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THE IMPACT OF A THERMOELECTRIC SUPPLY  
ON THE ACCURACY OF TEMPERATURE  

AND HEAT FLUX MEASUREMENT 

In this paper, the accuracy of human body temperature and heat flux measurement with a 
thermoelectric supply on its surface has been studied. For this purpose, physical, mathematical 
and computer models of biological tissue with a thermoelectric sensor and a thermoelectric 
supply have been constructed. Object-oriented computer simulation was used to obtain the 
distributions of temperature and heat fluxes with regard to blood circulation and metabolism of 
biological tissue. Dependences describing the impact of a thermoelectric supply power and its 
distance from a thermoelectric sensor on the accuracy of temperature and heat flux 
measurement have been defined. 
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Introduction 
Low-power thermoelectric supplies (10–1 W – 10–4 W) offer a number of attractive properties, 

so the possibilities of their application are studied more and more intensively [1-13]. Among them of 
particular interest are thermoelectric supplies using human heat for their operation. For instance, they 
are beneficial for the diagnostics of human health status by long-term measurement of temperature and 
heat fluxes [14-24]. However, if such a supply is arranged sufficiently close to temperature and heat 
flux sensors, it can affect their readings. 

So, the purpose of this paper is to study the impact of thermoelectric supplies on the results of 
measuring temperature and heat fluxes on human skin surface. 

A physical model of biological tissue with a thermoelectric sensor  
and a thermoelectric supply 

Such a model is given in Fig. 1. Here, an area of human skin is a structure consisting of three 
layers (epidermis 1, dermis 2, subcutis 3) and internal tissue 4. This structure is characterized by 
thermal conductivity κі, specific heat Сі, density ρі, blood perfusion rate ωb, blood density ρb, blood 
heat capacity Сb and specific heat release qmet due to metabolic processes (Table 1). The respective 
biological tissue layers 1 – 4 are regarded as the bulk sources of heat qi, where: 

 ( ),  1 ..4.i met b b і b iq q С T T і= + ρ ⋅ ⋅ω ⋅ − =  (1) 

Тb is blood temperature, Ті is temperature of the i-th layer of biological tissue. The geometric 



L.I. Anatychuk, R.R. Kobylianskyi, I.A. Konstantinovich 
The impact of a thermoelectric supply on the accuracy of temperature and heat flux measurement 

 Journal of Thermoelectricity №6, 2013 ISSN 1607-8829 50

dimensions of each layer are designated as ai, bi and li, and the temperatures at the boundaries of the 
respective biological tissue layers - as T1, T2, T3 and T4. 

 

Fig. 1. A physical model of biological tissue with a thermoelectric sensor  
and a thermoelectric supply:1 – epidermis, 2 – dermis, 3 – subcutis, 4 – internal tissue,  

5 – thermoelectric  temperature and heat flux sensor, 6 – heat-leveling plate,  
7 – thermoelectric supply, 8 – heat sink. 

A thermoelectric temperature and heat flux sensor 5 is a rectangular bar of dimensions a5, b5, l5, 
consisting of semiconductor thermocouple elements connected into a series circuit and a dielectric 
package with embedded temperature sensor (thermistor) [25]. The thermoEMF [1, 2] developed by the 
thermoelectric sensor is given below: 

 ,E N T= α ⋅ ⋅ Δ  (2) 

where α is the Seebeck coefficient, N is the number of thermoelectric material legs, ΔT is temperature 
difference between the sensor’s upper and lower surfaces. The number of thermoelectric material legs 
in the temperature and heat flux sensor is N = 1500 – 3000 pcs. Simulation of a thermoelectric sensor 
with such a number of elements is an intricate problem even for modern personal computers. At the 
same time, from formula (2) it is evident that the sensor’s EMF value is mainly influenced by 
temperature difference ΔT between its surfaces. Therefore, to reach the purpose set in this paper, it is 
quite sufficient to replace a thermoelectric sensor having a large number of elements by the bulk 
homogeneous medium of equivalent thermal conductivity κ. Then, on the basis of calculated ΔT, one 
can easily determine the sensor’s EMF and then determine heat flux density according to calibration 
plots of EMF and heat flux. 
The skin surface layer (epidermis 1) of temperature Т5 is in the state of heat exchange with heat- 
leveling plates 6 of high thermal conductivity material whose geometric dimensions are a6, b6, l6. Let 
us denote contact surface temperature Т6. Located on the surface of biological tissue (epidermis 1)  
is a thermoelectric sensor 5 with the geometric dimensions a5, b5, l5 and contact surface temperature 
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Т7, as well as a thermoelectric supply 7 with the geometric dimensions a7, b7, l7 and contact surface 
temperature Т8. 

