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The paper presents examples of protective clothing technology research in the context of maintaining an optimal level  

of safety of firefighters under the influence of the thermal environment. Attention was drawn to the essence of measurement 

parameters determining the effectiveness of protection. The article includes diagrams, photos and explanations of the 

methods covered by the copyright measurement technologies accomplished by a number of centers around the world.  

It has been shown the ability to evaluate the material and constructive personal protection adopted in developing safety 

technologies regardless of normative systems in force in different parts of the world. 
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INTRODUCTION 

Today's activity field of virtually all uniformed 

formations is rich in complex of environmental 
risk factors model impacts. The importance 
 of a sense of security and all operational abili-

ties plays a key role in achieving any goals. 
Scientific and development achievements 
beginning of the XXI century allow only a par-
tial recognition of the full danger in the present 

moment. This situation is promoted by uncon-
trollable and often unpredictable nature of the 
course of individual components of the event 

or purpose. Definitely destructive and to date 
relatively recognizable course of thermal phe-
nomena in the fire environment allows one to 

research and analyze security solutions . 
The previous discussion on reducing the im-
pact of thermal processes on the body rescuer 

indicates the possibility of a broad and more 
comprehensive approach to the knowledge of 

the ability of the protection and the potential to 
improve their effectiveness. The model com-

monly adopted in many countries is consid-
ered as sufficient evaluation of materials or 
entire protective structures sets used if it ful-

fills standards. The results of the research 
conducted in the assessment of capability with 
standard show only the fulfillment of a sample 
of the defined conditions image. The 

knowledge of the behavior of materials and 
ready-made protective structures in situations 
deemed critical interactions, is not possible to 

be fully known. 
The functioning of the model testing for 

wider knowledge is crucial in the development 

and modeling new construction. 
Exploring extreme material parameters 

allows not only the creation of safe operating 

procedures but significantly managing of op-
erational action. 
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The study focused on issues of direct action 

model of heat flux on the surface of the body 
officer protected by the set of protective cloth-
ing. 

 
The basic model [6] 
The basic model of heat conduction in fire-
fighter protective clothing is used with as-

sumptions: 
– protective textiles are dry (e.g. no mois-

ture from sweat), 

– fabrics are treated by temperature below 
the thermal degradation (e.g. melting or 
charring). 

A lot of firefighter burns occur even when 
there is no thermal degradation of protective 
clothing. 

 
The flat geometry of the fabric layers of pro-
tective clothing lets assume one-dimensional 

heat flow (Fig. 1). Heat radiation is subjected 

to a fabric sample from both the front and the 

inner layer. The accuracy of the model is veri-
fied by comparing the time to obtain a certain 
temperature, both within and on the surface of 

typical fabric, with temperatures obtained ex-
perimentally – the fixing of the thermocouple 
measurement is shown in Fig. 1. The tests 
stands of the experimental research are 

shown in Figure 2. and 5., 6. The location of 
the thermocouple and its attachment are pre-
sented by Figure 3. and 4.The model well 

simulates the flow of heat especially in the 
interior of protective clothing, where the tem-
perature difference between experiment and 

simulation is approx. 5 °C. Expected tempera-
tures on the outer side of the garment differs 

most from the experimental values (approx. 

24 °C). Presumably it takes place due to the 

lack of optical properties (transmission, reflec-
tion) of fabrics used in the model. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

Fig. 1. The fixing of thermocouple to the fabric used for the construction of protective clothing [7, 8] 



 
Jan Giełżecki, Robert Marcin Wolański, TECHNOLOGY RESEARCH OF TACTICAL PERSONAL PROTECTION… 

 

36 

 

 

 

Fig.  2. The photography of measuring apparatus [2, 3, 6 ÷ 8] 

 

 

Fig. 3. The mounting of thermocouple to the measure of temperature of the mat [7] 

 

 

Fig. 4. The location of the thermocouple, the fiber and the radiator [7] 
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Fig. 5. Apparatus for testing the thermal conductivity - Rapid- k together with the computer system [9, 10] 

 

 

Fig. 6. The diagram shows the principle of the system Rapid - k [9, 10] 

 
 

ADVANCED MODELS [11, 12] 
During fires a firefighter is subjected to different 
thermal conditions such as: radiation, flame  
or contact with hot objects. The most common is 
being subjected to the exposure with low levels of 
heat radiation for a longer period of time. Fire-
fighters working in these kind of conditions often 
sweat profusely which leads to accumulation of 
moisture in the material layers of clothing. Cloth-
ing can also become wet by contact with extin-
guishing water. The presence of moisture in the 
clothing can significantly alter its protective effica-
cy. 

