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d e f ) ~ e d  . . . . . . . . .  ' L ~  }S:=)  L a n d  z ~ - = z  L .  W e  

c o n s m e ~  ~ h r e e  ( h / l e r e n t  c a s  ..... h a v i n g  d ) H e t e m  

p r o { l i e s  - g e m p e r a m r e  a r i a  c o ~ c e n ~ r a ~ m n  ~he 

wl~ep;2 ~ . ~  j~ 1}'~ po~Hu~n ha~,,in~t the  ly laxi tn~n 

: e m p e r a m r e  am 7~ ~'~ the ex l i  : empe ra t :m>  m 

C := l . O  t n u  m th .b  s[ t , ld j  t hese  v a l u e s  ~{[~ :,~ 

).5 and 7 ~ , = / 2 0 0 K  ~especi ive ly ,  b m u r e  2 s h ~  

~h~ g l a p h ~ c a l  p r o f i l e s  o l  ~ e m p e r a m r e  a ~ d  ~ la rua~  

n r e s s u r e  <~, ('r , e x p l a i n e d  a ~ o v e  

Copyright (C) 2003 NuriMedia Co., Ltd. 



Na,!rot, Bead Rcediadve Sohaion~ with#, a Cubiea/ Enclosure ~ W h d  with Real Gas MLvtures 8 6 5  

Y 
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0.O0 

{} HI 

0 .20  

0 .25 

0 ~ 0  

}.35 

U,4{} 

0 . 4 5  

(} 5(} 

{LS*- 

{,Lieu 

OX~5 

~} 7 f '  

~75 
[ I  ~ l l  

{L85 
I Q(~ 

0.95  

b o t t o m  waU hea l  f lux t o p  wa l l  hea l  flux 

p r e s e n t  Kin1 m al ,  r ) resem Kim ei al 

9 . 3 7 5 0 9 F  O~ 9 , 3 7 5 0 9 E - 0 [  i A 8 2 6 5 [ : ~ 0 !  1 .48269F-O~ 

9. W509E---01 L 3 7 5 ( ) 9 E - 0 |  1 . 5 5 6 1 / E 4 } }  | , 5 5 6 { 5 E - ( 1 |  

9 3 7 5 0 9 E ~ 0 l  9 .37509K--01  1 .63750E {}1 1 , 6 3 7 5 4 E  01 

9 3 7 5 0 9 E o 0 1  9 . 3 7 5 0 9 E - 0 1  /.7~ }777E {H ] . 7 ( ) 7 8 [ E  0[  

9 . 3 7 5 0 9 E -  01 9 . 3 7 5 0 9 E - - 0  } 

9.375{)9}{--01 9 . 3 7 5 0 9 F  0 

9 . 3 7 5 0 9 E  0[  9 . 3 7 5 0 9 E  (H 

% 3 7 5 0 9 K  0 9 . 3 7 5 0 9 E ~ 0  

9 . 3 7 5 0 9 E  0 9 , 3 7 5 0 9 E - 0  

9 . 3 7 5 0 9 E  01 9 . 3 7 5 0 9 E - 0 1  

9.37509[:}- 0 /  9 .375{}9b q i I  

1 , 7 7 2 2 7 | 1 0  | , 7 7 ~ . _ E ~ ( ) [  

1.832(H E-()I  I 8 3 2 0 6 E - - 0 |  

[ . 8 7 7 3 3 E - 0 1  1 . 8 7 7 3 8 E  01 

9 1 4 8 4 K  ~{}] 1 .91488K-()1  

i ,94508[:{q)1 i 94428E~-01 

1.96{}96 E 01 1.96 / 0 i [{ -(} [ 

9 6 5 0 9 K  O [  1 ,965 |4K-{}1 

9 3 7 5 0 9 E  O[ : q ~ 3 7 5 0 9 K  O] 1 . 9 6 0 9 6 E  01 1.96H//E~{}} 

9~37509E 0/  9 , 3 7 5 0 9 E q H  1.94508E-@~a [ / ) 4 0 2 4 F  0~ 

9~37509E--o~ 9 , 3 7 5 0 9 F - 0  1 .91484E O[ 1 , 9 1 4 8 8 E - 0 ]  

