure (mH20) 

30 (Design) -3.23 -3.40 

35.12 (Ultimate) -4.67 -4.00 (extrapolated) 

 

The results in Table 2 show that although the calculated and measured system pressures at the 

design flow rate of 30 l/s were similar, there is a difference in the ultimate flow results. Even 

at a flow rate of 42 l/s, the measured system pressure of -4.44 mH20 was less than the 

calculated pressure at ultimate flow. 

 

2.2.3 Flourometry Results 

Figure 9 provides an example of the results measured using flourometry. The graph shows 

the individual components of flow measured by each flourometer at the design flow rate of 

30 l/s. 

 

 
Figure 9 Flow Proportionality Measured at the Design Flow Rate of 30 l/s 

 

Table 3 shows the average flow rate and flow proportionality measured by each flourometer 

for the series of feasibility tests. 

 

Table 3 Flow Proportionality Measured using Flourometry 

Test F1 F2 F3 

l/s l/s % l/s % l/s 

9 4.82 52.1 8.85 95.7 9.25 

15 7.42 48.8 15.4 101 15.2 

18 8.99 49.7 19.2 106 18.1 

21 9.95 47.2 20.1 95.3 21.1 

30 15.6 51.8 29.6 98.3 30.1 

33 18.9 59.6 32.4 102 31.7 

36 20.0 57.3 33.5 96.0 34.9 

39 20.5 52.6 33.3 85.4 39.0 

42 21.0 50.0 35.0 83.3 42.0 

 

The results in Table 3 show that equal proportions of flow were not measured through each 

outlet. For the design flow rate of 30 l/s, 51.8% of the flow was measured through the 

upstream outlet (A) and a further 46.5% through Outlet B. This is a consistent observation for 
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each of the tests. The total flow through the system measured downstream of Outlet C (F3) 

was within 4% of the volumetrically calibrated flow input. 

 

2.2.3 High Speed Image Velocimetry Results 

Figure 10 shows the flow velocity results based on the PIV analysis of the images collected 

using the high speed camera positioned downstream of Outlet A. 

 

 
Figure 10 Flow Velocity Results Measured using Flourometry (Outlet A) 

 

The results are limited in terms of the duration of each test at less than 7 seconds. However, 

clear difference can be seen in terms of the flow velocity profile for each of the tests reported. 

Fully primed flow conditions were observed during the 42 l/s test which is reflected in the 

velocity results. Sub-prime conditions were observed in each of the other tests which 

demonstrate a greater degree of flow variation. 

 

Figure 11 shows the flow velocity results based on the PIV analysis of the images collected 

using the high speed camera positioned downstream of Outlet B. 

 

 
Figure 11 Flow Velocity Results Measured using Flourometry (Outlet B) 
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Similar to the results observed in Figure 10, fully primed flow conditions were evident during 

the test completed at 42 l/s. For each of the other tests reported, the flow velocity varied in 

comparison. The flow velocity measured during the 9 l/s test demonstrated a profile 

indicative of pulsed or plug flow. This was not observed downstream of Outlet A (Figure 10). 

This would suggest that within a multi-outlet siphonic system, different flow phases occur 

along the length of the horizontal carrier pipe.  

 

2.3 Proposed Future Tests 

During the feasibility tests, the methods of measurements were conducted independently to 

refine each scientific technique. The next phase of steady state tests will involve running each 

method of flow and pressure measurement simultaneously. This will provide a direct, 

temporal and spatial comparison between each of the methods of measurement. Furthermore, 

this will enable an evaluation of the interaction of flow and system pressures on 

proportionality and priming within a multi-outlet siphonic system for both sub-prime and 

primed conditions. Following this phase of testing and analysis, a systematic study of 

changes to the configuration of the outlets within the common gutter will be undertaken. 
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PSIBAR® CVD TYPES

2200 Series / 2600 Series –  
General Purpose  
Industrial Pressure Transducers
	 Gauge, Absolute, Vacuum and Compound Pressure Models 

Available
	 Submersible, General Purpose and Wash Down Enclosures
	 High Stability Achieved by CVD Sensing Element
	 Millivolt, Voltage and Current Output Models
The 2200 series features stability and accuracy in a variety of enclosure options. The 
2600 series extends the packaging options via an all welded stainless steel back end 
for demanding submersible and industrial applications. The 2200 and the 2600 feature 
proven CVD sensing technology, an ASIC (amplified units), and modular packaging to 
provide a sensor line that can easily accommodate specials while not sacrificing high 
performance.

