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An analytical method is developed for the solution of internal problems 
of nonsteady heat transfer for the laminar flow of a fluid through tubes 
exhibiting various perpendicular cross sections. The method is based 
on the combined application of integral transformations and variational 
calculus. Transient processes are studied for the nonsteady heat trans- 
fer in circular tubes and in plane-parallel channels, when the tem- 
perature at the inlet varies according to a specified law. 

P a r t i c u l a r l y  for  p u r p o s e s  of au tomat ic  control ,  con- 
t e m p o r a r y  engineer ing  p r o c e d u r e s  cal l  for  the ca l cu -  
la t ion of nonsteady heat  t r a n s f e r  in the flow of f luids 
through tubes (channels) of d i v e r s e  g e o m e t r i c  shapes  
in pe rpend i cu l a r  c r o s s  sect ion.  With the development  
of a tomic  energy ,  i n c r e a s i n g  at tent ion is cu r r en t l y  
being devoted to the study of the t r ans i en t  p r o c e s s e s  
in the nonsteady r e g i m e  found in heat  exchangers .  

The author of [4] d e s c r i b e s  the theo re t i ca l  i nves t i -  
gation of the nonsteady p r o b l e m s  of convect ive energy  
t r a n s f e r  within a c i r c u l a r  tube and in a p l a n e - p a r a l l e l  
channel for a l a m i n a r  hydrodynamica l ly  s t ab i l i zed  
flow of an i n c o m p r e s s i b l e  fluid for the ease  in which 
the d i s s ipa t ion  of energy  and the axia l  heat  conduction 
a r e  neglec ted  in the energy  equat ions.  The p r o b l e m s  
a r e  solved for  constant  t e m p e r a t u r e  r e g i m e s  at both 
the in le t  and at the wal l s  of the tube: 

In this  pape r  we wil l  deal  with the m o r e  gene ra l  
t h r e e - d i m e n s i o n a l  p r o b l e m  of the l im ina r  flow of an 
i n c o m p r e s s i b l e  fluid in tubes of a r b i t r a r y  c r o s s  s e c -  
tion, when the t e m p e r a t u r e  of the fluid at  the in le t  
v a r i e s  with t ime accord ing  to a spec i f i ed  law, andwhen 
the t e m p e r a t u r e  of the wall  v a r i e s  along the length of 
the tube. The boundary-va lue  p r o b l e m  is in i t i a l ly  
solved in gene ra l  fo rm,  and then we cons ide r  a num-  
b e t  of spec ia l  p r o b l e m s  for  spec i f ic  t e m p e r a t u r e  r e -  
g imes  at the in le t  and at the wal ls .  Ana ly t i ca l ly ,  the 
method is based on the combined appl ica t ion  of two 
con t empora ry  appa ra tu se s  of appl ied  m a t h e m a t i c s - - i n -  
t eg ra l  t r a n s f o r m a t i o n s  and va r i a t i ona l  methods .  This  
method exhibi ts  a number  of advantages  r e l a t i v e  to 
the o ther  ana ly t ica l  methods  of so lv ing  the in te rna l  
p r o b l e m s  of convect ive  heat  t r a n s f e r  which a r e  known 
in the l i t e r a t u r e .  

In [3] this  method is used to solve  the in te rna l  p r o b -  
l e m s  of convect ive  heat  t r a n s f e r  for  the s t e a d y - s t a t e  
r eg ime ,  

The energy  equation for  an i n c o m p r e s s i b l e  flow 
in a tube with a l a t e r a l  c r o s s  sec t ion  D, and a lso  the 
in i t ia l  and boundary condit ions for  c e r t a i n  a s s u m p -  
t ions,  a r e  wr i t t en  in the fo rm 

OT OT (O~T O~T 1 
- = a  47 + ot +w(x,v) Oz ~ ~ !  

