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Abgtract: Currently, there are various complex models thatuaed to predict the thermal load, or thermalfoonof the

employee with different scales for evaluating teelihg of warmth or of cold, with the help of whiiths possible not
only to speed up the evaluation of the thermal lmaidalso to make it more precise. With the helthefmal manikins,
it is possible to simulate human reactions to hedthumidity conditions. The article deals with gessibilities of using
thermal manikins as a useful aid in measuring kaahange between the environment and the human lbesting

thermal stress, etc. These tools will then be aklEl for use by the industry to develop more effitithermal comfort
systems.

1 Introduction Subsequently, figures were produced with the main

The text of the article is font type Times New Roma Purpose of testing the protective clothing usedtteyUS
The human body is surrounded by a microclimateckvhi military (Figure 1, Figure 2). In 1941, researche@agge,
is the result of its convective release of heattie Burton and Bazett developed a unit of thermal taste
environment. In industrial operations, workersexposed that is used to describe the insulating value ofhahg
to various extreme microclimatic conditions. Cuthgn (clo). Since then, instrumental studies of marthohgy and
there are various complex models that serve toigiréie ~ his environment have been used more and more.
employee's thermal comfort with different scales fo
evaluating the sensation of heat/cold. Becauseethe
models work with different parameters, there isinidorm
model that can contain all types of activities atathing
that directly impact thermal well-being.

The real conditions affecting people at the wor&ela
can be simulated in thermal chambers. These clima
chambers are specially designed and equipped fer tl
method of simulation. Human reactions can be sitadla
using thermal manikins, which are a useful aid i
measuring the heat exchange between the envirorandnt
the human body, testing thermal stress, etc. Skeve
methods and calculation models are used to assessdl
comfort. Models of the human body are so-calledntiz
manikins. These devices can be applied primarilgrwh
testing the properties of clothing or the safetyspécific
products such as protective equipment and clotfing
extreme conditions, but also in the design andieguns .
of HVAC systems, etc. Figure 1 First models of thermal manikins [1]

Using thermal manikin in climate chambers with _ -
different air temperatures, it is possible to siatelthe Copper was the material used to make the manikia. T

release of heat from the human body. Various tegfes prototype of the manikin still had limited mobilif{,4].
are used for measurement and visualization (mongaf The subsequent development changed not only the

airflow, thermography, anemometry, etc.). appearance but also the type and material of thkima
From one segment it gradually became a multi-segmen
2 History of thermal manikins Elements such as a manikin with a sweating system,

In 1939, General Electric built the first-ever timei  Preathing system, etc. were gradually added.
manikin made of copper to test an electric blanket. !N 1964, copper was abandoned and manikins began to
be constructed from aluminium. Next, in 1967 wewsdm
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the first manikins from plastic materials in Denkalin  environment. There are different types of humanetsdr
1973 there was a manikin that could move and ir6i®9 models of parts of the human body with differenesus
could even breathe. Later, he also performed t&alis[1,2,7]. To a certain limited extent, they can atsoused
movements that employees perform during work. for the purpose of testing human physiological tieas.
Among the most famous models used to determine the
thermal comfort of a person are:

* Fanger’s model,

*  Wissler's dynamic model,

*  Stolwijk's model,

» Gagg's 2-node model,

+ Fiala's model,

» Tanabeh's dynamic model,

»  Kohri and Mochid model,

* Fiala's multi-node model etc.

Currently, there are approximately 100 manikin miede
that are used in determining the thermal-humidity
microclimate, for environmental and clothing tegtin
(Figure 3).

Figure 2 Thermal test protective clothing manikin [1]

The material from which the manikin was made also
changed. The breakthrough occurred during the
millennium when manikins made of porous materiaid a
metals began to appear. The type of regulationatss
undergone progress, while the first such manikimked
on analogue regulation, currently, digital transius of
the obtained data is used [1,6].

Currently a thermoregulation manikin with a swegtin
system is used in the industry. The automotiveiegiibn,
thermal manikins appeared in the 1980s, and theg ha
been in constant development ever since [10].

In addition to experimental methods, numerical
methods are also used for indoor microclimate rebea
These are usually Computational fluid dynamic (CFD)
techniques. In both experimental and numerical odzgh
thermal conditions must be related to the thermal
sensations of the interior space user [8,11].

Figure 3 ANDI manikin for clothing testing [13]
3 Modédsof thethermal manikins o

The thermal manikin is a special device that matehe __ 1he most frequently used manikin is the Newton rhode
person’s appearance and is used to evaluate theahe [9]. This model consists of 34 heated 34 zonessinthde
load, the so-called thermal comfort or discomfdith the  UP Of parts such as the head face, chest, abdames,
help of these manikins, it is possible to simutbeetransfer forearms, hands, hips, calves and feet (Figure 4).
of heat between the human body and the working
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surfaces of the manikins (shells) are significadtfferent
") . compared to human skin, sensors are implantedén th
R i manikins and a related mathematical model is huailt

‘ " ™\ simulate the skin.

