
Chapter two Literature Review

We should notice that the above equations are based on the assumption of the fibres 

entering into a parallel air stream with the speed of Vv .

A method for simulating the dynamic behaviour of rigid and flexible fibres in a flow 

field was proposed, regarding the fibre as made up of spheres that are lined up and 

bonded to each neighbour[Ymamoto, Matsuoka 1993]. The fibre model can stretch, 

bend, and twist, by changing bond distance, bond angle, and torsion angle between 

spheres, respectively. The motion of the fibre model in a flow field is determined 

by solving the translational and rotational equations for individual spheres under the 

hydrodynamic forces and torques exerted on them. The proposed method was 

applied for simulating a rigid and a flexible fibre in a shear flow under the 

conditions of infinitely dilute system, no hydrodynamic interaction, and low 

Reynolds number of a particle. It was shown that the results are similar to 

experimental ones described by Forgacs and Mason[1959]. The advantage points of 

this particle simulation method are i) treatability of an arbitrary shaped particle, ii) 

alterability of the particle stiffness, and iii) simplicity of simulation procedure.

A simple approach to the alignment of short fibres using fluid dynamic forces was 

explored [Bangert 1977]. This approach consists of conveying fibres in an 

essentially irrotational air stream and then causing this stream to undergo a rather 

rapid contraction, followed by a rather slow divergence. The resulting velocity 

gradients in the irrotational flow produce moments on a fibre that in most cases tend 

to align it parallel to the flow direction. The desired degree of air-stream 

contraction and divergence can be easily controlled by using transversely-blowing 

air jets. An approximate analysis was developed for the effects of aerodynamic 

forces on fibre motion and was combined with a theory for the influence of
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Chapter two Literature Review

Kong and Platfoot [1997] extended their studies to develop a two phase air/fibre 

flow model to simulate fibre movement in the transfer channel of a rotor spinning 

machine. The conveyance of fibres in the transport zone by carrier air is a two 

phase flow problem because the fibre, as one of the phases, is a flexible material and 

any part of the fibre may be moved, rotated, or bent relative to the other sections due 

to the influence of a velocity gradient in the air conveying the whole strand. They 

indicated that the initial fibre position and the underlying air flow pattern are critical 

to the final fibre configuration at the exit of the channel. Fibre opening and fibre 

detachment from the opening roller are identified as the two critical factors in 

obtaining straight fibres at the channel inlet and their transport to the spinning zone.

"#$� ���	��'��)��������� �	��	���)���	�����	����2�3�	���'�

Krause et al [1989], established a theoretical model for fibre landing in friction 

spinning . They derived an equation to describe the effect of various factors such as 

fibre landing angle y , transition channel angle (p and the speed ratio n ( the ratio of

y
fibre velocity Vf to surface speed of suction drum Vscj , n = —■*-). The obtained

Vsd

equation is as follows :

3n2 +1 _ cosy.cos^ + 2 
2n siny

They found the strong effect of speed ratio n, on the fibre landing angle y. (by 

increasing n, the fibre landing angle (y) in a given channel angle (<]>) decreases, see 

figure (2.15). They also explained that during fibre landing the fibre leading end is 

caught by the drum surface whilst the tail continues its travel in the original
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Chapter two Literature Review

4- Fibre velocity

They pointed out that the closeness of the fibre approach angle with the velocity 

angle is the principal reason for low fibre length utilisation (i.e. as these angles 

become close the fibres do not lie in the yam axis) .

2.9 Summary

The literature review shows that most of the studies in fibre dynamic behaviour in 

the air flow medium are related to yam spinning processes, which are basically 

looking at straightening the orientation of the fibres that have escaped from the 

opening roller. This allows a satisfactory configuration of fibres in the final 

product. It was reported that the ratio of air speed to the peripheral speed of 

V
opening roller ( ^ - )  has the dominant effect on fibre configuration during 

transport from the opening roller to the rotor. The higher the ratio ( V*ir ) the
ÔR

greater the chance of having straightened fibres along the airflow axis. The 

dimension of the inlet of the transport channel has also been indicated as a crucial 

factor. If the channel inlet narrows, then there is a physical obstruction to the flow 

If it becomes wide, then a recirculation zone is created which blocks part of the 

channel cross-section.