Specifications
Input
 Pressure Range Vacuum to 6000 psi (400 bar)
 Proof Pressure 2 x Full Scale (FS) (1.5 x Fs for 400 bar, ≥ 5000 psi)
 Burst Pressure >35 x FS <= 100 psi (6 bar);  
 	  >20 x FS >= 1000 psi (60 bar); 
 	  >5 x FS <= 6000 psi (400 bar)
 Fatigue Life Designed for more than 100 million FS cycles
Performance
 Long Term Drift 0.2% FS/year (non-cumulative)
 Accuracy 0.25 % FS typical (optional 0.15% FS)
 Thermal Error 1.5% FS typical (optional 1% FS)
 Compensated Temperatures -5°F to +180°F (-20°C to +80°C)
 Operating Temperatures -40°F to +260°F (-40°C to +125°C) for elec. codes A, B, C, 1 
 	  -5°F to +180°F (-20°C to +80°C) for elec. codes 2, D, G, 3 
 	  -5°F to +125°F (-20°C to +50°C) for elec. codes F,M, P 
 	  Amplified units >100°C maximum 24 VDC supply
 Zero Tolerance 1% of span
 Span Tolerance 1% of span
 Response Time 0.5 ms
Mechanical Configuration
 Pressure Port See ordering chart
 Wetted Parts 17-4 PH Stainless Steel
 Electrical Connection See ordering chart
 Enclosure 316 ss, 17-4 PH ss 
 	  IP65 NEMA 4 for elec. codes A, B, C, D, G,1, 2, 3 
 	  IP67 for elec. code “F” 
 	  IP68 for elec. codes M, (max depth 200 meters H2O) 
 	  IP30 for elec. code “3” with flying leads
 Vibration 70g, peak to peak sinusoidal, 5 to 2000 Hz 
 	  (Random Vibration: 20 to 2000 Hz @ 20g Peak 
 	  per MIL-STD.-810E Method 514.4)
 Acceleration 100g steady acceleration in any direction 0.032% FS/g  
 	  for 15 psi (1 bar) range decreasing logarithmically  
 	  to 0.0007% FS/g for 6000 psi (400 bar) range.
 Shock 20g, 11 ms, per MIL-STD.-810E Method 516.4 Procedure I
 Approvals CE, UR (22IC, 26IC, 22CS, 26CS)
 Weight Approx. 100 grams (additional cable; 75 g/m)

Series 2200

Series 2600
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Connection Code mV units Voltage units Current units (4-20mA)

IN+ OUT+ OUT- IN- IN+ COM OUT+ EARTH (+) (–) EARTH

A, B, G “DIN” PIN 1 2 3 E 1 2 3 4 1 2 4

C “10-6 Bayonet” PIN A B C D A C B E A B E

D “cable” R Y BL G R BK W DRAIN R BK DRAIN

F “IP 67 cable” R Y BL G R BK W DRAIN R BK DRAIN

M “Immersible” R Y BL W R W Y DRAIN R BL DRAIN

1 “8-4 Bayonet” PIN A B C D A C B D A B D

2 “cable” R W G BK R BK W DRAIN R BK DRAIN

3 “conduit & cable” R W G BK R BK W DRAIN R BK DRAIN

VOLTAGE
OUTPUT

TRANSDUCER

POWER SUPPLY

READOUT

IN (+)

(-) (+)

COMMON

OUT(+)

CURRENT
OUTPUT

TRANSDUCER

POWER SUPPLY

READOUT

+

(-) (+)

(-) (+)

(-) (+)

MILLIVOLT
OUTPUT

TRANSDUCER

POWER SUPPLY

READOUT

IN (+)

IN (-)

(-)(+) OUT(-)

OUT(+)

(-) (+)

(-)

