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Plate Obstruction Geometry at the Entry 

M. A. Kabir,  M.  M.  K. Khan* 
James Goldston Facul O" of  Engineering and Physical Systems, Central Queensland Universitl'. 

North Rockhampton, QLD- 4702, Australia 

M. A. Bhuiyan  

Faculty of  Civil Engbleering, Bangladesh Unil'ersit)" o f  Engineering and Technology, 
Dhaka- 1000. Bangladesh 

The  flow in a paral lel  wal led test channe l ,  when obs t ruc ted  with a geometry  at the entrance,  

can be forward,  reverse and  s tagnant  depend ing  on the pos i t ion  of  the obs t ruc t ion .  This  in- 

terest ing flow p h e n o m e n o n  has potent ia l  benefit  in the cont ro l  of  energy and var ious  flows in 

the process industry.  [n this exper iment ,  the liar plate obs t ruc t ion  geolnet,-y was used as an 

obs t ruc t ion  at the entry of  the test channel .  The  parameters  that  inf luence the flow inside and 

a r o u n d  the test channe l  were the gap (g~ between the test channe l  and  the obs t ruc t ion  geometry,  

the length (L) of  the test channe l  and  the Reynolds  n u m b e r  (Re) .  The  effect of  the gap to 

channe l  width rat io  (g/w} on the magn i tude  of  the velocity rat io (Vl./Vo: velocity inside.. / 

velocity outs ide  the test channe l )  ~ a s  invest igated for a range  of  Reynolds  numbers .  The  

m a x i m u m  reverse flow observed was nearly 20% to 60% of  the outs ide  velocity for Reynolds  

n u m b e r  rang ing  from 1000 to 9000 Sit g /w rat io of  1.5. The  m a x i m u m  forward  velocity inside 

the test channe l  was found 80% of  the outs ide  velocity at h igher  g / w  rat io of  8. The  effect of  

the test channe l  length on the velocity rat io  was invest igated for different gi'w rat ios and a fixed 

Reynolds  n u m b e r  of  4000. The  inf luence of  the Reynolds  n u m b e r  on the velocity rat io is also 

discussed and  presented for different gap to width rat io  ( g / w ) .  The  flow visual i sa t ion  pho to-  

g raphs  showing  fluid mot ion  inside and  a r o u n d  the test channe l  are also presented and  

discussed. 

Key Words:  Reynolds  Number ,  Reverse Flow, Velocity Ratio,  G a p  to Wid th  Ratio,  Test 

C h a n n e l  and Flat Plate Obs t ruc t ion  

1. Introduction 

The  flow pat tern  of  water  in a channe l ,  referred 

to as test channel ,  with tin obs t ruc t ion  at the entry 

placed in ano the r  wider  channe l  was studied by 

Bhuiyan et al . (2000) and  K a b i r  el a1.(2002). The  

flow inside the test channe l  can be forward,  re- 
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verse or s tagnant  depend ing  on the several flow 

parameters .  The  inves t igat ion of  the flow of  water  

inside and  a r o u n d  the test channe l  ~+ith obst ruc-  

t ion at the en t rance  has  a t t racted much a t ten t ion  

due to their  indust r ia l  appl ica t ions .  Ear l ier  s tudy 

( K a b i r  et al 2002) on var ious  obs t ruc t ion  geom- 

etries namely  circle, t r iangle,  rectangle (flat plate 

of  different thickness)  and semicircle for water  

observed that  flat plate  ( 8 m m t h i c k )  obs t ruc t ion  

produces  the m a x i m u m  reverse flow than  o ther  

shapes  of  obs t ruc t ion  geometry.  Therefore.  the 

flat plate (8 rnm thick) obs t ruc t ion  geometry was 

chosen  to s tudy the influence of  different flow 

parameters .  The  parameters  that  were known  to 
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affect the flow inside and around the test channel 

are the gap (g) between the test channel and the 

obstruction geometry, the length (L) of the test 

channel and the Reynolds number (Re). 