@ ~ D i s s . e k t  ( 0w 0w ) 
c 7 Ox ' Oy , ' (1) 

[T(x, y, z, t)]t=o=f(x,  y, z ) = T o = c o n s t ,  (2) 

[r(x, v, ~, t)]~0 = ~  (t), 

IT(x, y, z, t ) ] r =  r t) 

(x, y6D, 0<z<oo), (3) 

where F is the side surface of a cylindrical tube whose 
generatrix is parallel to the z-axis. 

Let 

~*(x, V, s, p ) =  

f'~ T(x,  g, z, t ) exp[ - - (p t  +sz)ldtdz. (4) 
o o  

Afte r  applying a double Lap lace  t r a n s f o r m  with r e s p e c t  
to t ime  t and the coord ina te  z to Eq. (1), taking into 
cons ide ra t ion  condit ions (2) and (3), we obtain 

~ ~ -  + - N o  ] - [p + ~ , ( x ,  y)] f ,  (x, v, ~,p)+ 

+ ~* (x, v, s, p) = o, (5) 

where  

O* (x, y, s, p) = pT o 47 sw (x, y) -~ (p) + ~ Diss. Fkt. 
cy  

F o r  the t r a n s f o r m e d  energy  equation (5) we obtain 
the fol lowing boundary condit ions in the reg ion  of L a -  

Values  of the Coeff ic ients  ilk, 7u, and c~ k and of the Func t ions  
~r - -  * *  

g0k(~) and go k (~) 

~ v~ % �9 ~ (~) �9 ~* (~) 

5.782 

30.718 

113.494 

3.314 

47,878 

322.410 

0,791 

0.644 

0,321 

1.601--2.310~2+ 
-}-0,818~4--0.109~ 6 
--1,016--6.810~ 2~ 
--9,794~4-}-4.00~ e 
0.653--8.273~2-~ - 

-t-20.263~a--12.643~ e 

1.464--2,612~z+ 
+1.591~4---0.44~ 6 

--0.707 + 5,999~ + 
+9,588~a-1-4,282~6 
0.335--5.117~2 ,@ 

-t-8.801 ~4__4.019;r 



JOURNAL OF ENGINEERING PHYSICS 279 

2LU__! l! 

0 0.2 ,,4 0.6 aO ~0 

b \ 

0 0.2 

I . . . .  

r 

o o 2 

] 

X=O.OO 

,0,07. 

0.10 

I 0.I~, 
LO.2O, 
0.30,l, ao.O 

0.4 0,6 a,6' F0 

Fig. 1. Comparison of heat fluxes at unsteady-state heat transfer 
with unsteady-state thermal conductivity (a) and change in un- 
steady heat flux on circular tube surface under transient conditions 
(b): a) 1-results of present study; 2-solution for thermal conduc- 
tivity; 3-according to data of [4]; b) 1-according to formula (25); 

2-according to [4]. 
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Fig. 2. Change in local Nus- 
selt number in circular tube. 
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Fig. 3. Change in heat flux at the wall 
for a linear temperature variation at the 

inlet. 
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place t r a n s f o r m s :  

['F* (x, g, s, p)] r -= ~w (S, p). (6) 

We will  seek  the solut ion of the boundary -va lue  p r o b -  
l em (5) and (6) with the Bubnov-Gale rk in  va r i a t iona l  

! 
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o o2 0~4 0.6 08 g o 

Fig,  4. Heat  t r a n s f e r  f rom slot  chan-  
nel  wai l s  in the ease  of :energy  d i s s i -  
pation: 1 )X  = 0.005; 2 )0 .1 ;  3 )0 .2 ;  

4) 0.4; 5) 0.8. 

method [1]. Le t  us a s s u m e  that we have se l ec t ed  a 
s y s t e m  of coord ina te  functions 

~,(x,  g), ~2(x, g) . . . . .  ~ ( x ,  g), (7) 

sa t i s fy ing  ze ro  boundary condi t ions ,  i . e . ,  

[,~(x, g ) J r = 0  ( k = l ,  2, ..., n). 

