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Resul ts  a r e  p resen ted  on the local  fr ict ion in the initial pa r t  of a p lane-para l l e l  channel with 
l a m i n a r  flow and a lso  for  the s tabi l izat ion zone. 

The re  a r e  many  theore t ica l  and exper imenta l  s tudies on the flow in the initial sect ions  of tubes; many 
heat  exchangers  and s i m i l a r  s y s t e m s  employ shor t  tubes,  for  which one cannot employ re la t ionships  based 
on the assumpt ion  of fully s tabi l ized conditions. 

In 1891, Buss ineski i  cons idered  the length of the initial sect ion in a pipe that  was requi red  to e s t a b -  
l i sh  a pa rabo l ic  veloci ty  distr ibution; his solution implied that  the l eng th  of the stabil izat ion region was 
equal to the length within which the tangential  s t r e s s  at  the wall  reached a s teady value. 

Var ious  viewpoints have been taken on the initial sect ion in a plane para l le l  tube in paper s  [1-3]. The 
exper imenta l  r e su l t s  a r e  r e s t r i c t e d  to information der ived  by p r e s s u r e  m e a s u r e m e n t s  on the initial pa r t s  
[4, 5]. Di rec t  m e a s u r e m e n t s  of the local  fr ict ion at  the s t a r t  have not been published, and he re  we de-  
s c r ibe  some  such m e a s u r e m e n t s .  

The expe r imen t s  were  done by an e lec t rochemica l  method,  which consis ted in measur ing  the l imit ing 
cu r r en t  in an e l ec t rochemica l  cell  fo rmed  by two e lec t rodes ,  the power  supply, and an e lec t ro ly te .  Levich  
[6] has  given the theory  of a diffusion p roce s s  at a polar ized  e lec t rode ,  and this has been repea ted ly  tes ted  
and widely used in s imulat ing heat  and m a s s  t r a n s f e r  p r o c e s s e s  [7]; in 1966, this method was  used [8] to 
m e a s u r e  tangential  s t r e s s .  

The cathode consis ted  of a piece  of plat inum foil 100/~m thick and 1-2 m m  wide,  which was  fitted into 
the wall  of the channel with the long side perpendicu la r  to the flow direct ion.  The anode lay in the exit  
c h a m b e r  and was a plat inum wi re  with a sur face  a r e a  about 100 t imes  that  of the cathode. The solution 
was  2 M NaOH containing 0.01 M of K3Fe(CN) 6 and 0.01 M of K4Fe(CN) c. The equation for  the diffusion 
boundary l aye r  is so lved  subject  to the usual  boundary conditions and cer ta in  s impl i f ied assumpt ions  [9] 
to give a d i rec t  re la t ionship  between the tangential  s t r e s s  at the wall and the sa turat ion cur ren t :  

1.87~LU (1) 
% -  A~O3C3+D 2 �9 

This  fo rmula  has been given before  [8, 9] and has been used he re  to de te rmine  the fr ict ion via the measu red  
cur ren t ;  the t e s t s  on the local fr ict ion w e r e  done with the appara tus  shown in Fig. 1. 

The main e l emen t  was  the fiat  channel (Fig. 2) 1600 m m  long and of r ec tangu la r  c r o s s - s e c t i o n  with a 
side ra t io  of  90 m m / 1 0  m m  = 9; this channel was  demountable and consis ted of two pla tes  forming the top 
and bottom and two in se r t s  that control led the height and se rved  as the s ides .  All pa r t s  of the channel w e r e  
made of lur i te .  The upper  plate  had holes to take the e l ec t rochemica l  t r ansduce r s ,  the f i r s t  being 200 m m  
f rom the inlet and the o thers  at in terva ls  of 200 m m  f rom this .  

The e lec t ro ly te  en te red  the channel f rom an input chamber ,  whose main purpose  was to produce a 
uniform flow at  the input; it consis ted  of a smoothly  convergent  shape with a 20-fold compress ion  of the 
flow in height. Pulsa t ions  in the cham be r  w e r e  suppres sed  by honeycomb gr ids  and texti le f i l te r  l a y e r s .  
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Fig. 1. Apparatus: 1) centrifugal pumpl 
,2) constant-head tank; 3) thermometer; 
4) working section of channel with friction 
meters; 5) flow measuring plate with 
U-shaped manometer; 6) overflow tank; 7) 
heat exchanger connected to thermostat; 
8) nitrogen cylinder. 

The temperature in the inlet chamber was recorded by a standard thermometer, while the solution 
was treated with a flow of nitrogen to remove the dissolved oxygen. 

Figure 3 shows the theoretical circuit of the electrical measuring system. 