9 , 3 7 5 0 9 E  01 9 . 3 7 5 0 9 E  01 i , H 7 7 3 3 F  01 [ ,S77381 0 /  

9 , 3 7 5 0 9 E - O [  9 . 3 7 5 0 9 F - 0 [  l~832{}1E 01 N 3 2 0 6 E - O [  

9,375(}91" 0[ 9 , 3 7 5 0 9 E -  O~ 

9 .37509[{  01 ) . 3 7 5 0 9 E  01 

L ~ 7 5 0 9 K  0[  9 . 3 7 5 0 9 E - 0 i  

9 , 3 7 5 0 9 E  (H 9 . 3 7 5 0 9 F - 0 [  

I,o{t 9 , 3 7 5 0 9 E  0 t  9 . 3 7 5 0 9 E - 0 1  

/ . 7 7 2 2 7 E  01 L 7 7 2 3 2 E - 0 1  

/ . 7 0 7 7 7 V  Ol 1 ,7078~E ~/~ 

X~375/i[{ -01 t .635771:{-0~ 

1.556}1K 01 1.55615[{ OI 

1 .48265E  01 IA8269} : i -0  

s lde  ,vall hea~ l lux  a v e r a g e  mwn~uy 

. . . . . . . . . . . . . . .  U ....................... I .............................................. m e s e m  K i m  et al  p r e s e m  K i m  e~ al 
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4 , 6 8 7 3 7 E - 0 1  & g 8 7 4 7 b > 0 1  5 3 1 2 3 6 E 4 ) I  5 , 3 1 2 4 6 F - 0  

3 . 9 4 0 5 9 K  { } l  3 . 9 4 0 6 9 E - ( H  

3 . 5 7 [ 4 8 E  01 3 . 5 7 [ 5 7 F - O 1  

3 . 2 3 9 0 5 E  0/  3 2 :}91~K~0i  

2 . 9 3 1 1 5 b  0~ 2 . 9 3 1 2 3 E  01 

Z 6 4 5 6 4 K -  O/ 2 . 6 4 5 7 0 E - 0  I 

Z 3 8 9 1 6 E  0[  2 , 3 8 9 2 2 E - 0 1  

2 . [ 5 2 ] 0 E  01 2~15215E {H 

~ .93724E O [ 9 3 7 2 9 E  0 1  
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4 5 3 7 3 8 E - 0 1  4 , 5 3 0 2 4 F  01 

4 1 i T H } E  0{ 4 ~794E  0 i  
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3 , 4 H g 7 P - 0 ~  3 ,4[  1 l g K  O} 

3A/9g03F  O~ 3.098 61:i {?i 

~.8_1~ ;i'. { H  2 8 2 2 3 0 E  01 

2~58255E-0~  2 . 5 7 6 { 1 E  0I 

2 3 6 2 4 6 E - 0 ]  ~ ;~, " .... 6a36|-; -01 
"~ 4; " ;~ I7_77[ !  0} ! .~7115}: ' ;0 [  

1,57{ ~62E-0[  

~ 4 i 5 3 3 E  0 /  

27746E-{H 

~ . [ 5 2 3 6 E  O|  1 . 1 5 2 3 9 E - 0 1  

1 . 0 4 0 9 3 k - u ~  / 0 4 0 9 6 E  (}~ 

% 4 |  3 5 6 E  (12 9 . 4 1 3 g 0 E - @ 2  

& 5 3 3 8 5 F - - 0 2  S.SB4{}7F--O? 

