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Introduction
The thermal manikin is one of the tools used to evaluate 

the thermal comfort of the garment and layered clothing 
systems. Thermal manikins for measuring thermal properties of 
garments, compared to other methods allow the investigation of 
multidimensional garments.

 Thermal manikins are a widely used device for thermal 
resistance and evaporation resistance measurements in clothes, 
as they give precise results as well as repeatability and ease of 
tests. The first thermal manikins were produced by the US military 
in the early 1940s. Later, thermal manikins with different body 
parts, inability to sweat and movement abilities were produced. In 
terms of functionality, thermal manikins can be divided into three 
different categories. These are: a) immobile and non-sweating 
thermal manikins b) thermal manikins that cannot move but can 
sweat c) thermal manikins that can move and sweat. Examples of 
these are Coppellius produced in Finland and Walter produced 
in Hong Kong [1]. Some of the researches about this subject were 
given below: 

 
Fan J, et al. [2] in this study, the thermal manikins and its internal 
structure are shown (Figure 1). The manikin is hung from the head 
of a water pipe, which also supplies water to the manikin’s body. 
The manikin is covered with a layer of water repellent breathable 
leather and filled with water. In the centre of the body, there is an 
internal heating system and provides heat to the body, and there is 
a water circulation system that sends the heat of two pumps and 
pipes to the head and limbs. The skin is very important because it 
not only provides sweating but also keeps up to 100 kg of water in 
the body. For this, a special fabric used in marine applications was 
provided from Goretex (Figure 2). 

Fan J, et al. [3] made a study that gave information about 
the working principle of the sweating thermal manikin Walter. 
In the study, the time-dependent change and measurement of 
water source and water simulating sweating were provided. The 
results revealed the impact of movement and fit on thermal and 
evaporation resistance of the garment.

Kuklane K, et al. [4] investigated different shape and size 
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thermal manikins like Lady, Tore and baby manikins. They 
compared according to 1) tight and loose clothing; (2) serial 
and parallel calculation models; (3) even and uneven clothing 
(insulation) distribution; and (4) the effect of wearing clothes. 
They declared that depending on body shape, the man and female 
manikins showed different test results (Figure 3).

Elabbassi EB, et al. [5] compared two premature newborn sized 
manikins according to body heat loss difference. The results showed 
that heat loss increased with increasing body surface area to body 
mass ratio. It has also been reported that thermal manikins are 
more accurate than current mathematical or other measurement 
techniques for evaluating temperature changes (Figure 4).

Figure 1: Thermal manikin and its internal structure (Fan and Chen, 2002).

Figure 2: Walter in walking motion ( Fan and Qian, 2004).

Figure 3: Lady, Tore and Baby thermal manikins (Kuklane et al., 2004).
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Figure 4: Large and small baby thermal manikins (Elabbassi EB, et al. 2004).

Melikov (2004), studied breathing thermal manikins for 
inside environment measurements. They stated that breathable 
thermal manikins can be used to judge the thermal comfort and 
breathing air quality of the passengers in buildings and vehicle 
cabins to evaluate the thermal comfort and breathing air quality of 
passengers in buildings and vehicle cabins [6].

Tamura T [7] in this study, a two-layered, mobile, walking, 
sweating thermal manikin was developed (Figure 5). It consists 
of the inner part on the manikin body and an outer covering part 
consisting of 17 parts which are independently controlled by the 
heat source. The sweating rate of 180 pores in the skin is controlled 
by peristaltic pumps. The temperature performance of the manikin 
is examined using thermography (thermal camera).

Celcar D, et al. [8] a thermal manikin named Coppelius was 
used in this study. This manikin was developed on the basis of 
Tore, a Swedish dry manikin, and added sweating mechanism. The 
sweating manikin consists of 18 individually controlled, electrically 
heated body parts. Due to the 187 individually controlled sweating 
channels, continuous sweating is realized. The shape of the manikin 

allows movement in the shoulders, wrists, hips and knees. Figure 6 
shows the test environment and the sweat channels of the thermal 
manikin.

Wang F [9] compared the multi-segment thermal manikin 
Newton and the one-segment thermal manikin Walter. They 
declared that in Walter thermal resistance and water vapour 
resistance can be calculated at once. On the other hand, in Newton 
that thermal resistance can be measured with dry test or water 
vapour resistance can be measured with a wet test (Figure 7).

Wang F, et al. [10] coped with the difficulties of adding 
temperature sensors to the wet skin surface and to measure the 
evaporation resistance more precisely, a sensitive leather model 
was developed on the thermal manikin TORE. In this study, wetting 
of a dry and warmed Tore thermal manikin with perspiration was 
simulated using a knitted structure that fits snugly on the body. 
Depending on the assumed skin temperature, an international 
skin temperature empirical equation has been developed. Wire 
temperature sensors utilized in the evaluation of the surface 
temperatures of the naked manikin (Figure 8).

Figure 5: Thermal manikin JUN (Tamura T 2006).
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Figure 6: Sections of Coppelius and sectional view of thermal mannequin sweat gland [1].