The approx ima te  value of ,the function T* (x ,y ,  s ,p)  is  
de t e rmined  in a f ami ly  of functions of the fo rm 

n , 

~;(~, v, ~, p)= ~ ,  (s, p)+ ~ a;(~, p),~ (x, y). (8) 
k = l  

Let  us find the d i s c r e p a n c y  for  Eq. (5) when T* = 
T~(x,  y, s, p), 

e.[a~(s, p) . . . . .  a~(s, p), x, g] = 

(o ~ ~: a~ ~; ~ [p + s~ (,, y)] ~, 
= a \  Ox ~ + Oy ~ ] - -  . ~+-0 ' ,  (9) 

which is  d i f ferent  f rom ze ro  in region  D, 
The coeff ic ients  a~( s ,p )  for  which d i s c r e p a n c y  (9) 

exhibi ts  the l e a s t  devia t ion  f rom ze ro  for  al l  va lues  of 
x and y f rom the reg ion  D, accord ing  to the Bubnov- 
Ga le rk in  method,  is  de t e rmined  f rom the fol lowing 
sys t em [1]: 

j'S ~ # ; ( ~ ,  p), ~;(s, p) . . . . .  ~;(s,  p), x, ~1 x 
D 

o r  

X ~n (x, g) dxdg = 0 

• (Amk + B,,~p 4- C,nks)a*~ (s, p) = D,~ 
k=l 

(m = 1, 2 . . . . .  n), 

where  

Ox 2 ~ ] ~rn (x, y) dxdg, 
D 

(lO) 

S ~ ~.~k dxdg = Bmk, 
D 

C,~ = 50 S w (x, g) ~k~.~ dxdg, 

Dm= f;O*(x, g, s: p),mdxdg. (11) 
D 

Having de t e rmine d  the coeff ic ients  a~(s,  p) f rom 
s y s t e m  (10) and c r o s s i n g  over  to the p r e i m a g e  reg ion  
f rom images  (8), we obtain a solut ion for the bas ic  
p r o b l e m  in the fo rm 

T.(x, y, z, t)=q~w(Z, t)+ ~ ak(z, t)%(x, U). (12) 

This  r e p r e s e n t s  the f o r m a l  d e s c r i p t i o n  of the combined 
appl ica t ion  of the double in teg ra l  Lap lace  t r a n s f o r m s  
and the va r i a t iona l  methods  to the p r o b l e m s  of convec-  
t ive heat  t r a n s f e r  in nons teady r e g i m e s .  I t  should be 
pointed out that the s t ab i l i zed  f ield of ve loc i t i e s  w(x, 
v) is  a s sume d  to be known. 

Le t  us cons ide r  c e r t a i n  spec ia l  p r o b l e m s  of heat  
t r ans f e r .  

1. Heat t r a n s f e r  in a c i r c u l a r  tube. 
If we neglec t  the function of the d i s s ipa t ion  of the 

heat  of f r ic t ion ,  the energy  equation has the fo rm 

- o - 7 - '  Oz r or \ ~;-r l" (13) 

Subst i tut ing the H a g e n - P o i s e u i l l e  equation 

o , r ,  = 

and in t roducing the d i m e n s i o n l e s s  v a r i a b I e s  

tv  I z r 
= F o - -  R ~pr ' X -  RePr R '  ~ -  R '  

we obtain 

_ _  OT aT 1 0 . ~ . (14) 

Let  us study heat  t r a n s f e r  for  constant  boundary 
condit ions:  

[~. (~, x,  ~)]~=o = To, 

[r(~, x,  ~)]x=0 = To, (15) 

[T(~, X, , ) l~= ,= rw ,  ( ~  (16) 

The boundary p rob l e m (14)-(16) in the L a p l a c e -  
t r a n s f o r m  reg ion  is brought  to the fo rm 

d I ~ * \  
d~ 

§ To [P + (1 - -  ~)sl  = 0, (17) 
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(Of*  1 
[7"*Gs'P)]~<=Tw' ~ Og h=0 = ~  (18) 

