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Resul ts  a r e  p resen ted  of an exper imenta l  invest igat ion of the effect of the t e m p e r a t u r e  fac tor  
on the law of heat  t r a n s f e r  in turbulent  boundary l a y e r s .  

In spite of the l a rge  volume of exper imenta l  invest igat ions of the effect  of noniso thermal  conditions 
on the h e a t - t r a n s f e r  coefficient  in a turbulent boundary  l aye r ,  the effect of s t rong wall  cooling on the hea t -  
t r a n s f e r  coefficient  is s t i l l  in dispute.  The r e a s o n  is that,  for  the re la t ive ly  mild wall  cooling obtaining in 
mos t  exper imenta l  invest igat ions ,  the effect  fal ls  within exper imenta l  e r r o r .  The tes t s  with s t rong  wall  
cooling, as a ru le ,  a re  not suff iciently accura te  to allow final quanti tat ive conclusions to be drawn. 

In the p resen t  work  the invest igat ions were  made on a flat  plate in subsonic flow, thus el iminating the 
effect  of things like p r e s s u r e  gradient  and compress ib i l i t y  on the p a r a m e t e r s  to be m e a s u r e d .  The plate 
(Fig. 1) was made of sheet  b r a s s  of thickness  3.5 ram,  in the f o r m  of a sealed box of length 295 m m ,  width 
160 m m ,  and thickness 14.0 m m .  T r a n s v e r s e  par t i t ions  d iv ided the inside space  into 7 sect ions of length 
25, 30, 35, 40, 45, 50, and 55 m m .  The plate had graphi te  fa i r ings  front  and back to achieve unsepara ted  
flow. The length of the fo rward  fa i r ing  was chosen to achieve a fully turbulent  boundary l aye r  on the tes t  
p la te .  This  was ver i f ied  by the var ia t ion  of the h e a t - t r a n s f e r  coefficient along the p la te .  The plate was 
mounted in a b r a s s  tube of d i ame te r  150 m m .  The tube had its own cooling, which was used to keep the 
t e m p e r a t u r e s  of the tube inside wall  and the plate su r face  identical .  
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Fig.  1. D iagram of the cooled b r a s s  plate:  1) b r a s s  plates;  2) par t i t ions  between sect ions;  3) chan-  
nels for  wa te r  cooling; 4) wa te r  inlet and outlet tubes; 5) thermocouples  for  plate  su r face  t e m p e r a -  
ture measu remen t ;  6) front  fair ing;  7) r e a r  fair ing;  8) mica .  

Fig.  2. The dependence of St/St 0 = f(r (the solid l ines a re  calculated by the Kutateladze and Leont ' ev  
fo rmula  [1!; the points a r e  the tes t  data): 1) for  Re~* = 9000; 2) 5000; 3) 1000. 
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Fig.  3, Dependence of St/St 0 = f(r (the 
solid l ines a r e  as calculated by the 
Kutateladze and Leont 'ev  fo rmula  [1]): 
1) for  Re~* = 5000; 2) 1000; 3)the p r e s -  
ent t es t  region; 4) Belyanin ' s  tes t  r e -  
gion [3]; 

The plate was exposed to a s t r e a m  of combust ion p r o d -  
ucts  of a turbojet  engine with its own feed and control  s y s t e m .  
The m a s s  flow of gas could be var ied  f r o m  1.5 to 4.0 k g / s e c .  

The quantit ies measu red  during a tes t  were :  the m a s s  
flow ra te  and t empe ra tu r e  r i s e  of the cooling wa te r  for  each 
section; the t empera tu re  of the wall  exposed to the gas in each 
section; the t empera tu re  of the gas  s t r e a m ,  and the gas m a s s  
flow r a t e .  In addition, a number  of auxi l iary  m e a s u r e m e n t s  
were  made,  requi red  for  operat ional  control  of the exper imenta l  
r ig .  The water  flow ra te  was measu red  by a volume method.  

For  measur ing  the t e m p e r a t u r e  r i s e  of the cooling water  
in each sect ion we used a two-e lec t rode  different ia l  t h e r m o -  
couple, of c o p p e r - C o p e l w i r e s  of d i ame te r  0.5 ram. A t h e r m o -  
couple was mounted in a special  insulated pocket  at the ent rance  
and exit of each sect ion.  The wall  t e m p e r a t u r e  m e a s u r e m e n t s  

were  made by means  of thermocouples  embedded in the wall  at a dis tance of 0.2 m m  f r o m  its outer  su r face .  
They were  made f r o m  C h r o m e l - A l u m e l  wi re s  of d i ame te r  0.2 m m  in double insulation (enamel and f i b e r -  
g lass) .  The thermocouple  e lec t rodes  were  fas tened down in a t r a n s v e r s e  channel in the middle of each plate 
sect ion,  carefu l ly  insulated with mica,  and soldered to foil.  

