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H.eat t r a n s f e r  assoc ia ted  with f i lm boiling in forced-convec t ion  bounda ry - l aye r  flow over  a 
f lat  plate whose t e m p e r a t u r e  is an a r b i t r a r y  function of t ime is studied analyt ical ly  using 
b o u n d a r y - l a y e r  theory.  The governing equations a re  solved by a per turba t ion  technique. The 
effect  on heat t r ans f e r  of va ry ing  the fluid p rope r t i e s  is d iscussed.  

F i lm boiling in a forced-convec t ion  bounda ry - l aye r  flow has been investigated by Cess  and Sparrow 
[1] and Ito and Ntshikawa [2] for  the case  of pure  convection. In [3] the authors analyze the effect  of r ad i a -  
tion on f i lm boiling in a s i m i l a r  flow. All these studies re la te  to s t eady- s t a t e  conditions. In p rac t ice ,  
f i lm boiling is often observed  under nonsteady conditions usually associa ted  with a change of sur face  t e m -  
pe ra tu re  with t ime.  An example is offered by the cooling of l a rge  ingots, ove r  which a liquid flows. Here,  
f i lm boiling f i r s t  develops as a consequence of the la rge  t e m p e r a t u r e  difference between the su r f ace  and 
the medium.  The sur face  t e m p e r a t u r e  va r i e s  with t ime and, consequently,  a nonsteady s ta te  exis ts .  We 
propose  to employ bounda ry - l aye r  theory to invest igate  the heat t r a n s f e r  associa ted  with f i lm boiling under 
nonsteady fo rced-convec t ion  conditions. 

Consider  the l amina r  boundary l ayer  on a f lat  plate  (Fig. 1), whose sur face  t e m p e r a t u r e  Tw is uni- 
f o r m  at any instant of time; in this case,  in o rder  to obtain vapor iza t ion  on the plate,  T w must  be higher 
than the sa tura t ion  t e m p e r a t u r e  Tsa t  of the fluid. It is assumed that a continuous f i lm of vapor  flows over  
the plate.  Here ,  boiling is nonsteady because  the t e m p e r a t u r e  of the plate  T w depends on t ime.  Our in- 
t e r e s t  in the nonsteady v a p o r - f i l m  flow is re la ted  to the determinat ion of the heat t r an s f e r  between the plate  
and the medium.  

F o r  a forcect nondiss ipat tve flow with constant  p rope r t i e s  the laws of conservat ion of m a s s ,  momen-  
tum, and energy  take the f o r m  

Ou + Ov 
Ox ~ =0, 

Ou + u Ou Ou O~u 
~ +v . . . . .  , , o - - ,  

O---~ Oy Oy ~ 

OT Or OT = K~ ~ r  

O--[ + u ~x + v Oy P,%, " OY ~ 

The boundary conditions of the p rob lem a re  wri t ten as  follows: at y = 0 (surface of plate) 

it----- O, 

v = O ,  

T = r ~  (t); 

at y = 6(x, t) ( vapo r - l i qu id  p h a s e  interface) 
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T = Tsat. (5b)  
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Fig. i. Physical  model and c o o r -  
dinate sys t em.  

On the interface at y = 6(x, t) the energy  conservat ion  condition 
has the f o r m  

(06 06 v) = _ K  c)T 

The second boundary condition, u(6) = U~ (Eq. (5a)), has been 
used in mos t  invest igations of heat t r a n s f e r  assoc ia ted  with f i lm 
boiling. However,  in [1-4] this assumpt ion was not made arid it 
was shown that for  a fluid with c [(p#)v/(p#)L ]1/2 < 0.01, u(6) is in 
fact  ve ry  close to Ur [4]. 

Prev ious  investigations of nonsteady f i lm boiling under f ree  convection conditions show that the f i lm 
responds rapidly  to the var ia t ion of the boundary condition with t ime  [4]. Consequently, the nonsteady so-  
lution can be r ep resen ted  as a per turba t ion  of the solution for  the instantaneous s teady state.  Such a solu-  
tion is mos t  convenient when the heat t r a n s f e r  for  a wail  whose t e m p e r a t u r e  depends on t ime is found with 
sufficient accuracy  f rom quas i s t eady-s t a t e  solutions.  

