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Finite Element Based Implementation

of Fiala‘s Thermal Manikin

in THESEUS-FE
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•Global Modelling

•Manikin Implementation

•Global Human Heat Fluxes

•Human Temperatur Validation

•Global Thermal Comfort Prediction

•Local Thermal Comfort Prediction / Optimization
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Global Modelling
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conductive solid structure
• finite elements:  shells,  solids,  contact,  manikins body elm. (+ blood circuit)

• unknowns: Ti

external fluid solvers
(e.g. sending: local velocities)

airzones
• unknowns: Tair , RHair

ventilations

thermal loads

respiration

radiation

convection

manikin (act. system)

evaporation blood perfusion

vasomotionsweating

metabolism

shivering

heat exchange

mass flow

affecting

THESEUS-FE

Global Modelling
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Geometrie Shell-FE Geometrie Fiala‘s Solid-FE Model

THESEUS-FE: 
Pre/Post-Prozessor

this FE model is used for

- users definition of bound. cond.

- viewfactor calculation

- result visualisation (e.g. temp.)

THESEUS-FE: Solver

The energy balance will be
solved with these solid-type
finite elements that represent
the body elements of Fiala‘s
passive system. Body elments
are connected fia blood flow.
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fat
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degree of
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Manikin FIALA-FE
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skin temperatures
at initial state of simulation: ...at final state of simulation:

thermal neutrality

locally
heated
by sun

cooled by ventilations

heated
by contact

Postprocessing
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Manikin Discretization
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Qx = hx (Tbla – Tblv)

Blood Flow (e.g. leg)

typical temperatures

• arterial temperatur Tbla

• venous temperatur Tblv

• blood pool temp. Tblp

Qx ... heat transfer between.
adjacent vessels

venous
blood

arterial
blood
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environmental parameters:

• air temperatur

• air humidity

• relative air speed

• radiation wall temp.

• viewfactors, emissivity

• contact pairs

Human Boundary Conditions (e.g. leg in warm env.)

outer skin (no blood flow)

fat muscle

bone

cloth

convective
heat

radiative
heat

contact heat

evaporative heat

heat conduction 
to core

steam

inner skin (blood flow)

heat transport 
via veins
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Global Human Heat Fluxes

transient cabin simulation:

1. sun heating the car

2. manikin entering the cabin

3. ventilations cooling the cabin
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Fiala [1]

THESEUS-FE
experiment

20

22

24

26

28

30

32

34

36

0 30 60 90 120 150

time [min]

m
ea

n 
sk

in
 te

m
p.

 [°
C

]

80

120

160

200

240

280

0 30 60 90 120 150

time [min]

m
et

ab
ol

is
m

 [W
]

26

28

30

32

34

36

0 30 60 90 120 150

time [min]

fo
re

he
ad

 te
m

p.
 [°

C
]

20

22

24

26

28

30

32

34

36

0 30 60 90 120 150

time [min]

le
g 

te
m

p.
 [°C

]

18

20

22

24

26

28

30

32

34

36

0 30 60 90 120 150

time [min]

a
rm

 t
em

p
. [

°C
]

26

28

30

32

34

36

0 30 60 90 120 150

time [min]

ch
es

t t
em

p.
 [°
C

]

34

35

36

37

38

39

40

0 30 60 90 120 150

time [min]

re
ct

al
 te

m
p.

 [°
C

]

thorax anterieur

shivering!

e.g. cooling at 5°C environment

Human Temperatur Validation
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Global Thermal Comfort Prediction (Fiala, 1998)
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Local Thermal Comfort Prediction (Zhang, 2004)
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cold air
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Local Thermal Comfort Optimization

local comfort = +4 

Tskm = 34.4°C 

=>  local TS = 1.6

=>  Tsk – Tsk_setp = 1°C   

=>  Tsk = 35 + 1 = 36°C

local comfort model for manikin's back
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