This flow phenomenon has potential benefit 

and can be employed in the control of energy and 

various flows in process industry. Some of the 

applications where this type of flow phenomenon 

can occur or can be employed are in the control 

of flow to obtain low velocities: heat transfer 

problems providing different types of flows loc- 

ally; interaction of shear layers at varying dis- 

tance apart : flow past obstructions and constric- 

tions in arterial flows under certain physiological 

situations. 

Bhuiyan et al.(2000) and Kabir et a1.(2002) 

studied this interesting flow phenomenon and 

attempt has been made by the authors to investi- 

gate this flow phenomenon in more details using 

flat plate obstruction geometry. There are inves- 

tigations where Gowda et at (1993) studied flow 

phenomenon of fluids in a channel with obstruc- 

tion at relatively low Reynolds number. There 

exist some other investigations, which dealt with 

control of flow using different types of valves 

(Streeter 1961; Davis and Sorenson 1969; Eom 

1988). There are investigations dealing with the 

mechanism of vortex formation and shedding 

(Gerrard 1966, 1978) and the interaction of two 

shear layers with different spacing in between 

(Abernathy and Kronauer, 1962). Bearman and 

Truman (1972) investigated the flow around cy- 

linders of different length to width ratio. You et 

al.(2000) studied the constant mass flow rate in 

fully developed channel and pipes. Val Healy 

(1992) studied the control of turbulent flow on 

a backward facing step. Unal and Rockwell 

(1988a, b) investigated the vortex shedding pro- 

cess and the influence of a splitter plate behind 

a circular cylinder. Park et a1.12002) studied the 

two dimensional flow with moving flee surface. 

Earlier work by Kabir et al (2002) mainly con- 

centrated on different size and shapes of obstruc- 

tion geometry. They studied the influence of the 

size and shapes of the obstruction geometry on the 

flow feature for a fixed Reynolds number. 

To study the flow features inside and around 

the test channel in more details, different flow 

parameters were investigated. They were the gap 

(g) between the obstruction geometry and the 

test channel, the length (L) of the test channel 

and the Reynolds number (Re) based on the 

channel width (w) and the outside velocity (Vo). 

For simplicity of the experiment, the depth of 

the fluid (water) in the channel was kept constant 

at 130mm. These parameters varied and their 

influences on the velocity ratios (Vj/Vo: velo- 

city inside/'outside the test channel) were studied. 

2. Materials  and Equipment 

The materials and equipment used in this ex- 

periment were water, open channel rig with dif- 

ferent test channel length, flat plate obstruction 

geometry, prim-static tube connected with a pres- 

sure transducer and the Lab-View program, tim- 

ica and aluminium particles, halogen lights, high- 

speed digital camera, thermometer and a variable- 

speed motor pump. 

3. Experimental Procedure 

A tank of  Y0 m long ×0.9 m wide ×0.25 m deep 

was designed and fabricated with 3 mm galvanis- 

ed steel sheet. An open channel rig was made by 

placing the two guides of 2.0m Iong×0 .2m 

wide ×0.25 m deep at the middle of'the tank with 

a gap of 300 mm in between them, where the test 

channel was placed with a fiat plate obstruction 

at the entrance. A small reservoir o1"0.4 m long × 

0.2 m wide x0.6 m deep attached at one end of the 

tank was connected with the suction side of the 

pump. This small reservoir holds enough volume 

of water to be drawn by the suction end of the 

pump during operation. The delivery end of the 

pump was split into two parts and was connected 

at the reservoir tank side. The pump was driven 

by a variable speed d.c. motor that produced a 

range of velocities in the test section of the chan- 

nel. The suction end collected the water that flow- 

ed through a single channel (test section) into the 

small reservoir while the delivery end of the pump 

delivered water through the two split parts into 

the tank. The flows from the delivery end of the 
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p u m p  were guided into the oppos i te  side of  the 

tank where  two flows in te rmingled  together  and 

then con t inue  as a single llov, t h r ough  the test 

section. The  scltematic d iagram and p h o t o g r a p h  

of  exper imenta l  rig are shown in Figures  I and 2 

respectively. 

