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A film is deposited on a subst ra te  under vacuum via a mask  [1], whose tempera ture  is ra ised  on account 
of the thermal  radiation f rom the crucible ,  while it is cooled by emission.  The mask  thus affects the t emper -  
ature distribution in the subst ra te  and film. 

The mask  is made f rom ce ramic ,  while the holder is made of bronze.  The t empera tu re  of the mask 
may be derived f rom formula  (1~ of [1]. The holder is not heated in the above way, since it is covered by the 
mask and the subst ra te .  Heat t r ans fe r  occurs  between the mask,  subs t ra te ,  and mount. The tempera ture  of 
the subst ra te  is given by 

CsmsO~ ,'-- chrrhl s -~- ~,S2r Om--t~ 
6 

cs m s --chin h 

where | is in ~ Also,  the t empera tu res  of the film and subst ra te  are  affected by the side tempera ture  of 
the mask ,  par t icu lar ly  the par t  d i rec t ly  adjoining the film. This contribution can be determined f rom the heat- 
balance equation. The final t empera tu re  of subst ra te  and film is given by 

m 061~-cf m 06~ Sl ~Om r -  c~ s ,, ~f_-~f . . . .  
Ofin= St s Csms61~- c f m f  61 

If the subst ra te  is not metall ic but an insulator  (in the present  case glass) ,  then 

s_S./kOrff6 s -- ;~sSs 0~61 -~- cf mf 06~6~ 
Ofin= -S/),~6 s --~.sSsr61+cf mf 6s61 

NOTATION 

Csms, Chin h, efmf, thermal  capacit ies  of substra te ,  holder, and film; t s, substrate  tempera ture ;  4, 
ks, thermal  conductivities of mask  and substra te ;  ~-, radiation emiss ion time; | subst ra te  t empera tu re  (neg- 
lecting effect of mask); |  t empera ture  of mask at end of deposition; 6, 5s, thicknesses of mask  and sub- 
s t ra te ;  6 l, thickness of mask  relative to film; Ss, $2, S l , a reas  of subst ra te ,  mask ,  and la teral  surface of 
mask.  
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S T E A D Y - S T A T E  R A D I A T I O N  F I E L D :  

R E P R E S E N T A T I O N  B Y  P R O J E C T I O N  

V .  A .  V o r o b ' e v ,  O .  V .  F i l o n i n ,  
a n d  P .  A .  L a v r i n o v i c h  

UDC 621.384.668 

Many p h y s i c a l  e x p e r i m e n t s  involve  m e a s u r i n g  the spa t i a l  c h a r a c t e r i s t i c s  of r a d i a t i on  f ie lds ;  shadow 
i m a g e s  a r e  f r equen t ly  employed  for  the p u r p o s e ,  but  they a r e  not  a lways  conven i en t  and s o m e t i m e s  r e q u i r e  
add i t iona l  i n t e r p r e t a t i o n  and p r o c e s s i n g ,  p a r t i c u l a r l y  if quant i ta t ive  data a r e  r e q u i r e d .  

We have developed a method  and equ ipmen t  for  r e p r e s e n t i n g  data  on the spa t i a l  c h a r a c t e r i s t i c s  of r a d i a -  
t ion  f ie lds  as  t h r e e - d i m e n s i o n a l  (projection) i m a g e s  on the p lane  of a d i sp lay  un i t .  The method  is  based  on a l -  
g o r i t h m s  that  r e l a t e  the spa t i a l  p a r a m e t e r s  of an objec t  to the i ma ge  in p r o j e c t i on .  F o r  i n s t a n c e ,  the fol low- 
ing a lgo r i t hm can  be u s e d  for  the r a d i a t i o n  flux f r o m  a point  sou r c e :  

F 
X = ~ -  {x' cos ~2 cos r - -  Y' cos qc3 sin % -]- z'sinr~2-k[x'(sin,~isin % 

- -  cos ~1 sin ~ cos %) ~- b" (cos ~1 sin q~2 sin ~3 + sin ~1 cos ~3) 

-- z' cos ~1 cos ~2] tg ~,}, (1) 
F 

Y = - -  Ix' (sin ~1 sin ~2 cos ~s + cos ~1 sin %) -- y'(sin ~1 sin~2sin~3 
f 

- -  cos r cos ~s) -- z' sin r cos ~ .'-- ix' (sin ~t sin q~s --cos ~lsin ~.~ cos ~c~) 

+ y' (cos q:l sin ~2 sin 93 + cos q;1 sin q~l) ~ z" cos q~1 cos %] tg 72:, 

where  F is  focal  d i s t ance ;  91, 92, 93 a r e  p a r a m e t e r s  tha t  def ine the se t t ing  of the  image;  72 and 72 a r e  p a r a m -  
e t e r s  that  def ine  the p e r s p e c t i v e ;  Y and X a r e  the v e r t i c a l  and h o r i z o n t a l  componen t s  of the p ro j ec t i on  image;  
and f i s  the d i s t ance  f r o m  the objec t  to the r e c o r d i n g  p lane .  

