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~i nsk  1~I~~2 .

“ a~~~’ 2.

Vi s i l i ” v  L. L. , K o nev  S. v .  ~~~~~~~~ . h e a t — t r a n s m i t t i n - j  ~u l  r-s. M i n s k ,

“sc i e n ce i t t l ~ngin eerinq ”, 1972 , p~ ge 152.

I n  ~~~ hook a r e  desci it ; ’~d t h e  d i f t ~~r~~n t  f o r m s  of i o w ~~t e m p ? r a t u : . .

~-~~~r m  ~1 ~~~~~~~ A i r .  p r e s e n te d  t h e  t h eo r et i c a l  pr in c ip l e s  i-~ ~~~~~ of
— —— 

~~~ 
I~V) —

th e  processes ~t a k i n g  p lace  ~~~a t —  a n d  mas s  exchdnq~~~- Consi~~er~~hle

i t t e r ~ - i o n  is R- v o t c - l t r  t h e  i r v e s t i ga t i c n  of t h c  t i~~n sp o r t  pr ’~p er ~~i’-~~

of ca~~i l l a r y — r e r , t i s co res , to t h e  ~~~~‘~~~~~~~~~~~use of t h ~’r m a l  ~u r t s

f c i  c o o l i r nj  r a l i o— e l e c t r o t d c s  E- ~~u i p m e n t .  I s  1iv en  ~ he ch 1r ~t c t~~L i s t i c

of t h e  h t f e i e n t  c o ns t r uc t i o n s  of t h e  con~~ro l1~~d t h e r m a l  d~~ct~~~ su ch ,

&; duet: ;  ~ i t ~~~~ pre: ;ence cf ~~~~ r e s idua l ~~ n o n — c o n l e n s a  bl~ gas ,

c e n ti  i t  u j - i l tL  n~~~ etc.

Tab1 ”~ 1 , fijur es 37 , hi iliography — 114 names.
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in d ustry, g r a d u a t e  students and studen ts of schcol s of h i g h r

educa tjor .

Page 3.

Designat ions.

P ~~ pr e ssure , N/rn 2 ;

Q — power , W;

q — hea t transf er rat e , W/m 2;

C — the constant of proportionality;

r ’ —
,~�~ at of vaporization , 3/kg;

o — surface tension , N/rn;

— ] ‘- r — — u- i~~~~~ ~~~~~ 
k g / m . s;

p - ae n sit y

‘
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O — t h i c k n e s_ , , m ;

— t h e  h e i - ; h t ~~~~~ ±~~~ - - of c a p i l l i r y  a b s o r p t i o n , in;

— slo~ -c~ a n i l e ;

K — p er m e a b i l i t y ,  in 2 ;

— 1/K , 1/n 2 ;

A i-~~~~ cross—s ect ional  ar ea , in 2 ;

I — len ith , in ;

r — ~~ radius , m;

— t h e  m ass f low , kg/s ;

e — the angle of vetting ;

— t ime , s;
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C.

— : t t i l l a r y  p o t e n t i a l , m 2/r 2 ;

* — t c m p u a t u r e

h — f- ’n th al ry , Jfkj ;

b — l~~ w i d ~~h of co re , in ;

— th~ cDeffici~~nt of heat exchange , W/m 2.deg;

— t h e  t h e r r n — i ~~- ex p a r s i u r  c o e f f i c ie n t , d eg ’ ;

porosi ty;

- -‘-rr--n e f f e c t i v e  t h e r m a l  c o n d u c t iv i t y  of co re ;

~
‘ - ‘ —  t h e  f r e e — t i l l  a c c e l e r a t i o n, w h i c h  c o rr e s ç on - l s t-D t h ~

cond i t ion~; of th e testing of speci rnen ,~~~z~~~~’ m,s
2 ;

— the free-fall acceleration , which corre sponds to test

Icon d i t ions of t h e r m a l  ,~~~~~~~~~~ cm/s 2 ;

v — linear speed , n/s;
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a 

- ‘~~~~~r 
- - - 

- 
- -



- - - - — -

DOC = 7’01~~1~~ 7 A ; ~- ~~-

— S t i n t o n ’ s c r i t e r i a r - ;
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He — Peynol ls nu~ib er;

Pa — Payle i ;;i ’s criterion .
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— p r e s s u r i z a t i o n  v o l u m e .

Tbe introj uc :tion

Let us ‘~ x a m i n e  t i e  w o r k s , d e d i c a t e d  t o  t h e  stud y of t h ç ~ t h ~~L c i i

~~~~~~ a n d  s t e a m  c h a m b e r s  in w h i c h  was  u t i l i ze d a~; h e a t _ t r a n s f e r  ~i~~ent

th~ l i i u i d , p o s s es s i n g  low c o e f f i c i e n t  of therma l con-I uctivi t y

___ __________ ______ ~~

- 7- .
a n d  ~~~ low b o i l i n g  p o i n t , in essence ~~~~ ~~~ t h e i m a l  ~~~~~~~~~~ — ,- t ” ’~ u- 1

utilized in the ran-jo of tempc-ratures 1-elow 500°K , tjlle d ly SU C L

lt~— a t — t r a n s f o r  a q c n t s  ~is w a t e r , a l c o h o l , a m m o n i a , I C P $ On e , ~~~2
04 ,

Freon , l i q u id  o x y j a n , n i t r o g e n , hydrog ’ n etc.  Let us  t h e m  ~l

l o w _ t e m p e r a t u r e  t h e r m a l  ~~~~~~ a n d  ~~~ st e a m  c h a m b e r s .

T h e r m a l  ~~~~~~~~ won  a c c e p tan c e  a t  p r e s e n t  i n  a ~~~~~~~~~~~~~~~~ of ~~~

b r a n c h e s  of  i n d u s t r y .  9 i g h — t e m p e r a t u r e ~~~~~~~ i t  is as sumed  t o

use e x t e n s i v ~~l y i n  po w c~i e n g i n e e r i n g  f or  th ’— ~~~~~~~~~~~~~ d e r i v a t i o n  of

t h e r m a l  e n e r g y  f r o m  n u c l e a r  a n d  i s o t o p i c  r ea c t o r s , th e  c r e a t i o n  of

t h e r m i o n i c — e r n i t t i n g  a n d  t h e r m oe l e c t r i c  g en c r a t o r s , in m e t a l l u r g i c a l

a n d  e l e c t r o n i c  i n d u s t r y .  It is p u b l i s h e d  a t  p r e s e n t  m o r e  t h a n  ~t

t h o u s an d s  of a r t i c l e s  a n d  p a t e nt s  ~~~~~~-j h i g h _ t e m p e r a t u r e  t h e r m a l

*r-~-

-~ ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~
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L o w — t .  ~r a t  u r e  * i c e r m a l  —ii~~~~ obt  a i n e J  l e v € l o p a e n t  f r o m  19~’7 a n - i

th e y ire - u t i l i z e  I i n  e l ec t r o n i c  i n - i n s ’ r y  fo r  c o o l i n g  osc il  l a t o r

t u b e s , t r a v e l l i r j — w a v c  tubes , ~ lys~~ron~ e t c .; i n  p o w ”r  ~n q i n e r r i r - ~ —

fo r  t - la Ie c o o l  i n ;  of t i r h i r - .es , g e n e r a t o r s , o n - J i n s ~s; i n  u i c h i n e — t o o l

i n - l u s t r y  - for cool ing c u t te r s , ~~~~~~~~~~~~~~~~ in  l i g h t  i n - I  i s t r y  — for

t h e  prod -i~- t i o n  of ~
) r .c ;Sur~ coo k e r s , rods  f o r  t h e  f r y i n g  of s h a s h l i k ,

l e ns , r i e p a r a t i e l i  / )~~~ b i ;~c i i ’ s etc . ; i n  ~~~~~~ industry — m r  c o o l i r ;

the u~~ -~m;~~ at  ev -~: i i t y  coolers; in t h e  m ’~ l i c a l  a n d  b i o l o g i ca l

i n d u s t r y  — to :  ‘~~~~~ rios t i c  c o nt r o l  a nd c o o L i n g  ~~~~-in -~iv i ’1ial

__ 
_ _ _ _

Is e c t i o n s  a t  ~ h ’ i m~~n ta~~~~~~ b loc I , sp ~ r m t -tc .

The t h e r m a l ~~~~~~ a n d  b~~ s t e a m  c h a m b e r s  h a v e  ,~ ser i e s  ot

a d v a n t a g e s  in  c om p a r i s o n  w i t h  t h e  t r a d i t i o n a l  s y s te m  el~~m e n t s  of ~~~

h e a t  t r a n s f e r , f o r  exa  .p le~~~~~~~~c c i r cu  lat  ion h e at  e x c ha n g r r s :  t h e y

lu n o t  h a v e  m o v a b l e  p a r t s, a re  noi seless, b n o t  r e q u i r e  e n e r g y

consu mç tio n tor t h e  p u m p i n g  of h e a t — t r a n s f e r  a g en t  f r o m  z o n e

condens ati ons into the zone ot evaporat)o n. ,~ h e y possess low t her mal

~~~~~~~~~ ,‘z~~~ -resis tance in com pa rison wi t h  the r~~ of the sa me geom e tric

l a r a m e t e r s  ar-I h a v e  lo~ we i g ht .

Is know n at p resent man y different type s of ~~~ thermal ~~~~~

a n d  steam c h a u b~~ s ( 1 — 3 6 1 .  Th eir classifi cation it is possible to
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4.

re alize ~~ a series of criteria , suc h - i s  the ‘4 ’ i n p I i~~ j~~~~~ L i t i’J”
A

ot use , t h e  -i~~- i r ’~e of .1 c h a n g e  in t h e i r  f h ” r m a l  u - c i - ; ’ -i r ’ u - , * L * ~

method of the transf e r of h e a t — t r a n s f e r  a ;~~nt tr am ‘he zo~-. e ‘

c o n den s a t ion  i n t o  t he  zone  of ev ap o r a t  ion , t h e  l i mf i ; ;i  a t -i l

c ha r a c te r i s t i c s  of h o u s i n -j  a n d  e l em e n t s  e t c .
~1

The c l a s s rf ir . at  ion  of t he  t y~-es of t h e r m a l  .~~~~~~ i

v o r k i n - .~ t e m p e r a t u r e  m a n g e  ~~ is L o l l o w i n g :

1) ~ i q h — t e m p e r a t u r e  t h e r m a l  ~~~~~~~~~~~~~ ( 1 2 0 0 ° K  -~~ r .~~ 1 0 0 0 0 K )

2) t h e  t h e r m a l  I-~~~~i of ~~~~ n o d e r a ~~e t e m p e r a t u r e  r a n g e  ( J 0 O ° K  .<

T ,~~ 12 0 0 °K )

3) the l o w — t e m p e r a t u r e  or c r y o g e n i c  t h ’ - r m a l  I—~~~~~ ~~
i :  - 

~~~~~~~~~~ 
-

~~~p e n d i n g  on g e o m e t r i c  d i m e n s i o n s  it is poss ib l e  t o  d i s t i n g u i s h

t h e r m a l  ~~~~~~~~~~~~ ‘- w h o s e  l e n g t h  L s u b s t a n t i a l ly exceed s t h e ir  d i a m e t ’-’r

(L/D >> 10) (Fig. , and steam chambers whose /./3~~1 O t (Fig. tb) . I tA
is natural  that  t h e  for m of the therma l ~~~~~~~~~~~ and stea. chambers cart

be d i f f e ren t .

Large interest 
~~~~~~~~ 

represent the th e rmal di ta. of

I

p
__________________________ - ~— —-———-.- . 

~~~~~~~~~~~~~~ ~~~~~ 
—.- -:::--c.~ _.‘

_
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~~~~~~~~~~~~~~v a r i a b~~e t h e r m a l r~~s i s tan cr  o r  t h e  co~~t r o i 1 e ~ t ;er~~u i 1

~~~~~~ _ _ _ _d-~~t~ (the rmi l iI~~~~~~ w i t h  t h e  U S(~ of ~~~~~~~~~
. t ~~ i - I u a 1  .

~~~~~~~~~~ ..

n c n — c o n d ~~n s a h l e  J a s , e lec t r ic d l , u l t r a s o n i c , m a g n ~~~ic f i e ld s  o n I

c er ; t r i t u~~~ 1 t ~e l I ~~, t h e r m a l  d i o des  a n d  tr  iouI ~’s e tc . )  r 25 , 31 , 3 4 , 35 ,

38 , 84 , ~~

The t h e r m a l  ~~~~~~~ u t i l i z e d  in  e l e c t r o n i c  i n d u s t r y  t o m  coolinq

h i g h — v o l t a g e  o s c i l l a t o r  t .u L-es , c o m b i n e  in t h e m s e l v e s p r o p e rt i e s , i~

w o u l d  seem , -~~~~~ m p a t i b l e :  t h e y  h a v e  n ey l i g i cl e  t h e r m a l resis~ a r.ce a n i

good d i e l e ct r i c  p r o p e r t i e s, t-~~~~~~~ it is p o ssi b l e  t o  n a m ~ h i q h — v ’ ) l ~~ase
-

~~~~~~~~~~ 

1
t h e r m a l  ii.u~~~~ [ 1 0 5 ).

W h i c h  p a r a m e t e r s  of t h e r m a l  ~~~~~~ are  most  i m p o r t a n t ?  F i r 5t , the

~ h’.m a x i m u m  v a lu e  of t h e  h e a t  o u t p u t , t r a n s f e r r e l  a l o n g  .~~~~~~~~~~ l~ is

de te rmir i cel either by the onse t of the crisis of b~~ili n i  or by t h e

g a s — d y n a m i c  c l o s i n — j  of s t eam c h a n n e l , or by  t h ~ l i m i t e b  p r o 1u c t i v i~~y

of c a p i l l a r y  p u m p .  In t h e  second p lace , t h e  t h e r m a l  r e s i s t a n c e  of

( it  d e p e n d s  on t h e  the r moph ys i ca l  Fr o p e r t i e s  of t h e  core  a n d

he a t — t r a n s f e r  a g e n t , p r e senc e  of t h e  r e s i d u al  ~~ n o n - c o n d e n sa b l e

gas ) .  Thirdly, the c o e f f i c i e n t  o f hea t  e x c h a n g  on ~he externa l

sur f a ce of ev ap o r at o r~~~~.p.s.i.u an d con de n s e r ,~~m r r~~~~

- - - —
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One of the most prcmi sinq ways of a re i l i ct ion in t i e  -h e rm a l

resistanc~’ is t .he realization of the induced convection of l i d l i d in

t h e  z on e  of e v a p o r a t i o n  a n d  c o n l e n s a t i o r  w i t h  th e au ot , for

example , d i f f e r en t f i e l d s  ( m a g n e t i c , e l e c t r i ca l , u l t r - i  s o n i c ,

t e m p ” r a t u r ’ - , j r a v i t a~~i o na l , c e n t r i f u g a l e t c.) m l  a d e cr e a se in  ~ he

t h i ck nes5 of t~~e i l ’ i i l  f i l m  a n d  p o r o u s  cor f l . I n  t h i s  c-I so f o r

s u p p l y  at  * he  ne-~essary a m o u r . t of l i q u i d  i n t o  • he zon e  of ev~~~ ) r a t  i - s

f r o m  t h ’~ ~ on ’ of c o nd en s a t i o n , a r e  u t i l i z e - I  t h e  s u p p l e m e n t a r y

a r t e r i e s, w h i c h  s-t n n-~ a~~~~~~~~~ loca t ed  i lon j t h e  ~~~~~~~ax i s  of  h~~r m a l

(F i’~Ø. 2)  [ 3 1 , 3 2 , 143 , 10 5 ) .

__________________ 
a

2 - - . ~~~~~~~~~~~~~
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L4
The select ion of heat-transfer agent for the thermal -

~~~~~~ ‘~ and

~~~ .-s team chambers is realized on the lasis of the following

requirements: 1) the maximu m value of the coefficient of surface

te nsi o r ~ and ~~~ good wetting properties tar providing th e necessary

~~capillary pressure hea l e~ 2) low ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

in order to facilit ate the conditions ot the transport of liquid

along porous core; 3) the high hea t of vaporization for achiev ement

of the maxi m u m hea t r em oval fr om ~~~~~un it cf s u r face; 14) h i g h  t h e r m a l

conduc t i v i t y  in  or~~~r to decrease the ther mal resist ance of he core,

tilled ~~~
‘li quid; 5) the operating range of tempe ratures ~~ mu st be

located ~~~~~emp eratiire range between ‘h e triple and critic al aln t ;

6) the high density ~~ -
~

- - in order  t o  decrease the pr ocess of ~he

interact ion of flow Ø.a&r w ith l i q u i d ;  7) inertness wi$- h r4’see- t to

the mat erial of core and housing of therm al luct .



DOC = 770  1O1~~
r
~ p~~p- ~!

~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~

\~~~~~~~~ ~~~~~f

~~~~~~~~~~~~~~~~~~~~~~~

- 

~~~‘ -~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~

- I

c-
-

~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~
\ -

~

\~~~~~
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C h a p t e r  1

T H E O R E T i C A L  P R I N C I P L E S  OF T H E  W O R K  OF T H E R M A L  ‘TUBES.

1. High—temperature or “isothermal” thermal

Known at present theoretical works ~~~~~ thermal ~~~~~ are based

en the assumption that the thermophysical and thermody namic

prope r ti es of heat—transfer agent and capillary—porous core are

constant4 ant-I do not depend on tem perature . In essence the y 1 scribe

h i g h — t e m p e r a t u r e  t h e r m a l  ~~~~

Coolin~~~the condenser i~~~~~ of high— temper ature therma l
-1~ t~’~ _ _ _ _ _ _ _ _is rea l ized  most f r e q u e n t l y  by emi s s ion  -

~~~
-
~~~~~~~~~~~~

--
~~~~~~ i n t o  t he

env i ronmen t  and b y means of the therma l c o n d u c t i v i t y  of t h e  r a r e f i e d

gas. For them is charac te r i s t i c  the small  area of hea t ing

(evapo rator )~~~r -~~-i-..a4- and the s u b s t a n t i a l l y  larg e area of coolinq

I
—

— 
~ - -~~ - --  :~~~~~~~~~

—
~

-i.r
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( con d en s e L 1d~ ep -a.4-~ .~9 .  As heat—transfer agent u s u a l l y  ~~~i u~~i 1iz e 1 any

m e t a l  i n  ‘- i-~ m o l t o n  s ta t e.

T i ’ -’ ~ O [ O U S  ~-)r e of hi jh—t em erat ure t h e rm al ~~~~~ u s u a l l y  ha s

~~~~~~ h y i r t o l  is  t riction ar.d hI -a lt therma l conduct ivi~~y. The

f u n d a i ~e n t a l  p e r f o r n a n c e  ch a ta ct ~ - ri st ic of t h ” r m a l  -~~~~~~~~~~~ is  ~h e  r~a x i m ’ i m

va l ue cf he t r a n s f e r r e d  h e a t  ou t  b i t  in g r a v i t a t i o n a l  f id I a n d  u n r i ~ -r

c o n d i t i on s  of w e u ; h * l ~~ssness a n d  t h e  a b s o l ut e  t e m p e r a t u r e ,
t~j  Lt-~-w i ich gorksjL .&~

The m a x i m u m  value of the heat out put , transferred al o n q t he rma l

duct unThr stationary conditions , is e q u a l to the  sum of t h e  h e a t

out p u t , t r a n s t e r r~~ri by convect ion an-I ‘~~~ th ermal conductivit y :

r t
‘ - ,o u~ ~F c)~1~1 ( ! - 

‘
~~

~~~~~‘ The heat transfer by thermal conductivity in ax ial direction

in the housing of and  porous  core it is poss ible  ~o i i s r e qa rd  in

compa rison wi th t ransmissi on~~~onvectjon; therefore

Qmaz 1 ’ ~,L~ ~~~ ~~~ 1 .2~

—--
~‘-~~~~~ 

-----— - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~ — T T ~ T~~~~ ~w —
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/
where L is er t~tal py ; e,, — density- ~~~~~~~~~ U . — t i~ speed .~~~~~~~~~~

4

a x i a l d i i  er t  io n ; - - ~ ~~~~ t h e  m a x i m u m  f luid f lcw ; r ’ - h e a t  of

v a p o r  iza  ~i o n .

Tie flui d flow ~~~~~ !~~~-- -~ 
— t— cap illary— p orous core is

t i

l e t e r m i r e l  or .  t he  b a s i s  of the  t r a n s p o r t  p r o p e r t i e s  of co re  ‘_~~ ~ h~--

t r a n s f e r  of t h e  s e l c c t e d  l i q u i d  w i t h  t h e  a id  ot cap lli ry force— ~

u n d e r  t h e  a c t i o n  of t h e  g r a d i e n t  o t  c ap i l l a r y  p c ten t i a l .

For t h e  s t a t i o n ar y  w o r k i n g  c o n d i t i o n s  of t u b ’~, i~ is n e c s s a r y ,

p r e s s u r e  c h a n g e  in t h e  closed loop  w i t h i n  t h e  t u b e  ~~

= 0, i.e.,

— — ~~~~ -. - —

— = 0. (

75~~~At the same time i~~ is n ece ssar y in orde r ~~

AR ,, - -  \P~ -< AP,~1, (I .4\

or
- -  ~~~~~~ - \

~~~T1 t
~~~ . , - I p. 4 ~~ -~~‘ trnn ~ ~

~~ ~~~~~~~~~~~

r
~ ~ :-~ (~-~ 4

- ~~- —
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~ rcor 1 P-j  to the equat ion ~Laplace — Y o u n g ,  on t h e  cu r v e l
4 t_ )J4 ~l-~d

s u r f a n c ~ of s.u-w-t i~--~~ li q u i d  — vapor the pressure differ en tia l is equa l

to

- \ r = ~~ 
( 

—— -
‘

\ I~’ i -)  
- -

w h e r e  R ’ ~n I  R’  ‘ a re  - he r a d i i  of c u r v a t u r e , w F  in l e s cr ih e  the

t h r e e - - l i m e r . ; i o n a l  s u r f a c e  of t h e  m e n i s c u s  of l i q u i d .

I f  ii  J J i d  w e t s  core , ~ he a n g l e  of c o n t a c t les:i t h a i t  ~~~~ Let u~

a s s um e  t r~~ ~ ~ e i n t e r t a c e  , l iq u i d  — ______ i n  co r 1 e n s e r~~~~~~~~~~~~ a n d
“4- .’

evap ot~tor~~~~~~~’..c is s p h e r i c a l  ( R ’-= R ’ ’ )
1
is d e s c r i b ed  b y  r a d i i  .*

R. m d  P~. _-~~~~ ~ / ~.e-

— — - 4  
-- —.~~~~~~ - 

~~~~~~~~~~~~~~~~~~~~ — r —-.-—— —- - - - 
—‘
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p_ . -_ - j~~~~~~ = _
-

~~~~~~ • C

P ,~ - -I .~ = 

~~~~~~

-- - ( : 8 )

2 -v
-- --

I, 
— - v .9)

~J n I e [  the op t i m u .  condi t ions  of the  w o r k  of ~$ &~ata.~~ r ’~4 i us  of

/ i n te r f a c e  v ap o r  — li q u i d j i n  con den ser ap p r o a ;h ~~s i n t i n i t y  P

- — , i.e., t h e r e  is a thin t u r n  of liquid on porous surface.

Ea__ -Il-.

Then

= — — -~--— = — - C .  T O)

2,r
Iv) , , .  ( I

pg1’max 
-

where ~~~~ ~~~s the m axi m um ,,.L~Mtte4e of capillary ~levition .

The ca p i l l a r y  pres aure in g r a v i t a t i o n a l  f i e l d  and  t h e  p o t e n t i a l

of ~~~~t ranater are def ined  a~

________ 
-a

- - - -
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f

= - —  
~- r  ‘-t~ ( ‘  

~~~~
-

C’-) — ~ -
C ~r ,,. ~., -

Ihe p r e ss u r e  d i f f e r e n t  i al  - 
i n  l i q u i d  p h i ~~e. For ce~ )~ i n’ rt ia in

th .~ li quid ph ~~se f thermal ~~~~~ usually they d i~;rerjai 1 and Ls

e x a m i n e d  ~~~~ l a m i n a r  v i s c o u s f l u i d  f l o w  i t  p or t -:- , w h i c h  c f t ey s  ‘h o

cf ~~

= — ~~~~~ 
- : -

f , ,4- I\s

In this expression they use the effective l e n g t h  of t h ? r m a l  ~~~~~

--_I 
______________________________

— ~~~~~~~~~~~ — - nI,___ ~~~~~ ~~~~‘ — -d 
- — 

-
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T h i s  is caused by t h e  t a c t  t h a t  in t h e  zon ’  of e v - ~p o r - i t i o n  a n i

condensation is a~~sumed ~~~~~~ t h e  p resenc e of t h e  u n i f o r m  r a ’l i a l  f l o w

of mas s a~; a result of evaporation and con lensation { 1071.

Th e  pr .’ssure d i f f e re n t i a l  d u e  to  t h e  f o r ce s  ot J r a v i t  a t  ion is

e ’iua l  t o

- = - 1’’ , !. s:r ’ (

Th e - i c c o un t  of t h e  forces  of f r i c t i o n  a n d  gr u / i t i t  ion -;iv.- ’ s t ht ’

tot il ~~L ”  ;~~; j ~~~~~ di f te r~-ntia l in liquid [ha se

I
— - )I(,~~~: - - U --

- I — — 

:- i~~~ 11— ~~~ ( 1~

U

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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i t  we - 1 i s r e - ~~ r i  t h e  p r e s s u r e  ~1 if f t r e n t i a 1 in  v a p o r  p h a s e , the n

the m a xi m um r l ui l flow e~~ capil]ary— porous core it is possibl2 to

f i n d  f r o m  f o r m u l a

— 
- -  

( - ‘S~~ (
T ( - ~~ .~~~~~ \ (2  

— 
/!~ ,.. L S ± O ’ ) (~ 

)~~~~

/ \. 1 \ R ,-~ n cos~ )

whore the angle 9 ~~ characterizes the ~~~~~~~inclination of thermal

— 
~~~~~~~~~~~~~~~~~~ r—-- 

- — - , _.~___ z 
~ LJ2 — 

— - - 
- - 

- ____________________
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~~~ ~o u n .  t ~i - ) r i z o n .  U s u a l l y  i~ ~~~~~~~~~~~~~~ l i m i ’ s  ) t  ) — ‘~~~~

)
~~~.

is t h e  i 
~ 

1- ’ , n I b y  t he  su r face o f ii q i  I -~ n by ; -) Ii I .ur fac’ n

.-~t~- j 1l ~i~~~ ’’ - ;  I - i t  iri i ~neir wet t in ;; tor t t~~
! w , - t t t n i  l L i 1 i ~~

.; ‘ ~~-- Y .  -

.L~~
If c~n~ - i .  tn c’ s th a t ~~~~~~~~~~~~~ t e a t , a p r l i - ’ -I t o  t h , -rrn ~~l L~~~1z,

1 
15

“x pen ~~~~~~~~~~~~~~~~ ) fl ‘h r  process  of p ha  e t r i  n. it  ion , it is  ~‘ - s:~ u le •

-~~~‘‘~~~ t ~~~~ h~- he~ t ) I J t p ~ J t , t r a t s f e r r ~~I by the ~~~~~~

( K s ’v f cCOS~~~ . ,~~~ \

S ~~~~~ J /
- 2 f~ ) ) j ’ 5 )”

C :°~\ ~~~~~ n~~ ~~~~~ ,
- 

-

For j  = 0

Q - 2~rr~~ 
v
\ ( ICS \

‘~.u )  \ P ,r ta rn ) - - — -

-k

__________________________________ - - 
~ iTT~_ _ i - -
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Th e  p t oce~~s of t~- 1 v  not ion of 1 iquid i n  porous ho d y u n d e i  t h e  i c t i o n

ot  t n e  ~r i -11 . .r t of -~~t al pr~ -.sure m ore  c o r r e c t l y  is de sc r i  hr- I by ~ he

~~ 4~~r c y~~. In  ~~~ o n e — d i m e n s i o n a l  case i t  is  p o s s i b l e

t o  c x p r .  .;:; I s  ~ol b o d ; :

- 
•- — ‘~~‘ :-‘‘-~i( . ‘ ‘~ C- ± h - ( . 2R)

— ~~~~~~ — — — 
~~~~~~~ _!_ nr~~_~ I-~~~ _ ~~~~~ ‘~ ~~ — - 

d
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V i

K ’  . - -:. - r .  i-’ I ‘ ii er ma 1 ‘ • y - a I • a V * . - - - I -
)

t i  i c c V - 1  t h e  ( O n  I i t  ) f l  t h  t • • he c - j ~ c • —  in * 1 .

~~~~~~~~ 1*~

S~ -~-ci  f i - - 1 1 1 , ( ) j  ~~~~~ ~I )L - i~~ COLP5 - f  -; a l l  • 1 ‘- : - . 3  ~h -~r I
5 -

- -
~ 

f -~
(. -

a t a h i 1n ~.p .-. I , i~ is  nec e . _~ t r y  ‘u it s

in Pt - L i ~~~~~~ ~ i~~h Ii ~ui I n u - a r  su :~~a c e  ( w a Y s  n ~ at  i on  0’) ; u r  i C )

w , - i i c r  , h - ~~~s ~p i n  ;pc’eJ d ist r it iti~~n o~ li iui l ~~~~~~~~~~~~~~ 
t~~~~~~

s e c t ic r i  of co r :~. r ne i -° f o re  it is n e c e s s a r y  t o  d i s~~ i r j ’ i i ; n i~

‘- WO v — ’ l o c i t y  c o mp o n e n t / of l i q u i d

( : 2:

The d~’s cr i p t i o n  of t he  process of the  m o t i o n  of lirpli l in ‘-he

core when its thickness a (( 1 , can be m a n u f a c t u r e d  w i t h  th r~ ai-I of

the e q u a t i o n  ot P o i s son

___________ _______

-- ~~~—~~~- 5 - - - - - 
~~ —
‘ 

- ---- - - -  — - - — -5---- -
- -~~
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~ y
2 I

‘~~ - 4-
i i o w e v e r , ~~~~~W

1t i e  c a l c u la t i o n  of cores~~~~- t h i s  —~f f e c t  u s u a l l y  /A~ y

I i S t c ? - j < 1 t  i .  r e  c~~~~~~~~ g e n e ra l~~~~~~~ e q u a t i o n , w h i c h  -d e s c r ib e s  t h e

mass t r a n s : e r  in  p o r o u s  b o d y ,  is [ 10~~]

— — —  —— — &v ‘ u ,, grad ()~, (‘ .21’

~I’ ‘~w h e r e  t h e a,,1=N—- J — — the coefficient of hy draulic - I iff u- - ion;
(~.-0

= Ii ~ !_ -

- 
- I-) 

- ( . 27i
S )ft —

_____________________________ 
I

— -~~~~ ~~~~~ - - -
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The use of eju - at i o n (1.26) esre ciall y irnp or~~-in t~~ ~~t t h

- ~~
examination of t;~~ processes of t i t i t n a l  s h - c~ i n  ‘- L - ~ r~~ i 1  ~~~~~~~~~~w h  ich

a re  loca t (~- -I i n  g r a v i t a t i o n a l  f i e l d , w h e n  a s p i  j e t )  h - ’ a t  f l i x  n r o — I u ’ - V --

t h e  i r ~~’-n . ;” -  e v a p o r a t i o n  of l i q u i d  a n d  con I~~n ; a t e  ~~ a o v  - - i - we

u n s a t  it -a . - I ~.oi ous  core  ~ t t he  f i n  1 sp.’te —l .

In  a n u m b e r  o f  cases w h e n  the te rm m can be

- l i s re  ;ar d s -e I , ~
- 
~ua~ ion (1. 2~ ) c a n  ~-e simplitie d and is pr ese n ’- .~r1 in

the f o i r

~ ,- (. V a~ ~ a . ~ -.- - - -  - j ’  -~~~~

— - --5- - - ~~ _ — -
~~~~ 

