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E Mechanisms of Cabin Heat Transfer

* Solar radiation (short wave)
 Thermal radiation (long wave)
e Multi layer conduction

* Contact

solar l:l? £

shortwave

radiation diffuse

* Convection o
eflection,

transmission,
absorption at
wind screen

e HVAC ventilations
& humidity

direct

reflection

convective
exchange
with
surrounding
air

Tsiy

longwave
radiation
> exchange
~ Wwith sky

Environmental thermal bound. cond.
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E Simplified Model Creation

CPU time: .~~~ Seconds Minutes Hours Days Weeks
100 Elm. .. 1Mio EIm. 10 Mio Elm. 100 Mio Elm.
/ 1D Conduction \\\ 3D Conduction Fully Coupled 3D CFD

Air zone model:

e

50km/h, -20°C  me—l-




turbosquid.com/

Aud
: https

Source

E Geometry & Generator Model
//www


https://www.turbosquid.com/

E Geometry & Generator Model

Q7 original Geometry Generator Model

The Basic model will be
without panorama screen!
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E Simplified 1D Conduction

Roof conduction model: ,

f//

Layer configuration:

« 0.7 mm - Steel

« 8.5mm - Sandwich struc.

« 20 mm - Air gap

* 9.4 mm-Ceiling =
[

———

Simplified air gap model:
| 1 Assumptions:
ayer: n- /Tn_1 w
h 33—
conv m2K
laver: n —_Ekn NHK" t e~ 0.9
yer. —_ dx <~ " eff layer thickn.
S~ T
layer: n+1 n+1
Effe;tlve. itv: | o hconv In t"o Tn,—l Tn+1 Tn,—l 2 T”+l 2
conductivity: kefr = 5 + VEETSY ( + ) [( )7+ ( )]
bvf’ N -~ ,
convection radiation T[K]

Floor conduction model:

Inside cabin

Carpet + mat ~10mm

Foam ~25mm

Plastic~10mm

Air gap 50mm

Metal sheet ~1mm

outside




E Green House Effect

Solar radiation
sun

wind screen (glass)

P = zero transmittance!

Thermal radiation

(long wave)
Dashboard
heated
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dashboard (plastic)




E Typical VSG-Windshield Radiation Properties

Wave length dependencies:

Solar Absorbance n
(at @ = 50°) N
P / "] Thermal radiation intensity*
Solar radiation s at T = 300K
intensity* /
III
III
Solar Transmittance J R el
(at ¢ = 50°) \ | lpm 2um 10pum
visible ' a ~08—09
350-750nm T ~0
\ J \ J
Y Y
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E Human Thermal Physiology Model (Fiala)

The reference state for comfort = Thermal. Neutrality

Passive system: »
y Boundary conditions [ e L T VAR [ Rtmidity ™ Fmetabolism

e M lism iki
etabolis ' of unclothed manikin 300 °C 30.0°C 0.05 m/s 40 % ~87 W
* Heat conduction

e Blood circulation Simulated skin In the quasi-stationary state of neutrality

. C h . the inner heat production is equal to
ontact eatmg the outer heat loss from

* Evaporation

* Respiration

* Radiation

* Convection

temperatures T, :

* convection

* respiration
* cvaporation

» radiation

Active system:
e Shivering
* Sweating

e \asoconstriction & -dilatation
49 ltr/min  24.3W/K 0.73 g/min

Clothing:

* Local clothing parameters: |, iy, f 35..36°C Global temperatures:
3035 T T ) e
32..34°C 3 34.40 °C 36.20°C 3700°C  36.88°C
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E Human Thermal Comfort Models

The PMV is the most common and
simplest thermal comfort model based
on a global energy balance.

DTS is based on global skin and core
temperatures to be simulated by the
manikin passive/active system.

Equiv. temperatures are based on local
heat fluxes (also see next slide).

Zhang Model is based on local skin and
global core temperature changes* to
be simulated by the manikin
passive/active system.