No m a t t e r  what the o r i e n t a t i o n  of the ob jec t  in r e a l  s p a c e ,  this  a l g o r i t h m  al lows one to speci fy  r ead i ly  
any conven ien t  point  of v iew by v a r y i n g  92, 92, and 93- Analogous  a l g o r i t h m s  can  be de r ived  for  va r ious  p a r a m -  
e t e r s  u n d e r  de ta i led  e x p e r i m e n t a l  cond i t ions .  

Th i s  method  has been r e a l i z e d  in  equ ipme n t  for  e xa mi n i ng  the  spa t i a l  d i s t r i b u t i o n  of the x r a y s  f r o m  
a be t a t ron ;  the equ ipmen t  c o n s i s t s  of a s c a n n i n g  s y s t e m ,  a d a t a - p r o c e s s i n g  un i t ,  and a d i sp lay .  The data a r e  
c a p t u r e d  by s c i n t i l l a t i o n  c o u n t e r s  a r r a n g e d  in  l ines  in  a p lane  of s i ze  30 • 40 cm.  The  d a t a - p r o c e s s i n g  uni t  
r e a l i z e s  an a lgo r i t hm of the type of (1). The r e s u l t i n g  i m a g e s  a r e  e x t r e m e l y  c l e a r  and d i f fe r  f rom shadow 
i m a g e s  in  a l lowing one to d i r e c t l y  d e t e r m i n e  quan t i t i e s  such as the r a d i a t i on  i n t e ns i t y  at any point  in the scan .  

The method  can  a lso  be u sed  in  e x a m i n i n g  t e m p e r a t u r e  d i s t r i b u t i o n s ,  in  f law de tec t ion ,  and so on. 

Dep.  610-76,  D e c e m b e r  15, 1975. 
O r i g i n a l  a r t i c l e  s u b m i t t e d  May 29, 1974. 

R A D I A N T  H E A T  T R A N S F E R  IN P O W D E R E D  

M A T E R I A L S  A T  H I G H  T E M P E R A T U R E S  

I .  I .  V i s h n e v s k i i ,  D .  B .  G l u s h k o v a ,  
S .  Y a .  T s y p i n ,  a n d  A .  S .  Y u t i n a  

U D C  5 3 6 . 2 1 : 6 2 . 4 9 2 . 2  

We have i nves t i ga t ed  the t h e r m a l  conduc t iv i ty  of m i n e r a l  powders  with a d i s p e r s i o n  f rom 0.1 to m o r e  
than  15 m m  used  in  m e t a l l u r g y ,  c o n s t r u c t i o n ,  and the r e f r a c t o r y  i n d u s t r y  (Table 1). The t h e r m a l  conduc-  
t iv i ty  was d e t e r m i n e d  in  the 100-1100~ r ange  by m e a s u r e m e n t s  of s t e a d y - s t a t e  r a d i a l  heat  flow. The e x p e r -  
i m e n t a l  r e s u l t s  show a r ap id  i n c r e a s e  of the ef fec t ive  t h e r m a l  conduc t iv i ty  with t empera t ,  a r e .  
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A s s u m i n g  the 
duc t iv i ty  i s  

TABLE t .  C h a r a c t e r i s t i c s  of P ow de r s  Inves t iga ted  

M a t e r i a l  

_ Fractional composition, % 
i 

>15 15--8 [ 8--3 3--0,5 -•0,5 
mm mm Imm mm mm 

Bulk 
density, 
kg/m s 

X eff=xo+~r3 
k-o, f B.IO Io 

W/re. ~ I~ W/re. *K 4 

3,87 
5,83 
8,50 
5.53 
6,02 
3,29 
0,93 
1,19 

620 0,193 
580 0,203 
520 0,253 
510 0,211 
330 0,227 
290 0,i14 
60 0,080 

220 0,060 

f 
Concrete -- -- 1 100 --  -- 
Thesame - -  I00 i -- -- -- 
The same ..... 100 -- --  --  -- 

Schungizite gravel 80 15 -- -- 
Charnotte lightweight 50 40 10 -- 
Vermiculite; 30 40 15 
Pearlite -- -- -- t00 
Pearlite--graphite --  -- -- 100 

rnlxnffe  

Ash--graphite mixture ~ ' -- 100 760 0,142 

add i t iv i ty  of heat  f luxes in  heat  t r a n s f e r  i n  

1,04 

d i s p e r s e  s y s t e m s ,  the  effect ive  t h e r m a l  con-  

keff = k s § kg§ kcon § krad" (1) 

Here  the t e r m s  take  accoun t ,  r e s p e c t i v e l y ,  of the amoun t  of heat  t r a n s f e r r e d  th rough  the so l id  p h a s e ,  th rough 
the gas  in  the p o r e s ,  by convec t ion ,  and by r a d i a t i o n .  A de ta i l ed  c o n s i d e r a t i o n  shows tha t  the t e m p e r a t u r e  
dependence  of the f i r s t  t h r e e  t e r m s  i s  ha rd ly  s t r o n g e r  than  l i n e a r .  

Radia t ive  heat  t r a n s f e r  m a k e s  the l a r g e s t  con t r i bu t i on  to the t e m p e r a t u r e  dependence .  Since krad ~ T 3, 
keff ~ ~0 + fl w3, which  i s  c o n f i r m e d  by the l i n e a r i z a t i o n  of the r e l a t i o n  ob ta ined  in a p p r o p r i a t e  c o o r d i n a t e s .  
The p a r a m e t e r s  k 0 and fl a r e  l i s t ed  in  Tab le  1. 