- -  .J~~~~~ - - 
- I s 

—
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Fo r t h e  s o lu t i o n  ~o t h i s  e q u a t i o n  in  th e case of the unst eady process

of t h e  m o t i o n  of l i q u i - l  a l o n g  unsaturated p o r o u s  cor 3 , it is

n e ce s s ary  ‘-o ~r:ov th e values of r. ,~~~ and Jc 7O~. for ~~

~~~~i .~~~~.r sp e c i f ic ~~~~~~ al  porous  mat e r i a l .  ti nder  the  — ; t~~t i D n a r y  V

w c r k i  n t  cor - l i t i o n s  of t h e r m a l  ~~~~~~~~ a .,, and K a r e  cons ’-  j n t~~ •

~o n f i n e ar  d i f f e r e n t i a l  e q u a t i o n s  ( 1 . 2 6 ) ,  ( 1. 2t3 ) ~‘r e s en t

siqoificari t difficulti es for solution not onl y by anal y ’- ic al, hu’-

also numeric al method s bot h as a result of t h e  pov~ rfu 1 ri nlinear

I e p c n - I . - r 4 r~- of um (O)  and K~~~, - and as a r e s u l t  of t h e  l a r ge  d i t f e re n c e
1- 

~~in t h — ~ sneed ot absorptio n ~ —~~~~ -‘ ini tial m d  tha t  wh ich f o l  low p o i n t s

i n  r i m e . In  w o r k  { 10~~]~~give n n u m e r ical s o lu t i o n  or t h e

_______________ 
a_______________________ - - 

5
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I i~ er s i o r - 1  1 ~r ohl tm ut  m a ss  t r  a n s f  r in  p o r o u s  m e d i a .

as an cA~~p r o x i m a t i o~~~ is u t i l i zed t h f ?  ~x p o n e n t i a l

iepen I-~nce of u..JO). In t h i s  case eq u a t io n ( 1 . 2 R )  ca n bu  r e w r l t t er  ~~ .;

a r

-= — Ci” - - -- C

‘~r Ux -

a n d , ~i r e t s - f n r~~, to presen t as

= e~~ ~~~~~~ I’~~, — — 
~~~~ ~~~~~~~

(L30)

which  m a k e s  i t  p o ss ib le  t .o c a l cu l a t e  (~~~ )-)
•

for the d e sc r i p t i o n  of the proc ess of - •  mass transfer in the
kL1S~ ,

~
.-t Lo

po rous  core of t h e r m a l ~~~~~,1su t t i c ie nt  to use the e r ; T l a t i o n s  ot the

-5 -
~~~

-——— -=~~
- —5- — — - _______________
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i i l t r a ~~ion t i i n s f ~~r -of ‘~~~~~~~~~ liquid s in which -~~~~~ u,,,~~ ) .  an i  K (~~
) a r ’

a c c e pt s - I as con st  ~n t s  [ 110] :

r , ;~
- - ‘ -~

d~v 
,~ - ‘ \

‘ 
\

)5 
= - (L3!)

This  e q u a t i o n  for t h e  case of h o m o g e n e o u s l i q u i d  in  i sot r o p i c  porous

m a t e r i a l  in c y l i nd r i c a l coordinates  takes  the  tor n

- ±~ ~-~1(~t -  ,

- r • -‘P f r  /

- I o / oP - (3/i
5 ._ s~~~ ) 

5 .

r -  ,-J,r~ L - - ~~:‘ 
F ; -

- ~3 r oK ( oP - 
1 On

- --5— .-- IV -- _-. — ~~~ (~ 3’~r X U ax ox / 
- -

The pressure differen t ial in vapo r phase. Av ~~~il~~~~~v4drop in

t he  p r e s s u r e  ~~ APE, in  t h a ’  vapor  p h a s e  ot  t h e r ma l occur s  as a

r esul t of th e ’ pr •a ence of the forces  of f r i c t i o n  a n d  i n - o r t i a  d u r i n g

- —
~~~~

- 
~~~~

--
~~ 

~~~~~~~~~~~~~~~~~ - —5 
-5-—- -5-- - - -—

~~~~~~
—- -

~~

- -
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V

m o t i o n  .~~~~~~~~~~ F~ ~- i r  - ‘ . a , 1- , e f l v - -s  ... t ~-w--t y--—~~ ‘ - h — i 1 r ~~~; s I i ’~~~ n

t h e  v -a ~ -ot  ~
)h as •~ t ~~~~~~~~ •~~- . - i~~a ir .~ ~~~~~~ 

. - • r  on ~he veloci y

of vapor ~~ ~~~ , a ~~~~~ 1 ~c ~ i . - r - ;~~ons r ) t

F l r ~~~ . ~t i ~~ V i ~~ - n a~~~ .jp~i....i-~~~i- t ’i ~: o n ’ i ’ ;~~r~~~~~ç-i-~~~~~~ of

.~~~~~~~~* c ar .  : - ‘ -  e n  i i i ‘ -~ 1 • a . - r a  i i  a ~ v~ -lo ci t y ~~ i. . a n - I axial

U • r e  h e a t - i n ~ a l i r  pai~ 
-
~~ a~’~ 4C e x a m i n e  ~~~~ o n l y  a x ia l

veloci v ~~ U ,

- 
~~

-~s e x a m i n e  s- t , s~ r m i l  ~~~~~ in t h e  f o r m  of cy l i n i ~~r.

Na vi .-~- r-- t - j kes ~-~~u i t i o n~~cy l i n d r i ca l c o o rd i n a t e s in st~~~ I y — s t a t - ~

o p e r a t i t . ;  c o n d i t i n n s  of tube  takes  the  f o r m

- -

I ‘) / - ‘ .- \ ) —L ’ -— V  — . - - - f r  J - 4
~~

--
~r -

~~ 
:
‘

I x 
~~ ~~~~~~~~~~~~~~~~~~~

~ / , /) \ I32U-4- V — - - -- ( r(J r) I + ~~~ . C. 33)j r  r or 1 O~.

Iquation of contin uity

( 3’ ’ ! !  ~~ r !] .)
—- - ‘ - - k  - ‘~~~~ = 0. (. 34~ —

OX Ir -

— 
~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- - -- - 
—
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a 
I 

-

pp

F i g .  3. D e r e r i e nc e s  of  ~~~pressu re d rop ~~~~~~~ f ot t u b e  L = 300 m m ;  L =
iT~~ te5-C’-em~5P -

800 mm (a, b) and sii~~.rut .,tu* curve s (C )  [ 3 6] .

n.y: (1) ~ /m’.

-____________ - - -~~~~~~~~~~~~~~~~~~~~~~~~~~ 5- 5-
-~~~~ 5- -
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LV O C = 77) ?01~~~ ‘~~~.t ;  -

;-~ 
-1

-

~aq

(

:t or - -  a~~-~~ 1n - ac cou r t , t i - a t  ‘ - h e  1- ’n ; ~~ h ot  ~~~~~~~~~ ~~~~~

~~~~~~ 1 :.a~ 1-i j r . - -i et ‘h a n  • r a d i u s , t u l  -~ ba ~ i n v a L j a o I - ~ ~~~Om e t  r y  an r~

~~~ C r . an ’ a : ~~’i~~ o r h  -‘ s i ca l  p r o p e r t ie s  of t h e  m a ~~er i a 1  ‘~f

h e a t — r a r ~~ ’ - t  a ~- - i , h e n  t h e  ‘j i ve n -;y~~t em of  ~- 1 u - ~~ i o n s  c -i n  h~~

sig n i i i . u~ . t k y si ip l i f i ed :

OP ( ~l ” - , - a!,- -
= — ‘ -~~~r~~~~ 

- -—

/ I 1b’ - i~i - , - i~T . \
- ! t 5- - - - ’-- - ‘-~~~— -~ - i , ( ‘

r ) r~ ~~ ‘- — -

- (1
~~‘ t /  -~- 

!‘  ~ -

- f - i _ v j  
-

/ , - -
~?~~ — - - f _

~
f ,  I -

- 

- - - - _ \  - S 
-‘ - - 

/ 
-

s i r ! . / O r!; 
-‘__  - -_ - -~~~~ ~_ - _ _ ~~ - ( S

Ox Or - - -

boundary condi t L- ns for the solu ticn of this system ot .~~l i a a t i o r s

can be written as follows :

r - I?, f~— , r~ ~~~~

- T ( • i ~- / ~ -

Along the a~~~ ’axis of ~~~
r = 0 , Ur = (5 , L/ x 0

~~~
5 !< X = e .

__________ 
-4

_____ - -5-- .- 5- 
- 5 -  - - - -

- - ~~
— 

~~
-_ -
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Sol u t i o n  to t h e  eq u at i o n s  poin ted  out above  -~~ ‘-h  ~‘ou n I a r y

condi  t i o n r ;  -j i v e s  t h e  f o l l o w  ing ex p r e s s i o n  f o r  - h - -  t~r ’s s ir~
t.. / -

d i ft e r ~ n t i a l  i n t h e  vapor  phase of th e  t h e r m a l 1~~~ _i~

— P 1 P x r  Q ‘ ; ( - -
~~- - (:~~ - V~, f l ’~~ C .!”~
‘ 1  ~ I

It  ~ e sri  p ~~~4e t h a t  i n  eva  p o r u t o rm ~~~~~ ~~~~~~~~~ ho ’ t : - -- -5s u n

d~~f f e r~ r~ 1 ~1 is  e~~ual~ \J ,., ,. . b~~~~~ /%.~- . L

AP - = -~
( ,I- :  ( ~~

- 
~~~~~~~~~ 

~~~~ ( V
\ -

_ 
-
I \ 

~~~~ / 
-

~-:i): ~~
‘—

~f)?

The r e l  i t i on  of  t h e  radial velocity of mot ion to t h e  - a x i a l

- 
- - - -  - _

~

_ - -a
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av ~ - L - t  1 k ~ p ’ -~ . I ~~~ ‘J~ at o u t p u ’~~~.~~~~~- f r o m ‘ - V a r - o r - i t  ‘)r ~~~~~~~~~~~~~~~~~~~~~~~~~~~ e m

f: f’ ot tai r r v- d w j t h  t h e  a i d  oaf t h e  l a w  cf c O n E a - ~r v - r i o a n  ~~f m i s : ;

p
— - — — — —  . —_— ( S  /~2 1 , - -

m n a  in  ~ous i  y

I P
- 5- 5= — - — ’

- - 2 - - -

5 )  
- 

O~~ 
1> 

• , 
;~,

.
,

-~ r — -
V

- a )  i n  V - i t  ;~ a ) L  ~~:::— :- ——-r-

- ‘ / - 
~ V . ~~- / ‘

~ — -•- . — ‘ - ~V / ~~ (1.43)

-- — -~ -~~_ -~~~ — ~~~~~~~~~~ ~~~~~~~~~~~
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$

for Pe >> 1 ( l a m i n a r  f l o w

4

b) in the he
~~
t— insu laA1 zone the process o~ ~~~ n y 1 r o~~-~n trrtr

m o t i o~ of va r ’or will he analogous ‘-o t h e  n r c c °s s  of ~ ~ a w - - f  s a s

- in .  ~~ w i t h tough walls. It it is p o s s i b l e  ~o dc ’s rr ib -~ in  h~ is.-

c~ l a m i na r f l o w  b y  ~o i s e i a i i l e  e q u a t i o n

- — - ‘ I  ‘~
‘ 1  = “~~~~~ ,,O ; O _ _ ! :  ( • ~~ 4~

5
~

- P - c ’ , )

C ) i n  t he zone of ~~~~ co n d e n s a t i o n  of  ~he process of

c o n d e n sa t i o n  to a c e r t a i n  ex t e n t  i s  a n a logous to t h e  process  of

a’ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—
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- L ~~~
s u c t io n  t h U / u ; :  ~~~~ n ) r o u s  ~~~~~~~~~~ In t n -  ; L + ’ -  n.c - ’ - ‘

no’ 1 i r n i n  ~ r w a l l  b o u n -~a r y  l ay . ’t of ( : ) n d . -r ’ s.-~r . I--!--—--—~’~~,t- ~ i ’-
- \  

‘ -~

p r a~ss -.i: ‘~ i - -t a - r a t  1 ~ml sub s~ ant ia 11 y is ’ ss t - t f l  I fl ‘- i ~r - - a ’

w i t h o u t  ~:on;er:sat i o n  or su c t i o n ;  t h ’.’r o - f o i .- - i~ c- i n b .- - i~~ ;~~~- ; a :  i-! 3 a : I
- -

consi I~ to  I t~ it. t h e  con  I e n s~~r I~~~~.p i e s _ su r - ’~ t ion : ,~~. an ~ 1 5  / ‘  3 1-1
‘-5- — 5- —- - -‘

p r e s s u r — ~ ~+~~~ i- it the inle t int c con1en rerm~~~at~-,-w-r.

T~~us, -m pra’ssur~’ drop in th e vapot phase of ~~~~ f o r  the o- -ise of

l a m i n a r  tl ow ~~~~~~~t -in be present .~d in the following form:

= AP 01 APn ar  

- -
. 

. _ - _ ,  V 
~ ~~~~~~~ (~~~~_~~_ ! 

( 1 . 4 5)

S 
- 

- - - ~ 1-- / 
- - 

~ ~5
_ -

In. roug h a p p r o x i m a t i o n  for ~~~ lo a . j i~~~-n when  I~ >> l,, and Rer < K 1,

- 
- -  zr - - - _ _ _ _ _ _
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a pr e ~~~~~ u r . - I t oa t ti i i i . -  • - ‘ -
~ a ot a • a I ~~~~~~~~~ a n  i r ~

ca) n,~ e t a  ;. I a : a :  :~~ - I 1_ , I e  ~-~~I I -  ~~

~\i - _
,t \ ‘ - - T l -  I I -

f f  ~~~- - a n s um e  t h a t is v a l i d  t h e  9oi s e ui l ie  ~~~~~~~~~~ ~~~r~n

- 

I -
~ 

— ~ 
O/ ,~

r. 
~~

- isa) -

I

/ *t
’ -‘b~~t~-

for th e o~m s- 5 of t u r b u l e n t  f l o w  i n  t h e r m a l  ‘ 
~ he

p re s s ur e d i ~~f e r a n t i a 1  is d ’ t e r m i n e d  as f o l l o w s :

a )~~~ n ev a p or - a t o r~~~~~~~~~~ v~~~ t h e  p r e s s u r e  d i f t er e n t i a l

= 4,45/,~ 
JnUr!a’_

— —  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-.5-—- - - - -

- -I
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1~ /,‘ 
_______if one considers that r

= fl~~~ •~~ _~ , J~~~ ~t

= 
V 5 , - ~~~~~~-~~. 

( I  ~

I-

b) in ~~he ~:t—insula ~1 pa rt of tb ’ ~~~~~~~~~~~~ acc or d i n g  to  ‘h e

eqa~~t ion ot b l a si u s ,

- 
_ I  

-. ( - -I ‘ V  /

c) 1 n con s len :, - ’ r ,~~~~~t~~~~ sr

- —

115us , ~~~~~~~~~~~~~~~~~~~~~~~~~ pr es~-~u r e  d i f f e r e n t i a l  in  t uba~ rin j a-r

t h e  c on d i t i o n  ot t u r b u l e n t  f l o w  ~~

~~~~ I1 = ~ ~~~~~ !)~ 
- fl ,O I 07~~~~

4l 
( 1 ~5 

~ )I’ p R -  -‘

~~~ t ot al pr essure dif feren t ial in  l iqu i d  and va por phase .  The

total pr essu re differentia l in a n d  l i ju id phase  can he w r i t t e n

in th. for m (111)

- - -- - 
- - - --~~~~~~~~ ~~~~~~- 

- -
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- — - 
S t t ,~~

’
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- — * - -

~ ~a,,,/ -~ -. - p - ,
- - 

-

1 ’

From t h i s  q u a d r a t ic  e q u a t i o n  r e l a t i v e  t c  f l o w  j  i t  is p~~~si il ~0

~~~~~~
‘ - --

~ 1 - j u l . ‘~~ iCL -
~~~~) L ~~~, to - i e t & - r i i n a - ’  t h e  h a - i t  o Ut ;I P , t r -a n s ’ P n I -  i

LI (
alon g the - ~~~ax is of Ij i.  by f o r m u l a

for ~~~ lon j  therma l .  1s wh ere  the pressure d i f f e r e n t i a l is
.iet~ r mira~ J k~ -~ v i ~~~ ) u... f u t c ~~5, e xpr k— i~.. ij u n t o t  j t a k - - s  f o i j a  [ 1 ) 1 ]

- \ _
__

_ - 5 - - ‘
_

_ _ _ • ‘  n
- 

- 
- :  

- 
- ( 1 . 52)

L i m it a t i o n  on heat tran sfer in  t he r .a l  ~~~~~ as a r e s u l ’  of the

em e r g e n c a ~ of shoc k W d V C S in va por phase. If ‘he speed of m o t ion ~~~
-
~~~~‘-t-in  t h e  c o nden :; r~~~~~~~~~~~ v_- of t h e r m a l -

~~~~~~~~ reaches the s p m e d  o~ sound -,

are form ed ~~~~~~~~~~~~~~~~ vh ich can cause the disturbance of

c5~ (~¼~f 34~t
In connect ion wit h this it is necessary that the f l ow ,-a~-

~~ i,, would nc* exceed va lue t29 1
- — -~~s~ 0 ,, ( 1 .~~~4 )J ~~,_ - - x ’ s . - -

where ~~~~~ ij~~~~~, 
- the speed of sound .

- ~~~~~~-——— ~ - 
— — ~~~~- —— —5- -- - 5- -

- 
- -_~~~~~~ ~~~~~ - -
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-• for a perfect gas can be found according to f o r m u l a

- - : - - -

The m a x i m u m  hea t o t a t o u t , t r a n s f e r r e d  alan  ther mal in ‘his case

is equa l ‘0

- 
x . - - -  ‘~~- (~~~~C--

Limitation on heat transfer in thermal J _j ~_- as a result of t h e

ln t e aa t i  / ) t  t l ) W  ~~~~~~~~~~~ p O r O U S co~~ • ~~~~ h i  3
k 1 p~ e1s

O. ~ o~~~oi. ~~~~~ ~~~‘ i - i r  suh s~ an t i il1 y bi.~~s ~~~je tran sf~ r of li - j ri jd OT ’

cor e .  T h ~ . i L S t  )t al l is  related t o  t h e r m a l  ‘~~~~~~~/4~ t .h ope n

c t a n t ~~~~~ s [ a ~ 2 i .  To ~valua ti on criteria of ~n ’eraC~ io:: ~~~~ - d i ~~h l i ;u i l

are he c~ it e r i a  for ~*~eber le [112]: 

where Z 
~~~~~~~~

.j is the significant dimension of the surfice of the

interact ion ot fL0V ’
~~~~c~1~h li quid . 

- 

~~~

- 
—-5— - —.~~

The maximum heat output , transferred along the therma l .Lu-t L-~-

-u ., and determined by interaction~~~~~~
t
with liquid , can be found

f rom ex p re ssi on
a , r5p ’ 5

Q-r y, Up ~r I / - 5
7 

— -  (1 .58)

with We z 1. 

-a
_ _ _ _ _ _ _ _ _ _ _ _ _ _  -- - _ - 
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2. Th,?r :Tc11 +~~-~ =s f -5 ’ m o d e r a ~~c’ ‘ m r a r - i t u r ~ r , a n - ~e a n t

l o w — t e m p e r a t u r e  ~~~~~~

~~k
~~ f~a~- t r a n s m j ’ - ~~i n - ;  ot  hca a 1on ~ l o w — t - ’’n;”r at t i r e  ‘ h ’ r u v , i l  i’-~~’1,~~~

L rJ ~ -~~ 
~~~~~~~~ ~~~~__~

(1 ~ , -~r s e r i ~~s of ~~ para meters , :;‘irh , i.~ tl ~~~’nal r-~-~istInc.’ of

the w a l l s  of ~~~~ porous ccre , ; a t u r a t ~~i ~
y, l i q u i - I , t e m 2 ~~t. a~~i re j u m p

in  t h e  zone of e v a p o ri t  ion and  cou ~-le ns .i t i on , t h e  ‘-he r ma 1 re .s i~~te ’ rc’-~

of f l u i d  f i l m  ab o v e  t h e  porcus  cor’~ i :~ t h e  z n ~ o f c o a l  • f l 3 l t i ) f l  a n i

f i n a l l y  t h - ’  t r a n s p o r t  p r o per t i es  of p o r o u s  core .

All para m~—t~~rs poin ted out abov .~, wi ’h the .-~x cepti on of ha’

- ~~ -- - — ~~~~~~~~~~~ —-~~~~- -~~~~~- -5- - - -  — -
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- ;  t- .‘ -

1at t ~ -r , ch a t  a : t  ‘u i z - ’  : > t o c . ’E~s h a  ~t~~- - a n - I  m a s s  a ’x c h a n q e  w i t h i n  ~ h a ~r x ~a l

wh et t h ,  ~ u i Ii.~t. of ~~~~ t . -m ~~a I a t u r e  is pr c-sen t j is  m o ’i ve

p o we r .  T I a ’  -~ 5 a i v - - p - w . - r  o r the t r ~j r : ~~f a - t of ii l ui l i r ~ ~ i~~i l l a r y — p o r o a r

‘ - h i -  ‘~~~i - t i ’ n ~ of c a p i l l a r y  p o t e r ’ - i i l , w h ich i - ~ f o r m - ’ - -~ i n  ‘nc

;~rcSOrc ’’ of ~- v i ~~o t i t 1 O f l  ~ n - l  co r h7 r : s at i o r  i t :  t hi ~i i f f - ~ r - - n ~ p~~~~s of

~~~~

. I
tt~~ ~ O L O V 1 S  1 0 1  / . r’ or l o w — t e m ~~f r a ’ -  u r e  ~~~ nal ~&iuaA~1 ~1re cu - i  ra 2t er i st i i

I
~- r )

h o u r .  l oL y c - on ‘ it ions  3 , 2 or 1 k i n d  in ~ he z o n e  of con - l c n s a ’- i ) :

- 
-rh o m a x i m u m  v a l u ”  of ~~~ hea t o u t p u t  —u-ai-*3-4- t L m n . s~~e r r _ .t  a l o t ;

t_ ( & ~~
~~~~~~~,. I : ; l i m i t e d , on  one h a nd , t y t h e  a -me t ;~-‘r /c a  of 

~~~~~
- ‘ - r i  :;js of

I _ S  -

b o i l i n~ 1~~ ’1ULd in ti’e pores of cor- ’ , ~~~~~~~~ ot t c r  — l 1 T i ~~P 1  ‘~~~aac ity

d u n n - )  t i , - t r ~~n s f - ~r of l i iu i d  on p o r ou s  core ii n - I - -r t~~~o iC~ i I T .  O~ t h ’

gradient of ca~~illa ry potential. T h a — r m d l  I ~C t s  r .j r w-)ra- s~jt~~ s r in the

mode of ‘- la ’ ~va~~ora~~ion of l i - j u l  1 ~r our ‘h .  s 1 [ ! - i c a ’  of  p r o j : -  ~ -fl y or

ira t t a ’  u~o-~~e~~~~ of k-ui ii TI .

U n d e r  c on d i t  ions  o t  we i’~h t l e s s na  ~s w i t h  h a ’  a ’- r a - m o v a l  by t h e

ev a p o r a t i o n  of l i 1u i I  from ‘-he sur tace t t lat p o r o t i 5  COtc ’

j L  t~~~ it i’; possible to find
<
1f

~
. for rul~

4 
— *- -- - - . ~~~~~ -~~~~~ -~~~~~~~ -~~~~~ --~~~~~ - ~~~~~~~~~ -— -  -_ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ 

-- - - -  -- - - - - 
ii
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- ~ ‘ - ‘  - - ‘  r ’ 
‘

- — -—-5 -

- ‘ 
- _

- If _ -~ 
- ‘ — ,‘_ - 

—~~ - 
— - ‘

- 
-. /

t~~~~ ~~~ic - : ~ w ~s oU t  , j i ned  on t h e  b a s i s  of t h e  f a c t  t h a t  is o b s e t v ed  t h e

e i u a l  i ’- y

in t h  is c a so  -~ e a s s u n e  t h at  \P ,1 ~~-

~~t a  va lue of Q ’ ~ x dur i raq th o  emerge  race of t a  cr is is  of bo i l  i n - i

1”~ 
.- - --~~u s u a l l y  is  ~~~~~~~~~~~~~~~~~ exper imentally. B e s il e s  k n o w l e d ~~- of a- . . , . f o r

l o w — t e m p ~- r a t u r e  1~~~~~~ it  is n e c e s s a r y  to k n o w  t le -’i r  t h e r m a l

resistance or t h e  t e m p e r a t u r e  d i f f e r e n t i a l o e t w e en  t h e  ~- x t o r n a  1

s u r f a c e  or  e v . i po r at o r ~~~~~~~~~~ and con1e n ser4~~ j’~~~~~~~. it  t h ~ k n o w n

va lue Q.

Let us e x a m i n e  process h e a t —  and mas s exchan ge in the
-1

- — - - -  -- -- - -  —- --—---- —--—- -
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evapor ator ,~~~~~~~~~~ of t h e r m a l  ~~~~~ w i t h  f i a t ~~~~~~~~ p o r ou s  cor.-

(F i q .  14) • Pt t u s  ~ ~ u u m e  t h a t  t h e  p o r ou ~; c o r e  h a s  a ‘ h i c k n ~~ss 5 ~~~
W i d t h  t , j S i s o t r o p i c  ~in’1 t h’~ ~eat a ’x c h a n  j o  i n  i’ is r~~-il i z a-’ ] by  •
th .--r t al cOl l uc t iv i t y and S~~COfl v o C t i O n .

-5- --
* / a

- 

~~~~~~~ 1
(1’-

- ,

— — :. . ~~~~~ - ‘ a - ’~ 

—
~
- ‘--l--s--- - —

~-—— --‘-~~~~~~~~~~
---- 

~~~-~~ uia a~~~ — ~~~~~~ ——~~~
- - - -

~~~~ 
—
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F i-i . ~4 . ~~~~~~‘e l e m e n t  o r  t l at ,~~~~u~ por ow; core of a hp rm - i l ‘ i J  “ i n

- 
t h e  7O~’a- ot  a ’ V - f l / ) F  a ’ -  i o n .

The u i o n ~- r  i a - s  or 1 l i a l l 1  a n d  cor e  are det ’-’:minc’ d I f 
~he a V a ’m a jed from

t~~ ’ vo 1’i an~ of -~~ar ~ t o m  p er a ’- ur -e .  T e m p e r a t u r e  j u m r - s  in  ~ I --’ z o n e  of

e v a p o r a t i o n  a n d  c o n i ’ : -n s a t i o n  w e  d i s r ega rd . Fluid film ib o v e  t h e

p o r o u s  Ce: ~~
- i n t h~ zone  of c o n d e n sa t i o n  is  a b s e n ’- .