Currently, the Computational Fluid Dynamics (CFD) has been introduced to the 

textile problems, particularly open-end yam spinning. They have reached some 

interesting results in simulating the fibre transport zone and identified the critical
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3.21 � ����: �����

To be able to derive a mathematical model the following assumptions are made:

1) The fibre is assumed to be a rigid body.

2) The fibre is taken as a connected pair of rods hooked around the tooth, as shown in

figure (3.1)

&K� ����� ������	�''�	�����	��������'����'����	��'�!�!���������������'����)���: �	�)���  

���������� ��)���	���:�����	�:������'�!�	#

&#"#%#%� ,�������������������������: �����

The rigid body assumption of a fibre has been made by the other researchers (Bangert 

44� Yamamoto 93, Smith 94). A real fibre is, of course, flexible and although it would 

be possible to analyse the motion of such a flexible fibre the mathematics would be 

highly complex. Therefore it seems worthwhile as a starting point to develop a more 

simplified model, in which fibres are assumed to be rigid. There is some photographic 

evidence (Lunenschloss 80 and also fig.5.9) that fibres remain straight during their 

motion in the vicinity of the opening roller, so that this assumption may produce results 

that are in reasonable agreement with the experiment. The object of the study is to 

model the trajectory of a fibre from the saw tooth roller and the rigid body assumption

����')���2������ ���'��	���'��#

2) The hooked configuration of fibre around the tooth of the opening roller has been 

reported by Ghosh and Bhaduri [1968]. The photographic observations by Lawrence

[1988] showed that the hooked fibres escape from the pins by sliding to the tip of the 

pin and then are ejected from the opening roller surface

3) The opening roller due to its rotation generates air flow which can be approximated 

by the equation u = (Acheson 96) where r is the distance from the roller surface,
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R is the radius of the roller and A is a constant. If the radius of the opening roller is 

R=170 mm and it rotates at angular velocity co= 11.52 rad/sec, then the boundary 

condition (i.e. no slip situation) at the opening roller surface may be applied to 

obtain: A = 0.33 m2 / sec. Substituting the value of A into the airflow equation, the 

velocity at any distance from the opening roller surface can be obtained, for example at 

r = 10 mm, u=  1.8 m / sec. This airflow can be neglected compare to the airflow due 

to the blower which is about 40m/sec.

Figure (3.1) Fibre configuration on the tooth of the cylinder

3.2.2 Geometrical considerations

Figure(3.2) shows the fibre position at two instants of time. The upper position is the 

initial situation when the fibre is just coming to the stripping zone and starting its 

movement down the tooth. In this initial position the radius of the drum to the base of 

the tooth makes an angle 0o with the fixed horizontal axis (i.e. OX), the fibre is inclined 

at an angle <{>o to the tooth and the trailing end(or loop centre) of the fibre is at a distance 

ro from the tooth base.
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3.2.4 Derivation of equations of motion of fibre on the teeth

Considering an element of length dS at a distance S from G. The equation of motion in

the horizontal direction is

d2v  Lf LJ*
m— = Ncos(y - 23 - Fsin(y - 23 + 2 |F tdS sin(^ � " �.�23�(  &�FndS cos(^ - "�.�23

� � � ���� ���

= N cosO '-0)-Fsin(y-0) + A ,sin(^-;' + 0 )-A ncos(0 -y+0) (33)

��� ��

Where An = 2 j F ndS , At = 2 jF ,dS
���� ���

In the vertical direction we similarly obtain 

d2Ym -- 2° = m.g - Nsin(y - 23 - Fcos(y - 23 - A,cos(0 - "  + 23�� A nsin(0 - "  + 23 (3.4)
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continuity equation and assume that the flow pattern across the channel will be either 

parabolic or uniformly distributed across the channel.