In the 200-1100~ r ange  the f r a c t i o n  of the hea t  t r a n s f e r  c on t r i bu t e d  by r a d i a t i on  i n c r e a s e s  a p p r o x i m a -  
te ly  f r o m  20 to 90% for  c o a r s e - g r a i n e d  (d ~ 10 mm) powders  and f rom 10 to 70% for  f i n e - g r a i n e d  ~ ~ 0.1 mm) 
powder s .  At lower  t e m p e r a t u r e s  the t h e r m a l  conduc t iv i ty  of c o a r s e - g r a i n e d  powders  is  p r a c t i c a l l y  i n d e p e n -  
dent  of the s i ze  of the p a r t i c l e s  and the kind of m a t e r i a l .  

F o r  c o n c r e t e  powders  of v a r i o u s  g r a n u l a r  s t r u c t u r e  t h e r e  is  s e m i q u a n t i t a t i v e  a g r e e m e n t  with the Chud- 
n o v s k i i - - K a g a n o v  f o r m u l a  

/3 = 2 ~2~h, (2) 

where  e i s  the e m i s s i v i t y  of the s u r f a c e  of a g r a i n ,  a i s  the S t e f a n - - B o l t z m a n n  c o n s t a n t ,  and h i s  the d i a m e t e r  

of the p o r e s .  

Dep. 613-76 ,  F e b r u a r y  9, 1976. 
U k r a i n i a n  S c i e n t i f i c - R e s e a r c h  Ins t i tu te  of R e f r a c t o r i e s .  

Or ig ina l  a r t i c l e  submi t t ed  October  23, 1975. 

T H E O R Y  O F  G A L V A N O T H E R M O M A G N E T I C  

R E F R I G E R A T O R S  O F  L O N G I T U D I N A L  T Y P E  

V .  G .  O k h r e m  a n d  A .  G .  S a m o i l o v i c h  UDC 621.382.53 

The ex i s t ing  theory  of such  dev ices  ( t h e r m o b a t t e r i e s  and r e f r i g e r a t i o n  uni ts)  i s  m o s t  ful ly p r e s e n t e d  
in  [1], where  a l l  the m a j o r  s t e a d y - s t a t e w o r k i n g  c h a r a c t e r i s t i c s  a r e  p r e s e n t e d .  A m a j o r  d i sadvan tage  of th is  
t h e o r y  is  tha t  i t  neg l ec t s  (without jus t i f i ca t ion)  the effect  of m a g n e t i c - f i e l d  r e v e r s a l  on the t h e r m o - e m f .  

The f i e l d - r e v e r s a l  effect  m e a n s  that  at(H) # cei(--H), and th i s  a l t e r s  the c h a r a c t e r i s t i c s  of such  a r e -  
f r i g e r a t i o n  uni t .  The e x p r e s s i o n  for  the t e m p e r a t u r e  d i f f e r ence  shows that  s o m e  p r e v i o u s l y  unknown types  
of cool ing  un i t  can  thus  exis t .  

1. A r e v e r s a l  coo le r .  This  un i t  u t i l i z e s  s i m p l y  the change in  s ign of the t h e r m o - e m f  on r e v e r s i n g  the 
m a g n e t i c  f ie ld ,  and th is  change  can  be a t t a ined  if  one half  of the  s p e c i m e n  is  p laced  in  a m a g n e t i c  f ie ld  of one 
po l a r i t y  and the o the r  half  in  the f i e ld  of the opposi te  p o l a r i t y ,  i . e . ,  a 1 = - - a  2 = a ,  b 1 = b 2 = b ,  n 1 = n2 = ~t, 

ceiC-H) =6v2(-tt),  c~2(-H) = czl(H). 
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Exper imen t  shows that  such a device  can exis t ;  the m a t e r i a l  for  the branches  was a b ismuth single 
c r y s t a l  having the following or ienta t ion:  the axis  of the spec imen  devia ted  by 10 ~ f rom the b inary  axis  and by 
80 ~ f rom the b i s e c t o r  axis  in the b i n a r y - b i s e c t o r  p lane .  The expe r imen t s  were  p e r f o r m e d  under  vacuum with 
H = 10 T,  T = 77~ under  these  condi t ions ,  p = 10 -5 ~2- m,  ~ = 10 W/re .  ~ a I(H)--a2(H) I = 400 pV/~ A p a r a l -  
l e lep iped  of this  o r ien ta t ion  was p r e p a r e d  f rom the bismuth s ingle  c r y s t a l ,  and this  was then cut into ha lves ,  
with one half  tu rned  through 180 ~ r e l a t ive  to the o the r ,  the ends being then joined toge ther  with Wood's  me ta l .  