A p i lo t - s ta t ic  tube, ca l ib ra ted  against  video ca- 

mera velocity measurement  techniqt ,  e, (Bhuiyan  

et al., 2000) was used to measure  the lluid velocity 

inside and outs ide  the test channel .  The  velocity 

ob ta ined  by the video camera  measurement  tech- 

n ique  was the surtilce velocity measured  by trac- 

king the dis tancc t ravcl lcd by the phtstic beads  

a long  the centra l  region of  the test channel .  The  

p i lo t - s ta t ic  tube, placed 5 mm benea th  the water  

surface, was connected  to a pressure t r ansducer  

of  0 - 2 m b a r  to measure  the velocity. A "Lab 

view' p rogram,  l inked to a pressure t ransducer ,  

recorded and  disphlyed the water velocity mea- 

sured by the p i to t - s ta t ic  tube th rough  an appro-  

pr iately wri t ten program.  The  pitot  static tube 

resuhs  were lound  to 3-5O/o higher  tharl the ve- 

locities measured  by the video camera  and  were 

cons idered  acceptable.  This  lower magn i tude  mea- 

sured by video camera  t echn ique  may be attri- 
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Schematic diagram of experimental set tip Fig. 1 

buted to the friction between the phlslic beads  and 

tile air. 

In all cases inside (V~: and outs ide <Vo) xeloc- 

ities of  the test channe l  were measured several 

t imes taverage 10 timesl and  the mean  values 

were taken.  To avoid any var ia t ion  of  the water  

propert ies ,  tile exper iment  was conduc ted  at a 

cons tan t  t empera ture  of  25~C. 

Fluid used in this exper iment  was water. It was 

observed that  the dep th  of  water  in the channe l  

remained liiirly cons tan t  dur ing  the exper imen-  

tat ion.  The  fine t imica and a l u m i n i u m  particles 

were mixed with water  and used as t racer  me- 

d i u m  These t racer  particles were chemical ly  inert. 

The  two ha logen  lights were placed inside the 

guides to i l lumina te  the part icles l lowing th rough  

the channe l  showing  the flow pat tern.  A Nikon  

b roadways  h igh - speed  digital  camera  was used to 

take flow visual iza t ion pho tographs .  The  camera  

was pos i t ioned  at a sui table  loca t ion  above  the 

test section of  the open channe l  rig. The  exposure  

t ime of  the pho tog raphs  was 1//8 of  a second. The  

aper ture  for I /8  second of  exposure  tirne was 

f/5.6 at 60 turn focal length. The  most  impor tan t  

l low features appeared  to occur  in the regions 

near the entry and exit of  the test channel .  Only 

the entry and exit pho tog raphs  were taken to 

capture  the flow field detai ls  of  a manageab le  

length and are presented here. 

The  schemat ic  diagrarn of  the test channe l  is 

shown in Figure 3. The  width  of  the test channe l  

(w) and  the b read th  of  the obs t ruc t ion  ( b ) w e r e  

cons tan t  and equal  to 25 ram. The  th ickness  (I) to 

breadth  (b) rat io  ( l /b )  of  the flat plate obst ruc-  

t ion geometry was equal  to 0.32. The  fiat plate 

geometry with l / b  ra t io  of  0.32 was seen to 

produce  the m a x i m u m  reverse flow ( K a b i r  el al., 

L 
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Fig. 2 Photograph of experimental set up Fig. 3 Test channel 
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2002) for water. Thus the flat plate was chosen 

for investigation into the influence of different 

flow parameters on the velocity ratios. 

