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The influence of reradiat ion of heat on the r ise in metal temperature  of finned tubes is  ex-  
amined. 

Let us number the bodies taking par t  in radiant heat  exchange in a sys tem consist ing of a torch and 
tubes connected by a fin, as shown in Fig. 1. 

The set of i r radia t ion coefficients q~ik, where i is  the number of the radiating and k the number of the 
i r radia ted body, fo rms  a sys tem of equations 

q)li "~ ~15 "-~ (P13 -~ q)14 : 1, ] 

r + r  + %3 + q~a4 = I, | 
(i) 

Leb us use the recommendat ions  elucidated in [1] to solve the system. Hence, if one of the i r r ad i a -  
tion coefficients is determined direct ly,  then the res t  a re  calculated in an e lementary manner.  

Let  us select  the coefficient of i r radiat ion f rom the tube (more exactly f rom an arc  of the tube) onto 
the torch cpl3 as such a direct ly determined coefficient. This can be done by finding the local i r radiat ion 
coefficients at points of the a rc  by a method f rom [2] and integrating them numerical ly .  Then 

1 j" 1 

0 

~t 
where J = S ~(@) d@; cp(@) is a function descr ibing the i r radiat ion field of the tube. The solution of the 

0 
sys tem (1) yields the value of all sixteen i r radiat ion coefficients:  

1 
cp~ = qhs = - -  J, 

1 d 
2 S 

TABLE 1. Values of the Coefficients of the In -  
c rease  in I r radia t ion as a Function of the Rel -  
ative Spacing between Tubes 

S/d - a 
0,4 0,5 0,6 0,7 0,8 ] 0,9 

1,1 I 1,142 
1,7 1,116 

1,119 
1,061 

1,096 
1,047 

1,071 
1,057 

TABLE 2. Rise in the Spreading Coefficient 
Taking account of Reradiat ion 

I * * l~a 
a r tubehtt~t/2 -ff- 

0,7 [ 0,06 
1,047 t,023 0,6 0,12 
1,038 1,019 0,5 0,18 

Rise in the spreading 
coefficient, % 

11 
17 
24 
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Fig.  1. Sys t em of bodies  taking p a r t  in 
hea t  exchange.  

%~ : 1 d j ,  
S 

1-- d/SJ 

1--d/S sin lh 

I (  l ~ d / S J  
% ~  : % ~  ~-  ~- 1- -  

1-- d/S sin !~ ] 

J ~ s i n  I~, 
q~24 ~ -  q~14 = 

%~ : %~ = i 2J- -  sin ~ , 

qh~ : q~ -= q% : %, : O. 

Values of the irradiation coefficients .~34, ~3~, r r and r as a function of the relative spacing 
between the tubes S/d and the relative thickness of the fin b/d are represented in Fig. 2.* 

For S/d < 1.5 the irradiation of the arc from the torch is higher than the irradiation of the fin. As 
the relative spacing increases, these quantities converge and for S/d > 1.5 ~34 > ~31. Let us note for com- 
parison that the irradiation of the metal wall in [3] exeeedsthe irradiation of the tube for S/d > 2.5, 

The irradiation coefficients from the fin to the tube and from the tube to the tube are quantities of the 
same order which vary between 0.05 and 0.25. In other words, besides radiant heat from the torch, from 
10-50% of the total quantity of heat radiated by the fin and the adjacent tube is incident on an arc of a tube. 
The coefficient of irradiation of the fin from its two adjacent tubes fluctuates between 0.I and 0.2, i.e., 
the fraction of reradiated heat coming to the fin is somewhat lower than for the tubes. 

The question of reverse radiation of the fin to the torch is not examined here under the valid assump- 
tion that the fin temperature is slight compared with the torch temperature. 

Now, let us determine the tube irradiation 4~tube and the fin irradiation ~fin taking account of reradia- 
tion and the emissivity a of the bodies taking part in the heat exchange: 

@tube----- %1 + (1-- afin) %4%1 + (1-- atube ) %~%1, 

~fin---- tPs4 -t- (1-- a tube) qD31~18- "~ (1-- atube ) %~q)~4 

or ,  taking accoun t  of the solut ion p r e s e n t e d  above fo r  the s y s t e m  (1) 

~tube = [1+  (1-- atube) %2] %1 + (1-- afin) q~tp41, (2) 

Ofin= %4 + 2 (1--atube) %1q~1~. 

I t  is  i n t e r e s t i ng  to es tab l i sh  how much the va lues  of  r  and <~fin exceed  the quant i t ies  ~031 and ~%4, 
r e s p e c t i v e l y ,  which a re  usua l ly  taken in computa t ions  in which r e r a d i a t i o n  is neglec ted ,  as  in [4-5],  fo r  
example .  

