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THEORETICAL CONSIDERATIONS 

Evaporation on an Inc lined  Heated P la te

A l iq u id  s o lu t io n  i s  b e in g  fe d  on an in c l in e d  h e a te d  p la te  
a t  i t s  b o i l in g  te m p e ra tu re . The p la te  makes an a n g le  o f  6° w i th  

th e  v e r t i c a l  l i n e .  As th e  s o lu t io n  i s  f lo w in g  downward i n  a fo n t i 

o f  t h i n  f i lm ,  u n d e r th e  g r a v i t a t io n a l  fo r c e ,  i t  g a in s  h e a t fro m  

th e  h e a te d  p la t e ,  w a te r  i n  th e  s o lu t io n  v a p o r iz e d , th e  c o n c e n tra 
t i o n  o f  th e  s o lu t io n  in c re a s e s ,  and th e  th ic k n e s s  o f  th e  f i lm  
B lig h t  c h a n g e .

Let the coordinates o f the system be assigned as shown in  
Figure 2. I t  is  assumed th a t the width o f the p la te  in  z -d iro c tio n  
is  in f in ite  as compared to  the thickness o f the liq u id  film . There 
are no momentum, heat, and mass transfe rred  in  2-d ire c tio n . I t  is  
.also assumed th a t the temperature gradient in  y -d ire c tio n  is  n e g li
g ib le . Therefore, a ll the heat used fo r  vaporiza tion  o f water is  
being transfe rred  in  x -d ire c tio n  from the p la te  surface to  the vapor- 
liq u id  in te rfa c e . I f  the liq u id  film  is  very th in , the flow  is  
lam inar, consequently, the heat is  conducted in  x -d iro c tio n .
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The energy balance o f a d iffe re n tia l elements is
dq = kBdy Ts -  Tv / -jj

Xe
whore q is  the ra te  o f heat tra n s fe r

k is  the thermal cond uctiv ity  o f the liq u id  
B is  the width o f the p la te  
Ts is  the surface temperature o f the p la te  
Tv is  the vaporization temperature o f the liq u id  
Xe is  the liq u id  film  thickness a t y  = y 

* However, from the conventional d e fin itio n  o f heat tra n s fe r
c o e ffic ie n t, h,

dq = hBdy (Ts -  Tv) (2)
Therefore h = k/Xe (3)

The amount o f heat transfe rred  may be determined from the 
change in  liq u id  flow  ra te .

dq ะ : -  Adw (^)
where พ is  the liq u id  flow  ra te  a t y ะ: y

A is  the heat o f vaporiza tion  per u n it mass 
Then equation (2) becomes

-  Adw = hBdy ( Ts- Tv )

h - J ,  # 1 dw
TsTTv B ’  dy

k h = -± d £ ( 5 )
Ts-Tv dy

there r  is  the flow  ra te  o f liq u id  per u n it widths
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( Ts- Tv) = -  Xe A d r
k * dy ( 6 )

For tho o n tiro  length L o f the p la te , le t  a moan heat
tra n s fe r c o e ffic ie n t, hm, ๖0 defined as

= hmBL (Ts- Tv) = A (พ0-  พr ) 
= AA พ (7 )

whero พ0 is  the flow  ra te  o f the feed so lu tion
is  the flow  ra te  o f the concentrated so lu tion
Ts -  Tv = Aaw = A /g \

^  โ nไ

Combining equations (6) & (8) gives
dy = -Xo . hm L /  d T  ( 9)

k A r
According to  tho c o n tin u ity  equation^ ^

I t  + - h ' P ' J *  ♦ £ ^ - , - 0 (10 )

For incompressible f lu id  and ono dimensional flow , 
p is  constant

I t  = 0 , « ฬ  ’'x  = \  = 0

in

Therefore d vy _ 0
B y

(11)

y

According to  the equation o f motion ( N avier-S troke‘s equation) 
-  d ire c tio n :

( 2 )

R. Byron B ird , Warren E. Stew art, and Edwin N. L ig h tfo o t, 
.Transport Phonomona _( Tokyo ะ Toppan Company,Ltd. 91960 ) ,p.75

Îb id . 9p.8A
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^ vy + vx 'à Vy + Vy d'Ty  + vz & vz -  
a t  Cl X a y  s  zร  z

v ( ^ ï  +  ^ ÿ  +  ^ l ) + r  ( 1 2 )1°. * y  & ?  s F  T ?  y

For steady-state ono-dimensional flow  w ithou t any external 
forces except the gravi'ty 9 equation (12-) becomes

:2d v„
dx

.2d v„
dx

= - ร ฺy

g cos 6
y

(13)

To solve th is  equation, two boundary conditions are required.
They are!
3 .c l ! a t X = ,xe , S z = Q

dx
B.C 2: a t X = 0 5 vy = 0

In teg ra ting  equation (13) gives

dvy  1 -  _ 3 cos 0 X + Cl
dx

Applying B. c" 1 y ie ld s
= g cos 6 Xo

V
= g cos 6 (Xe -  X)Then dvy  _ _

dx y
In teg ra ting  equation ( 16) gives

V = g cos e (Xe.X -  X2) + c.

( ฬ

(15)

(16 )

(17)

Applying B.c 2 y ie ld s



V  =ะ g  c o s  e  ( X e . X  -  X 2 / 2 ) ( 1 8 )

The mass flow  ra te  o f tho so lu tio n  a t any value o f y  is

= I  Vy ท BAx

Xe= 3 f> g cos 6 / (Xo.X -  X2/ 2)d;x

= B f-' g cos 6 I Xe  ̂ -  Xq3 ')

= B |0 g cos 6 Xê
1/

Therefore r  _= J5 = P g cos 8 Xe

1.  :  4 ^  î  “
V g cos 0

(19)

(2 0 ) 

(21 )

S ub stitu ting  Xe in to  equation (9) y ie ld s
dy = -  \  L h  V ' 1 พ จ  d l (22)

k t . r  i g cos e /
In teg ra ting  gives 

L
J dy

L = ^JH L 13 1/

hra = 1  k A /

)  / r W
= -  L / 3 y 1k T T   ̂ )̂ g cos G

ft k A ; 1________ / /Og oos q 'I V 3
3 H  *V3 _ r ^ 3  i  3 y ' /

=ะ 0.925 ___ f i t /  yCgk3 cos 0  ̂ 3̂
3 ~ :7 ^ 3  F v H

( 23)
/
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From equation (8)

hm /\ A /
L(Ts -  Tv)

( 2 4 )

Combining equations ( 23) and (24) gives

( f /3  -  r  ' h  = 0.925 L(Ts -  Tv) /  ,o k \  cos 9 I ^O L À \ ' ÿ j  .
= 0.925 L (Ts -  Tv) I A 3g cos 0 f ( 25)

A \  !

Equation ( 25) is  derived, based on the assumptions th a t the 
physical p roperties o f liq u id , density, v is c o s ity , therm al conduc
t iv i t y ,  and heat o f vap oriza tion , temperature drop Ts -  Tv are 
constant. In  fa c t, these values are not constant but Va iy to  a 
ce rta in  extent. However, i f  th e ir  mean values are used the re s u lt 
might be agreeable w ith  the equation.
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