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EXPERIMENTAL STUDIES OF THERMOELECTRIC
PARAMETERS OF MATERIALS FORMING PART
OF THERMOELECTRIC MODULES

The design of equipment for measuring the parameters of thermoelectric generator and cooling modules
is presented, as well as a description of the method for determining the thermoelectric properties of
materials used in these modules. The equipment was created on the basis of the absolute method, which
makes it possible to determine the parameters of modules in real conditions of their operation and allows
instrumental minimization of the main sources of measurement errors. The results of experimental studies
of the parameters of thermoelectric modules carried out using the developed equipment are presented.
Key words: thermoelectric module, electrical conductivity, thermoEMF, thermal conductivity,
thermoelectric material, measurement.

Introduction

General characterization of the problem

Quality control of thermoelectric converters of modules plays an important role in their
development, as well as in the creation on the basis of these modules of thermoelectric devices for
cooling and generation of electricity. Such control is carried out by measuring the parameters of
thermoelectric modules - cooling capacity, coefficient of performance and temperature difference on the
module for thermoelectric coolers; efficiency, electric power — for thermoelectric generators. One of the
best measurement methods in this case is the absolute method [1, 2], which allows one to determine the
parameters of modules in real conditions of their operation, makes it possible to instrumentally minimize
the main sources of measurement errors, and also obtain information about the properties of the material
forming part of the module, namely thermoEMF, electrical conductivity and thermal conductivity of a
pair of thermoelectric legs [3 — 5].

The Institute of Thermoelectricity of the National Academy of Sciences and the Ministry of
Education and Science of Ukraine has developed a universal electronic control system and automated
measuring equipment based on it, which makes it possible to measure the parameters of thermoelectric
modules and the thermoelectric properties of materials forming part of them for a wide range of
operating temperatures: from — 50 to 100 °C for cooling modules and from 30 to 600 °C for generator
modules [6 — §].
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The purpose of this work is to conduct experimental studies of the developed equipment and
confirm its expected capabilities.

1. Description of method and equipment for determining the properties of thermoelectric
materials forming part of thermoelectric power converters

The appearance of the developed equipment for measuring the parameters of thermoelectric
modules and determining the thermoelectric properties of materials forming part of them is shown in
Fig. 1.

Fig. 1. Appearance of equipment for measuring parameters of thermoelectric modules.

Diagrams of the absolute method, taken as a basis for creating equipment for determining the
parameters of generator and cooling thermoelectric modules, are shown in Fig. 2 and Fig. 3, respectively.

To determine the parameters of the generator thermoelectric module, the latter is placed between
two heat-equalizing plates, which in turn are located between the electric heater and the heat meter
(Fig. 2). The other side of the heat meter is in contact with the thermostat. With the help of an electric
heater, a given temperature difference is created on the module and the EMF Etgm which occurs at the
module wires, is measured. Following that, a matched electrical load is connected to the module wires,
whereby the voltage on the module wires will become equal to half the EMF. The values of the electric
current Itgm passing through the module, the voltage on its wires Urem are measured, and with the help
of a heat meter, the value of the heat flux Q;, removed from the cold side of the module to the thermostat,
is determined. The electrical power of module P and its efficiency n are determined by the formulae

P =1y Uspn s (1)
P
-t @
O, + Py

where Item and Urgwm is current and voltage of module, 0 is heat flux which is removed from the cold
side of module and determined by means of a heat meter.
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Fig. 2. Absolute method of measuring parameters of thermoelectric generator modules: 1 — thermostat;
2 — heat meter; 3, 5 — heat-equalizing plates; 4 — module under study; 6 — heater,

8 —clamp; 10, 11 — thermocouples.

Fig. 3. Absolute method of measuring parameters of thermoelectric cooling modules: 1 — thermostat,
2, 4 — heat-equalizing plates; 3 — module under study; 5 — reference heater,
6 — thermal insulation; 7 — protective heater; 8 — clamp; 9 — zero thermocouple; 10, 11 — thermolcouples.

When determining the parameters of the cooling modules, a protective heater is additionally used,
which prevents heat loss from the heater through the clamping mechanism (Fig. 3). The values of cooling
capacity Qo, temperature difference AT and coefficient of performance ¢ are determined by the formulae

0,=1,-U,, (3)

AT =T -T,, “)
0,

— =0 5

£= %)
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where /Iy and U is current through the heater and voltage drop thereupon, 77 is the cold side temperature of
module, 75 is the hot side temperature of module, W is electrical power consumption of the module.

To find the properties of the thermoelectric material forming part of the modules, the technique
described in detail in [3, 5] was used.

The average values of electrical conductivity, thermoEMF, thermal conductivity and figure of merit of
the material of thermoelectric module legs are determined by the formulae

hl

1
R b
%Nal 1
E
a:@.KZ’ (7)
AT
o
:_4]\/_}11 K. ®)
AT a,-b °
2
z7=29 )
K

where Ry is module resistance measured on the alternating current; a; x b; is cross-section of legs; 4; is the
height of legs; N is the number of pairs; £ is module EMF; ATis temperature difference between
thermocouples placed on heat-equalizing plates with a module under study arranged between them; Q is heat
flux through the module; K; — K3 are correction factors to reduce the magnitude of measurement errors,
calculated for a given design of the module and measuring equipment or determined experimentally.

