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An account is given of a method of calculating heat transfer in equip- 
merit with three heat transfer agents under conditions of variable heat 
transfer coefficients and surfaces, 

In i n d u s t r y  t h e r e  a r e  v a r i o u s  f o r m s  of equ ipment  
in which t h r e e  hea t  t r a n s f e r  agents  p l ay  a p a r t  in 
hea t  t r a n s f e r .  Such equ ipment  i s  used ,  in p a r t i c u l a r ,  
in c a s e s  where  mix ing  of the agents  i s  not a l l owab le ,  
due to the p o s s i b i l i t y  of u n d e s i r a b l e  c h e m i c a l  r e a c -  
t ions  o r  to the dange r  of exp los ion  [1], when hea t  
t r a n s f e r  t akes  p lace  be tween  two agen t s ,  with hea t  
l o s s  to the s u r r o u n d i n g  m e d i u m  [2], when an i n t e r -  
m e d i a t e  agent  is  used  in v a r i o u s  t e c h n i c a l  p r o c e s s e s  
[3], and dur ing  the f i r i ng  of m a t e r i a l s  in the d i s p e r s e  
s t a t e  [4]. 

An ana ly t i c a l  so lu t ion  has  been  g iven  in [1 ,2 ,  5, 9]. 
In these  p a p e r s  the a s s u m p t i o n  i s  m a d e  that  the  hea t  
t r a n s f e r  coef f i c ien t s  and s u r f a c e s  a r e  cons tan t ,  which 
i s  j u s t i f i ed  in a n u m b e r  of c a s e s .  However ,  if a d i s -  
p e r s e  m a t e r i a l  p l ays  a p a r t  in the  hea t  t r a n s f e r ,  fo r  
e x a m p l e ,  in  pneumat i c  t r a n s p o r t  equ ipment ,  the hea t  
t r a n s f e r  s u r f a c e  is  a v a r i a b l e  quant i ty .  An e x a m p l e  is  
t h e  equ ipment  i l l u s t r a t e d  in the f i gu re .  

The gas  and the f ine ly  d iv ided  m a t e r i a l  a r e  moving 
v e r t i c a l l y  upward,  while  the l a r g e r  p a r t i c l e s  move  
in the oppos i te  d i r e c t i o n  (a). Motion of a l l  t h r e e  agen t s  
in one d i r e c t i o n  is p o s s i b l e  (b). It is  we l l  known tha t  in 
in th is  c a s e  both the hea t  t r a n s f e r  s u r f a c e  and the c o e f -  
f i c ien t  a r e  funct ions  of the coo rd ina t e  x. 

F o r  the hea t  t r a n s f e r  p r o c e s s  r e p r e s e n t e d  in the  
f i gu re ,  the s y s t e m  of equat ions  fo r  z e r o - g r a d i e n t  h e a t -  
ing of the  p a r t i c l e s  has  the f o r m  

a~ ( t ' - - t " ) d F ~ - = - - ~ ( t ' - - t ' " ) d F 3 ,  (1) 
W1 

dr" -- c~2 ( t ' - - f )  dF2, (2) 
W~ 

% - -  t ' " )  at"' = -7- ~ (t' dF3. (3) 

The uppe r  s ign  in (3) and in a l l  the fo l lowing e x p r e s -  
s ions  c o r r e s p o n d s  to the s c h e m e  of (a), and the l ower  
s ign  to that  of (b). 

In t h e s e  equa t ions  the hea t  t r a n s f e r  coe f f i c i en t s  
(~2 and ~3 a r e  funct ions  of the  s u r f a c e s  F 2 and F~,  
r e s p e c t i v e l y .  

Since the hea t  t r a n s f e r  coe f f i c i en t  depends  on the 
r e l a t i v e  v e l o c i t y  of the gas  and the m a t e r i a l ,  the  m a x i -  
mum va lues  of the coe f f i c i en t s  a2 i  and c~ i  wi l l  be at  
the in i t i a l  s ec t i on  of the equ ipment  (F 2 ix=0 = 0). 

A p r e l i m i n a r y  a n a l y s i s  showed tha t  the  v a r i a t i o n  
of hea t  t r a n s f e r  coef f i c ien t  with the c o o r d i n a t e  x m a y  
be r e p r e s e n t e d  in the f o r m  of the  fo l lowing  r e l a t i o n s :  

a 2 =  a2iexp(--c2F2) , % = %iexp(--c3F2). (4) 

It should be noted that  in a c e r t a i n  r ange  r e l a t i o n s  (4) 
a p p r o x i m a t e  even to a l i n e a r  v a r i a t i o n  of hea t  t r a n s f e r  
coe f f i c i en t s ,  with suf f ic ien t  a c c u r a c y .  
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Motion of the  hea t  t r a n s f e r  agents ;  
I) gas ;  II) f i ne ly  d iv ided  m a t e r i a l s ;  

III) c o a r s e  p a r t i c l e s .  

