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We investigate the dependence of the transverse electromotive force and efficiency ratio of  an anisotropic 

thermoelement on the crystaUograplu'c orientation in the case where the anisotropy of the coefficients of 

thermal emf  and thermal conductivity are taken into account. 

Along with thermoelements  that are based on the effect of the anisotropy of the thermal-emf  coefficient 

[ 1 ], optical thermoelements  based on the anisotropy of the thermal-conductivity coefficient (AOT) are also of great 

interest; they form the basis for a number  of original thermoelectric instruments and devices [2 ]. Below we consider 

an AOT that is a plate 1 with specified dimensions a, b, and c (see Fig. 1) made of a material  that is considered 

to be anisotropic with respect to the coefficients of thermal emf ~ and thermal conductivity ~'. In a laboratory 

coordinate system (X, Y, Z) turned through the angle ,p in the X O Y  plane with respect to the crystallographic 
A 

system (X', Y', Z') the tensors ~ and Z have the form 

• 2 2 
t~ II s i n  ~o "-t- a . lCOS ~o 

A 

a = (a ~1 + a-t) sin ~o cos ~, 

0 

( a ,  - a±)  sin ~ cos ~o 0 
2 2 

a~tcos  ~o + a ± s i n  ~o 0 

0 ct± 

• 2 2 
X II sm ~ + ~(±cos ~o (3( u - g.0 sin ~o cos ~o 0 

2 2 
( Z  H - g±) sin ~o cos ~o X II cos ~o + z±sin ~o 0 

0 0 Z± 

(1) 

A radiant  flux of density q0 is incident on the upper face of this thermoelement.  The  lower face is in contact 

with a thermostat  2 at T = T 0. The transverse thermal emf e is taken off by means of leads 3 located on the end 

faces of the plate 1. The  upper and side faces of the plate are insulated adiabatically by evacuation; edge effects 

are not taken into consideration (a -- c >> b) [3 ]. The  wavelength of the incident radiat ion flux lies within the 

t ransparency range of the material of the thermoelement and the thermostat .  Passage of a uniform monochromatic  

flux of density q0 and wavelength ~. through the plate causes the appearance in it of a tempera ture  gradient  and 

the associated transverse thermal emf [3 ]. 

We find the temperature distribution from the basic law of heat conduction in the presence of internal heat 

sources: 

OT 1 ~ Oqi q----Lv (2) 

Ot - cod Ox-~i + cod ' i=1 

where d is the density; co is the specific heat capacity of the thermoelement  material; qv is the quanti ty of heat 

l iberated by the internal  sources in a unit volume per unit time. 
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Fig. 1. Anisotropic optical thermoelement: 1) plate made of thermoelectrically 

anisotropic optically transparent material, 2) removal of heat from the 

optically transparent heat-conducting material, 3) electrical leads; laboratory 

system of coordinates X Y Z  and orientation of the principal crystallographic 

axes X' Y'Z' of the single-crystal plate. 

For a stationary temperature distribution OT/Ot = O, in the approximation OT/Ox = OT/Oz = 0, Z12 < Z22, 

Eq. (2) has the form 

d2T 
- - +  qv=O Z22 dY 2 

(3) 

Using the well-known Bouger-Lambert law for qv, we obtain 

q v = q o T e x p  [ - 7 ( b - y )  i ,  
(4) 

where 7 is the coefficient of optical absorption of the thermoelement material. 

Substitution of Eq. (4) into Eq. (3) yields 

d2T 
- -  + qo r exp 1- r (b - y) 1 = 0 X22 dY 2 

(5) 

Solving Eq. (5) under the boundary ~.onditions 

dT] = 0 ,  T I y = o = T o ,  ~ y=b 

we obtain the temperature distribution inside the AOT in the following form: 

qo { exp(-Tb) [l_exPO, y)]}. 
T (y) = To + z~22 Y+ 7 

The strength of the thermoelectric field E T is determined by the relation 

(6) 

e r = ~"VT. (7) 

Substituting Eq. (6) into Eq. (7), we obtain 

T dT a12 
e x  = '~,2 dy - qo ~ { l  - exp l -  r (a - y~ ~}. (8) 

According to [4 1, the emf of the AOT is determined by the relation 
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l b Cf af ET dx  
¢ = b c  f dy dz x " 

0 0 0 

(9) 

Subs t i tu t ing  Eq. (8) into Eq. (9), with account  for Eq. (1), we obta in  an  express ion  for  the  emf  of the  AOT:  

£ 
qo a (a , - a ±) sin T cos ~o 

2 2 
g , c o s  ~ o + g ± s i n  ,p 

1 - - -  [1 - e x p ( - y b ) ]  . 
yb 

(10) 

Analys is  of Eq. (10) shows that  in the case  of: 

a) optical  t r ansmis s ion  (yb << 1) 

£ = 
qO a ( a  is - a x )  sin ~p cos 

2 2 
2 Of ,  cos ~o + ;~lsin ~o) 

yb ;  (11) 

b) bulk  absorp t ion  (yb = 1) 

qo a (a u - a ±) sin ~ cos ~o 
2 2 

e x p ( l )  I X , c o s  ~ o + z ± s i n  ~ol 

(12) 

c) su r face  abso rp t ion  (yb >> 1) 

qo a (a , - a ±) sin ~, cos ~o 
2 2 

, cos ~, + g±s in  ~o 

(13) 

T h e  eff ic iency of these  devices [5 ] is d e t e r m i n e d  by  the  re la t ion  [6]  

1 
r/ = r/c 1 + A , (14) 

where  r/c = (T 1 - T o ) / T  1 is the  Ca rno t  eff iciency ratio; A = B T o / A ;  A is the work  done  by  these  devices .  