The r e s u l t  was a t e m p e r a t u r e  d i f fe rence  of about I~ which ag ree s  well  with that p red ic t ed  by the 
theory .  This  coo l e r  has c e r t a i n  advantages :  f i r s t ,  both of the  b ranches  a r e  made of the s ame  ma te r i a l ,  
which is impor tan t ;  secondly ,  it  works at low t e m p e r a t u r e s ,  because  the r e v e r s a l  effect is  mos t  prominent  
p r e c i s e l y  in that  t e m p e r a t u r e  range [2]; and,  t h i rd ly ,  the quali ty fac tor  is  de t e rmined  by the s t rength  of the 
magnet ic  f ie ld .  

2. The b ranches  in the coo l e r  have ident ica l  r e v e r s a l  p a r a m e t e r s :  a 1 = a 2 = a;  then the t e m p e r a t u r e  
d i f fe rence  may  be i n c r e a s e d ,  s ince  th is  p a r a m e t e r  i s  not ze ro .  

3. If the c u r r e n t  is  suff ic ient ly  l a rge  and in the range 

• ~< j < ~1 (H) --a~ (H) Tl 
cz~ (-- H) -- r (H) pll 

the t e m p e r a t u r e  d i f ference  is l i nea r ly  dependent  on the c u r r e n t .  

N O T A T I O N  

ai  = J([(~i(--H)--~i(H)]/~i) ,  r e v e r s a l  p a r a m e t e r ;  b i = p i J2 /~ i ,  p a r a m e t e r  c h a r a c t e r i z i n g  the Joule  heat;  
i = 1 or  2, numbers  of the coo le r  b ranches ;  J ,  c u r r e n t  densi ty ;  H, magne t i c - f i e ld  s t rength ;  l , b ranch length; 
T l , t h e rmos t a t  t e m p e r a t u r e ;  a i(H), Pi,  ~ i ,  t h e r m o - e m f ,  speci f ic  r e s i s t a n c e ,  and t h e r m a l  conduct ivi ty of 
b ranch  i .  

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

1. T . C .  Harman  and J .  M. Honig, The rmomagne t i c  and T h e r m o e l e c t r i c  Effects  and Appl ica t ions ,  New 
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2. R. Wolfe and G. E. Smith,  J .  Phys .  Soc. Japan ,  2_.!, 651 (1966). 

Dep. 614-76,  F e b r u a r y  9, 1976. 
Or ig ina l  a r t i c l e  submi t ted  Sep tember  2, 1975. 

T H E  O P T I M U M  F I N  P A R A M E T E R S  F O R  A S U R F A C E  

C O O L E D  BY A B O I L I N G  L I Q U I D  

M.  K .  B e z r o d n y i  a n d  V .  I .  S o s n o v s k i i  UDC 536.242:536.423.1 

A c y l i n d r i c a l  she l l  has v e r t i c a l  r e c t a n g u l a r  f ins ,  and the opt imum p a r a m e t e r s  a r e  de r ived  f rom the 
condit ion for  provid ing  maximum heat  flux through the l oa d - be a r i ng  sur face  of the r ibbed  wall  under  condit ions 
of bubble boil ing.  The opt imum values  a re  de t e r m i ne d  for  the r ib  th ickness  and  r ib  s epa ra t ion  on the bas i s  of 
h e a t - t r a n s f e r  and c r i t i c a l - f l u x  r e l a t ionsh ips  for  the boil ing of F r e o n - l l  in the channels  between the r i b s .  

The following exp re s s ion  is  obtained for  the c r i t i c a l  heat  flux densi ty  through the c a r r y i n g  sur face  on the 
bas i s  of heat  balance:  

21E @ do 
qcr 6r __ do "qocr" (1) 

The max imum d e s i r a b l e  value fo r  the height l of a r ib  i s  de r ived  by examining the p e r f o r m a n c e  fac to r  for  a 
r ec t angu la r  r i b  cooled by a boil ing liquid; then l = 1 . 2 ~ 7 ~ - ~ 0  , and (1) becomes  

1.2]' k6r/2a 0 ~do 
qcr . . . .  6 r=  do qodr. (2) 
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The opt imum value of 6r  fo r  a given d o is  defined by Oqcr /86r  = 0; th is  g ives  

6ropt = do [ 1 -  c~2-: (I/d o + c~do--do) ], c 1,2 1 ~ ~,/2~0. (3) 

The opt imum value  of d o is  found by examining (2) and (3) toge ther ;  the h e a t - t r a n s f e r  coef f ic ient  s 0 and the 
c r i t i c a l  heat  flux q0cr at  the base  of a r i b  have been  de t e r m i ne d  f rom s tud ies  on these  quant i t ies  us ing  models  
for  the channels  between the r i b s  with uniform heat  product ion  in the wal l s .  The m e a s u r e m e n t s  on these  two 
quant i t ies  have been used  with (2) and (3) to de r ive  g raphs  fo r  the c r i t i c a l  hea t - f lux  dens i ty  for  a l o a d - b e a r i n g  
copper  wall  for  va r ious  p r e s s u r e s  and for  va r ious  heights  of the channe l s  between r i b s .  It i s  found that the 
opt imum value for  the gap d0opt i s  in the range  f rom 0.9 to 1.4 m m  for  p r e s s u r e s  of F-11  between 1.0 and 4.6 
b a r ,  while the r ib  th ickness  ~r  opt l ies  between 0.7 and 1.0 mm.  The max imum hea t - f lux  dens i ty  at  the load-  
bea r ing  su r f ace  then v a r i e s  in the range  f rom 6.0.106 to 8.0-106 W / m  2. 