Figure(3.6) shows a schematic view of the air-laid transfer channel

&#&#%� ����: ��������	���	�'�!� ����	�

Parabolic air velocity distribution

First, we assume that the air velocity distribution is a parabola. This assumption is 

based on the fact that the flow along the transfer channel can be modelled as a flow 

between parallel plates, which has a parabolic profile.fMunson 1998]

It was found that the calculation would be made easier if we rotate XY axes, about the 

origin ‘O’, to create a new set of UV axes, which are parallel and perpendicular to the 

channel sides (figure3.6). Figure(3.6) shows a schematic view of the air-laid transfer 

channel with a parabolic air velocity distribution.
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Figure (3. 6) Schematic view of the transfer channel of the air-laid machine
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At point C where U = U, then V = R<usin(/? + 0) (3.26)

Point B where U = U, + L then V = 0 (3.27)

Solving the integral(3.24) results in an expression for V in the form

V = v„ - |[3 (U , - Rsin(/i + 0))2 + 3(U, - Rsin(/? + &})L + L1 ] (3.28)

We have now three equations namely 3.26, 3.27, 3.28 in order to find three unknowns 

(K,Vmo, u ,). The results of solving the above equations are

^  _.(2L -l)R iusin(^  + 0).2V iDj 
L2(2L-3)

-1 3R2iUsin2 (ft + 0)(1- 2L) + 6Vj D; R<ysin(/? + 6) + 2L2 Riysin(/? + 6) - 3LV( 
T*- (2L - l)Riysin(yff +0)- 2ViDi

D;
]

1 eVjDi (3 - 4L)Riysin(y9 + 0) + (9 +16L2 - 24L)R2<y 2sin2 (/? + 6>) + 9V;2D;2 
3 (2L - 3)[(2L -1 )R<ysin(/7 + 0) - 2V( D( ] ’ ~ ]

In the above equations L is the channel width which from the geometry of the system

(fig3.6a) can be expressed as follows

L + SF = OE 

l +Vr 2 - v 2 = R + 1 0

Therefore,
L = R + 10 - V r 2 -  V2

where 10 is the shortest channel width which is expressed by

10 = X A s in ^ -R

XA and p are the length of OA and the inclination ot the channel which depend on the 

machine design and R is the radius of the drum. In the machine used for this research 

XA, p, and R are 317.9mm, 65°and 170mm respectively; thus 10 is about 118.1mm
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/��� ��	���� ����������� ���  the airflow pattern through ���  transfer channel was a 

uniform airflow distribution across the channel. The same system of axes as the 

previous one (i.e. VU) was used in ����  calculation.

Again applying the continuity equation we obtain

V,D,=V.L or
L

Here V is the air velocity at any point across the channel, which has a different constant 

value at each channel cross section.

In the air-laid machine, because the air viscosity is veiy small (15x1 O'6 m V 1) it can be 

neglected and flow is considered to be inviscid . In an inviscid flow the viscous forces 

are negligible and hence the boundary layer will no longer exist.

60

































































���� "/"�*"�*�� *�!���� &���� ���� #"��%"�&�%�� ���� �"�,�"���.$%� �� 7C� ��� (B@07� 	� "! �

�"�,�"���.$%�h$$����DD�55C����(M?0D�"! �"*�$�"!����$��2��!��$!���!)�	$0>��0� �!�

�$���#"��������7C����(M@07��"�,�"�*�!��&"����� 0

D0?0>� �$#���!)�#$���!��

�!�$% �%��$��"/��"�+%$+�%�($#�������($**$&�!)����+�������#"%%�� �$���P3"!�-�!�6AQ8

u��������*�!��"+�%��%�������!)�"������*$&���������!)��$���"������*�!�����&� ��$+�!0� ��*�!��

��" ������������� ��$�+%�/�!��*�!��(*"%�0

u�*"#������($#���!)�)"��� �!�����(�*��)"���+$����$!�$!����� ��#$! �+%���� "! � �".�� ��%��

