N FORES
JFIRE |
¥ RESEARCH

Edited byl

-PQ'M GOS XAVIER VIEGAS
L ARIO RIBEIRO




Advances in Forest Fire Research 2022 - D. X. Viegas & L.M. Ribeiro (Ed.)
Chapter 3 — Risk Adaptation

Design and Radiative heat transfer in a fireman in wildfire environment

Eusébio Conceigdo*?; Jodo Gomes?; M2 Manuela Lucio!; Domingos Viegas®; M2 Teresa Viegas®

! FCT — Universidade do Algarve, Campus de Gambelas,
8005-139 Faro, Portugal, {econcei@ualg.pt, maria.manuela.lucio@gmail.com}
2 CINTAL, Campus de Gambelas,
8005-139 Faro, Portugal, {jgomes@ualg.pt}
* FCT — Universidade de Coimbra - Pinhal de Marrocos - Pélo I1,
3030 Coimbra, Portugal, {xavier.viegas, maria.viegas}@dem.uc.pt

*Corresponding author

Keywords

Numerical simulation, fireman thermal response, energy balance integral equations, mass balance integral equation

Abstract

This work presents the design and radiative heat transfer in a fireman in wildfire environment. The fireman body model,
used in this work, is divided into 35 elements. Each element is subdivided into several layers, constituted by fat, muscle,
core and skin, and can be protected from the outside environment by several clothing layers. The geometry of the fireman
and the fire front are developed using numerical models. Fireman thermal systems consider energy and mass balance
integral equations. The energy balance integral equations consider the conduction, convection, evaporation and
radiation, amount other phenomena, while the mass balance integral equations consider the convection and diffusion,
amount other phenomena. The fireman has subjected two vertical fire fronts. The fireman and the fire front geometry
was developed and are used to evaluate the view factors that each fireman section is subjected. The view factors are
used to evaluate separately the influence of the two fire front and the Mean Radiant Temperature are used to evaluate
integrated the influence of both fire front.

1. Introduction

In this study the influence of two fire fronts in the fireman are analysed. The view factors are used to evaluate
separately the influence of each one in the fireman, while the Mean Radiant Temperature (see (ISO, 2005),
(Fanger, 1970), (ASHRAE, 2017)) is used to evaluate integratelly the influence of the two fire front in the
fireman. However, in order to evaluate the view factors and the Mean Radiant Temperature the fireman and fire
front geometry are important to generate in detail.

The numerical model used in this study considers the fireman geometry and the fireman thermal response. In
the fireman thermal response special attention is made in the radiative phenomenon.

The human body geometry considers 34 cylindrical elements and 1 sphere element (see (Conceicao and Lucio,
2001), (Conceicao et al., 2018) and (Conceicdo and Awbi, 2021)). In the cylindrical elements are considered
the neck, chest, upper abdomen, lower abdomen, right upper shoulder, right lower shoulder, right upper arm,
right lower arm, right hand, left upper shoulder, left lower shoulder, left upper arm, left lower arm, left hand,
right upper thigh, right lower thigh, right upper leg, right lower leg, right foot, left upper thigh, left lower thigh,
left upper leg, left lower leg, left foot and 10 fingers. In the sphere element the head is considered.

In the fireman thermal response, it is important to consider the radiative heat exchanges to evaluate the thermal
interaction between the surrounding surfaces and the fireman body surfaces. In this study the shading devices
is also considered. See this methodology applied in plan surfaces in (Conceicdo et al., 2010), (Conceigdo, Gomes
and Awbi, 2019) and (Conceicdo and Lucio, 2010). The numerical model considers also the convective heat
exchanges between the body surface and the surrounding airflow, the heat conduction through the bodies’
tissues, water heat loss by evaporation from the skin surface and clothing of the fireman. In the numerical model
the energy and mass balance integral equations is used.
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In the radiative heat exchange the view factors between the fire front and the fireman should be evaluated. The
view factors, among others works, can be analysed in (Jiang et al., 2017), (Vorre, Jensen and Le Dréau, 2015)
and (Lai, Maing and Ng, 2017).