Difficulties a re  caused by the fact that the thickness of the f i lm is not known in advance and can be 
de termined only as a resu l t  of solving the problem.  Moreover ,  the thickness of the f i lm va r i e s  along the 
plate  and with t ime.  

We t r a n s f o r m  s y s t e m  (1)-(3). We sa t i s fy  continuity equation (1), going over  to the s t r e a m  function 

u ~  O ,  oN, 
--, v = - -  (7) 
Oy ax 

We introduce the new dimensionless  coordinate 

y I - / U |  y 
. . . .  V ~ ' (8) ~ (x, t) 2 .~x A ({~. (x, t)}) 

where  

{~..(x, t)} =~,o(X, t), Xl(x, t) . . . . .  X~(x, 0. 

Equation (8) defines ~ in such a way that the boundary conditions a r e  given at ~ = 0 and ~7 = 1. 
mens ionless  thickness of the f i im given by 

1 V0-T. 8(x, 0. A 0} )=y  

The variables{An(x,  t)} a re  stil l  a r b i t r a r y  functions of x and t. 

We express  the d imensionless  s t r e a m  function and t empe ra tu r e  as follows 

~(x, v, t) 
f % 0})= t)}) ' 

T (x, y, t ) - -  Ts,~t 
0 (% {X,,(x, t)}) = T~(t)--T.t 

In Eqs. (8), (11), and (12) we have made the following a s sumpt ions :  

1) f and 0 a re  functions of ~7 and {An(x , t)} only; 

2) A is a function of {kn(x, t)} only. 

In the new var iab les  the veloci ty  components u and v take the f o r m  

U| Of 
u= 2 Oq 

(o) 

A is the di, 

0o) 

(11) 

(xz) 

03) 

V= 2 N )  - I -  = os = ox 
(14) 
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Fig. 2. Comparative velocity profiles: a) ep(T w - Tsa t) 
/ h fgPr  = 0.3927; Pr  = 1.0; b) cp(T w -  Tsat ) /hfgPr  = 9..2404; 
Pr  = 1.0. 

Us ing (7), (8), and (12)-(14), we represent  Eqs. (2) and (3) in the form 
: :  tm 

~=0 n=O 

4~lxA O~f OA Ok~ 4xA ~ a~f 
u .  a~, a~. " 0-5- + u .  0nak. 

Z af a~.. 
+ 2 x A ' ~  f2 Ok n ' ~ x  

1 020 O0 4xA2 Z 00 ak~ 4xh2 0 I 
Pr &l" -F A2f g = U:= O-~n at r U| (T w --Tsa ~ 

It=O 

In Eq. 
time. 

_ _ .  ak~ 
Ot ' 

0s) 

• 0k~ - g  e- 7 0, -2xa, g 0x 
a ~ 0  n : 0  t t :O 

(16) the expression d(T w - Tsat)/dt represents  the derivative of the wall temperature  with respect  to 

The equation of conservation of energy at the interface (Eq. (6)) can be written in the following form: 
arT?= 1 

S S S 4xA OA ak~ F A~f +2xAf Oa Ok~ +2xA 2 Of ak~ _ c~ (To, --  T~at) OO (17) 
V .  Ok-- 7 " at 0-~ " Ox Ok--~ ' Ox = Prhtg &l" 

n=O n ~ 0  ? l~0  

In order  for Eqs. (15)-(17) to contain only functions of ~/ and {~.n(X, t)}, it is necessary  that the variables x 
and t be eliminated from the equations in explicit form. An analysis of Eqs. (15)-(17) shows that this is 
the ease if {An(X , t)} is determined from the relation 

( x '~+'  i d "+* (To, - -  Gat) 
~., (x, t) = ~ , ~ ]  (To, -- Tsat) " dt n+t ' (18) 

where T w is a continuously differentiable function of time t. 

