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A method has been developed for determining the transition function 
~, for transverse flow around a cylinder. 

Expe r imen ta l  data [1] on the local  h e a t - t r a n s f e r  
coeff ic ients  in convect ive heat  t r a n s f e r  with Re = 
= 21 �9 103 have been used to develop the method us ing 
the funct ions  r The solut ion obtained in this way is 
compared  with the analy t ic  solut ion of [1]. The prob-  
l em is handled as follows. 

Fig.  1. E l ec t r i c a l  model  of 
a cy l inder  used to find ~. 

1. The cy l ind r i ca l  reg ion  G is specif ied.  
2. The t e m p e r a t u r e  t(x, y) within the region  sa t i s f i es  

O~t a~t 
+ = 0. (1) 

Ox ~ OV ~ 

3. A constant temperature t o is maintained on the 

internal surface S 0. 
4. The experimentally determined temperature dis- 

tribution is used for the external surface S I. 

5. The temperature of the incident air flow is given. 

The problem is to determine the local heat-transfer 

coefficients ~loc- 
The problem is solved in three stages. First, an 

electrical analog is used to determine the transition 

functions �9 by a method analogous to that for deter- 

mining the Z functions considered in [2, 3]. 
A two-layer model on the scale m* = 8 (Fig. i) is 

constructed from conducting paper; the error in the 

solutions given by such models does not exceed 1.5% 

[4]. The potent ia l  equal to 0% is applied to the i n t e r -  
nal  su r face ,  while the ex te rna l  su r face  is divided into 
32 equal  pa r t s ;  the n u m b e r s  1 ,2,  . . . .  32 in Fig.  1 
denote these  par t s .  A c u r r e n t - c a r r y i n g  lead is applied 
to one of these  pa r t s ;  the c u r r e n t  I 1 is d e t e r m i n e d  f rom 
the potent ia l  d i f fe rence  a c r o s s  a r e s i s t o r  R 1 connec ted  
to the lead. The potent ia l  d i f fe rence  on R 1 is  ad jus ted  

to 100%. The potentials U i at the points i, 2, ..., 32 
are measured, the transition functions being defined 

as 

6P a -~ U / I  v (2) 

The ~ i l  are  suff icient  to solve the i nve r se  h e a t - t r a n s f e r  
p rob lem for  an axia l ly  s y m m e t r i c  body, but all  the ~ij 
mus t  be known for  a body of a r b i t r a r y  shape, in which i 
are  thepoin t s  at whichthe U i are  m e a s u r e d  and j are  the 
points  at  which the c u r r e n t s  Ij a re  supplied in turn .  

In the second stage,  a sys t em of l i nea r  a lgebra ic  
equat ions is  compiled,  Whose solut ion gives the local 
c u r r e n t s  at the sur face  of the model .  

If c u r r e n t s  are  supplied s imul t aneous ly  to the 32 
points  on the outer  sur face ,  the potent ia l s  at those 
points  are  found f rom the p r inc ip le  of superpos i t ion ,  
which appl ies  to l i n e a r  s y s t e m s :  

~ q~/.Ii = U s, (3) 
]=1 

in which i =  1,2,  . . . ,  m a n d j  = 1, 2, . . . ,  n. 
We m u s t  have m = n if the solut ion to this sy s t em 

is to be unique (m = n = 32 in our case);  here  the Ij 
act  as unknowns, while the Ui a re  read i ly  de t e rmined  
f rom the t e m p e r a t u r e  d i s t r ibu t ion  via  a scale  coef -  
f ic ient  Ct, which is taken as 1. The choice of sca le  
coeff ic ients  is desc r ibed  below. 
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Fig. 2. Dis t r ibu t ion  of the h e a t - t r a n s f e r  coeff ic ient  
(~tot (W/m2 "deg) as a fune t ion  of 0 (deg) for  the outer  
su r face  of a sphere :  1) data of [1], 2) r e s u l t s  f rom 

use of ~. 