Wet clothes have higher heat transfer rate 
than dry ones. The evaporation and condensation 
of moisture and associated with this phenome-
non’s energy flow can affect on temperature 
changes at the skin surface. Firefighters body 
surface may get second degree burns while work-
ing in such conditions. Injuries can be the result of 
heating and evaporation of moisture in clothing. 
The development of the precise model of the 
mathematical testing of heat and moisture con-
duction trough multilayer fabrics with or without air 
layers between them may significantly affect the 
ability to reduce experimental studies. The flat 
geometry of the fabric layers of protective clothing 
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(on experimental station) lets assume one-
dimensional heat flow model.The model takes into 
account the thermodynamic changes of the textile 
and its properties due to the presence of moisture. 
In the numerical simulations of heat and mass 
transfer through wet thermal liners which were 
(used in firefighting protective clothing) treated 
with radiant heat flux results were comparable 
with those of the experimental measurements 
(using a radiant gas burner). 

After heating up moisture in the fabric par-
tially tends to re-condensate in the interior of the 
fabric. According to the observations of the exper-
iment the temperature of the fabric layer and the 
heat flux on the skin surface is greatly related to 
the amount of moisture and its presence in the 
protective clothing. Simulations performed for 
different sets of multi-layer textiles (with different 
humidity) may be useful in designing the firefight-
ers protective clothing. 

Numerical tools to study the transmission 
of moisture in the firefighter protective clothing 
thermally irradiated are crucial in preventing burns 
(as significant determinant) by designing new 
protective clothing. This tool provides information 
about the heat capacity of the firefighter protective 
clothing and its response to fire in different fire 
situations. 
 

Detailed scientific analysis anticipating thermal 
properties of protective clothing must take  
into consideration the diversity of conditions in 
which firefighters lead actions. The main issue 
related to the phenomena occurring during the fire 
is heat and mass transfer through the structure of 
protection. 

However, transport of heat and mass 
transfer in wet porous materials is a complex is-
sue. The basic types of energy transmission 
mechanism in personal protection are conduction 
and convection in the liquid and gas phase. The 
model verification is carried out experimentally. 
 
Examples of experimental methods: 

– the method according to the ISO Standard 
17492 TPP. The scheme of the test stand 
used in TPP method - a single fabric layer 
is shown in Fig. 7. and 8. 

– permeation test method in the configuration 
used in the ATSM F903 shown in Fig. 9., 

– the method of measuring temperature and 
humidity Aminco -Aire Model J4s - 5460 is 
shown in Fig. 10., 

– sweating test method - temperature meas-
urement, humidity and thermal properties of 
wet protective clothing subjected to dynam-
ic pressure is shown in Fig. 11. and 12. 

 
 

 

 

Fig. 7. The scheme of the method used in the TPP - a single layer of fabric (Model ISO Standard 17492 TPP) [11] 
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Fig. 8. Diagram of the device to determine the TPP - evaluation of monolayer [11] 

 

 

Fig. 9. The study of diffusion in the configuration used in the ATSM f903 [1] 

 

 

 

Fig. 10. Dynamic measurement of temperature and humidity [1] 
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Fig. 11. The test apparatus - hotplate in an environmental chamber [1] 

 

Fig. 12. Apparatus testing thermal properties of wet protective clothing subjected to dynamic pressure [7] 
 
 
 

Firefighters exposure to external factors 

during fire and rescue operations concerns not 

only the thermal effect but also chemical and bio-

logical factors. The examples of these types of 

interactions are the permeation of chemical va-

pors or liquids and chemical molecules presented 

in Figures 13. and 14. The test of penetration the 

fire protective clothing by liquids is shown in Fig-

ure 15. 