(19) 

From Eqs. (15)-(17), using (18), we obtain 

a a f q - A ~ f O ~ f = 2 A 2 0 / Z ( n + l ) k "  Ok,fl~ 02f 2 A f O ~ / Z ( n + I ) k ' ~ O A o q  -G- ~ + 2A2 0~f Z (n+l) k, --0/ 
- - -  &l 2 a~,~ aq3 &12 ~ ~=o ~=o ,~=o 

oo 

--4~IA 0 2 [ ' ~  (A,n+ I -  ~,o~,.) OA Z &l 2 ~ ~ q-4A 2 (k,,+x -- Xokn) a2f 
a~ .an  ' 

n : O  t l : O  
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Fig.  3. Compara t i ve  t e m p e r a t u r e  p ro f i l e s :  a) Cp(T w -  Tsat)  
/ h f g P r  = 0.3927; P r  = 1.0; b) Cp(T w -  T s a t ) / h f g P r  = 2.2404; 
Pr = 1.0. 

1.0~_O0 + A~ f 0_O0 = 4 M  
Pr &l ~ Oq Z OO (~n+l - -  ~'o~m) + 4A20Xo 

n ~ 0  

~4TI A 00~ ~ =  ~0A ( ~ f ~ + l - -  ~'0~r~) - -  2M ~O0 
oo ot~ 

n = 0  

(2o) 

and at ~? = 1 
eh 

r t=0  n = 0  

+2A2 = ~ & ( n + l ) ~ ' n  ~- __ C v (Tw - -  Teat) 00 
hfg P r  &l " (21) 

The boundary  condi t ions take the fo rm:  at ~? = 0 ( su r face  of prate) 

Of =0,  0--~1; f:o,  (22) 

at ~3 = 1 (phase in terface)  0_ff --:2, 0---0. (23) 

on 
Equat ions  (19)-(23) cons i s t  of funct ions of ~? and {kn} only. Consequent ly ,  our  init ial  a s sumpt ions  that f, O, 
and A a r e  funct ions of ~ and {ha} only w e r e  just i f ied.  However ,  as be fo re ,  the equat ions a re  pa r t i a l  d t f -  
f e ren t i a l  equat ions .  In o r d e r  to r educe  them to d i f fe rent ia l  equat ions ,  we expand the functions f, O, and 
A in gene ra l i zed  T a y l o r ' s  s e r i e s  in s t a t i ona ry  functions 

f (% ~o, ~a . . . . .  ~, . . . . .  ) = P (~1) + [~,oFo (q) + ~,~F~ (~1) + - . . t  + [~  Foo ('q) + . . .  + ~,o~,~Fo~ (q) + .- .], 

0(T 1, k o, ~, . . . . .  3. . . . . .  ) =  H(TI)+ [~o0o01)+ ~101(~1)+ . '  "l + [g~0oo(~l + " '" + ~o~'10o1(~1)+ "" .l, (24) 

A (Xo, Xl . . . . .  Xn . . . .  ) = r + [XoAo + XlAI + �9 �9 .l + [~oAoo 4 . .  �9 + ~oX~Aol + . . . l .  

On subst i tu t ing these expansions  in Eqs.  (19)-(23) and g roup ing  the coef f ic ien ts  fo r  k0, ;~1, ;t2, . . . ,  kn, we 
obtain an infinite s e r i e s  of pe r t u rbed  e q u a t i o n s .  Below we p r e s e n t  the z e r o - o r d e r  equat ions and the f i r s t  
two s y s t e m s  of f i r s t - o r d e r  p e r t u r b e d  equat ions:  
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Fig. 4. Coefficient  of X 0 in Eq. (36) (a) and of 41 in Eq. (36) 
(b); ab sc i s s a s :  C p ( T w - T s a t ) / h f g P r  , ordinates :  (O~w/H w 
- A 0 / F )  (a) and (O~w/H~v- A l / r  ) Oa). 

