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Abstract. 
The article presents the results of a study on the metrological characteristics of an 

innovative device designed to normalize the thermal state of the human body under elevated 

ambient temperature conditions. The proposed device operates by activating natural 

thermoregulatory mechanisms via the vascular network of specific body areas, particularly 

the palms, enabling effective blood cooling through heat dissipation under conditions of 

reduced pressure. The structural scheme of the system is analyzed, and the main sources of 

instrumental errors are identified, including those associated with body temperature 

measurement, pressure in sealed chambers, coolant temperature, and blood flow monitoring. 

The total instrumental error of the device was calculated to be ±0.66 °C, with a relative 
error of 1.8%, which falls within acceptable limits for bioengineering systems intended for 

use in harsh industrial environments 
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Modern thermal power installations play a key role in the 

production processes of many industrial sectors. Their 

widespread adoption is driven by the need for thermal 

treatment of materials to impart specific operational 

properties or to complete the production cycle of finished 

goods. The most common types of such installations are 

industrial furnaces: in metallurgy — blast furnaces, open-

hearth furnaces, steelmaking and rolling furnaces; in 

mechanical engineering — foundry, forging, and heat treatment 

furnaces; as well as kilns for firing ceramics. 

The operation of these installations is accompanied by 

intense heat generation, which significantly increases the 

air temperature in production facilities. This, in turn, 

creates an unfavorable microclimate for workers who are 

exposed to thermal loads for extended periods. The 

consequences may include not only increased fatigue and 

reduced work capacity, but also the development of 

pathological conditions associated with impaired 

thermoregulation of the body. 

In light of the aforementioned issues, there is a need to 

develop a technical device capable of maintaining a 

comfortable thermal state of the human body under conditions 

of excessive heat exposure. One potentially effective 

solution is the development of a thermotechnical device that 

cools the body by dissipating heat through peripheral areas, 

specifically the palms. 

The operation of the proposed device is based on the use 

of the vascular mechanism of thermoregulation, which 

functions through a dense network of blood vessels located 

near the skin surface. A key role in the heat regulation 

process is played by arteriovenous anastomoses (AVAs) — 

specialized structures that allow direct blood flow from 

arteries to veins, bypassing the capillaries [1,2]. These 

structures are capable of adaptively regulating heat transfer 

by adjusting the vessel lumen, which is controlled by smooth 

muscle fibers. 

In a cold environment, skin blood supply is minimized to 

reduce heat loss, whereas in high-temperature conditions, 

peripheral blood flow increases, promoting active heat 

dissipation from the core of the body. The most accessible 
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areas for influencing the thermoregulatory system are the 

palms, soles, and face [3,4]. Considering ergonomic factors, 

the palm area is the most practical choice for use in 

industrial settings. 

To implement the above principle, an innovative device 

was developed, the structural diagram of which is shown in 

Fig. 1.  

 

 
Figure 1 

Structural diagram of the thermoregulation device 

 

The main functional modules of the system include: 

1. Control Unit – coordinates the exchange of information 

between components, ensuring their synchronized operation. 

2. Pressure Regulation Module – creates a reduced 

pressure in sealed chambers to enhance heat dissipation 

through the skin. 

3. Heat Exchange Unit – cools the working medium (e.g., 

water, oil). 

4. Hydraulic and Electrical Connections – provide 

communication between the system’s elements. 

5. Sealed Hand Chambers – contain a contact surface for 

interaction with the cooling medium. 
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6. Heat Exchanger Control Module – maintains the required 

cooling temperature regime. 

7. Blood Flow Sensor – monitors physiological parameters 

of blood circulation. 

8. Temperature Sensor – records the user’s body 

temperature. 

The device operates through user interaction by inserting 

the palm into a cooling chamber. Under the influence of 

reduced pressure, peripheral blood circulation is activated, 

and direct contact with the cooling medium lowers the 

temperature of the circulating blood. The cooled blood returns 

to the core of the body, providing effective internal 

temperature reduction. 

The proposed thermotechnical device represents a 

promising solution for maintaining physiological comfort for 

workers operating in environments with high thermal loads. 

Its design is based on the natural thermoregulatory mechanisms 

of the human body, which allows for enhanced cooling 

efficiency without invasive interference with biological 

processes. 