��"������($#���!)�)"������+%$+�%*,���"�� 0

u ��$�"��������+%$#.����!��*�(�**�"+�%��%��"++�"%����%$�)������/��&�!)�+%���0

u�$/������($#���!)�������!�"! �$����!��*�����#%$����"�%�%���#�*��"! �)%$�! �)*"���"%���!�

��"%+�($#��0

u�*"#�� ����#"��%"� "��"�+%$+�%� ���"!#�� (%$��$�;�#�0� �$�!$��%�*,�$!� ���� *�!�� ($$�")��

�#"*��$%�"�%�"*�������")��($#��0� �*&",����������($#���)"���$%�($#���$!�����(�*���$��".��

��%������+�#��%�����#*�"%0

u�%"�������#"��%"�+%$+�%*,�"! �($#�������$�;�#��/���!�"�!$%�"*��"!!�%�$!�����)%$�! �

)*"��0

u ���������(���$+�($%�+%$+�%��2+$��%�0

u���$/������($#���!)�)"���"! �%���%!�����$�������$%")��+$����$!4�"! ��!��"**�����(�*��)"��0

Chapter fiveRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRHivh speed photography

6@



������������ ������������������ ����"

5.5 Lighting for high speed photography

Photography has been described as “painting with light”, and the provision of a suitable 

light source is a fundamental requirement for all photography. It assumes particular 

importance in high speed photography due to the high framing rates and short exposure 

times required. These in turn demand very high light intensities to achieve good 

exposure. Another extremely important function for lighting in high speed photography 

is to form a very useful alternative to mechanical or electrical shuttering of cameras. 

Excellent results can be obtained by using an open shutter in darkened ambient 

conditions and exposing the image by single or multiple short duration light flashes.

5.5.1 Type of light source

The light sources used for high speed photography are either continuous or intermittent, 

depending upon the application. Table (5.4) shows different light sources in decreasing 

order of exposure time.

....Tvnicalduration(scconds)
Sunlight Continuous

Tungsten filament lamps of various types Continuous
Arc sources Continuous
Flash bulbs 0.5-5xl0'J

Electronic flash 0 w 1 o

Argon bomb 1 0 M 0 ' 7
Electric spark 1 0 M 0 ' 9
X-ray flash i O 'M  o -9
Pulsed laser i o M o ' 12

Super radiant light sources 10‘9

Table(5.4) Types of lighting used for high speed photography
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Dedocool Transformer/Control unit. This unit is designed to power one or two light 

heads, each with a maximum lamp rating of 250 Watts. Each output may be switched 

independently for intensity and colour temperature in four different positions which are:

Chapter five_____________________________________________ High speed photography

O Position 1 

O Position 2 

O Position 3 

O Position 4

off

set-up position

Medium intensity(operating switch) 

Maximum intensity(boost position)

The Dedocool Transformer is also equipped with a voltage selector to select the 

following six voltages; 110, 120,130, 220, 230, 240.

Dedocool Lieht heads. Dedocool light heads contain two cooling fans which are located 

on the bottom and rear of each head. The optical system in the heads contains two 

carefully matched heat reflecting filters and a heat transmitting mirror which in 

combination with two fans, reduces the heat carried by the light beam.

5.6.1 Light intensity

The optical system of the Dedocool light system is designed to provide highly 

concentrated light. The maximum light intensity is reached at approximately 20 cm 

from the front lens. Table(5.5) illustrates the light levels which may be reached at 

various distances with one light head in the Boost position( i.e. position 4 ).
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DISTANCE1 20 cm 30 cm 40 cm 50 cm

� � � � � �� ��� \\ • 2.39 1.13 0.58 0.37

FOOT-CANDLE 222,000 105,000 54,000 34,000

. LIT A R EA |£t 6.5 cm2 7.0 cm2 9.0 cm2 12 cm2

TEMPERATURE2 59° 42° 35° 31°

1) Between front lens of Dedocool and object.
2) Approximate temperature of object after prolonged exposure to light.

Table (5.5) Light intensity of the Dedocool head light

The above figures are based on ONE Dedocool light head in the boost position. 