The gap width (g) was varied from 12.5 mm to 

200 mm, giving a range of g/w ratios from 0.5 to 

8. The investigation was carried out for four sets 

of test channel lengths (L) namely, 200 mm, 300 

mm, 400 mm and 500 mm. Results of only two set 

channel lengths (300 mm and 500 mm) are pres- 

ented for brevity. For each set of test channel 

length, investigation was carried out for Rey- 

nolds number of 1000, 2000, 3000, 4000, 6000 and 

9000. 

The effect of the test channel length (L) on the 

flow phenomenon was studied for g /w ratio ran- 

ging from 0.5 to 8.0 and a constant Reynolds 

number of 4000. The influence of Reynolds num- 

ber (Re) on the velocity ratio (Vi/Vo) was also 

investigated for different set of test channel leng- 

ths (L) ( L = 2 0 0 m m ,  300mm, 400ram and 500 

mm giving L / w = 8 ,  12, 16 and 20) but results of 

only two-test channel lengths (300 mm and 500 

mm) are presented here for brevity. For every set 

of test channel length, investigation was carried 

out for varying g/w ratios ranging from 0.5 to 

8.0. 

4. Results and Discussions 

mm and 500 mm. Each test length was tested at 

g/w ratio of 0.5, 1, 1.5. 2, 3, 4, 5, 6, 7 and 8 for 

Reynolds numbers ranging from 1000 to 9000. 

The influence of the gap to width (g/w) ratio on 

the velocity ratio (VI/Vo) is shown in Figures 4 

(a) and (b) for test channel lengths of 300 mm 

and 500mm respectively. A negative (--)  value 

of the velocity ratio indicates a reverse flow 

whereas a positive ( + )  value indicates a forward 

flow. The important flow features that occurred in 

the test channel were at the entrance and exit 

ends. The flow visualisation photographs of both 

ends were taken to capture and investigate the 

flow features. Since the central part of the test 

channel is not included in the photographs, the 

entry and exit photographs are pasted side by side 

leaving a small gap between them (Figure 5(a) 

(e)). These flow visualization photographs show 

the flow pattern at Reynolds number 6000 for 

L / w  ratio 12.0 (L=300  mm). It is noted that the 

flow visualisation pictures shown in Figure 5 

(a) -- (e), have the same flat obstruction geometry 

but its aspect ratio appears different due to length 

and width magnification and adjustment in the 

picture frame for clarity of the flow features. The 
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The flow parameters have significant influence ~ 

in determining the flow behaviour of water inside 

and around the test channel. Influence of those > 
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parameters are presented and discussed here sys- 

tematically. Results of those parameters are pres- 0.9 

ented here against the velocity ratio (V~/Vo : ve- 

locity inside/velocity outside the test channel). 

In this experiment, Reynolds number was cal- 

culated using the formula -0.9 
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The investigation was carried out for different 
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appropriate length and width ratio (XY coor- 

dinates) for each picture is shown in the respec- 

(a) g/w=0.5, Re=6000 and k/w=12.0 

!J 

(b) g /w=l .0 ,  Re=6000 and L/w=12.0 

(c) g /w=l .5 ,  Re=6000 and L/w=12.0 

(d) g/w=3.5, Re=6000 and L/w=12.0 
. . . . . . .  s c . 

{e) g/w=6.0, Re=6000 and L/w=12.0 

Fig. 5 Flow pattern at different g/w ratios 

tive photograph (Figure 5(a) -- (e)). 

At low g/w ratio (g /w=0.5) ,  the flow inside 

the test channel is reverse to that of the outside 

flow. As the g /w value increases the magnitude of 

the reverse flow increases until it reaches a maxi- 

mum at g/w ratio of 1.5. Typical flow visualisa- 

lion photographs were taken at g/w ratios of 0.5, 

1.0 and 1.5 showing reverse flow phenomenon 

(Figures 5(a), (b) and (c)). With further in- 

crease in g/w ration the reverse flow weakens and 

the flow in the test channel is observed stagnant 

or a slow forward motion at g/w ratio of 2.0 to 

3.5. A typical flow visualisation photograph tak- 

en at g/w ratio of 3.5 showing flow features inside 

and outside the test channel is presented in Figure 

5 (,d). Again as g/w ratio increases a forward mo- 

tion is observed, which strengthens as g/w ratio 

increases. 

