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Tes t  data a r e  shown on the development  of a l a m i n a r  flow in the en t rance  of r ec tangu la r  
channels with the ra t io  of s ides 2 : 1 ,  4 : 1 ,  and 10 :1 .  

The flow of a viscous fluid in the en t rance  zone of a channel has  been analyzed r a the r  ex tens ive ly  in the 
Soviet Union as well as in other countr ies .  All these studies per ta in  essen t i a l ly  to the development  of a 
flow field in the ent rance  zone of a c i r cu la r  pipe [1-3] or  of  a flat channel [4-6]. Only a few of these studies 
[7] have a lso  deal t  more  thoroughly with the flow in the ent rance  zone of rec tangula r  channels .  

While much theore t ica l  ma te r i a l  is avai lable ,  r e l a t ive ly  l i t t le  expe r imen ta l  ma te r i a l  ha s  been pub- 
l i shed so fa r  [8]. 

The authors  of this r epo r t  tes ted  rec tangu la r  channels with the ra t io  of s ides 2 : 1, 4 : 1, and 10 : 1, 
the Reynolds number  vary ing  f rom 200 to 600. The channels were  made of polished ac ry l i c  g l a s s ,  with the 
section dimensions (B x A) equal to 2 • 1, 4 x 1, and 10 x i cm,  respec t ive ly .  Windows made of optical 
g lass  were  motmted in the l a t e r a l  walls .  The act ive fluid was dist i l led water .  

The veloci ty  prof i le  was measured  by the visual izat ion method, with a metal l ic  wire  inser ted  into 
the s t r e a m  and heated by shor t  e l ec t r i c  d i scharge  pulses  [91. A Nichrome wi re  0.1 m m  in d i ame te r  se rved  
this purpose ,  being placed on the s t r e a m  axis succes s ive ly  at  var ious  d is tances  f rom the en t rance  sect ion 
of a hydraul ic  channel. 
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Fig. 1. R e f e r r e d  length of the en t rance  zone in a channel,  as 
a function of the ra t io  of axial  veloci ty  to mean Velocity. 
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Fig. 2. Successive development of the velocity profi le in the 2 : 1  channel. 

Fig. 3. Fully developed velocity profile in the 10 : 1 channel, measured  along 
one of the wide walls.  

Variations in the axial velocity were recorded  along the longitudinal channel coordinate and the 
length of the entrance zone was determined on this basis .  The mean velocity was determined from the 
water  volume discharged at the channel exit during a given interval of time. The axial velocity was de te r -  
mined from the velocity of a few success ive  fronts produced near  the wire as a resul t  of e lec t r ic  pulses 
applied to the lat ter  in sequence at equal time in te rva l s .  The correc t ion  to this velocity, to account for 
the velocity defect behind the wire ,  was based on the empir ical  relation [10] 

U~ - = 1.514(-~-) -~ . (1) 

The test  resul ts  are  shown in Fig. 1 in te rms  of the r e f e r r ed  channel length as a function of the 
rat io of axial velocity to mean velocity. For  convenience, the U0/U* scales  for the three different chan- 
nels have been shifted f rom one another.  The solid lines on the d iagram represen t  the analytical  solution 
in [7], the dashed lines r epresen t  our analyt!cal solution, and the dashed-dotted lines for the 2 : i channel 
r ep resen t  the test  data in [8]. Since there was no analytical solution available for the 10 : 1 channel, the 
ordinates U0/U* were for this case found by extrapolation. 

An examination of the test  data has revealed that in channels with the ra t io  of sides 10 : 1 or 4 : 1 
the flow develops sooner  than in a channel with the ra t io  of sides 2 : 1, where the flow is fully developed 
only at L / R e  D ~ 0.09. In 10 : 1 and in 4 : 1 channels the flow is fully developed at L / R e  D - 0.035 or 0.07, 
respect ive ly ,  i.e., the calculated values of velocity at the axis are  higher than its measured values. 

In all three cases  did the test  points lie below the theoret ical  values, especial ly  near  the entrance 
section of a channel. Moreover ,  the agreement  between calculated and measured  values was found most  
sa t i s fac tory  for the channels with the rat io of sides 10 : 1 and 4 : 1. It is to be noted that each test  point in 
Fig. i r epresen ts  the r o o t - m e a n - s q u a r e  of five or  six readings obtained at distances approximately (80 
to 250)x/d from the wire.  The values corresponding to full development in the test  channels were ,  r e -  
spect ively,  1.985, 1.765, and 1.600 as compared  with the theoret ical  values 1.993, 1.773, and 1.605 in [7]. 