Overlapping beam patterns of two Dedocool light heads will double the lux and foot- 

candle values [Dedocool manual 1991].

5.7 Film processing

When experimental work is being done it is necessary to check progress by developing 

and viewing each experimental film in order to see what is being recorded and whether 

alterations need to be made to the recording process or the event set-up. It is usually 

better to have film processed in a professional processing laboratory to get the best 

results, but if the equipment is readily available and the photographer is adequately 

skilled processing can be carried out on site.

In the present work .because the equipment was available, the film processing was 

carried out in the Department.
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������������ . The compartments are ( from left to right):

Tank 1 Developer 2.8 Litres
Tank 2 Fixer 2.8 Litres
Tank 3 Running rinse and spray wash 2.8 Litres
Tank 4 
Tank 5

Tank 6

Running rinse/Spray wash/Sponge wipe and squeegee 

Dry low heat high air volume

1.5 Litres

Figure(5.6) shows thè tank arrangement in thè BRAY Processor.

Figure(5.6) The BRAY Table -Top Mini processor

5.7.2 Instruction for filling the tanks

Experience has shown that the following solutions are suitable for processing the 

photographed films:

Developer Fixer

1 part Developer 1 part Fixer

6 parts water 2 parts water

The running speed of the film was set to 3 ft/min and the temperature of the solution

was kept between 28°c-30°c [Jones 1996].
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B����	����� ���� . The projection head contains the film feed and take-up mechanism, 

their controls and projection optics. The optical system uses a light source consisting of 

a 120V, 250W Halogen lamp with a dichroic integral mirror and blower cooling. The 

screen brightness can be adjusted to minimise operator fatigue.

Figure (5.7) Schematic view of the film motion analyser.
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wish to start analysing, reverse the film by 6 frames and forward by 1 and reset the 

frame counter on the analyser. The timing marks can then be entered over the range of 

frames to be analysed. Before any measuring points are entered the film must again be 

positioned at the frame from which analysing is to start (frame 5) and the frame counter 

reset. When positioning the film for analysis it is important always to reverse beyond 

the start point and then move the film forwards to the final position. This is so that the 

correct side of the film perforation is contacting the registration pin [Brown 1996].

5.9 Testing the camera and analyser

In order to test the camera and image analyser a simple experiment was carried out. A 

small DC motor holding a pulley with a disk stick on it was used ( a DC motor was 

selected in order to maintain a constant speed during the experiment ). A straight line 

was marked on the disk and then the disk speed was measured by a stroboscope. 

Knowing the disk diameter and rotational speed the surface speed of the disk could be 

calculated. A cine film was taken from the disk and the surface speed of the disk was 

determined using the image analyser. This measurement was carried out from two 

different section of the film, and the results are shown in table (5.6) and compared with 

the actual speed of the disk, determined by the stroboscope, in figure(5.8). The 

variation in the results might be due either to the small variation of the timing marks or 

the thickness of the marked line which made it difficult to input exactly the same point 

in each frame. It is unlikely to avoid these variation sources and because the SD is not 

too much we accept these variations.
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Chapter six Experimental and Theoretical Results

The results of these measurements are shown in figures (6.4 and 6.5). The axes shown 

in these diagrams are OX horizontal and OY vertical with origin at the centre of the 

opening roller, see Fig. 5. While these findings may be interesting they are too few 

data to yield any satisfactory conclusions about possible fibre trajectories. The 

experimental difficulties involved in obtaining such data are great; consequently an 

alternative approach was devised.

Figure (6.4) Fibre trajectory obtained from photographed fibre (sample No.l)
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Figure(6.5) Fibre trajectory obtained from photographed fibre (sample No.2)

6.3.2 Analysis of the fibre trajectory

In order to do this the transport channel was divided into small regions by parallel 

lines drawn perpendicular to the straight edge of the channel, as shown in figure 6.6. 