H ~ 
P ' "  + FzPP " = O, ~-- q- FzH'P = 0; 

l-'r 
(25) 

f i r s t  s y s t e m  of f i r s t - o r d e r  equations 

Fo -k F~PFo - -  2F~P'F'o - -  F2P"Fo = - -  4FAoPP", 

0"~ ~ 4- F2PO'o = - -  3F2FoH ' - -  4FAoPH' q-4F~H; 
Pr 

second s y s t e m  of f i r s t - o r d e r  equations 

FI'" q- FzPF; - -  4F*P'FI --3F2P"F1 = - -  6FA1PP" - -  4~IFAoP" q- 4PFo,  

0~ §  4F20o - -  5F F f l  - -6FA+PH'  - -  4~lFhoH. - -  ~ 2 t 

Pr 

In these equations the p r i m e s  denote differentiat ion with r e spec t  to fT. 
wri t ten in the fo rm:  at r/ = 0 

P = P ' = 0 ,  F I = F ; = 0 ,  
F , = F 0 = 0 ,  H = I ,  0 0 = 0 1 = 0 ;  

(26) 

(27) 

The boundary conditions can now be 

(28) 

a i r / =  1 

P' - - 2 ,  Po = F; = o ,  n = 0o = 01 = o, ~29) 

Equation (21) can be r ep resen ted  in the f o r m  of three  equations: at r/ = 1 

F2 p = _ c__ep ( T t o - -  Tsar) H ' ,  (30) 
hlg Pr 

3F*Fo -k 4FAoP -- cv (Tw ~" Tsar)" O" (31) 
alg Pr * ' 

51hE 1 + 6FA1 p +2FAoF ' + 4FA0 _= cp (T w - -  Tsar) 0[ �9 (32) 
h1r 

Equations (25) with the cor responding  boundary conditions a re  the equations of the s teady state.  The 
p rob l em thus formula ted  takes the f o r m  of the fundamental  p rob lem of f i lm boiling, the nonsteady wM1 t e m -  
p e r a t u r e  effects  consti tut ing a per turbat ion.  The functions P, F0, FI, H, P, O0, O1, A0, and A 1 a re  func- 
tions of the two p a r a m e t e r s  cp(T w - Tsat)hfg and Pr .  The genera l  solutions of the nonsteady p rob lem can 
be obtained with the aid of s e r i e s  (24). 

In o rde r  to de te rmine  the heat t r an s f e r  at the wall it is sufficient  to analyze the t e m p e r a t u r e  gradient  
(0T/Oy)w. F r o m  F o u r i e r ' s  law we have 

OT ,33, 
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In the new variables F o u r i e r ' s  law takes the form 

If we define the heat flow in a hypothetical tnstautaueous steady state as 

q , ,  = _ (to - n,,/(u./'" nk 
2 

we obtain the following relation 

(34) 

(3s) 

qst ~ + ~,, [ Hi F + "'" (36) 

! ! T t F r o m  Eq. (36) we easily see that (O0w/H ~ - A0/F ) and (Olw/H w - A ' /F ) ,  which henceforth will be regarded 
as coefficients of X 0 and ~1, represent  the f i r s t -o rde r  nonsteady wal l - tempera ture  effect for film boiling 
under forced-convect ion conditions. Consequently, the relation between these coefficients and the physical 
pa ramete r s  of the problem must be carefully investigated. 

For  the boundary conditions investigated analytic solutions of the differential equations cannot be 
found in closed form. Accordingly, we solved them numerical ly  or: a SDS-3600 computer .  The fourth-  
order  R u u g e - K u t t a - H i l l  method, described in detail in [4], was employed. 

Equations (25)-(27) were solved for Pr  = 0.001; 0.01; 0.1; 1.0; and 10.0 and for  F varying from 0.2 to 3.0o 
For  these values it was found that cp(T w - Tsa t ) /h fgPr  var ies  on the interval f rom 0.001 to 10.0. 

The resul ts  are presented in Figs.  2-4. The universal  constants needed to calculate the heat t ransfer  
are presented in Table 1. 