2. Results of experimental studies

Figs. 4 and 5 show an example of the results of measuring the parameters of an Altec-22 type
thermoelectric module on the developed equipment, namely, the dependence of the cooling capacity

(Fig. 4) and the coefficient of performance (Fig. 5) on the power supply and temperature difference at
T,=20 °C.
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Fig. 4. Dependence of cooling capacity QO of thermoelectric module of the type Altec-22
on the power supply of module W,, and temperature difference thereupon at T, = 20 °C.
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Fig. 5. Dependence of coefficient of performance &, of thermoelectric module of the type Altec-22 on the power
supply of module W,, and temperature difference thereupon at T, = 20 °C.

Figs. 6, 7 show an example of the results of measuring the parameters of an Altec-1061 type

thermoelectric module on the developed equipment, namely, the dependence of the efficiency and

maximum useful electrical power of module on the hot side 7} and cold side T, temperatures of module.
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Fig. 6. Dependence of the efficiency n of thermoelectric module of the type Altec-1061 on the hot side Tj
and cold side T. temperatures of module.
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Fig. 7. Dependence of maximum useful electrical power P of thermoelectric module
of the type Altec-1061 on the hot side Ty and cold side T. temperatures of module.

According to the method detailed in paragraph 1, the thermoelectric properties of materials
forming part of the cooling module of Altec-22 type and the generator module of Altec-1061 type were
determined. The research results are presented in Table 1 and Table 2, respectively.

Table 1
Results of determining the properties of thermoelectric materials used in cooling module
of the type Altec-22

Ty, °C 75,°C | Twe,°C | 6,0hm™-cm” | o, w°C |k, W/(m-=C) | Z-10° 1/°C
100 90 95 661 222.0 1.62 2.02
80 70 75 687 2225 1.59 2.14
60 50 55 780 220.4 1.54 2.45
40 30 35 854 216.0 1.55 2.57
20 10 15 937 209.3 1.58 2.60

0 ~10 -5 1028 200.3 1.64 2.52
~20 ~30 ~25 1078 194.9 1.68 2.44
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Table 2

Results of determining the properties of thermoelectric materials used in generator module
of the type Altec-1061

Ti, °C T», °C Tve, °C | o, Ohm™-cm’ a, u/°C K, W/(m-°C) | Z-10°, 1/°C
40 30 35 1674 141.0 1.99 1.67
80 30 55 1550 147.3 1.92 1.75
120 30 75 1435 152.7 1.89 177
160 30 95 1328 157.2 1.89 1.74
200 30 115 1231 160.7 1.93 1.64
240 30 135 1142 163.3 2.01 151
280 30 155 1062 165.0 2.13 1.36
320 30 175 991 165.8 2.28 1.19

The errors of the method used (with regard to corrections) are: when determining electrical
conductivity — 2 — 3 %, thermoEMF — 3 — 5 %, thermal conductivity — 5 — 7 %.

Comparison of the obtained results with the properties of the initial materials used to manufacture
these modules, determined on the high-precision equipment "ALTEC-10001", allows obtaining
information about such important module parameters as the effect of contact and interconnect resistance
on its efficiency. This information is extremely important for improving modules design.

Conclusions

1. The design of automated equipment for measuring the parameters of thermoelectric generator and
cooling modules is described, as well as a method for determining the thermoelectric properties of
materials in these modules. The equipment was created on the basis of the absolute method, which
makes it possible to measure the parameters of thermoelectric modules and the thermoelectric
properties of materials in them for a wide range of operating temperatures: from — 50 to 100 °C for
cooling modules and from 30 to 600 °C for generator modules.

2. The developed equipment was used to study the parameters of serial thermoelectric cooling modules
of Altec-22 type and generator modules of Altec-1061 type. The possibility of determining the
properties of thermoelectric materials forming part of these modules has been experimentally
confirmed.
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EKCIHIEPUMEHTAJIBHI JOCJII/UKEHHSA
TEPMOEJIEKTPUYHUX ITAPAMETPIB MATEPIAJIIB
Y CKUIAAI TEPMOEJIIEKTPUYHUX MOJIYJIIB

Haseoeno koncmpyxyito 061a0HanHHsA 0N GUMIDIOSAHHS NAPAMEMPIE MEPMOENEKMPULHUX 2eHEPAMOPHUX
Ma XON0OUTbHUX MOOYIB, A MAKOIC ONUC MEMOOUKYU BUSHAYEHHS MEPMOSTEKMPULHUX GTIACMUBOCTET
Mamepianie y cknaodi yux mooynie. OO1a0HaAHH CMBOPEHO HA OCHOBI ADCOTOMHO20 MeMOo0y, WO 003608
BUBHAUAMU Napamempu MOOYIIE V PealbHUX YMOoeax ix excniyamayii ma 0ae MONCIUGICHb
IHCMPYMEHMAanbHO MIHIMI3Y8amu OCHOBHI ddcepen NoXUOOK eumiprosans. Ilpedcmasnero pesynomamu
EKCNepUMEHMANIbHUX — OOCTIIOJNCEHb  NAPAMEMPIE  MEPMOSIEKMPUUHUX  MOOY/I8, NpPO8eOeHUx 3a
00NnOMO2010 PO3POONIEHO20 OONAOHAHHA.

KaiouoBi cioBa: TepMOeleKTpUYHUI MOJYIIb, €JIEKTPONpPOBiIHICTh, TepMOEPC, TeronposiqHicTs,
TEPMOEJIEKTPUYHIIN MaTepiall, BAMiPIOBaHHS.
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