I 

We will  seek  the a p p r o x i m a t e  value  of T* (4, s ,p)  in a 
f ami ly  of a l inea r  compos i t ion  of the fo rm 

n 

T~(s, [, p) = T w +  ~ -a*k(s, p)(1 _ [2 )  [ak-1) . (19) 
k = l  

To reduce  the amount  of m a t h e m a t i c a l  ca lcula t ion ,  we 
p r e s e n t  the solut ion in f i r s t  approx imat ion .  With n = 
= 1 the d i s c r e p a n c y  is equal  to 

[~ [a~ (s, p), [] = { - - 4 J - - p ( 1  _ [ 2 ) [ _ s  (1--~2)e~} • 

Xa;(s, p) + (T o - T w )  [p q- (1 - -  [2) s] ~ @ 0. 

Requiring the discrepancy a t to be orthogonal with re- 

spect to the coordinate function ~I(~) = 1 - ~a, we ob- 

tain 

a~(s, p) = (T~ - -Tw) (D~p + D~s) (20) 
A + Bp 4-Cs ' 

where 

1 A = I ,  B--  , 
6 

C - -  1 D I =  1 1 
8 '  -~- ,  D ~ = - - .  6 

From the operational-calculus table [2] we have 

P ..--_.. 
A + Bp 4-Cs 

1 C 
- .  -~  exp �9 when X >  B 

@ 0 when X <  C - -  ' IL 

�9 B 

Consequently, 

(21) 

-a~(s, p)-~a~(X, F o ) =  

exp - -  Fo when X > ~ -  Fo, 

- ~ -  exp X when X <  ~ Fo. (22) 

tn f i r s t  approx imat ion ,  the t e m p e r a t u r e  in the fluid 
flow is found in the fo rm 

T(L x ,  Fo) = 

3 
Tw4- ~ -  exp(--6Fo)(1 _ [2 )  

when X > 0.75 Fo, 

4 e x p ( - - 8 X ) ( 1  - -  ~2) T w + -  2 

when X < 0.75 Fo. (23) 

Dropping a number of intervening calculations, we 
write the temperature field in third approximation: 

T ([, X, Fo) --  T w 

T o - -  T w 

( 3 
1 ~-~ qo• ([) exp ( - -  [3~ Fo) when X > ak Fo, 

[ ~ q~*([) exp(--y~ X) when X < a k  Fo. (24) 
[ k = l  

The va lues  of the coeff ic ients  ilk, Yk, and a k and 
of the functions ~v~(~) and ~o~*(}) a r e  p r e s e n t e d  in the 
table .  

The heat  flow q needed to main ta in  a constant  wall  
t e m p e r a t u r e  beyond the jump in T w (AT = T o - T w 

0) is  found f rom solut ion (24) accord ing  to the follow-. 
ing fo rmula :  

O~ /~=~ 

qR _ ~-~ when X > % Fo, 

(~ ** 

when X < % F o .  (25) 

Le t  us ana lyze  the p r o c e s s  of heat  t r a n s f e r  f rame-  
d ia te ly  af te r  the jump in the wall  t e m p e r a t u r e  (T w - 
- T o # 0, Fo > 0). In that part of the tube which has 

not yet been reached by the fluid which, prior to the 

jump, was outside of the tube, the temperature condi- 

tions at the inlet have no effect on the heat-transfer 

process. In the case of a uniform wall temperature, 

for this region there is no change in heat transfer over 

the length of the tube, and the conduction term in Eq. 

(13) is equal to zero (w(aT/3z) = 0). Thus the problem 
is reduced to the solution of an equation of nonsteady 

heat conduction for a solid unbounded cylinder~ The 

heat flow in these segments is determined from the 

top line in (25) and yields the following: 

qR 

)~ (To-- Tw) 

= 2.002 exp ( - -  5,782 Fo) ~- 1,556 exp ( - -  30.718 Fo) q- 

4- 11,352 exp ( - -  113.494Fo). (26) 

Compa r i son  of r e l a t ionsh ip  (26) with the exact  so lu-  
tion of nons teady  heat  conduction and the r e s u l t s  ob- 
ta ined in the inves t iga t ion  c a r r i e d  out by the author 
of [4] a r e  shown in F ig .  l a .  F i g u r e  lb  shows the cu rves  
p lo t ted  accord ing  to Eq. (25) for  va r ious  va lues  of x, 
and these  a r e  c o m p a r e d  with the da ta  of [4], and f rom 
these  we see  that they a r e  in good ag reemen t .  