The universal  velocity and temperature  functions are shown in Fig. 2 and Fig. 3 for Pr  = 1.0 and 
cp(T w - Tsat) /hfg Pr  = 0.3927 and 2.2404. It is c lear  f rom these figures that the values of the higher-  
oi:der te rms  F~, F~, O0, 0 increase with increase in cp(T w - Tsat)/hfg.  Consequently, the deviation of 
the velocity and temperature  f rom the s teady-s ta te  values increases  with increase in superheat.  

The coefficients X 0 and ~1 in Eq. (36) are  presented tu Fig. 4. it is c lear  f rom these f igures that the 
effect of the noasteady surface tempera ture  T w on heat t ransfer  increases  with increase in the Prandtl num- 
ber.  An increase in the Prandtl number causes either an increase in kinematic viscosi ty  or a decrease  in 
thermal diffustvtty or  both together. As may be seen f rom Eq. (10), the grea te r  v, the thicker the vapor 
film. An increase in the thickness of the film and a decrease  in thermal  diffusivity delay the thermal  r e -  
spouse of the film to a change in T w. Consequently, the deviation of the nor:steady heat t ransfer  f rom the 
instantaneous value in the steady state becomes grea te r  as the Praudtl  number increases .  

It is c lear  f rom Fig. 4 that (O~w/H w - Ai/F) is a positive quantity, whereas (O~w/H w - A0/F ) is nega-  
tive. Equation (18) shows that both X 0 and X i are positive when T~v and T~r are positive. F r o m  Eq. (36) it 
is c lear  that the f i r s t - o rde r  effect T~v should reduce the heat t ransfer  as compared with the s teady-s ta te  
value, whereas T~ should increase it. 

The relat~on between the coefficients of ;t o and X i and the pa rame te r  Cp(T w - Tsat) /hfg  Pr  is also c lear  
f rom Fig. 4. For  a given Prandtl  number the coefficients of X 0 and ~l increase with the increase in the 
pa ramete r  cp(T w - Tsat) /hfg Pr .  For  a given fluid, the higher Cp(T w - T s a t ) / h f g P r  , the g rea te r  the su-  
perheating (this is c lear  f rom the tabulated values of F).  Consequently, the delay of the thermal response 
of the film to changes in T w becomes longer as cp{T w - Tsat) /hfg Pr  increases.  

We wilt determine wheu the heat t ransfer  through a wall whose temperature  depends on time, can be 
found with sufficient accuracy f rom the quasisteady solutions. 

Case 1. Flat  plate with (T w - T s a t )  = Mt m. For  a flat plate whose temperature  var ies  according to 
a power law, the values ofX 0 and ~ are calculated f rom Eq. (18) 

m s  

U| 

and 

(x) ,  
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TABLE I. Universal Constants 

cp(Tw-Tsat)l F Ao 
Pr I hfgP~[ Ai Pow 

I0,0 

1,0 

0, I 

0,01 

0,001 

o,23 2 i, I 
0,9119 0,6 
3,7030 0,8 

0,0397 0,2 
0,3927 0,6 
1,3376 1,0 
6,1068 1,6 

10,3331 , 

0,1587 10,4 0,6584 0,8 
1,5775 1,2 
3,0724 1 6 
5,4125 2',0 

0,1581 !0,4 
0,6490 0,8 
1,5244 1,2 
2,8773 1,6 
4,8357 2,0 

0,1581 0,4 
1,0315 1 0 
4,7824 2',0( 

0,2404 --0,253312,026w 
0,6206 --0,8357 2,0613 
t,0907 --1,7241 2,1108 

0,0039 --0,0027 2,006~ 
0,09541--0,076012,0613 
0 3782 --0,3550 2,1771 
111529 --1,2491 2,493fi 
1,4702 --1,6213 2,6454 

0,0031]--0,0021 2,026~ 
0,023I --0,0166 2,110~ 
0 0728 --0,0521 2,2615 
O, 1624[ --0,1116/2,493~ 
0,30261 --0,1961 12,821~ 

