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The veloci ty  p rof i l es  and f r ic t ion s t r e s s e s  at the wall in a semi- inf in i te  jet  a re  invest igated.  

The authors  of a ma jo r i ty  of the theore t ica l  pape r s  in this a r e a  util ize the method of joining solutions 
for  the jet  and nea r -wa l l  boundary  l a y e r s ,  and also a s s u m e  the "one-seventh"  veloci ty  distr ibution law in 
the nea r -wa l l  boundary  l aye r  as well  as the Blas ius  re la t ionship  for  ~'w. According to [1, 2] and ourse lves  
(Fig. 1), the veloci ty  p rof i l es  in the nea r -wa l l  boundary  l aye r  differ  cons iderably  f rom the "one-seventh"  
law. The bes t  a g r e e m e n t  is obtained when the prof i le  is approx imated  by the curve  

U/Um = (Y/5) 1/12" (1) 

The dif ference between the veloci ty  prof i le  (1) and the curve  cons t ruc ted  by the "one-seventh"  law 
should be indicated as a change in Tw [3]: 

�9 w = 0.008339u~ (u,fi/v) -2/la. 
(2) 

Let us wri te  the K a r m a n  integral  re la t ion  as 

5 8 

--u m -  p u d g = - - ~ .  
dx . dx (3) 

0 0 

Utilizing the dependences (1), (2) and in tegra t ing we reduce (3) to 

6 - d6 72 dum 0.00833u~ ( u~5 )-2/,3. (4) 
- - U  m ~ ~_ - ~  
91 dx 91 dx \ v 
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Change in boundary l aye r  th ickness  and veloci ty  prof i les  
along a wall: 1) a0 = 4.5 ram, u 0 = 25 m / s ;  2) 4.5 and 23; 3) 12 and 
22, the au thor ' s  tes ts ;  4) 10 and 3.2, t es t s  in [4]; 5) computat ions  
using (5) and (8); 6) ve loci ty  prof i le  computed by means  of (1); 7) 
the "one-seventh"  law. 
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Fig .  2. F r i c t i o n  coef f ic ien t  at the wall (A = Cf0Re~/4. 102): 
1) a u t h o r ' s  t e s t s ;  2) t e s t s  of M e y e r s  et al. [5]; 3) S iga l la ' s  
t e s t s  [6]; 4,  4 ')  computa t ions  us ing  (6) a n d  (9) fo r  Re 0 = 7000 
a n d  6000, r e s p e c t i v e l y .  

In i t ia l  Sect ion.  In the init ial  s ec t ion  of the jet  u m v u 0. I n t eg ra t i ng  (4) be tween  x = 0 and x, we obtain 

= 0.2X 13/15 Reo-2/15, (5) 

and Cf0 can be d e t e r m i n e d  f r o m  the equat ion  

C f . / 2  = ~c~/pu2o = O.O107x-2 /15Reo  ~/15. (6) 

Main Sect ion.  
f o r m u l a  (x _> 12) 

The change in um in the main  sec t ion  of a s emi - in f in i t e  je t  can be app rox ima ted  by  the 

u--~ = 3.6x-'/2 , (7) 

which  is in good a g r e e m e n t  with all e x p e r i m e n t s  in this  r eg ion .  

I n t eg ra t i ng  (4) taking account  of  (7) r e s u l t s  in the e x p r e s s i o n  

6-= (0.015~14/1~ Re; -2/1~ + C),3/15. 

The cons tan t  of in tegra t ion  C is found f r o m  the condi t ion that  the bounda ry  l a y e r  t h i cknes se s  in the 
ini t ia l  and main  s ec t i ons  of  the je t  a r e  equal  (C = 1.73/Re~/13) f o r  x = 12. Then  

= 1,61Reo 2/I5 (1 + 0,0088x14/13)13/~5, (8) 

where  Cf 0 is d e t e r m i n e d  f r o m  the equat ion 

C f . / 2  = O.09Re~-e/'Sx -12/a3 (1 + 0,0088X14/13) -2/15. (9) 

The change in the d i m e n s i o n l e s s  ve loc i ty  p ro f i l e s  fo r  d i f fe ren t  d i s t ances  f r o m  the nozz le  is shown in 
F ig .  1. Supe rposed  in this  s a m e  f igure  is the change in n e a r - w a l l  b o u n d a r y - l a y e r  th ickness  5 a long the wall ,  
as  computed  by  means  of (5) and (8). Bes ides  our  r e s u l t s ,  the r e s u l t s  of the e x p e r i m e n t  in [4] conducted  
with a s emi - in f in i t e  wa te r  jet  a r e  a l so  shown in F ig .  1. A c o m p a r i s o n  be tween our  expe r imen ta l  r e s u l t s  
and the t e s t s  in [4] and the t he o re t i c a l  dependences  (5), (8), and (1) shows good a g r e e m e n t .  

I f  an ana logous  computa t ion  of the bounda ry  l a y e r  is p e r f o r m e d  by  us ing  the Blas ius  law fo r  T w and 
u / u  m = (y /5)  1/7, then we have fo r  the init ial  s ec t ion  of a s emi - in f in i t e  jet:  

~ - :  0.37 Reo~ ~ (10) 

and fo r  the main  sec t ion  

= 2.28 Re7 ~ (1 + 0.014x1,125) ~ . ( i l )  
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A compar i son  between (5), (8), (10), and (11) in the range of varias of the Reynolds c r i t e r ion  in 
which the expe r imen t s  were  conducted did not show any grea t  d i sc repanc ie s .  However ,  the deviation of 
the tes t  r e su l t s  f rom the "one-seven th"  law is s ignif icant ,  and pa r t i cu l a r l y  at l a rge  dis tances  x (Fig. 1). 

Given in Fig. 2 is a compar i son  between computat ions uti l izing (6) and (9) and our exper imenta l  r e -  
sul ts ,  the t e s t s  of Meyers  et al. [5] and the Sigalla [6] expe r imen t s  which we bo r rowed  f r o m  [5]. As is 
seen  f rom Fig.  2, the tes t  r e su l t s  of Meyers  et al. [5] lie somewhat  above the theore t ica l  cu rves .  

a0 
x 

X "= X / / a o  

Uo 
Um 
Um = Um/Uo 
Re 0 = u0a0/u 

N O T A T I O N  

is the width of nozzle slit ;  
is the running coordinate;  
is the d imens ion less  running coordinate;  
is the escape  veloci ty  f rom nozzle or i f ice;  
is the veloci ty  on the outer  boundary of the nea r -wa l l  boundary layer ;  
is the d imens ion less  outer  boundary  velocity;  
is the Reynolds c r i t e r ion  cons t ruc ted  by means  of the initial jet  p a r a m e t e r s .  
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