As has  been  men t ioned ,  the  hea t  t r a n s f e r  s u r f a c e s  
a l so  change with change  of x, and then the r e l a t i o n  
be tween  t hem m a y  be r e p r e s e n t e d  in the  l i n e a r  f o r m  

F3 = bF2. (5) 

We shall introduce the following notation: 

t ' " 'P 

o '  ( t  - -  t i ) / ( t i - -  t~i); (6) 
O t t  ~ t r  �9 , n , 

(t --  t,i)/(t i --  !i), (7) 

o"" = q " ' -  - (8) 

a2i F~= X; (9) 
WI 

a2i dF3 [3. (10) 
a3i dF~ 

Allowing  fo r  (6) - (10) ,  s y s t e m  (1)-(3)  t akes  the fo rm 

dO'  
-- (O' - -  O") exp (- -  c~X) - -  

dX  

- -  [3 ( 0 ' - -  O"') exp (_L coX), (11) 

dO" 
= Rx2 (0' - -  O") exp ( - -  c4X); (12) 

d X  

dO ' "  
--  + ~ R13 (0' - -  0" ' )  exp (- -  csX). (13) 

d X  
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Here  

C a ~ 5' 2 - - ~  C 5 ~ C a - -  

W1 

a2  i 

Solut ions  of s y s t e m  (11)- (13) ,wi th  r e s p e c t  to | 
l e a d s ,  a f t e r  some  t r a n s f o r m a t i o n s ,  to the fol lowing 
equa t ions :  

d 3 O" 
- -  -Y- [A exp (--csX) + B exp ( - -  caX) + C] X 

d X  a 

d~ 0 ~ 
• -d -~7 t  - {Dexp[--(caWcs)Xl+ 

d0"  = 0 ,  (14) + c5 B exp ( - -  r + ca A exp ( - -  csX) + L } dX 

where  

A-=[~(R~ ~ 1); B = ~ ( I + R I ~ ) ;  C---= ~ ( c a +  ~c4); 

O = [~RI~Rla (1 T- R~I + R~I); L = ~ c4(c~ + c4). 

By means  of the  subs t i tu t ion  

dO" 
Y = (15) 

dX 
Eq. (14) i s  r educed  to the f o r m  

d2y 
Pl (X) ~ ~ Ol (X) Y = 0, (16) 

dX 2 a A  

where  Pl(X) and Qt(X) a r e  the  coe f f i c i en t s  of d2| 2 
and d| r e s p e c t i v e l y .  

Le t  us f o r m u l a t e  the bounda ry  cond i t ions .  
The f i r s t  e s t a b l i s h e s  the  va lue  of the  t e m p e r a t u r e  

of agent  II in the in i t i a l  s ec t ion  

t"[~=0 = t~ o r  f r o m  (7) O"lx=0 = - -  1, (17) 

We obta in  the second  bounda ry  condi t ion  f r o m  (12), 

dO" 
dX x=0 = Rlz o r  Y[x=0 = Ri~. (18) 

Boundary  condi t ions  (17) and (18) a r e  va l id  fo r  both 
c a s e s .  F r o m  (13) we obta in  

dO" 
O' = - -  R~I exp (c4X) + 0". (19) 

dX 

Subs t i tu t ing  (19) into (11), we obta in  

d 2 O" d 0" 
= - -  [c4 + Ru exp ( - -  c4X)] -- RI~ exp (--2c~X) • 

dX ~ dX 

• (O'_O")--~R12exp[--(c~+cs)X](O'--O"') .  (20) 

Hence we obta in  for  the coun te r f low c a s e  (a) 

dYdx Ix=o --  dUO"dX ~ x~0 = R12 (~Of" - -  ca - -  R12 - -  1), (21) 

and fo r  the d i r e c t - f l o w  c a s e  (b) 

dxdY lx=o = d2dX *O'[]x=o = R~ (~O'i' - -  c4 - -  R~ - -  1). (21a) 

We sha l l  s e e k  a so lu t ion  of (16) in the f o r m  of a power  
s e r i e s  

Y = ~ snX". (22) 
~ 0  

Accord ing  to Cauchy ' s  t h e o r e m  [6], s i nce  the c o e f -  
f i c i en t s  of the f i r s t  and second d e r i v a t i v e s  in (14) do 
not have s i n g u l a r  points ,  the s e r i e s  (22) c o n v e r g e s  
fo r  any X. 