The r e s u l t  is a sys t em of 32 l i n e a r  a lgebra ic  equa -  
t ions  in 32 unknowns,  which is r e p r e s e n t e d  symbol i -  
ca l ly  [5] in Table 1. Computer  solut ion gives  Ilo c, the 
c u r r e n t s  at the su r face  of the model  (Table 2), which 
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Table 2 
Distribution of the Principal Parameters on the External Surfaces 

of Model and Cylinder 

2 ~ .'~ '~ ~ 

1 
2 ti .251 
3 22.5 I 
4 33.75[ 

6 56.251 
7 67_5 I 
8 78.751 
9 u l  i 

10 01.251 
11 12.5 ', 
12 23.75] 
13 :::. : 
14 46.251 
15 57.5 I 
16 68.751 
17 ~lJ I 

32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 

(:b 

348.75] 
337.5 ! 
326.25] 
315 
303.751 
292.5 ] 
281.251 
270 
258.751 
247.5 ! 
236.25j 
225 
213.75 
202.5 ] 
191.25J 

1205 
1182 
1156 
1127 
1116 
1059 
1023 
926 
662 
815 
879 
922 
995 

I038 
ll00 
1162 
1220 

4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4,2 
4.2 
4.2 
4,2 
4.2 
4.2 
4.2 

I 

~~ 

5061.0 48.4 
4964.4 48.7 
4855.2 49.2 
4733.4 49.8 
4687.2 50.4 
4447.8 I 51.5 
4296.6 52.8 
3889.2 55.0 
2780.4 57.9 
3423.0 56.9 
3691.8 55,6 
3872.4 54.4 
4179.0 53.0 
4359.6 51.8 
4620.0 50.5 
4880.4 49.3 
5124.0 48.6 

t~3 

d,, ,  
o ~  

104.6 
101,9 
98.6 
95.I 
93.0 
86.4 
81.4 
70.7 
48.0 
60.2 
66.4 
71.8 
78.9 
84.2 
91.5 
99.0 

105.4 

102.0 
100.2 
97.9 
95.6 
92,2 
87.0 
79.7 
69,5 
49.1 
59,8 
66.0 
72.5 
79. I 
85.6 
9l .6 
97.6 

104,1 

c o r r e s p o n d  to t he  d i s t r i b u t i o n  of Qloc ,  the  h e a t  f lux 
at  the s u r f a c e  of the  c y l i n d e r .  We e m p l o y  s c a l e  c o e f -  
f i c i e n t s  to c o n v e r t  f r o m  the  e l e c t r i c a l  q u a n t i t i e s  to the 
t h e r m a l  o n e s ,  w h i c h  c o e f f i c i e n t s  m u s t  obey  

C~ C Q = 1, (4) 
c t  

in  wh ich  C R = R e / R  t i s  t he  r a t i o  of  the  e l e c t r i c a l  r e -  
s i s t a n c e  of a s e c t o r  cu t  f r o m  the m o d e l  to the t h e r m a l  
r e s i s t a n c e  of the  c o r r e s p o n d i n g  s e c t o r  of the c y l i n d e r  

and  C t --- (U - U0)/ ( t  - to) is  t a k e n  as  1, w i t h t h e  o r i g i n s  
taken as the potential and temperature of the internal 

surface, respectively, while CQ-- I/Q is determined 

from (4). 

As R e=23000 ore, R t= 1.27 deg/W, andC R= 

= 18 ii0 ohms �9 W/deg, 

C e ~ CJCR = 1/18110 V -1. (5) 

T h e n  
Qloc = l l o c / C Q =  1811011oc W. (6) 