Individual Specifications
Millivolt Output units
 Output 100 mV (10 mv/v)
 Supply Voltage (Vs) 10 VDC (15 VDC max.) Regulated
 Bridge resistance 2600-6000 ohms
Voltage Output units
 Output see ordering chart
 Supply Voltage (Vs) 1.5 VDC above span to 35 VDC @ 6 mA
 Supply Voltage Sensitivity 0.01% FS/Volt
 Min. Load Resistance (FS output / 2) Kohms
 Current Consumption approx 6 mA at 7.5V output
Current Output units
 Output 4-20 mA (2 wire)
 Supply Voltage (Vs) 24 VDC, (7-35 VDC)
 Supply Voltage Sensitivity 0.01% FS/Volt
 Max. Loop Resistance (Vs-7) x 50 ohms

Electromagnetic Capability
Meets the requirement for CE marking of EN50081-2 
for emissions and EN50082-2 for susceptibility.

Test Data:
•	EN61000-4-2 Electrostatic Discharge. 8kV air 

discharge, 4kV contact discharge. Unit survived.
•	ENV50140 Radiated RF Susceptibility. 10V/m, 80MHz-

1GHz, 1kHz mod. Maximum recorded output error 
was <±1%

•	ENV50204 Radiated RF Susceptibility to Mobile 
Telephones. 10V/m, 900MHz. Maximum recorded 
output error was <±1%.

•	EN61000-4-4 Fast Burst Transient. 2kV, 5/50ns, 5kHz 
for 1 minute. Unit survived.

•	ENV50141 Conducted RF Susceptibility. 10Vms, 1kHz 
mod, 150kHz - 80MHz. Maximum recorded output 
error was <±1%

Cable Legend:

R = Red

BL = Blue

BK = Black

W = White

Y = Yellow
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Nose Cone Sink Weight

2600 Series

Code B

Code A

Code F

Code D or 2

10-6 Code C

Code G

Code 3

 Code 3
 with length “U”

Code M

8-4 Code 1

1.30
33

43
1.70

1.70/43

1.37
35.0

2.76
70.1

0.87
22

0.90
23

1/2˝ NPT

1/2˝ NPT

2.43
61.60 MAX

2.48
65.7 MAX

2.09
53.2 MAX

0.75
19

0.67
17

2.54
64.4 MAX

Code 
04

Code 
1P

Code 
19

Maximum diameter 1.07" (27.3 mm)

Maximum diameter 1.07" (27.3 mm)

Mini 4 Pin - No Connector

Mini 4 Pin - With Connector

IP67 Cable (Waterproof)

IP65 or NEMA4 Cable

10-6 or 8-4 Mil-C Connector

mV Gauge/Absolute
Amplified Gauge

mV Gauge/Absolute
Amplified Gauge

Large DIN 43650 Plug

Amplified Absolute

Amplified Absolute

0.95
24

Code 
0E

1/4-18 NPT Internal

0.67
17

0.79
20

0.75
19

Code 
01

G 1/4 External

0.79
20

1/4 - 18 NPT

1/2-14 NPT

7/16-20 UNF-2A

9/16-18 UNF-2A

Code 
0A

R 1/4

Code 
09

G 1/8 Internal

Nose Cone - Black Acetal

Conduit Connector with Cable

Conduit Connector with Flying Leads

Moulded, Immersible Cable 

2.65
68

0.59
15

Code 
08

1/8-27 NPT

24 AWG Shielded PVC

24 AWG Shielded PVC

24 AWG Shielded PVC

24 AWG, Vent, Shielded, 
Polyurethane

1.02
26.0

Code  
02
with 
snubber

1.02
26.02 Code 0J

with 
snubber

Code 
0H

Through hole
Ø 10.0

4.67/121

Ø
27

.2
0

Code 29inch
mm

PSIBAR® CVD TYPES

Dimensions
2200 Series
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Code Length (M) Code Length (M)

U No Cable Fitted M 40

D 1 N 50

E 3 P 75

F 5 Q 100

G 10 R 125

H 15 S 150

J 20 4 170

K 25 5 200

L 30 6 225

Note: Maximum cable length on a 2200 is 10 meters.