We r e p r e s e n t  the coef f i c ien t s  of the  d e r i v a t i v e s  in 
(14) in the f o r m  of the fol lowing s e r i e s :  

P~ (X) = C + A exp (-- csX) + B exp (-- caX)= 

= c + (Ac r + Bc~) ~ ( - -  1) '~ = 
m~O 

= a o+ ~ a~X ~, (23) 
m~l 

where  

ao = A + B  + C; 

where  

a,, = (Acr~ + Bc'~) ~ (-- 1)m ; (23a) 
mY 

Q1 (X) =.L + D exp [- -  (c4 + c5) X] + 

+ c5 B exp ( - -  c4X) + c4A exp (--csX) = 

= L + ~ [D (c4 + cs) "n + csBc~' + 
tn~O 

m X m ~,  
+ c4Ac5 ] ~ ( - -  1) m --" bo + brn X m, (24) 

m=l 

bo = L + D + csB + c~A; 

b,~ -= [D (c4 + ca) ~ + c5Bc'2 + c4Ac~l ( -  1)m (24a) 
m! 

The s e r i e s  (23) and (24) a r e  a b s o l u t e l y  convergen t .  
As  is wel l  known, the g e n e r a l  so lu t ion  of (16) has  

the f o r m  

Y -= C1Y1 + C~Y~. (25) 

By subs t i tu t ing  (22)-(24) into (16) and d e t e r m i n i n g  the 
coe f f i c i en t s  s n of (22) by  the method  of u n d e t e r m i n e d  
coe f f i c i en t s ,  under  the fo l lowing c o n s t r a i n t s :  

Y~lx~o = 1, v?x=o  = o, 

Y21x=o = 0, Y'~lx=o --= 1, (26) 

we find p a r t i c u l a r  so lu t ions  Y1 and Y2 of (25). The 
cons tan t s  of i n t e g r a t i o n  C 1 and C2 a r e  d e t e r m i n e d  
f r o m  (25) with b o u n d a r y  condi t ions  (18) and (21), and 
(21a) with account  fo r  (22), r e s p e c t i v e l y ,  

C1 = Rx2. (27) 

F o r  the coun te r f low c a s e  

c~ -- R,~ (~o~ ' - -  c , - -  RI~--  1), (27a) 

and fo r  p a r a l l e l - f l o w  

Q = R~ (~0~"-- c, - R ~ - -  1). (27b ) 
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We thus obta in  

Y =  C1 s(,,')Xn--} - C 2 V s(~2)X n. (28) z.~ 
n = O  n ~ O  

A c c o r d i n g  to (15), by  in t eg ra t ing  (28), we find an e x -  
p r e s s i o n  fo r  | 

X~+I r g n - } -  I 

@" C1 E s~l) . . . . . . . .  "4", C~Estn2) ~--@---+C=, (29) 
n + l  n + l  

n~O n =O  

w h e r e  Cs is d e t e r m i n e d  f rom boundary  condi t ions  (17), 

C3 = -  1 .  ( 3 0 )  

The coe f f i c i en t s  in (29) w e r e  d e t e r m i n e d  by the m e -  
thod d e s c r i b e d  above,  and a r e  equal ,  r e s p e c t i v e l y ,  to 

s(0 ') = 1, s(0 2~ = 0, 

s~ '~=0, sl 2 ~ = 1 ,  

n 

AI),(2) l I ~ i s z a n _ i . .  F 
~n+l = - n ( n + l )  -~ 

n - - I  

+ E sib~'-(i+')] 'a= I, 2, 3... (31) 
] = i - - J  

F o r  X _< 0.5 the s e r i e s  in  (29) conve rge  qu i te  r a -  
p id l y ,  and it is  suf f ic ien t  to t ake  only the f i r s t  few 
t e r m s .  

If X > 0.5, we m a y  r e p l a c e  X in (29) by  X - X0, 
whe re  X - X 0 --< 0.5. In th is  c a s e  a l l  the  fo rego ing  
a r g u m e n t s  r e m a i n  in fo r ce ,  only the  r e f e r e n c e  point  
be ing  changed.  