The tests were done in regions of Reynolds number from 1650 to 4800, where Re was reckoned from 
the mean flow-rate velocity and the doubled height of the channel. Figure 4 gives the distribution of the 
local friction at the inlet; it also gives the distribution of the tangential stress along the channel as calcu- 
lated from the following formula [1]: 

4U~ (1) 
"l:o ~-- ~ 8h (U--Uo) 

and from the following formula [2]: 

% =--~ T 
k = l  

(2) 

It follows from (2) and (3) that the friction in the initial section greatly exceeds the steady-state values, 
and also that the tangential-stress stabilization length increases considerably with Re. Formulas (2) and 
(3) involve the assumption of equivalence for the length of the initial part needed for friction stabilization 
and establishment of a parabolic velocity profile. 

Most studies have been concerned with the initial part only from the viewpoint of a parabolic velocity 
profile throughout the section, although in many applied problems of heat and mass transfer it is more 
important to know the distribution of the friction in the initial section. Also, such evidence is of consider- 
able independent importance for the hydrodynamics of tubes. The only paper [10], which is mentioned in 
[11], to consider this from the frictional viewpoint deals with turbulent flow conditions; it was also 
pointed out [11] that one should distinguish the initial length for production of a parabolic profile from that 
for stabilization of the tangential s t r e s s ,  it being considered that the second should be less than the first,  
though no detailed evidence on this was available. 

�9 2 

Fig. 2. Basic unit of channels: 1) lower plate; 2) 
upper plate with holes for probes; 3) inlet chamber 
with honeycombs. 
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Fig. 3 

Fig. 3. Measur ing sys t em:  
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Fig. 4 

1) e l ec t rochemica l  fr ict ion m e t e r  (cathode); 
2) anode; 3) voltage divider  of 100 Ohm; 4) s tandard r e s i s t ance  of 1000 
ohm. 

Fig. 4. Fr ic t ion  distr ibution along channel wall: 1) exper imenta l ,  2) 
calculat ion f rom (3) of [2], 3) calculation f rom (2) of [1]. 

Our exper imen t s  supplemented the evidence on the fr ict ion in the initial pa r t  of such a channel for  
l a m i n a r  flow; the e r r o r  in measu r ing  T o via (1) in this range of Re was es t imated  as • The veloci ty  
prof i le  a t  the inlet is suff icient ly r ec t i l i nea r  for  one to be able to compare  the resu l t s  r igorous ly  with ex i s t -  
ing theor ies  of the initial p a r t  p l ane -pa ra l l e l  channels ,  s ince in all such t r e a t m e n t s  the flow is considered 
to develop f rom a r ec t i l i nea r  ve loci ty  prof i le  at  the inlet, Also,  an essen t ia l ly  r ec t i l i nea r  prof i le  was ob- 
tained f rom an evaluation of the initial veloci ty  distr ibution under cons iderably  worse  conditions c o r r e s -  
ponding to the p rob lem solved by Schlichting for  l a m i n a r  flow in a narrowing channel. I t  is c l ea r  f rom 
Fig. 4 that  by a dis tance of 20 h f rom the inlet,  the fr ict ion has become steady and at tained the value c o r -  
responding to l a m i n a r  flow, so a dis tance of 20 h may  be taken as the l imit  for  fr ict ion stabil izat ion in all 
l a m i n a r  conditions. For  compar i son  we note that the calculat ion of T 0 f rom (2) gave the fr ict ion as  s tab i l i z -  
ing in a dis tance of 65 h for  Re = 4800. 

The p r e l i m i n a r y  cal ibrat ion of the t r ansduce r s  to a dis tance of 120 h f rom the input had been p e r -  
fo rmed  under essen t i a l ly  s t eady - s t a t e  conditions, as was c l ea r  f rom the exper imenta l  r e su l t s ,  which do 
not conflict  with exist ing theor ies .  

In our  t e s t s  on the initial  pa r t ,  we did not obse rve  tangential  s t r e s s e s  g rea t ly  exceeding the values 
cor responding  to comple te ly  s tabi l ized conditions and as predic ted by exist ing theor ies ;  the exper imenta l  
r e su l t s  indicate the need to r ev i s e  theor ies  of the initial pa r t  as r ega rds  fr ict ion s tabi l izat ion in p l a n e - p a r a l -  
lel  channels.  

N O T A T I O N  

T O iS the s h e a r  s t r e s s  ave raged  ove r  the a r e a  of e l ec t rochemica l  probe; 
q is the s t e a d y - s t a t e  maSs flow in the measur ing  sys tem;  
D is the mo lecu l a r  diffusivity of f e r r i cyan ide  ions; 

is the dynamic viscosi ty;  
L is the e lec t rode  s ize  along flow direction; 
I is the diffusion current ;  
A is the p robe  a rea ;  

is the Fa raday  number;  
C +  is the concentrat ion of f e r r i cyan ide  ions in flow core;  
U 0 is the mean flow ra te  velocity;  
U is the local  ve loci ty  flow core;  
7k is the roots  of equatiov t a n 7  = 7; 
h is the height of channel; 
x is the dis tance f rom intersect ionv 
Re is the Reynolds number .  
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