
f i r s t  kind. In physical  r e spec t s ,  the s ingular i t ies  establ ished a re  a r e su l t  of the intr insic  volume emiss ion  of 
the substance,  which resu l t s  in the appearance of ce r ta in  effect ive volume sources  in the plate which a re  v a r i -  
able in thickness and in t ime,  but  in mathemat ica l  r e spec t s  a r e  a r e su l t  of the nonlineari ty of the initial equa-  
t ions.  

NOTATION 

T, t ime;  T,  t empera tu re ;  Te,  environment  t empera tu re ;  he, coefficient  of convective heat  t r ans fe r ;  x, 
coordinate;  d, layer  thickness;  ~ ,  coefficient  of absorpt ion of the substance; n, r e f rac t ive  index; B, surface  
emiss ion  densi ty of blackbody; Cp, volume specif ic  heat;  K, coefficient  of heat  conduction; ~,, emiss ion  wave-  
length; (• t ) ,  wavelength band where  the ma te r i a l  is par t ia l ly  t ransparent ;  (no ) ,  wavelength band where  the 
ma te r i a l  is opaque; e, su r face  emiss iv i ty  in the band 0,t) ; R(0},  coeff icient  of re f lec t ion  f rom the inner s u r -  
faces  of the layer ;  ~+, intensity of beams  making acute angles 0 with the internal  normal  to the sur face  x = 0; 
~ - ,  intensity of beams  making acute angles with the internal  normal  to the sur face  x = d; m,  heating ra te ;  ~, 
d imensionless  coordinate;  q, heat flux. 
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H E A T - T R A N S F E R  R A D I A T I O N  IN A S E L E C T I V E  

GAS F L O W  I M P I N G I N G  ON A H E A T I N G  S U R F A C E  

M. M.  M e l l m a n  UDC536.33 

The problem of computing the hea t - t r an s f e r  radia t ion in a se lec t ive  gas flux impinging on a hea t -  
ing sur face  is examined on the bas is  of the C u r t i s - G o d s o n  approximat ion and a s ta t i s t ica l  model  
of the absorpt ion band. Numerica l  resu l t s  a r e  presented  for carbon dioxide. The i r  compar ison  
with the resu l t s  of a computation on the bas is  of a g rey  model  showed a substantial  d i f ference  in 
the magnitudes of the resul tant  fluxes on the boundary surfaces .  

Hea t - t r ans fe r  radia t ion in a gas flow impinging on a heating surface  has  been  investigated in [1-4]. The 
medium [1-3] was hence assumed grey,  while the heat  t r an s f e r  in carbon dioxide, whose absorpt ion spec t rum 
was borrowed f rom [5] in the words of the authors ,  was examined in [4]. 

In this paper  the heat  t r an s f e r  in a select ive gas flow is examined on the bas is  of a s ta t i s t ica l  model  of 
the absorpt ion band and the Cur t i s -Godson  approximation.  

A gas l ayer  of thickness l is bounded by black surfaces  1 and 2 with the given t e m p e r a t u r e s  Tcl  and Tc2. 
The gas flow, with the t empera tu re  T 0, en te rs  at surface  1 and moves toward surface  2 (Fig. 1). 

This is a one-dimensional  problem,  the p rocess  is s ta t ionary,  the p r e s s u r e  is constant,  and we neglect  
the t e mpe ra tu r e  dependence of the specif ic  heat  of the gas and the heat  conduction. 

The energy  equation and the boundary condition a re  wr i t ten  in dimensionless  fo rm as follows: 

All-Union Sc ien t i f ic -Research  Institute of Metal lurgical  Thermal  Engineering,  Sverdlovsk. Trans la ted  
f rom Inzhenerno-Fiz icheski i  Zhurnal,  Vol. 36, No. 3, pp. 454-459, March,  1979. Original a r t i c le  submi t t ed  
March  15, 1978. 
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I I l lli 

t ~ 2  g /2 

Fig. 1. Phys ica l  model  and 
coordinate  sys t em.  

dO + ~ dE = 0 ,  (1) 

0 (0) = 1, (2 )  

where  0 = T/T0,  y = y / l ,  E = E/aoT~o a r e  the d imens ion less  t e m p e r a t u r e ,  coordinate ,  and flux densi ty  of  the 
r e su l t an t  radia t ion,  ~'l = 2~0T03/Cpp v; 