The points at which fibres intersected these lines were noted and distances such as da, 

db, dc in figure 6.6, line 1 were measured and then the average of these distances for 

each line was taken as being representative of fibre motion in that particular region of 

the channel. This measurement was carried out for 500 frames in each film. This 

method of analysis enabled us to have an understanding about the average motion of 

the fibres throughout the transport channel.
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129



����������R QR���������������/�������	���,������

��������������������������������������������� ����������������������������������������������������

����"!#��(%$��������%("#��$(�����$+�!�!)�%$**�%�9��:

@A�
���

@@�
@C�
���

���

5?�
5@�

5C�

��#��$!��&�*/�

&����.�%%"%#� �� ;

��
� �

��������������������������� ������������������������

� �) �%� �A0B#� � ���%�����$!� �")%"� ��($%��� � �(��%��J�!��%��#��$!� ���"!#��K�(%$� ����
$+�!�!)�%$**�%�9� � :8���#��$!��64� 5C455� "! � 5@

5>C



Chapter six Experimental and Theoretical Results
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>*

Figure 6.8 Fibre trajectory in the transport channel based on experimental data: 
a) Air flow hitting the opening roller surface b) Air flow tangential to the opening roller 
surface
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fibre, the initial angle between the fibre and the tooth, and the initial rotational speed 

of the fibre.

An example of the data file which was used is given in table (6.1).

Table (6.2) An Example of the content of data file used to solve the fibre motion 

equations

Data file content nag 1.data

starting value of time (s) 0.0
final value of time (s) 3.0D-02
length of tooth (mm) 2.0
radius of the opening roller (mm) 170.0
omega (angular velocity of the opening roller rad/s) 11.52
gamma ( working angle degrees) 82.0
decitex (fibre fineness) 15
coeff of friction (p) 0.25
Lf (fibre length mm) 15
PN (pure number - no dimensions) 2.646D-05
PT (pure number - no dimensions) 2.646D-06
theta 0 (degrees) -45.0
VI (m/s) velocity of blower 25.0
BETA (degrees) direction of blower 65.0
Lo (narrowest channel width in m) 118.138D-03
DI (inlet width of the blower in m) 0.002

In the FCN subroutine the Nag Library Routine D02CJF was used to solve the

differential equations of fibre motion. This subroutine first computes the fibre 

velocities Va, Vb, Vj  ( normal and tangential to the fibre length respectively). Then 

these velocities are used to calculate the air resistance terms A„ and A,, in order to 

compute these terms the effect of air flow needs to be accounted for. Therefore 

another subroutine was written to predict the air flow pattern in the system.
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Subsequently, four simultaneous equations were solved for F, N, ?, <j> in the form of 

a matrix, see section 3.5

In the out-put part of the programme the following information can be obtained:

T ; the travelling time of the fibres.

9 ; the angle between a radius drawn on the drum and the horizontal. 0 changes with 

time as the drum rotates

r ; in the case of motion of the fibres on the tooth, the distance of the fibre contact 

from the root of the tooth.

r ; in the case of motion of the fibres on the tooth, the translational speed of the 

fibres.

<j> ; in the case of motion of the fibres on the tooth, the angle between the fibre and the 

tooth.

</> ; in the case of motion of the fibres on the tooth, the rotational speed of the fibre.

XA, Y a , !  �� 	  �� ! " �� y g ; co-ordinates of the two ends and centre of gravity of the fibre.

F and N ; the frictional and normal forces acting upon the fibres.

� � � Vb, � "  ; the velocity of the two ends and centre of gravity of the fibre when it 

touch the conveyor belt.

<p ; the landing angle of the fibres.

<p ; the rotational velocity of the fibres at time of landing on the conveyor belt.

As the boundary conditions for real individual fibres are not known and there is no 

proper way neither theoretically nor experimentally to determine them, a number of
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Fig(6.15a) Comparison between the theoretical and experimental results of fibre trajectory in the transport channel of the air-lay machine
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Chanter six Experimental and Theoretical Results

As can be seen these theoretical results fall within the 95% confidence limits, 

suggesting that the theory is capable of giving reasonable results. An experimental 

approach to determining the initial values would have been preferred to the numerical 

one. Thus, further experimental investigation of the initial values is recommended, 

which should involve photographic observation of the position of the fibres on the 

tooth. However, this would have necessitated more additional photographic 

instrumentation, which was not available. Another area that may need further 

consideration is the development of a mathematical relationship which describes the 

precise nature of the air flow within the transfer channel.