Based on the analysis of the structural diagram of the 

developed device for normalizing human body temperature and 

the influencing environmental factors, an instrumental error 

accumulation scheme was developed, including the following 

components: 

– Error in measuring human body temperature; 

– Error in generating negative pressure in the vacuum 

chamber; 

– Error in maintaining the set vacuum in the hand 

enclosures (due to imperfect sealing); 

– Error in the connecting channels for the cooling agent 

(caused by external heating); 

– Error in measuring the temperature of the cooling 

liquid; 

– Error in measuring blood flow. 

The thermal impact of the cooling element that comes into 

direct contact with the hand may cause localized fluctuations 

in skin temperature, distorting the actual internal body 

temperature. Additionally, sensor imperfections — such as low 

sensitivity, slow response time, or calibration errors — may 
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lead to significant deviation between the measured and actual 

values. The temperature measurement error is characterized by 

the following value and equals 
0 3T , C =  

. 

Instability of the pressure generated by the vacuum pump 

causes inaccurate reproduction of the required negative 

pressure level in the sealed hand chamber. This may reduce 

the efficiency of heat dissipation from the palm and alter 

the temperature gradient, introducing error in the assessment 

of cooling efficiency. The error caused by the vacuum pump’s 

operation is due to the inaccuracy of negative pressure 

generation within the hand chamber and equals 
0 3P , C =  

. 

Incomplete sealing of the chamber construction, due to 

the presence of an opening with a gasket for hand insertion, 

leads to microleakages of air, which also reduces the accuracy 

of pressure maintenance. This component results in an error 

0 2cham , C =  
. 

Thermal influence from the external environment on the 

connecting channels (due to heated air in industrial 

facilities) alters the thermal mode of the cooling liquid 

along the segments from the heat exchanger to the hand 

enclosure, which lack proper thermal insulation. This affects 

the stability of the cooling system’s operation and may lead 

to uneven skin cooling. The magnitude of this error is 

0 5con.chan , C =  
. 

Non-uniform heat transfer between the cooling element and 

the liquid in the heat exchanger leads to temperature 

fluctuations of the fluid delivered to the palm cooling 

chamber. This, in turn, disrupts the set thermal regime 

required for accurate physiological state control. The error 

in measuring the coolant temperature in the heat exchanger 

equals 
0 2liq , C =  

. 

The blood flow sensor analyzes the physiological state 

based on heart rate and changes in microcirculation 

parameters. Inaccurate sensor operation or slow data refresh 

can result in an incorrect assessment of the body’s cooling 

needs, causing the set cooling medium temperature to be 
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mismatched with the body’s actual condition. The blood flow 

measurement error leads to temperature deviations generated 

by the device in the range of 
0 1bl . flow , C =  

. 

The total instrumental error of the developed device is 

determined by the formula [5,6]: 

 

2 2 2 2 2 2

I Т P cham con.chan liq bl . flow , =  +  +  +  +  + 
  (1) 

2 2 2 2 20 3 0 1 0 2 0 5 0 1 0 66I , , , , , , С. = + + + + = 
 

 

Relative error of the designed device: 
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where NT - normalized temperature value. 

 

The normalized temperature value is taken as the average 

statistical temperature of a human body under normal 

environmental conditions and satisfactory health. 
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The total instrumental error of the developed device is 

approximately ±0.66°C, and the relative error is 1.8%, which 

is an acceptable value for bioengineering systems operating 

in harsh industrial environments. 

Conclusions 

1. The proposed device for normalizing the thermal state 

of the human body demonstrates effective cooling based on 

localized heat dissipation through the palms, utilizing the 

natural vascular mechanism of thermoregulation. 

2. Analysis of the device’s design and operating 

principle allowed for the identification of key error sources 

that affect system accuracy: measurement errors of body 

temperature, pressure in sealed chambers, coolant 
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temperature, and blood flow. 

3. The calculated total instrumental error is ±0.66 °C, 
with a relative error of 1.8%, which complies with the 

regulatory requirements for application in bioengineering 

cooling systems under high thermal load conditions. 

4. The obtained results confirm the feasibility of using 

the device in industrial environments with adverse 

microclimates to improve workers’ physiological comfort and 

reduce the risk of heat-related disorders. 

5. The proposed technical solution may serve as a basis 

for the further development of personalized cooling systems 

for workers in high-temperature industrial facilities, 

enhancing productivity and minimizing thermal overload risks. 
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