0 0003] -- 12 0269 
0 0023 --0 0016 211108 
0 0074 -• 2,2615 ! 
0,01691 --0,010612,4938 
0,03241 --0,0181 12,8218 

-- I -- 2,0269 
0,00041 --0,000312,1771 
0,00331 --0,0018 i2,8218 

| 

Fow Ftw 

3,0587 0,0588 
3,217010 , 1421 
3,478810 ' 1743 

/ 
3,0005]0,0007 
), 0333]0,0359 
), 193310 ' 1327 
),7339 0,2197 
],964910 ' 2261 

I 
), 0007]0,0010 
3,0101]0,0100 
3,04120,0290 
9,1034 0,0540 
D, 2025 0,0875 

O,0"010 0,~10 
0,004210,0031 
0,010810,0060 
0,0217/0,0103 

o, o2/o, o2 
O, 0022[0,0011 

H' 

--1,1368 
--1,2891 
--1,4864 

--1,0133 
--I,0396 
--I,0952 
--1,2478 
--1,3210 

--1,0114 I 
--1,0155 I 
--1,0229 
--1,0349 
-1,05301 
--1,0102 I 
--I,0106] 
--I,0113 
--I,0f26 
--I,0144 

--I,0101 
--1,0102 
--1,0105 

~ 

3,0253 
6,6852 

11,9384 

019. 

] -  1,4128 
- -  5,4055 
-13,0759 

Case 2. 
time we have 

0,0791 I-- 
0,7030 -- 
1,9166 -- 
4,7826 -- 
6,0258 -- 

0,0317 -- 
0,1264 -- 
0,2834 -- 
0,5015 -- 
0,7785 -- 

0,0032 
0,0127 
0,0285 -- 
0,0506 
0,0790 -- 

0,0003 
0,0020 
0,0079 I 

0,0012 
0,0899 
0,6017 
2,9109 
4,1550 

0,0002 
0,0030 
0,0149 
0,0452 
0,105P 

O,OO02 
0,0005 
0,0012 

Clea r ly ,  both X 0 and ~t d e c r e a s e  with t ime  and at v e r y  l a r g e  t i m e s  b e c o m e  negl ig ib ly  s m a l l .  

In o r d e r  to d e t e r m i n e  the app l i cab i l i t y  of the q u a s i s t e a d y  so lu t ions  to p r o b l e m s  of nons t eady  hea t  
t r a n s f e r ,  it is n e c e s s a r y  to inves t iga te  k0, 7 h and t he i r  coef f i c ien t s .  We note f r o m  Fig.  4 that  the m a x i m u m  
va lues  of the coe f f i c i en t s  a r e  a p p r o x i m a t e l y  equal to 10.0 at P r  = 10.0. If, however ,  X 0 and ~ << 10.0, the 
nons t eady  ef fec t  b e c o m e s  neg l ig ib ly  s m a l l .  F o r  example ,  fo r  l i nea r  t e m p e r a t u r e  v a r i a t i o n s  with r e s p e c t  
to t i m e  (m = 1 and hence  X I = 0) the dev ia t ions  f r o m  the ins tan taneous  s t e a d y - s t a t e  va lue  is l e s s  than 10% 
for  t ime  va lues  g r e a t e r  than x/0.01 U~ (i. e . ,  at t > 100 x / U ~ ) .  

F l a t  p la te  with (T w - Tsa t )  = Me mr. F o r  an exponent ia l  v a r i a t i o n  of wal l  t e m p e r a t u r e  with 

mx 

U.o 

m~x 2 
U~ 

Consequent ly ,  X 0 and 7~ a r e  cons tan t  with r e s p e c t  to t ime ,  so  that  the dev ia t ion  of the h e a t - t r a n s f e r  
r a t e  f r o m  the ins t an taneous  s t e a d y - s t a t e  va lue  is cons tan t  with r e s p e c t  to t ime .  This  devia t ion  b e c o m e s  
neg l ig ib ly  s m a l l  if X 0 and ~l a r e  much  l e s s  than 0.1, which o c c u r s  at m << U~/10 x. 