148



��������$���� $�����"�����$�  �������

��� ��	�*�2��

����'���������)�0���::��)������

A05� ����"%,

��%�*"� �&���($%�"��$!���#�!$*$),����)%$&�!)��!������!�����!$!&$/�!��! ���%,� ����$�����

"��*��,� �$� +%$/� �� ���� ��"!�� $(�+%$ �#�!)� &���� &���� �'�"*� (��%��  ���%�����$!� �!� "**�

 �%�#��$!��4��0�0�"��$�"**,�%"! $���� �&��0

���� $�;�#��/�� $(����� %���"%#�� %�+$%�� � �!� ����� ������� &"�� �$� ���"�*���� "!� ��+%$/� �

�! �%��"! �!)�$(�����"�%�*"� ��,�����&��#��#$�* �("#�*��"���"������%�(�!"*�+%$ �#���!���%���

$(�'�"*��,�"! �#$��0

��/��&�!)�����*���%"��%�� ��$&� ���"��!$� �����"!��"*� ��� ,�$(������ �,+��9�0�0� *$$.�!)�"��"�

+%$#����&���� ���� "���$(��".�!)�"�&���&���� ��%���  ���!��$!"*� (��%�� "%%"!)���!�:� �"��

+%�/�$��*,����!��" �0� �����&$%.����"���)�!!�!)��$��!/����)"��� ��#��"�#$�+*�2�+%$#����

�,�*$$.�!)�"��(��%�����"/�$�%��!������%"!�+$%��#�"!!�*�$(������"#��!�0� ����!�2����")��$(�

���� �!/����)"��$!� ��$�* � ��� #�"%"#��%��"��$!�$(����� (��%�� ���"/�$�%� �!����� *"! �!)� "%�"4�

&��#��&"����,$! ������#$+��$(������%���"%#���"��#"**,���#"����$(������*����0

�$� #"%%,� $��� ����� %���"%#�� "!� �2����!)� "�%�*"� � �"#��!�� &"�� �$ �(�� � �$� ��"�� "!�

"##�+�"�*��&���#"!� ���$��"�!� 0� ��� ��� ��*��/� � ��"�� ����&",� �!�&��#�� (��%��� *�"/�� ����

$+�!�!)�%$**�%�"! ��%"/�*��!������%"!�+$%��#�"!!�*��$�����*"! �!)�"%�"�"%�������$���#%���#"*�

("#�$%���!�����(�!"*�+%$ �#��#�"%"#��%����#�0� ���%�($%�4�"����+���&�%���" ���$��!/����)"���

����(��%�� ,!"��#���!������-$!�0

�����$%���#"*��$ �*�&"�� �/�*$+� ��$� ��#%�����$&����� (��%��� �$/�� "*$!)������$$���$(�

����$+�!�!)�%$**�%�#*$���!)�"! ����!��!��%������%"!�+$%��#�"!!�*0� �����$ �*��!"�*���$!�

5?6



Chapter Seven Summary and Succestions
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Chapter Seven Summary and Suggestions

the final rotational velocity except at low values of Lp , when again there is 

independence of p.

In an attempt to validate the theoretical results high speed cine photography was 

employed. Because of the complexity of the situation and the need of better 

equipment in terms of powerful light sources and lenses, which were unavailable 

during the course of this work, satisfactory photographs could not be taken of the 

motion of fibres along the teeth. Therefore it was decided to take photographs from 

the transport channel sideways where the fibres are actually off the teeth of the 

opening roller and travelling through the transport channel

As explained in Chapter 6 it is almost impossible to capture the whole fibre length and 

follow a particular fibre in successive frames. This caused a difficulty in measuring 

the velocity of the fibre ends in successive frames, because the measuring points in a 

frame may move in such a way that they can not be recognised in the next frame (i.e. 

they may not be identical in successive frames, so that the velocity of a fibre end can 

not be measured in sequential frames). Alternatively, a method was developed to find 

the fibre trajectory through the transport channel.