Le t  us call  x t u b e  = r  and n fin = ~fin/r  the coef f ic ien ts  of an i n c r e a s e  in i r r ad ia t ion .  Then as  

suming  a tube = a fin = a t o r c h ,  we obMin f r o m  (2) 

* I t  is  i n t e r e s t i n g  to note the qual i ta t ive  a g r e e m e n t  be tween the r e s u l t s  and the data  on i r r ad i a t i on  c o e f -  
f ic ien ts  p r e s e n t e d  in [3] fo r  a t o r c h - t u b e - m e t a l  wall  s y s t e m .  

I ;, 
~ - - - - -  ' e s ' e -  -- 

0 I,f ~ r t,r # ~ ~ t,r I /  ~ z,5 /,z /,/ /,3 ~,y a /d  
Fig. 2. Irradiation coefficients: I) b/d = 0.i; 2) 0.2; 3) 0.3; 
4) 0.4; a) from the torch to the tube and fin; b) from the finto 
the tube; c) from the tube to the tube; d) from the tube to the fin. 
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~tube 

~,t t,a ~,5 s/d 
Fig. 3 

, * 

Fig. 3. Values of the coeff icients  r and ~fin: 1) b /d  = 0.10; 2) 0.15; 3) 0.20; 4) 0.25; 5) 0.30; 6) 
0.35; 7) 0.40; 8) 0.10; 9) 0.20; 10) 0.30; 11) 0.40. 

Fig. 4. Rise  in the spreading  coefficient  at  the point 9 /2  of a finned tube (hPn/2) :  1) b / d  = 0.10; 2) 
0.15; 3) 0.20; 4) 0.25; 5) 0.30; 6) 0.35; 7) 0.40; 8)/3 = 1.2; 9) 1.4; 10) 1.6; 11) 1.8. 

r a,z q5 a,r at~ , ~ a Bt 

Fig. 4 

. ( ) ntube= lq..(l__atube ) ~ a x . _  q_ tp~l , 
q~at 

Ufin = 1 -t-2 ( I ~  atorch..) {PaltPx4 

Computat ions ca r r i ed  out have shown that the values  of ~tube depend slightly on S/d. This  is  seen  
f rom the values  of n tube  {Table 1): for  a re la t ive  fin th ickness  of b /d  = 0.2 and for  S/d = 1.1 and S/d = 1.7 
the re la t ive  d i f fe rences  between the magnitudes f luctuates  between 0.5 and 5%. 

Values of the coeff icients  of the inc rease  in i r rad ia t ion  of a tube (arc) can be cons idered  independent 
of the re la t ive  spacing between the tubes.  The values  of the coefficients of the inc rease  in i r rad ia t ion  of 
the fin a re  cha rac t e r i zed  by a dependence on three  p a r a m e t e r s  S/d, b /d ,  a to rc  h. It  follows f r o m  the c o m -  
putations c a r r i e d  out that  for  an emiss iv i ty  a to rc  h > 0.7 re rad ia t ion  i n c r e a s e s  the quantity of incident heat  

by not m o r e  than 7%. Such an i nc rea se  can be cons idered  smal l ,  and taking it  into account has  ve ry  slight 
prac t ica l  effect  on the meta l  t e m p e r a t u r e  of a finned tube. 

F o r  an emiss iv i ty  a to rc  h < 0.7 the quantity of hea t  incident on a tube a r c  i n c r e a s e s  by 10-15% as  
compared  with the incident radiant  heat  of the torch.  Fo r  fins,  pa r t i cu la r ly  thin fins,  this i nc rea se  i s  still 
m o r e  significant.  

The re fo re ,  for  anabsorp t iv i ty  of a torch  <- 0.7 cha r ac t e r i s t i c  for  combust ion conditions of a gas or  
shale ,  say,  the re rad ia t ion  fac tor  should be taken into account  in the cons idered  s y s t e m  of bodies .  

Let  us examine the t e m p e r a t u r e  change at  the fin ve r t ex  as  a function of taking account of the 
re rad ia t ion  fac tor .  

If  it is considered,  as  is  a s s u m e d  in [4, 5], that the heat  dis t r ibut ion on the a r e  under the fin is  uni-  
fo rm,  then by taking account of (2) we obtain that the supplementary ,  i .e . ,  that  obtained because  of r e r a d i a -  
tion, quantity of heat  incident at each point of this a r c  is  

S 
1 . 2 (1 - -  atorc h ) (pal(p14 r ( ~  - -  ~1) qincident-~ qincident(t~ at~ (])tube' (3) q (~ )=  2 

where  

(i)~ub e = J ( J - -  sin ~Pl) 
r (r - -  r 

Let  us de te rmine  the t e m p e r a t u r e  at the v/2 point of the tube which or ig ina tes  f r o m  the calculated 
heat  flux (3). This  can be done by solving the Laplace  equation with the boundary conditions 

~ I -if, q (*)' 
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T A B L E  3. T e m p e r a t u r e  Rise  at  the Fin  Ver tex  Taking 
Account  of the Re rad i a t i on  F a c t o r  

IExcess temperature[Excess temper- ] 
[without reradiation ature with re- 
[taken into accoun@ adiati~ taken [Temperature at~ /oc into account.'C] rise,% 

0,7 48.6 8.5 
0,6 44,8 [ 50,5 13,0 
05 I I 53,3 19.0 

where  q(~) = 0 for  r < $1 and r $2; q(r = qincident  ( 1 - a t o r c  h) ~tube fo r  g'l ~ r -< ~2, 

0_~t 
I = %t. Or r=r inkier 

The method  of solving the equat ion in this  case  is no d i f fe ren t  f r o m  that  e luc ida ted  in [6]. 