For t t - ’ ~~~~~~ o l e m e n ~ of f 1at ~~~~~~~~ p o r o u s  core w i ~ ~ a ‘ m i c k r  ‘-? n- t-

6 in  t~~a-— Z on e  o f  ~~~~ e v a p o r a t i o n  of t h e r m a l  ~~~~ t. ic ~pi.:~~~ 1 44 F i  ~~. 4 ,

i~ is p o s s ib 1 -~’ to  W~~ j t a ~ t h e  f o l l o w i n g  ~-‘ 1u a ’- i o ns  o f  h”-i~ hi 1- n i ; :a’:

~~/ )  ~-v ’ : : /i) ~~~ . \ f l ; 5

c, ~~~~~~ 
Q’~~r’)’ Q _  ‘ -  ç p ._

- 

‘
~ dQ1 I ~~ 

(

IS ~I( —

a—’ -- -~~‘ —
- - - - r -  -

-
~~ 

~ S~~ ~~ 5 - ‘  (!(.~~ - - ~~~

-- 1.-c - -
~~

- I:-~~ ., 0.

A~~~ C’) ‘J aj d j  (-‘P )  
~~~~~~~ (~~~~~~ /  

a
- 

- - - - - - ~~i=~~
--—-—-- --=--- _ -5— 

- —‘ a,
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In the basis of energy balance in the ~~~~~ ele.ent of porous

core , let us w r i t e

-— ~! ( 
I!T~~ 

~~~ — (a ( ‘

~!‘ ~n- - S

Th~ 1— ’i 1 V I 4 1V--’ S or ‘-k ; e  second or lia r in  t h i s  case  we  I i s : - - - j a r .1 i n  ‘-~~~~~~~

S_ - I_a
- 1  ~~~~~ s mna 1~~n ess

-_ - / ‘ !- ~~~~- , , ~— :_ d~~-~- 
~5 15 

- - 
~~~~~~~~~~~~~~~~~~~ 

~~ .

il/i ,,, 
- 

1 ’  (~~
- -~ /

(~~ / ~~~~~~~ (5/

j~~t is  make the followin ; substitu ti on :

dim ,,, /1!  1 ~1 -C1~ — 
- 

- -— 
~~~

_ — - ‘ - ( I  ~~ /dy a~~, ‘‘ , aO/

a
- -. - - 

- 
-~ _-~~~~~~~ :--~ - — —-—- ---——----~---—--------~::-:_i —-5—-- 

— - ~1 •~



- -t~s ~~~ I’ 
- 

-

w~acr e  ~~~~~~~ (
~~ _a — the h e a t  c - a j - a c i t y  of t~~*. - . ‘ - i L o - i n  :or - ~~, t~~11 ~— 1  ~y

l iqu i  I .

I r ~ ~ 1 ’ -  rom e~ O~ th e rmal cirW~~ij, 
t S ~~- ~ O L I R  J~~a d P i ~i~ usu all y

compo sao- ;  v - ’r - ~ 1- .~~ v a lu e , ~~ w h i c h  i t  i s  ~oss ib le to d i s r - ~ j a  n - i ,

t h c- r.

- 
~~(

_

~_~~_ __ 
- ( ‘ r ~~a

— ~~~~~~~~ ~~~~“~~~~ ‘ —~~~-- - —— - - - - 
—
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subs t i t u t i n g  ( 1. h S )  in ( 1 . 6 2 ) , we o b t a i n

~~
. ~~

- - ( :7
-5 = - 

,~
- -
“ -- 5 -5 - - -  - 

(~ f)f-~
i - n  i _~. - - - . .. 

- 
‘ - i  

- -

Let  us  i a - s i j n - ~~ e

t h e n

~~~~~~~~~~ ~~~~~~~~~~~~~~~~~

r
= 7 - . ’

~~~!I d!f ,

~~~~~~~~~~~~~~ 
!1

2
, - (! .69)

= S_ -x r ’ ~~~~-~~~~~~~- y~~) . ( ! .70)
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5-f

~jjjj-4p4~a ~ AG E ,I I

Let us w r i t~— t h e  b o u n d a r y  conditions : wit h y = 0

—
- ‘ 

- - -  

- 
-

- -~~ ( 72/r~~~~ ~~~~~~~~~~~~ -

= — - 

; C
~~ 

~~~~~ :- 
-
~- -r- 

- 

- . - - 
- -~ 

- I - -

au t h  y 6

T = T , , ,  (~~ 7-H

(IT = - - 
. ,

~~~ 
( J C ~~ ,, 

(~~ ~~~~~)

‘ - ‘‘ - S T - ~~~~~~~~~~~~ )T :, - - 
-

_____________________ 
-a

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ - -- ~—f~~-,— — ~~.-— — - 
- -  _____________ ______________________________________________________________________________________________________________ ___________________________________ _I a
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D”-i l ~r~t~ - j r a t~~Dn of d i f f e r e nt i a l  e j u a t i o n  ( 1 . h 3 )  ~ i ve~~ t~~

t e m p e r a t u r ~- - fiel i i n  t h e  po rous  co re , fill”d by heat-t- :~~ns fer agen ’-,

when th e “Vata()r atjofl occurs from the surface of porous core .

~ft~~r- dual in te )rltion we obtain

— T ,,. — ~~~~~~~ ~ 
C\ ” ,~: ‘ ‘ ~ - - !1

2 
il’,.

- - 
~;s ’ - - - - - T -  -- ‘- - T’ I

- —=-----—-- -=---- - - - - 
~~~~~~~~~~~~ -

— -r —-~~~ — -
- - 

- --
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t “rn ~etat m re  ~ i f f e r e n t  ia l  b et w e e n  t 1 ;~’ e x t e r n a l  i n I  1 n ’- “ r r : a l
__________ 

p 4-411
s u r f a c a - s  ot t h ~ c ot e  of  t h e  e va p o r a t o r  of t h e r T r ~ 1 ~~~~~

-1
a--q u al ‘-0

T., - —  T,,, , . =- — 

(~S 
— - 

~ 
(- \ ‘)  

( ~~C ;-~~ii - 
f~ 

~~--  

~~‘- - ‘- T  - 2/ ’ L , ~. ‘,, I 
-

— - 5  -- — —  
-- 

-— --a —- - — -
~~~ 

- - -
~~~~~: 

— 
- —,
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~- I

~~~~4la1 )-jous ly~~~ is ;  ~~ p ~~~~ the temper a t ure di ffe renti al h ” ’ - w e en

t h e  ‘-- x~~ - r : a d l  a n d  i n t e r n a l  s u r f a c e s  of  t h e  cond ~~nser~~~—~~~~~~~~ of
4- I -
{-: ~c -~

‘h e r m a l  u—~~~~~

~~~“ ‘_ I _
’
, _ s ~ 

~~~~~ 

~~~~~~~~~~~~~~~~~~ 
~~~~ 

-

fhe t~ - m p e r a t u r c  d i f f e r e n t i a l  on t h e  wa l l  of t h e  h o u s i n g  of

e v a l . o r 1 t o r ,*.p1— ’.a-~ w a n d  con de nser J ~~~~u i & ~~r is equa l  to

= -__ 9_ _ _ - 
~
,, \T -

1’ ~~~~~~~ i s / _
I t.,

~T

___________________________  
________  ________
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To t a l  4
~ - u m p e r a t  a i r a  d i t e r a - n~ ~~ 1 L s a - ’  ween t he

ex t er n a l  w a l l  of ~~~~~~~~~~~~~~~~~~~~~~~~ -i r’l a- ;ou h - r a s er *~~~~~~~~~r ) t

_____  

(

S

4

f lat ,ó~~~~~ 1 ( a W — t~~lp e L I t U r e  t h ~~r m a 1  •~
-5

~~l o r  ~t - a rr harn ’~- ’r is --‘ 1 *13 1 t o

~~~~~~~~~~ \~~~
_ _ “ _ T ,, , ,) - -— T . , . — — T ~\ -  \T~ =

- - 
~~~

-
~

- : -  
~~~~ 

Itt - -

- c-~ 
-
~ 

(
~~

; S f, :( p 
\

a ~~~
— 

~~- - - - J
— A

‘ - \ ~~ ( - ‘ - ‘ -‘ j = \  c’: - ~ 

~~~~~~~~~ 
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~Ø y < 1
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a
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~~~~~~ a - ~-
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c y l i n - I r i c r a i  t h e r m a l ~~~ L. a n a logou s an a l y s i s  ~~ jives
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I~. ‘n e  pr esence on e x t e r n a l  su r face 1 the  eva por a t o r ~~~~ ~~r and

~~~ 
c o r d er  ser r of t h e  l o w - t e mp e r a t ure th e r m a l  of  t h e

b o u n d a r y  COfl,Ijt ions of the 1st k i n d  ~~~ ‘
~~  

- 
- :

~~~~=~~ n t h e r m a l
• power 0, trans f erre d alon g the rma l d u ct , ca n  be de t~ rmjn~~ b y  f o r m u l a

- 
r

a--’ — I - - - - - 
- a , —- — 

L ’  - ‘- a- - - -

-
~ ~

/
- 

, - ‘ d!i — ; - ~ 

— -

_
\ ~~~~~~~~~ 

-
- / ‘ 

-

-

~ 
( - - ar C : . ~ ~ 1

_I

a - \ ”  
~ 

~~~~ 

, .

~~~~~~

- il ’i :~~~ ~~~~~

p~~~~~~77.

This a n i l y s is  is v a l i d  w h e n  in  t h e  porous  core ot t h e r m a l  ~~~~

is ah s . -nt  t h e  f~~ a - , ~ convection of liqu i d, caused by th~ -jr ad ien ’- of

te mp e ra tu r e  f i e l l  i n  t h e  r a d i a l  d i t e c t i c n  ot cor e , i. e . ,  th e

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -a -5- - - -  ~~~~~~~~~~~~~~~~~~~~~ - ~~~~~- 
---5
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cr i t e r i o n  f o r  ‘ -
~~ 

- K H ’  (97]:

- 
~ (_ ~I~_

’
\ 

~~~~ 
( ‘  oH

-
‘ 

V ) ~ ~~~ /

In  t h i s  :~i -;a ’ , t he  o~~C~~ 1 of the filtr -i ’- i c n  m o t i o n  of l i q u i l i n  t h e

a x i a l  511 - r  ion  of co: -~ e xceeds  ~~~~~~~~~~ — t  t h e  - l i s p l a c em e n t  of

l i g u i  I u i  t n  t~~a - a c t  i on  of thc- f o r c es  cf ~~~~~ f re e  c on v -~c t io r , ca used

‘t i ° p i e t ; e i : C C  o~ I’~r si t  y g r a d i e n t as a r e su  1’- of ‘-ii e ex i  s t er ’ c~- of

t h e  j r a d i ” n ~ of t o ’— t e m p e r a t u r e  in t h e  cross sect ion of c o re .

3. F f feet  of t h e  b oun  1-i  r y  c o n d i t i o n s  i n  t h e  z on e  of con- len  sa t i o n  on

the  v a l - a . -  of h- -it. f L u x , t h e  distrihu ’-inn of teui peratur3 fiel-1 and  the

- ~~(a

t h e r m i l  L - ’~~ i S ’-1 r-C- of thermal ~~~~~ a n d  s t e a m  c h i mb e r s .

The l o u n d a r y  C - ) n - h i ’ - i O f l S  i n  t h e  z o n e  of c o n d e n s a t i o n  
~~~~~~ ~ 

L ~~

~~ e cooled  porous s u r f a c e , and the a l s o  b o u n d a r y  c o n h i t i o n s  on the
-
~

extetnal vail of the condense r~~~~raa~~~~E of the t
tiermil ’4-~~~~ and

steam chambers determine the funda mental performa nce chac3cteristics

of therma l ,~~~~~$~/
“Sp e c i t i c al ly ,  on t h e m  d e p e n d s  the  va lu e  of t h e

— --  - - -a-- - ----- --. — -- -- - S 
--a - - -  - ----a - — _J .• _ -a
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~~~~~1

t e m p e t - a t  u i - - - o~ t~~~~;o ’- iration ~~ 
- -

. the i n e r m a l  res t ; t i n c a -- of  ~~~~
asi a wI- > 1 e, t ha-’ tern per at ur e - Ii f f er e n t i a  1 a I u—a -

~ the ext rn a I w all of

~~~~~ or  5 * c-s~~~~/ ch  a n b e r .  I n  t h i s  p a r a -j r a p h  l e t  aI: - ;  ~~~~ e m p ’- t o

~ x a m i n e  ‘ h e  ‘~ f t e c ~ of t h e  b o u n d a r y  c o n i i t i c n s  of t b- 2mi I k i n  I Oh the

_ _ _  - ____ - -w c i  ~ c: r r ~ r ::- i l ~~~~~~ w i ’-h f ~~~~~~~~~ a n d  c yl  in d r i c a l  p o r ou s  core

de~-em . f i r - i  on t h e  c ha r a c te r i s t i cs  of ca i il 1 1 ry — p o r O u : - ~ ho lies a n

li q u i - i ~- i n  t h e  p r ? s on c e  a n d  a h s ’--n c e  of  t l u i - ~ f i l m  h o v e  t h e  su r fa c ~

of condensation .

p
~~~~~~~.

T h i s  a n a l y s i s  m a k e s  j t  p o s s i b l e  t o  d e t e r m i n e  t h - ~ r n u~~t s u c ce s s f u l

com~- i n a t i o n  of po rous  core and  h e a t — t r i n s t e r  iqent au i t h tb ’- a s si q ne d_ _~~
_TU_ ~hea t f l u x  on t h e  ~ x t e :n i l  s u r f a c e  of t h e  c o n d e n s e r  of t h e r m a l 

~~~~~~~~~~ 

1

and also the necessary length of the condens-o r~~~~~~~~~~~ ~~

Wh en conducting this analysis, is made a series of ~~~

s i gf l i f i c an t  a s s ur n P t i o n 3 )has ic  ~~~~ w h i c h ,(~~ie ahsenc~ of t h t

g r ad  1s~r :t of ~~~ t~~m p e r a t u r e  in t h e  cross s--ct ion of por ous cor.~.

O n e — d i m e n s i o n a l  mode l

1. Dependence of the geometric dimension s of -
~~~~~ 

______ 

_________ -- -a
_ _ _ _ _ _ _ _ _ _ _ _ _ _  -‘-5- 

- ~~~~-~~~~~~~~ ---~ - ~~~~~~~~~~~~~~~~~ ~~~~~
— — ‘

~~~~
- 

~~~
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0

~OLOU 5 core of t h e  con I er ~ ,e L4~~~~~~~ A~~~~ of ~~~~ ~~t e~~ni ch i nt i e r s  t n - I

t h e r m  i i  ti~~~ -i-~ o r: t h e  ~t m o u n t  of h e a t , se - a t t e r e l on w a l l  i n t o  th e

e n v i r o n m e n t  ( b o w a l a  ry  c o n - l i t  i on. -; o f  t h e  2 r i - I  k i r - d , i - ~~ C O ”~ ‘)

L 4 t  h i s  m i k e  t h e  t o l l o w i n g  a s s u m p t i o n s :

i n  c o n 1 e n s e r ~~~~r ~~~~~~ l i q u i d  in  t h E  pores  of cord ~~ en ’-  i:’

l e n g th  h~i ;  constant t~ -In~sera tuL (- , i. e •,  t h e r e  is  n o  ~~~~i ~ u p er c o o l i r q ;

~~~~ ~~~ ci)
heat e x c t a r ~~e with ‘-he- w a l l  of h o u s i n - j  t a k s -~ 1a. —~—-’iir~ a~-~~~ for ce-I

co n v e c t  i - a ’- ;

hea t f l u x  on the ex ter n a l  su r f a c e of c o nd en s er  is c o n s t a n t ,

c~~- - -- -’ — - 
~ v-~nly is s cat t e r ed  i n t o  t h e  e n v i r o n m e n t ;

A

- ~‘-a p~’
S a * U L a t e I  ~~~~~~ is  c o n d e n se-) on ‘ - h e  su r f a c e  ot  c or :~ l i re ct ly  i n

ro r r ~~ ( t r e r c -  is no f l u i d  film on t h e  s ur f a c e  of p o r o u s  h o l y )  -~ t~ ~hn
c/ ~ v~ p~r 1- ___cons ’- ir : t v e l o c i t y  

~~ ~~~~~~~ f l o w  ~~ ~~~tk
1

-Ioes ~~~~ i f lt~~O d~~Ce ~~~~

c o n t r i t u t i o n  ‘-0  a chang e in the m o m e n t u m  of l i q u i - I  i n  ~~O r D U S  core;

t he  1r- t ,~: fa c ( a  l 1 - iu  11 — vapor in pores is cha racter i~~-~ - 1 by r a d i u s

of c u r v a tu r e  R;

f l u i l  f l o w  in  porous cor e l a m i n a r , obeys the law of ~ arcy~~ a n d

has a v e l o c i t y  of ~~~~~.

__________________ __________ 
a --a - - -a - -5~~~~ -~- a -  - =—‘ — - --—--—-—--~~ - - —~~~
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u i  - a u . : c : - : - - if  condeiis~’r~~~~~~~~~~~~~~~~ is P X-i~~j fl?I i y i ‘-he

f c’~~m ‘f : i i  ‘ -  ~e p i  uci . The ~~~~~ e1empnt of cond~-rs”r~~~~~~~~~~~~ (F j~~.

~) h ~~-j sn - r i - - ~~i a i en s i o ns  ( l x , h, C) ar : d a ~- o r o si t y  ~~~~~~~~~ 17 ,

L a - ’- - i ~ e x a m i r a o t h e  i n t e g r a l  r q u a t i c n s of mass  b a l i  n : ~ n i  e n e r g y

f -u i  t h i . ;  ~~~~~~~el~~m e nt .  -

bal ance - i t  m is s .  Let  us t i n d  t h e  dep .-~n i e n c e  b e t w e e n  t h e  f l o w  ‘K
~

- ‘-1 ‘~~~~
-
~ -

I i  j u i d s  on t h e  bas is of t h e  equation of con t i rui t y.

For  t h E - ~~~~~~ ‘e lean ~~n t  of p o rou s  core  w i d t h  z h, ~~

h e i g h t ,~~~~~~~~~~ y C i n ~i w i t - h a t h i c k n e s s aj ~~ lu i -~ f l o w s  ~ t Ontra n ce

and e X j t  i r e  ‘-~~uil ~~~~~ respectiv ely ‘
~~~

- 
I ,  ! - - - H u  (~~ _ -~~~~-

ilU.,,, (
~ ~~~~~~

~‘aa: ~ (‘ a-u U , ,~ = ,,, (1. ’a ~~U ,,, ( 1) -i - - dU ,,! , (
~ 

-‘
~~~~

I ,, f ’ - (1 ’ a )  ‘
~~~~

‘ dx = ‘Ii ,, (1, (!v~. ( f

1~ 
_ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _- - 

—-5 ~~~~~~~~~~~~-
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1-

~~u r i n ;  t h e  mot ion of l iquid  along por ous cor e under t h e  a c t i o n

of d ~r , ’ss’u e -l iff erenca— as a resu it of t h e  pr esenc e  o f b e  -i :-i Ii ent

o~ - - t p i  11 t r y  ~-u ’-- - ntial it is necessary t O  o v er c o m e  t h e  f or c e s  of

f t  ic ’-  ~on a n -~ in e r t  Li. H o w ev e r , in t h e  uia j o r i t  y of c a sm s  in e r t i  a t e rms

car h -  i i  ; i e ~~a r d ~~ I .  T he  v i s c o u s  ~~~~.~~~~~~~~~~r ous  core c h i n ~~es the

mome ntum of h ijui l . Un l er stationary conditions -

- 1~~ : -—F~ ~~~~ ~~~~~ ~~~~~~~~~~~~~ ~~(/ ‘c~ =
a-UT ‘ -~\

= (‘ - - - - - dx ~ ‘ c a - . 90idx

- - -
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- -a P A G E  ,~q

I

-- ‘ ‘ - : ‘- ~4 U, 1).
a, ~~ - - r

-

- - - - _~~:a----- __ - -  —

,
__~~

‘ ij ’C

Fig. 5. £I.ernent of the condense r, d ) in t h ~ C a r t e s i a n

coordina te system; b) in cylindrical coordinate sys tem.

1
- - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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A ’ co: ! i r a -~ ‘- - ~~he law of t?arcyp, dii rinj the ~~~~~~~~ r o o t  i o n  of

l i q u i f i n  p o r o u s  bo ~y

- - 

- 
! a- ‘

‘a , ,

w h et  a-— - h - -  c r o ’s— s e c t i o n a l  a rea  of ~- c ro us  core ,

, ‘ a- ’ a- a - - ’ a - \ -  (1.92’

-~ r e s u l t  we o b t a i n  t h e  d i f f e r e n t i al  e q u a t - i o n  o~ a cha r ; . —  ~n

t h e  m o~~e r : t u m  d u r i n g  f l o w  of l i -~u i d  t h r o u g h  t h e  ~~~~~~e l e i i e n t  of po rous

core

a- ’. a 
~ T ‘L 2

_ 2~T T ;~;~~
_ —~ ‘P , ’ , -’’ , ’.’a - = n,,, —~— -- -- “——~ !a- - ~~~~~~~~

________ 
-a

-
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i y  b a l a n c e  on t h e  bas is  or  t h e  l a w  ~~f conserv  a t  i o n  of

e r : e r - J y  Le t us t in - .! t h e  d e p e n d e n ce  iwf w~~en t h e  h e a t  f l u x , ~ru : : 5 ;t e r r - -~

we Li I - f x ‘-~~ hc ~~~~~~ c — l e m e n t  of t h e  p o r o u s  c o r E - - t x  t h e  f l - on v - ’r ion

cu t i e n t  - ) f  1 t ~u i d , a n d  by t h e  hea t f l u x , i s o l a t ed  - l u r  ira c O r  I ’r : s , i t io n

- ; r  he  su r f a c e  of t h e  ~~~~~~ e l e r n e n t  o f  t h e  po rou s  :~r)r~’:

(~~n~~\
_ ; a ,

a- !! . ~ ‘ ‘  ~~~~~ (1 c’~~

I”-  
~ 

- : . a-~ ,. a - / ‘  95 ,

- : a -~ ~- ‘ ‘ ~~~!.v , (197~- - dx

-5 ~~~~~~~~ -~~~~~~~~~ -— -
~~~~~ 

- —~~~~~~~~
-- - - - —  

~~~~~~~~ ~~ P —
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“
a-,

where

- 
(a- - - - - 

,, (

Cons equ ~~a t ly ,

-- ~~~~~- 
_ ( ‘

~ ,,
_
~~ 

?
,~~ a ,.  ‘~ (~~, (~~~~9f9

- C , ,

bu t  , -
~ : , .  ~~~

- ~~- fl :~in c e  a r e assume d kr~~~~~ the c o nl it i or / o f  is~~t b - ~u : n a 1
(‘~~~~~~- —

_

t l : w  of l i q ui l ~ç~~or e~ t h e r e f o r e ,

a — — ‘a
- a - 

- - ( ‘ ‘ a _ a

I f ‘- h  ~: a x  r - r e s s i u :~ is i n t e g ra t e d  o v er  x , t h a n  we  w i l l  Ob t  a i n

a 
~~ = 

~~~~~~~~~~~ 
-a -

- - 
a-’a ’

Respec t i v e ly  f l u i d  f l o w  on porous core in condens er ~~g

equal  t o

‘
- a ‘ ‘ (‘ ii

f , - ~ t
_
~ 

1. ,. = 
~

- ‘‘ - -—- (
~ -

-5— - - - -  -



711C — T 1J910 (65 P A G P  j -~(4
jt we co] i~~-~ h~ F ’ du a t i o n  ot  r n — i n s  b a l a n c a  a n d  e n e r J y  , ~h ” n we

will ot t a - i n  t h a- i r a t e - h a l a’qua t ion of e r a r a j y  t ran .;ter a n ! sui - - ; anc a -~ in

‘-h e ~- ) T : - ~ i n s e  ~~~~~~~~~~~~~ of ‘-he r  m a l  a-
~~~~~~ ~~~~

— 
~~~ ~~~~~~~~~~~~~~~~~~~ 

~ , 
! ‘ ,:, va!~ =

w h e t e  -
_

~~ / — t h e  l e n -j t h  of con d en se r ,I~~.,~~ k~~~ -e

The m a x i m u m  c ap a c i t y  of  t h e  po rous  core  of con 1enser ~~~~~~~~~4~~~t

can he evalua ted , it we d e t a — r m i n e  f l o w  or velocit y of liquid at the

m a x i m u m  l e n g t h  of t he  cond en se r ,~~~~~~~~~t~~~~~~~ L~~ I n t h i s  case , it

-

~~~~ 

- is neces sa ry  to k n o w  ~~ r a d i u s  o f / i n t e r f a c e  -fI
~i~

i
~~

_
~~~~~ Vw i th  x =

I~
/ 

_ _  

_ _ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _
-- — - ---~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ii~i - 

- .,- -0- .-—~~~~~ - ~__—
-——--—— - - 

- -d -.
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and with v J ~~~~~ t i.e. t~~ a- v a l u a t e  t h e  c a p a l l - -a t y p ressure ha- -a ! ,

created by the h e l l  ira i i’~nt of capi lLary torc es a lo n g  t h e  p u r ou s
(4-~t€ ,

core ct ~~~~~~~~~~~~~~~~~~~~~~~~~~ - t h e  l en ;th  J i’.’, 

x 0 i t  is t ) O s Sj t - 1 e  ‘- 0 a s s u n- e ‘ - l~~ ¶ 1  r~t d i i s O t ~ c l i  va ’ - u r ’

of te~ f - I  ca ’ 1 i u i-l — a j - p r o a c h e s  i n f i n i t y ,  s~~nc -~ ~he

conIc n~,at !on occurs on t h e  s u r r a c ~e of t u e  porous  bo d y  0 ~

‘- ‘

7h’~ ri ian u~ v a l i a - -  of ~~~~ can be - ‘stimat -’! fr om exu e rim e t- a- s

regar - h u b  t h’- m axi uaum ~~~~~~~*~~~ capi ilary I i t t  i nq of Ii - i i  I i n  u u U n h 1~ ;

core  a g a i n s t  t h e  f o r c e  ot g r a v it a t i o n

- a , -,
[‘a _ a ,  - - ( ‘ a - ’ . a

By k n o w i n g  i n tegra t ion  l im i t s  for  ~~ i a-” , ,, Ra a. t~ h~ equation (1.103)

it is ~o ss i h le  to so lve  r c - l a t i v e  t o  L ,

= (~
- ~~~~~ 

- 2

- - 

- -
- 

~ , -
_

jn the •ajority of cases this ekpressicn it is possibl e to

sim pl i fy to

L~ mu = 2 -

, fa
~~

r 
, (1.106)

~ !a - ,,,~,’ i’ , ! -  -

4 
_ _ _ _ _ _ _ _ _

- - - - a - —— - 
- 

-
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si nce v a l  ii-

7 1e  hea t transfer rate , removed f r o m  t he  s u r fa c e  D f

condenser~~~~~~~~~~~ with its assigned len~~th a-n d ~~~~ t h i c k n ’— s s  of

core , is let’-’rmined from formula

= — J’ a- -a - . r ’~ h~ —

~~~~~~ ~~~~~~~~~~~~~~~ 4r ’ f - , Y- ~~
- - . -  ~~- 2 

- 
( ‘

I -

I
I’ _ _ _ _ _ _ _ _ _ _ _ _ _ _

-a 
- -

~~~~~~ 
- ‘

~~~ 
— -

~~~~ 
-.

~~~~~
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,2(1

7he t o t a l  amo u nt  of heat , scat tered b y cond e nser rn ~~~~~~~~ is

equal tt

‘ V ‘ ‘ — 5’ , A , t~ , r ’~~2C —
a L

( .. ,, , ,
~ 

~~~~~~ ~~~~~~~~~~ ~ 
‘ 2  1

— - i’ ‘r~~ r ‘c  - -  — ~~~~~~~~~~~~~ ( ‘ ‘fl!~-
‘a , ‘;-? , - ., - J 

-

2 .  ~o-~’a - ’nden c e  of’ t h e  g e o r n a - - t r i c  l i m s - ’r i s ion s  of t h e  p oro us cor e  of

t h e  C O T  - I a - - I L  s4? i ,a.._-~u i-~~~~- of t h e r m a l  d.~~~#- t; i l  t ht-  f o r m of h o l l o w

cy l i nd er o n t h e  - a m o u n t  of heat , sc a t t e r e l  on w a l l  i n to  t h e

. ri v irorl aen t (b ounl ary conditions of the 2—kin d ~~

Let us r a k e  a ser ies  of ‘
~~~~ as s u mpt ionS :

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - - - .~ - -- • -~~~~~~~ -~~~~~.-.--- — -  ~~~~~~~~~ T - - - z  - a
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‘~7i

- a ~ ‘it ot 1 i j u  : i r a  t a ’  p - s e - co i  - -

condene.’: ~~~~ i -- 1 -~~ a -  a - ’ a - a~~ t , a r -  ; h~ ’ a -  • xc -a i t -  ~~.‘ ‘ - t~ t b - ’ w a l l  - ) f
a 

-

t n . - ’ r m a l  ~~~~~ • 1 k ’ - , r~~~~~~Utr$ -* ~ i t  f c  ~ ‘ a- )fl V - -~~ io n ;

‘- f l o w  on e x~ .- r na 1 -,i ii I - i c e  is a ofls - a - n t

?Jt — Q— - — a ‘ ~~ - — 
- 

- (~~ ~5~’~a
-
. (-

‘
~ ~

a n d  ev en ly i S  se ~er’? 1 in t h e  e n v i r o n m e  ( F i g .  Sb) ;

v~tf ~~ L

satura t~~h ftt ~~ _-. is conden sed on th e internal surf~a - c t of t h e

porous  co re  of condenser,~~~~~~~~~~ ( f l u i d  f i l m  is a b s e nt )  w i t h

constant sp.-’a~I of La’,, — c - t ’- !

t~~~( i n t e r t a c e  !l i J u i d — vapor l  in pores is characterize-i by radius

of c u r v a t u r e  ~~;

_________ 
-a

-~~~~~ ‘- ---- ‘ - a - ’ -  - ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ 
— ____________ - - — 

d ~~‘
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or

t I L C  m o t i o n  of l i q u i - i  i n  porou s core oh~ ys t h e  law of ~a r c y # ;

:~
f l ow ~~~~ dD~~s not introduc e ‘

_~ COfl t r i b u t i o r a  t 0  -a ‘~h a n  ~~~ in t h e

momentum of l i l ui l in porous core.

~~1- anc-a - of mass

I-- = ~~~~~~~ :Io )
f ,,’, =f ’ ,,,~~ ,~~r , — - - - :‘‘ 

-

- 
La’ , ( l i i  1~

= L’,,,a-~> ± dU ,,,, ( 1 ~~ 1 12 )

- -  

~~~ La,,,(2) =

~~~ — - ‘U a - , ,  - ilU. ‘ (1 113 )

( - )  J , u ( i)

a ’ , ~~ ~: r r ~~- - :‘ — 
a?T]~, dz, (1 . ’

!~ —F  — ~~~ - z- ’
~ ~ r ’ _

~~r 2
~ —

-
_ d(L ’ - a  -

- _—T ’- .‘ ‘~~ 

~

‘ 

a - ?  
~~~~~~~~ (,‘ar ; 2 ’.- -

:4
- j ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~~ 

- - - - 
-



- - -~~~~~~~~~~~~~~~

L~W.~— -~ -~U~~~~~r~ P AG ~
-‘ ‘~ 

-

Paq~ )~~~~

A c c c r  1~, n - ;  t o  t h e  I-i w of  Q ar c y $ ,

-- - -  -

- •
~~

,- _, ~~~~~
— — -  i? ~~~~~~~~~ , l ’ a - !? (l _ :1 ’~

- a,,

or

a a ,~~ (~~~ r 2 
- - - - ~r 2 U ,,f l !z

= ii , : - - — ‘r t ,,IJ a-!? , ( 1 . !