0 + ~t ~: = const (3) 
2 

is the in tegra l  of (1), and 

= - *~ ( y l l l ~ ) ~ d l * - -  exp (x lOe2)  - -  1 nl  o' exp ( x / O e i )  - -  I "o 

• 

- -  T~ (l (y--z)/~t) ~ld~t')dz-- 
�9 . exp(x/0(z))~ 1 dz . " 
0 0 0 

I 1 

_ exp(x/O(z))--I d--~ . " (4) 
/t 0 

where  x = h c v / k T o ;  Ocl = Tc l /T0 ;  0c2 = Tc2/T0; TX iS the t r a n s m i s s i o n  averaged  over  a na r row spec t ru m 
band. 

The s ta t i s t i ca l  mode l  of a band [6] and the Curt is  - G o d s o n  approximat ion  [6-8] a r e  used to evaluate  T x. 

If  the probabi l i ty  dens i ty  of  the line intensi ty  d is t r ibut ion  has  the fo rm of an exponential ,  then 

v Y 

0 0 

H e r e  Kx is the gas  coeff ic ient  of  absorp t ion  ave raged  over  the na r row spec t rum band, 5 is the mean  spacing 
be tween  l ines in the band,  and 

y Y 

�9 = .[ (v) (g) ey/ . f  L (y) ey, 
0 0 

where  a is the line half  width of the band. 

Superposi t ion of the bands is taken into account  by using the equation for  mul t ip l ica t ion  of t r a n s m i s s i o n s  
[6]. 

The a lgor i thm to solve the p rob lem is  the following. 

The l a y e r  is par t i t ioned into n (unequal in the gene ra l  case) pa r t s  along the th ickness ,  where  ~i a r e  the 
separa t ion  points ,  i = 0 , . . .  ,n ,  T0 = 0 and ~n = 1. The t e m p e r a t u r e  f ields a r e  found f rom (2)-(4) by using 
i te ra t ion  whose convergence  is improved  by the introduction of the re laxa t ion  p a r a m e t e r  R (0 < R _ 1) [9]: 

"~0~ = (E(yo ,  Oo ~-I Ooh-' ~ , . . . ,  , . . . ,  0 - ' ) ) . 2 + 0 ( 0 ) ;  0nh--1) ~ E ( y i ,  

0~= rok 0k-l~ ,~ , 0~.-1. t u i  ~ ~ ) ' I x - 7 -  ~ , i ~ ] ,  . . . ,  r / ;  

o~ = 0~o -~ = o ( o ) ;  k = 1, 2, . . .  

This s cheme  is r ea l i zed  in a p r o g r a m  compiled in FORTRAN for the Minsk-32 computer .  The p r o g r a m  
p e r m i t s  computat ion of the hea t  t r a n s f e r  in ca rbon  dioxide, and wa te r  vapor  flows and in thei r  mix tures .  The 
rad ia t ion  c h a r a c t e r i s t i c s  of these  gases  a r e  taken f rom [10]. 
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~  �84 

Fig. 2. Temperature distribution over the 
layer  thickness for carbon dioxide: a) for 
v ~ 0 ;  solid lines - ~c~ = 0, dashes - -  ~ e l  = 

0.5; b) the same for the grey mode l  

q~0 

0,08 

t /Z i ~ - - -  Fig. 3. Values of Er  on the b o u n d a r y  
q05 . <  surfaces- 1) carbon dioxide, 0cl = 0; 
q04 2) thesame, 0cl = 0.5; 8) the grey 

>2 model, 0ci = 0. Solid lines, ]~rt; and 
o,02 '! ~-q. ~ I "i- ~ / / dashes,, l ~r~ .  

+ 8 - ' - - - - . ~  / 16 ~, 

The heat- t ransfer computations were performed for a carbon dioxide flow. It  was assumed that l = 0.5 
m; PCO 2 = 0.101 MPa (1 a t e ;  P = 0.101 M I ~  (1 a te) ;  002 = 0; T O = 2100~ ~1 and 0cl were variated. 