It should be noted that  to obta in  enhanced  hea t  t r a n s -  
f e r  in the we igh t l e s s  s t a t e ,  t h e r e  has  been  a t endency  
r e c e n t l y  to bui ld  equ ipment  in which s o - c a l l e d  a c c e l e r -  
a t ion  s ec t i ons  [8] a r e  inc luded.  As a ru le ,  the ex ten t  
of the e f fec t ive  p a r t  of t h e s e  is  s m a l l ,  and,  in p r a c -  
t i ce ,  in the m a j o r i t y  of c a s e s  X _< 0.5. The g r e a t e s t  
change in hea t  t r a n s f e r  coef f i c ien t  a o c c u r s  in the 
a c c e l e r a t i o n  s ec t i ons ,  and neg lec t  of th is  change in 

m a y  lead  to subs t an t i a l  e r r o r s .  
F r o m  (12), a l lowing for  (15), we ob ta in  an e x p r e s -  

s ion  for  d e t e r m i n i n g  the d i m e n s i o n l e s s  t e m p e r a t u r e s  
of the g a s e s  

O' = 0" + YR21 exp (c4X). (32) 

The d i m e n s i o n l e s s  t e m p e r a t u r e  of agen t  III is  d e t e r -  
mined  f r o m  (11), 

0" '  O' 1 exp(csX) dO'  + 
= + ~ dX  

1 
+ - -  exp [(c5 ~ c4) X] (0'  - -  0").  (33) 

By substituting the value of dO'/cLX from (32) into (33), 
and taking account of (15) and (28), we obtain, after 
some transformations, 

0" '  = O' + {Y[I + R21c4exp(c4X)] + 

+ R .  expIc, X) (c~  n s (n I) X , - I +  
k 

n_--~l 

+ c, ~ ns# ~ x"-" ) + 
n ~  1 

+ exp ( - -  c4X) (0' - -  0")} ~ exp (csX). (34) 

F o r  the coun te r f low ca se  the va lue  of @~' a p p e a r i n g  in 
(29), (32), and (34) m a y  be d e t e r m i n e d ,  b e c a u s e  of 
(27a), as  fo l lows .  

The hea t  ba l ance  equat ions  for  the v a r i a n t  of hea t  
agent  mot ion  in ques t ion  (counterf low) has  the f o r m  

ti - t'~ = - R~, (t~ - 0 - ~ , ( t ; ' -  t}"). (35) 
Going over to dimensionless quantities according to 
relations (6)-(8), and making certain transformations, 
we obtain from (35) 

O f " =  O~" - -  R,3 0 }  - -  R=,R13 (1 + Of), (36) 

whe re  

o~'" = ( t / ' -  O / ( t ~ -  O. 
! 

Subs t i tu t ing  Into (36) the va lue s  of | and Of f r o m  (29) f 
and (32) with X = Xf, and expanding  the r e s u l t i n g  equa l i ty  
with r e s p e c t  to | we obta in  

Of  = OI"--R~,(I+R,,) s. n-+:l 
n ~ 0  

--RRI~(1 +R~) ~ s~ ~) X}+' + 
n + l  

r t=0  

+ R~3 --R~3 exp (c4Xf) E s(~l)X~ - -  
n = 0  

whe re  

~ ( 2 ) v n  ~ 
- - R R ~ l R 1 3  exp(c4Xf) ~ ~ f j  • 

n = 0  

�9 n + l  
r t~0  

.(2) y n l  
�9 + R,3 [3 exp(c,Xf) . . . .  f j  , 

t~0  

~ +  

(37) 

R = - -  R~ (c4 + RI~- I" I). 

By way of e x a m p l e ,  we sha l l  e xa mine  a hea t  e x -  
change  equ ipmen t  in which the mot ion  of the hea t  t r a n s -  
f e r  agent  c o r r e s p o n d s  to s c h e m e  (a), i t  be ing  the c a s e  

! ?T ! 1ff ?1 ?Tt 

tha t  t i > t i ,  t i > t i ,  t i = t i .  Suppose  tha t  we a r e  r e -  
q u i r e d  to d e t e r m i n e  the f ina l  t e m p e r a t u r e s  of agents  
I and II, g iven  tha t  R12 = 2.65; R13 = 1; c 4 = c 5 = 0.7; 

~?! ?? IT? 
f i = 2 ; X =  0 . 1 ; O i  = - l ; t  i = 4 0 0  ~ C ; t  i - t  i = 2 0  ~ C. 