F i - , -a 1 J) ,,_~~~~’~~~ ~r : —  ~~ . ( 1 , : 
‘ -~

1’ ;~ = ~~~~~~~~~~ -
~~ ‘::- ~ r I — r  ( 1  ‘ na -

~ 
J , a- (~j ~) 

/ 
‘ - - - _

2 (2 n 2’~~~’~
I’
, I- ’ -4 -- ~ i? )

-- - 

- 

-- 
-- a ir , (~ - 

a-

-2’7 —- - - — - —  
~ i’-

’
, - a ,,a - U a -,, a-l~ ~ ( 1  - 

‘
~~
‘

_____ 
-a

—-5
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e r er - J y ta-alance

c,, - , - - = ± Q,, ( 1 122 ’
Q a- ’~~ 

= f , , ,h ,,, = 12 , f - , T — . r 1
~~ L E I ’  

( 1 . 12~ ’

= ~ -5 ,, = 1t . n ,~~ (~~r; —— ~ r2 —~‘-‘-dz , (l . 2-~

c_a ,- = ~~,,h ,, ~~~~~ ~ =
, 

~~ - -  - , f ,  !U. .  
~ — — ‘ r La ,,, ~ _ -_- _ — a- ’: ,

a ‘ i_ /

= ~,,2~ ra- c’z. ( a  ~ca

--~~~ ~~~~~~~~~~~~ 
-
~~~

- -  -— ——
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p—
~~~~ ~~~

~~ S u r i i - ’ - i  up . we w i l l  o b t a i n

(ir ,, _ i t , , , f1 ( ,12 _
~~ r 2 ~~ =

‘5
= ~~~ ~~~~

‘:—  ~ir~ L-~a,
. a - -H ”

~
a- iZ

~~. (!‘Y~~ r~ a / t ,, !t ,~~ 0,,~~ (s r ~~~ 2’f% ~-‘

a. 5- , 2~~r a- = O , ( 1 i2 S~a - , 2

b~~t

ut ,

( a- ! F
r a , ,,

a~~~:, , -,,
~~ 

‘a - - ~~~~~~- dz

- 
q, 2~ r, (‘  ‘

a- ~~~~~~~~~~ : t - ’ — 7tP

a 
( 1 .  ! - ~~~

‘
~~

~~f’ a , a -
~~
‘ r~ — r-

= , ‘
~ 

.ir~~—- nr~ U~ 

- — ~~~~~~~~~~~~~~~~ - - - 5 —~~~~~~~ -~~~~~~~ -- - —



PAGE •W

‘71,

no- ~~~~~~~~~~~~~~~~~~~~~~ ir a t e - jr ii .“T F1~at i o n  o f  o i l e r  
~
y ta aras fo r ,

e it s t  - j L C a -  d i a -  :r o t i c n t u m  ~~ t a k e s  t h e  f o r m

— I —‘a~ - - —_____ _ _--- _~ 
- 

~~ 
- 7-  

2

1_ l a - - - -

= 
a -  

( I I ~~ - a - a

a 
• ‘

~~~~~~~~~
‘ F , - ‘ - ~ -

If w substitute the l imit/of  • integration ~~ R,,,a-n and R = — ,

--5 —.—---------a- ---- ---a--a—-- - - -a
- 5 -  -‘-a- -~~~~
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~~‘ ~~~ -

~~~is , th .~ valu e of heat transfer rat ’-- ~~~~~~~ unit ot the

exti-rr ~al su r f a c e  f the ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
(7 ., ~~~ tb-

~~~~~~~~~~~ I i  pu I na - - I  p o r o u s  core , a n t i  a iso the -joomet n c  dim ersion s

ot t h e  Ld t t o L  - I e t - ’ r m i r a ~~~ t h e  n e c e s s a r y  I o n  j t ; i  o f c-o n l ~ - r ~~~~

w j t n  y~’ ~ssi jre ~
j cLo-:,:~ se c tiot , lj ij~~ t- a l s o  t h c  - n - i x i ’n -i m a m o u n t of

~~~~~ -~~~~ - t r a n sf  ~i r r ’ ? 1  -~~~~~~ti~~~~~~~~& the t iac-ar m~~1 ~~~~ or th e s’ a - a n

c h a m b ’~r . In  t h i s  c i s - i , It is a s su a n c’~ t h a t ~ i i ’~ h c a ’- r nov~~1 i r a- ~he

z o n e  or  a - v - ~a - ’ o i a t o r ~~~~~~~~~~~~~ i~ - r e - a l i z ” - I  h~ ‘h e  e v a n o r a ~~i o n  -
~~~ h a - u

f r - c m  -~or a  s n e i~ t h e  sa -arfac e of core (rar: oc~~ss of f-oil ira ~ i i  ~u~~i ~~

i~-se a-~

p
~~~~~~~.

~ h — r .  c o n i ‘u c t i n ~ t h i s  a n a l  y si s~ it was assumed th-n- the a- Sa’ rrn il

r~-si~~~ lnce o f aorou s core in the zone  of c- -a n - I e n s a ~~ion , n - ’j l i b i b  1 A~’

at . t em~-c-’rttur e gra d i ent in the cross sect ~ - t :  or co r e  C ~~ he

- l i ~~ L~ ~ d I I ~~~ a l .  T h i s  - a s s u m p t i o n  is cot rec ’- w h e n  u a -~ in ; ir a -  t b e  t h e t  1-~ 1

~~~ 
/~~, a

- 4ix-~~~~.-~--~ a n d  t haaa s t e a m  c h a m b e r s  of ~~~~ f i n e~~~~~~ p o r ou s  mr ’s , w h i c h

h a v e  h i  ;ka ~- b ’ - i r r a l  c o n d u c t i v i t y ( f o L  e x a m p l e  i n  the form of 2—I lay~~r s

t cot  a-c ict or  t h i n  l a y e r  of s i n t e r€ -  I co } p a - ’r s h i v i r - j I , in -I ~!o

~ - i - ~ i Is , .- a - a i  v a - i  have high th a ’rm al con-lucti vity (liquii solium , water)

, n 2  a - 1~~o ~~~- - a -  t~~~ sm - a ll ~‘ I i ( 7  H U X a - - 5  ~~~ 
‘ a~ ~~~

4 . , i s a- ~e a- t h e  c a l c u la t i o n  of con i ” r a -? r~~~~~~ ~~~~~ in  t h e  f o r m

a
- j~ - —---a ----a — -a
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12q

‘I
cf ho h o w  c y h i n rio r. The as:~i a j r e i  p - a r 3 r n te r-~: l i c 1 ui - I -~~~~~~~~-- a~a t  h y l

~~
- .,

~~~

-

calC oh )L ; core — in -i ~aad e of ~~~ stainless steel ~~~~~- ~~~~‘ l l  D , is ~~~~
- ‘a ‘I

; P . ,~~,= a a ~~’ ,, , , : r , = 2 2  a r 0 = 19 m m ;  ~~

1 .112. 10 10  er ~~/~~; ~ = 1~~. 3  er g/ cm ? wi t h T 7 a - ) ° C ;  “a ,a 0. 19 g / c m 3 ;

- ‘  = 0. 7 ; r
~~ 

- . 1O~~ c1 2 ; ‘ ,. = ‘
.~~‘

‘ (~~~~~ g/ cm .s ;  a-7 1 W/c. 2 .

It  i~~ f l e ( -Oss-i u y  t o  f i n a l  t 
~~ 1 en - T t h of the conri - ’n a -;-~ r A ~~~ .i’i~ s~~__a-t

U- ,-~ 
-~1 - ”

L,. =  -

-‘

a( - a - -1 9 ‘ a - ) - a 2  a)

-— — ~~~ , — ~t r
1 , ! - 1O’ — ‘

.
- 

- a - a - — ’  
, 

- 
- ~~~~~~ 

— - ‘

1 - ‘~~~1- ‘~~~
-a

~ ’ 1 2

~, ‘n- -a ~ 
-~!a-1 

- 
1 ,2 -  ‘ n-- :~~ 

— 

- 
-

- -  

\~~~,7~~~ - ‘~~ ‘ a - ’ ~ 6- ~ a-~ —~ a 2 a -~ 7 ( a-~F 
-
~

= -
‘
~~ CM~

- -a
- — — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - —~~- - 

-a-
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‘p

‘r wo~~I j~ 1a ’L i 5 i - ) !~ ij  m o d — a - I

1 .- f us ‘- - x a rn i ne th e model of ~~~ f lat , norous cor” of the

_ _ _ _ _ _ _  

(-4-

~~~~~~~~~~~~~~~~~~~~~~~ ~~ 
a~~~_ th~ r m a l  ~~~~t or ~t e a r n  c h a m h c - r ( F i J .  1a -)

l e t  u s  d s s u n e :  t h e  t h i c k ne s s  of core  is small in comp an i~ on wit h

t h e  l — ’ui - t h  o f  c on d e r a s - ’r ,~~~~~~~~~~~~~ ( b o d y of ~~~~~~~-a se m j — b o u n i ~~-I

~~~~~~ . I i r n e r v i o 1 a s) ; co n den s er r n~~~~ th~~~c— is s~~p ar a t e d  f r o m

evaporato: ny the adiaba~~ic 7 o n p  u h o s c  1 - - n g t h  is

consi lerab ly ireat~er than the length of c o n  a - n~~er ~~~~~~~~i~~~~~; t

local ~~a - -i~~ flux , ~~~~~~~~~~~~~~~~~~ t r o m  ~~~~~~~~~~~~~~~~~~~~~
1~ 

-

4~ n~~~~~~~~v a L 1 a b l ’ e,ç~~~P e nd s  on c o o r l i n a to  x; ~ lao c o n la -ra - sa t iota of

va por o c cur s  a~~~ t h e  s ur  f a c e  of p o r o us  c o re ;  t h e  loca l  ~ on i  P p  :;-j t i o n

r at ~a- is - I a - ’ t e~~t ’ i n - a - - 1  by t h e  r a t e  of c a p i l h . t r y  - i h s o r p t i o n  i n t o  po rous

core;  t h e  f l u x - I  f l o w  in c a p i l l a r y — p o r o u s  h o dy ~~l a m i n a r i - ;  l c ’t e r t n i n e d

by t h a -  l a w  of ~ ar ~~y9, t h e  r a t e of tiow of liquid is accep t o-1 t~~~

e q u a l  av e r  d aj o  rate of flow of liquid in pores; the e f f ~~ct - of

ic id  we d i s r eg a r d .

The law of ~onse r va t ion  of mass in porous core under st ationary

condit ions t ikes  th e  for .

d2P  

4
— ~~~~~~~~~~~~~~~~ . . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — - - - — --a - - - - 
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Fig.  ‘~~. D i a -j r a m  of t he  core of t h e r m a l t u b e .

t~~~-~v 39.

-- ~~~a__ __ __ __ __ _  
- __-
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P o u n d a r y  c o n d i ti o n s :

1) on ~ l a - a - ’  i n t e r n a l  su r f a ce of p ) L C U S  cor ’a-

a- ,- _
a a a--

~ 
~ ~~

. 
_~~

= 1 , ~~ aV — L,,a

2) on the external surfac~-~~~ y = C, dP / d y  0 f o r  ~ l l  x; I ’,,
and ~~ — ~~~ p r e ssu r e  of l iqu i d  or  t h — ’  s t i r fa ce of core

~~~~~~~~~~~~~~~~~~~~~~~~ a n d  ~~~~~~~~~~~~~~~~~~~~~~~ of t h e r m a l

,~ i- i~~Z
Pr e s su r i -  

~~~~ 

- above  t h e  sut  f a ce  of t h e  c o nd en se r ~~~~~~~~~~~~r

~~~ p is c on s t a n t . r’ r essur c -, in cva porator~~~~~~t~~~~ can t urn

out to be ya t i ab l o , ~~;p e c i a l l y  if t h e  process of ev a p o r a t  ion  i s

r e a l i z ed  f r o m  t h e  zone of s i n k i n g .

- ~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~ - ~~~~~~~~~ — ~~~~ - __________________
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I n  t h i s  a n a l y s i s  t h i s  we a~~i s te ,~~ir a1 , s i n c e  t h e

- e n d e n . a- ~~~~~-rn~~~~ a n - i  i -v a p o r  -i t o r -  a t  ‘~ ‘Ii vi 1 1 b y  ~h -
~

a I i a t i t i c  z - a - n~- of ~ su f t i c i er . t e x t e n t . W~~ -d i l l  c o ns i der  t h a t r r o s c ur e

it - eva~~oratorj .~..,..-~iia.t~ const -i nt~~ an -i e-pial t~~~ca- -j v er - ’ j a - -e ~~
_ 

a 
4,

value c: -~~~~~ a-~r a - s s u r ”  M J J

k
* a

the solution ~ 0 o iu a t i o n  ( 1 .  1 I R )  ~ it h l o u n d a r y  c o n l i t  l a ) n S

1. 13  
~) 

takes form { a—, j  ]

- 
-‘ ,, (v ) a-’ ,, ~~‘ 

(a~ =

— 
J ~

-
l I’ ’, — —

4 C

-
- ~ n~ / ,; 2 a -

- _ _ _ ~~~~~ — ( F  I
c’~ - it a — cos a - a - a -  -

- 
‘  - -

where N ( a )  — f i r s t — o r d e r  com plet e  e l l ipt ic i n t e g r a l  w i t h

___ ax. As can be s eer  from equation (1. 14)), ri te change

near x = 0 occurs according t o  -h o  l a w  of x~~-~-

C~ener~ l,t... 1 fluid flow through the porous core

a. a ,  1)/< (1’ — j )

j  ~a- = p~,LJ04 (x) /‘il.v = - “~~— ‘—
S 4’ ta 

—

2 , ,,

X ~_
M~ j -~~_ 

- (1 14)

N -a
-a— — a - - -~~~-~~—.----,.-— --— - - - -5— -5 — -— -  -

- 
_

~
__ -a-____;_ ,_  -
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I f  a > 5 , t n e n  a good a p p r o x i m a t i o n  of e q u a t i o n  ( 1 . 1 4 0 )  ~~ will

be

(p  — a 
- — — - ‘ - - - - — — — -; ~_ _ ‘~~ 

v ’X --- :r ~~
. (1.l42~

As can  be seen f r o m  ( 1 .  142)  , wi t h x > c , t h e  r a t e  of t h e  m o t i o n  of

~~e 1 i u i - i  
~~~~~ —. U ,, ‘x - ’ decr cas~~s a ccord i n q t o  the law exp (— X / 2 )

I t  - s a e  a s s um e s  t h~i t  t h e  a m o u n t  of h e at , t i- a n s f e r r o l  a i on  .~~~~~~~~

is e q u - ~l t o  t~~~~~~ p r o  la - ict of f l u i d  f l o w  ~~~~heat c-f v-i poriza~ ion , i ” r

—— a-ça- = f , r~ = — — - - - - - 
- F - l- ~~ ( 1 .113’

w i t h  :,.~~~~C. w hen a ~~ 1.

F ro m eg u a t i o n  ( 1 . 1 4 3 )  t h e  v e l o c i t y  ~~~ U,~(x) 
can be ‘l e f i n e d  as

(1 .144)

__________ 
4

~~~~~~~‘ ‘ ~~~~ _~~L___J — - ___________
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P ’eat - exchan ge  in the porous core of con dense r? ~~~~u4T T he

equat ion ot th e rm a l con-l uctivity takes the form

= 0 . (!.!4~-)

T’he bounda ry condi t ions :

with y = 0

- ,,- - a - = a - 
~ -

x< 0 .

wi.tn y C

T~~= T ,. ~~~
( 1. 14 5~

n/it 
-

— =  - ~~ 
x a c _ n _

a-- - , )

.a.- 
a - - 

-
- ~~~~~~~~ a - - aa  ~~~~_ 

- 

:4
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TL- s o l ut i o n  t~~ e -~ua’-ion (1.145) w i t h b o u n d a r y  c o n h i t ion s

( 1 . 1(~h) - w a - ’  w i l l  s~~a r c L  fo r  in d im e n s i o n l e s s  f o r m

O (\  ~~ a 
~~~
, ca- ‘T r~a- a T , ’ , ( 1 . 147 )

where X ai ti d Y — Iiuiensionless coordinates,

\ — - -- , Y_ _ _—_
C C ’

= f ( x) 
~~~~ — — -

~~~ 
(ex ’a - x —  1Y ’a-’~. ( 1 . 1 - I R a

a- a 1 -

:4
- ~~~~~~ _ -a _— ~~_~~~~~~~_ a ~~ - a . a  - - 

— -J
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ç~’2

l L e  m ix a - J bo un la ry conditions. Let us  m a k E  a c o n v o l u t i o n  b y ~ h-

coriform3 l conversion of the un boun led medium into ha t which w a s

s em i - b o u n a - i e - 1  w i t h  t h e  aid of substitution

= exr~ 7

where z = X + = L.

t h ’ i~— , b o u n c h r y — v a l u e  p r o b l e m  f or  ~~~~ ~ 
= 8 (X , Y )  i~ r e d u cr i

to
, ) — (

~
—) / )?a- )

= 0, (1 . t l 9 ~

~~~~
=_ —

~~
-- , ~-‘ =O

, i 0 , t~~~~O ~~~~~

a 

~~~~~~~~~~~~ ~~
)

_ f (~ ) m 2 cos h (1/2)
a - ) -  t cos hii

4 
_ _ _

-a ‘—a-—— — -
~~ --~ -a-~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

---
~~

-
~~~~~ 

-.—- - —--5- - - - - -a - - ______ -
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solution we obtain by cosine Four ier transfor.. If

~ = ! /
/ 

~~~~ () (~~. i) cos

then  equa t ion  ( 1 . 1 4 9 )  cto-~~

(1 . 1 50)

wi th boun iary conditions

( 
.
~~~~~

— cos /t 2. ——
(1 . 15!)

- (-_
~~ a- 

-

-
~~~~~ 

-
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1~
Ai solution for ~

- a - a -.. ( , ~‘t- :rt hi. - —a-— — - —  cos It - ,-. —

e a -~ . 2.) = .-a
~~
_ 

~~~~~ 
-

- - - ( ! 1 ~ a2\
- - -  J~ y)~~a _ / ~~

-
~

and respectively, if we pass back~~~~ to e,

= — - —- 
~~~~~~~ 

2.) exp (—-a i2.i~) d?~. v.153)

-~~~ -. - — 
~~~~~~~~ — 

---a - 1- ~
-a-a-

~~~~~ 
-a-——- — -a— 

—, -~~ 

-
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I n the  f i n a l  for m

t ‘ a -
~ = ~~~ -

a- ’

~ 
I -:- - - _ . _ a-

, “1 / / ‘ ‘ a- 
—

- i~~
— - ) cos m _

~
_ _ a~~~ -a!_~~~

a
~~I m _ . T .

L

~~~( m ± (_ ~~~” ( j ~~~~~ :n ~ ,n~~- -a-~—~~~~—
— i i.

( 1 ~ 
~~
‘ 

ex’ 
r 
— 

- -

— 
~~°“ 2 a 

__L 

(1 154\

2 /

I

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~
- - -
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w h  ~ C t a  is  .~er ~,‘c t is t h sol Ut i on t o  e-~ a -i  ~it j  o n (1 . 1 4~~~ ) f - r  ~~~~~~ -- ~~~

-~~~ 
1 -~~~~ t-

~~~ p i s s  t o X a n i  y , is con v~-’r ; i e n t  ~~- ‘se f ’~r m u 1-i .-;

~~~~~ 
a. 

- ~~~~

i r a - - 7-i sh -, .s 1 ; O t } h a - t  ms a n d  ad i - i Lai~ ic ( J t V ’S i n  n o r  o’]S c - )r ~~ in

t i e  Z O n e  0 ’ ( :-J n d e n s 1~~ion .

For  Y = w/ 2 , ~~ ~~~~ e q u a t i o n  ( 1 . 1 5 4 )  i s  i t ’  Iice~ to torm

a 
~~ - ~ a- ” ( F

(_a a a - , a-~~_~~__ __ \, ~~~~~~~~~~~~~~~~~~~~~~~~~~~ a-~~~~.-a. a- a-
H 

~~~~~~~~ 
( , , ,  a- 

-

~~ a - - a - .~ 
- 

- - ‘ :. , ( 1 .

- --~~~
- —

~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~ - -  - - -——--
~~~~~~ 

— 
-J 

-



r~-A o—AOfl 667 FOREIGN TECP*4Ol.OGY DIV flIGHT—PATTERSON APP 01410 F/S 13/s
HEAT—TRANSMITTING TUBES. (U)
MAR 77 I. I. VASILYEV, S V KOt~~V

UNCLASSIFIED FTD—IDffiS)T—O&fl—77 NI.

2 °~4L
1~~44 5 8 ?

¶1 H

U! 
p



— I I 81 L~~ PA G 
~

w h e r e  t~~ ~~=s ~n h I ex~~x

5~-~r i r ’ s (1. 155) t, conv~-r~j~? f o r  a].1 ~~ , in c lu d in g  ‘~ =0 , (x =

— — ) , v h~ r’~ is o b t a i n e d  v a l ue  1.664 .

Th e temper ature in the adiabatic zon e of core (Fil. 7 b) is eq u a l

to

T(— oo , !/ ) T,~ fl ,37j (1 .156)

114
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Tempe rature in point (0, 0)

= - ( 1 . 1 5 7)

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _ _  

-
~~~~_-:_ _
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a

_ _ _  
N

- _
~~~~ / )

I 
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-
~‘

p j  
~~_ 7. i~~o~ h€~rms and idiahatic c u r v e s  in p o r o u s  c~~r” in  ~ tiP Z one of

• condensa t ion  ( a ) :  1 — isotherm; 2 — adiaba ! ic curve; t n ’  t .’np ~~ra~~ur~
in the adiabatic zone of core (b)~ 1 — th~ t.~aperature of the s u r f a c e

of core; 2 — the tempe rature in  t h e  m i d d l e  ZOflE of core.

key: (1) . Adiab atiC zone. (2). CondenSer.

_ _ _ _ _ _ _ _  
- 

-
. 
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~~ ;~~~;

~. L~ I r ’j 1j ~ ion of n~ prnc. ss of h .  a~ t r a i :~ fe r  ~~ 
- h .~ h~~r ma 1 .4~I~4-. or

d T  cLi~~~~’r i n  t h e  pr~ r ce  of t h .~ c u n ’ I a r y  c o ~ 1i~~i on ~; o~
L %~~

1st k i roi #-
~~ 

px ~ o—~r n ~~ 1 ~~i r f a cp .

t r )f l  ~~ ~~ X~~~ .? L f l a 1  s U r f d C ~ o f  $~ hi ev ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~

I ‘.‘ ~~~ ~~~ 
I

~ F . L a i I 4~~-~~4-— 
~i+ L. ~, be ~-i,-t+ iior t.±—t—+~-~ t ~ m 

~~
‘-

~ 
I * U m4 i n I ° r .  + h

~‘x ~~~~r Ildi O A L  f i(:~~’ of he c o n d e n s4 ’r / -~~ — H~-~ - t .  m n ~~r a t  i I r - ~

r~ i.~ nec~~ s sary  to  .~ t~~ rm in~~ t h*-’ h~~ i * ~~H i x , *r ~~n ; f e r r ~~~1

d i o n  44tf’-t .

t I I A ~ (
F i cj u r e  f~ r;h D w s  .t4r~ d i a ~j r  ~t m  ot t h e  C O L O  O f  t h ~~~u it  1 i-~~~~~ L~~t u~
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as s um ~
— ~ t .

~~~~~~~ 
;,., ;, - -

~ and t h -it he it is Li ~in s fer r~~ I t h rou ~h the

~‘o r ou s  (~~ O~~~~~~ ~ ) w a l  1 by m eans  of t h ’ r  ma I conductivity; t be t ’

= ; ‘
~~~~

-
~ .‘~~~:

- ( ! : • ‘~- . C

.
,

. 

,.

~j~r ‘~If we use t h e  resu l t s  (63 ], t h e n  f l u i d  t iow ~~~~~ ~~~ po rous core
t~~-b~-of therma l 41U.c-t can  be f o u n d  i r .  ~ t .e f c ~ r m

n - ~ ’Y~~ :~= = - — — —  .
Ic 0 , .

-

• ,. 
— !•

. . \J ,. : .~ 
~ r~~~

C 
- 

~.Y j \ - - -~ : — c : : ’

fl = —

— ~~~~~~~~ #x ~~
_

C 2C

~~ ‘7>

“

c ‘~~~ 
~~~~ I e’: ’ .v —

/

where  ~ ~ 1; M (n )  is f i r s t — o r d e r  comple te  e l l ipt ic  i nt e qr a l  w i s h

- -e4 uLe)’m o d ul us ~~.

_ _ _ _ _ _ _ _ _ _ _  - - —~~~~~ _ ~~~~~~~~~~
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P a p ~ 45 .

T~~~
. ~i~~i m u m  a m o u n t of L at ,, t r a n s ~~’r t i 1ct ; ~l ’ - L i i 1  .3414.~.-t-~

I u r j n  ~he ‘-i v i~ oration of  li~~u i 1  f r o m  t he s u r t ac ”  of p ) r D l I S  co r”

~~~~ fo ir ~ ro m f o r m u l a

- 
~
,-

. ( I .  ~ ‘ -

,,~~~ -jt~ i~ ; ‘~~‘~~~~~f l C I  f r o m  f o r ~ iula ( 1 ,1~~ 1) , w F , .—’n ~~~~~~ -

~~~~~~

__

The u n ~~ ,ow n i m o u n t of  h e a t 1 t r a n ~~f~~r r i  lcn -i ~~~~~~~~ in

t~ e u r -~
, nce o~ -

~~~~~~~~ c o n s t a n t  t~~i~p e r a t  u t ’  ~~ i t

su~ t a c e o~ evapor~ tor/~~~~ori~~~ a n d  T~ on he xt. r: n~~1 s i~ ~ ~~~~ of

~~~~~~~~~~~~~~~~~~ i~~u~~ c n  b~ o i t  a i r  ~ .i , dcc c r  I in ~ t o  rn ) I  ‘~~‘iI ~ r— ~ I n~~t ic~

t h e o r y ,  in  t h e  tor n

Q = r ’ = r ,~~~’ ,;
;~~~~~~~ ~~~ 

“

~~~~~~~
. 

( i , ~~;

B u t  i n  t h ~~~ f - ) L mu1 .~ t h e  co et f i c ien ~ of  e v a p o r a t i o n  A t o  us i s

u n k n o w n , i t  r~~~ fl rhanqe ov~~r wide limits depending on t h r ?  properties

— U  ~~~~~~~ ~~~ 
-
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of  I i  ; u i J .

T on ~ i .;~ i m e ~ h ~ t t hi ’ ( ‘or . f f ic i~ T t Of “ V,1 t O L  d * ~ r )  [~ T~ ~
‘ r ) t  1 ~ i n

‘3vr’ :y ;r -i~ l y  on t ‘ m o e i i t t i r o , ~~~~~~~~~~~~~~
—

~~ D ~.- mp et i t x re ~~~~ 7 A~~ ~~~~~~~~~~

1it ~~I~ i f f . ’c —’ l I~~ o’n i i n q  or .  TH a n i  7~ , t h c r it  is r o s : ; : b l ’ :  to

w i i t c ’  ~ L~- f o l l o w i n ~ -~~~u a 1 it y

= 
~~~~~~~~~~ 

-- r ’ ;~~’ :/~ 
1111, 

~‘:‘~
‘
~ , ‘ . ‘~~~~~

‘h e n t t ~~- r-~ -+~ -~-t-t,r ~~ (~ ( w i l l  n o t  con t  n.n t h ~- c ) e f f i ~2 j ri t of

Iva p or t ion ~

T
- c- - ! -- ( 1 .  ‘.

c - .  .- 
,!