Specimens  of a k lys t ron  co l l ec to r  were  made and t e s t ed  in o r d e r  to check the r e l a t ionsh ips ;  the c r i t i c a l  
hea t - f lux  dens i ty  at  the su r f ace  of the co l l ec to r  was taken as  the value co r r e spond ing  to the knee on the q = 
f(~Xt) curve ,  which c o r r e s p o n d s  to the onset  of f i lm boi l ing at the base  of the r ibs .  The m e a s u r e m e n t s  ag reed  
s a t i s f a c t o r i l y  with the ca lcu la t ion .  The max imum h e a t - t r a n s f e r  capac i ty  of a c y l i n d r i c a l  she l l  with opt imum 
r ib s  exceeds  by m o r e  than a f ac to r  of 4 the value of q0cr for  a smooth  i s o t h e r m a l  su r f ace .  

N O T A T I O N  

qc r ,  q0cr,  hea t - f lux  dens i t i es  for  the l o a d - b e a r i n g  su r face  of a r ibbed  wal l  and fo r  the su r face  of a r ib  
at  the b a s e ,  r e spec t i ve ly ;  s0 ,  h e a t - t r a n s f e r  coeff ic ient  at the foot of a r ib ;  l ,  r i b  height;  do, d i s tance  between 
r ib s ;  5 r ,  r i b  th ickness ;  X, t h e r m a l  conductivi ty;  E ,  r i b  p e r f o r m a n c e  f ac to r .  

Dep. 612-76,  F e b r u a r y  4, 1976. 
Or ig ina l  a r t i c l e  submi t ted  October  7, 1975. 

E F F E C T S  O F  A T H E R M A L L Y  I N S U L A T E D  S E C T I O N  

ON F L O W  IN A C H A N N E L  W I T H  C O L D  W A L L S  

M .  D .  P e t r o v  a n d  V.  A .  S e p p  UDC 536.24.08 

Measu remen t s  a r e  r e p o r t e d  for  the flow s t r u c t u r e  in a c y l i n d r i c a l  pipe with c o l d w a l l s  (Tw/T* = 0.1), 
in which the re  is  a c e r a m i c  sec t ion  of length l = D; the gas  (air) was heated in a p l a s m a  sou rce  to T* = 3100- 
3600~ and the channel  with D = 0.04 m was a d i r ec t  continuation of the ou te r  e l ec t rode  of the p l a s m a  sou rce ,  
as i t  cons i s t ed  of two w a t e r - c o o l e d  me ta l  tubes of length L = 8D .each. The s tagnat ion t e m p e r a t u r e  T* and the 
flow speed  v were  de t e rmined  with a c a l o r i m e t r i c  probe  having d = 0.003 m [1,2] for  var ious  points in the tube.  

The d i s t r ibu t ion  of T* and v at  the out le t  f rom the p l a s m a  source  di f fer  f rom those c h a r a c t e r i s t i c  of 
developed turbulent  flow in a pipe (n = 1/7) in that the boundary l a y e r  was coo le r ,  the core  of the flow was 
m o r e  highly e longated ,  and the max imum value of T* did not occur  at  the axis  of the flow. In the absence of 
the c e r a m i c  sec t ion ,  the d i s to r t i on  of the T* and v d i s t r ibu t ions  t e r m i n a t e d  at  the point  x /D  = 8, where the 
d i s t r ibu t ions  fo r  T* and v c o r r e s p o n d e d  to the r e s u l t  for  n = 1/7 .  

The effect  on the d i s t r ibu t ion  of T* nea r  the wall  pas t  the c e r a m i c  sect ion was l a r g e r  when the sec t ion  
was p laced  at  the s t a r t  of the p ipe ,  i . e . ,  in the f low-s tab i l i za t ion  reg ion ,  and the max imum T* o c c u r r e d  at 
the ax i s .  The d i s to r t ion  of the T* d i s t r ibu t ion  produced  by this  sec t ion  in the s t ab i l i za t ion  path p e r s i s t e d  
downs t ream for  at l e a s t  3-4 t imes  the d i a m e t e r .  T h e r e f o r e ,  a sho r t  t h e r m a l l y  insu la ted  sec t ion  can reduce  
the t h e r m a l - s t a b i l i z a t i o n  length subs tan t i a l ly .  The T* d i s t r ibu t ions  pas t  a c e r a m i c  sec t ion  were  unaffected 
within the e r r o r  of m e a s u r e m e n t  by the sec t ion  if th is  was p laced  in the midd le ,  i . e . ,  where  the flow had 
s t ab i l i zed ,  so the d i s t r ibu t ion  c o r r e s p o n d e d  to n = 1 /7 .  

