
GENERALIZED NOMOGRAM FOR FINDING APPROXIMATE 

TEMPERATURE OF A THERMALLY INSULATED 

CYLINDRICAL OR FLAT WALL 

A. G. G a b r i l ' y a n t s  UDC 536.21:518.3 

A general ized nomogram is obtained f rom Grove r ' s  nomogram [2] by changing the flat 
wall parameter  to a general ized cylindrical  wall parameter .  Formulas  are  given for com-  
puting this parameter ,  and examples of calculations with the nomogram are  presented. 

As shown in [1] the tempera ture  of a thermal ly  insulated cylindrical  wall can be calculated f rom the 
nomogram for a flat two- layer  (metal-insulation) wall [2]. This nomogram becomes universal  for the prob-  
lems mentioned if the fiat wall pa rameter  p is replaced by the generalized parameter  

where 
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Here 6 / r  has the same sign as the increment  of the radius in the direct ion f rom the hea t - t r ans fe r  surface 
into the body of the wall. 

It should be noted that in calculating a two- layer  cyl indrical  wall Eqs. (2), (4), and (5) do not ref lect  
the change in the total heat capacity of the metal layer  due to the difference in curvature  of its boundary 
surfaces .  Taking this factor  into account  necess i ta tes  the introduction of the relat ive thickness of.the metal  
6M/5  as an additional parameter .  This pa ramete r  has a significant effect only for appreciable curvature  
of the wall and large values of k, the region of small  Four ie r  numbers  being the most  sensitive. Figure 
1 shows the relat ive e r r o r  ~ = (| - | 1 7 4  as a function of 6 / r  for various values of 5 M / 5  when Fo = 0.1, 
k = 100, and Bi --" ~o. The quantity | is calculated under the assumption 
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Fig .  1. R e l a t i v e  e r r o r  ~ = (| - | 1 7 4  a s  a func -  
t ion  of 5 / r  fo r  v a r i o u s  v a l u e s  of 5 M / 5 .  

6 M << ,~, (6M/6.-+ 0). (7) 

The t e m p e r a t u r e  | i s  c a l c u l a t e d  by  t ak ing  a c -  
count  of v a r i o u s  v a l u e s  of 5 M / 5 .  

F o r  v a l u e s  of 5 M / 5  _< 0.1 the e r r o r  e does  
not  e x c e e d  2% in the r a n g e  - 0 . 3  _< 5 / r  _< 0.7 and 
i s  l e s s  than  5% f o r  - 0 . 7  _< 5 / r  _< 1. C a l c u l a t i o n s  
show tha t  the  e r r o r  d e c r e a s e s  a s  k i s  d e c r e a s e d .  
Thus fo r  k = 1 e i s  1 .5 -2  t i m e s  s m a l l e r ,  and f o r  
k = 0.1 an  o r d e r  of magn i tude  s m a l l e r ,  than f o r  
k = 100. F o r  a u n i f o r m  c y l i n d r i c a l  wa l l  the r e -  
s t r i c t i o n  (7) i s  of c o u r s e  u n n e c e s s a r y  and t h e r e  i s  
no e r r o r  connec ted  with  th is  r e s t r i c t i o n .  

S ince  the n o m o g r a m  in [2] c o v e r s  only  pos i t i ve  v a l u e s  of p i t  canno t  be used  when #* < 0. Equa t ions  
(1)-(6) show that  the  s m a l l e s t  va lue  of p* = - 0 . 2 5  c o r r e s p o n d s  to hea t  t r a n s f e r  be tween  a u n i f o r m  so l id  
c y l i n d e r  and a m e d i u m  with  a b o u n d a r y  cond i t ion  of the  f i r s t  kind ( 5 / r  = - 1 ,  k = 0, Bi - -  o~). 

Our  c a l c u l a t i o n s  p e r m i t  the  e x p a n s i o n  of the n o m o g r a m  by m e a n s  of the l ines  - 0 . 2 5  __< ~* < 0 and the 
e x t e n s i o n  and e x p a n s i o n  of the  r a n g e  of p o s i t i v e  v a l u e s  of the  g e n e r a l i z e d  p a r a m e t e r  to p* = 100. Th is  

T A B L E  1. R e l a t i v e  W a l l  T e m p e r a t u r e  fo r  Fo  = 1 
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Fig .  2. G e n e r a l i z e d  n o m o g r a m  for  the a p p r o x i m a t e  c a l c u l a t i o n  of the t e m p e r a t u r e  of 
a t h e r m a l l y  i n s u l a t e d  c y l i n d r i c a l  o r  f l a t  wal l .  
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genera l ized  nom ogram  is shown in Fig. 2. Curves  of | Fo) for smal l  F| a r e  shown on an enlarged 
sca le  in the inser t .  

The nora|  pe rmi t s  calculat ions of the re la t ive  excess  t e m p e r a t u r e  of cyl indrical  and flat  walls 
up to values  of Fo _< 10. With r e s t r i c t i o n  (7) Eqs.  (1)-(6) ensure  that the accu racy  in de termining the t e m -  
pe ra tu re  in the range  - 1  _< 5 / r  _< 2 is l imited only by the a c c u r a c y  of interpolat ion on the nomogram.  

Table 1 l is ts  examples  of the calculat ion of the wall  t e m p e r a t u r e  f r o m  the genera l ized  nomogram 
for  se ts  of the p a r a m e t e r s  5 / r ,  Bi, and k cor responding  to var ious  values  of p.*. The values of the t e m -  
pe ra tu re  obtained by an exact  computer  calculat ion a r e  a lso  shown for  compar i son .  

Fo, Bi 

5 M 
k 

k* 
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#* 

Bi* 
Ak, fl, f2 

| = (T c - T ) /  (T c - T 0 )  

T c 
To, T 
| 

= ( 0  - |  

NOTATION 

are the Fourier and Blot numbers calculated as for a flat wall along the ther- 
mal insulation; 

is the radius of the surface across which heat is exchanged with the medium; 

is the thickness of the thermal insulation, or the thickness of the wall if it 

is uniform; 

is the thickness of the metal; 

is the ratio of the total heat capacity of the metal to that of the insulation in a 

f lat  wall; 
is the ra t io  of the total heat  capaci ty  of the meta l  to that of the insulation, 
co r r ec t ed  for  a cyl indr ica l  wall; 
is the f lat  wall  p a r a m e t e r ,  p = k + 1 / B i  + k / B i ;  
is  the genera l ized  cyl indr ical  wall p a r a m e t e r ,  p* = k* + 1 / B i *  + k / B i * ;  
is the Biot number ,  co r r ec t ed  for  a cyl indr ica l  wall; 
a r e ,  r e spec t ive ly ,  the co r rec t ion  and the coeff icients  taking account of the 
effect  of the cu rva tu re  of the wall  on the ra t io  of the total heat capaci ty  of 
the meta l  to that of the insulat ion and on the heat  exchange with the medium;  
is the re la t ive  t e m p e r a t u r e  of the wall  sur face  a c r o s s  which there  is no heat 
exchange with the medium; 
is the t e m p e r a t u r e  of the medium;  
a r e  the initial  and running t e m p e r a t u r e s  of the wall; 
is  the re la t ive  t e m p e r a t u r e  of the walt,  calculated by taking account  of the 
va r i a t ion  in curva tu re  within the thickness of the meta l  l ayer ;  
is the re la t ive  e r r o r  in calculat ing the t empera tu re .  

i, 

2. 
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