~

,.

snowin g t b -  val’i~ s ot Tb., and 7~ , wi— find T , r f  w ,~ -~a 1( -II l a t .~

~~~~~~~ a c c o r I i n g  to formula (1.166) , then it i~ possib i ’  ta kinj into

~ccount (1. 1 17 )  t o  f i n d  k n o w  inj the value of T ,1 ~ a n d

_ _ __ _ _ _  - - 
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Tl ~~ val ue o’ 1’ ‘ jr-; I t ’ r m i n e d  w jtb t h i -  - i i~~I of t h e
~) t_

c tve7yra~~h ot t’~. 4 e p u r r i ~~r c -  ef 
~~~~~ 

Ofl  ~i; v’r~-t~ d j f f C L fl t T~

or ‘ on 7. w-±t1~ d i f t e r ~ r , t T~ i ‘i f c r m u l - ~

r ...
~~ _ ( r~.

This analysis is va i i i  w h e n  0 is a l w a y s  l~~ ;~- t h a n ~ 
Qm~~

F a qe  L41 •

C h a p t e r  2.

STUDY OF PROCFSSF 1EAT— A ND MASS FXC F~ANG F I’~ THP~ MAr. rflf .~~~

1. D e t e r m i n a t i o n  of c a p i l l a r y  pressure head , permea h ili~~y i n - I

porosi ty of capillary-por ous bodies dutin y t h e  n o t i o n  of 1i~~ui d  a l o r i cj

pores. 

~~~ --- -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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F t  1 1 ’  c- 1;) l’ -pic 4 ’ s the k ii - s ’ lCs  ‘) f  t h ’  f r o n t  of  s - h . -  a b s o r p t i o n  of

wa ” -’: ir p o r o c i . - ; p - s ir r - - n/ ~~am -p.1-€’ ar . cI th i I . m E t n I ~~nse  of “he v c - l o c i s - y  ~-~f

“ ho  mc ”  ion of  ~ r o n t ~ L--~-~- I m & - 1 - ~~Lt/e-++--~ -~ -’44-~~.. It sF c u l - I  b’- r t -  : ~~- - j s -  “ b ’

;: i 1- h i - :  ~~~~~~~~~~~~~~~~~~~~~~~~ ‘1 = t (1/5) js- i :-: n o t  p o s s ib l e  “ o a m c i : o x u n n - t ” e b y

“ S.;  s t r i i ~~ -: t u n , -- w 5 i c h  u s u a l l y  is u s- i l i z e d  ,. or  I - ~ ” .~r ” i ~~n i n J ‘-5- ’
-
~~ I

rn X i T  - l I t  k+ t *~-~.be i f i h ~~or of i on .  Th is  is t l c ’~ co ns ”  :‘; ‘nc” ~ f s - h e  ‘a c t

t h a t  t-~~— : or o u . s p e s in  - r~’t rj~tr~~ w-a d ’~ of cil ass  cl o t h -a-t---~ ~~~ “ - ‘ 4--

se mi— c on - i I r y strucs- ure .

‘rh. m i n s ~~ ics f t he a bso r~~t ion  of li c~~; ~ I i ii p o r o u s  ho  b y  n - ;  m in st

‘ - h e  t o rces  ~: ;r l v lta s - mo r , mak es i’- possibir t o  c f , -~ + - - : m j r . - .  on’~~ e:

unstea d y con- i  it or. s the ef [ s - ct  i v  or iv  na m i c  p . - rm ’ - - m b i  i i  t y  c-n- * ~~~~

A’ -~ w F , i c -h  chat i s ” - n  i 7 s — s t h i  pe r  u .  I F c l l i t  y of  s - b r  1 ” I d — ” o f “he

-‘,

cipi ll a r ies wh i ch a n s - : l , - - l i-pii d - i t  t=h._ - j i v— r . j i c I ” j r , ” ~ s- has”

\Q\ ~~~tit ~i4.~~ since • n  t h i s  case t h e  d i s c u s si on  conc ~~rns absorp t ion ,

concept  1 yn -i mic pene t r a b i l i s -  y one s h o u l d  u n d e r s t a n d

p e r m e . i b i l i t y  o n l y ~—‘ i- t h a t  s- tnT’ n-; ” ( m }  of ca li lli.t i s ’ s, ttr-”r t--- a” r h i s

r~~~~~- fm o I t . - r , t p a r ’ - i c i p it s ’~~ in ‘- i.~ fjrmation ,’~~~i .n-4-e.w-of the fror: ’- ~- f

i.pre - -; n at i csci .
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“ h e  c i r i l l a r y — p o r o c i s core of th s ’tma l tube.
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“ h e  m w  , - 1 u - i f i o n  - I i r i n q  Ire .’  ab s o r p ’- i o n  i~~ s i 1
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~~ ~kti iizi ng --~ l a w  ot D a r c y ,  it is p o s s i b l e  to obtain the flow
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Fig. 10 T h e  kinetics of the front of impregn ation in c or e  u f (I-)

(
~~~ 

curv s- 1) and ti.e depenos- ’nce of t h e  ve l o c i t y  of th ’- ’ mot ton of

t r or~ ~~m~~-tis- ~~~~~~~~~~~~~~~~~~~~~ (,~$ curve 2)

Key:  (1). ce/s.. (2). t, m m .
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T i m e i -t .-- -;r al ~;s- -rmeabi1i ty of s pe c i n n .~ n/ s~~~p l~ can h-~ c’1h~~a i r .  1 b y

the graphic~~ int~~-;rat ion of t h e  dependence ~~~ K -1- ~ for  f o r m u l a
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Th is inte -jral per m eability K (r)~~whose sec tion is give n in Fig. 11 ,

m i s t  h i v . -  a n o n m , 1nd l c ) - ~ ou s  ‘c f  t h ~ - in tegral distr j I c c i ” i o n m  curv e of

1 c r 4 0 ;  cI 4 4~~~+ t 4 L R l  t o  ra di i , i.e., f o r  . - .  P — ~~~’ ,~~~ , V ( r )  -
~~~ ~~, w h - ’r ’-  K —

i s  t h ~ - “ ‘ ‘ a l  1- - - t ~~~ i h i l i t . y of s~~ec i ir r /~’-1*.p4-e.

In  f o r m u l a  (2 .  18) enters radius r, whi ch is un am bi Ju D us ly
l_ _ ’ ‘‘

C - n r m . - c t . -d ~4- t h e  Vc - -  los  j t  y of + i i -  no t  ion o f  v h s —  t r o n s- of a h s o r r c  l O T ’

—‘ 
,__

.
_ ,

1. - . ,  ~~h l :~ ~ i - i d : - 4 s of t h a t  ~~~ m ; t n p ~~ of th .’ capil l -t ri o ; w hich t c m r r r

• :m~ - t n - - n . ” c ’ c t  o p t i o n .  g r a p h i c a l l y - ‘ - h ’~ l e n I - ’n ce of ‘ - h i s  ra j~~ c 1 - c  of

c i p i l l  ii - i n  “ I : . ’ h e i - ; i m t/ ~~-1+~-tiH r’ of t r on ” i s  n l v r - n in  F i - ’ . 12 a

( c i ty - :  2 ) ,  ~ c ) t  c i , l c ’I l cl ’ - i o n  of w h i c h  w p r ~ u ’- i l i z . H  “ :r.’ c - m r v c-s o f  ‘h .-

~~1i1 *’ 4’ iso; - ) f i t I - : - o I o t  1 0 1  in cco rd xnd ” es fl ( 5 )  / t  ( n . ’- ~~~~ 
p- b ) . On “ ' c i ch

1 1 - -- of t h — - c o n cen t  r a t  lo t ;  of  i i  1u i -I , w h i c h  I - o c r . - ; ;  s - d O n ,  Is  t o

t f , .~ - b . ’ f j n ” - F  p o i n t  i n  “ m e , a m o u n t  of  l i - j u i l  -i ” t h e  l ev ~ - l  o t s - h - ’ i r o n ’

of l~~~ - r s ’ 1n a t 1 s  c-a n be a p j m r o x i r r a t s - ) - i s  c e r s - a i n  ~i n i ” - ’ m a n t i t y  of

c o n ce n t r a t i o n .
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Fig. 11. Dependence of dyna m ic per m eability (1) -~~~~~ j ’,’,,, , , c--- ’ s , m s  and the

dep en d s - -n- c ’ -  of  i r - t e - ; r a l p e r m e a b i l i t y  ( 2 )  K f ( r ) .
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-
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. ;h o w . - ~~ ~~: t ~~ t h ~ i - ~si~’’ .t ’ i u r ,  o~ -~~r~ ~i ; ~ i ‘ h i  ~~~~~~ ) , ‘~ r~ r O C C U I I ~~~

— ~ Ø .  t) . )  .
~ ~n~1 ~v~a t — t 1 ri x 1 ~ ns  i ~ v ~ ~/ c rn ‘ • ~‘ ‘ h in  i :~ :r •~~ i s” i Y

t : i c k r . ss ~ (~~~) I ~~ O I m m , ~i v  i 4 . U C i ~~~J ’ f l  Cf C O I 4 ~ L~~~ i n  w i t h  .) =

~0 O — 2 5 O  ~~. T~~ i.; , t h~ i 1~- u l i t i c r ~ ct ~~ a in e 1 ~ n~~t i : n  r. -il : on~~i r~n t ~~i o r .

T~~~ ~.~corui ~~~~a~~~ ” w -i~~ t he  ‘x n e ~~irn~~r t a 1 ~ ‘ u i y o f  h~~i’ w i t :~~r a u a i

~u r i n ;  h~ ~~t ;~~ ‘j 1 y ~H i h  t L ~ w~~1L.  T h ~-~ x n ” t i m r ~ r i t  ~~~) w - ~i t h a t  t h c ~

Cr I L l  o~ ~~) i l i n J  ip p ~- t r s  a t  cons~~ i e r a h 1y  l~~;s h~~~~— f l i ~ d r ~r s i i’-s.

W i t h  in 1 n - r t ’ ~L~~ ii t h . ’ h e a t  f l u x  up  t o  ~~~~~~~~ c i 1 c , I 1 i * .~~~, ~;t r n : l v

incre ~~~~~~ he  t €~n~ )t ~r a t u r t -  d 1 f f 4 ~~e n t  i i i b e t w e e n t h - ’  ~~~~~ ‘r .in i t h e

lj • ~~I i . I , w h i ’ ~~i as ~~~ ~ ina 1 i c ~~u i t  le~~ is  ~ o in c r e as e  i r  ~. T h i s  ~ ow . ” r s

t h  ~ ~ f . ’~ iv ~~r~~s:; o t ~ h i  u~~c ot a t h ’~r m al t ub ’~

For i Cs1~p ari t ive i n v e st  juati on of di ~ terer,’ t y o~~~ of

t r an s f  o [ m u  r~;, w.i .~ i r i i d e  th~- ~~~~~~~ im~~n~~a1 i n~~t~ 11 rI~~ ion , wh ich j ~~~ (L

cham~~c~~, t h r” .” - i i f t ~~r~~n t  r a d i a t o r s  a n d  ~~~~~~~~~~~~~~~~~~~~~~~~

~~4 U 1 f l P ~ n t . ~‘~~e i i i  ~ t ui o t  ~xp€ ri m en t a l ~~~t — u ~ is ?pi :~~~d

21. !rI . . t I 1 l t t i o n  m a i ~ it )s~;1I ] t ~ to pr odu rC invP~ t i l a t i o n s n I~~r

d i ff~ r ‘~ri m h ~ n ~ cond  i t  ior i n q h . i n~~p~’ct i o n  of t t~ ni n r a ur  c ;~ i r

t h ’~ 1 i f t ~~r c~n t  p o i n t s of  t a d i a t o t s  w a s  conducte d w i t h  t h ~ a l l  of

CON er—c )n~~t dr ,~ an t h .~r t ~ocoup l i ’s_  T h e  l a y — c u t  I i a ~~r a m  o t  t n ~~~ n ” r o C o I I T~~~” ;

is g i  v’ r. ir~ Fi j. 1~)b , c. The m e a n  c r r o r  i n  t h e  m ,~ a su r ea 1 .~n t o f  ~

t~~iT [ .-. L t t u r es  i n  st~ ’~~’1y s t a t e  w a s  0.2°C . Power  input wa r; )rl~~t o 1 1~-~i

w i t h  r~a x i m u i n  ~ r t OL 0 . 0 1O/ O .

- - - - - -  - - — 
- 
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Th e p r or .~ l u r e  f~~r e x p e r i m e n t  “n t a i  led t h e  f o l l o w i n q .  The

te.pe rature charajter~~stjcs ot ~ach of th.-~ inv~ sti~~at~.d djod*-~s w - ~r e

~~~~~~~~~~~~~~~~ ~~~~~~~~~~ ma ssive and hollow ral iat cr.

f~4 f ) 1 1~~5 1
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F i  ~~. 21.  ~ x~i. ’i i m~~n t , i 1 I n s t a u l a t i o r  f o r  th~ i r v e ~~t. i j . ~t i o n  of  t h .~

1 i f f e r~~nt f a r m s  ) f  r .I~~i a t oL s .

?~f t .~’ t~~. in s~ al~ i~~ ~on of ~. i oi e  i n t o  h c  sir il l c h i m b e r ~ f i t l ~~ i t he

nec~ s.;aL v ~1 r - i n t  a t  w a t e r  ;ind from th” ch~~m :.~~r ~~ was f a r ~:” I o J ~ ~ir .

Tes~~:;~~~ r n a o s i  ye an d  h o l1o~ r ~1j a t o rs  w e r o  car  j j ~~~t .~ i i ~ ~u a l  l y . To

hea~ ei ia .41.~ .t.~~~~ . a i ’ - s  w a s  ~- 1 iN ii’ d } 0  j ; c W ’~ r , P d c : F f o l l o wi n j

~~~ ( L i

1 
~~~~ 

w i ~ sup~~lie I a f t e r  ~~~~~~~~~ • s t ab 1 i s h~~~~~~~~~~~~~ - t. h~

~;t  a~ i ) r a  i y ~ io t r u  ‘ i t j  an  of tem p~ rat ures

b~~

~x j~~L irn .~O tdl r— ~~u 1to ar~ g i v e n  in ~i ;. 2 2 , 2L

F X ~~~eL i~~~~ z t o  w i . ;  t he ¶emr ’t ’ra t u r  u of the hea t — r e  l~~i s i n  i ~r y s  ~a 1 w h o ~~i-

v i l i ~ w. ~~:-. • 1.-~~ e r m i n * ’  i f r c m  r ’~a ! i r y s  o f  t h e r m o c o u p l .~ 1 tot ~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~ on m a s s i v e  r a I i a t c r  m l  t h ~~r m c o u i ~1~~s S ~~)r  t~~~~

diod e , ] i ~~~~~ i U t )  t h ~ ho l low c h a m h e r .

I t  j  j .  ~ 2 ~iimans tra ti .d the denenlence ni the m~~erat ure of

( i .  1 ‘1 •~r n c n t  f t  a m  t h . -  a ~pl ied  p o w e r  f o r  t h e  I i  f t e r c ~n t  nh’th al .; a t  ~~~~

~~~~ r~~m o v a 1 .

I 
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— 
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— 
~n t h : 1 : a i t , i 1  F a 5 1~~~i 0 n ;  I — i n  in v~~rse o~~it ion; —

1.  . w • h n a t v r i i a r ; — i ol e wi h :; o h o w  i- - md i i t  o i i .

i n v c r t .  ~ *~~~~~ 4$4I4- : i  i i . ;  ~ - — i i o t - ~ ~~~• 4 ~~~~~)1J t r u i l l t , ) r .

~~e ‘
~ 
: ( 1 )  • —

~~d -t q’ 1~
- .

TL~ u.. ’~- a t  w i t e r  t~~ j f l t .~ r m C l 1 a ~~4 ~~i~~a — t t a f l 5~~~t [  . 1 1~~~I 1t  ii~ -i ~e i t  i .o ~~t -~j f’1t-

h y m o : i  r . -in 51)0/0 ~~) ~ n c r c  ~~~ ‘ i i ’~ ~~~~it~~~~~~~ r . - a i o v c I  u O ’d~~1 w i t h o u t  H;

i n c r ’~-i5~~ i n  h~ O~~ c .r , i t i n q  + t m i ) c L - m t i L ~~ C t  S~~ IU i C C f l~~ ’1~~~t o r  ~~~~~~~ i t  I
.1

powe r 12. 5 ~ ~~~ t O r n  . r a t I 1 r t ~ w a r  l o w e r ’- i ~~~~1O ° . ,  w h u - h  i m n i - o v e s  j # ;

•~ l_ c t uc,i l c L i r a c ~~t ,r 1 st ics - i n i ~ E a j o es t h e  r ’ lj a ~~i l i t v  r)[ work. Ar

in( . re- m : ’~ i n  t h ~ ~~~ io:t i v € n e ~~ . et h ’~a ~ r ’~m c v a l  i~~ a c h i - ~ v I b y

t .~ l i r t i o r - . i n  t h e  r e s i s tar : ce of ~L ’ . 1~~ t r a n s f . .~r f r o m  ~ h~ h ,~ it  — i . ” 1 ~a~; i r ~g

cryst i i  t~~ h e  w 1  1 of r a d i a t o r .

~‘i ~u r ’~ 2~~ ‘ ; iv ’ • . v i l u p o  ~ i n  t~~m h~
-’ratu re I e 1 a ~n , ! r n c e  of h i ’ d t 4 - ~I f o r

I4SS i V . -  m d  ~o 11 )w r ilia tor :; .

~ ~— t  t c r n  ~i ’ r at  ur e s  in ho 11 ow r a di ator L V- j  ~~O[ - j  t i on  ~~

f l O ! . 1 f l t i f l~ . i V ~ - m u d  t h e  r.-~dt  L a r ! Sf ~~ir  is ~~~~~~~~~~~i cr o u n p 1~i s h~~l i n  ess’~ nc ’~

by ~~~~ mal conduc t ivity of l i q u i d ;  t h e r c f o r i -~ t h e  m i t  i ii s~st i an t h e

— ~~~~~~ J ~~~~~~~ ~~~~~~ ~~~~~~~~ ~v i - n -  ‘ : :  e~ ~ ~~~~~~~~~~~~~~
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‘ -V

Fi  ~. 2 3 .  V a lu .  i t :  ~ -~m n . ’ r m t u t t ~ l - : . ~ n d o r ~(’ ’-’ O~ :i ~~~m t ~~ t r ‘ -h i  m i . si v ~

a n d h o l l o w  L 1 m ~~~ ) : o:  1 — P = T 1 — T ~~/2 :  2 —  = T
~~~

— r 7 ’) ;  I — =

—

T~~~’t: ‘w i L - 1 1 1  i r c r ’ L ; P  in ‘ ho t” - trr’ r - m~~uL ’~ of  h e a t - . r  l i r i l  I i i ~q i t s  e V o r
\

ircro ~r. ’- -r ,.~ ’ “+ 0 v - m p r L z . ” I a n d  ~~~ . -t ’f e r ’ iv ~~~n i : ; s  of p t -n ~~) r m t j ve

~~v 0 t ~~~~’ ~s t . m i s e d .  F u .  2 1  r i v e s  c h i n j e s  in  t h a t i n -i L L ? ~~~1 ‘ ‘a t o ø  ~~

T~~— T 7 /-) , Fl 2 T 2 — T i/ ’.: i n t l ~~~~ T 3 — T 7 /; .  FLo~- °xan ln a t l o n  i i-  m a y  ho

ccr , o~ i - : . t  t o-i t a~ 
th e .so pow ’ r ’ a sys ’eir of the t y pe of ‘h ~~ r t i i l  t u b i

w a r  ~s s ’ i i l  a’ D~ t h i  m o st  e f f e c t ive ~c rm , since , or-vi ‘.mslv , o.:’imui ~

w i l l b .- t tj s  : o s i t i o n  i n  w h i c h  p 2 — R 3 is minimal. T h i .; ~i 1l d - t e r m i r .”

t h ~ op ’i m a r  wo x~ - i n  ‘-~~in p e~~~t u r e  of device . ~~
-‘i r  n i s  f l i n t

ev~~po r a t i v = -  s y - ; ~~’m will work in th e ~~~~~~~~‘C - ) f l d i t i O r S  ) f  fm~~ I : n i~

ar i d r~ i i  t ’~ . ;~~- - ;~ u i : c~ h~~t w e er ‘h e  ~-3-L.M-
~ of  h e a t r i :  in  I t h e

c on d e n o d t  i o n  w i l l  f; ’ u g h  l ’i  1 ’ - .

I r . t ro i o - t i o n  t o ~ h e cha m b e r  o f  c a p i l l  1r y — ~~orou:; care tr ’ik’s it

Io~
;:;i bi ” to orient j t i n  a n y  d i r e ct  i o n .  F i  j u r a  22 j i v . ’o t h e

1 c r - o n  I ” r t c r  of the t e m p e r a t u r e  of d j o - i . -’ ~~~~~ t h~ ~p p 1ie I po we r f o r

t h r e e  ~i~~fe r 4 u ~ orientations. Fver : i n  p o sit ion  w i li h e a t e r  ~~~~ a b o ve
1~h o l l o w  ~:‘r , a m h . ’ r  w i t h  C O r P  ~~~~~~~~~~~ r e m o v . !s h~~i t  f r o m  t h - ~ hea t ~~~~

— - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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~~ 

. - - •—-- - — 
-- —- - - ~~~~~~~~ - - --
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1/ ,

~~~~~~~ 1~~m ’- n t h ot  t o  t I ,  i t ;  m a  r s~ v~ a I i  i t  -
~~ • ‘ ; i i f  ~ ~c i . -~ n ’ l v  ~ a w -  u 1

chau te at ‘-ho c h i n  i ct .-’ri o ’- i c~-; i . u . - n l i r  a n  ou i~ fl’ -i ’- t o n  i t

~- x t 1 a i n e d  t v  t h e  h o c : .” L i t  of  c -o r . - ‘-o t h i -’ s i r f d c  O f  l i i i ’ . P 1 ’  dl.;n

in + i pos  i t a t . + h e f t  C t  iV ~~- I .  05 0 t I;~ i ‘ -w 1 1 - I L  m W I I w t ; c ~ 1. ‘1 ;r  t -  -
1, ~

i r c i ~~1. o~ ‘h .” rm a l t U t e  i s  h i  ; h e r  t I i t ’ i f r m i ~~:- -i v r i~~ ; m t ) r  ( F r i .

2 2 ) .

~ l o c -i ’- i or ,  0 ’ t e l  I O L I +- n t  t n t ~ i I r  ~~ i n ’  m a k e ; ;  ~as ’ 1 t l e  to

av ,i— ~ ‘- b . a p ; . - -i : i n J  in  1 i r :~ V a cu U ir: i n t l u en r . - of cart ’ i c ’ r r o i s ~ I nc - a .

T b —  ~~
- / o r  r — ’  ‘: S , c r I I n u t  I r : va  cu i t t  , ~~~~~~ h ow . hc’ 0 1 uc nn ~ of

~~~~~~ C O T  d ( ’ -  I ‘0 15 • n n o . - - , ‘1- P ‘ - - i  r i n c ;  b et  w ’ - ‘  n he 10(1 ’ ~ t h .~ i l i i  t or

r h c  e - ‘i v .” ra - ss at ‘ ne- w - r ~ i t  I j lj ~~ t o r  - cr i as i 1 . 5  t j rfl O , d r i

h o 1 l - -- -~ 1 . 1 1 1 1 ’ w i ’ -  b. 1 1 1 1 1 1 1  — 1 . 2  t i m ( ’ 5 ~.

T b ’  e p . - t  i tn -- ’ f l t s C r - i u o ~~~~- I u ~~~~~~ u l v - t n ’ a ; ’s  i f  h e a t

wl t b - I : - j w i l  t r a m  1e  h~-- n t e i  ~~~~~~ r l m e r t c , t l i c t - I i n .- ; i j o  ‘h e  pa t ois

core ~! t u: — - . ~ y i ’  i l izirc - j ‘his pr ir :ci~~1e of cool in i s~~m icuu - 1ric - t or s,

j +  is ; - u c o i ~~l.-’ t m  C - a n s i  Ic r ibly lower he op~ r~~
t i f l j  ~~ t ; ’ . - j - ~ t T ~~ of

~a~~~~rl~~m~ ri~ -i t t t  ‘h ~~r - o y  t~~ ra in .” the~~’ ‘ab i l i t y  0 + j t - , w o r k .  f l u t i n g

pr~m c t i c a l  -1~~~~~i 1 C d t 1 0 F l ~~~~~~~ i m j o r ’ a r t  v a lu e  . i c T u i r m s ‘-h e  W , .. i , 7 h L  a t

-i c an t  m p o r a r y  l ev e l  of d e v i l c n m ~- r ;t r ad 0 e l e ct  t o n i c s ,

w i t h  i n cr e a se  i n  t h - ’  ~~~~~~~~~~~r m . m o v e i  hea t t i u x i ;  t h - ’  :: o1

r a l i a  ta t  s c m  h a v e  c o : : s i d er a h l y  l a r g er  ~ wc i g h t , t h a n  m oot  coo l a l

c o n s t r u c t i o n .  h o l l o w  r i d i a t o r , u t i l i z e l 1 T ~ . “ x p~~r i m e n t s , 1. 5 t i ro” o 

_______ 5 — 
- — - -5---- - _ _ 

—
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V

I i~~l ’ - m~t i u  t~ ;. ; ) l i t  cn .

T h u s , L + -’ I m : C 0 ‘ t m -  h e l — : . - l m ’ m ; ; l n l  ; v s t a n s  i n f o  t h e r ~~i 1  ‘ - ‘ i t m u

. i t i  i t - - 1 € ’ c ’- n i c  ; i ~ ~~ , ; - ‘ n 1 ~~. - - i t  i m p : - -t v . ” r . - n ’  n . h c  ‘ --- m p e r l ’ I t m

c t : ; :  a Ct ‘ - 1  ; ‘- ~~
- , , . 1 1 r osc i t ;  I ’  t o  r o i s i  - t . - r a h  l i  i-o w • r  0 ’-  — ii

c o n  t- ’ * • ~~ , j :  c 11 I t  v — : a t  o i cor~’ a l l  - w 4 ~~~~s~~~~~- r .” -~ om

i t ,  + :. • 0 • i t  ~ 0 h .  - • d S v .

(
~. Ci y . . - r ~ ~~~ ; ~~~~

T h . -  C X :.~~: t o n ’ r ; ’- t i s t i l y  O f t~~~~ p i~r a m e ’e r s  c f  c r y T ) l P n i C  t .t.-~~ T i l
f _ f

~~~~~~~~$.- w it I  ‘ - h C  u : ; ’ a t  l i j u i  n i ’ r O .p n  as h i ~ i t — t r a n s f - - ’ r i ; - t n t  1 O

i m ~ F c r  j f  ~ ~ i i :  w o r k  I 5” , -HI 
~
.

T b ’-  r n m x i l ; m  h i m t  f l u x , 4 r a n : ; f o : r . - ’:~ a I ) I ; J c - r y o - ; ~~I ; 1 c ‘ h e r n . t l ~~~~~~~~~ ,

ac ’ :at1in ~ ‘ i k i t f e r ’ s t h e o r y  [ 1 ] ,  w i t h  ~ o a ~~ i S~~ UIfl 1~~~i - t:S f 3 f l  i’ is

p o s s i b le - ’  t o  f i n d  f r o m  f o r m u l a

- — ~~~~~~~~~~~~~~ - • ,  —.5 --— - - - - -——.-.... ~~~ *,.v-,— -— — —i- -
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‘ - - 1 ’ - -  :s • ca~~f t  i c i. - n t of ~~~r m e i  L i l i t y ;  r , ,  — the inside radiu s

of w a l l ;  ~- -.- ~~~~~~~~~ -~~f f e c ’ i v . -  r a d i u s  of pores ;  .. - 
~~~~~ - ~ f f i - ’ v m--

c a p i l l a r y  r i - l i u s  f o r  a r l u i d  n w ;  ~ ~~~ t h i c k n e s s  of p o r o u s  core ;

— ~ he or i t  ~ r j Ol :  , w h  ron cb -ra c’ ~r izes ~ 
-
~ i n s  po t  ‘- p t a n k  r

cf ~I ‘ i l  .

t t t -  j i - i  t i - - u . ’- or + m i t - r i f u l e  j o  t e t . r i n r : a  I ‘ram k t n . w i .

t i  i: : ; f - -r  ;t - , a t - I  h ’  t i ; e r m a l  r ’  o r  :; t a f l c m  o n t h . -  cOr ’, r l 1 i ~ b y  t h e
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T h e  ~‘ f f . — c t i v t - -  t h c - r i ~al  c o nou c t i vi t y of t h e  p o rou s  core , f i l l e d  b y

l i q u id , can t e  ~~~~~~~~~~ a c c o r d i ng  t o  f c r m u l a  fr c t r  work  ~~
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_ v .- 
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I is t h e  h a s ic  d i m e n s i o n  of t h e  p o r e  of n o r o m : ;  m i r e r i l l  ; L — +

o v e r a l l  s i ze  or  ‘- h e  u n i t  cel l  of p o r ou s  s yst ’~ m ;  h = 2 A  — t h e

thickness and the w i d t h of th€ rod of the solid n kel- -~t on of cm -il ;

— th ?  c oe f f i ci ~~n t  ~~~, w h i c h  ch a r a c t er izes cohesion~~~~~~~~~~~~~~ h .-

.icroroughn esses of t w o  i 1 j a c~~r~ p a r t i c l e s ; . — the t h e r m a l
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~- - - n - I u c ’ i v i ’ - y  at  ; m _ ~ :r : - : :o g ap ;  i. - -  — the - h ~~rm a l  C O t t  I n  : 4 - j y j t v 0 ’- t b

skeleton at p ot  e l  ‘ I t ’- -C  i / i l ;  , , ~~~ cont tc ’- th t .r~ al c-a t i :  • i ’  y ;

— * h .  f~~~i 1 1:t ~~~~~~~~~~~~~ of ~icr orough ne ;; ‘-n ; - t ha

c o e f f i c i e n  t ~ : — t  ~ m i  co n - I ; ’ i v : ’- y a t  ; i : ; .