The d i s t r ibu t ions  of v a f t e r  the c e r a m i c  sec t ion  in both c a s e s  dev ia ted  f rom the n = 1/7 fo rm,  although 
the deviat ion in v nea r  the wall  pas t  the sec t ion  was r educed  somewhat  when the sec t ion  was p laced  at the 
s t a r t  of a p ipe .  The r e a s o n  i s  the i n c r e a s e d  roughness  of the cold s u r f a c e ,  s ince  p a r t i c l e s  a r e  depos i ted  pa s t  
the c e r a m i c  sec t ion  that  a r i s e  f rom e ros ion  of the c e r a m i c ,  no m a t t e r  whether  this  is  p laced in the s t ab i l i za t ion  

850 



sect ion o r  in the stabilized par t ,  whereas the erosion products f rom the electrodes in the p lasma source a re  
deposited on the surface  before the point x /D = 8. 

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

1. J .  Grey,  A. Jacobs ,  and M. D. Sherman, Ins t ruments  for  Scientific Research  [Russian translat ion],  
No. 7 (1962). 

2. M . D .  Pe t rov  and V. A. Sepp, Teplofiz. Vys. Temp.,  8, No. 4 (1970). 

Dep. 606-76, January  23, 1976. 
Original ar t ic le  submitted July 29, 1975. 

F R E E  C O N V E C T I O N  A B O V E  A H O R I Z O N T A L  P L A T E  

A .  A .  P i r o z h e n k o  UDC 536.253 

The problem of f ree convection of a one-component  gas above an i so thermal  horizontal  plate is solved 
in the boundary- layer  approximation by the method of integral  relat ions.  Restr ic t ing ourselves  to th i rd-degree  
polynomials ,  and taking account of the boundary conditions, we obtain for  the flow velocity of the gas v x and 
the enthalpy h 

h 
vx=Uz(~)~](1--~l) 2, l}=~-w(1--~h)S , -5= h--~--l; 

~q' ~1' 

The method of integral  relations enables one to obtain analytical expressions for  the unknowns U 1 (~) and 
the thickness of the dynamic boundary la ter  5(~) in the form 

1 2 

U1 (~) ~ Ao (Kw, Pr, Gr) ~5", 5 (~) = A1 (Kw, Pr, Gr)~ -5-, 

and the equation for  the local Nusselt  number 

where 

"x~ ~ 1 (l~> 

I ,• L ,210' 525, 

Gr--- g ( ~ ) ATLZ K w =  Ptclt~w, Pr-- Cp~ , A T =  Tw- -Tr  
<v) ~ p~p,| L 

and the symbol <> denotes the average value of the quantity enclosed. 

Equation (1) enables one to take account of the average change in density and the tempera ture  depen- 
dence of the thermophysica l  pa ramete r s  of the gas .  

Dep. 607-76, January  26, 1976. 
Original ar t ic le  submitted September 2, 1975. 

(1) 

A P R O B L E M  IN H A L F - S P A C E  C O U P L I N G  

K.  V.  L a k u s t a  UDC 536.241:517.946 

An analysis has already been presented [1,2] of ordinary (parabolic) t empera tu re  distributions in two 
adjoining hal f -spaces ;  since heat t r ans fe r  takes a wave form in rapid nonstat ionary p roces se s ,  the t rue t em-  
pera ture  distributions will be descr ibed by functions that represen t  solutions to a sys tem on general ized 
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(hyperbolic)  t h e r m a l - c o n d u c t i o n  equat ions  [3] if  one a s s u m e s  tha t  the r e l axa t ion  t i m e s  fo r  the t h e r m a l  s t r e s s e s  
a r e  independent  of  d i r ec t ion :  

b~ ~2 u l  Ou i  2 _ [ - - + c ~  z - " h(x . t )  (1) Ot ~ Ot a i A U ~ -  

subject to the initial conditions 
OuL 

uirt=o =r (x); Ot t=0----r (x) (2) 

and the fol lowing condi t ions  at  the in t e r f ace :  
, . 0Ul C3U 2 

U~!x.-__a - -  U2jx.=a = ~ (x'. t); kl -~xs x .=~--  k 2 0 x s  ,x.=a = ~ (x',  t). (3) 

H e r e  ui  = ui (xl, x~, x 3, t) - ui(x ' ,  xs, t); A is a t h r e e - d i m e n s i o n a l  Lap lace  o p e r a t o r ;  bi, ci ,  ai ,  ki a r e  r e a l  non-  
negat ive  n u m b e r s  tha t  s a t i s fy  a~ = ki,  c t  = 8iYi; b t = ki/W2ri and has  the fol lowing phys ica l  meaning:  ki is the 
t h e r m a l  conduct iv i ty ,  5i is spec i f ic  heat ,  Yi is  dens i ty ,  and  Wr i  = ~/ki/ci3/ifri is  the r a t e  of  p ropaga t ion  of  heat ,  
w h e r e  Tri is the r e l axa t ion  t ime fo r  the t h e r m a l  s t r e s s  (i = 1, 2). If the s p a c e s  a r e  bounded in x '  by cons tan t  
l ' = (/1,/2), the boundary  condi t ions  f u r t h e r  b e c o m e  

U~lx,=0 =0; Uilx,=l, = 0  (i = 1, 2). (4) 