C ONC LUS IONS 

The effect of nonsteady wall temperature on the heat transfer associated with forced-convection film 
boiling on a flat plate has been investigated using laminar boundary-layer theory. The case of a uniform 
wall temperature depending arbi t rar i ly  on time is considered. The f i r s t -order  deviation of the heat t rans-  
fer from the instantaneous steady-state value is obtained in the form of a ser ies  in the dimensionless var i -  
ables and the parameters  cp(T w - Tsat)/hfg and Pr. 

On the basts of the results obtained it is possible to determine when the heat transfer for a t ime-de-  
pendent wall temperature can be obtained with sufficient accuracy from the quasisteady solutions. An anal- 
ysis shows that: 

1) the deviation of the velocity and temperature values from the steady-state values increases with 
increase in superheat; 

2) the effect of the nonsteady wall temperature increases with increase in the Prandtl number; 

3) for a given fluid the deviation of the heat-transfer rate from the instantaneous steady-state value 
increases with increase in superheat; 
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4) for an exponential t ime dependence of the wall tempera ture  there is a constant deviation of the 
hea t - t rans fe r  rate f rom the instantaneous s teady-s ta te  value at all time values. In this case the 
hea t - t r ans fe r  rate may be considered quasisteady if m << Uoo/10 x; 

5) when the temperature  var ies  with time according to a power law the hea t - t rans fe r  rate may be r e -  
garded as quasisteady at all values t >> mx/10 U~o. 

Cp 
f 

F 0 and F 1 
g 
H 

hfg 
K 
1D 
Pr  
q 
T 
t 
U 

Uoo 
V 

X 

Y 
r 

A 
A 0 and A 1 
5 

e 
@o and O~ 
P 
tJ 

0 

N O T A T I O N  

is the specific heat of the vapor at constant p ressure ;  
is the nonsteady dimensionless s t r eam function; 
are the perturbed dimensionless s t r eam functions; 
ts the accelerat ion due to gravity; 
ts the s teady-s ta te  dimensionless temperature;  
ts the latent heat of vaporization; 
Ls thermal  conductivity; 
Ls the s teady-s ta te  dimensionless s t r eam function; 
ts the Prandtl  number of the vapor; 
ts the local heat t ransfer  f rom the wall; 
ts temperature;  
ts time; 
ts the velocity component in the x direction; 
ts the f r e e - s t r e a m  velocity; 
ts the velocity component in y direction; 
ts a coordinate measur ing the distance along the plate f rom the leading edge; 
ts a coordinate measur ing the distance normal  to the plate; 
ts the s teady-s ta te  dimensionless film thickness; 
LS the nonsteady dimensionless film thickness; 
are  perturbed dimensionless film thicknesses; 
is the nonsteady film thickness (dimensional); 
is a dimensionless s imi lar i ty  variable (Eq. (8)); 
is an infinite set of dimensionless variables  (Eq. (18)); 
is the nonsteady dimensionless temperature;  
are  perturbed dimensionless temperatures;  
is the absolute viscosity;  
is the kinematic viscosity; 
is density; 
is the s t r eam function; 

S u b s c r i p t s  

L denotes liquid; 
sat denotes saturation; 
v denotes vapor; 
w denotes wall. 

i .  

2. 

3. 
4. 

L I T E R A T U R E  C I T E D  

R. D. Cess and E. M. Sparrow, "Film boiling in a forced-convect ion boundary- layer  flow," Trans.  
ASME, J. Heat Transfer ,  83, 370-376 (1961). 
T. Ito and K. Nishikawa, "Two-phase boundary- layer  t reatment  of forced-convect ion film boiling," 
Int. J. Heat Mass Transfer ,  9 ,  117-130 (1966). 
M. 'V. Krishna Murthy and A_Ramachandran ,  Inzh . -F tz .  Zh. ,  17, No. 5 (1969). 
M. V. Krishna Murthy, Studies on Fi lm Boiling, P h . D .  Thesis,  Dept. of Meehan. Engng., Indian 
Institute of Science, Bangalore (June, 1968). 

1122 