Figure 7: a) 20 zones thermal manikin Newton, b) One segment thermal manikin Walter (Wang F 2008).

Figure 8: Temperature sensor (Wang F, et al., 2010).

Figure 9: Four Thermal manikins a)Diana, b) Tore, c) Newton, d) SAM ( Al-ajmi FF, et al., 2008).
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Figure 10: a) sample for contact angle measurement b) MMC measurement c) MMC experimental setup d)thermal resistance measurement e) 
Skin for head manikin test f) Drying rate measurements [13].

Ho C, et al. [11] studied the effects of plumping and ventilation 
holes on clothing comfort in terms of thermal resistance and 
water vapour resistance. Different sizes of T-shirts are obtained 
with specially added fullness cut and expanded flowing T-shirts. 
Tests were performed in a controlled environment (temperature, 
air speed and relative humidity) and a thermal manikin named 
Walter was used in these tests. The tests were performed under 
four different conditions: suspended and walking in the windy 
and windless air. At the end of the tests, it was observed that the 
added fullness reduced the thermal resistance and water vapour 
resistance properties of the garment in a stagnant and windy 
environment.

Psikuta A, et al. [12] investigated the limitations and 
advantages of currently used thermal manikins due to thermal 
resistance and heat flux measurements. The compared manikins 
were named as Tore, Diana, Newton and SAM by their producers. 
The result showed that all manikins gives quick reaction during 
passive heating and cooling to simulate alteration of human skin 
temperature. This study provided information to troubleshoot the 
performance and potential issues of current and future manikins. 
Also, some advantages were mentioned like high repeatability, low 
cost, effectiveness on the contrary to human wear trials.

Koelblen B, et al. [13] compared the different type of fabrics to 
use a skin in a sweating thermal manikin. For this purpose, three 
different types of tight fabric produced from cotton, polyester and 
polyamide were compared with Thermetrics fabric. The standard 
tests were made (contact angle, MMC measurement, thermal 
resistance and drying rate) to find which fabric more convenient 
for skin production. The results showed that the CO, PE, and TH 
fabrics indicated similarly good results regarding the tests and CO 
fabric demonstrated the best characteristic for RET measurements.

The Standards Used in Thermal Manikin 
Measurements 

There are some standards used in thermal resistance 
measurements with thermal manikins (ISO 9920,2007; ISO 15831, 

2004; ASTM F 1291, 2004; EN 342, 2004). Although there is more 
interest in thermal resistance measurements in dynamic conditions, 
most of the standards are defined on thermal manikin in the static 
state. Dynamic heat transfer measurements are a complex issue, 
as openings in clothing allow air circulation. This phenomenon is 
called the pumping effect. In addition, body posture, activity level, 
air speed, sweat accumulation, pressure, thickness, number of 
layers and the fit of the garment on the body significantly affect the 
thermal resistance [14].

The standards used for thermal manikin measurements 
are Nordic standards, European standards, US standards and 
International standards. Four different types of standards used 
for measurement in nordic countries. These are INSTA 352 to 355 
and the first one introduced around in 1986 for cold protective 
garments. The second one mentioned production and calculation of 
thermal manikins. The other ones used for calculation of garment 
properties. 

The first European standard was introduced in 1989 for cold 
weather protective garments. A German standard was introduced 
in 2002 for sleeping bags. The US standards were introduced 
(ASTM-F1291 2005 and ASTM-F1720 1996) to describe a heated 
thermal manikin and its calculation formulas. The international 
standards; ISO 7730 used for inside environmental conditions 
and ISO 7933 used for measurements of garments heat transfer 
according to thermal and moisture vapour resistance values. 

Studies Using Thermal Manikins
Thermal comfort refers to whether the garment gives the 

wearer a feeling of heat, cold or humidity and depends on factors 
such as temperature, humidity and air speed. Some researchers 
have used thermal manikin systems in their studies: 

Nilsson HO [15] produced a new thermal manikin based on 
data obtained from thermal manikin measurements with a recent 
comfort assessment method. The results used to produce a recent 
type of thermal manikin, MANIKIN3, to be helpful in measurements 
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of CFD simulations. They proclaimed that there were too many 
unknown differences in the simulation results.

Ho C, et al. [16] investigated the effects of t-shirt design on 
garment thermal resistance and moisture vapour resistance 
properties. It has been observed that the location of the openings 
and ventilation panels influence the total thermal insulation and 
vapour resistance. In addition, it was observed that settlement 
mesh fabric on the armholes of the t-shirt in standing mode did not 
affect the release of excess body heat.

Fan J, et al. [17] used a thermal manikin ‘Walter’ and investigated 
the effects of sportswear on the comfort of athletes during activity. 
Thermal resistance and moisture vapour resistance properties of 
five tracksuits were evaluated. The results showed that moisture 
vapour resistance and amount of moisture affects the thermal 
comfort sensations.