In the  t h i r d  s t a g e  we deduce  the  a l o  c as  

a l o c -  qloc/A tloc. (7) 
T h e n  

q loc=  Qloc/Ft ,  (8) 

in w h i c h  F t = B t i s  t he  a r e a  of a p a r t  of the c y l i n d e r  of 

a r c  l e n g t h  B t and uni t  he igh t .  H e r e  

B~ = B e ~ m * ,  (9) 

in w h i c h  B e is the  l e n g t h  of the  o u t e r  c i r c l e  of the  
m o d e l  u s e d  in s u p p l y i n g  c u r r e n t  in the  d e t e r m i n a t i o n  

of ~. 
F r o m  (6) - (9)  we have  

qloc = lloc k = 4.2 Iloc W/m2, (10) 

in wh ich  
k = C.~ rn*/CtBe V/m 2. (11) 

T a b l e  2 g i v e s  the  n u m e r i c a l  v a l u e s  of q l o c ;  T a b l e  
2 and F ig .  2 c o m p a r e  the  t o t a l  l o c a l  t r a n s f e r  c o e f -  

f i c i e n t s  a l o c . t o  t as  found a n a l y t i c a l l y  [1] and v i a  the @. 
The  d i s c r e p a n c i e s  do no t  e x c e e d  3%. 

A m a j o r  a d v a n t a g e  of t h i s  m e t h o d  is  tha t  4~ once  
found  on the m o d e l  c a n  s u b s e q u e n t l y  be u s e d  to s o l v e  
p r o b l e m s  in the  a b s e n c e  of the  e l e c t r i c a l  m o d e l .  T h i s  

is of c o n s i d e r a b l e  i m p o r t a n c e ,  s i n c e  any g i v e n  o b j e c t  
can  g ive  r i s e  to m a n y  i n v e r s e  p r o b l e m s ,  w h o s e  s o l u -  
t ion  is m u c h  f a c i l i t a t e d  by  the  4~. 

A f u r t h e r  a d v a n t a g e  is  tha t  the ~ m a y  be u s e d  to 
s o l v e  i n v e r s e  p r o b l e m s  in s t e a d y - s t a t e  h e a t  t r a n s f e r  
fo r  a l l  s i m i l a r  b o d i e s ,  the  on ly  change  b e i n g  r e c a l c u -  
l a t i o n  of the  s c a l e  c o e f f i c i e n t  k v i a  (11). 

An a n a l o g o u s  m e t h o d  is r e a d i l y  d e v e l o p e d  for  i n -  

v e r s e  p r o b l e m s  in t r a n s i e n t - s t a t e h e a t  t r a n s f e r ,  v a l u e s  
of the  4~ be ing  o b t a i n e d  f o r  e a c h  poin t  in t i m e .  The  
m e t h o d  is  a l s o  a p p l i c a b l e  to b o d i e s  of any shape .  

N O T A T I O N  

I is c u r r e n t ,  U is  v o l t a g e ,  R e is  e l e c t r i c a l  r e s i s t -  
a n c e ,  B e is  1 /32  of the l eng th  of the  e x t e r n a l  c i r c u m -  
f e r e n c e  of the  m o d e l ,  m*  is  the  s c a l e  of m o d e l ,  k is  
the c o e f f i c i e n t  fo r  c o n v e r t i n g  f r o m  c u r r e n t  to h e a t  
f l u x d e n s i t y ,  I~ i s  the  t e m p e r a t u r e ,  to is the  t e m p e r a t u r e  
of i n t e r n a l  s u r f a c e  of c y l i n d e r ,  x and y a r e  c o o r d i n a t e s ,  

Q is h e a t  f lux,  q is the  d e n s i t y  of h e a t  f lux,  ~ is  the 

h e a t - t r a n s f e r  c o e f f i c i e n t ,  ~ t o t  = ~c  + ~ r ,  ~c  is the 
c o n v e c t i v e  h e a t - t r a n s f e r  c o e f f i c i e n t ,  ~ r  is  the  r a d i a -  

t i v e  hea t  t r a n s f e r  c o e f f i c i e n t ,  R t i s  t h e r m a l  r e s i s t a n c e ,  

At is t e m p e r a t u r e  d i f f e r e n c e ,  B t is  1 /32  of l eng th  of 
e x t e r n a l  c i r c u m f e r e n c e  of c y l i n d e r .  
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