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« Heat transfer from human body to the environment through clothing:
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- Experimental method is time consuming and expensive
 Applicability of numerical and analytical model is very limited in this fields
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« Most numerical and theoretical models neglect the heterogeneity of an enclosed air layer

« The assumption of homogeneous air gap can induce an error in simulated heat flux

« Error can affect further modelling of thermal physiology and comfort
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« Assumption of homogeneous air gap and effect of clothing surface on heat transfer mechanisms
- Validation of the numerical model to the experimental data

- Validation of developed analytical model to the numerical model
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Experimental setup
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Selection of fold size
- Based on 18 casual garments
« Analysis of more than 300 folds

Height Width Ratio W/H
Small fold 14mm 42.4mm 3.028
Middle fold =~ 25mm 75.8mm 3.032
Big fold 38mm 1152mm = 3.032

Casel Case2 Case3
Small fold Medium fold Big fold

(a) Thermal cylinder inside the climatic chamber (b) Spacer with fabric to
cover thermal cylinder
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Fabric layer:
Thin Layer, Ret: 0.024 Km? /W
Diffuse surface, emissivity = 0.9

Geometry and Boundary conditions

Thermal cylinder
T=35°C
Diffuse surface, emissivity = 0.95

Inlet: 0.17 s
T: 20°C

Wall:
No slip (u=07/s)
Emissivity = 0.05

Pressure
Outlet

N -

Pressure
Outlet

Turbulent flow: Low Re k-€

Surface-to-surface radiation modelling

Natural convection with Bousinesqg approximation
Stationary simulation
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Results

Effect of homogeneous assumption on heat transfer
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Validation of the numerical model against experimentally measured data

1 Experimental measurement
B Numerical model
B Analytical model
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Results

Validation of analytical model with numerical model
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Results

(a) Velocity profile in climatic chamber (m/s)

208
-0.06
0.08 296
U\ ¥ 008 ¥ 296

Velocity (m/s) Temperature (K)

A 024
02 (c) Velociy (m/s) and temperature (K) distribution in an
enclosed air layer due to natural convection
0.15 o
7 A 308 S
~ A009 \

/ ‘k\ \
| 308 1
I 0.08 N 1
0.1 I "
| 0.08 306 1
| |
1 0.04 - |
0.05 1 _— 304 1
| 0.02 |
: 302 !
| 0 |
0 ! | I
Yo I [l 002 300 :
1 -0.04 |
I ‘ - I
| |
=l I
1 I
| |
| |
1 1
\ /

-
~

7’
U
AY

S

~

~———————————————————————-—’

31 October 2018 11



UNIVERSITE
HAUTE-ALSACE

Conclusion @ Empa

Materials Stience and Technalegy

* Assumption of homogeneous air gap is not valid while simulating heat transfer
from clothing surface

e Analysis of clothing surface and fabric properties on heat transfer mechanism
* Presented numerical model is validated against the experimental data

* Analytical model is validated with the help of the numerical model
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