In t eg ra l  F o u r i e r  t r a n s f o r m a t i o n  with r e s p e c t  to x '  and Lap lace  t r a n s f o r m a t i o n  with r e s p e c t  to t p rov ide  an 
exac t  so lu t ion  to (1)-(3); an a pp rox i m a t e  ana ly t i ca l  solut ion to (1)-(4) m a y  be c o n s t r u c t e d  by the s t r a i g h t - l i n e  
method  appl ied to x '  and Lap lace  t r a n s f o r m a t i o n  appl ied to t. In p a r t i c u l a r ,  a pa rabo l i c  t e m p e r a t u r e  d i s t r i -  
bution is obta ined in one of  the r eg ions  o r  in both s imu l t aneous ly  i f  b 1 -* 0 o r  b 2 ~ 0, o r  bl ~ 0 and b 2 ~ 0, 
while pure  wave d i s t r ibu t ions  a r e  obta ined  if  c 1 ~ 0 o r  c 2 ~ 0, o r  e~ ~ 0 and c 2 ~ 0. N u m e r i c a l  ca lcu la t ions  
have been p e r f o r m e d  on pa rabo l i c  t e m p e r a t u r e  d i s t r ibu t ions  f o r  p a r t i c u l a r  bodies .  

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

1. 
2. 
3. 

A.  V. Ivanov,  I n z h . - F i z .  Z h . ,  2 (1958). 
M. A. A b d a r a k h m a n o v ,  Izv.  Akad.  Nauk KazSSR, Ser .  F i z . - M a t . ,  No. 5 (1971). 
A. V. Lykov ,  T h e o r y  of  T h e r m a l  Conduct ion [in Russ i an ] ,  V y s s h a y a  Shkola,  Moscow (1967). 

Dep.  609-76 ,  F e b r u a r y  3, 1976. 
Or ig ina l  a r t i c l e  submi t t ed  May 4,  1975. 

H E A T  T R A N S F E R  I N  T H E  I N I T I A L  T H E R M A L  S E C T I O N  

O F  A R E C T A N G U L A R  C H A N N E L  W I T H  B O U N D A R Y  

C O N D I T I O N S  O F  T H E  S E C O N D  K I N D  

V .  L .  R v a c h e v ,  A .  P .  S l e s a r e n k o ,  
a n d  V .  I .  P o p i v s h c h i i  

UDC 536.24:532.54 

A l a m i n a r  and h y d r o d y n a m i c a l l y  s tab i l i zed  flow of a l iquid is c o n s i d e r e d  with p i e c e w i s e - c o n s t a n t  hea t -  
flux dens i t i es  at  the faces ;  the ini t ia l  b o u n d a r y - v a l u e  p r o b l e m  takes  the f o r m  

OT /0"-~ ~'-T 

a T  ]]r, = - -  q l  a T  ! - q L  (2) 
0v s ' Ov it_. ). ' 

ri~=o = To. (3) 

The p r o b l e m  of (1)-(3) m a y  be so lved  by us ing  i n t eg ra l  Lap lace  t r a n s f o r m a t i o n  in conjunct ion  with the 
s t r u c t u r a l  me thod  (R-funct ion method) and R i t z ' s  method .  The s t r u c t u r e  of  the  solut ion in the image  plane is 
def ined by 

T = % + B (r p). (4) 
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Here ~0 is a cer ta in  function, while B is a cer ta in  opera tor ,  which is constructed in such a way that the func- 
tion of (4) sat isf ies  the boundary conditions of (2) exactly for  any choice of �9 f rom some set .  This �9 is chosen 
by means of Ri tz ' s  variat ional  method. Standard theorems a re  applied to re turn  to the original.  

Results a re  presented on the Nussel t  number  averaged over  the pe r ime te r  for  the initial section; the 
resul ts  for  the dimensionless t empera ture  in the stabilization region are  compared  with the exact solution. 

N O T A T I O N  

x, y,  z, Cartesian coordinates;  W, velocity distribution; v, direct ion of the internal  normal  to contour 
r 1 or  1"2; ql, q2, heat-f lux densities at the faces;  X, the rmal  conductivity; a ,  thermal  diffusivity; To, constant 
t empera ture  of the liquid at the inlet; p, pa r ame te r  of the integral  Laplace t ransformat ion;  T,  Laplace t r ans -  
fo rm of t empera tu re  T. 

Dep. 616-76, January  12, 1976. 
Original ar t ic le  submitted June 19, 1975. 

E N E R G Y  D I S T R I B U T I O N  IN T H E  D E G R E E S  

O F  F R E E D O M  IN A C O N D E N S E D  M E D I U M  

V.  A .  B u b n o v  UDC 536.711 

Boltzmann used a Maxwellian velocity distribution in his molecular-kinet ic  interpretat ion of the Clapey- 
ron--Mendeleev empir ica l  equation of s tate ,  the thermal  velocities of the atoms molecules  being uncorrela ted 
in this distribution. He then assumed that the mean kinetic energy is proport ional  to the tempera ture  and ob- 
tained the resul t  that half the thermal  energy res ided in each degree of f reedom as a consequence of the s tat is-  
t ical  independence of the components of the thermal  velocity.  The la t ter  resul t  is known in stat is t ical  mecha -  
nics as the theorem on the equipartition of energy.  