7 , 7 3 4 0 3 E  02 7 , 7 3 4 2 2 E -  02 

7 .02038 E - 0 2  }7 .02056E -02 

6 . 4 t 3 0 8 E  {)2 (~At 324E  02  

5 . 7 7 7 g i E  O2 5 7 7 7 9 5 E  0 2  

].5~ }66E Ol ~2.03853E -01 2 . 0 2 5 4 6 E - 0 1  

1 . 4 1 5 3 6 E - 0 ~  } . 8 5 9 9 0 F  ( { ' , ~ 8 6 0 9 4 E  01 

1 .27749E  01 1 . 7 3 6 4 7 E - 0 I  I 7 3 5 8 2 E  01 

IA-,2883E-0~ I 6 2 7 4 3 F  /~  

1 .53072E  0} 1~5303I E (} 

L 4 4 7 2 1 E  01 L 4 4 6 3 7 K 0  

t_7.>~.3E-0~ 1 3 7 3 ~ 7 E  0 i  

. 3 0 4 8 9 E  01 1 ,30505E 0I 

L 2 4 7 1 7 E  O[ L 2 4 7 5 1 F  OI 

1~20002E O~ L I 9 7 5 | E  {}I 

/~1506fiE--Ol [ , ~ 5 0 9 3 E  01 

D 9  

~8 

S 
T 

[ '}3 

[} ? 
L 

a }  

0 

F{g 2 

2ase  1 ~P 

}> .......... <:~7" ..................................... 

C a ~ a  3 

5 a s e  

z 

/ q o h [ e ~  d o a r H a [  p r e s s m e  o} (~(}, a n d  ram-  

o c t a l | i r e  l [ o l ? g  t h e  >2 a X i S  

4. N u m e r i c a l  Solmtions 

In  {h is  p a p e l  t h e  r a ( h a t l v e  | lea{ l [ u x e s  a r e  

c o m p u ~ e ( ~  o n  d~e b o m m ~  a n d  o p  w a l l s  a l o n e  t h e  

x a x i s  a~ ::=0,5L a n d  ~m t h e  s i d e  w a i l  a ] o n ~  d-m 

z ax~s a~ v - = - 0 . S L ,  r e s p e c t x v e l y  A n d  t h e  a v e r a g e  

l n [ e t l s l t l e s  aJte c o m p u t e d  a ~ o ~ g  t h e  s a x i s  ~ h r o u g h  

t h e  m e d m m  a~ r  Yo ~ m m i n  ~he n u  

m e n t a l  s o h m o n  w u h  s u f f i c i e m  a c c u r a c y ,  t he  

m l m b e ~  o i  m e  ~soat ia[  d m c r e d ~ ' m i o n  m se t  ~o b e  

~ ' / ~ : : = 2 0  a n d  d i e  n n m b e ~  o f  d"~ a a g m a r  

d i s c r e t i z a H o n  b se l  ~o ~e  ) V = 6 0  M : : : 2 8 8 0 0  

d ~ r e c t i o n s ~ .  F h e  w p  ca ]  C P {  ~l/~e i~ a ~ o ~  2 3 0  

f lo ra>  ~-~ ,~ P e m m m  [ l I  7 3 3  M H ~  P C .  

4o~ V a | i d a l h m  o f  ~ h e  r e s u l t s  

T o  v a h d a l e  { h e  s o h ~ [ i o ~  p r o c e d u r e  u s e d  in m m  

t ~ [ ' ~ ,  ~ e  L x , ) l ~ p a r e  H I e  C L ~ r r c H [  F C S U h  w ~ [ h  H~@ 

p r e w o u s  w o r k  by  K m ~  e l  a[ 20(}1 w h e r e  t h e  

r a d i a t i v e  Iransi~ or u m ~ o r m  ~ e r n n c ~ a m r e  m d  

c o l l c e n H a l i o t ~  ca~,e [ is a n a l y z e d  b'~, us ing  u le  

S N B  m o d e l  am~ r a ' /  l r a c m g  m e t h o d  wl~h  ~uff ' i-  

c i e n d y  a c c m - a ~ e  )~;, a u a d r a m r e  T h e  b l a c k  

c u b | c a [  e n c I o s m - e  ~s ~?[led w i t h  t h e  n u r e ( ) ( ) ,  g a s  

