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E F F I C I E N C Y  OF A T H E R M A L  C U R T A I N  

E .  V .  S h i s h o v  UDC 532.517.4 

Gas cur ta ins  a r e  widely used to p ro t ec t  su r f ace s  washed by a h igh-enthalpy gas  flowo 

The main p a r a m e t e r  descr ib ing  the hea t  t r a n s f e r  under  these  conditions is  the cur ta in  eff ic iency 

0 ~ ]'W ~ T o  6"*T1 
t ~ t  , 

TW. - -  r .  6Tad 

where T o is the t e m p e r a t u r e  of the unper turbed  s t r eam;  T~v is the adiabatic wall t empera tu re ;  Twl is the wall 
6** t e m p e r a t u r e  at the cur ta in  ent rance  point; Tad is  the ene rgy  loss  thickness  on the adiabatic wall; and 5"_* is 

the ene rgy  loss  thickness  at  the cur ta in  en t rance  point.  Ti 

Severa l  authors [1-3] have proposed analyt ical  expres s ions  to de te rmine  the eff iciency of the the rmal  
curtain;  in [2, 3] these  expres s ions  were  given fo r  the l imiting ease  x ~ co. 

However ,  in a n u m b e r  of  c a s e s  of p rac t i ca l  engineer ing impor tance  the length of the p ro tec ted  su r f aces  
is  smal l ,  and there  is the re fo re  a need for  m o r e  accura te  de te rmina t ion  of the rma l  cur ta in  eff iciency in the 
ent rance  section.  An analyt ical  exp res s ion  for  this case  can be obtained f rom the following assumpt ions .  I t  
is well known [1, 2] that under  these conditions the law of superposi t ion  of the rma l  f ields is  applicable,  and 
one can the re fo re  a s s um e  that a new the rmal  pe r tu rba t ion  resul t ing  f r o m  the effect  of the wail being adiabatic 
will grow in the exist ing the rma l  boundary l a y e r  in the s a m e  way as the thermal  boundary l aye r  grows under  
the conditions of the preceding  adiabatic  sec t ion .  

Figure  1 shows the t e m p e r a t u r e  prof i le  on an adiabatic  wall (solid l ine).  In o r d e r  to show how a new 
thermal  per tu rba t ion  develops ,  i .e . ,  the region with zero  t e m p e r a t u r e  gradient ,  i t  is  convenient to r e p r e s e n t  
the d imens ion less  t e m p e r a t u r e  in the f o r m  

(Tw~ - -  T ) / ( T w ,  - To )  
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Thi s  p r o f i l e  can  then be d i v i d e d  in to  two r e g i o n s :  a r e g i o n  with  z e r o  t e m p e r a t u r e  g r a d i e n t ,  whose  width 
i n c r e a s e s  wi th  i n c r e a s e  of xl ,  and a r e g i o n  of u n p e r t u r b e d  f low w h e r e  the t e m p e r a t u r e  p r o f i l e  r e t a i n s  i t s  p r e -  
v ious  shape .  

By de f in i t ion  the  e n e r g y  l o s s  t h i c k n e s s  in the a d i a b a t i c  wal l  s e c t i o n  i s  w r i t t e n  in the f o r m  

6T 

By m e a n s  of s i m p l e  t r a n s f o r m a t i o n s  th is  e x p r e s s i o n  can  be r e d u c e d  to the f o r m  

( r i r w - - r o  (1) IV " Tw, - -  dy, where 0 -- Tw, --  To" 
0 ' 

The i n t e g r a l  in Eq,  (1) can  be d iv ided  into  t h r e e  p a r t s  ( see  F ig~  1); 

6T 6T [-6Ta " 5T 1 

I 1 
! ~ (  rw,--r "\, ,'IV a , _ |  ~ H," [ T w , - - T w ' l .  , ,' IV /rw,--r~, 

' , [~ [_ o ~T a 

Thus ,  the e x p r e s s i o n  fo r  the  e n e r g y  l o s s  t h i c k n e s s  can be  w r i t t e n  in the  f o r m  

�9 ',i 6Ta]6 T " " 

where o )=  Wo' AT'--~ : TwI--T O ' " 

(2) 

A s s u m i n g  tha t  at the s e c t i o n  x 1 the d y n a m i c  t h i c k n e s s  6 and the t h e r m a l  t h i c k n e s s  6 T of the  l a y e r  a r e  
equa l ,  and that  the v e l o c i t y  and t e m p e r a t u r e  p r o f i l e s  can  be e x p r e s s e d  as  p o w e r  s e r i e s  with the s a m e  exponen t  
n, we can t r a n s f o r m  Eq. (2) a s  f o l l o w s :  

06T;d 
= i ~d~ - -  ~j~ (1 - -  O) d~ ~ ~_"-nd~ , 

5T 0 ar~,/~r 
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and after integration it takes the form 

( 3 )  

By dividing the left and right s ides of Eqo (3) by the quantity 

61 n +  I 2 n - ~ -  1: ' 

we obtain 

[2n ~._L I \  [ STa ~ . ~ [ , " 5 T a ' - 2 n : - I  81 _ ' n +  1 ' 

Assuming that this thickness of the new thermal  perturbat ion 5Ta var ies  with distance x 1 according to the 
same law as the thickness of a thermal l ayer  on a flat plate with a preceding adiabatic section, and using the 
well-known dependence [2] Re 5 = A Re(x n+l) / (3n+l) ,  we obtain 

0 = i - -  

n ~ l  -~ I 0 75 On i (n--H)(2n+l) 
l__x3n+ I @n rt Pr-- �9 (. - Ix1 :tn+1. 

0 
(n4-1p 

2n '-- I ~ , ~ o v - - O ' 7 5 ( n ~ - t ) :  " 3n4-1 

For the case n = 1/6 the expression for the thermal  curtain efficiency takes the form 

- -  x0 7/9 -~ 9.65x~ 6/5r 
0 = t - ( 4 )  

i0,57~19t5~ 

Figure 2 shows resul ts  of curtain efficiency calculations using Eq. (4) and the previous formulas .  For  
comparison Fig. 2 also shows experimental  data of [1] and data of an experimental  investigation of heat t rans-  
fe r  in the entrance section of a curtain, obtained at the N. 1~. Bauman, Moscow Higher Technical Schoolby Belov, 
Afanas' ev, and the present  author. The relation suggested gi?es bet ter  agreement  with experiment over the 
entire length of the protected surface.  

The relat ions obtained in [2, 3] give overest imated values of curtain efficiency in the entrance section 
and give sat isfactory agreement with experiment  only f rom distances of ~l > 0.3 onward. The relat ion c ~g_ 
gested by Seban [1] gives overes t imated values of curtain efficiency over  the entire length of the protected 
surfac e~ 

However, it should be noted that at very  small  distances f rom the curtain entrance point (0 < ~1 -< 0.04) 
calculations using Eq. (4) do not agree with experiment,  since in this region a new thermal perturbation has 
not yet emerged f rom the viscous region of the turbulent boundary layer ,  and therefore ,  it is invalid to assume 
that the velocity intensity profi les  can be described by power relat ions with a constant exponent. 

The author thanks P ro fes so r  A. I. Leont 'ev  for  useful advice. 
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