The quantities ~t and 0el in the temperature field_ in the_layer are shown in Fig. 2a. The dLme~imtless 
resultant radiant flux densities on the walls 1 and 2, Erl and Er~, are shown in Fig. 3 as a function of ~t 
{curves 1 and 2). It is seen from the figures that an increase in 0cl does not reduce the total heat emission in 
pract ice,  but al ters  the resultant  radiant flux distribution between the layer  boundaries considerably. 

Computations of the heat t ransfer  on a grey model were performed for comparison. A certain mean co-  
efficient of absorption of the medium K was selected for computation of the heat t ransfer  in a rea l  medium 
when using the grey model. In [11] K is found from the relationship 

1 -- exp (--KI~) = s (Tme~, 

where e(Tme)  is the emissivity of a volume at a certain mean temperature Tme and lm is the mean length 
of a beam path. 

The mean Planck coefficient of absorption Kr was taken as K in [5, 12]. However, the simple substitu- 
tion of Kr in the equation for the grey gas_can resul t  in significant e r r o r s  in the magnitude of the integrated 
radiation intensity [13]. In our research  K is determined from the equation 

1 - -  2E a  (Kl )  - -  e (Tree), 

and e is calculated by using the statistical model of bands [10], Tree = (To + Tc) /2 .  

The temperature  fields of Er l  and Erz, obtained for the grey model, a re  given in Figs. 2b and 3 (curve 
3), respectively. 

Values of Tc and the radiation character is t ics  of a layer are  presented in Table 1 for CO 2 (the se lec-  
tive model) and its grey model. It is seen from Table 1 that the quantities of Tc, and therefore  of the total 
heat transfer,  are practically identical for both models. 

Comparing Figs. 2a and b shows that, in contrast  to the grey model, a sharp r i se  and fall of the temper -  
ature curves at  the layer boumi~ies  is character is t ic  for the selective model. This is explained by the fact 
that a thin CO 2 layer  emits considerably more energy than a thin grey gas layer.  

The rat io  E r l /E r2  is close to 1 for all ~, for the grey model, whereas E r l /E r2  grows from 1.42 to 
2.19 with the increase in ~1 for the selective model. 

The resul ts  of a computation based on the Cur t i s -Godson approximation were also compared with r e -  
sults obtained by using the Nevskii approximation whose crux is that the t ransmission of gas radiation is inde- 
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TABLE 1. TC and the Radiation C h a r a c t e r i s t i c s  of a Gas 
L a y e r  for  the Select ive and Grey  Models 0cl = 0 

4 
6 
8 

10 
14 

1556 
1415 
1312 
1234 
1121 

cch 
Tree, ~ 

1828 
t757 
t706 
1667 
1611 

'e(Tme) 

0,t21 
0,t26 
0,129 
0,132 
0,136 

Grey model 

0,140 1558 
O, 150 t412 
0,154 1313 
0,156 1239 
O, 162 1126 

TABLE 2. C o m p a r i s o n  of the Computat ion Resu l t s  Based  
on the C u r t i s - G o d s o n  and Nevski i  Approximat ioim Oct = 
0 

m :rc(C-G)-Tc(N)'~ - ~'I(C-G)-~ i(N)--~" --~x (N) : doo, %1 ~ 2(C-G)--gr~{N)'1~176 % ~ r ~  (N) 

4 
6 
8 

t0 
14 

--1 
0 

--2 
--2 
--I 

0,91 
1,03 
t,15 
0,90 
1,08 

1,50 
1,95 
2,10 
2.54 
2,95 

0 , g ~ ;  
Fig. 4. T e m p e r a t u r e  d is t r ibut ion  over  the 
l ayer  th ickness  for  ca rbon  dioxide a t  v = 
0; I - PCG~ l = 0.005 m.  II - 0.05. The 
solid l ines  a r e  our  eo~nputation and dashes  
a r e  the r e s u l t s  f r o m  [15]. 

pendent  of the t e m p e r a t u r e  d is t r ibut ion  along the t r a n s m i s s i o n  path and is  calculated a t  the volume t e m p e r a -  
tu re ,  the rad ia t ion  sou rce  [14]. 