When obstruction geometry is placed ahead of 

the test channel a region of low pressure de- 

veloped behind the obstruction and this low 

pressure triggers the flow in reverse direction 

inside the channel. The shear layers at the front 

and rear ends on both sides of the channel become 

unstable and roll up giving rise to complex vortex 

shedding. This vortex regulates the flow of the 

water through the channel. The magnitude of the 

reverse flow is determined by the combination of 

the low pressure behind the obstruction and the 

strength of the vortex shedding (Kabir et al., 

2002). Although there was a vortex shedding at 

the entrance and exit of the test channel overall 

flow in the wider channel observed was steady. 

This was confirmed by injecting dye, and a care- 

ful measurement and monitoring of the flow in 

the wider channel. 

In flow visualization photographs Figure 5 (a), 

(b) and (c), it can be seen that at small gap (g/ 

w ratio ranging from 0.5 to 1.5), shear layers from 

the edges of the flat plate bound to reattach the 

sidewalls of the test channel. These give rise to 

low pressure at the gap triggering the flow in the 

reverse direction through the test channel. As gap 

increases, the shear layers can now roll up into 

the gap, which reduces the magnitude of the 

negative pressure behind the flat plate obstruc- 

tion. This causes the reverse flow to weaken and 
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stop or flow forward. A typical photograph o1" a 

slow forward flow can be seen in Figure 5(d;  

taken at g/w ratio of  3.5. With further increase in 

gap. stronger I\~rward flow inside the test channel 

was observed and flow visualizat ion picture taken 

at g /w  ratio o i "6  is presented in Figure 5(e) 

showing a lbrward flow. 

The maximum reverse flow in the channel is 

observed at low g /w  ratios and the magnitude of  

the velocity ratio is around 20,04o to 609/oo of  the 

outside velocity for a range of  Reynolds  numbers 

from 1000 to 9000. At low g / w  ratio, tile magni- 

tude of  the reverse flow is higher for lower Rey- 

nolds number. At high g/'w ratio for example 8, 

the flow inside the channel is observed forward. 

The magnitude of  the forward flow inside the test 

channel is approximately 65% to 809/00 of  the 

outside velocity for a range of  Reynolds numbers. 

The tlou. visualizat ion photographs of  300mm 

channel length only are presented, as these for 

other channel lengths (300 re,n, 400 mm and 500 

mm) appeared almost similar. 

4.2 Influence of length L 

The Influence of the test channel length on 

the velocity ratio (VJVo) was investigated for a 

set of  g / w  ratios I.lronl 0.5 to 8.0) and for a fixed 

Reynolds number of 4000. The test channel 

lengths (L) used in the experiment were 200 ram, 

300mm,  400ram and 500ram ( L / w = 8 ,  12, 16 

and 20). Figure 6 presents the influence of  L on 

the magnitude of  the velocity ratio (VUVo). The 

flo~ visualization photographs were taken at 

channel lengths /L) of  200 mm and 500 rnm (L/  

w r a t i o = 8  and 20) for g/"~ ratio of  1.5 and are 

presented in Figure 7. It is seen from Figure 6 that 

the reverse flow occurs for low g / w  ratios (0.5, I 

and 1.5) and decreases slightly with increase in 

L / w  ratio. An interesting flow feature is noticed 

for g / w  ratio of  2. In particular,  the reverse flow 

which is observed for lower L / w  ratio, suddenly 

begins to weaken at L / w  ratio of  12 until the flow 

becomes stagnant at L/w  ratio of  14, with further 

increase in L,,"~ ratio, the flow becomes t'orward. 

