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Annotation: Thermoelectric sensors utilize the Seebeck effect, where a voltage is
generated across junctions of dissimilar materials due to temperature differences. This
voltage, proportional to the temperature gradient and governed by the Seebeck
coefficient SSS, forms the basis for measuring temperature in various applications. The
construction typically involves thermocouples—pairs of conductors—to create junctions
exposed to different temperatures. These sensors find wide application in temperature
monitoring across industries like HVAC, automotive, and medical sectors. They also
contribute to thermal management systems and energy harvesting technologies,
converting waste heat into usable electrical energy. Challenges include enhancing
material efficiency (ZT factor) and integration with electronic systems, promising
advancements in nanotechnology and materials science.
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INPUHOMUII PABOTbI U OITMCAHUE TEPMOJ3JIEKTPUYECKHUX JATYUKOB.

A6aynaxaaoB A6ayxainsa A6ayBaJsiv YF/IU
Cmydenm, HamaHzaHckull UH}¥CeHepHO-MeXHO/02UYECKUU UHCmumym

AHHoTauus: Tepmossekmpuueckue damyuku ucnov3yrom agpgpexkm 3eebeka, npu
KOMOPOM HANPSXCEHUE 2eHepupyemcsi Ha COeQUHEHUSIX PA3HOPOOHbIX MAMEPUAL08 U3-
3a pasHuybl memnepamyp. 3ImO HANPAN}CEHUE, NPONOPYUOHA/AbHOe 2padueHmy
memnepamypbl U pezyaupyemoe KoaggpuyueHmom 3eebeka SSS, cocmasssiem 0CHO8Y
0/151 u3mepeHuss memnepamypbsl 8 pa3/aAUYHbIX npujaodxceHusx. Koncmpykyus o6biuHO
gK/I04aem mepmonapsbl — napsbl NpoB8OJHUKO8 — 045 co30aHusi coeduHeHul,
noodsepzarouwjuxcsi 803delicmeuilo pasHblx memnepamyp. Imu damyuku HAxo0sim
WupoKoe npumeHeHue 8 KOHMpoJle memnepamypsul 8 makux ompacasx, kak HVAC,
asmomobusecmpoeHue u meduyuHa. OHU makdxce 6Hocsim 8kAad 8 cucmeMbl
mepmopezyaupo8aHusi U mexHoJ/02uu c6opa 3Hepauu, npeobpaszysi ompabomaHHoe
men/so 8 noJe3Hy 3JeKkmpuyeckyto 3Hepzuto. IIpobsaembl 8K/HOUAOM NOBbIUIEHUE
agpgpekmusHocmu mamepuanos (pakmop ZT) u uHmezpayurd ¢ 3/1eKMPOHHbIMU
cucmemamu, MHO2006ewarujue docmudiceHus 8 HAHOMEXHO102UsX u
MamepuanogedeHuU.

KiloueBble ciaoBa: mepmossekmpuveckue damuuku, 3¢gdekm 3eebeka,
Koagpguyuenm 3eebekda, mMepMoOnapsl, U3IMEpPEeHUe memnepamypbsl, ynpasaeHue
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memnepamypotl, c6op 3Hepeuu, ¢akmop ZT, 8blpabomka 3/4eKMpPO3HEP2UU,
Npu/a0XHceHusl

Working Principle and Descriptions of Thermoelectric Sensors

Thermoelectric sensors are integral components in modern temperature
measurement and thermal management systems. They operate on the principle of the
Seebeck effect, discovered by physicist Thomas Johann Seebeck in 1821, which states
that a temperature difference between two dissimilar conductors produces a voltage
difference between them. This phenomenon forms the basis of thermoelectric sensing
technology, where temperature variations are converted into electrical signals for
measurement and control purposes.

Mathematical Formulation:

V=Sag-(Ts-Ta)-Scp*(Tp-Tc)

[ V: Total voltage generated in the circuit.

[J Sas, Scp: Seebeck coefficients of the two thermoelectric material pairs.

[J Ta,Ts,Tc,Tp: Temperatures at the junctions A, B, C, and D, respectively.

Components of Thermoelectric Sensors

1. Thermocouples: These are the fundamental building blocks of thermoelectric
sensors. A thermocouple consists of two dissimilar metal wires joined at one end,
known as the hot junction, and connected to a measurement circuit at the other end,
known as the cold junction. When there is a temperature gradient between the hot and
cold junctions, an electromotive force (EMF) is generated due to the Seebeck effect.
This EMF is proportional to the temperature difference and can be measured to
determine the temperature at the hot junction.

2. Reference Junction: The cold junction of a thermocouple serves as the
reference point where the temperature is known or controlled. This reference
temperature is crucial because the output voltage of the thermocouple depends not
only on the temperature at the hot junction but also on the temperature at the cold
junction.

3. Measurement Circuit: Thermoelectric sensors are typically connected to
specialized measurement circuits that accurately convert the small voltage signals
generated by thermocouples into digital temperature readings. These circuits often
include compensation techniques to adjust for the influence of ambient temperature
variations on the sensor's output.

Operating Principles

1. Seebeck Effect: When there is a temperature difference between the hot
and cold junctions of a thermocouple, it generates a voltage that is proportional to this
temperature difference. This voltage can be measured and calibrated to accurately
determine the temperature at the hot junction.

2. Linearity and Calibration: The output voltage of a thermocouple is linearly
related to the temperature difference between its hot and cold junctions within a
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specified temperature range. However, accurate temperature measurement requires
precise calibration to account for the non-linearities and characteristics of the
thermocouple materials.

3. Application in Temperature Sensing: Thermoelectric sensors find
applications in a wide range of industries, including industrial process control,
automotive, aerospace, and scientific research. They are valued for their durability,
simplicity, and ability to operate in extreme temperatures and harsh environments.

Types of Thermocouples

There are various types of thermocouples, classified based on the materials used
for their wires (e.g., Type K, Type ], Type T) and their temperature measurement
ranges. Each type has specific characteristics suited for different applications, such as
high-temperature environments (Type S, Type R) or cryogenic temperatures (Type E).

Adiicnnbinan wonad b S lnnalcina

Advantages and Limitations

Advantages:

—Wide temperature measurement range (-200°C to 2000°C or more).

—Quick response time.

—Robust and reliable in harsh conditions.

—Can be used in remote or inaccessible locations.

Limitations:

—Low sensitivity compared to other temperature sensors.

—Requires cold junction compensation for accurate measurements.

—Non-linear output that requires calibration over the entire temperature range of
interest.

Conclusion

Thermoelectric sensors, based on the Seebeck effect, play a vital role in modern
temperature measurement and control systems. Their ability to convert temperature
differences directly into electrical signals makes them indispensable in diverse
industries where precise temperature monitoring is critical. Advances in material
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science and electronics continue to enhance the performance and reliability of
thermoelectric sensors, ensuring they remain a cornerstone of thermal management
technology well into the future.
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