Table 1 
Thermophysical properties of human biological tissue [26-30] 

Biological tissue layers Epidermis Dermis Subcutis 
Internal 
tissue 

Thickness, 
l (mm) 

0.08 2 10 30 

Specific heat, 
S (J·kg–1·K–1) 

3590 3300 2500 4000 

Thermal conductivity, 
κ (W·m–1·K–1) 

0.24 0.45 0.19 0.5 

Density, 
ρ (kg⋅m–3) 

1200 1200 1000 1000 

Metabolism, 
qmet (W·m–3) 

368.1 368.1 368.3 368.3 

Tissue blood  
perfusion rate,  
ωb (m3·s–1·m–3) 

0 0.00125 0.00125 0.00125 

Blood density, 
ρb (kg·m–3) 

1060 1060 1060 1060 

Blood heat capacity, 
Сb (J·kg–1·K–1) 

3770 3770 3770 3770 

Free surfaces of the thermoelectric sensor 5 of temperature Т7 and the thermoelectric supply 7 of 
temperature Т8 are in the state of heat exchange with the environment of temperature Т9 which is taken 
into account by heat exchange coefficient α1 and emissivity coefficient ε1. Specific heat flux from the 
surface of the thermoelectric sensor 5 to the environment is q5, from the surface of heat sink 8 to the 
environment is q7, from free skin surface – q8, and specific heat flux of human internal bodies – q6. 

Heat exchange between the skin surface and the environment of temperature Т9 is taken into 
account by heat exchange coefficient α2 and emissivity coefficient ε2. Skin heat exchange due to 
perspiration is disregarded. 

As long as a physical model of biological tissue is a four-layered area, with identical 
biochemical processes occurring in adjacent layers, it can be assumed that there is no heat overflow 
along the biological tissue (q = 0). 

Mathematical description and a computer model 
A general equation of heat exchange in biological tissue is as follows [26-30]: 

 ( ) ( ) ,b b b b met
Tk T C T T q C
t

∂
∇ ⋅∇ + ρ ⋅ ⋅ω ⋅ − + = ρ ⋅ ⋅

∂
 (3) 

where ρ is the density of corresponding biological tissue layer (kg/m3), С is specific heat of biological 
tissue layer (J⋅kg–1·K–1), ρb is blood density (kg/m3), Сb is specific heat of blood (J⋅kg–1·K–1), ωb is blood 
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perfusion rate (m3·s–1·m–3), Тb is human blood temperature (°С), where Тb = 310.15 K, qmet is the specific 
amount of metabolic heat (W/m3). 

The summand in the right-hand side of equation (3) is the rate of change in thermal energy 
comprised in the unit volume of biological tissue. Three summands in the left-hand side of this 
equation are the rate of change in thermal energy due to thermal conductivity, blood perfusion and 
metabolic heat, respectively. 

To solve the problem formulated in this work, it is sufficient to consider a three-dimensional 
steady-state model. Then equation (3) will acquire the form (4): 

 
2 2 2

2 2 2( ) ( ) 0.b b b b met
T T Tk C T T q

x y z
∂ ∂ ∂

⋅ + + + ρ ⋅ ⋅ω ⋅ − + =
∂ ∂ ∂

 (4) 

A steady-state equation of heat exchange in biological tissue (4) is solved with the 
corresponding boundary conditions (5 – 6): 
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where q is heat flux density, Т is absolute temperature, Т0 is ambient temperature, α is heat exchange 
coefficient, ε is emissivity coefficient, σ is the Boltzmann constant. 

To determine the impact of a thermoelectric supply on the accuracy of temperature and heat flux 
measurement by a thermoelectric sensor, a three-dimensional computer model of biological tissue having 
on its top a thermoelectric supply and a sensor was created. For construction of a computer model,  
the Comsol Multiphysics software package was employed [31], enabling simulation of thermophysical 
processes in biological tissue with regard to blood circulation and metabolism. 