3-Day3-Day
Delivery

on Most Transducers

            European Threads
 09 - G1/8 Internal
 01 - G1/4 External
 0A - R1/4 External
 Submersible (2600 only)
 19 - Plastic Nose Cone
 29 - Sink Weight Nose Cone

How to Order
Use the bold characters from the chart below to construct a product code

Series
 2200 2600

Output
 A - 100 mV C - 1-6V J - 0.5-5.5V	 G - 0.2-10.2V
 B - 4-20mA D - 1-11V R - 0-5V	 F - 0.1-5.1V
  H - 1-5V S - 0-10V

Pressure Datum
 A* - Absolute G - Gauge
 *Max absolute range is 25 bar. (≤ 300 psi)

Pressure Range3 – psi
 F07  - 0-7.5 G60 - 0-600 Vac = -15 psi
 F15  - 0-15 H10 - 0-1,000 1F5 - Vac-0
 F30 - 0-30 H15 - 0-1,500 3F0 - Vac-15
 F60  - 0-60 H20 - 0-2,000 6F0 - Vac-45
 G10  - 0-100 H30 - 0-3,000 1G0 - Vac-85
 G15 - 0-150 H40 - 0-4,000 1G5 - Vac-135
 G20 - 0-200 H50 - 0-5,000 2G0 - Vac-185
 G30 - 0-300 H60 - 0-6,000 3G0 - Vac-285
 G50 - 0-500

Pressure Range - bar
 A10 - 0-1 B25 - 0-25 Vac = -1 bar
 A16 - 0-1.6 B40 - 0-40 1A0 - Vac-0
 A25 - 0-2.5 B60 - 0-60 1A6 - Vac-0.6
 A40 - 0-4 C10 - 0-100 2A5 - Vac-1.5
 A60 - 0-6 C16 - 0-160 4A0 - Vac-3
 B10 - 0-10 C25 - 0-250 6A0 - Vac-5
 B16 - 0-16 C40 - 0-400 1B0 - Vac-9
   1B6 - Vac-15
   2B5 - Vac-24
   4B0 - Vac-39

Pressure Port
 08 - 1/8-27 NPT External 
 02 - 1/4-18 NPT External 
 0J - 1/4 NPT External w/snubber 
 0E - 1/4 NPT Internal    
 0H - 1/2-14 NPT External 
 04 - 7/16-20 External (SAE #4, J514) 
 1P - 9/16-18 External (SAE #6, J1926-2)
 IJ  - 7/16-20 External (SAE #4, J1926-2)

Electrical Connection (See Notes)
 2200 Series
 A - 4 PIN DIN (Micro) Mating Connector Supplied
 B - 4 PIN DIN (Micro) Mating Connector Not Supplied
 2 - Cable Nema 4 USA
 D - Cable European Color Code
 F - Cable Gland Metal IP67

 2600 Series
 C - Fixed Plug Size 10-6 Mating Plug Not Supplied
 G - Fixed Plug To DIN 43650 Mating Plug Supplied
 M - �Moulded Cable Immersible 
 1 - Fixed Plug Size 8-4 Mating Plug Not Supplied
 3 - Conduit Connector 1/2NPT Ext. 1M Cable2

	 2200 B G A60 01 A 3 U A

Performance Code

Accuracy/Thermal
 A - .25%/1.5%
 B - .15%/1.0%

Cable Length1

 U - No Cable Fitted1 2

 D - 1 Metre (3 feet)
 E - 3 Metres (9 feet)
 F - 5 Metres (16 feet)
 G - 10 Metres (32 feet)
Apparatus Protection
 2 - mV Only Transient Protection CE Mark, UR
 3 - Amplified Only RFI Protected CE Mark, UR

Notes:
1.	 When electrical connection is cable please select a cable length from 	

Table 1 below. When electrical connection is DIN or plug style “U” 
must be specified.

2.	 Where electrical connection -3 and cable length -U occur in part 
number, the unit will be supplied with flying leads (4-1/2˝ IP30).

3. 	Additional Pressure Ranges are available. Please consult factory.

Table 1 - Cable Length
(2600 Series) (2200 Series select “U” through “G”)



GigaView Are You Sure 
You’re Seeing the 
Whole Picture? 