The results show that during air-laying fibres first tend to travel close to the surface of 

the opening roller and then they start moving away from the opening surface. This 

trend happens in both machine settings (i.e. where the airflow is tangential to the 

opening roller surface and also when airflow hits the opening roller surface). Fibres 

follow a smooth curve where the airflow is tangential to the opening roller surface, 

whereas in the case of airflow hitting the opening roller surface a discontinuity in the 

path occurs.
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The experimental results obtained may be compared with the theoretical predictions 

(see fig. 6.11). In this figure the theoretical predictions of the minimum, maximum 

and average positions of the centre of gravity of the fibres are shown, together with the 

average movement of the fibres in the experimental results. The theoretical 

predictions are highly dependent upon the initial conditions and by changing these 

initial values, the theoretical results could be made closer to the experimental ones. 

Although it is difficult, with so many variables and assumptions, to isolate the reasons 

for the differences that do occur, it has been established that there is reasonable 

agreement between the trend of fibre motion in the transfer channel predicted by 

theory and that observed experimentally.

7.2 Suggestions for the future work

The following suggestions are made for future work aimed at improving the 

understanding of air-laid web formation technology leading to the production of a high 

quality final product.

• The air-laid machine used should be further modified, particularly airflow mechanism. 

It is suggested that having a blower from the top of the transport channel results in more 

uniform air flow across the transport zone. Also to be able to process finer fibres the 

wire clothing of the rollers, especially the licker-in, should be replaced with a clothing 

with more wire populations.

• In the theoretical model, the air flow pattern was assumed inviscid with a linear 

distribution across the channel width. For further improvement of this theory a 

computational fluid dynamic technique can be used to simulate the fluid field. This 

technique relies on the numerical simulation of the flow field. The equations governing
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AppendixA 1 Software programming

* Set constants
PI = 4D0*DATAN(1D0)
G = 9.81D0 
THRESH = ID-4

* Values of RDOT less than THRESH are treated as zero for the purpose
* of deciding whether the fibre will slip along the pin in the next
* time-step. THRESH is about 1/10**6 times typical values of RDOT.

WRITE (*,*) 'Motion of fibre on pin'
WRITE (*,*)
PRINT *, 'Number of line to use in special.data file?'
READ *, LINENO 
IF (LINENO .LE. 9) THEN 

LNLEN = 1
ELSE IF (LINENO .LE. 99) THEN 

LNLEN = 2 
ELSE 

LNLEN = 3 
END IF
WRITE(RUNNO, 9) LINENO 

9 FORMAT(I3)
NAME1= 'dtexl 1 .res.' // RUNNO((4-LNLEN):3)
NAME2 = 'DTEXNTRP11 .res.' // RUNNO((4-LNLEN):3)
NAME3 = 'VELFILE.' // RUNNO((4-LNLEN):3)
OPEN (4, FILE=NAME1)
OPEN (8, FILE=NAME2)
OPEN (9, FILE=NAME3)

* Open main data file 
OPEN (3, FILE-nag 1.data')
TOL = 5D-5
RELABS = 'M'
WRITE (*,99999)' Calculation with TOL =\ TOL

* Data file must contain the following 15 numbers:
* 1) starting value of time (s)
* 2) final value of time (s)
* 3) length of pin (mm)
* 4) THE FOURTH VALUE IN THE MAIN DATA FILE IS IGNORED
* 5) THE FIFTH VALUE IN THE MAIN DATA FILE IS IGNORED
* 6) BIG R (mm)
* 7) omega (rad/s)
* 8) gamma (degrees)
* 9) decitex (mass of 10 Km lenght ,g)
* 10) coeff of friction mu
* ll)Lf(mm )
* 12) PN (pure number - no dimensions)
* 13) PT (pure number - no dimensions)
* 14) theta 0 (degrees)
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