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

thermoelement on the crystallographic 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 | with specified dimensions a, &, and ¢ (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 ¢ in the XOY plane with respect to the crystallographic
system (X, Y, Z") the tensors @ and )?have the form

al,sin2<p+alcosqu (@y—ay)sinpcosp O
a= (a y+ a,)singp cos p a“COSZP'FaLSiHZtP 0fi,
0 0 a
(1)
x“sinqu+chosztp Oy—x)sinpcose O
x= Oy — x ) singcos ¢ x"cos2qp+stin2<p 0
0 0 b

A radiant flux of density gg is incident on the upper face of this thermoelement. The lower face is in contact
with a thermostat 2 at T = T. The transverse thermal emf ¢ 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 = ¢ >> 4) [3]. The wavelength of the incident radiation flux lies within the
transparency range of the material of the thermoelement and the thermostat. Passage of a uniform monochromatic
flux of density gg and wavelength A through the plate causes the appearance in it of a temperature 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:

3o @)

where d is the density; cq is the specific heat capacity of the thermoelement material; g, is the quantity of heat
liberated 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 XYZ and orientation of the principal crystallographic
axes X' Y'Z' of the single-crystal plate.

For a stationary temperature distribution d7/df =0, in the approximation d7/dx =3dT/dz =0, (2 < x22,
Eq. (2) has the form

2
dT
dy

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

gy =qovexp [—y(b-y1I, )
where y is the coefficient of optical absorption of the thermoelement material.
Substitution of Eq. (4) into Eq. (3) yields
4T
X5 tarexp -y (b -»1=0. ()
dy
Solving Eq. (§) undci the boundary conditions
dT
T‘ =0 = TO I = 0 Y
y dy y=b
we obtain the temperature distribution inside the AOT in the following form:
99 exp (— yb) }
TO) =T+ ——{y+ ———=[1 = ) (6
0 =To+ o) {y ” [1 —exp(yy)] )
The strength of the thermoelectric field ET is determined by the relation
El = &vT. M
Substituting Eq. (6) into Eg. (7), we obtain
r__ 4T _ a9 8
Ex_alzdy_q()){zz{l exp l—y (b )’)]}- (3)

According to [4], the emf of the AOT is determined by the relation

537



lb [4 a T
e=7)—fdyfdsz\.dx. )
¢ o 0 0o

Substituting Eq. (8) into Eq. (9), with account for Eq. (1), we obtain an expression for the emf of the AOT:

goa (a | — a ) sin ¢ cos l
o (a ) ¥ 14 1 —— [l —exp(—yb)lt. (10)

X cos2 P+ ;(Lsin2 P yb

Analysis of Eq. (10) shows that in the case of:
a) optical transmission (yb <<1)

goa (@ y — a ) sing cos ¢
£ =

3 3 b; (1D
2 (x jcos ¢ + x, sin” p)
b) bulk absorption (b = 1)

goa(a y— ay)singcos ¢ ) (12)
2 .2 ’
exp (1) [x ycos” ¢ + x,sin” ]

¢) surface absorption (y4>> 1)

3 goa (@ —a )singpcos ¢y (13)

2 .2
X yCOS ¢ +x, sIin ¢
The efficiency of these devices [5] is determined by the relation [6 ]
R S 14)

where n¢c = (T} — To) /T, is the Carnot efficiency ratio; A = BT/ A; A is the work done by these devices.
Th: rate of entropy production within the volume of the generator is [7]

, (15)
y=b

where Qp and Qg are the heat absorbed from the heater and given to the cooler, respectively; S = ac is the cross
section of the upper and lower faces of the AOT; T is the temperature of the upper face.
For the case of the AOT of the problem considered, taking into account Egs. (6) and (15), we have

1 dT

1 dT
B=q, ~71, %S\,

T Ty dy

y=0

=€,(I),;‘C[l—exp(—yb)]. (16)
0

We write an expression for the integral current / in the AOT:

e goa (@  — « ) sin ¢ cos 1
S 1 YL L Y = —exp(= 01}, an
R;+ Ry, (x ycos'p +x,sin” 9) (R; + R;) rb

where R; = p(a/S") is the internal resistance of the AOT; S = bc is the end-face area of the AOT; p is the specific
resistance of the AOT material.
The work done by the thermogenerator A = 12R«m, with account for (17) at R; = Ry,. is
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Then for the dimensionless parameter A that enters into the expression for the efficiency factor of the generator,
we have

2 .2
A= dp (x ycos g + x,sin” ) (1 —exp (—~yH)] . (19)

2
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Substituting Eq. (19) into Eq. (14), with account for Eq. (6), we obtain an expression for the efficiency in the form

(905) (2 yeos” o +x,sin>9) ™ {1+ (78) ™" Lexp (- v8) - 11]

'7 =
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x <1+

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 controiling high-power radiant energy [8 ] is possible when yb << 1.

From expression (10) it is seen that the transverse thermal emf depends on the magnitude of the angle ¢.
In our case the maximum value of the thermal emf is determined by the anisotropy of the coefficients of thermal
emf @ and thermal conductivity fand is observed at a certain value of ¢. Theoretical and experimental investigations
and calculations show that eq,y and 7may are obtained for CdSb at ¢ = 35°, for Bi at ¢ = 38°, and for ZnAs; at ¢
= 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>>1
"
Zzﬁ’ (21)
6) yb=1
Zzgiill—ex - (22)
o p(— DI,
B) yb<<l1
a0 (23)
Z=727yb.

Thus, the magnitude of the thcrmoelectric quality Z,, which enters into Eq. (20) and is specified by
relations (21)-(23), depends, apart from a, f, o, on the optical parameters of the AOT material.

NOTATION

AOT, anisotropic optical thermoclement; a, thermal-emf coefficient; % thermal-conductivity coefficient; ¢,
angle of rotation of the laboratory coordinate system (XYZ) relative to the crystallographic system (X'YZ): a, b,
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¢, geometric dimensions of the anisotropic optical thermoelement; gg, radiant-flux density; A, wavelength; T,
temperature; d, density; cg, specific heat capacity of the thermoelement material; ¢,, quantity of heat released by
internal sources; y, coefficient of optical absorption; ET, thermoelectric-field strength; e, electromotive force; 7,
efficiency ratio; B, rate of entropy production; A, work; S, area of the working faces of the anisotropic
thermoelement; R, resistance; p, specific resistance; o, specific electrical conductivity; A, dimensionless parameter;
Z, thermoelectric efficiency.
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