Features

• 1280 x 720 HD resolution @ 750-fps to memory

• 640 x 480 VGA resolution @ 250-fps to hard disk

• 10 bit grayscale – More information per image 

• Gigabit Ethernet Interface (GigE) – Robust TCP/IP connection for plant environment 

• Up to 16 GB of memory – Extends traditional record times 

• Image-Cued Triggering – Offers solution when an external trigger is unavailable

                      • Digital output for alarm or strobe

Record High Definition 1280x720 video at 750-fps 

to memory for 30-seconds when troubleshooting machinery,

VGA 640x480 video at 250-fps to disk for 8-hours for

monitoring and surveillance, or both at the same time.

GigaView – a Gigabit Ethernet equipped high-speed digital

video camera system is specifically designed for the difficulties of

the production environment. GigaView is the only complete 

video solution that delivers the images you need to solve 

the problem…every time.



Process inspection, high-speed motion capture, and 

machine troubleshooting just got easier with SVSi’s 

GigaView high-speed camera. Designed for true 

networked (TCP/IP) operation, GigaView can record an

entire 8-hour shift of high-resolution high-speed video

to diagnose equipment failures, power disruptions, or external

interference.  With the easiest-to-use software on the market

(just turn it on and GigaView begins recording video), you  

can concentrate on maximizing efficiency.

GigaView reduces even the highest speed processes to 

slow-motion video that can be analyzed frame-by-frame.  

Through the combination of the highest resolution, longest 

record times, and fastest frame-rates, GigaView is the 

clear performance leader in high-speed video solutions for 

the production and packaging environments.

GigaView

Southern Vision Systems, Inc.
8215 Madison Blvd, Suite 150

Madison,  AL  35758
Phone:  (256) 461-7143

Fax:  (256) 461-7145
www.southernvisionsystems.com

email:  info@southernvisionsystems.com

Specifications

Continuous Streaming

Resolution: 640 x 480 @ 250-fps

Record Time: Up to 8-hours

High Definition to Camera Memory

Resolution: 1280 x 720 @ 750-fps

Record Time: Up to 30-seconds

Camera

Shutter: 1/50 – 1/500,000

Sensor: 10-bit mono or 24-bit color

Trigger Source: Standard TTL or 

Image-Cued

Multiple-event recording capability

Lens Mount: C-mount*

Interface: TCP/IP 100/1000-BaseT

Size: 4.25”x4.25”x11”

Weight: 3.4 lbs

Software: Video Record/Playback

 * C-mount to F-mount adapter available.

Recording Time

Resolution

160 x 120

  320 x 240

  640 x 480

1280 x 1024

320 x 240

   640 x 480

 1280 x 720

 1280 x 1024

Mode

     

Streaming

Burst

Frame Rate

(fps)

4,000

1,000

250

   60

2,200

1,135

750

530

16-GB

Memory

N/A

 N/A

 N/A

N/A

25-sec

  25-sec

  56-sec

112-sec

2.4-TB

Hard Disk

8-hours

 8-hours

 8-hours

8-hours

 

N/A

N/A

N/A

N/A

Image-Cued Trigger

A troubleshooting aid unique to 

GigaView is the ability to trigger the 

recording process from an event in the 

camera’s field-of-view. If you know 

what happens but not when, GigaView 

can look for the event itself and record 

digital video before and after the fact 

with a minimum of excess frames so 

that you can go straight to the cause 

of the problem.



CYCLOPS–7
SUBMERSIBLE SENSORS

Cyclops-7 Submersible Sensors
The CYCLOPS-7 line of submersible sensors is a high performance, compact 

sensor at a significantly lower price than traditional submersible sensors.  The 

CYCLOPS-7 combination of price, performance and size makes the sensor very 

attractive for oceanographic, freshwater and dye tracing applications. 