~~ c ~~~ I m : 7 ’ r l  b~~~s o f  ~~~~~~~~~~*,‘i n v m u i i b l t  ;~~o u n e r i c

u t a m . - t i - ! o , ~~~~ u 1 ; ~~ a t  ( l k t f - i . ” t t  l i - ~ i 1 - i ~ w i l l  1. m l  ‘- ) t h e  f a c t  t h a t

the ma xi mu m hea t f I i x  v -i r k)-’in ~ r r ~ ar t  i c n  ‘- n ~~. i : t j ’-’ in . ,,. a n d

of  car e .

F r  * h~ ; . -
~~~ - ; n ’ ’ I h ’ ’ ;  t l u x  ~~~~ 

‘. , ,  , the u a’ of i i  f ’ - L ’ r  P

i i  i i i  i s  w i l l  b a t  ‘ - - a  t ; i Q f a c t  t l ~, i t  w i l l  h i v e  t c  0 1: i u j ’ - ’ ~~~~ 

i i ( : t t r - - i c ’ - - ’r 1~~ t i c s  O~ 0 0 1 - , i T  I t ~~~L 0 I l 1 t , 1 5  ‘- i - ~~:c- SS ~

i n v p t i a  ly  t r o t o t t i o n - i l ~~ w - .  ~ t h ~ us’ n i t t € : -  i i  ; - i i d  ~t w i l l
5; ‘

ica t ‘ - 0  C h U~~~ ” i t / t /  ‘ I i -  t o  a c h a n g e j r  - . . T h i ’ ~ c - I T: h ’’

t m  1~- : , i 1 y t ::e t e r m ~~ , ,

c c

r’ I )tI ‘ - h -~ a f a r - o m i t  i ’- f o l  1 w - - . ~ h i t  t h ’  c r y c - T ’ — r c  t n . - - t  i i i  ~~~~~ _n

n o t  in  : , t a t ’ -  t o  r r i ’ - r o t e r  lci r jm i ’- ’a~ f l u x e s, f i i i t h ~~r m a r a , i n  t h a i r

cccu r ~ h~~jrm ‘ 1 L m - t j t ’ f lt s  of t~ ~~~~~~~~~ 
m t u t - e .

T I , u : , f or  in s t m n c .t , i n  y o r k  1 58 1 th e t€ m p f ’ru t ti re I i  f f - ’ r m- ’u: i i i

along r.i~ r o - i e r ~ th e rma l - wa n 20° dur i n -~ th~ tra ns mission of heat

cu t p u t ~~2() A . It: work [2] th e t e m p e r a t u r e  d i f f e r e n t i a l  on ~~uc on ( F t e O ~

I
5— ~ , ~~ , —‘-—-- “--~~~~~~~~~~~~~~~~ - .•ct•.~ — 

~~~~~~ - 
—~__i__ ___ - 

-A
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2 2 , f r ’ ( u — l i )  t h e n  im~m l  • r ;  wa :  ~O 0  l i i i I I I  ~ h a  •
~~ m u : ; r m l : ;  ; l O n  i f  i a - i t

— /_ /
o i i t t u t , 15 ~~. C a : : ;  j t ~~fl~~l y ,  f o r r t y - - ; c :1c  ‘ - t . - t r n ’ -~ 

~~~~~~~~~~~~~ 

15 t O~

n t -  ; i i c - t t  i i - r h . ’ (~OI ~~~~~t ’ ’  C f  i S ( t i C r r I l  t ’- ’vi , a s  ‘b i ~~ is  1 a s - J a e : ‘- O

i r  ~ i 1 t m T ‘ s ,r i -’o: ~ , R , ~ 1.

T i ’  - o ~~m ~~~~ ;
‘ j i ;  ~ . - m ; ’ ’-: 1~~ j i m  o f  C L , C 0 . . n i C  ‘ i ’ r r ’ -~~I A~~~~~ C j f l  ~~ ‘ -

lo u t • ’ 1  w j * t 1 r ,  t ’ 7 : t t  - ; ‘- i r a  i u r - 1 - ’  b • t w ’~~ r f b I —? t - - r r n . r i ’ - ’ J ’ -’ o f  ‘r u t — i c ’

[ o i r t  a. ’- c u i ~~~c-i l ‘- e r~~’ t a ~~ ,I r ’  . F o :  o r y o J u i c -  l i t - u i  I ;

t e r ~ c t  i ’- O r . ”  r u t .  i I~~ ~~i f f  i c x e n t l y  n , m r r c w .

~-m~~r ‘.
~~~~~~

L a :  i n - t - j n ; c ~~ , f o r  li~t - u i~ r . i f r o j u ’ r ~~~
‘- I t ;  6 1°K .  C a r - a . ”  t u e n ’- l v ,  ¶~~~- ‘

- t . ’~ -e r 1~~r :c’ a t  t h -~ p r o p e t  t ie- s of I i q u i l  cn t e m p e r ~~ ir e  m u s t t .~

c u:s i I ’ i + l  - : u n i n j  ‘ - h 1  m n a b y n i n  at r h - ’ t r a n sp o r t  p r :’’r ~~i~~s o f  t h e r m a l

- v i i  t m -t o  . > t h e  coat  t ici  - - i t t  of  st i r t a c f  ~ ‘ -:s ior :  a -I It I of

t f • t  it - i i  c a r - I  t o t  iv i  + v x -I U ii)  1.1 t r o T . ” I  c h a t i j e i n  ~ be ; n at

‘‘— m~~-r a ’- i r s  :rom 70 ~o RO °K , from 10 , 53 ‘-o 8 , 27  t y n / cm it ’ d f r o m

1 .5~~. 1 C~ ‘-0 l .36 .1O~ ‘ n j / c m .  A t  t 1 0  s a me  t i m e  a c h a r ;  ;e in ‘h e

ç ra p + - r t i c :-; ) v a p o r  a h - -tse L~~~.’~t e mp er a + I L c  ‘lo~~n t a ’ h iv e  v i ’ I i

i m i  ‘ r  * a no ’’

In :tyog e n h c -  t h e r m a l  tw— .
~~ the pressure d i f f e r e n t i a l  in v apo r

~h ; : a .~~a l w a y s  less t h a n  ‘h ~ p r e s s u re  d i i  f e re nt  ia 1, w h i c h  ap ~~m u i  S as a

-
. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- —----~~~~- .—•- - 

- — -. - . — —__— — -  - - -  - - —~~ 75 _  -
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of t h . ”  ~~~ ‘ - 1 Ci o f  c t p i l L a . t y  f o t o * -;; h o w e v e r , f a r  ~~~ sr rt u - l : c i ’ y

ot  t h k 1  i a n i l  - i o i  C t i i  h e  con: :  i t - t m - i  e q u  i i  0 e t C h  o t h e r

- —— — - - 
‘,‘ ‘)

- - ~~~ t t~~s ~~

~~~~~~~~~~~~~~~~~~~~~~~~ t e m p e r l t i l t e  d i f f e r e n t i a l in  v a p o r  o h a n ” ,
7;

ac cor i i n-j * ) P I 1 C -‘~~~ii ’ :o n of  ~~~~~~~~~~~~~~~~ — C l a p e y r o n , 

: 
-
--

T h e  v a l u .  of V~’~ is u n u a l l y  l o w , s i n ce  ‘r a n d  e a re  s~ ali ,

t u t  P a n d  r ’ are great. Thus , f or instance, for the sa turated

r i t  t o - p - n  1t ~~~~~~~~
- ~t m os ph e r i c  p r e s s u r e  ~~ (2 , , .  =30 ~ 

~~~~ ~~~~~ 
‘
~

h ’ l e t e r m i r m a t i o n  of ‘he s p e c ia l  f e a t u r ’~~~~~~~~ ~~~~~~~~~~~~~

5-

~
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+ h ‘ - i i r t i ’  i o n  a t a m  I ; t t i~ • f i l  1 r ti  C O T  n f t C I y a - - n 10
(le t  ~~ a t

t h e t ~~. t l  • u t - ~~, w h i c h  t m ;  I i  ; u i t  coo b r  i n  ‘ - h~ t on e -  of  ~~~u~~:i~~~ w

t r i t e  5-
~~~

’’
~~ .~~x : , , r i n e n * u 1  1 n: ; ’- i l I a ’i o r  (~~~~i - t - .  2 * ) . A: t. ‘a ’ - — ’ - :  i n s f a r  ; ~~~

n n

t h , r u r n l  ‘ - U t - e a w ,  I C ’ -  l C C~~~~t ~~~~ F t  ‘ o n — ’ ? dt a l  ‘--~~~~~~ F: n — i i , : o o a :431r -

l o w  t h c r  : 1’ ; )  • - o n , j u c t i v j t  y a r t - I  l : i - ~ h v i o c c - -;i ’- y .

1 -

it- ~ ~~~~~~~ ~~- I  t j i m ~ f o i l  o wj  r - p - m r  t m ’ - ’- ‘ - -  r n :  I n  T’ h + 1. h

o u t s i  I .~ l i a r m - ’ - -’i — 10 .5 tr In ; t h E -  w i l l  t b i c k r e o s  of  t u b e  — 1.2 5  m m

(~~~a in 1 e s~ st e e l ) .  In  ~~~~* w. -~~ l oc it  e I porous  core fr om q i a n s  c - l o t  P

3.5 u r n  in  t h i c k n e ss .  I t s  c h ir a c ’ - e i i it~~c: -
‘

‘ ‘

_
- 

- 
-~ ~ n 1

• -rh .”  ~~~~~~~~~~~~ o t  ~~ rr~~e rat t 1 r e s  is c o n du ct -~ t v  ‘h --

differentia l copper-con s ’an ’- mI t h e r  iroc ’a i 1’l ’ - ,  ~~~~~ ) f l  ‘ - f r .  :4 I t  i c c’

‘ i f c m , a r : t b~ t h m  c o ’ p ~-: t. h c r ~r -cr m t c  : _ r e s i st  in c e , lo c m ’- I :  or ‘- t i ’ :

: 4 i r f a c ’  o f  ~~~~a4 m n I  w i t  h i n t  car ’ i i .  ‘ - h e  z o r a - : ;  of ~ v i : o i a ’- i -a r: - i ’  I

c o n d e r i c a t  i - - o .

- - - - -- - — ~ ~~~ _- ~~~~~~ _ —-
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F . 2-. . P t  t i t  o f  ~ x p~ r l ii * ii  t i 1 1 to :  f - i  I I m i cn o t  h . - s u I y of P P .

-t I I

~~:w — ’ - , ri- ;- m - r a ’ -  I t ’- b~~r rtial d-w.--~ 1 — t a r k  . i t I i  l i~~u e f i - ’i  u s ;  2 —

/ 1

— V ’ -t ’ - i i t r c l - a t i - i ; 14 — t : m  l n v ’ - s t l - ; m . I a;~~~~~ 5 —

l a w — : - ’ a lS  i n t o -  }‘J f a n 4 I ) ‘i 4 ’ ( ’ 1  b — t h e  100 0 :  - t i n - u  : ‘ — ~n ’ - i  ri m- - ’- .- ’ - r ;  7 —

~~~ S O U L C ’  0 ~ o~~a L  ; 1 — v a c u u m  - J a u - ~ c’ .

: - - -
~ i~~

--

F u r ’ - h ’  r m c i c - , ‘ t m -  * i f i e r a t u r e  ~~~~~ 111 t I ’ -  2 ) 1 1 +  o f  ‘V i ~ I ) n i t  i o u  i s

~~ asu  r .” I y h~~: m i s ’ - o r .  F o r  t h . ”  e l i  m i n a  t i o n  ) f  ‘-h C ) r ’ V  ‘c ’- iV~ h~ i ’

x cha  n ~ m- P t w~- n * h e  s t i r f a c e  o f P j  he a n  ~t 4 h e n v  i r o n m a n  t , ‘- h~ i t

w a s  r- 1 i c c -  i t ’ -  ‘ vi  c - l u  m sea 1. 1 n Vd C i i  t m  ~~l i i  I I is su ;) a-a r ‘ I h - ’

~~~~~~~~~~~~~~~~~~~~~~~ i r  f a . - ’ ior ’ 1 0 ’  m r .

:e  c- i r i i - I  o t t  the c- i  I cu  l,~t i o n s  of P h •  t p a  * — P i 
~~~~~~~ 

i f P

a i - i l i y o~ ~~~~~~ m o o  r - I ~~ n - j  t o  t~u t t r L ’S t c r n i u l a  [ 1 ]  w i t h  i t s  f i l l i n g

w i t h  l i t  t e l  — - t 1 i-’ u i ;I s .  I t  t u r n €  ‘t o ut  ‘-ha t t i t . ”  ‘u :  - - i ~~~

he at_ t 1 : c ; L i t t i n t  a b i l i t y  poss*’:~-s w a t e r  a n - i  i m m o n i m , i n - I  t h e  s m m l l e s t

h+ ~a t  t l ’ i x : s  i ’-  i ;  p o s s i b l e  to t r a n s f e l  w h e n  l o i n  ~r~~m;.  P t 4 i m m o n i i

a n et  i ’-o,  of - 1 e f i c i e n c ~~~~~~~~~, w h i c h  i m p e I ~’ j t - ~ ~~~~~~ I t  is

~ Oj o - f l r : ( I t O , i ’  i u i r ’ - o  . ;p c ’c r a l  i n r t r u m e n ’- i ’ l o f l  and ,  f’irth ‘rm ore , it

‘a c t s  w it  1 ~~ - ) m m :  m a t a l s .  W a t e r o n i l i ot  h e  u sed a t  m i l l - i a  t o m  pera  t . U i  e r .

For m x~~~ [ 1 t -n~~t t , ~ 1 s t i b y  as h e i t — t r a i : : f e t  m q + n ’ t; , wer e :4m -leC t c ’d ~~~

— - -‘- ~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- — - --- — —-

~~ 
-
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— A p

1 • o r  — 1 1 m u .  - I t- : • an — 2? . ( 1 c i  1 , 1 01 S r ocr 1 i~ t c f a t  fl ci  1 m ( . 1 7 )  j a V

th e v~~1ues of t h a  r n i . i m i m  ‘ L u . t t e t n . - d hea t ou tF- u ’ : for Freon 1 1 ~~

C ’- i t ~~ t o t  F . - r — ~ ’2 ~~ ‘ - O  W w i t h  11)~
)r

~
I ,- 4 , t - ,

The calculations ~ r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ t h e  t e m p e r a t u r e  o ’

P i t . ”  n~ - m t — i r a ’ i l i ~ i 7 0 1 1 ’ . I t  10 t m : ’ - : - . a r y  ~ o n~~’e ‘- :: i ‘- h - -  ~ .~~~1 i ’ i n

‘r a n s m i t ’ - e -.I p e w - - i  in c : - - ’ - a a ’ r :  w t t  l c - ~~~er  i n - j  i n  $-~~~~~~ o p - r i ’- i i  t

t e r n  p rn ’- ~~ . of- t I) to ’- . t i e  + — i i -  nu  t w i it it is:; i on ,~~~~ás+~~~~ .wD t o

s U L I d O C  c t t i t f i . ’ .1o~~. - 1 I i n g  - ) f l  o 1 r l a t . i n q  ‘e m ~~m r i ~~U r ( ’  V I I I ’ S  f r  Ci t o

i .~ w .

F i - ~ ’t : e  25 J i v - ~~ : t m . - u 1 - t i  i r ’ l t i o n o  f ‘- e m p + - r i 4 I 1r~~~ a l o n  t b

l c - n j t  P of t i i  b + f a t  • P m  - I i  I f e r  c n t  ~ a n sr t i t  t i  pa w - r -r ;  i n  :1 a n  i n o  1. -

~~~~~ I. 4 -
As wc - :~~ j r  I i  p i t  I o L V - ’ .; F r e o n  -~i 2 .  I n  ~~~~~~~~~~~~~ w i : ;  a i r  p o r ’-~ I

- I ,  - •
t e m ~ m - r i t  ur ~-‘ ~~~~~~~~~~~ F t . ”  + ‘r n p e r a  ‘ - ‘ 1 1 * -  I i f f e i - ’ n t i - m  I r - e - i : ~~~~~~3-~~.3-t-w ’ i i  m a ;4

COii~ l i ’- m -ly l - ~ 1 t P - 1 7~~’- . -‘ n t i r ’ -  t c - it F a r d t U r * ~ d r op - i l o r ’  t- ‘ - : i r ’ ; n o L ’ : 0 1 0 .

P i ;.  ~~ r’~ r e s en t s  f h t —  e x : — ” - r i ~~’ + - n ’ - a1  - t * - p n I m - n c m ’-; a ’ ‘- b c- a t - .

t e m ~~e i - i t : i t t  of t ii . ’ t u b e , f i l l e d  t y  F r e o n  -~~2 m n ’ ~ F~ o n — i l , ‘ - P m ’

ap ~ I i’- d po we r i ’ I i t f ? r a n t  s l o p -  a n q i e - . I i i  m F: .-: r t ? o n ’i l  P 0 0 1  i o n  ‘he

m a x i p u m  p o w er , t: m n : ; f c ’ r r e i l  r y  t u h + , is e q u a l  ~o 15 , i. ’ ., ~1m a o ’- 2

t i m e s ~~ more  t i m  i’ f o l l o w s  f r o m  F u t  P e r  ‘~~ t o t n u l a .  r .~~[pr a*l r e ’t ! ‘

a n d  t h e  t e r n p ’ r  it  u r ’ - ’ -, m e a s u r e d  in  a s*-r  i ’s  of p o i nt s  on t h m -’-

s ur f a c e  ot  t U ~~e , - i r e  c lose  to each  o t h e r  i t t  ‘ - h ’  ca : i’ at  t i i ’ p - a nj t  iv c ’

m n q l e ~ of ‘-~~~~~ s l o p e  of t u b e , w h i c h  i n d i c - m t e t  ,~~~ goa l P h ’ r m  1

i t -  - ‘t i a  i. or  — ad  i ci a I n ;- on cm- -

- 5- - -- -—- - 
- _d
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F i  ~~. 25 . ~~~e i : - ’- r i b C i  1 0 1:  0 ?  * . r : - o - r  i ’ - t t I .  I I C t .  h~ - ion r h a ’ • h e
(P

‘ - U : . , -w h i r l .  1505 F :  e at  - 2 2 ;  1 — + 5 0 ;  2 — a = 0 :  ) , -i — ‘- h” -

. T m r i ’- U r ~. ’ - ‘ 7  ~~ l i t  I I I  i r  ( O I c  I t t  ‘ - P~ - Z O r -  o f  ? V ~~ t - 0 L i ’ I ’ ) f l :  5 , 4 - —

- -

.‘-~~ :- . - r ’- u i m -  ~~~~~~~~~~~~~ i f l  ‘- 110 ~- M u : m ( ‘ - t  • ‘ V l j ’ O U . l ’-

1( e v :  ( 1)

~~~~~~~~~~~
-

~~~~~- 1)~~

~~ 
‘-~~P w o k  o f  t u b a  i t  a h c r i a a n t a l r c s i t - i r ~ (/ ‘  = 1)  ‘!- i~ V i ’ ) t O

of w u~~~i r ; l a i d  - i r e  c r l s i d t a t ~ly  o v e r F ~~i~~-~.cI r - - 1-m ’- i v - -- P a  t h e

t + - m p t - - I  i +~~~~” of -  4 : .E? w i l l  o t  t u E .” . T h i s  c v e r h . - t t l n n l r ’ -~i c b - s  1 0 > .

F i  ; ‘ l r . ”  27 i v ’ - .; t h + —  cl c’- 1- en c 1 e u c c c ’- s of  t h e  w a r  ~i r - ; ‘- ‘ - m p —~- r - i ’ -  i i . ’ o f

~u l , ’ ’  m r J  • I ’ m ~’ ~~‘ - ‘ 1 ’~~
- j i j r m  - l j f f m - r e n ’ - j a i  a l a n . ; ‘- I- a n ) ; r ~~c -- t  !Of lp  i S

+ 1 ’ ’ !; o ’ ‘he t . * r t - m - r  i t u t m  of i i - t i i d  in. ‘- ho i~~~c’±.~~4,.r- of - ‘-he t ut ’-’,

w h i c t ,  ~~~~~ t I  i ’ ~~~~~ 1 , ) O I P 1 V P  a r - ; I e  of  ~ s l o p ’- w i ’ - L  ~~ ‘- h e

* i ant s f m - i  i c t  on I t i e  h ~ - i t  o u t  p u t  20 ~ 
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-~ ~_v
C’ ’--

~~~~ ~~~ . r )ep , ’ - t I ~ - r ; c .  of  c c ~~~-~ t . , ’ ~ ‘ i ’ l  e m 1~~- z  1t i i : . - ~~~~~~~~~ —.—- - I c ’ w ’ ~r 1 — -i

~ ‘O , w t ~~~1 t t t H i i f  ~ t ’ - o i — 2 2 ;  2 — x •~~~~‘, Fr’ - m n — - 2 2 ;  ~ 
— , F r ” ’ .”

2 ; — - i  r 0 , - ‘ 1 )  — 1  1 S — I c , -  ‘- er ,  :i’-’- r j t u r  e t~~~~~ - 
‘- n ’~ z m-~~~ m-- of

I

r m ’ - y :  ( 1 ) .

F c  j .  27 . D .~ p , r ;  f * ; . ” @  a t  o~ ’ I ~~ i u  - ‘ i . - ~~ i t  j~~~~’’ ( 1 )  i t -  f o f  ‘- m - ’!- l ’ ’ ’ i a ’ ’l t ’-

d i f f m * t m t t i  11 l o t - ;~~ t i l t 1 :  i~~ / 0 1 .  ( ‘ )  t-~~~~~~ ‘ - h -  to - “ : - - ‘ rj ’ - 1 l~~ c~ ~~~

- 
t:’t ’ -  ~~ ,~~~ - - —in  ~~~*~-j~ -~,r . --

Li ~ L11-

n - - ’  a t .  i I c c r ’ -- - l o m  :n ‘-h e  ‘- m ’ m p m - r m ’- d l I - +- - ) ’ ~~~~~~~~~~~~ i’- w i ;  poss~~t 1’’ ‘-0

r a i s. ‘ - l~~- ‘ - f f - - ’ - i vc’ ‘ - tc e r m a l c o n d u c ’ - i v i t  y C 4 ~ u t ~~ a l u o s ’ -  2 ~~ m -~ s , i n

t h i s  o~i ;  ) i c ; c L - t  : - l I l y  i f l r L t i se , t  ‘ - h e  ‘- * r i o - r i ’- 1 10  ) f  ‘ - h ’  c u r t ’ o f
‘ - - .0 ~~ -1—
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P - i - j - ’ l a s .

~ 3 - - u s ; -  of a -~~~r ; —  c n n v - - - ,- ’ m  1 . 7 t i - ’ --~ ; l - - i n u - - i a - ? C ‘ t ~~ ‘ i e i  n i l

r- ’si i; ’- -d ta - —  0 t h a t - n i l  l u - n ’ -  l u r u t i t ‘ - h - - t n t- c .L I - ; s : -a  I Ic — i t  c i l s -  ; - i t  7 5

w.

T i :  t - : a r t - - 1 - u s i r a  o n ’  s h o u l - h  n t - d y  a m o u n  f }t c -  f t i t -~~ s - h  m~ ‘- ~-i-~~~ 
‘-

.‘~
p*- -f- in  c - r yo~~i ’n1 . ;  s - I t t  -n - i l - l us t s  c t o t n t r i f  a t - - s  t o  a r t -  a _ ; .~~~n ’- t m l

i i :  t h - - i r  ‘ - h - - i u a l  L t ~ -;1s a n c c ~ -a r c ;  ‘- 0 a n  i n c i — ’-m se in ‘ - h - ’  ‘ - r : n n s t - ’t i - - I

It ’- -i ~ ‘)U t 1 t

- 
_ _ _ _ _Fl  ? ~ W i ~~t I N  1 t - )  t t l o w  4~—~ -t-t~- i l l  c - V - i  ~ oF -m t or �-v-&po r i~ -~-c in  I -~-&pac1t--o r

j :; t h . - i- e l i  u b l -~ ~~~~m n — ;  f a t  a n  i i t - c i e a s °  j l i  t~t e  c ot - f t  u- : i ~~n t  h e a t —  m n ~1

mass e x c h - m n . 4 1 - . i n  w c a ~~~~s [ 7 7 , 7 8 ]  w - a s c o n - l u c t e i l  t h c -  c o m i  i r j s o n  ot  t h e

4

4

- - — - -- -  — -  -~~~ 
—

~~
-- - ‘u - - , . . ---,~~~ - c — — - -
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i f l ’ - e r ; c t - i ’ - y  - C  t , — a  - — x ~- I  I n  C - -  i t - i L  I i i J n - ’- 1 O ~ - I I I  ~— -~‘n - ---- ---.-€---*--~ --tt’-I a - i -~c’s ‘mt ‘ I i ”

~~~ VQp 9”

w I - ‘- - - a r -t  a ~ i ~i 1 1 ‘~~ :-; t -  w i + Cc It - - n o  p a- , s- I i  ~ i i i  I . ~ - si an  ~

f l a w  ~1 t a r m - - i I  : o s ; l i : ii y o i n : ’ - - - n a : y  ‘h i-i ; r a c ~— s - ;  ra t ni~~ i t  c - x : t - t - c t r T

‘o 2 U ) c i./v  in c 0 - n i r i ; ) r t  ~~iN  - i X 1 - l ~~ f l o w .  i - h i t-i a x ;  i i  m c i i ‘ - w i s s - - ’ i t~~o~~

w i-’ : - - c o t - c n n - t n - - I  5 in  i 3 - 3 1 ’  i t t -a l m u  - s t - i n  - ‘  I j t f c - r ’ - n t i  m l  AP , s- C a n t -  t h e

i m S : j l  vt - t i l t s  o f  - m i -  a - )~ ’ t I i C 1 ~~- t t - i  t i C  s - h -  n c - i t  e x c h a n j - - ’  o l  ~~~is ’- - c I  f l o w

i -  I t - i  4 1-c ? r I - y  1 ) ’ m

Y . E 1c 1 - ’I l i c - t t t 11 , 1 1  t y  - i t  ‘l i --  i t  1l1: ; t r m b l c  t h c - - r t r m l  C u a s -

aj VAp \~~~~~~

I ’ -  ; k t o w n I - i  t I t - i t  i r— -~ l a w  ~ -lc~~ ~ii i  r t I  r o u -j  a- h e

I i i ) T c - t - - ) f l  i c - n t -~~i i - I . - 115 I n  ~~Xj a t  t I - n - i - - - ‘‘ - - i ; - t i r - - n n o J c-s ‘if s - -i~~ j i a :  t ’  h i ~~h

s t - ~ - - - I s - 1 1 c C h i  ;n ; I c r - - : ; s ’ n t - — h n u i r b c i l t  a- I- - t - i t - c ’ - U t - ’ of  i ’ — ;  a t  l o w

s m P - - - l 5  i t  I R I  ‘ i [ - — n ; : C i [ - 5  — s-
~~~~ V I a - a - i l l S c i o s - i r a  a t  ~ i ; ;  a~ l o w

n t - i -  s s m a m e 5  t i m - h  i - i ~ :; p - - - - I s  — • h ~ I j t C~~i s i - c n c  c— i ’ i r s-- a - u t  j i ;  1112].