w h e r e a s  o n e  w a l l  , .  m a i n t a i n e d  | O 0 0 K  a n d  d'~e 

m e d l  u m  a n a  t i le  o m e r  w a i l s  a r e  m t h e  ~em n e r a m r e  

o f  5 0 0 K ,  F a b l e  m c o m p a r e s  t h e  r e s u l t s  o m a m e d  

f r o m  th~s s { u d y  w i t h  "the p r e v i o u s  o n e .  R e l a l i w '  

e r r o r s  l b r  r a d i a H ~ :  hea~  f l u x e s  a n d  ~ver~Re m ~ e n -  
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Fig. 3 s o m p a r ~ s o ~  <~ ~he pr{men r e s u h  i n d  @e 

resu~l ~or t rm i n f i n i t e  p l a n e  laye~ 

4 1 

O3 

4:i;S 

Fig~ 4 Nci i)o~om ~al i  hea l  Huxes  

si~.y a r e  a l s o  s h o w n  m T a b l e  ~ | - h e  w a i l  ~)ea 

l ]uxe~ ~.re ve r~  w e l l  m a ~ c h e d  ~v{th t h e  p ~ e w o a s  

- o h ~ t i o n s  b u t  H m  e r r o r s  i b r  d~e a v e r a g e  m ~ e n s u >  

a~e  a p p r e c i a b l e  ] ' h m  sh~w~~ t h a i  t h e  c u r r e n t  

r e s a b s  o b t a i n e d  by u s i n g  t h e  ( ' u r ~ m  G o d s o n ,  a ~  

p r o x i m a i i o n  a n d  t h e  [;,,> q u a d r a u l r e  ~uc~,t a r e  a c c u -  

r a t e  e n o u g h  ~o be  r e g a r d e d  ~., n e n c h m a r k  ~o~>.  

11o1 }5 

k n o @ e r  ,:.,~y ~o s h o w  o u r  , ' a k u i a U o n s  m e  ap.-  

p ~ o p r ) m e  )s ~< c o m p a r e  o m  r e s u l b  w u h  t h e  n re -  

w o u s  s o l u n o n s  o~ the  I d m ~ e n s m n M  m f m i ~ c  

p l a n e  l a y e r  p r o b l e m  K i m  e~ a l .  199)  T o  c o m - -  

p a r e  v,,~m t h e  i . - d m ' m n s i o n a l  <~s~erm a r e c ~ a n g L d a r  

s} s~em w i t h  1 0 0 r e x  ] 0 0 m X / m  {s c o n s @ u t e r i .  | h e  

b o t u m ~  a n d  ~op  W a l l s  a r e  m a i m a m e d  a i  0k a n G  

@ e  o t h e r  w a l l s  a n d  t h e  m e d i u m  a r e  m a r e  r a i n e d  a~ 

/ 0 0 0 K .  T h e  m e d i u m  m t h e  s > s t e m  ~s @ e  p u r e  l / ;e( .)  

~,<,,. a~ ~ am~o ~ h e  r a d i m w e  s o u r c e  l e r m  a~c  

o b i a l n e d  a ~ o n g  H~e c e m r a [  : h n e  ,~  m e  @ m  

r e c ~ u n g l e  t C i g l n c  ~ s h o w s  t h e  ~ a d m ~ \ , c  s o u r c e  

m n n s  o b t a i n e d  f r o m  l n e  [ < h m e t ] s ~ o n a l  emu the  

3 ~ d i m e n s i o n a  a n a l y s e s ,  r e s p e c t i v e l y .  F h e  r e s u l t s  