Cyclops-7 Highlights

• Extremely small size 
          5.7” x 0.9” (SSt or Ti) 
          5.7” x 1.25” (Delrin)

• Affordable price / excellent value

• Built-in light scatter rejection

• Low power consumption

• Integrates into a C6 Multi-Sensor Platform or      

  any third-party platform

• Interfaces with DataBank Datalogger

• Cyclops-7 Submersible Logger Available

• Cyclops Explorer enables various  
   lab applications

Available Sensors
• Blue Green Algae 
         - Phycoerythrin (marine)  
         - Phycocyanin (freshwater)

• CDOM/FDOM

• Chlorophyll in vivo
          - Blue excitation 
          - Red excitation

• Fluorescent Dye Tracing 
          - Fluorescein 
          - PTSA 
          - Rhodamine

• Hydrocarbons 
          - Crude Oil 
          - Refined Fuels

• Turbidity

• Wastewater Monitoring
          - Optical Brighteners 
          - Tryptophan

Custom Optics Available : 260-900 nm

Designed for Integration
Cyclops-7 was designed specifically  

for integration into any platform  

that supplies power and datalogging.



CYCLOPS–7
SUBMERSIBLE SENSORS

Minimum Detection Limit Dynamic Range

Fluorometer Performance

Linearity: 0.99R2

Application

S-0060  Rev. AC

Physical Dimensions
Length x Diameter:  
        5.7” x 0.9”; 14.48 x 2.23 cm (SSt or Ti) 
        5.7” x 1.25”, 14.48 x 3.18 cm (Delrin)

Weight: 5.0 oz; 142 grams

Environmental Characteristics
Temperature Range:  
         Ambient: 0 to 50 deg C 
         Water Temp: -2 to 50 deg C

Depth Range: 600 meters

Signal Output: 0 - 5 VDC

Supply Voltage Range: 3 - 15 VDC

Power Requirements: <300mW typical

Toll-Free :  1.877.316.8049

Phone :  408.749.0994

Fax :  408.749.0998

Email :  sales@turnerdesigns.com

Web :  www.turnerdesigns.com

Address: 

845 West Maude Avenue

Sunnyvale, CA  94085

Contact Us

AVAILABLE INSTRUMENTS CYCLOPS-7 ACCESSORIES

Blue Green Algae  - Phycoerythrin (freshwater) or Phycocyanin (marine)
CDOM/FDOM 
Chlorophyll in vivo
          - Blue excitation 

          - Red excitation

Crude Oil

Fluorescent Dye Tracing - Fluorescein,  PTSA or Rhodamine

Refined Fuels 

Turbidity

Wastewater Monitoring - Optical Brighteners or Tryptophan 

Contact us for Custom Optics 
Titanium and Plastic  Housings also available.  Titanium and Plastic withstand corrosion 
better than stainless steel and are recommended for stationary deployments in highly 
corrosive environments.

Ordering Information

Solid Secondary Standards

Flowthrough Cap

Shade Cap (Recommended for most deployments)

0.6 Meter Pigtail Cable with Locking Sleeve

5 Meter Pigtail Cable with Locking Sleeve

10 Meter Pigtail Cable with Locking Sleeve

25 Meter Pigtail Cable with Locking Sleeve

50 Meter Pigtail Cable with Locking Sleeve

Cyclops Explorer 

DataBank Datalogger available.  
For details visit www.turnerdesigns.com.

0.01 ppb 0-1000 ppbRhodamine Dye

2 ppbPC 0-40,000 ppbPCPhycocyanin 

3 ppb >20,000 ppbTryptophan

0.01 ppb 0-500 ppbFluorescein Dye
0.2 ppb*** 0-2700 ppb***Oil - Crude

0.6 ppb*** 0-15,000 ppb***Optical Brighteners

10 ppm**** >100 ppm****
Oil - Fine 10 ppb* >10,000 ppb*

0.1 ppb*** 0-650 ppb***PTSA Dye

* 1,5 Napthalene Disulfonic Disodium Salt
** Quinine Sulfate 
*** PTSA (1,3, 6, 8 - Pyrenetetrasulfonic Acid Tetrasodium Salt) 
**** BTEX (Benzene, Toluene, Ethylbenzene, Xylenes) 
PC Phycocyanin pigment from Prozym diluted in Deionized water 
PE Phycoerythrin pigment from Prozym diluted in Deionized water

0.15 ppb** 0-1250 ppb**CDOM/FDOM

0.5 ppb*** 0-5000 ppb***

0.15 ppbPE 0-750 ppbPEPhycoerythrin

0.05 NTU 0-3000 NTUTurbidity

Chlorophyll in vivo
0.025 µg/L 0-500 µg/LBlue excitation
0.5 µg/L >500 µg/LRed excitation





• The OBL’s unique mechanical diaphragm design ensures linea-
rity between flow rate and percentage of stroke. The flow rate is
virtually uneffected by the working pressure variations.