T h z  ra te  of en t ropy  product ion  within the volume of the g e n e r a t o r  is [7] 

B =  T0 T] = x 2 2 S  T l dy ' 
y=O y=b 

(15) 

where  Q1 a n d  Q0 a re  the  hea t  a b s o r b e d  f rom the hea t e r  and  given to the  cooler,  respect ive ly ;  S = ac is the  cross  

sect ion of the  uppe r  and  lower  faces of the  AOT;  T[ is the  t e m p e r a t u r e  of the  uppe r  face.  

For  the case  of the  A O T  of the p rob lem cons idered ,  taking into account  Eqs. (6) and  (15) ,  we have  

qo ac (16) 
B =  [I - e x p ( - T b ) ] .  

T O 

We wri te  an expres s ion  for  the in tegra l  cu r ren t  I in the  AOT:  

E qo a (a it - a ± )  sin ~o cos ~o J 1 l 
I =  - -  - 2 2 1 - - -  [1 - e x p ( - y b ) ]  , (17) 

J R i + Rin (Z , cos  ~, + g±sin  ~,) ( R  i + Rin ) yb 

where  R i = p ( a / S ' )  is the  in terna l  res i s tance  of the AOT;  S'  = bc is the end - f ace  a rea  of the A O T ;  p is the  specific 

res i s tance  of the AOT mater ia l .  

T h e  work  done  by the  t h e r m o g e n e r a t o r  A = 12Rin , with account  for (17) at R i = Rin,  is 
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2 2 . 2 2 2 
i t - - a -0  Sin 9"cos 9" f } . (18) A = qo abe (a I 
---2-- -- ~ i - - -  I1 - exp ( -  ~,b) I 

4,0 (X II cos 9" + z±sin 9")2 ~'b 

Then for the dimensionless parameter A that enters into the expression for the efficiency factor of the generator,  
we have 

4p (Z , cos2 A = 9" + Zj-sin2 9") [I - exp ( -  yb) ] (19) 

q o b ( a ,  a_t_)2 sin2 2 { l }2" - 9"cos ~, 1 - (7b)- [1 - e x p ( - T b )  l 

Substituting Eq. (19) into Eq. (14), with account for Eq. (6), we obtain an expression for the efficiency in the form 

(qo b) (Z , cos2 2 t l} 9" + x±sin 9")-1 {1 + 0,b)- [exp ( - ) , b )  - 1 
r ]=  X 

TO + qo b (X IJ cos 9" + zxsin 1 + (yb) [exp ( -  yb) - 1 ] 

I 2 2 
x 1 + 4 p ( x , c o s  9" +x±s in  9")2 [1 - e x p ( - y b )  l 

qo b (a , a_t)2 sin 2 2 I - 9" cos 9" [1 - ( y b ) -  [1 - e x p ( - ) , b ) ] ]  2 

-1 

(20) 

Analysis of Eq. (20) shows that these AOTs can be used as energy transformers in the case yb >> 1, and 

their use in devices for recording and controlling high-power radiant energy [8 ] is possible when 7b << 1. 

From expression (10) it is seen that the transverse thermal emf depends on the magnitude of the angle 9". 
In our case the maximum value of the thermal emf is determined by the anisotropy of the coefficients of thermal 

I x  . . A 

emf a and thermal conductw~ty X and is observed at a certain value of 9'. Theoretical and experimental investigations 

and calculations show that ema x and rlmax are obtained for CdSb at 9" -- 35 °, for Bi at 9" = 38 °, and for ZnAs2 at 9" 

= 52 °. 

It should be noted that the expression for the thermoelectric quality of an AOT will be determined in our 

case by the regime of its operation: 

a) yb >> I 

Z = 

2 
a l2a  (21) 
~22 ' 

6) yb = 1 

2 
~I 2 cr 

Z -  
Z22 

- - - 1 1 -  e x p ( -  l ) l ,  (22) 

B) ~,b << 1 

2 
at  2 a (23) 

Z -  yb. 
•22 

Thus, the magnitude of the thermoelectric quality Z a, which enters into Eq. (20) and is specified by 
A 

relations (21)-(23), depends, apart from ~, Z, or, on the optical parameters of the AOT material. 

N O T A T I O N  

AOT, anisotropic optical thermoelement; ~,, thermal-emf coefficient; Z", thermal-conductivity coefficient; 9", 

angle of rotation of the laboratory coordinate system (XYZ) relative to the crystallographic system (X Y Z  ); a, b, 
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c, geometric dimensions of the anisotropic optical thermoelement; qo, radiant-flux density; 2, wavelength; T, 
temperature; d, density; co, specific heat capacity of the thermoelement material; qv, quantity of heat released by 

internal sources; y, coefficient of optical absorption; E T, thermoelectric-field strength; e, electromotive force; r/, 

efficiency ratio; B, rate of entropy production; A, work; S, area of the working faces of the anisotropic 

thermoelement; R, resistance; p, specific resistance; a, specific electrical conductivity; A, dimensionless parameter; 

Z, thermoelectric efficiency. 
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