Finite Element Based Implementation
of Flala‘'s Thermal Manikin
in THESEUS-FE
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Global Modelling
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Global Modelling

THESEUS-FE

 unknowns: T,

conductive solid structure
o finite elements: shells, solids, contact, manikins body elm. (+ blood circuit)

thermal loads | radiation
» convection respiration evaporation | | blood perfusion || metabolism
ol 71 = * "~
l v I : : :
airzones sweating | | vasomotion | | shivering
2 UL -I:flir  RHa, manikin (act. system)
ventilations
. <«— heat exchange
| external fluid solvers
(e.g. sending: local velocities) ‘ mass flow
D hhbbb affecting
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Manikin FIALA-FE

Geometrie Shell-FE Geometrie Fiala‘'s Solid-FE Model
degree of
freedom
\
hands not
shown
.>
layer (arm)
skin
fat
THESEUS-FE: THESEUS-FE: Solver muscle
Pre/Post-Prozessor The energy balance will be L bone
this FE model is used for solved with these solid-type
 users definition of bound. cond. | finité elements that represent
_ _ the body elements of Fiala's
- viewfactor calculation passive system. Body elments
- result visualisation (e.g. temp.) | are connected fia blood flow.
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Postprocessing

skin temperatures
at initial state of simulation: ...at final state of simulation:
locally
heated
bysun ~— '\
heated
by contact
thermal neutrality cooled by ventilations
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Manikin Discretization

Ed/brainm

user defined
{clothing parameters (1, i, f,)

neck

thorax @
abdome@

sectors

- ,
A | sub-layer
. a |
c
=FE!
GE) upper
Q@ &
| leg
=) >
3
R material layer

B \THESEUS| Author: Dr. Stefan Paulke (Technical Manager) VTMS, 23.05.2007 7




Manikin Finite Element Approach

radial heat conduction of cylindrical/spherical body elements

2
m_, T

partial diff. equ.: |rc it = +Q, +b(T,. - T)| -bio heat equation®
r

linear approach for the temperature

r=R-t*(1-h)/2 , t=R-r,
+1 o
Mf=a rcffffr"dh | g° =Aff q, for h=+1
+1 +1

Q¢ :a_lfie(Qm+bTb|a)r“dh ;KS :d_lk%%r"dh +ajbf *fer"dh
cylindrical coordinates:

a=lLt , A=j LR , d:j% , n=1
spherical coordinates:

azw,ﬂzj[l-cosq]l?2 ,d:w n=2

Me-l-e +Ke-|-e :Qe +qe
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Cut Through a Body Element
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Blood Flow (e.g. leg)

typical temperatures

e arterial temperatur T,
« venous temperatur T,
* blood pool temp. Ty,

muscle

Knochen

+—

Q= h (Tha— Tuw)

Top | |

venous
blood

Q, ... heat transfer between.
adjacent vessels
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Human Boundary Conditions (e.g. leg in warm env.)

environmental parameters:
e air temperatur

e air humidity

* relative air speed

* radiation wall temp.
 viewfactors, emissivity
 contact pairs

Ssteam |:||] evaporative heat

outer skin (no blood flow)

/ inner skin (blood flow)

/

radiative
heat

convective
heat

________________

heat conduction
to core

N
./ &
heat transport
via veins
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Global Human Heat Fluxes

100
transient cabin simulation:

1., sun heating the car

=T _cabin|[T]
—T outlet[T]
—T _dashboard [T]

2.| manikin entering the cabin

T[C]

3.| ventilations cooling the cabin
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B \THESEUS| ‘ Author: Dr. Stefan Paulke (Technical Manager) VTMS, 23.05.2007 12




Human Temperatur Validation

e.g. cooling at 5T environment
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Global Thermal Comfort Prediction

(Fiala, 1998)

: «———— hypothalamus temperature
(brain core) T
: : hy
. P, /mean skin temperature
:. el .,»: T P a Asec
. % sk,m sk,be sk,sec
‘e, PY H be sec be

skin temperatures
at initial state of simulation:

DTS =F DT,

1TTsk,m

—ﬂt , DT,

k,m?

DT, = Tu., - 34.4°C

Tekmo = 34.4C

/

...at final state of simulation:

locally
heated
1 bysun — * '\
e DTS heated
by contact
cool -2 ——PMV
——DT sk m
cold -3 thermal neutrality cooled by ventilations
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Local Thermal Comfort Prediction (Zhang, 2004)

Zhang's thermal sensation index:

-4 0 +4
< i i i i i i i i i >
very cold cool neutral warm hot very
cold hot

Zhang's comfort index:

-4 0 +4
< i i i i ¥ i i i i P>
very very
uncomfortable neutral comfortable

cold air
—

AT
global temp.

local temp.

B \THESEUS| Author: Dr. Stefan Paulke (Technical Manager) VTMS, 23.05.2007

15



Local Thermal Comfort Optimization

Zhang's thermal sensation index:

-4 +4
< i i i i i } >
very cold cool warm hot very
cold hot
Zhang's comfort index:
-4 4
< i i i i i i i $ >
very very

uncomfortable

comfortable

local therm. sensation model
for manikin's back
|

local comfort model for manikin's back

IS

= T e

TN

I
local comfort
4

/ ‘
-’
’
.

—T_skm=26C ——T_skm=30C
= =T skm=344C ——T_skm=35C

= = 'glob. TS=0 (neutral) ——glob. TS=-3 (cold)
——glob. TS=+3 (hot)

local comfort = +4
Tskm = 34.4C

=> Jocal TS=1.6

=> Ty — Tsk_setp =1C
=> T,=35+1=36C
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