) g r e e  t?airly w e t l  w i @  e a c h  o ~ h e r  a n d  tt~e ,li{]?:r 

e n c e s  b e t w e e n  t h e  d a t a  a r e  p o s s i b [ >  & e  ~<~ , -  l t ' r-  

e m  S N B  m o d e l s  a n d  p a r a m e t e r s  u s e d  tk~r ;each 

c a  iced a|~ oD 

4.2 S e l u t i { m s  b} { T u r l i s - - G o d s o ~  a p p r o x i m a -  

U ~ g u r e  s s h o w s  d i m e n s i o n l e s s  m ~  w a i l  ne ro  

[]tlxe~ ~m ~he b~ tom w a } |  s =:~{N N s e  ne t  

b o U o m  w a l l  h e a t  t ] u x e s  r e a c h  a m i n i m a m  v a m e  a~ 

m e  c e m e r  ol  {" a x i s  i [ ]  a l l  c a s e s  b e c a u s e  ~he c e m e ~  

e~ h,~ ~om wail ,:, most mec~ed no ho~ medium 

and holmr w a u s  ~ m  {he medium is mMmained at 

[ ~ , ~  m t h e  c a s e  / @ e  ~ a d h m v e  n o m m ~  ,, aH h e a t  

i l ux  }}as d~e s m a l l e s t  o~ e s i n c e  d'3e n~e{~mm h a -  

m a x i m u m  ~ c m p e r a { u r e  :u < ~ < m m e  c a s e  

t h e  b o l l o m  w a l l  hea~ l ] u~  ,~ l a r g e r  t h a u  l h o s e  o/  

: h e  o l h r  c a s e s  ! he fief b o t t o m  ~,,all / e a l  l ] t i x  i~t 

m e  c a s e  2 has ag  i m e ~ m e d / a [ e  d m t r { b m i o n  {H ne~ 

w a l l  : e a t  f lux  b e t w a e n  {he  c a k e  ~ am~ { 

~-*~me 5 d ,  o w s  @ e  { h m e n s i o ~ [ e s s  ne~ w a l l  h e a  

[]u• v, .  @e t o ~  w a i l  s ~ = : l  i n @ e c a s e  i ~  

l h e  to~> M a c k  w a l l  m m a i n t a i n e d  a l  7)~a:< [ 3 0 0 K  

m a ~ m a m e d  c o l d  m 7]~ ...... 7:,,,,,--: I 37;~,,~ m e  e x a o  

alRJ~[Ic SO[tHH}I"I ~ o r  Her ~op w a l l  he}H ~]u~ c a ~  ]e 

o b [ a ~  tied 

h Z .  s ~/,n <<if2 :" 

~4 4 
> 71;I~ 0 , 9 8 7 6 5 4  

19 

['he ~Hmtxis~o~Hess ml ~op w~ll }ea~ t]ux {)i 

uuile a c c u r a t e  with a H }~ ' , ,c eH~) r  o f  (L0007 ~r~ 

r i n d - h e i g h t  o f  t h e  s ~ I e m  w h e r e  HK d d e  w a | [ s  a~c  

also al M}c hi_nu,~ [elIIDC/aMIrC 5~]d {he ~]el heal 

~ux at  t h e  c e n l e r  ~., d i e  h m w a n  can  be r e d u c e d  
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~ . -  Case 2 

G a ~ e  3 

t :age 3 

~,-~,~, C a g e  3 , ~ o , ~ " ~ ~  

A~ 

& 

,& { ],~P~ 5{ & 

m 

~ P  . . . .  4~ ~,~aH hear t  HHZeS,  _~ H 

~'~ ~he exaci :malw~c average m~em~y on the 

h~/ , .all  ca~ ':d ,, be obtained ~,. 

4 ; ' 7 ~  

2~  

rr q{}f ~ ? 

