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It is proposed to use the temperature nqmogram constructed for a 
flat two-layer (metal-insulation) wall to determine the temperature 
of a cylindrical wall. Formulas for the correction factors are pre- 
sented together with examples of wall temperature calculations for 
various combinations of the thermal parameters. 

Nomograms  for  the rapid  e s t ima t ion  of the t e m p e r -  
a tu res  of bodies of va r ious  shapes (plates,  cy l inders ,  
spheres )  a re  p r e sen t ed  in [1-3].  In 1957 Grover  and 
Holter  [4] proposed a nomogram for ca lcula t ing  the 
t e m p e r a t u r e  of a f lat  meta l  wall with un i l a t e ra l  heat 
exchange with the med ium through a l ayer  of the rmal  
insula t ion .  The nomogram is v e r y  convenient  s ince  
for a known value of the F o u r i e r  n u m b e r  it makes  it  
poss ib le  to de t e rmine  the unknown wall t e m p e r a t u r e  
by in te rpo la t ion  with r e spec t  to a s ingle  genera l i zed  
p a r a m e t e r  p. This  p a r a m e t e r  is a combinat ion  of the 
Blot number ,  ca lcula ted  for the insula t ion,  and the 
ra t io  R of the total specif ic  heats of the meta l  and the 
insul  ation: 

1 k 

Bi (1) 

Calculat ions  show that this nomogram can also be used 
to de t e rmine  the t e m p e r a t u r e  of a cy l indr ica l  wall,  if 
one subs t i tu tes  for the p a r a m e t e r  p the p a r a m e t e r  #*: 

1 k* (2) 
~ * =  k* + Bi-~ ~-  + -~i-7-- , 

where 

k* = A k + kh; (3) 
Bi* = Bifv (4) 

In this case ,  the quant i t ies  k and Bi a re  computed 
as for  a flat  wall .  The co r r ec t ion  Ak and the coeff i-  
c ients  fl  and fz have a s imple  physica l  meaning.  

Thus ,  Ak is due to the n o n s y m m e t r i c a l  ( re la t ive  
to the middle  surface)  d i s t r ibu t ion  of the m a s s  of the 
insu la t ion  in the cy l indr ica l  wall. The coefficient  

f l  takes into account  the change in the total specif ic  
heat  of the meta l  in the cy l indr ica l  wail in compar i son  
with a f lat  one, and the coeff icient  f2 ref lec ts  the change 
in the h e a t - t r a n s f e r  condit ions assoc ia ted  with the 
cu rva tu re  of the wall. The wall cu rva tu re  is  conve-  
n ient ly  taken into account by in t roducing the d i m e n -  
s ion less  p a r a m e t e r  5/r, where 5 is the th ickness  of 
the l ayer  of insu la t ion  (for a homogeneous wall, 6 is 
the wall th ickness) ,  r is the rad ius  of the wall sur face  
through which heat  exchange with the medium is ef -  
fected~ 

The quant i ty  5/r is a s sume d  to be posi t ive,  if the 
rad ius  i nc r e a se s  in  a d i rec t ion  away f rom the hea t -  
t r a n s f e r  su r face  into the wall .  

In the range  of va r i a t i on  of the p a r a m e t e r s  6 / r  = 
= 0 -2 ,  k = 0 -20 ,  the following re la t ions  for  Ak, f l ,  
and f2 ensu re  an accuracy  o f  t e m p e r a t u r e  de t e rmina t ion  
within the l imi t s  of accu racy  of the nomogram approx-  
imation:  
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A k =  
1 5 '  

1 + - - - -  
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1 + 0 . 5  - -6 '  (6) 

1 

1 + 0.37 ~ (7) 
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The table gives the r e su l t s  of a ca lcula t ion of the 
r e l a t ive  wall t e m p e r a t u r e  @ for  va r ious  combinat ions  
of the p a r a m e t e r s  6 / r ,  k, and Bi cor responding  to 
#* = 0.5, 5, and 50. 

The ca lcula t ion  was made on an M-20 computer  
with the a s sumpt ions  made  in [4]: heat flux e n e - d i m e n -  
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Table  

Rela t ive  Wall  T e m p e r a t u r e  at Fo = 1 

Ix* 

k 
Bi 

(exact calcn) 

k 
Bi 

(exact calcn) 
(nomogram [43]) 
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sional;  no heat t r a n s f e r  between the medium and the 
meta l  surface;  t he rma l  r e s i s t a n c e  of the meta l  equal 
to zero.  

In conclusion,  we note that the Grover  nomogram 
method pe rmi t s  the de t e rmina t ion  of the wall t e m p e r -  
a ture  in the case  of negat ive  values  of the p a r a m e t e r  
5 / r  and, in pa r t i cu l a r ,  for combinat ions  of f / r ,  k, and 
Bi co r respond ing  to negat ive  values  of P*. The m i n i -  
mum value p* = -0 .25  cor responds  to the condit ions:  
5 / r  = -1 ,  k = 0, Bi - -  ~ (heat t r a n s f e r  between a solid 
homogeneous cyl inder  and the med ium with a boundary  
condit ion of the f i r s t  kind). 

For  ca lcula t ions  in the reg ion  of negat ive  values ,  
the nomogram should be supplemented  by the l ines  
O ~ p* ~ -0 .25 .  

NOTATION 

Fo and Bi a re ,  r espec t ive ly ,  the F o u r i e r  and Blot 
n u m b e r s  calcula ted for the the rmal  insu la t ion  as a 
f la t  wall; k is the ra t io  of the total specif ic  heats of 
the meta l  and insula t ion;  6 is the th ickness  of the 
insula t ion ,  or  wall th ickness ,  for  a homogeneous wall; 
r is the rad ius  of the wall sur face  through which heat  
exchange with the med ium is effected; # is the g e n e r -  
al ized p a r a m e t e r  of a flat  wall; #* is  the genera l ized  
p a r a m e t e r  of a cy l indr ica l  wall; k* is the ra t io  

of the total heat capaci t ies  of the meta l  and insu la t ion  
reduced to a cyl indr ica l  wall;  Bi* is the reduced  Blot 
number ;  Ak is the co r r ec t i on  for  cy l indr ic i ty  of the 
insulat ion;  f l  and f2 are ,  r espec t ive ly ,  coeff icients  
which take into account  the effect of wall cu rva tu re  
on the ra t io  of the total heat  capaci t ies  of the metal  
and insula t ion ,  and the effect on heat  exchange with 
the medium;  @ = (T - Tc)/(T 0 - Tc) is the r e l a t i ve  
t e m p e r a t u r e  of the sur face  at which there  is no heat  
exchange with the medium;  T c is the t e m p e r a t u r e  of 
the medium;  T o and T a re  the ini t ial  and va r i ab l e  wall 
t e m p e r a t u r e s ,  r e spec t ive ly .  
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