The temperature in the fluid fl0w, given a sufficient 
amount of time (Fo > c~IX) in third approximation is 
written in the form 

T (~, X, Fo) --  Tw 

To-- Tw 
3 

= E q ~ ; ' ( [ ) e x p ( - - Y k X )  (X 1 ~ )  . (27) 
k=I RePr 
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The local Nusse l t  number  r e f e r r e d  to the m e a n - i n -  
tegra l  t e m p e r a t u r e  with r e s p e c t  to the flow ra te  of the 
incompress ib l e  fluid is exp re s sed  by means  of the r e -  
lat ionship 

Nu = N (z) = 

= [ 2 . 9 9 2 + l . 2 6 0 e x p (  20.282pe Rz) 

--l.796exp( 157"548 R ) ] P e  x 

x [0.816--0,124 exp ( 20.282 Pe R z )  

- -0 .306exp(  157.548 z ) ] -  I 
Pe R (28) 

from which the limit value of NUstab = 3.66. This quan- 
tity differs from the familiar Nusselt number (3.65) by 
only 0.05%. The local Nusselt number N(z), even at a 
distance of 

a z 
0.05, d = 2R (29) 

wod d 

beyond the inlet to the tube (for fluids flowing f rom a r e s -  
ervoir)  d i f fers  f r o m  3.66 by no m o r e  than 1% (see Fig. 2). 

Let  us de te rmine  the t e m p e r a t u r e  in the flow of an 
incompress ib l e  fluid when the t e m p e r a t u r e  at the in- 
let to the tube va r i e s  according to a l inear  law. F o r  
this we have to solve Eq. (14) for  the following bound- 
a ry  conditions: 

[T (~, x, Fo)lFo=o = To, 

[T(L X, Fo)]x=0 = ~(t)  = To + A T t  =ToO + PdFo), (30) 

Pd =ATR~ Fo=  a t  (31) 
aT o R 2 

Equation (14) in the Laplace-transform region is 
brought to the form 

d--~- ~ - ~  - 

- -  [p + (1 - -  ~ )  sl ~ P *  (~, s, p) -~- T o [p -~- (1 - -  ~2) sl } + 

~(1 - - ~ ) s  
+ Pd = 0. (32) 

P 

Having de te rmined  the coefficient  ~ ( s , p )  f rom s y s -  
tem (10) when n = 1 and c ross ing  over  to the p r e image  
region,  we find the solution in f i r s t  approximat ion in 
the following form:  

T (~, X, Fo) - -  T O = 
ToPd 

( F ~  X) e x p ( - - 8 X ) ( 1 - - ~  ~) 

4 = when Fo ~> ~-  X, 

0 when F o <  4 X. (33) 
3 

The heat flow q needed to mainta in  the initial wall  
t e m p e r a t u r e  (T 0) is found to be the following: 

q, qR _ 

~, Pd 

( 2 F ~  X ) e x p ( - - 8 X )  

when Fo~> 4 X, 

4 X-- 4 z 0 when Fo<~-~ - -  (34) 
3 RePr R 

The t ime var ia t ion  of the local heat flow at var ious  
points  x is shown in Fig. 3. 