Ihe Calcu|ated re~ul{ m me case | O.50{~25 

a s  S h { ) v ~ H  H1 ~-I~_~ o, w | ~ / c h  ~s _~u~c a c c u  a~e  

w~th a ~ehti~e e r r o r  o~ (~olo>.> ~,. >o~h ......... 
and 2 dmlenslon{es~ aver>lge mien>me have 

~ . <mmar~) he{ween the ~>roPi/e o{ {no dm~e~ 

.m~fle>.s average lnteg/Slty ~m mar o~ d. :  [em }or 
amre m ~he case 

due ~o t/re hea~ flux from the hottes~ side wall to 

~ e  cemer {:>[~ dre u~p w a i l  and dfis resuffs in  d~e 

siigh~ dgop of" fl~e wail h e a  flu,. profile Shown b~ 

F i g  5 {case ) The dimer~sidnte>, ne~ s ide  w a l l  

heat f l u x e  are  demonstra ted in  Fig, 6. The out- 

going ~,e[ s ide ~ a | i  ~lux h~ereases at ~arger e*  in 

~be ease i ; d~e net side wa l ) f l ux  i i  directed to 

i~ side ai: t h  s r~allet v* a a d  d~en ~o ~mtaide at rite 

~a~ger z h t  the c a e  2 : d~ net slde wail hea i  ~ux 

has  ~he hrgeSt ~:u 2 ~:05 ~ the case 3, 

T h e  dimensioniess average imcnSifies a long 

the cen ral z* axis o f  the encIosuee ( : v * = 0 ,  
3' = 0 5 )  are glvcn i~  K~g 7 Similar {c, F q  

5~ Coneluslon 

In {his stud.,, 1he r:adi~{ive t~ansfEr s~k~dot~ 

{ c~fir~{cai encio ~.,re ~ i{l.~ not~homogeng0us 

composition arad r, ommifb{rm {emperar p~of ies 

are oSt~d~ed~ Tire nonun:iii:,rm gas eflt~ct is tie tted 

b} the (Urtis  ( iodson meff~od ~[he s0iutio~s 
obtaiaed ~Yom d~S study a~e ~eriSed m d  f'~.mrtd {v~ 

be very well matched wi f l~  ~he previous sokitions 

fSr {mi%irm gas  Three cases are stvaifed h~ ti,is 

paper  l) the r a d i u m  i~a.s uniform temper~ture 

and c~{~ce~.m~afi0,~; 2) ~emperature m d  eoncen- 

{e~fio~'i of ~medium ~ e  Iinear p r o f i l e  ~nd 3 ihe 
prOfi!es oF temperature m d  c~>nee~tr~:{iOn ~r:e 
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g w e n  a~., a funclion o~ z - c o o r d i n a t e  b y  co l}s}deD.  

m g  .. rea~ ~  Ir~ e a c r  c a s e  a m a u v e  w a l l  

h e a t  f ]uxe~ a n d  a v e r a e e  r a d m l ~ v e  [ n t e ~ s h i e ,  a~c 

o b m i n e { L  ~ImougB m e  s o l u H o n  m e f l l o d  u s e d  m 

t h i n  s t u @  is  n o t  s u i t a b l e  I h r  e ~ g m e e r m g  p u r p o s e s ,  

m e  r e s u l t i n g  s o l u t i o ~ ] s  ~ r e  p r o v e d  ~,, be q u i ~ e  

a c c u r a t e  a ~ d  c a n  be  u s e d  a s  a r e ] e t c h e r  ( ta~a  ~o 

ver~V v a r ~ o u ~  s c h e m e s  so a d m { ~ v e  [ra~lsl}2x b} 

m m g r a y  g a ~ c -  

A e k ~ o w | e d g m e  e~ 

[ h e  a m b e r s  w m h  ~o a c k n o w l e d g e  ~he  f m m ~ c i a l  

s u p p o r ~  o l  m e  ( I  R (  C o m b u s l i o n  l{, g i n e e r b ~  

R e s e a r c h  ( ev. ~er 

R e f e r e n c e s  

< a r i ~ , w  B.  ( i .  a n ( ~  L a l h r o p .  K . D . .  / 9 6 ~  

F r a n s p o H  F h e o ,  y -  I 'he  M e l h o d  o f  D l s c r e l e  

} r d m a ~ e s  ('o:;,;,p*eh;~as M#thod.~ i~ Re~mtor PD , ,~ 

~r ( ~ r e e ~ s p a n  t-t K e l b e ~  ( "  N a m  { ~ k r e n t .  D ,  
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