2. Numerical model

The fireman thermal response is based on the energy balance integral equations for the body tissues and clothing
and the mass balance integral equation for the water in the body tissues and clothing.

The energy balance integral equations consider the following phenomena:

¢ The conduction phenomenon appears between the various layers of each body element and between the
various layers of clothing.

e The convection phenomenon appear between the bodies external surface (skin and clothing) and the
surrounding air environment.

e The evaporation phenomena appear between the bodies external surface (skin and clothing), subjected to
water vapour, and the surrounding air environment.

e The radiation phenomenon appears between the bodies external surface and the fire front, whose
modelling uses the Mean Radiant Temperature values. Between the clothing levels and between the skin
and the clothing the radiation phenomenon are also verified.

The mass balance integral equations consider the following phenomena:

e The water vapour convection appear between the bodies external surface (skin and clothing) and the
surrounding air environment.

e The diffusion phenomenon appears between the clothing bodies and between the skin and the clothing
surfaces.

The systems of equations defined above are solved by the Runge-Kutta-Fehlberg algorithm with error control.

3. Numerical methodology

The fireman model has a height of 1.8 m and consists of 35 elements. It is equipped with three layers of clothing,
the outer layer corresponding to the typical equipment (including the helmet) of a fireman fighting a forest fire.

In this study two fire front, being static in the numerical simulation, are considered:

e The fire front number 1 has 10 m wide and 1 m high and is located in front to the fireman;
e The fire front number 2 has 8 m wide and 1 m high and is located in the side to the fireman.

The fireman distance between each fire front is:

e 5m from the fireman to the fire front number 1;
e 6.5 m from the fireman to the fire front number 2.

The fireman is placed at a distance of 5 m perpendicular to the central zone of the fire front, as shown,
respectively, in Figure 1 and Figure 2.
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Figure 1- Fireman three-dimensional model

Figure 2- Location of the fireman in relation to the fire front number 1 and number 2

4. Results

This section presents the results obtained in the view factors for the fire front number 1 (see figure 3) and the
view factors for the fire front number 2 (see figure 4). The Mean Radiant Temperature distribution, that is
influence of the two fire front is presented in Figure 5.
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Figure 3. View factor that the fireman are subjected in the fire front number 1.
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Figure 4. View factor that the fireman are subjected in the fire front number 2.
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Figure 5. Mean Radiant Temperature distribution in the fireman.
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In accordance with the obtained results the fire front located in front to the fireman present similar distribution
of the view factor in the human body. In general, the view factor value is similar, however the head and the
feet’s presents slight low values.

When the fire front is localized in the lateral area to the fireman, the left upper and the left lower member,
mainly the upper arm, present lower view factor values. Thus, these human body sections are protected from
the radiation flux of the fire front number 2.

Finally, the Mean Radiant Temperature present the contribution of the radiant heat flux come from the two fire
fronts, calculated trough the view factors. In the present study, namely in the fire front number 2, the protection
promoted by the trunk is verified in the left arm. The low view facts verified also in the foot and hear are also
verified in the Mean Radiant Temperature.

Thus, this kind of situation, namely when the occupant are subjected simultaneous to several fire front, this
methodology consider simultaneously the real radiative effect that the fireman are subjected.

5. Conclusions

In this paper a design and radiative heat transfer in a fireman in wildfire environment is evaluated. In accordance
with the obtained results, the fireman and the fire front geometry is very important in the calculation of the view
factors and the Mean Radiant Temperature used to evaluate the heat exchanges that the fireman is subjected.

The human body geometry considers 35 human body elements. The grid generation refinement considered in
cylinders and sphere is important in the view factors calculus. In the fire front geometry, considered as a plan
vertical surface, the grid generation refinement is also an important factor in the view factors calculus.

The Mean Radiant Temperature is calculated based in the view factors obtained individually in each fire front.

This methodology is important to evaluate individual the effect that each fire front promoted in the fireman,
using the view factor concept, and is important to evaluate simultaneously the integral effect that all fire front
promoted in the fireman, using the Mean Radiant Temperature.
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