While the t e m p e r a t u r e  of the fluid enter ing the tube 
va r i e s  with t ime according  t o a p e r i o d i c  function , i. e~ 

[T (~, X, Fo)lx~0 = T O + A T sin (PdFo), (35) 

where  Pd = ~R2/a is the Predvodi te lev  number ,  the 
t e m p e r a t u r e  within the tube can be calculated f rom 
the approx imate  fo rmula  

T(~, X, Fo) --To 

AT 

~-  exp ~ ~-  x 

4 z xs  [pd(Fo 3 opr  )]I1 
4 1 z 4 

when F o ~  -- X, 
3 RePr R 3 

4 1 z 
0 when FoG ; (36) 

3 RePr R 

whence 

q, ._ qR 8 sin [Pd(F o 4 1 z ) ]  
XA T 3 3 RePr R x 

x exp - . 
PrRe 

(37) 

2. A plane-parallel channel. 
The boundary-value problem (1)-(3) is written out 

in the following equations: 

(38) 
OT OT O~T ~ ( Ow ~ 

-o~- + w(y) -~-z - - a  + oy ~ c~ k oy ] 

[T (g, z, t)lt=0 = To = const 

( - - b ~ g ~ b ,  O~<z< ~), 

[T (g, z, t)~=o = %(0, [T (g, z, t)]~r=(_l)k b ~ r t) 

(k = 1,2). 

(39) 

(40) 

In the L a p l a c e - t r a n s f o r m  region (T(y, z, t ) ~ T * ( y ,  s, p)) 
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we have 

d2~-* 
a ~ - [p + = (y) sl T-* 

+[pTo+w(y)sq~o(p)]+~7\ Oy / =0, (41) 

iT-* (g, s, p)ly=(_~)k b = ~ (s, p) k = 1.2). (42) 

The solut ion of the boundary -va lue  p r o b l e m  will  be 
sought in the f ami ly  of funct ions 

r,, (g, s, p) = 2 -  [ ~  (s, p) - -  ~; (s, p)] + 

- "  } + [qo*2 (s, p) + ~ (s, P)I + 

[ - -t- Z a*~ (s, p) t - -  2(~ ~) (43) 
k ~ l  

In al l  o ther  r e s p e c t s ,  the p r o b l e m  is so lved  in a m a n -  
ne r  s i m i l a r  to the p rev ious  p rob l em.  

The heat  t r a n s f e r  is  governed  exc lus ive ly  by the 
hea t  of f r ic t ion .  

Le t  

% (z, t) = % (z, t) = To = const, % it) = To, (44) 

i. e . ,  the t e m p e r a t u r e  of the channel wall  is  equal to 
the t e m p e r a t u r e  of the l iquid (gas) at  the inlet~ It is  
evident that in this case the variation in the tempera- 

ture of the fluid flow and the removal of heat through 
the channel walls are due entirely to the heat of fric- 

tion. 
We will continue the solution of the problem for the 

first approximation, i. e., we will seek the tempera- 

ture field within the transform region among functions 

of the form 

T* (y, s, p) -- To + a~ (s, p) 1 - -  . (45) 

Le t  us subs t i tu te  the value of (45) into Eq. (41), under  
the condi t ion that  (44) is  uniquely defined; in this  case  

q [g, as (s, p)] = - -  - - b T -  

+ ~  ~o. 

Requi r ing  the d i s c r e p a n c y  q to be or thogonal  with 
r e s p e c t  to the coord ina te  function r = [1 - (y/b) 4] in 
the reg ion  D { - b  --< y -- b}, we have 

where  

al (s, p) D 
A + B p  +Cs 

C=l.71wob, D =  24Wo 
7b cy 

F r o m  the o p e r a t i o n a l - c a l c u l u s  tables  [2] we find that 

al (s, p) ~ ax (z, t) = 

3 nwg 
4 L [ l - -exp(- -3 .214Fo)]  

for  z >  I, 2 wot, 

3 ~w~ 1--exp( 2.673 z ) ]  
4 L Pe  

for  z < 1, 2 wot, 

where 

at wob 
F o = 7 ,  P e = R e P r -  a 

The va r i a t i on  of t e m p e r a t u r e  within the p l a n e - p a r -  
a l l e l  channel on d i s s ipa t ion  of ene rgy  and equal i ty  of 
the wall  t e m p e r a t u r e  to the in i t ia l  f luid t e m p e r a t u r e  
is  wri t ten,  in app rox ima te  t e r m s ,  in the following two 
ana ly t i ca l  e xp re s s ions :  