Al-ajmi FF, et al. [18] investigated thermal resistance and 
clothing area factors of women and men Arabian gulf clothes. The 
measurements were made according to ISO 9920 with a thermal 
manikin. The results added new knowledge to the existing data of 
clothing insulation for Arabian Gulf clothing (Figure 9).

Wang F [9] presented a new equation to estimate the damp skin 
surface temperature of sweating thermal manikins. They tried to 
pass the difficulty of adding temperature sensors to the damp skin 
surface by extensive skin study on the thermal manikin “Tore”.

Ho C, et al. [11] the impact of added fullness and aeration holes 
on clothing comfort measured in terms of thermal insulation and 
water vapour resistance. The thermal insulation and water vapour 
resistance of the T-shirts was calculated in a controlled room using 
the thermal manikin ‘Walter’.

Oliveira AVM, et al. [14] investigated thermal resistance of 
protective garments in a static condition with the effect of body 
movements. Thermal manikin ‘Maria’ was used in the experiments. 
The thermal resistance of the whole body was calculated using 
serial, global and parallel methods. The comparative analysis 
showed that serial method led to highest values.

Ho C, et al. [19] a special t-shirt was produced to research the 
effect of wider air spaces on the shoulders on heat and moisture 
transfer properties. To investigate the effect of this t-shirt, a series 
of tests were conducted in a controlled room using a movable 
thermal manikin in windy and windless conditions (Figure 10).

Lu Y, et al. [20] searched the impact of body movement and wind 
on thermal insulation of a type of cloth with a moveable thermal 
manikin. A new formula was developed according to an equation 
of local insulation, air velocity, and walking speed. The outcomes 
indicated that the wind effect interacted with the walking effect and 
thermal resistance differed significantly between different body 
parts.

Suganthi T, et al. [21] examined the thermal comfort features 

of two-layer knitted structures made of polyester and modal/
bamboo yarns. It was noticed that the moisture absorbency of the 
two-layer knitted fabric increased with the rise of the tightness and 
loop density. The water vapour permeability of the two-layer fabric 
has increased with the decline in thickness and the existence of 
opening in the fabric.

Psikuta A, et al. [22] examined the effects of manikin-based 
technologies on energy productivity and human response, and their 
adaptability in the area of environmental engineering, automobile 
industry and clothing searches. They concluded that this work 
promotes the exchange of information across disciplines.

Tama D, et al. [23] investigated thermal resistance properties 
of rowing t-shirts with a thermal manikin. The results showed that 
thermal insulation of rowing shirts change according to the water 
repellent finishing treatment. Also, they declared that to investigate 
the behaviour of climatic change on the thermal resistance of 
rowing t-shirts, the thermal manikin tests must be conducted in 
different air temperature and humidity conditions.

Xu X, et al. [24] a sweating thermal manikin was used to 
calculate the thermal (Rcl) and evaporation resistance (Recl) and 
they investigated the effects of fabric structure on the thermal and 
evaporation the resistance of chemical protective garments. The 
results showed that measurements of the sweating hot plate and 
thermal manikin provide a new look for understanding the relation 
between fabric and clothing.

Lei Z [25] examined the properties, application areas, 
measurement principles and research situation of some thermal 
manikins. They stated that thermal manikins can be divided into 
more body parts. They also stated that smart thermal manikins will 
emerge in the future and can be operated with a laptop or mobile 
phone.

Tama D, et al. [26] studied the thermal features of the classic 
fabric of the Rize city (Feretico). The thermal manikin tests were 
made at 23 °C ± 1 temperature and 75 ± 5% relative humidity 
environment like Rize city. The results showed that the drapability 
and air permeability of hemp fibre was very good and the total 
garment resistance of the t-shirt made of feretiko fabric was 
calculated as 0.032 m2 K / W with a thermal manikin.

Guan M, et al. [27] investigated the garment size effect on 
evaporative cooling and optimization properties of protective 
clothes with sweating and walking thermal manikin. The results 
indicated that the impact of garment size on global and local 
evaporative cooling based on the walking speed. They also 
recommended a new formula for calculation of global and local 
evaporative cooling with an effect of garment size, walking speed, 
and sweat rate.

Rogale D, et al. [28] investigated thermal resistance properties 
of multi-layer protective jacket with a thermal manikin. The 
protective jacket composed of five different layers. The results 
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showed that increasing the weight of thermal insulation textile 
materials resulted in an increase in the thermal resistance 
characteristic of the garment. Also, three new parameters were 
introduced for assessing thermal properties of garments. 

Conclusion 
The type of thermal manikins, working principles and thermal 

manikin used studies were mentioned in this study. It was 
concluded that recent developments in thermal manikins enable to 
better simulate heat and moisture transfer from the human body. 
Because today’s thermal manikins allow the measurement of heat 
and moisture transfer during activity by simulating the movement 
of sweating and walking. Thermal manikins are used especially 
in the measurement of sportswear because they eliminate the 
disadvantages of wear trials, such as the human factor, the body 
surface areas of the subjects and long time. On the other hand, 
the disadvantages of thermal manikins are that the tests are very 
expensive.
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