The t e m p e r a t u r e  field in the gas s t r e a m  was measu red  by means of shielded thermocouples  of outer  
d iamete r  6 m m .  They were  mounted along two sect ions ,  one ahead of and one behind the pla te ,  each sect ion 
having three thermocouples  at angles of 120 ~ re la t ive  to one another .  The t empe ra tu r e  r i se  of the wate r ,  
and the t e m p e r a t u r e s  of the plate and gas s t r e a m  were  r eco rded  by means of a type PPTV1 high impedance 
dc po ten t iomete r .  

The gas flow ra te  in the tube was measu red  by means of two rakes  mounted along two mutual ly p e r -  
pendicular  d i a m e t e r s .  The actual  flow ra te  through the control  sect ion was calcula ted as the sum of the 
r a t e s  through the conventional annular s ec to r s  containing the individual rake senso r s :  

\ k + l R T  o P~  

k + l  

All the p a r a m e t e r s  were  measu red  a f te r  the r ig  opera t ing conditions became s teady,  i~ for  fixed 
gas s t r e a m  and plate wall  t e m p e r a t u r e s .  At the test  conditions, the wall  t empe ra tu r e  along the plate  was 
held constant by va ry ing  the wa te r  flow ra te  in the cooling sec t ions .  

AI1 the m e a s u r e m e n t s  we re  made in the 61 condition [sic]. 

The t e m p e r a t u r e  fac tor  was var ied  f r o m  0.824 to 0.295; the gas s t r e a m  t e m p e r a t u r e  f r o m  373 to 1323~ 
the gas speed f r o m  180 to 300 m / s e e ;  and Item* f r o m  1000 to 6000. The tes t  data we re  reduced by the me th -  
od descr ibed  by Leont ' ev  and Fedorov  [2]. 

The local h e a t - t r a n s f e r  coefficient  is 

qi cwi epwiA,,t wi 
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The cha rac t e r i s t i c  Reynolds number  fo r  the the rma l  boundary l ayer  at the end of the sect ion is 
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where  Cp0 and #0 a re  the speci f ic  heat and dynamic v i scos i ty  of the ga se s .  {They were  de te rmined  f r o m  a 
thermodynamic  calculat ion of the combust ion products  for  each condition. ) 
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We found the Stanton number  at the center  of each sect ion f r o m  the express ion :  

St a~ G 0 
- -  ; Yo Wc - -  
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The  re la t ive  var ia t ion  of St with Re~.* = idem is �9 = (St/St0)Re~. , where  St 0 = 0.0128/Pr~ *~ 

An analys is  of the e r r o r s  showed that the m a x i m u m  e r r o r  in de te rmin ing  the h e a t - t r a n s f e r  coefficient 
in the conditions examined is + 7%. 

Reduction of the h e a t - t r a n s f e r  test  data to fit the f o r m  St/St 0 = f(r (Fig. 2) shows that the t e m p e r a -  
ture  fac tor  has an apprec iab le  effect  on the h e a t - t r a n s f e r  law. The effect becomes  substant ia l  for  r less  
than 0.5. The solid l ines on F ig .2  show the r e su l t s  of calculat ion using the Kutateladze and Leont ' ev  theory,  
allowing for  the finite length and Re~.* for  Re~.* = 5000 and 1000. It can be seen  that the test  data a re  in 
s a t i s f ac to ry  ag reement  with this theory [1]. 

In the range of var ia t ion  of r f r o m  0.5 to 0.295 the Kutateladze and Leont ' ev  re la t ion  

St 4 2 

1)2 (251nRe  +3,8) 
was conf i rmed  v e r y  well  by the t e s t s  o 

F igure  3 shows the r e su l t s  of tes ts  by Belyanin with gas flow in a s t rongly  cooled tube [3]. It can be 
seen that the r e su l t s  f r o m  the theory of [1] a re  in good ag reemen t  with the tes t  data up to the value r a 0.05. 
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N O T A T I O N  

a r e  the t e m p e r a t u r e ,  p r e s s u r e , s p e e d ,  specif ic  heat,  and specif ic  weight of the combust ion 
products ;  
i s  the a r e a  of the annular  s ec to r  in the gas flow ra te  measu remen t ;  
is the wa te r  flow ra te  in the cooled sect ions;  
a r e  the specif ic  heat and the t e m p e r a t u r e  r i s e  of the wa te r  in the section; 
m the a r e a  of the plate  sec t ion  washed by the gas; 
~s the length of the i - th sect ion of the plate;  
is the a r e a  of c r o s s  sec t ion  of the tube not occupied by the plate;  
is the h e a t - t r a n s f e r  coefficient  for  i so the rmal  flow over  an i m p e r m e a b l e  plate; 
is the t e m p e r a t u r e  factor ;  
m the f r ic t ion  fac tor  for  i so the rmal  flow; 
is the c h a r a c t e r i s t i c  Reynolds number  for  the t he rma l  boundary l a y e r .  
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