• Leak-free pump, due to OBL’s stress-proof diaphragm.

• High working safety:
- No external moving parts.
- Leak-free operations.
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PLASCOAT TALISMAN 30 
 
Performance Polymer Alloy Coating 
 
 
 
GENERAL DESCRIPTION 
 Plascoat Talisman 30 has been developed to provide a long lasting, hard, tough coating for mild steel.  It is based on an alloy of polyolefins. 
Therefore it is halogen free and the combustion fumes are low in smoke and have a low toxicity index. 
 
The coating is the hardest in our range.  As such it has excellent scuff and abrasion resistance.  The coating has excellent adhesion to metal 
without the need of a separate primer.  The coating has FDA food contact approval. 
 
Note:  Not all Talisman 30 colours are specifically UV stabilised.  Please contact Plascoat for further details. Alternatively, please consider the use of 
PPA 571. 

 
TYPICAL USES 
Food shelving. 
Metal furniture coating. 
 

GUIDE TO TYPICAL COATING 
CONDITIONS 
Recommended Pretreatment: 
For mild steel, ensure metal is clean by thorough degreasing and 
removal of mill scale. To get the full benefits of the material, the metal can 
also be blast cleaned to Swedish standard SA 2½-3 or phosphated. 
 
 
Batch Operation: 
Metal preheat temperature 250°C - 380°C, depending on metal 
thickness.   Dip for 3 - 10 seconds.  A postheat cycle at 170°C may be 
required to develop fully the surface finish on thin wires. 
 
Water quenching is not necessary except for handling purposes. If 
present, water quenching should take place at least 30 seconds after all 
parts have flowed out to a smooth coating and at least 90 seconds after 
dipping in the powder. 
 
 

 

TYPICAL PROPERTIES OF THE POWDER 
Coverage (100% efficiency)                       3.3 m2/Kg at 300 microns 
Particle Size                                            95% less than 250 microns 
Bulk Density (at rest)                                                        0.40 g/cm3 
Fluidising Characteristics                                                    Excellent 
Packaging                                                             20 kg paper sacks  
 
 

TYPICAL PROPERTIES OF THE MATERIAL 
Specific Gravity                                                                 0.99 g/cm3 
Tensile Strength                  ISO 527 (100mm/min)                16 MPa 
Elongation at Break             ISO 527 (100mm/min)                   160% 
Hardness                            Shore A                                               98  
                                            Shore D                                              58 
Pencil Hardness                                                                            H/B 
Vicat Softening Point           ISO 306                                         103°C 
Melting Point                                                                              155°C 
Environmental 
Stress Cracking                 ASTM D1693                            >1000 hrs 
Dielectric Strength             ASTM D149                      49.6 KV/mm at 
                                                                                        400 microns 
 

STORAGE 
Stored in a clean dry area at 10-25°C and out of sunlight, the material 
should not deteriorate.  However, in the interest of good housekeeping, 
old stocks should be used first. 
 

HEALTH AND SAFETY 
Plascoat Talisman 30 is supplied as a finely divided powder.  Whilst 
there are no known health hazards associated with Talisman 30, 
normal handling precautions for dealing with fine organic powders 
should be taken - i.e. excessive dust generation and inhaling of the 
powder should be avoided.  Facilities may be required for removing 
excess dust from the working area during the coating of more difficult 
items. 
 
As with all polymeric powders, the material can ignite if brought into 
contact with a high temperature source or ignition - particularly in the 
fluidised condition. 
 
Reference should be made to the respective Plascoat Health and 
Safety Data Sheet, available on request. 
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PLASCOAT Talisman 30 
 

Performance Polymer Alloy Coating 
 
TYPICAL PROPERTIES OF THE COATING 
The following data applies to a 350 micron coating applied under standard conditions onto 3mm thick steel or aluminium.  The pretreatment 
consisted of degreasing and gritblasting unless otherwise stated.  
 