I t  was  hence  obtained that  the t e m p e r a t u r e  f ields and fluxes p rac t i ca l l y  agree .  The good a g r e e m e n t  b e -  
tween the r e s u l t s  (Table  2) is  explained in this  ca se  by the fact  that  the t e m p e r a t u r e  grad ien ts  at  which s i g -  
nif icant  d i s c r epan c i e s  in the quant i t ies  T, g(C - G), rg (N) can be  expected occur  only at wal l  1 where  the te rn-  

. g . . �9 
p e r a t u r e  d rop  is 700~ m a th ickness  ot about 5 cm.  ~ e r f f m a t m n  showed that  for  this  path  the values  of  
rgg (C - G) / rgg(N) a r e  c lose  to one for  rad ia t ion  toward the hot and cold ends.  

If the gas  ve loc i ty  is  ze ro ,  then it is in a s ta te  of radia t ion  equi l ibr ium: E = const.  

The t e m p e r a t u r e  cu rves  we obtained a r e  compared  in Fig. 4 for  the case  of radia t ion equi l ibr ium of a 
c a rbon  dioxide l aye r  (Tel = 2000~ Tc2 = 400~ PCO 2 l = 0.005 m "  arm and 0.05 m"  a tm;  P = I arm; 0 = 
T / T c l )  with the cu rve s  in [15]. 

N O T A T I O N  

p, gas  dens i ty ;  v,  veloci ty;  y ,  coordinate ;  E,  dens i ty  of  the r e su l t an t  rad ia t ion  flux; Cp, speci f ic  hea t  a t  
cons tant  p r e s s u r e ;  ~r0, h, k, S te fan-Bol tzmann~ Plancl~ and Bol tzmann constants ;  c,  speed of l ight in a vacunm; 
v~ wave munber ;  #, cosine  of the angle  be tween the beam d i rec t ion  and the n o r m a l  to the su r f aces ;  01; ~(g~, e0 h ..... 
ok) ,  d imens ion less  t e m p e r a t u r e  and resu l tan t  radiat ion flux densi ty at  the point Yi at the k- th  s tep of the f t e r a -  

! 

tion; PCO 2, pa r t i a l  p r e s s u r e  of carbon dioxide; P, total p r e s s u r e ,  ~(x)=.I ~e• (--x/~)d~, exponential  
0 

in tegra l  of  the th i rd  o rde r ;  Tc,  gas  t e m p e r a t u r e  a t  the exi t  f rom the l aye r ;  rgg(C - G), ~ (h~, the in tegra ted  
va lues  of  the t r a n s m i s s i o n  of gas  rad ia t ion  throl;gh a gas  accord ing  to C u r t i s - G o d s o n  a ~ g A .  S. NevskiL 
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D E T E R M I N A T I O N  OF T H E R M O P H Y S I C A L  

P R O P E R T I E S  OF S E M I C O N D U C T O R S  F R O M  

M E A S U R E M E N T  OF E T T I N G S H A U S E N  E F F E C T  

BY M E T H O D  OF V A R I A T I O N  OF M A G N E T I C  

F I E L D  

I .  S .  L i s k e r  a n d  M. B. P e v z n e r  UDC 538.665 

A method is proposed for determination of the thermophysical coefficients of semiconductors by 
measurement of the Ettingshausen effect in the unsteady state following the application or re -  
moval of a magnetic field. 

Investigation of the main galvano- and thermomagnetic effects (GTME) in semiconductors is widely used 
to obtain information about the electric and magnetic properties of the object [1-4]. The main effects in the 
specimen are accompanied by superposed thermal effects (Peltier, Ettingshausen, etc.) due to energy transfer 
by electrons. Lisker [3] proposed an experimental method of determining the kinetic parameters of solids by 
varying the thermal, electric, and magnetic fields. This enabled him [4] to separate and measure both the main 
and superposed effects. In view of this it is also possible to determine the thermophysical characteristics of 
the investigated materials from measurements of the superposed effects. One method, based on the use of the 
Ettingshausen effect, is examined in this paper. We propose a method of determining the thermal diffusivity k 
and the thermal conductivity X from experimental measurements of the Ettingshausen effect in the unsteady 
state. 

The Ettinghausen galvanomagnstic effect is a thermal, i.e., inertial concomitant of the Hall effect, and is 
characterized by the formation in the specimen of a temperature drop in a direction perpendicular to the cur-  
rent I flowing through it and also to the magnetic field H applied to it. In the steady state the Ettinghausen 
temperature drop AT E and the heat flux w E corresponding to it are given by the expressions [2] 
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460-465, March, 1979. Original article submitted April 11, 1978. 
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