 

 

 

Fig. 13. Illustration of penetration chemical or liquids vapors through the material [1] 
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Fig. 14. Figure of permeation of molecules through the material [1] 

 

 

Fig. 15. Test of penetration the fire protective clothing by liquids [1]

THERMOGRAPHIC TESTING METHOD OF EF-
FECTIVENESS OF PROTECTION AGAINST 
HEAT RADIATION (ACADEMY OF SCIENCE - 
TECHNOLOGY - DEPARTMENT OF THERMAL 
ENGINEERING AND ENVIRONMENT FACULTY 
OF METALS ENGINEERING AND INDUSTRIAL 
COMPUTER SCIENCE) [13 ÷ 21] 
Studies conducted at the Department of Thermal 
Engineering and Environment Faculty of Metals 
Engineering and Industrial Computer Science 
AGH University of Science – Technology were to 
designate characteristics of the selected standard 
configuration used in personal protection. A ther-

mal imaging camera was used in the method of 
measurement using. Nowadays thermal imaging 
camera is a standard tool in the non-contact tem-
perature measurement. 
Fig. 16. shows the test stand position for measur-

ing the temperature on the inner side of a set of 

protective layers irradiated by blackbody (thermo-

graphic method) and in Fig. 17. The thermal imag-

ing camera monitor with visible thermal image of 

the sample surface. The most commonly used 

measurement is the range of wavelength from 

0,5 µm– 20 µm. 
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Fig. 16. The thermal measurement of the temperature of the sample irradiated by blackbody 

 

 

 

1. Thermographic image of the 

scanned surface 

2. The scale of temperature meas-

urement range 

Fig. 17. The monitor of the thermal imager with a visible internal thermal image of the specimen 

 

 

 

 

 

1. Radiator 

2. Sample 

3. An infrared camera 

4. The controller of the microprocessor 

controller 

5. Thermal chamber to measure the sur-

face emissivity of tested materials 

6. Computer 
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The test stand to study the effectiveness of thermal protection materials and sets of protective layers is shown by schematic 

diagram in Fig. 18.and the image in Figure 19. 

 

 

 

1. Transformer 
2. Controller 
3. Insulation 
4. Heating coil 
5. Thermocouple 
6. Blackbody 
7. Sample 
8. Infrared camera 

Fig. 18. The scheme of the measurement position 

 

 

 

 

1. Basis radiator 
2. Furnace 
3. The sample holder 
4. Autotransformer 
5. Microprocessor-based controller 
6. The security system 

Fig. 19. The position of measurement for testing the effectiveness of personal protection 
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1. Thermocouple type K (NiCr – NiAl) 
2. Cover 
3. The insulating layer Al2O3 
4. The inner wall of the housing 
5. The outer housing wall 
6. The heating element 1,75 kW 
7. The contribution of insulation 
8. Activities blackbody 
9. The screw connection 
10. The core of the handle 
11. Joint 
12. The hinged frame 

 

Fig. 20. The furnace for simulating the blackbody 

 

The simulator of a blackbody is a hole in the wall 
of the furnace shown in Fig. 21.  The basic ele-
ment is a cylindrical cavity (8) with an internal 
diameter of 100 mm. It is situated in the symmetry 
axis of the outer furnace body in a way that its 
axis coincides with the axis of the bore in the out-
er furnace body with a diameter of 16 mm. There 
is a ceramic sleeve with an inner diameter of 10 
mm mounted in the bore. 

The energy source is created by a set of 
two heating elements powered by electric current 
that is adjusted by an autotransformer which volt-
age is 0 – 260 V. The heating elements are em-
bedded within the steel casing by a screw fas-
tening and the insulating cartridge (7). Electric 
power supply from the autotransformer is regulat-
ed by a microprocessor controller RE16 – 
1111000, made by Lumen company, operating on 
the basis of the thermocouple temperature meas-
urement NiCr - NiAl (1). The thermocouple is lo-
cated in such a way that measurement in the cen-
tral point of the cavity is possible. The controller 
allows to check the current instrument reading of 
temperature on the display and to program the 
maximum temperature inside the cavity. This 
function enables to maintain constant temperature 
in the interior of furnace during making measure-
ments. 