Any corre la t ion  in the components of the the rmal  velocity of the atoms or  molecules resul ts  in a dis t r i -  
bution of the following form: 

[=Aexp [_--2-("R-' ,  o--~- '--R- "o---2ff "-- " R - ' ~  -~ 2"-'R'o,o'~ -R- oko'. ' R o=gs]J" 

Here R is a corre la t ion  determinant ,  while r 02, and a 3 a re  s tandard deviations, which are  proport ional  to 
the kinetic energies in the corresponding degrees of f reedom. 

If the corre la t ion  is isotropie,  this quadratic form can be reduced to the canonical form 

1 

f = Ae 2a~ ( s l ~  + S2rl ~ + sa~). (i) 

Here the symbols  are  

s l = l  --2n, s~ = l + n, s s =  l @ n ,  

~r  1 r 
n 

1 ~ r 1 1 -kr  

Formula  (1) allows us to general ize the equation of state for an ideal gas as 

pv = ~ (rl, [~) R T  

and to calculate the energies  in the degrees of f reedom: 

m W~ k T  

E 1 ~ 2 - ~  ~ 2sl ' 

m -.~ k T  

E2= ~-~I = 2s'-~ ' 

(2) 
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rn ~ k T  

E s = T g  - -  2s s 

The function r introduced here  has the fo rm 
(1 +rl) [1 -+-(1 - - l~ )  r l ]  o a 

It - -  ( 2 ~ - -  1) r1111 + (i + ~)rl]  ' 

and this is indicated as being objective beeause (2) descr ibes  the observat ions on the compress ib i l i ty  factor  
for  hydrogen over  wide ranges in t empera tu re  and p r e s su re .  

Dep. 615-76, Februa ry  10, 1975. 
Original ar t ic le  submitted Februa ry  13, 1974. 

T E M P E R A T U R E  D I S T R I B U T I O N  IN A C H A N N E L  B E T W E E N  

S T R A I G H T  L O N G I T U D I N A L  F I N S  P R O D U C E D  BY B O I L I N G  

O F  A L I Q U I D  M O V I N G  IN A C H A N N E L  B E L O W  I T S  B O I L I N G  

P O I N T  

V.  K.  S h c h e r b a k o v  a n d  L .  V.  K o v a l e n k o  UDC 536.242:536.423.1 

Moving liquids below thei r  boiling points a re  widely used to absorb high heat loads by boiling, which 
makes it n e c e s s a r y  to calculate the tempera ture  distr ibution in the walls of a heat-exchange device with com-  
plex geomet ry ,  in par t icu la r ,  a surface  with s traight  longitudinal fins. 

An approximate analytical  method is presented fo r  calculating the excess t empera tu re  around the p e r i m -  
e ter  of a closed channel between fins, the la t ter  being of high thermal  conductivity and the t empera tu re  being 
such that the liquid begins to boil. 

Two charac te r i s t i c  cases  of the propagation of bubble boiling over  the pe r ime te r  occur ,  the exact c i r -  
cumstances  being dependent on the heat load, the thermophysica l  cha rac te r i s t i c s ,  the dimensions of the finned 
wall, and the pa rame te r s  and proper t ies  of the liquid: 

1) boiling s ta r t s  at the axis of symmet ry  and extends to par t  of the wall between the fins; 

2) boiling covers  the entire wall between the fins and extends up par t  of the faces of the fins. 

It is assumed that a fin and the wall between fins may be considered as thermophysical ly  thin, and the 
tempera ture  distribution for  these cases  is determined in a one-dimensional  formulation subject to the follow- 
ing assumptions:  

1) the heat input f rom the wall side is constant; 

2) the maximum density of the heat flux absorbed by the channel is less than the cr i t ical  value for the 
working conditions; 

3) the heat t r ans f e r  to the contacting wall is negligible at the end of a fin; 

4) the t empera tu re  gradient  along the y axis in the wall between the fins has no effect on the heat flow 
along the x axis;  

5) the hea t - t r ans fe r  rate on the convective par ts  of the pe r ime te r  of the channel is constant and is in- 
dependent of the vapor formed in the boiling par ts ;  and 

6) the hea t - t r ans fe r  factor  is proport ional  to the square of the tempera ture  difference at any point on 
the surface  in the bubble-boiling region. 

The equations of thermal  conduction for  a planar  wall and s t ra ight  rib are  solved together  to define the 
t empera tu re  distribution and the distribution of the heat-flux density over  the pe r ime te r ,  as well as the bound- 
a r ies  to the bubble boiling. 
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The t e m p e r a t u r e  dis t r ibut ion and the dis t r ibut ion of the heat  flux r emoved  by the liquid in turn  allow one 
to e s t ima te  the p e r f o r m a n c e  of the fin s y s t e m  under  conditions of bubble boiling, and the p a r a m e t e r s  may  be 
va r i ed  to give the bes t  re la t ionship  between the geome t r i ca l  d imens ions ,  and also to obtain data for  ca lcula-  
t ions on the hydrodynamic  c h a r a c t e r i s t i c s  of two-phase  flows of va r i ab le  t e m p e r a t u r e .  

An example  is  p re sen ted  of compute r  solution fo r  the second ca se  for  a pa r t i cu l a r  channel with specif ied 
heat input and cooling condit ions.  

Dep. 611-76, J anua ry  28, 1976. 
Original  a r t i c le  submit ted  May 7, 1975. 
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