Recommended Coating Thickness  200-600 microns 
Appearance  Smooth/Glossy 
Gloss ISO 2813 60 
Impact Strength 
 
 

Gardner (drop weight) ISO 6272 
Direct 23°C  (water quenched) 
Indirect 0°C 

 
1.9 Joules 
6.5 Joules 
 

Abrasion 
 

Taber ASTM D4060/84 
H18, 500g load, 1000 cycles 
CS17, 500g load, 1000 cycles 

 
69  mg weight loss 
20 mg weight loss 

Salt Spray 
 
 
 

ISO 7253 and NF 41-002 
Steel                - Scribed 
 
Steel                - Unscribed 

 
Loss of adhesion less than 15 mm from scribe 
after 500 hrs 
No loss of adhesion 

 
Chemical Resistance* 
 

- Dilute Acids 70°C 
- Dilute Alkali 70°C 
- Salts (except peroxides) 70°C 
- Solvents 23°C 

Good 
Good 
Good 
Poor 

Adhesion PSL, TM/19 A-1 

Resistance to Staining 
 

Carrot Juice 
Tomato Juice 
Blackcurrant Juice 
Eosin Dye 
Beetroot Juice 

Good 
Good 
Good 
Good 
Good 

Safe Working Temperature (in air)   100°C max 
 
* The results given are for full immersion in the chemicals for a prolonged period of time.  The coating is resistant to splashes and short term contact 
 of most chemicals. Further technical advice may be obtained from Plascoat concerning the effects of particular chemicals or mixtures. 
 
 
 

QUALITY 
Plascoat is committed to the manufacture and supply of a wide range 
of thermoplastic coating powders. This service is backed by the 
unrivalled experience of over 50 years of powder coating application. 
With a policy of continuous improvement to its range of products, 
Plascoat reserves the right to alter or amend any item. Stringent 
quality control procedures are carried out at every relevant stage of 
manufacture and Plascoat operates a quality management system 
approved by BSI in accordance with ISO 9001:2008. 
 
Plascoat can also offer, through its factories in Europe, specialist 
plastic coating equipment, an extensive custom coating service and a 
size reduction service for plastics and other materials. 
 
Plascoat is a subsidiary member of the IPT Group of companies. 
Plascoat is an EU registered trade name. 
 

DISCLAIMER 
The information given here is, to the best of our knowledge, true and 
accurate. 
 
Product and item design, pre-treatment, coating conditions, quality 
assurance and conditions of product end use are among the factors 
that affect performance of the coated products and are outside 
Plascoat’s control.  
 
Conditions under which our materials may be used are beyond our 
control.  The suitability for application and performance of finished 
goods coated with Plascoat material is the sole responsibility of the 
customer and end user.  
 
Plascoat expressly denies specific or implied warrantees including 
warrantees for fitness for a particular use or purpose. 
 

 
 
Plascoat Systems Limited 
Trading Estate, Farnham 
Surrey,  
GU9 9NY 
United Kingdom 
Tel: +44(0)1252 733777 
Fax: +44(0)1252 721250 
Web site: www.plascoat.com 
email: sales@plascoat.com 

Plascoat Europe BV 
Meeuwenoordlaan 19 
Postbus 9 
3214VT Zuidland 
The Netherlands 
Tel:+31 (0) 181 458 888 
Fax:+31 (0) 181 458 877 
 
salespce@plascoat.nl 

Plascoat Corp 
Crown Center 
Suite 600 
5005 Rockside Rd 
Cleveland 
OH44131 U.S.A. 
Tel: 800 489 7236 
Fax: 216 520 1273 
plascoat@nls.net 

Plascoat Corp (Sales & Dist) 
Punda Mercantile Inc 
4115 Sherbrooke Str West, 
6th Floor, Montreal, 
Quebec H3Z 1K9 
Call: 800 489 7236 
Tel:  +1 514 931 7278 
Fax: +1 514 931 7200 
sales@punda.com 
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