Forward  flow is observed for higher g / w  ratios (3 

to 8) at k / w  ratio ranging from 8 to 20. Forward  

flow slightly increases initially with increasing 

L /w  ratio and reaches almost constant with fur- 

ther increase in L /w  ratio. 
This shows that for lower and higher g/w ratio 

(,except for g /w- -2 )  the flow trend is almost 

unaffected by k / w  ratios, h is seen in flow visu- 

al ization photographs that for all set of  channel  

length L / w  ratio ranging from 8 to 20 the shear 

layers separating from the front plate extend 

almost to the end of  the test channel and a strong 

recirculating flow is observed. The reverse flow 

inside the channel is caused by tile low base 

pressure behind tile obstruct ion geometry at the 

entry and it is expected that the velocity in the 

reverse direction would decrease slightly as the 

length oi" the test channel increases. The vortices 

were observed at the both ends for all L/w  set of  

geometries. The strength of  the vortices and 

pressure behind the flat plate are unknown.  The 

flow pattern at the two ends appeared to have 

changed with the change of  test channel length as 
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I b) L / w = 2 0  ( L=50(} ram), Re=4000, g / w =  1.5 

Fig. 7 F'low pattern of two different test Channels 
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shown  in flow visual iza t ion  p h o t o g r a p h s  (F igure  

7(a)  and  ( b ) ) .  

4.3 I n f l u e n c e  o f  reynolds  number  Re 

The  influence of  the Reynolds  n u m b e r  on the 

magn i tude  of  the velocity rat io (V~/Vol is inves- 

t igated Ibr  different set of  test channe l  lengths ( L,~ 

of 200 ram, 300 mm. 400 mm and 500 111111. For  

each test channe l  length, the gap Ig', was varied 

from 12 .5mm to 2 0 0 r a m  giving a g:'v, rat io  of  

0.5 to 8.0. For  brevity,  the resuhs of  the two test 

channe l  lengths of  300nam and 5 0 0 m m  ( L / w =  

12 and 201 are presented and  discussed. Figures  8 

(al and !b) present the influence of  Reynolds  

n u m b e r  on the velocity rat io  (V~., Vo). 

For  lower g / , a  ratios, a s t rong reverse l low 

occurs at low Reynolds  n u m b e r  for bo th  L.x~ 

rat ios of  12 and 20 and as Reynolds  n u m b e r  in- 

creases the reverse flow weakens  and cont inues  to 

decrease with fur ther  increase in Reynolds  num-  

ber. For  h igher  g / w  ratios, the flow is l b r ~ a r d  for 

both  L/ ,x rat ios and its value increases slightly 

with increase in Reynolds  n u m b e r  and  becomes 

almost  cons tan t  with fur ther  increase. 

An interest ing flow feature is noticed for g/~.  

o 
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Fig. 8(b) 
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Re vs. VvV,., for L ~ = 2 0  

ral ios of  2 and 3 for L / w  rat io of  12. The reverse 

floxv, which is observed at low Reynolds  number ,  

starts to weaken at 3000 :ind 4000 respectively, 

unti l  it reaches to a s t agnan t  llox~ at Reynolds  

numbers  of  3500 and  5500 respectively. With 

fur ther  increase in Reynolds  n u m b e r  the flow 

turns  to forxvard. Likewise tile reverse f lo~ turns  

to s tagnant  for g /w  rat io 1.5, 2.0 and 3.0 at 

Reynolds  n u m b e r  3500, 3600 and 5500 for h igher  

k:xv rat io of  20. 

The  flow xisual iza t ion p h o t o g r a p h s  taken at 

Reynolds  n u m b e ,  of  1000, 2000. 3000. 6000 and 

(a) Rc=I000 .  g / w = l . 0 ,  k ~ = 1 2 . 0  

'b)  Re=2000, g ~ = l . O .  L :w=12 .0  

: ,~.>~ .~ ~L~,~!" 7-;= 

~cl Rc=3000,  g ' w = l . O .  L ~ = 1 2 . 0  

{d~ Re=6000,  g w = l . 0 .  L: 'w= 2.0 

"c: Re 9000. g",a=l .O,  L w=12.O 

Fig. 9 Flow pattern at dilTerenl reynolds nun3ber 
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9000 are presented in Figure 9 ( a ) -  (e) for L / w  