Cover plates of interior and exterior walls, 
furnace base and cover are mounted with screw 
(9) fasteners. This solution provides for the reduc-
tion of thermal deformation during the test and 
increases the of the device. Internal spaces be-

tween the plates are filled with construction insu-
lating wool Al2O3 (3). The lower part of the struc-
ture is equipped with a sample holder. The handle 
consists of a suspended on screws (11) hinged 
frame (12) with measuring bore that has got 16 
mm internal diameter. A sample setting mecha-
nism allows quick and precise setting of the mate-
rial. In addition, tilting frame is blocked by two 
screw connectors. This solution shown in Fig. 21. 
is prepared for direct measurement of internal 
surface areas of personal protection made of ar-
amid fibers. 

 

 

 1. Frame tilt 

2. The locking screws 

3. The test port 

4. Sample 

 

Fig. 21. Photography sample holder 

The test of effectiveness of the thermal protection 
of samples can be achieved under thermical con-
ditions with radiation of the blackbody at different 
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temperatures ranging up to 800 oC and including 

(used in previous studies of temperature: 400 °C 

(673,15 K), 500 °C (773,15 K), 600 °C (873,15 K), 

700 °C (973,15 K), 800 oC (1073.16 K). 
The measurement of the temperature of 

the blackbody in a microprocessor control circuit, 
which regulates the power supply of the heating 
elements, is implemented by the thermocouple 
type K (NiCr - NiAl). The result of the study is a 
set of thermal images which (after processing) 
make it possible to determine the course of the 
temperature changes over time.  
The first step after powering the heating chamber 
of the furnace is setting the certain temperature 
on the controller. The prepared sample is placed 
on the test stand after setting a thermal imaging 
camera and its launch. 

The camera operates at a specified 
measurement range with emissivity characteristic 
to the tested material sample. 
For personal protection samples made of polycar-
bonate and woven carbon fiber emissivity in the 

temperature range of 30 – 60 °C is ε ≈ 0.9. Meas-
urement frequency depends on the predicted 
temperature waveforms image that is 0,1 – 1 s. 
Thermograms recorded during the measurement 
are stored in computer memory. Further analysis 
is to read the average temperatures in the study 
area from thermogram sequences and to keep the 
records of them in a spreadsheet. 
 

REFERENCES: 

1 Barker R. L.; A Review of Gaps and Limitations in Test 
Methods for First Responder Protective Clothing and 
Equipment, National Personal Protection Technology 
Laboratory, National Institute for Occupational Safety 
and Health (NIOSH), 31 January 2005, 

2 Stroup D.W., McLane R. A., Twilley W. H.; Full Ensem-
ble and Bench Scale Testing of Fire Fighter Protective 
Clothing, Fire Research Division Building and Fire Re-
search Laboratory, National Institute of Standards and 
Technology, November 2007, 

3 Madrzykowski D., Kerber S.; Firefighting Technology 
Research at NIST, Fire Engineering, Vol. 161, No. 5, 
68,70,72, May 2008, 

4 Barker R. L., Hamouda H., Shalev I., Johnson J.; Re-
view and Evaluation of Thermal Sensors for Use in Test-
ing Firefighters Protective Clothing, NIST GCR 99 –
 772, Final Report, North Carolina State University Cen-
ter for Research on Textile Protection and Comfort Col-
lege, March 1999, 

5 Barker R. L., Hamouda H., Shalev I., Johnson J.; Re-
view and Evaluation of Thermal Sensors for Use in Test-
ing Firefighters Protective Clothing, NIST GCR 99 –
 773, Annual Report, North Carolina State University 
Center for Research on Textile Protection and Comfort 
College, March 1999, 

6 Mell W. E., Lawson J. R.; A Heat Transfer Model for Fire 
Fighter’s Protective Clothing, Fire Technology, Vol. 36, 
No. 1,1st Quarter, February 2000, 

7 Lawson R. J., Vettori R. L.: Thermal measurements for 
fire fighters’ protective clothing, Thermal Measurements: 
TheFoundation of Fire Standards, ASTMSTP 1427, L. 
A. Gritzo and N. J. Alvares, Eds., American Society for 
Testing and Materials, West Conshohocken, PA, 2002, 