) [ Thermal manikins are also a key element in the
e b i ' development of technologies based on the Heating,
\ [ — S Ventilation and Air-Conditioning system (HVAC) to
A, Y PR A w0 | achieve a safer and more comfortable working
| R e ¢ environment. In uncomfortable hot ambient, thamkthe

! 1 thermoregulation system, the human body starts with
ARSI B TR vasodilatation and sweating, trying to prevent e fin
' f internal body temperature. Since these mechanisengfa
. = | limited capabilities, to prevent the further rist lmdy
’ r temperature and to avoid the risk of hypertherntids
. necessary to make the ambient comfortable by apalin
. to ensure the way to release the heat from the.body
' | . The manikins are available in different materiatsl a
| I i designs. Thermal manikin is often used in the aotom
=R ' industry. Since they help in the development of H/A
Figure 4 Newton model with parts of the human body [13] technologies, they find their use for the evaluatiaf
heating/air-conditioning equipment in passengers,car
The Newton model is interconnected with SOftwarq,ruckS and various other means of transport.
which includes physiological models of thermal cornf The automotive HVAC manikin features a system that
The systems that the manikin contains make it &ble jncludes a carbon epoxy body mould with surface-mted
simulate a person, i.e., j. sweating, walking, tve@. The  sensors that measure air velocity, temperaturemabeat
manikin even has an adjustable breathing systeraséTh flux, and relative humidity. The sensors are pretgdo
conveniences cause more efficient monitoring ofritz¢  ensure that the manikin is not damaged during fapeind
comfort. The data obtained from the manikin is eatdd positioning [3,4,10]. The HVAC manikin for automs
using special software. System innovations are e (*Automotive HVAC Manikin") is designed so thatdén
more and more evident not only in software but aso pe easily inserted into any vehicle. The handsiratbe
manikin models. Future software variants will aés@ble shape of gloves with a curved grip, the design bictv
the connection of the classic model of Newton's ikian allows for proper positioning on the steering whéadleir
with virtual reality. This connection will allow &n Shape does not affect air movement but allowsoairfl

simulations to be performed [13]. similar to a human grip/fist. The back of the thigis
_ o flattened to simulate realistic airflow [2,4,5].
3.1 HVAC automotive manikins The microclimate conditions and thus human thermal

The use of thermal manikin is very broad. Howeiter, sensation as well, are dependent on air temperadirre
is mostly used in testing the thermal insulation ofelocity, relative humidity and mean radiant tengpere.
protective clothing. When determining the insulatiof  Automotive manikins are used to test the thermaifoot
clothing, the main monitored parameters are mastuof passengers and the thermal and humidity parasniete
evaporation resistance and thermal insulation. the cabins of vehicles HVAC systems (Figure 5).

The above-mentioned factors form the basis for the
thermal insulation of clothing and are influenced anly
by the type of material used but also by the heat a
humidity of the environment. The requirements fo|
measurements of thermal insulation of clothingistaace
to moisture evaporation is established by the eglestan.
Advanced thermal manikins for seat testing are sho
Newton manikin model and ADAM manikin (ADvanced
Automotive Manikin). The values that are obtained a
subsequently used for the optimization and modetihg
ventilation and air conditioning devices in theembr
spaces of buildings.

The danger of heat also often arises in casegeaf fi}§
Since a human cannot be used for tests or measuieine S
these conditions due to the potential risk, masikire used
which are designed to replace humans. Because the

-

Figure 5 Newton motive HVAC manikin [1]
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Any improvement
optimization of the thermal environment in the cahre
potentially associated with an increase in therooahfort
in the vehicle and a reduction in heat load anémieuse
gas emissions, including the total energy conswmptif
the vehicle [2,12].

space in the vehicle is often met at the expensmefgy
requirements. The energy demand of the air comiitgn
unit requires a lot of attention, especially in tase of
electric cars and hybrids, when saving electriaffects
the range of the vehicle. Among the biggest chgésrof
the HVAC system of vehicles and car cabins is duiakd
efficiently cooling the interior of a vehicle parkén the
sun on sunny summer days. Incorporating the soéat &s
a source of heat into the CFD analysis was difficutil

recently, but there has been a shift in this dioecand
many current CFD software allows calculations tgkime
solar load into account.

4 Conclusion

[4] KOELBLEN, B.:

[5] MATSUNAGA, K.,

of the HVAC system andReferences
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