 

Fig. 2. Finite element method mesh. 

The distribution of temperature and heat flux density in human biological tissue, the 
thermoelectric temperature and heat flux sensor and the thermoelectric supply was calculated by finite 
element method the essence of which is that an object under study is split into a large number of finite 
elements (Fig.2), for each of which the value of function is found which satisfies given differential 
equations of second kind with the respective boundary conditions. The accuracy of solving the 
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formulated problem depends on the method of splitting and is assured by using a large number of 
finite elements [31]. 

Computer simulation results 
Object-oriented computer simulation was used to obtain the distributions of temperature 

(Fig. 3, 4) and heat flux density lines in human biological tissue, the thermoelectric temperature and 
heat flux density sensor and the thermoelectric supply. 

 

Fig. 3. Temperature distribution in human biological tissue having on its top a  thermoelectric  
temperature and heat flux sensor and a thermoelectric supply for the case  

of a distance between them L = 0.5 cm and supply  power P = 0.6 mW, corresponding  
to cross-sectional area S = 4 cm2. 

 
Fig. 4. Temperature distribution in human biological tissue having on its top a thermoelectric   

temperature and heat flux density sensor and a thermoelectric supply for the case  
of a distance between them L = 4 cm and the  thermoelectric supply power  

P = 2.23 mW, corresponding to cross-sectional area S = 16 cm2. 

Computer simulation was used to define dependences describing the impact of the thermoelectric 
supply power and its distance from the thermoelectric sensor on the accuracy of temperature and heat 
flux measurement (Figs. 5 – 8). 
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Fig. 5. The error of measuring temperature ΔТ versus the distance between the sensor  

and the thermoelectric supply. 

 
Fig. 6. The error of measuring heat flux density Δq versus the distance between  

the sensor and the thermoelectric supply. 

Calculations have been made for the ambient temperature Т = 20 °C, the geometric dimensions 
of the thermoelectric temperature and heat flux sensor (20 × 20) mm2 and heat exchange coefficients 
of  the biological tissue, sensor and thermoelectric supply with the environment α = 10 W/m2·K. 

 
Fig. 7. The error of measuring temperature ΔТ versus the thermoelectric supply power. 
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Figs. 5 – 6 represent dependences showing the impact of the thermoelectric supply distance 
from the thermoelectric sensor on the errors of measuring temperature ΔТ and heat flux density Δq by 
the thermoelectric sensor. 

Figs. 7 – 8 represent dependences showing the impact of the thermoelectric supply power on the 
errors of measuring temperature ΔТ and heat flux density Δq by the thermoelectric sensor. 

 
Fig. 8. The error of measuring heat flux density Δq versus  

the thermoelectric supply power. 

From Figs. 5 to 8 it is evident that arrangement of the thermoelectric supply at a distance not 
less than L = 5 cm from the temperature and heat flux sensor leads to measurement errors that do not 
exceed ΔT = 0.01 °С and Δq = 0.001 mW/cm2, respectively. With the arrangement of the sensor and 
the thermoelectric supply at a distance of L = 2 cm, maximum error of temperature measurement is 
ΔT = 0.1 °C. The above errors of temperature measurement are valid for thermoelectric supplies of 
power P = 0.08 ÷ 2.23 mW (Fig. 5). Similarly, with the arrangement of the sensor and the 
thermoelectric supply at a distance of L = 1 cm, maximum error of heat flux density measurement is 
Δq = 0.25 mW/cm2, and at the distance of L = 2 cm maximum error of heat flux density measurement 
is Δq = 0.05 mW/cm2 (Fig. 6). 

Conclusions 
1. Object-oriented computer simulation was used to obtain temperature and heat flux distributions in 

human biological tissue, which afforded an opportunity to determine the impact of the 
thermoelectric supply on the accuracy of temperature and heat flux measurement by the 
thermoelectric sensor. 

2. Dependences describing the impact of the thermoelectric supply power and its distance from the 
thermoelectric sensor on the accuracy of temperature and heat flux measurement have been defined. 
In particular, it has been found that with the arrangement of the thermoelectric supply at a distance 
not less than L = 5 cm from the temperature and heat flux sensor, the errors of temperature and heat 
flux measurement do not exceed ΔT = 0.01 °С and Δq = 0.001 mW/cm2, respectively. 
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