F r o m  (23a) and (24a) we d e t e r m i n e  a m and bin,  
t ak ing  into account  the no ta t ion  of (14), 

a o = - - 5 . 7 4 ;  a 1=2 .6 ;  a 2 = - 0 . 9 1 ;  a 3=0 .21;  

b 0 = - - 1 . 6 ;  b l = - - l ;  b~= 1.35; b3=- -0 .78 .  

A c c o r d i n g  to (31) 

s~1)=1; s l i ) = 0 ;  s ~ ' ) = - - 0 . 8 ;  s(~')= 1.37; 

s(o2)=0; si2)= 1; s~2)=- -2 .9 ;  s~m=5.7. 
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t .  
F r o m  (37) we find | = -0 .83 .  
F r o m  (30), (27), and (27a) we d e t e r m i n e  

C a = - -  1; C1=2.64;  C 2 = - - 1 5 . 8 .  

F r o m  (29) 

0" x=0,1 = ~ 0.8. 

F r o m  (32), t ak ing  into account  (28), 

O'lx=o.l -- - -  0.25. 

F r o m  r e l a t i o n s  (6)-(8) ,  the f inal  t e m p e r a t u r e s  of 
agen t s  ~, II, and III a r e  equal ,  r e s p e c t i v e l y ,  to 

= 3 o 5 ~  = 95~  t f "  = 8 5  ~ 

T h e r e  i s  c o n s i d e r a b l e  p r a c t i c a l  i n t e r e s t  in the  c a s e  
of hea t  t r a n s f e r  be tween two heat  t r a n s f e r  agents  with 
a su r round ing  med ium at cons tan t  t e m p e r a t u r e ,  i . e . ,  
w h e r e  l o s s e s  m u s t  be taken  into account .  If tb ~ s u r -  
rounding med ium is  the t h i rd  agent ,  i t  is  c l e a r  tha t  
R 1 3 ~  0. Then,  i n s t ead  of (11)-(13) ,  we have the f o l -  
lowing s y s t e m  of equa t ions :  

dO' (0'  - -  0") exp(--c4X) - -  ~ (0' - -  0r ), 
dX 

where  

dO" 
dX 

----- �9 R~2 (O' - -  0") exp ( - -  c,X), 

dO" 
, ~  0 ,  

dX 

(38) 

(39) 

(4o) 

k 
13-= b. 

Ct2i 

As before, the upper sign here refers to counterflow, 
and the lower to parallel flow. 

From (38)-(40) we obtain 

d ~ 0" dO" 
dX----;- + & (X) ~ + q~ (X) O" = R (X), 

where  fo r  p a r a l l e l  flow 

P2 (X) --  c4 + [~ + (1 + R~2) exp (- -  c4X), 

q~ (x)  = 13 R,2 exp ( - -  c,X); 

(41) 

fo r  counte r f low 

P2 (X) = c~ + [~ + (1 - -  R~2) exp ( - -  c~X), 
q~ (x) = - -  ~ R~ exp (-- c,X); 

and fo r  both c a s e s  

R (X) = [3 R~2 O:" exp ( - -  c4X). 

Let  us w r i t e  down the bounda ry  condi t ions .  F r o m  
(7) the f i r s t  bounda ry  condi t ion  is for  p a r a l l e l  flow 

O"lx=o = - -  1, (42) 

fo r  coun te r f low 

O"lx=o = O'f. (43) 

We obta in  a second  bounda ry  condi t ion  f r o m  (39), fo r  
p a r a l l e l  f low 

dO" I �9 = R12, (44) 
dX x=o 

for counter f low 

dO"dX lx=o = R~2 0~. (45) 

We s e e k  a so lu t ion  of (41) in the fo rm of a p a r t i c -  
u l a r  i n t eg ra l  which wil l  s a t i s f y  condi t ions  (42)-(45).  
In the  s a m e  way as  before ,  we may  r e p r e s e n t  th is  
solut ion in power  s e r i e s  fo rm,  

O " =  ' ~  s~X n. (46) 
n~0  

The coef f i c ien t s  Pz (X), Qz (X) and the f r e e  t e r m  
R(X), a f te r  the  expans ion  in s e r i e s ,  take  the fol lowing 
fo rm:  

oo 

p ~ ( X ) = A + B e x p ( _ _ c 4 X ) = A + B  E c"~ (--1) mXm= 

m=0 

oo 

= ao + E a~X", (47) 
rn=l  

whe re  

r 
a o = A + B ,  a . , = B ~ ( - - 1 )  ~, 

A = c 4 + [ ~ ,  B = I  ~Rlz ,  

02 (X) = -T- ~ R~2 exp ( - -  c4X) = 

= ~ : ~ R I ~  - - c ~ '  ( - -1 )  ~Xm _ _T~b,~Xm ' 
m l  

ra~0 m=0 

where  

whe re  

(48) 

c? 
bm=~&2 ~. (--1)",, 

R (X) = ~ R~2 0~" exp ( - -  c4X) = 

= ~R120'c" X c~n ( -  1)mXm = d,,X m, (49) 
m l  

m=0  t r~0  

,,, C m 
d.~ = ~ o ~  ~ (-- 1)~. 