8 Lawson J. R., Twilley W. H.; Development of an Appa-
ratus for Measuring the Thermal Performance of Fire 
Fighters' Protective Clothing, NISTIR 6400, National In-
stitute of Standards and Technology, MD, October 1999, 

9 Lawson J. R., Pinder T. A.; Estimates of Thermal Con-
ductivity for Materials Used in Fire Fighters' Protective 
Clothing, NISTIR 6512, National Institute of Standards 
and Technology, May 2000, 

10 Lawson J. R., Walton W. D., Bryner N. P., Amon F. K.; 
Estimates of Thermal Properties for Fire Fighters' Pro-
tective Clothing Materials, NISTIR 7282, National Insti-
tute of Standards and Technology, MD, June 2005, 

11 Kukuck S., Prasad K.; Thermal Performance of Fire 
Fighters’ Protective Clothing. 3. Simulating a TPP Test 
for Single – Layered Fabrics, Building and Fire Re-
search Laboratory, NISTIR 6993, National Institute of 
Standards and Technology, MD, January 2003, 

12 Prasad K., Twilley W. H., Lawson J. R.; Thermal Per-
formance of Fire Fighters’ Protective Clothing. 1. Nu-
merical Study of Transient Heat and Water Vapor Trans-
fer, NISTIR 6881, National Institute of Standards and 
Technology, MD, August 2002, 

13 Wolański R.: Technologia i materiały do produkcji 
ochron przed promieniowaniem mikrofalowym i pod-
czerwonym – Rozprawa doktorska – Akademia Górni-
czo – Hutnicza, Wydział Inżynierii Materiałowej i Cera-
miki, Kraków 2008. 

14 Minkina W. A.; Technika pomiarów w podczerwieni w 
procesach technologicznych, Wyd. Politechnika Często-
chowska, Instytut Elektroniki i Systemów Sterowania, 
Częstochowa 2000, 

15 Kaczmarek M.; Istota działania urządzenia termowizyj-
nego. www.med.eti.pg.gda.pl 

16 Dębski S. Termografia – mit czy rzeczywistość cz. I i II 
„W akcji” nr.2/2004, „W akcji” 3/2004, 

17 Praca zbiorowa, red. Madura H.; „Pomiary termowizyjne 
w praktyce”, Warszawa, 2004, 

18 Wolański R., Giełżecki J.: Metody termowizyjne w roz-
poznawaniu zagrożeń w obiektach zabytkowych. Mię-
dzynarodowa Konferencja „Ochrona zabytków na wypa-
dek szczególnych zagrożeń” 27 – 29 wrzesień Kraków 
2005, 

19 Wolański R., Giełżecki J.: Zastosowanie metody termo-
graficznej w wyznaczaniu charakterystyk temperaturo-
wych materiałów stosowanych w termicznych ochronach 



 
Jan Giełżecki, Robert Marcin Wolański, TECHNOLOGY RESEARCH OF TACTICAL PERSONAL PROTECTION… 

 

46 
 

osobistych służb ratowniczych. Druga konferencja ten-
dencje rozwojowe w technikach ratowniczych i wyposa-
żeniu technicznym”. Wyd. Szkoła Aspirantów Państwo-
wej Straży Pożarnej Kraków 2006, str. 103 – 114, 

20 Rybiński J., M. Pieszczyński: Elektroniczne lokalizatory 
źródeł ciepła” BIT, Nauka i Technika Pożarnicza” 1986, 
nr 2, 

21 Wolański R., Giełżecki J., Jasińska Ł.: Problemy okre-
ślania pól temperaturowych metodą termowizyjną w 

pomiarach pożarów testowych grup A, B, C”, konferen-
cja naukowo-techniczna, Kraków 15 XI 2006, Wydaw-
nictwo Szkoły Aspirantów Państwowej Straży Pożarnej, 

22 Donnelly M. K., Davis W. D., Lawson J. R., Selepak M. 
J., Thermal Environment for Electronic Equipment Used 
by First Responders, Building and Fire Research Labor-
atory, National Institute of Standards and Technology, 
Special Publication 1474 Natl. Inst. Stand. Technical 
Note 1457, 36 p., January 2006. 

 