T (y, z, t) = 

= To + 4 ~--~[1--exp(--3.214 Fo)]I1 - -  (-~-~) ~ ] 

when z :> 1.2 wot, (46) 

T ( y ,  z, t) = To + 

when z < l . 2 w 0 t .  (47) 

The temperature at that segment of the channel 

which has not yet been reached by the fluid which was 
outside the channel at t = 0 is determined from formu- 

la (46i. At these points the heat-transfer process is 

unaffected by the inlet conditions and everything pro- 

ceeds as in the case of an unbounded slotted channel-- 

when the wall temperature is uniform along the length 

of the channel--in which case the convection term in 
Eq. (38) is equal to zero. We then derive the solution 

for the problem of nonsteady heat conduction for an 

unbounded plate with internal sources whose local pa- 

rameters are parabolically distributed over the entire 

depth of the plate. 
Formula (47) is used to determine the temperature 

for the rather long period of time t in which the origi- 
nal fluid within the channel is expelled by the fluid 
from the reservoir. This solution, beginning from the 

point 

1 Z 
- - - -  = 0.5 ( d = 2  b) (48) 
Pe d 

32 a 64 b 
A =  -,  B - -  , 7 45 and beyond d i f fe r s  f rom the e x p r e s s i o n  
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by no more  than 4%. The t empera tu re  d is t r ibut ion  at 
the s tabi l ized segment  is thus de te rmined  f rom r e l a -  
t ionship (49). This  express ion  is in exact agreement  
with the f ami l i a r  Schlichting solution [5]. 

Equation (48) de te rmines  the length of the t h e r m a l -  
s tabi l iza t ion segment  for the ease of energy d iss ipa-  
tion. 

Different iat ing (46) and (47), we have 

q ,  = qB _ 

= 3 1--exp 2.673 z Pe b z < l , 2 w o t .  (50) 

F igure  4 shows the curves  for the change in the heat 
flow q* for any ins tant  of t ime at var ious  points X = 
= (1/Pe)(z/b) .  

In conclusion,  we will point out that the proposed 
method of calculat ing the in te r io r  p rob lems  of convec-  
tive heat t r ans f e r  in the nonsteady r eg ime  makes  it 
possible  to reso lve  a number  of new problems per ta in ing  
to tubes and channels with "nonclassical n profiles of 
perpendicular cross section. In particular, for tubes 
of elliptical cross section and of a cross section in the 
shape of an equilateral triangle we can solve a num- 
ber of problems concerned with the practical aspects 
of convective heat transfer in the case of laminar fluid 
flow. The stabilized velocity field of the fluid flow 
should be represented in this case by the familiar hy- 
drodynamic equations 

w (x ,  v)  = 

y 

where w 0 is  the average  velocity; 2h is the side of the 
t r iangle .  S imi la r  p rob lems  will be cons idered  in an-  
other paper.  

NOTATION 

D is the c r o s s - s e c t i o n  of the cy l indr ica l  tube; p and 
s are  the p a r a m e t e r s  of the double Laplace t r ans fo rm 
in the L a p l a c e - t r a n s f o r m  region; T*(x ,y ,  s ,p) is the 
t empera tu re  field in the fluid flow after Laplace t r a n s -  
formation;  is the sign of t rans i t ion  f rom image to 
p re image  and back; w(x,y) is the s tabi l ized velocity 
field of the fluid flow; w 0 is the mean velocity; v is the 
k inemat ic  viscosi ty;  ~ is the dynamic viscosi ty;  ~ and 
a are the the rmal  conductivity and the thermal  diffu- 
sivity coefficients; T is the d imens ion less  t ime (the Fo 
number) ;  X is the d imens ion les s  coordinate along the 
tube axis. 
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