~~ ~ n t h e  ; t - a r t i t n - n ~~4~~~~~~~~~~ J o f  t h p i m a l d u s t  a a au r ;  ‘h -

c v d p u L u t u a n  O 1 1 4 U 1 ]  i n t o  t h c -  V a P r i L —  I a n ;  i t t i x t u l f O , c’~~- i i l i b t i % I m i n
J

w h i -h  w a  - ‘ - ; t m b l i  t , -4k -M-~t--e--t-1-s.-~4-- l y  I i i u im n ; i D r I  ~i-.,-t h i n  t h ~ f l ) f l 0 p o r a t i f l~J

s t a t - 3  o t  t I- r -t - m a l  duc t . B- - I i n n i n - m  f r o m  t h ~ t-e-c~qna-e / moTn-n t  ) t4~’- f i m P ,

wh i- ri I i - - c - f  -
~ V d ~~) F i t - t -  ~‘xse.~~L; t h i -  ~ pee d of c o r u c e n t  r i  I- i or : a n  -I

L

~~~~~ ~~~~~
—‘

~~~~~~~ ~~~~~~~~~~~~~~~~~~~ -- --~~~
- 

- - 
~~ ~~~~~~~~~~

-—
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I f u s u o r m , ~~t m t ~~~L 1~~m c a i -  -
~~

c i -  — ~s-~- 4- rt - ; w i l l  L — ~ ; r — m d u i l l y

- 

~ h j f t ~~~~h .~ m r~~ t c  t i - 7  ~i I-- fr - i t t C - i  z o n k  ~ 1 t i m O  a-v ap o r a t  i an , w h c - r e ~~~

- ~t t h - ;  iii i t i - i l r n - ) : n - ’ : t r~~~w a ~ t o n i r ~- I  ~ a -a r i - s ui t of a n in~~r m m s o  in t h r ~

con c- ’ r i ’ -  I I ion  -~~ -~-r. ~ a- t i  y s- i t t - m i  I y I- hi :- :  i pp~~-i r . ;  as f a l l  ow :;:

- ‘— F

— —~~ - -~~~~~— - -.~~~—--I -r-- ~~~~~~~~~~~~~~~ 
—,——-- ~~~~~~~~~~~ 

— 

~~~~~~~~~~~ 
—--~-r—— —
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~~~~~~

- - ,1~ /

~ h . - v i l c i - -’ of i cn m t r; qe i i ,  t C t - - -  r t c s i t  i cn  ct  t t - c ) c i t i i l t  y v~~~or  —

I - - t i m eN  ‘- - c t  or t w o  p r o c - - s i t - .

4~~f~iJ v.r’~-1. A l s - I t  c C a a - - j a ot  t h c -  v o l u n e s  the — rsi- it  a n d  -j i : ;  w i t h  ‘h e  r~ - ; u m a i i t v
~~~~~~~~~~~~~

at  r . - : ; su r -t - ; i n  t h e s”  v o l u m e s , w i l l  occur c o n c t e n s a t i - a n ’- ~~ 4—~-----o r +

f i t - i  ~r o - n  ~as ~ ci r f - i ce of ~~~~~~~~t - .  D u t i n C  t h i -  ~r o c € : -;s of s - h e

c o r m d e r -  i t  i o n  of ~~~~~~~~~~~~~~~~~~~~~~~~~ is t~~~1~~~ 2 / a c c ’- t n p 1  i - ; C i e - 1  ‘-t - h - a

c~~p t u r i -  of  :t -~~ m a l e c u l - - ;; of -j c - a -  w hose  a m o u n t  i n  s~ i L l  m u f f i c i c - a - t  l y

;i ea t  i t .  s4 ca m  s pic e . T h e  c l c a t ac t e r  of c ap t  u re  f a L  t : i - - ’  ~~~~ j o t i t  v of

t i t i -  cases c-m n b’- ~ r an s i  i e rcd  di t f u s i o n .  T h e  st ar 4 - U P  n o n - C  i t  i o n s  of

duct  i~ is pos n ;ib i c t - -  t o  c on s id ~- i  ,f,-ã,n-~a~17 w h e n  t h i -  i i f f u a ~~i r a n  c a n s- t i u i -’ ot

g i n ;  passes i n t o  vi scout s  c ap t u r e , i . e .,  w h e n  t h e  -i m o u n t  of r~io lc-cul”s
V.,,-’-

at gas w i l l  become insi g nifican s - in ~~~~~ zon e , in con sc - -i ucr:c3 of

_____________________ - —s-~~~~ , ‘~~~~~ . - - - -— —
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w h i c h  s i t - - i r ; - I y  i t  w i l l  i n c r - -- -isi t h e  crm t~f f i c i s - n s -  or r t - o n i~~n sa ion  a r t - i ,
v wr4~c o r t s a - 1u ~- t t 1 y ,  t i so  ia ’- e ot ~~t r a n s f c - i -~e-4--~-..

V~~fi~
Th e  r e - ma -m m i s  p o i n t e d  o u t  a i c i v e  ar e  a c c u r a t e fo r  l a m i r t r A f l o W s .

~~~~~~~~~~~~ ~~~~~ •,  r~1 < 1000 ( d u c s -  of t h e  mod ~~ra s- c t e r r p c - r a s -u l r e  ra  r g e )  . It
VO~iQV~-: - h o U l  i - c -  no t e - i  t h a t  t low c o n d i t i o n s  -

~ -Q- *iir i n  t h c ~rmi l  d int  c l i -  n e n i s

cii h e - i s - — t r a n s f i - -i m - J e n t , -
~~~& t r a n n i n i t t e d  p o w e t , t hc— l en q t h s  of ~ ‘ic ’- -i r : 1

b o u n - l a l y  cor-m d i s -  i o n s .

T h e  s- e m t . ~r a t  a r e  p u t  is df - t e r m i n e d  f o r  ‘h e  mos~t- l - i n - ~

e n c o u n t t - n i - c i  c ,m: , c- — t h e  b o u n d a r y  t h  ir -1— c r der  c o n d i t  i ons  in  c oa l  c -n ar .d

r;~a i t e r  a c c s r c i u n q  t o  t h e  f o l l o w i n g  f o rm u l a :

1l 

~ ~~~~~ - 

- - -

w h e r e

________ a
— ~— -~ ---- - --~~~~~~ :~~~~~~~ - 

- - 
- 
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~~~~

—- 
~~~~ —
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2. ~ f f e - ct  on t h e  v a l u e  of a c h a n ge  i n  t h - ~ i n t e r fa c e  v a p o r  — ga s

~~~~ A~~4TL

e X — - t f s  141-44- Nt- c- fac t t h i t , on ott - i- - h -a ri i , ~r e s su J r f ~- .~-~~~---~9~-i--t i t  c -iut--inc-j

~4-~~ -~~(f ~4r-’ I~4~J
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ l o t h a r i t a r n i c~~~~~ P f r o m  T i n  th e  c u r v - ~ of s a t u r a ’ i o n ,

m u d , on t h e  o t h er  h - m n - I , the v o l u m c  of  qa s lin e arly C c - p c - r i d s  can

p r e s s ur c - .

For s- h - -  ma jon i s - y of lig ui ’i1- ; , depen d enc e ~ = f (1’) is

su h ord iria t e-1 to th e empirical eclua t i on ~f A n t o i n e  t 112 ]

I

- — — — ~—---—--- - -—-- -— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ——-— — — ~~~~~~~~~~~~~~~~~~~~ - _- - 
- - -:-_ _~~~~~~~~~.
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p i c l . ’  1 ~~~~~~~

I f  s - h  e ;t - ; a~ i o n  c f A r , t c u n e  ( 3 .  97)  we su b s t  it U t t- i nt o t lt-

i - -~ u a tj o n  of state of  :m t ’ t T~~~t - Ct  9ds , t I - -n  we will o b t a i n  t h e  l rp ~~nt Cc ’nce

of the volume -of v a p o r  l o c k  ncr t e n - p e r a t u r c

- -
- t-’ ( c (  -

For t h e  t h er m - i l d u ct  of r o u n d  c r o ss —sec t i o n , t h e  l e n g t h  of v a p o r

lock takes the form

________________ - 
~~~~~~~~~~~~~~~~~~

- - - .-- -— - -
~~~~~~ ~~~~~~~~~~~~~~ ~~~~~~~~~~~~
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~ 71~~2O~ t,5 7A ;F’ ..-~c

~~~~~ 1 I P . 1  o t  t h ~ z o n e  of  co r~~ens ;~t i o n , i•; -; u m i u i  ~-o- h r ~~~~~
j~~ ~~ i~ 1~~ 1 ~~D

— (~~~ . ~~

t~y ~c 1v i n g  t o ( J e t h e r  f~ 1uat ions  (3 .96)  a n d  ( 3 . 10 0 ) ,  i t  i s  p~L~~ 1h 1~-~ t o

c b t a i n  t t ~~ 1 n ~~~n :~-~s of ‘ .. =~~~ ( For ~~~ c-~~s~ w h ’~n i t ’.

duc t  i t  is r c~~~~ a r y  ~ o c~~~~à’~~~ t h e  c o n s ta n t  t~~mp ~~r 4 t i r o~ h ’ t ~

s our c e , u s u ~~11y a r e  i n t ro du c ~ o r~~s4~r v o i r  w i t h  ~;a~ ~~1 1 3~ ~ r

~ressuriz~~~ion volume {1141 .

Expression (3.’~9) for a ther !lostat w i t h  gas m~
4er ~~kes thr ~ f orm

___________ • __________________
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f cr a t h e i no~; t a t  w i t z ~ p r e s s u ri z a t i o n  v o l u m e

— 
( r

*

Fj - o r  t i ~~~~i r ~i l y s i ~ o f ex ~ ’L e ~- S i ~~n s  (3 .10 1)  d n ( ~ ( 3 . 1 0 1 ’ )  i t  f o l l o w s

t hat fcr i i .  m er e  ~~~~ i n t h e  st a~~il i za ~ ion of t~~aiperit ur~ it i.;

n e ce s s ary  ~ i t h ~~r t o  ~ n c r ~* ,Ise or  d e c L ’~~a s €  t h e  d i a m . .~t .~ r o~ i ;ict , a n d

r c r  a ~h~~r ~~~~ w i t h  p r e s r u l i z a t i ) r .  v o l u m e  t o  decrc ’,~~;c~ t h e  c le ar a r .c e

~
‘ 

~ t w een he  p re~
;.;i1 iza t i o n  v o l u m e  a n d  th e  ~~~~~~~~~~~~~ 

-

In  conclusion of the calculated part , it is necessary t o  note ’

t h a t ana logous calculation can t,e conducted for any boundary

conditions: for ;a~~es strongly differing from the iieal it is

necessary ‘luring the composition of equat ion (3.98) to use the

______ _____ 
.4

__________________________________________ ____________________________________- 
- —
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~
~ ~u a t  i o n  ~~: v~~~. ~~~

rd~~c’ 1 1~~.

P’~:;cr i ~~ i o n  of  exper intent a n(1 exper im ~~ntal inctAlL1tio .~..

_~~~ .

~~~~~~~~~~~~ is t h -~ t~:i~Lm ~~l duct , m anuf ac tu L ed from ::opper of 12
U) iCk

x 1 , ~~~~ l e n ~~~ r I. = V’~0 m m .  ~e~-~- c o r, s ist s  of t h r ~~ - l ay o r - of  b L a s s

w i ~~~~ : t r  t : r ~ ’t ~~rs ‘)f V 8 . 47 c m 2 , ~‘ =~~7 . 4~ w o r k i n g  ~ 1’~i~
.~~~ V . S  •~~o j-  e~~h v l  a l c o h o l . A s  n o n — c o n d e n : ; a b l ~- gas in t h e  f i r st  a n i

- or  ~ x p e r i m e n t s , w a s  u 4 i l i z € d  a i r  ~ = 29, m = fl .O 1 Y  
~~,

i. r . i  ~ i con I s e r ie s  of e x [ e r i m e n t ~ , — a r g o n , ~ 3 < I .~~~, m 0. 02 7  q .
(4I~ /~t

~~~~~ f l u x  is ~~~~~ hy electric al heat~-’r ~~ leng th L 7 cm . T? 01 ~~~

~
(
~ 1 - i u r  rn~- . : ~u r ~~m e n t  of pow c~r a b o v ~ ~ h €  b~ sic h’~~ ~ i , is p ] a c~~’i

j u a r 1. A:; ri’ i~ en.;er ,~~~~ac~~~ t si~r v e s  t h e  r~*m i n i r . ~ n ar ~ of  t

t h e r m a l  u b e . H e i t r~-~m o v a l  in ~he f i r s~ s i r  j es cf ‘-‘xp ~ i i m e n ~~s w a s

.L4&.1-1it/~~ ~cco w p l i~~, e l  
~ y ,/ f r e t -  c on v e c t  i c n , a n d  in  t h e  s~’c o n d  t n i

t h i r d  cer i ’- s — f’)r (~~ 1 ; the latter i~~ r e~~li c / a c c o m n l i s h d w i t h  + h i *

~id of f~ n v - 10 rn / s . A l o n g  an e nt i r e  zone  of c o nd e n s a~~i o n , tic ~y a :~

~~~a nq~-/locatei 17 copner—con stantdn thermocou1 :les, c.~ il k~~l i n t o  t h e

h o u s i n ; o r ~her r r i l  l i c t

The ~-~i-t-~~-t-/purpose ot the fit~~t serie:; of experiments .-‘n~~iiled ~

com parativ e s tu l y of •he w - k  ct th erm al duct without and in the

p r w s en c e  of r o - ’ n ! ’~n .~a o I e  qa~- — a i r .  Th e r e s u l t s  of e x p e r i m e n t s  a re

- - a- — -I- —-- -c-— -- 
‘A
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g i v e n  in F i g .  34.

,
~r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

i, 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ 

~~~~~~

‘V ‘~ ‘‘  , ~‘4 ‘

Fi g. 34. ) i s t r i b u t i o n  of  t e . p 2 r a t u r e  a l c n q  th e rma l duc t  w i t h  he

n c n — c c n d e n s a b l e  ;as : a )  cool i rg  b y t r e e  c o n v e c t i o n  for pov~~r s 8 and 

______________________  a
— ~~~~~~~~~~~~~~~~~~~~~~~~~ 

‘.
~~~~~~ —i-—-- ~~~~~~~~~~ - - - 

— ‘~~ —. ‘ — 
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—
~ 
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i~ W ( 1  m i  3 — w i ~~h ’ i ~ g a s , 2 a n d  14 — w j ~ h ~ m~~) ; b )  ~ 1i 1:; b y

f : c c;  v~ -
~~ : on — ~ x ~~~r j m~’n ~ i i  , — — ra  I c i  I d t ‘: 1 ;  1 — 1 1 w ; 2 — 2 ’~ ; 3

— ~~~~~; ~. — ~~ ) .  5 — 7 ) ;  ~, — 814 ; 7 — l C D ; B — 1 3 0  ~ .

Pa ; c ’ 1 3 4 .

( ‘~: v . ’ .; 1 in ~ [ . r e sr ’ n~ t h c  ~i~~t r i t u t i c n  ot  t c - rr~~—~r i t u r - ~ a l o ng  ~ hc’

~~~~ ~ m a 1  I ’ 1 c : t  , w l i ~~h w j k s  i n  u~ ,u~~l ni od s~~. n i-dj t i ..c n~~; c u r v ~~s 2 a n - I  14 —

1~~~r 1b u ~~i or  o t  t - ~~n~~e L d t U L C  ~ ln n j  he t t ~” r r a 1  ~uc ’ , w h i c  w o r k s

in  t h .~ ~~ j - i s i m h l c ~ ~r o ! # ~~~~~~~~~~~~~~~~~ ( i . u~. i S  ~.r P ~~( ’1.t n o n — c o n  ~‘ ‘n : ; i h l i ~

Th e  . i m r .1 ., —~ i ~~
c—~~; of ~ x p ~- r  i tn ~~n t s  i~ nt  - m i 1 i ~ i t~~~’ ~ x n r - I i m ~~ n t t i  ~~~~~~

of  t h e  ~‘ f ’ ~~-~ of r c n _ c o r i i r i r s ab l p  ~~is  — a r i c n  on t h ”  wor k, o~

lw: . A r  0fl is ~c. 1 i~C t -- i n  o rd r t o  ~1 VO ~~J 
4 h.- oxi’~ ~t ion t - r r ) c e ; ; s - ~~ a r ~ i

‘1er~ r~~ he m jr-i l cor ro,;ion , sinri therm a l lu ct worke l . i t  ‘~1 ~ va i ~~

~~~~~~~~~~~~~~~~~~~ Pe~;u1~~.; i re  give r, i n  Fig . 314•

from analysi s~~~vi lent (Fig. 3L4a) I- hat the d c-jr in”eL’ta c ’~ vapor

— i ’ ;  ap ; ’c ’d r s  at a n y  t h r e s h o l d  r o w ri r B < ç~
,, , < 15 W , which will

a gr e e  w i t h  ec~ i~i t j O n ( 3 . 9 5 ) .

Duri ng th in al y~~is of the si cond series of ~xp e r i men ts, were

____________ ______ ______ 
-g



- --- ~~~~~ —- —

j~~ç~—=- 7 L2Q 1-t-p-~, PAG E 12

4a4 ~~~~J
u-~ un t’r’~l t h . ’ 1 j , ’ r j ~- r i t j o r  cI ) r v e~, ot t h e  4 e r r l . ~ r a t u r - - i n  t hc ’ Zon ’~ ,

occu~ ie~I -d it h n~~~— con i - ~ r~~ t h  l .~ gas. ~~~ nc~~I~ n u m b e r wi~~h bi  o w o u t

.~ ir  whose  f l o w  ~~~ r a r a ~~e te r s  v 10 m/ s , 4 2O~~, R~ ~3 O 0 , i . ’- .

f l o w  c o n d i t i o n : ;  h a s  t u r b u l . - ~n t  cha r a c t e r .  ~~J~;:~~? 1t ’ S c r i ter i on  l u r i r ; ~

t u r b u 1~’n u l ~~w c o n ’ l i t i o r .s t a k  f o r m  N u  ) . l i  ~ ~~~~~~~~~~~~~ For

t he  s~~k e of s i r n i l i c i t y  i n  the calcul it ion , we t ak i ’  ~~/ ! r  = ~~, 1. 0 .,

h c — ~~r o r s f ~- r  c o e f f i c i e n t  does ro t  d e p en d  on t e m ~~e r a t u r c  (~~ 
= Nti X/d

1 0 7 .2 ~/~r
2 .°C) . A c c e p t i n g ,  t -}  dt  t h e  h~~at  a l o r l  l u ct  i r  ~~ z ’) r; 4 o f

va l or loc~ ~s :;pr.~- a . on ly b y t h i ’ rma l c o n d uc t i v it y ,  We can o ht i i r .  ~~he

l is t r i h u t i o n  of t h e  te~~p e r a t u i c  ir .  t h e  f o r m

- 
- 

_ -~~ , (2.

where

/ ‘-I ,;

/

F i j u r e  1 1b 5 h o w s  t h a t  th e  t h i or e~~ica l and e x p e r i m e n t a l  l a t a

________ ______

- - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘A
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;oTr e w h lt  ~i f f . ? r  t o n  -~ 1ch O t l i l  !1TT’rI~!1’1-4--,’e5. P r o h ~- m b i v ~ h i:; j~ ;

co n n ~~c t ed w i t  h t h ~- t i  ct t h i t  15 r o~ ta  k n 1 n t  o acc in t t h”

~~
c o n i ~~nsa icO ~~~~ f 1 o s  ~~~ pi-i--~~ t~~~~ 1 ou j h  v m p o r  l o c k , r h~— h~’r mi  I

c o n d u c t i v i t y of ~~~~~ m l  h , ’ a t  t t < i r s t ~ ’r f o r  ; m ~~, or ef ~~ *- ~~

t ’~~ and  b o u n d a r y  cot  l i t  i o n s  or  ~ he i - P i/~~~~~~ of  ~hr  I i c ~~.

Pa ft 1 1 5 .

F o r  ~ € :~ - i : ; r !hi,~o:e t ~r - - - i l  ~— 4 i r± i i g/ c al cu l at 1~oI r S  ( L~~~-~) a n  ( 3 . 1 C 1 ’ )  s’- - t ’

4~~~ -~-i’~~n t h e  v o l u m e  of g i ;  ~i r d t h c- i c r  ~th  or  v a [ :or  l ’~c~

Fr1 u , m t i o r . s  ( i .  H) a n - I  ( 3 . 9 9 )  in  t l s  sy s t o :n  cf SI f o r  ~. t h y I

a l c o h o l  -m ~ h o  4 - ’r n r ” t  ttu r~ of t h e  V~ I p Ot  locic of .
~~~~~~~

[fl

~ 

( \

~~ 
-7 - fl 

- - 
- 

-

j -I - —

- ¶ ~
—, 

- 
- I - 

I , (‘ .~ \

T h e  s lope  ~~~l i i i ~ t i~~m of t h e  sect icn of  cu rve s  in i l l

ex ~ e r i m e n t~ . is .~x p 1 a i n e d  b y t h e  processes of t h e  ‘ias l i f f u s i o n  i n  ~~~~~
—

4 
va~~i-

~.iit-s-, an i , on th e contrary, ditfu 5ion .pa- i~ into ~as ~ xn1a in s the

cver estima tp of the course of experimental curves in t h i~ zone of

v a p o r  lock  ( P i g .  34 b)  . I t  s h o u l d  be no ted  t h a t  t h -~ s lop ~~,’-t--~~~li~~n t i a~

of c u r ve s  in  o p e r a t i n g  r a n g e  w i l l  s t r on g l y  d e p e n d  on r e l a t i o n

- 
~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ •~~~ ~~~~~~~~~~~~~~~~~~~~~ — - - — - - - -

~~~ 
-- -- - ,f _____7
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v >> 1 , w~ I i  oc~- z r ho  t h ~ - r m j 1  i a .’ I i f t i s i o r :  i n  e-l -——-ç~~-4—r s, w h i c h

w i l l i~~i i  t o  - m r  i n c r .~,i3o in t 1 4  ~~ ~~ e t a t u r e  d i f f e r e n r ia l  j r  )~-~~L -l~~i’~~
I !?

r i r q e .  C i ns e  i i i .  n t l y ,  f o r  i I ’ c i c ~i :~e i i .  t h e  , .  
- i~ i s  n e c ’-s r v  ~ o

Se l o r t  j i . ;  w i ’ ~ . l i t ; e  m o l . ~c ’i l a r  w e i g h t .

To ev a  I i 1 i t c  t h - ~ h~~a t  s t i l - i l i z i t  j ot :  o f  t h e  ad ~ i~~t ab l ~ t h e r m a l

~U C t S , o r ’ -  : ;h u ’j  I I  -~~~ ii  iz e  t h e  s o— c a l l e d  coo~~f icie n~ of ~~‘~rr :~~r a t u r e

Se TSI ti vi t y

IT - - - ‘ 1 . - -

The 4 i s~ of t h e  t h i r d  ser i es of exp er i rnent ~- u - i s i n v e s t i g a t i o n ~~~

t h e  e fiec t of t h e  mass of gas iii r e s er v o i r  on t h~ t e m p e r a t  u r e

S
~~~~~~~~~ ~~~~~~~~~~~ 

__-
~~~~~~~~~_ _ •_f ~~ -- - ~_ ~~~~~~~~ - - .. ~~~__— — - — 

—— — — 
—
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S e :- s i t i v i # v ‘
-
~~~ t~~~c’ - a l l u o t a b i t  t h e r m a l  duc t . A s  n o n — c o n l e n , ; a b l e  ~as

was u t r l i z ’ - - I ~~~~~~ m i r .  M ass  of ga s  ii i  r e s e r v o i r  u n l ’r 4 h ’~ n o r m a l

c o n i i t i , r ;: ;~~ = 1. H. 102 5  k~~; ~ 2 = ‘LI ~~~~~~ k i ;  rr~~ = ~_ 3~S.10’~ ~~~~~

Pa ge 116.

D e n  en 1~~t c i  T t ( - : )  is  l i v e r ,  i t  F i ’ j . 35b.  F r o m  t h °  f j  i - i r e  on e  c an

sc-c t h a t ~ h e  t~~m :~~ r a 4 u r o  s en s i t i v i# y w i t h  i n c r ~~ase~~~/~

= 9 W/°C , am 2 = 2 A / ° C , a m 3 = 1 W / ° C ) . T h e  c u r v e  of ~ h ’~ l e n e n d c r c c A a

is g iven ii: Fl ;. 3Sa.

Th e  experi mm t al l at a  sho  ui ~ I h i t  h r e sh o l ’ l  ~- o w o r  ( se’  F i  i .  ~U a )

it 1 ie3~~ -ot~6- (/ <~~ < IT”

Th e  resuI~ s of the liven wo rk 1 i v suff ici en t ~~~i~~’b ses “ or

usin g t h ~ o b t i i r .-~ i l e pe n den c e s  t o t  the calculatio n of t h e  ad j u :~t - i b I i -

~ u bes.

10. T h e r r u l  d uc t s , c o nt r o l l e d  w i t h  t h e  a id  of c e n4 L i f u j a l  f i e l d  a n d

t h e  i n i du c e l c o n v e c ti o n  of l i q u i d  in  e v a F o L it o r ,I-~o p o ri a ~u~r .

_________________________________ _______________ - — - — 
‘A
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t r  w o r k s  r 3 (4 , 35 1 a re  Tj e : ,r t  i i - ’- I ~ F ” r s t i  t i e ’ ;  ~~~teF- i-~ ti ’ -. r ~~

~~ic~~ :; , L I- I t o n  c o o l i r j  t h e  ro ” T r~ of  o1ec~~rjc o..norators , t n

“ u r t i n e : -  in  I ) th &-? L’ ~ h e r~f l u l 1 y  b i l e - i  u o t ~ 1t I n g  i~~j i r i t I i s ~’ ; . I n

( - 4 f l r l f u J 4 l t h e r m a l  d u ct s  “ h e  c i i c r i l a t ~~on o f  h ’ a ~~— ” : - i n s t er  a ’ j ~- r ” f r o m

t h e  z c r e  of c n i~~n~~ i t i o n  i n t o t ’~ e zone  of - v a p o r a t io n O C C I I L S  5 1 ” h “ h - ’

i i i  of c e n t r i f u g a l  f ) u r c - s .  F i g u r e  36 l e F i c t s  one  ot t h e  v e r s i on s  o t

t h e  u se  of c e n t r i f u  ~a l  t h e r m a l  d u ct s  [8 14 , p 5 ].

C e n t t i f u j ~~1 t h ~’r r r a l  du c t s  h a v e  i r :er ie - of aI v 1 r r ta~~~s in

c o m p ar i s o n  w j t~ w i c k  ~ h~ r r n a l  d u c t s .  Ra~ ;ic or  t h e n  _‘ ‘ -
~~~~~~~ 

ir e : 1)

c en t r i f u g a l  l u s t s  -i.~~ a n y  m o n r e - r. ” a r c  r e i I y  t o r  w c t ~~~ 4—n s ” a r t — u p  r i m - -

4.~- is c a l c u l a te d  b y  t r a c t  i o n s  o t a seco n d ;  ~) t h ~~y h i ve  less  “ h e r r r a l

r e s i st an c e ; 3)~~~~ a n s f e r  ~~ an o r I * - r  l~~i -Je r L~- a t  f l u x ~’s r ’~~r ~~~~ u r i  of
,~~ s~Te~~ce~. -

-i r ea ; .) t h e y  s r ~r k  w e l l  dur i~~ a n y  i t t i t u l . ~ ~ .~—*i-~--4- .

= — —~~--~~ ~~~~~~~-~~~~ -.~~~~~——— ~~~~~~~~ 
-—- — —  — — 

- 
—
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Fi ,J.. 4h. Dt-perm den ce a) a = f ( ur ) ; b) -‘-
~~~ 

— f (
~~ ) : 1 — in 1 ; 2 — in 2 ;  I

— y1 3 .

Key: (1). W/°C. (2). W. (3) . k g .
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1 4  ~~.

i ;  ~~: i ,  w o r k  i s  I - ’s cr i : ’e -  o n -  o t  “ h e  c c n s ’r u ~~ i o n - ’; of ( - ) -i x i a l

c : - t r  i~~u g i I  “ h e r n i l  h i c t  1 8 4 1 ,  r r I t ’ r - l~ I f o r  t h e  h i t r n ~ of t i-i c t l u i - i

~~~~~~ 01 h a” i n o V e  w i ” h i r  coa x i a 1 d l -  . ~ l i t  - - n - - n - - ~~ n I t h  is

t r ina l  -l i c t  t r o , n  “h e  s o - i x i a l  t h e t  T i l  d i e ’ , l~-’sc r 1 h c - I  i t  [~ 4 S ], i i ’~s

- . -
i i  t I . ,~ ~‘ a c ”  ‘ h i t  t h e  p u n p i n i  o f  li~~’ i ; 1  f r o ~n ~~~~~~~~~~~~~~~~~~~~~~~ (~~~~~

+-

t ’ i r c ) t o  • v - ~~ ~~~~~~~~~~~~~~~~~~~~~ ( e x t i  r n a l  d u e t )  is ~~~~ -~-~~~/ a e r o m l ’ 1 i s l

r o t  w i t ~ Lc i i d  t p o r o u s  c y l i r i r i c i l  in s ’-r t s , h i ~ si~~h “ F -  t~~~i

~ ;;e e f f e c ’ ot  Sen ’ r i t u  ; at  i o n  ( C o n ch s f o r e c - ; )  l u r i n - T  “ h p  r o t 1 * 1 ~~~ o f

~~i ’ t  a r  o u r - I  i “s ~—x—~-~ / d x 1 s .

T I i ~ p 1  ) pO : ’-- I  c o r t s t r u c t i o r -  n d - 4 • : n su r ’  t h e  ir: ” -- ’:si f i c - a ” i or. or

h~~at ~xc~ - 1 n l e w i t h i n  l u c t  L o ” h  i n  ‘h e  q r a v i t a t i c n  m l  f i ’ l I  i n I  I n O e t

co n i  i “ i  o r s  of w - - i g  h t l e  - r - - : ;s .  P~- - “ h e  s o u r c e  o f  h- - i ’ in  i ”  I S  D O S S i 1  le

to  u t i 1 i z ~ — i ” i r f l u x  cf r - n I i d t  i o n  or c o n v e c t i o n  c u r t  ‘n of is or

1 i q u i  1 e ” c . The ~~~r .-!~~ -/ h u r r  s~ - of t t ;è a p ~~ic~~t i c n / a ’ ’  o t  t he p r o p o :~- I
#n ’p *r ~-~ ’ç 1Z~.L- Q~1~~-Y~~~c e n t r i f u g a l  o o a x i i l  J u c ’  n~ ~~ -~‘- 4 4 4 .~~_, C C n I U C t ’  I “o  t h e  P X ” ° 1  n a l

su r fa c e  of l u c t
A t h e  t i u l l  ~-Io-~ an  ~ ~ar~~ ç(0~r

--
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F i ; • ~~
‘ -  . T l ’ -  h a  i r a  rn of coaxi a I een r i t  i~~ m l  t h e  t m  i I I a~ 1 r ~h id i

u t i l l 7 ’  I t h e  e f f e c t  O t  c e n t i i fu - ; a l  f i t  1 1  f o i  t l t  r - ” u r n  ot  cot I n sa ’— ’

i n t o  t h e  i ,of l , )~~ e v i flora t io r ;.