However ,  i t  is  hencefor th  m o r e  convenient  to ope ra t e  not with the t e m p e r a t u r e  d i r ec t ly ,  but  with the 
s o - c a l l e d  sp read ing  coef f ic ien t s  g = t / t * ,  w h e r e  t is  the t rue  e x c e s s  t e m p e r a t u r e  of the tube meta l  at the 
given point,  and t* is the e x c e s s  t e m p e r a t u r e  which would o c c u r  at an a r b i t r a r y  point  dur ing  un i fo rm  h e a t -  

ing of  the tube by the hea t  flux q0 = qincident  a t o r c h =  idem,  i .e . ,  

l* -~ atorchqincident ~, 

P e r f o r m i n g  s imple  manipu la t ions ,  we obtain that  the s u p p l e m e n t a r y  quant i ty  of hea t  which is a r e s u l t  
of  r e r a d i a t i o n  by t he rm a l  e n e r g y  at the fin, will  cause  a t e m p e r a t u r e  r i s e  at the ~/2 point  of the tube equal 
to 

1) 
Atnt2 = q0 1-- atorc b q~tube A~tnl2 fl --~ �9 ~ +--~ + , 

atorch 

whe re  in con f i rm i t ywi t h  the de f in i t ionof the  sp read ing  coef f ic ien t  A#~r/2 = At~r/2/t*. (The va lues  of Ctube and 
Ag 7r/2 a re  p r e s e n t e d  in F igs .  3 and 4.) 

The r i s e  in the sp read ing  coef f ic ien t  taking account  of r e r ad i a t i on  is  shown in Table  2. 

F u r t h e r m o r e ,  c o n s i d e r i n g  the d i s t r ibu t ion  of the r e r a d i a t o d  heat  ove r  the fin to be un i fo rm,  we obtain 
that  the s u p p l e m e n t a r y  quant i ty  of heat  is  

d /SJ  (J - -  sin ~pj) Sqinciden t ( 1 - -  at_etch ) = qinc ident ( 1 - -  atorc h ) (I)~i n, 
~& (S - -  d sin ~1) 

whe re  

I ~ *  - -  

fin -- 

(The va lues  of q'fin a re  p r e s e n t e d  in Fig.  3.) 

J ( J - - s i n ~  1) 

% (S/d - -  sin ~1) 

D e t e r m i n i n g  the t e m p e r a t u r e  drop  be tween  the point  7r/2 of  the tube and the ve r t ex  of the fin, as  has  
been  p r o p o s e d  in [5], we obtain,  in our  notat ion,  that  the i n c r e a s e  of the ment ioned  drop  due to r e r a d i a t i o n  
is 

ht~ = qo - -  I-- atorc h 

atorch 
fin2~" ( - ~ +  �9 

In conc lus ion ,  le t  us  p r e s e n t  r e s u l t s  on a computa t ion  of the t e m p e r a t u r e  at  the fin ve r t ex  with r e -  
r ad ia t ion  taken and not taken into account  fo r  the fol lowing p a r a m e t e r s :  S = 48 ram; doute r = 32 mm;  5 
= 6 mm;  b = 8 ram; a2 = 104 k c a l / m  2 " h ' d e g ,  X = 29 k c a l / m  2 .h -deg ,  q0 = a t o r c h q i n c i d e n t  = 1 0 5 k c a l / m  2 
�9 h (Table 3). 
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Considering a t e m p e r a t u r e  r i s e  more  than 5% to be substantial ,  we should a r r i v e  at the deduction 
that for  a to re  h -< 0.7 a computat ion of the t e m p e r a t u r e  field of finned tubes must  be ca r r i ed  out taking ac -  
count of a single re rad ia t ion .  Taking fur ther  account of re rad ia t ion  is  a lmos t  meaningless  since it will not 
r e su l t  in a noticeable t e m p e r a t u r e  r i s e .  

~b i and ~b 2 
rou te r  
q(r 

qincident 
cr 2 

H 
b 

N O T A T I O N  

angles  of fin and tube junction, rad; 
outer  tube radius ,  m; 
heat  flux dis t r ibut ion function in the tube; 
specif ic  incident heat  flux, k o a l / m  2 "h; 
coeff icient  of heat  exchange f r o m  the wall to the medium flowing in the tube, k e a l / m  2 "h .dog; 
coefficient  of heat  conduction, k e a l / m . h  .deg; 
tube wall  th ickness ,  m; 
total fin height,  m; 
fin th ickness ,  m. 

1. 

2. 
3. 
4. 
5. 
6. 
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