The s e r i e s  (46)-(49) a r e  a b s o l u t e l y  conve rgen t  fo r  
c 4 > 0. By subs t i tu t ing  (46)-(49) into the o r i g i n a l e q u a -  
t ion (41) and d e t e r m i n e d  the coef f i c ien t s  s n by the 
method of u n d e t e r m i n e d  coe f f i c i en t s ,  we f ind the 
va lues  for  a l l  the s n. The coef f i c ien t s  s o and s 1 a r e  
d e t e r m i n e d  f r o m  (46) on the b a s i s  of the  bounda ry  
condi t ions  (42-(45).  

Thus,  we obta in ,  for  p a r a l l e l  f low 

So ~ - -  l, sl ---- R12, (50) 

fo r  coun te r f low 

So --  o~-, s, = R I ~ o ~ .  (51) 

The r e m a i n i n g  coe f f i c i en t s  a r e  d e t e r m i n e d  f r o m  the 
f o r m u l a  

, [ 
S..+I = n ( n + l )  dn-l  

n n--I 

- -E i s i an - - i - -  ~ S ] b n _ ( ] + l ) ]  , n = 1 , 2 , 3 . . .  (52) 
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As be fo re ,  fo r  X _> 0.5, it is convenient  to r ep l ace  X 
in the solut ion (46) by X - X0, it  be ing r e q u i r e d  that 

X - Xo <_0.5. 
From (39) we have 

dO" 
O' = @" ~ R21 exp (c4X) - -  (53) 

dX 

Subst i tut ing the value  of d| f r o m  (46) into (53), 
we obtain an e x p r e s s i o n  for  the d i m e n s i o n l e s s  t e m -  
p e r a t u r e s  of the gases 

c~ 

O' = O" -T- R21 exp (c4X) ~ nsnX n-1. (54) 
n : l  

F o r  the counter f low case ,  when t~' = t i ,  which o c c u r s  
in the m a j o r i t y  of p r a c t i c a l  c a s e s ,  it fo l lows f r o m  (8) 
that O c' = -1 ,  and thus, acco rd ing  to (48) and (49), 

tbml = Idmi. 
As is c l e a r  f r o m  what has been  sa id ,  the equat ions  

obtained a r e  used  to d e t e r m i n e  the t e m p e r a t u r e s  of 

heat  t r a n s f e r  agents  when the heat  t r a n s f e r  coe f f i c i en t s  
and su r f ace  a r e a s  a r e  known. The  i n v e r s e  p r o b l e m  is 
poss ib le ,  however ,  if  the t e m p e r a t u r e  is known, then, 
for  g iven heat  t r a n s f e r  coef f ic ien ts ,  we may  d e t e r m i n e  
the heat  t r a n s f e r  a rea ,  while,  for  a g iven  heat  t r a n s -  
fe r  a rea ,  we may d e t e r m i n e  the loca l  hea t  t r a n s f e r  
coeff ic ient .  In the l a t t e r  cases ,  however ,  the m a t t e r  
of finding the d e s i r e d  va lues  r e d u c e s  to solut ion of a 
t r anscenden t a l  equation, and it is  t h e r e f o r e  convenien t  
to c a r r y  out the d e t e r m i n a t i o n  f r o m  tab les  or  a nomo-  

g r a m .  

NOTATION 

c is the an empirical coefficient; F is the heat 

transfer surface area; k is the overall heat transfer 

coefficient; R12 = Wl/W2, RI~= WI/W 3 are the ratios 
of water equivalents; t is the temperature heat trans- 
fer agents; W is the water equivalent; ~ is the heat 

transfer coefficient. Subscripts: i, 2, 3, and also 

single prime, double prime, and triple prime cor- 
respond to the first, second, and third heat transfer 
agents; i and f are the initial and final values of the 
quantities; c indicates that the quantity is constant. 
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