K~ y :  ( 1 ) . ‘ o t i o : m o s ’ t -- m t .  ( 2 ) .

F a l e  1 3 k ,

Fs :~~c i a l l y  is ,~ f f ~~ct ~~v~ “ h e  is ’’  o f  s i m i l a r  t y p t  t h e r m a l l u s t ;  t o t  a

~o w e i  o t t  ~- l v  t o  h e m  b y  ~~ 4~~~iü~~~r a d i a t i o r  in  t4a-’. v ac- i i~: w h e n  i ”  is

ric t  ~rs ;il l~ r u t  j l r  ze o t h e r  t r a n s m i s s io n  W O d ( s  -) f e r a e r - ~~

T h i s  ~~~~~~~~ p~~rp~~se is r e a c h e d  b y t h  f i c t  t h i t  as h e i ’

~—x c h a r j o t  is u t i 1i~~e l  t he c o a x i a l  t h e r m - a l du c t , w h i c h  r o t a t c - ; a n o u r l

[ I i t s  ~~t~~~~a x i s  at  ~~~~ d e f i n i t e  r a t e , w h i c h  m a k c ~ i t  p o s s i b le  e v e n l y  “ o

w e t  e n t i r e  ~ h e r m a h l y  l o a d e d  s u r fa c e  w i t h i n  t h o r m i l  d u c t  w i ’ h  h r  a id

of centrifu ga l f o r c e s  ~nd  no t  to  u t i l i z e  f o r  t h i s  p u r p o ;~ a p or o u s

~~~~~ j ~~c- • • to make a therm al duct withou t [:orous ~~~~~ T h e  p r i n c i p le

of the transm ission of hea t f l u x  f r o m  the  hot  n~~d j u m  to c o l d  gas  Or

li qui d flow en t a i l s  the  fo l lo w i n q. I f  t h e r m a l  duct  is m-i d~ c o a x i a l

(duct  in i u c 4 )  , ir ; f o r c e d  ~4 — t o  t o” a t e  a roun d  i~~s +~H~~/ a x is  a n d  a l o n g

g~ f—e t u b e  ~o pa:o; c o i l  f l o w , ~ .ut e x t e r n a l  s u r fa c e  to ~~~~~ t h e n -4~~

- ,.j_ 
~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ - 

- 
- 

——- — - -- - - —- ~~ —~~~~~ -



— 7 7 12 0 I r r  i ’ A u F  ,l t . (1
- 

-
~ i(

t h .  m d l i i , 5 1 1 < - ’  ~~~~~ i t i l y  i l l s  1 ’-’ ~-~~ m c ’ -~ h* ’wee n t h - ~ -~ x t e r r - a l  a r - I

r na 1 s i t  I t - ~~~~ 
- o m i  I I ‘ - - r; i I i c h i a ~~~n ” t h e

r: r — c o t t o r o , m h l ~~- t s , w l t r <  r h o  i i i  of  c e r t r i ~~i i a I  t o r ( ’ ’ s  w i l l  t e

r r - s- :e h t ; , i n s ’  ~~~~ e x . ’ r  n i l  w a l l  of h - r m - a l i r i ” , a t ” cr  c o o l r n j  by

~~~~i t S  c ) l r : e  ) t  e v a po r ~i ” L O T : .  ~~~~—~~~~#•tt1 1 F  ‘ h i S  ca s ’’ ~~~~~~~~~~~~~ moves to rh
r € # ~~~~~~

i r ”~~- r  n a l  :~~ I w a l l  - f’ h i - t , j i -  ~~~~~~~~~~ h~ n~ n f  v i r o r i z i t  i o n  i,-oin- sf-~

o n i i n  f f e  t o r n -  ) t  t i -  I r o ~~s w h i c h  b y  c - ’ r i t r i f l i a l  f o r c e ;

i t i  I.~~-4.~~ :t / t n 1  ~~ t o t h e  x ” c’ r r - i l w i l l  o t  d u c t , w h i c h  m a k e s  i ”

OS1 b 10 ‘ U lo i t  h e  low ot  ~a or  1 i q u i d  , w h ich r v o v - ’o i i o n - i  -

r n r r r , 4 1  l i s t o f  “ h - ~ r o t  i~~ir ; l c o a x i a l  h e n r r i i  du e ” . T h e  co ’ f f i e i e n t

of h , - i t • - x c h a n - ; e  h c t w c e n  t i e  [ - i [”  f l o w  i a i  n i g h  v i i i - ’ , 5 — 1 0  t i mes

“ F . ’  coe t f j c i o ~ n t  of h e a t  e x c h a n j e  i~~~ w~-’’ n t h e  t i o w  i : - ~ t h - -

m otion 1e~~s iuc t , a:; <i r e s u l t  o f  t i e  f a c ’  s - h a t  c e o - i r s  f n t  h t I -,

d i r ~~c”ed  a xi a l flow -ii i t h e  f l o s  of  C o u e t t e , f c r T o I ~~t h e  r o t i t lo r, of

t h e  w a l l : ;  of t h e r m a l  l u c ”  a n d  ~~~~~ f a c i l i t a t i n g  t h e - i j i ” 3 t i o n  o

flcw .

Fi- Jur 3’s s ho w s  ~-+m~ - l i a q r a m  of  c oax i a l  t h e r m i l  h - i - ”  w i ~~h “ F . - use

of c e n t r i f u g a l  a c c e l e r - i t . ior i . The  ~n i n c i r 1 e  cf i t ; ;  5 - L ~~ . n t a i l s  t h e

f o l l o w i ng . ~~~~~~~ 1uct  m o v e s  t h e  f low of c o i l  - j a s  or i i  i i ~~ 1 , w h i ch  m u s t

b e h e a t e d .

k~111- -
Th e h c i  t f l u x  ~ w i l l  h~ f O I l  to  e x t e r n a l  ~~~~~~~~~~~~~~~~~~~~~~~ sur f  ice , and ,

p a s s i n g  t h r o u g i: th -~ w a l l , pto duces the evanorat ion of fluid film ,

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - — - 
~~
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:.  ~~i -o i r t e r r f l  s i r f a : u  b y  c< — i t r i f u - j a l  f c i < -es 4 ’-f—-~..~~ , ’ L .  L n ” i ”~~o n of

i t  ~‘ * . O L  t f l~~’’1 .

I t  ~

_) P
~~

- v - - , ) v C r  t F ~ ’ i n t ~~t t u h ~’ SpaCE fL Oin shic h is e l i m i n a t o r  “h~

1 . - n , - a i -  ; - ~ s , a n d  i ”  i~ c o r , i e n se-1 on s o i l  ; a i r f i o - ~, - r i v i n o  II ~~I

0Z  V -a ~o t i z a ”  j o t :  t o f l o w  r ‘ t h r o u - ; h t h e  w i i ]

Th r  -~ r m i r i  ; 1 : i r i n j  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ in  c.’ n t r i f - i  ~~ 1 — f o t c . -

f i e ld d ’~ a m  r e t u rn s  “ 1 w i l l  2 , - and t h e  pro cess  of h - f l t  “ r - a n s f ~- r  -~~~~~~

l-~~co,ai e , -~ st  at  1 > I l ar y .  Th e  c o n c a v t  s u r f a c e ~ 2 h e a t  “ x c h i n ~~ r$ I T -’ t m i t s

i n - l e n .  n ” i n r ;  of h i s p l a c c m e n t  of i i  i u i d  &n t o t h e  “ h ’-’ r w a l ] y  l - -. a I e ~

2 0 ’- , : ; i t , < ’ . t f ~~ - c o m p o n e n t  of c e - n t n i f u i a l  f o r c e  1;  -1~~r - ’~~t ? 1  “ 0

c e ’t e r ~ COn - m V ~ s ur f a c e . Th i  ev a ~~o r a t  j o t :  of l i - i : i i I ~t o rp “ f i r  f i l m

on ~‘~ “ a 1 1 i c  ou r t i c ’- ’  i ra  centrif uq - il—fo rc~ f it - i-I i r a k e s  j t  po s- ; i t l e  “ o

“ rl€- I to  i t  f l u x e s , “ r - m n s f e r r t ~ I b y  i n  er I c - u  h i  j h e r “ h i rr

t h o s e  w h i c h  ~j t e  t r a n s f e r r e d  ones  a l onq  th~ - t  ma I <l u c ’ s vi  “h  po r e - I :

- - - -

~o-ie, s i r se  t h e  -~~ r . t r i f u g a l  fotces wh i c h  ci’: t ’:ach  t 0 110 1) ~, i T ~~~ P I ~~-’

t h €  e m e r g e n c e  of b u b b l e s  a n d  su b s t a n t i al l y  t h e y  s h i f t / ~~~~o’- t h e

crisis of hoil it. j to the side of large hea t t i u x o s .

( l i ; ’  shoull indicate the f act that thi s heat exchan~ er rossesses

t h e  l iod~ pr o ert ie s of the trari s~~jssjon of heat flux. r t  transfers
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~... j t c i l y  f r o m  t - x ” e : n a l  s i t  l a s~ t o  I n t e r n a l  a n d  - lees  ri )4  t r a n - ; t ’ - i

t “ I  . 1 o r ; ;  al  t e ‘‘ x t er  i - a l  t ra usc- o f  t he a c t  j o t  o~ n t r i ’  J r  a 1
L~.)1C~~~f o rces .  I n  “~~~. : - r ’ : s , ’r ce  o ’ t a o s -  - i - ~ or I i - 1 ’ i i l  t l o w  in  ~~~~~~ t : i i e a r . I I t

ccl f ly -s on ,- x t ,~.r r  i i  s i t t a c ~ h t - a t  w i l l  h e  t r a n s ~ o r r , . I  or : ] y ra y  p~ -k-~
?~- ciap~ Y’

ci “ o r m  C I t :  ‘j. - ” i V j t  y ~~~~ JJà 1T i t :  i n t e r t u j e  s~~ac ’ , w h i c h  w i l l

Q~~~~~~’~~e n .- ’dl i  l i i  lv low value i n  c o m p a r i s o n w i t h  h e i t  f l u x  of

~eJ-
_
a~~

(L.P..pL

~~~ V j~~ Cf !r r , ’ t o  i ra ~ Cr ~ ra  1. ~~~~~~~~~ su r f a c ’ , t r a n s f ~’r i  c l  F’! p h-s s’~

s- u - i n ;i ’ 1(5~ ( ‘  V i p ) r a s -  j O f l  — C o f l d e f l s d t i o f l )

T i . - e x p e n i m i r t s  cor i u c t e l  w i t h t h e  c — ’ n t r i t u ; i l  ~h e r m a I l u c ’,

le :  u ”’  C t  ~~ i ~ . ~~~ ‘ , a u  s i - o w ; .  i n  F i  j .  ~7.

i i - g t i t .  3 7 - t s n o w s  t h e  d . - p c - r :  d ence  of t h c  “ em ~- ’ r a ”  or e  of ‘h e
V Y )

su: f-ic . of t h e  vapcrator/ - ! !a1-po-t-1:-~4~-L o f ce n t t i f u g l t i e t ” ;-a l l u s t  ~~~~~~~~~~

t h e  v-~ioc~~ty of i ’ s r o t a t i o r  ~~~~~ c o n s t a n t  h~~a ’ f l i x .  F i  ,T u : ~~- 3 7 k  - i i v e s

t h e  c u i v e ,~~~~~~h of  “ h e  I e p c r a d t ’n c e  of t h e  t i n p e r a t  u r ”  I i f f ~~r - ’n t iii of

li qui l coolan t at .—n ” L ance and oxi~ of the condEns~ t L ~~~~~e i*e-r of

duct t+øin t h e  t e m p e r a t  urt’ of the surface of . ? v a p o r a t o r , Lv~~p~~r 1~~~~ as-

s-h . I iffe ren s- n u m b e r s  of revolutions of duct.

Page 1L 4 ~) ,

Fi-jur ”’ 17c shows s- k- ~ 1 ’  p e n d * - n -e of the te~~pcr at ure of the surf ace of
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t h .  ~ i t ~~~-~~, - i i t I < ”  a t i ) i ~ u l  ~~~~~~ 0 * - I i ’  t . ~,s  a j ~ I ‘ - - , ‘ - ‘n I r o ”  ‘h i o

~ 
t F .~ a ” i o n i l  ;~~ . - . - l  n t  l i c ’  —~7 1/ : ; , 1 ’ ; i i - : —s - - -~u ; f i l 1 y

____________ • Ia f e  : i i  ; an i sr ; i C fl o f  I ; - ‘ - a I- ci t ‘a t A m O r .  F i n  1 K n n t F is

< ‘ a ;— - “~~ • -  . - m - < ’ ’- r a t  - a : - -— ~~ “ h e  u i  t i ( ~~- - - o f -‘I V  -i n ) t  -i t (fl , ai, I~-~4~-r w a r ;  r ; -o ”

“ a r  p 2 ° C , s h  r c h  iti,jc at~ -s b y  no t r e ir i : ;  e x h a u s ”  n i - i c  p s s i l i l i ”  i ’ o

~~~
. 

~~~
- a ’  - - :rov i n  t h i ; ;  d u c t . T h e  t em r e  La t ‘i te of t h e  s u r f  ~ c€- o f t h

.- v I i O t a t :1/Y~~~,fi~~~ of duct a:: tpe~~si i r~~ I w i t h  t h e  a i d  of s-he :;,,cjal

“ h - i  ~~)c(’~~~1e , autetrat icall y forc~~~i i a i t s t  - l u s t at ‘ho  to -F-9u ~’ /m o r r c - n t

t F e  c’- ;- ;- ;a ~on - f  its rotation
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F :  ~ . 3 7 . ~a e p e r 1 i . : a c k ’  o f  t h e  t e f l l f . t < )  ‘ a i r ~- of “ h e  ‘ii 1 o f  n~< - r ~t r i .~ 1 i i

‘ t e : r i l  -~~; i t  t.4—434t. t r i ~ - t c t - i t i u ; a l S r e ~~~ ( a ’ ) - m i  ~f “ I i ’~ t~ .m ~~
,
~ T~~~t i I L c. a t

: : - -  s ar ~ i c ’  o l  eV  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ “ F : . V d l - 1 -’~~i~a p 1 J ~ ’-I i ;,~i *  l o w

C i - ) : 1 —  .7 r / s ; 2 — ~~3 . 5 ; — 1 1 .5 r/ s : ( c ) :  1 —  11 .~ r/t~; 2 —

~~~~ ;/ r - :  I - - .7  r / i r .

Ke y :  ( 1 ) . r/ :; . ( 2 )  .

I J a ’  1<4 1 .

~:t l i i : ’~ l - y  t h e  ob t i i n , - i x~~( r : m - . r t , a 1 t ’ - ’ : ; i i l t s , r e n ” t l f i r i i

p-a t .

~: o — i x i  i i  l ’s’t ;; w I l l  , ; i v — ~ ‘ x ’ k n s i v c  ~~ p l i ’ -t r o n  i t: i s w ’ - i i i c  O~~

h[~~f lc hc ; of  i n  Iii:; ’ r / .

~~ t~~- , c a ’ n t r i n a ; i l  t i i . ’ r m a l  d u c t . ;  i t  1;, p o s s ib l e  t o

t h r ee  ~~—~~ / . ‘l e m e n t s , on w i t i ch d k - f a e r  Is the s’isc~ ssf a l w~~t~~ of  s- F ; ,

d i e t : t n t ~ t~~ i L i J e V a p o r a t o r / . —~La.,~Q 1 ._~-e”t a n d  c o r : I - ? n s e r / ~~~~~~~~~~~ a: I ‘F . —

zor. c’ of “ h o  r I a r , ~~p o r I -  “ w ) — T h a - : a  v a p o r — l i j u i 1  f l o w  u n 1~ ’i I’ li .—’ l C t i r ot

c~~n s- r i f  ‘ i - ~~~ I f o i  c~’: . Ifl  < - v i p o r at  ~~~~~~~~~~~ ~~ -~ c t h —  h ” m ” i, a - m o v a l  C d f l  i c
•i ~

T1-~’ ~~~~~~~ .-s.oI~
P~~~+~-r~/ - i c c o fp l  i , h c ” ~~ o r i n  t h e  iro3e/-e-~ naIi ti-oti s of boi l 1 n- i .

Tb ’- ~~: a a - e ; , ) f  evaporativ e cooljnr can be dear: ib ’- - I w i t h  s - h -’ a ii  

-
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1:’- - t O ’ p ~ r -I u I t -  ol s - a r  f n c e ;  A is a c o e f f i c i . r ; t of o v i p o r a t  i on;

t l o w  -, f “ “  v a n o r i z i r - j  s u l s t a r c - ;  —

T h e  . ; r  e e l  of n o t  i o n  ~~~~~ ip  e

- -
.

-~~ /
- - ‘‘ - ‘—  - ‘— / ‘T - T ’ ~~~~ ‘ - i - ”  — - : ‘  ‘ — I

w h e r t -  t h e  ‘? . — he i n s i d e  r a d i u s  of the surtac” of

e’F va~~ r
cv .  ~~~~~~~~~~~~~~~~~~~~~ p is  cler: si ty p.i-4..z,.1

~“ s p a : c t i v e l y  h o t s- t i u x  f r o m  t~~~ u n i t  of t-+t-s~ ; ; i r f i  - ‘
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I t .  h e w o ’  ~ ( i f  ~‘v ap o r a t or/’v-~-~ ovi’?1~-f i n  he ~ o 1~’/ -±~~~~~ of

h o m l i  r- -~’ , ‘ 1 k -  c+- ’n t i  i f aj i i i  fot -ces  ~o . ; 1 t i v . l-i  ~—4~o~ up  i~~ - i—i,-.— proc — o s  of

~ ‘ - m ”  a - x s h a n ; a  . n w i n k : ;  [ 714 , ~n 0 )  is  -is i I I ! j ’  a t s -~ i ‘ It ’ — f m c ”  “ h - i ’ it -  “ I ’ —

i ot ci ’ i n J  i - o i l - ’t s  i s  ~‘ - o - ; o i l J ,~~ ‘o .~-s--~-- T4-i-%-.--~-/~icr ’ Y11 1;l i : -- ’: h e - I . ” r e ; r - i v a l of

c rde :-  2 . 5 . 10 1  k, a/ ~l ? 3~~ 4-~~ a c ce l er d t  i o r ~~t4 OO ~ . I n  t h i s  c i s c ,

~-4- ~a -4-~--~ i . a s  3 30 / 0  o~ d r y n e s s .  T h e  p r o i u c  -I f - v  t h c -  m c ” ion  of

c e f l t r i t u  ; a l  f o r c e s  in  ; i l a i  acc~ - 1’~ r a t L o n ~~ i ca 4  t o  t b ~~ o m e r ;~~n c . — of ~- —~~

in  I U ~’e I s o ;v e c t i e r ;  a r t  t h e  l i - T I l j d f i l m  w h i c h  c t l p p r < ’ ;se s s - h~-~

f o r m a ’ i - ) r ,I--— - l u c m t i i - r *  -~~~ L u b b l e s .

Pa te 1 < 4 2 .

T h i s  m a k e s  i s  -po:;s i  h i - ’  to  incrs--as~ the max i m u m  p e a k  b a  Is.  C r i  ~ ica l

h e a t  U ux e: ;  w i t h  ~ 0 )  ~~ l t i ple o v e r l o a d s ~~L 4 . 5 t i m e s  h i ’ i h - -u  t h a n  <~~~~i-~~
-;

J c c e l e r a t i c n  ~~~~~ 10 times exc~ ed cri” ical h e a t  t i u x  in  ‘ hs- r~~a 1 d u c t

w i t h  c i i i  l a r y —  porous Gec-Q. 

~~~~~~~~~~~~~~~ -.---— ~~ — .4_~_~~_ _ - --~~~ -~~~~~.~~~~~ 
~~~~~

— _ i,______ - 
- 

~~ ~“T



‘ t 1 ~~”~ ‘~~G F J -~
I

~ r ‘ r  i t - ’ r . f’ -~ 1 :;h o w —  I ~ kId  t t h ’-~ ~i ia V I t t I Cr :  a 1 r a ’  1 1 , -a ra I -i i s o

c - - : i i ~~u j m l — f - r c ’  f i ’ - l l s u L ; t a r ” i a l l y  a t f c a c t  t h e  v i i i — ’ of t i - ~-~ m I X 1 : I ~~;n

h e - i t l u x I~~r i t a  ; l o d i n y  t h e  l i qu i  I of

I ; .  - ‘r x r t ’ a ; n l  “ h ” r n a a l  l u s t  t h e  l a t e r a l  f 1 u i ~ f I - s s

subs ” i~- t ; a l L y a ft e c t  s - h e — v a l o r -  of ~~~~~~~~~~~~~ T h i s  i s  e v i d - - ; . ” ~~ i “ ‘h ’-

a n a i y ~~is  a t  t f l a .  - i t m u l -i o f F ( ) E i s h d n S k i v ~~_-~-~~ o l t a i n , ~ t f o ~ - i i  m r - ~~

c o n - l i  1’) r - ~ l i-j u i - k  i n h e  I a i q~ - vol  ai ~“ :

- - - 
~~~~~~~~~~ •

- ‘ 2 .  ~~~
- — - —  
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w ;,s- t

- 
(~ . /

II- ,~t -

The patam eter N characterizs-~s 1-aou-~ ancy ~-f fe-~t. The v a l u e  of is

deterained by t~-~ f o l l o w i n g  indepen dent variab los of

, , , r . ~~ i., ” . U.. T he m it. is possible s-c c c ab in e  i n t o  f o u r  o r ou p s :
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sup~-1 e r n e n t a r y  conversions - ‘ive th€- fo llowing para m eters for

le term ir a i r: “he effec t of the in d uc e - I ccnvect jon on

~=/ -  ‘ “ - , - — ( ~~~~~~~~~~~~~ 
1 ,

\ . :  / ‘ — I

1= ’ 
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7 n - ~~’ 1- 4 1.

- -Th€  i-~~~oc*a -t i o n -  of  th ’-  m ica ’ e l  t o u r - h o ur s  of h e  p a r  a r n ” - t  s

makes i s -~ o~~:-~ih  l .~ t o  ~ i n - I  t h r a- ~ld t i o n  of s - h e  D a x i m u m  h ’ a  t f l i x  of

~
- - - -

~~~ 4s-*-~ 1- f t - I  b o i l  i r :  I iqu  i i  it -  t~~~’- v ci u m e at  t h e  t i n i t  - . ‘Ii r n < — n o i o r : s

with tt — : l e s s - -h c e  of h e  i n d u c e d  c o n ve ct i o n  t o  “ F - ’  m a x i m u m  en ” f l u x

L~J ’
.~~~~4-~- - b  l i i i  i t - i  l i j u i l  on  i n f i n i t e  h o r i z o n s - - i l f l - a 4 / .~ -1-a--&e r i  a ” c I H2

-
~~~ 1 ’i~’. I , - 

I -: -

A c c o r i i n - j  to t h e  f o r m u l a  a t  V a t  1s- a l a 1 7 e  v a l u e

— 
‘ 

- ‘ ‘ - 
-c

T i - u ; . ,  in  f o r m u l a  (3. 112)  is c o n s i d e re d  t h e  of fer ’-  of scal- ’

p rame t er I in :I ~t th e par a m e te r of the lift of t h e  i n d u c e d
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-s____________________________________ - - 
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eot v e c t i ~~ ‘~ ) t  s- f l k -  V a  l ; i ’ ’ Of  ‘ -‘ - . . , -,.

A: ; S t : t  F ;:. ‘ ‘n  f t  aID t O t m u l d  ( ~ . 11 
~) , 

s- 
~i~ : c r i”  re - i l h~~ a t f l u x  of

: - e  I . ’ t e n l s  on ~~‘e, l - E d t i C t I  h t o  ; i e - r r - ’e o t 1/a , i c - - a t  l iri ~~ “ o

‘ -~ r r r U l i  ( I .  1 l . , ~) i t  a l : ; -, Ie~-~ 1: 1 0  O~ t h e  ;e O r r ~—’t  L i e  - I i ; n ’~n s i o n o  of

- - t it — Ac co  r t ) U . ’ ( ‘ ri 10:1 i - a t  i ons , w h ~ n h~ 1 1’ 1-1 of

~~ / & . “9
i ~~~l .~r a t i o t : ,A 1s  [a r - ’s-~ r~t , ~QO-O-——4 i t  i s  ~o s s ih l e  t O  -nc:~i-~ve t h c - ’ ‘low s

at  F’ • ~~_~~. 1 3a  -~~~/m 2 . Suet .  a - c ’— lc- ’r - i t i o r : . ; C a r :  be -- ) n ~~1 i n - — I  - I t i i n ~

s - — - r : i ” i - r a r < a f  t t ’ ~~ ~ cm .  l i t  l i a r n - t e r  w i ” h  s~-s-- € I  —~~000 r . / m r n .

- F - - i ” ‘ x— ~~ i n p’ - l u r  i n ,~ co n d k  n s a  i n

c c n i e  ; ‘ - r  ~~~~~~~~~~~ o r  c en t  n t  a l ; . a  1 t h r - L m a l d u c t  is  r a r e  i r i s- c n sj v ~-

s-h.m n Ia1 ~ I U  c o n - I — n s a ”  1, 011 on m o t i o n l e s s  s ut  f a c e , si n e ’  t u i  F i i  1;r as

I i i  I i  D i i  in - .-;s h~~cau sc ’  of  t hc  pr .-s c - n a P  0 t cen t  r i t u j  m l —  once

1 i ‘— 1 1

T :~ r oe t I i ci ’- - n t  o f  h ’,’a t t r a  no f -  r to  w a l l  ( lur  i n t  con  I ”  i s -  io t a  ~ c
Ia_ f ~~~p~-tr i n  ‘-hr con k - ? :  ; ‘ r ,~-c-.iuaci-~-~ -~ of cpr l t r i f 1 . b i 1  “ h . - r n a a l  - F u r ” c-a r : by  a t ;

or ic r x c e a - I s - h e  ( O . ~f f i c i e r a s- o f h e a t  ‘ r a n s f — ’ r b y  t h - ’

c o n t ’ — no . r/ r - i paci -*-Q.L. if t h e r m a i  l u rt  w i t h  p o r o u s  co.~~~ C e n t r if u ; — a l

for ce ; ;  b r e ak  - a w a y  f l u  i l  t U r n  j t  t h e  c o n i c  a :r ~~~~p ac it~~r ~ f t h .~r m a I
, 

~~~~~~~
l a i c t  an d tisp e rse Irops .~~~~ ‘ t h u  ar e ,a  of ev a p or a t c r / .~nn o r i~ -~-r .  T h e

iema ini na ; f i l m  w i s - h  s - h p a id of Co n ioli E forcP~-s is m oved  in to t ho zone

ct ev - -a T o t a t o r ,’-v-~IDort!-.&E..

—~
___ t_-_ _ __ — -—r—--——- - — ———--— — -- — - -,----—~~ - - -.— -----——
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C~~N C L U S I ’~~

i s -  i . ,  i i t f i : u l s -  -a ” ~- - t ’~ ;;et s- s- i r~~- k i c ~ - a l l  s- h . -. r o s s i h i r —

I i r — ’ c ’. j E t . :: f t h e  f a i r s- h er  d . -’vc— l o pm o n t  c f  w a r  k s  i n  t h ’  c o n s”  r - I c  i On  of

t r ’ — r m a l  I u e t : : . Is too  sh o t ’- s - I  h i s s- a n y  o f  ~ t a e i t  e ’n~~r~~a~ n e e .  ~F o w -  V C : ,

w i ” h  COIr ~~ i C s - c c o c f i 1 . - ’n c e  i t  is p o S sIb l e  t c  ~ m y  s - F - i t  t h e y  w i l l  f i r  I

j - : ,  i t  o u r -  t o  m o l e  o t  l i t  ~~
- a n i  i n  a ~~~~—i- it  f h o  I r a  n c h e c ~f

i n - i  us r y .

T h ~ -j u a n  i r s - c - ’ of t h e  su c c e s s fu l  f u n c t i c n i n g  ) f  t h . r ~~~~ - F a c t s

mu st ~~~‘- ~o o- I  s - h e  : r y  of t h e i r  w o r k  w h i c h  s’ i l l  c Is -a ” ‘ r e  o r - ”

~,dr~~l- ’ ~~ti-“S;,s-’n tial ma F if icdt ion , a n i  a l s o  ~- d~ -te t e c h n o l  oay  of s- U - i p r o d u c ”  ion

t~i’cf porous ~~~~~ in d housi n of “h.-- t  ai a l  iu c ” ; . I r i - t o t  r y h~- i n s  “ a

mas s -en the i s sa i c- o f  t ; ‘ ~ h r  o a a l  sn’-a ’ t r i m  cf r~~ t i  l i i : ; ou o u s  ma s-~-~ r i a l s ,

a nd a l s o  s - F e  porous I~~eiec ’ t i c~~, w h ich  possoc; s h i j l i  t h e r m a l

c o n d u ct  i v i t y .  W i ’ - h s- F a . ~ ir  a r - r e a ra nc e , p r c b a h l y ,  w i l l  h ’  f . — a s i h i e  n e w
V 

~~
- P ~~‘j ti tn i n  t h e  ( 10 1 1 5 ” r 1 1 ( ’t i on a t  t h c  t h e n  m a l  d u c t s  a n d  o te~~-~ cha~~h ” t  S.
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