For  i l lustration, we show in Fig. 2 the photographs of success ive  stages of developing velocity 
prof i les ,  measured  along one wide wall of the 2 : 1  channel at two distances L / R e  D = 0.00263 (a) and 0.0124 
(b). 

Since no d i rec t  data on the velocity profile are given in [7], it is not possible to compare  theoret ical ly  
and experimental ly  established laws of velocity distribution within the zone where the flow field is de- 
veloping. Such a comparison can only be made for the zone where the velocity field has fully developed 
and for which calculated data a r e  available.  In Fig. 3 is shown the photograph of a fulIy developed velocity 
profi le in the 10 : 1 ehannel, measured  along one of the wide channel walls.  Points along this profile c o r -  
responding to the exact  analytical solution in [11] 
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Fig. 4 Fig. 5 

Fig. 4. Compar ison between the measured and the calculated 
veloci ty profile in the 10 : 1 channel. 

Fig. 5. Velocity profi le in the wake behind two cross ing  hollow 
cyl inders .  
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a r e  plotted in Fig. 4. For  convenience,  Figs .  3 and 4 are  both drawn to the same scale .  The agreement  
between calculations and tes t  resul ts  is ve ry  close.  However, Eq. (2) is unwieldy and the more convenient 
approximate solution in [12] 

= (1 - -  [~]"*)(1 --l.~[") . . . .  (3) 

with m ~- 2.3 for 0.67-< A / B  -< 1.0, m - 1.54 B / A  for 0 -< A / B  -< 0.67, and n ~ (2.0 to 2.3) has been fotmd 
to yield an ent i re ly sa t i s fac tory  description of a fully developed velocity profile.  The velocity profile along 
the axis paral lel  to the na r row sides in channels with the rat io of sides 10 :1  and 4 : 1 ,  for example, is 
accura te ly  enough descr ibed  by a second-degree  parabola.  It is to be noted that Eq. (3), where the ex-  
ponents m and n depend on the rat io of s ides,  is more  accura te  near  the walls than toward the center  of a 
channel. 

In conclusion, we note that this method is recommended for the study of complex flow modes and for 
the descript ion of velocity fields which are  difficult to analyze mathematical ly.  As an example of such a 
flow pat tern,  we show in Fig. 5 the photograph of the velocity field in the wake behind two hollow cylinders 
inside a closed volume. The baeks t ream zone behind the t r ansve r se ly  oriented cylinder is dist inctly evident 
in the lower par t  of the picture.  
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N O T A T I O N  

ts the channel height; 
ts the channel width; 
LS the distance from the entrance section to the point of measurement ;  
ts the Reynolds number  r e f e r r e d  to the equivalent channel diameter;  
LS the equivalent d iameter  of a e "hannel; 
ts the true velocity at  the channel axis; 
Ls the measured  velocity at the channel axis; 
is the mean velocity; 
ts the axial distance f rom the wire to the point of measurement ;  
~s the wire  d iameter ;  
LS the ra t io  of instantaneous velocity to maximum axial velocity; 

are  the r e ~ r r e d  channel coo rd ina~s ;  
are  the exponents in Eq . (3) .  

1270 



LITERATURE CITED 

1. L. Schiller, Zeitsehr.  ftir Angew. Mathem. und Mech., 2, 96 (1922). 
2. H . L .  Langhaar, J. Appl. Mech., 42 {i942). 
3. B. Atkinson~ M. P. Brocklebank, C. C. H. Card, and L. M. Smith, AIChEJ, 15, No. 4, 548-555 

(1969). 
4. I.N. Sadikov, Inzh.-Fiz. Zh., 12, No. 2 (1967). 
5. N . I .  Buleev, Prikl. Mekh. i Tekh. Fiz.,  3 (1967). 
6. G. Schlichting, Theory of the Boundary Layer  [Russian translation], Nauka, Moscow (1969). 
7. L . S .  Han, J. Appl. Mech., 27, 403-409 (1960). 
8. E . M .  Sparrow, C, W. Hixon, and G. J. Shavit, Basic Engrg., 87, No. 1, 131-140 (1967). 
9. S . D .  Solomonov and G. G. Spir[n, PriM. Mekh. i Tekh. Fiz., 5 (1970). 

10. S . D .  Solomonov and A. R. Gordon, Proceedings of the Fourth .~ll-Union Conference on Heat and 
Mass Transfer .  Heat and Mass Transfer  [in Russian], Vol. 1, Pt. 1, Minsk (1972). 

11. D . B .  Holmes and J. R. Vermenlen, Chem. Engrg. Sci., 23, No. 7, 717-722 (1968). 
12. H . F . P .  Purday, Streamline Flow, 16-18 (1949). 

1271 