ratio of  12.0 and g / w  ratio of  1. 0. The  vortices 

are clearly visible at both entry and exit ends and 

with increasing Reynolds  number  vortex pattern 

changes at both ends. It is known (Bearman and 

Trueman,  1972) that two free shear layers, free 

to interact, are basically unstable and roll up to 

form discrete vortices. During the formation of  

the growing vortices and, to a much lesser extent, 

the shear layers draw in water from the base 

region and it is suggested that it is this cont inual  

entrainment process that sustains the low base 

pressure. The removal of  entrained water is ba- 

lanced by an induced reverse flow into the for- 

mation region. The base pressure determines the 

amount  of  vorticity that is being shed from each 

side of  the body and this in turn is related in some 

way to the distance to vortex formation and the 

strength of  the fully formed vortices (Bearman 

and Trueman,  1972). 

F rom this investigation it was seen that the re- 

verse flow phenomenon occurs at Reynolds  num- 

ber ranging from 1000 to 9000. In other words, 

the reverse flow phenomenon  was observed to 

occur in both laminar  and turbulent  flow. These 

results somewhat  contradict  that of  G o w d a  et al. 

(1989). G o w d a  et al. (1989) reported the existence 

of  the reverse flow phenomenon for turbulent  

flow of  Reynolds  number  greater than 2000. 

Results found in this experiment are nearly 

similar to that of  Bhuiyan et a1.(2000) results. 

The breadth (b) of  flat plate obstruct ion used in 

this experiment was 25 ram. The flat plate breadth 

(b) to test channel width (w) ratio (b /w)  was 

1.0. Bbuiyan et a1.(2000) carried out experiment 

with flat plate o f  42 mm breadth and in that case 

breadth to test channel width ratio (b /w)  was 

seen to be 1.68. Bhuiyan et a1.(2000) used a dif- 

ferent open channel  rig to carry out the experi- 

ment where height of  the water was varied with 

flow rate. Present study is involved With a de- 

tailed investigation of  more parameters and was 

undertaken in a new open channel  rig where 

depth of  fluid was maintained constant at differ- 

ent velocities. 

5. Conclusion 

From this investigation it is observed that the 

flow in the channel placed in another  wider 

channel  with obstruct ion geometry at the entry 

can be stagnant, reverse or forward. Flow be- 

havior  inside the test channel  depends on the 

position of  the obstruct ion geometry (g), the 

length of  the test channel (L) and the Reynolds 

number  (Re).  The maximum reverse flow was 

observed at g / w  ratio of  1.5 for range of  Rey- 

nolds nurnbers of  1000 to 9000. The reverse flow 

inside the test channel  was observed around 200o 

to 60~o of  the outside test channel  velocity. The 

maximum forward flow inside the test channel  

was observed 65~o to 80% for Reynolds  number  

ranging from 1000 to 9000. 

For  lower and higher g / w  ratio (except tbr 

g / w = 2 )  the flow trend is almost unaffected by L /  

w ratios. The dramatic  change of  reverse flow to 

forward flow was reported at L / w  ratio o f  14 and 

for g / w  ratio 2. The reverse flow was observed at 

Reynolds number ranges from I000 to 9000 for 

low g /w  ratio whereas forward flow was observed 

for higher g / w  ratio. 

It can be concluded that the flow in the test 

channel  is strongly governed by the location of  

the obstruct ion geometry and the Reynolds  num- 

ber. The combinat ion  of  the negative pressure 

behind the flat plate and the vortex shedding at 

tile entrance determined the magnitude o1" the 

reverse flow. h should be noted that the emphasis 

of  this study is on the flow pattern and pheno- 

menon of flow inside and around the test channel 

and further study is recommended for detailed 

investigation into the dynamics of  vortex and 

turbulence of  the llow. 
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