*towards neutrality

Fanger (1970) Fiala (1998) Equiva|ent temp T_eq Zhang (2003)
PMV-Index DTS-Index (EN IS0 14505-2) Local comfort model
Input activity level mean skin local heat loss values locale skin temperatures
global boundary conditions: temperature mean skin temperature
a?r- and \_/vall temperature, core core temperature
air-velocity, humidity temperature.
clothing
Validity stationary, global dynamic stationary, local + global dynamic, local + global
global 6 assessment regions 13 body parts
Remarks not coupled with thermal DTS similar to | differing assessment for model provides max.
manikin response PMV summer and winter clothing thermal comfort value =>
applicable for optimization
Problems not applicable for contact less validated | compared with Zhang: very complex model
boundary conditions for dynamic locale comfort predictions results sometime not
model requires global clothing | load cases are quite undifferentiated transparent ("black box")
definition (clo-value)
Output global therm. sensation on a 7-step-scale local therm. sensation and global and local therm.
(Indices) -3 .. cold comfort sensation

-2 .. cool

-1 .. slightly cool
0 .. neutral

+1 .. slightly warm
+2 .. warm

+3 .. hot

on a 5-step-scale

.. to cold (uncomfortable)
.. cold (but comfortable)
.. heutral (comfortable)

.. warm (but comfortable)

g b~ WODN B

.. to warm (uncomfortable)

on a 9-step-scale, from -4
(very cold) to +4 (very hot)
thermal comfort

on a 9-step-scale, from

-4 (very uncomfortable) to
+4 (very comfortable)

e———————————— ]S
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E Human Thermal Comfort Models

Equivalent temp. T_eq (EN ISO 14505-2)

s summer comfort zones (1_,=0.5clo): "3 Winter comfort zones (Icl=1.0clo):
3
. et | == q - whole human body q -—ﬂ"’l{ = AN
E = IA 5 i = T
0 J-‘:*¥ . [\ e p - head/brain o | - ok
ud o W N = o - face n = _7] j j :
| ey £ A n - chest | f— ] S——r
;‘ = i et m - upper back lk oo gl A
i CY - = G k/l - right/left upper arm W= e S
h 4 44 R : e | N T —
I ilj - right/left lower arm ol CIlE
7 = g/h - right/left hand g o mIn
o T ; e £ elf - rightlleft upper leg s ' 3 TF -
P | c/d - right/left lower leg & e
b — a/b - right/left foot b H—+—
alllllll LAt Lt r a1l - aLll] IHEEE NN | \ 1| ) 1Ll o
10 15 20 25 30 35 40 10 15 20 25 30 35 40
Teq [*C] 23.9°C Teq [°C]

1 - too cold (uncomfortable), 2 - cold, but comfortable, 3 - neutral, 4 - warm, but comfortable, 5 - too warm (uncomfortable)
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EPartZ ‘

Simulation Results of a Winter LC

Basic: Variant 1: with seat heating




E Winter Load Case Description

Initial & environmental temperature: -20°C
External air flow speed: 50km/h
HVAC: defrosting starts immediately with 0.05kg/s

HVAC: warm air at feet outlet starts after 10 minutes

A S

Reach comfortable conditions after 20 minutes
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E HVAC & Air Zone Model

* Load case 1: only defrost outlet 50km/h, -20°C =—
* Load case 2: both outlets active ;
“ﬁ L
dm/dt !
0. 05kg/5 ________________________ dm/ dtDefrost
E dm/theet @
LC1 :Lc2
| I' | >
3min 10min 30 t
Tine
g = Unknown mass exchange rates between air zones
50°C Tpefrost = Treet (to be calculated via CFD)

LC2

=-20°C -




E Cabin Mass Flow for Winter LC 1

THESEUS-CFD Results* for LC 1

I |
000 020 040 060 080

Velocity (m/s)

THESEUS-FE
CFD Results

| |
000 020 040 060 0.80
Velocity (m/s)

*without manikin because of easier mesh creation
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B Cabin Mass Flow for Winter LC 2

THESEUS-CFD Results for LC 2

A-A

i 1
000 020 040 060 080

THESEUS-FE
CFD Results

[ |
000 020 040 060 0.80
Velocity (m/s)




E Results: Air Zone Temperatures

Air zone temp. after 30min

60

[OC] deal
[ ERUY

364
_ . T1,=36.4°C .34.6

327
29.1
27.3
25.5
236
218
200

1500 2000 B - i

RS

T inlet

................ = T Airz 1 front

= = =T Airz2 bot
-------- T_Airz 3 back

Convection: Ambient fluid temperature at t=13800s

-30
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E Results: Part temperatures

5min 10min 15min
deaC deqC deqlc
B - mex Bl > Ve > vAx
36.0 36.0 36.0
29.8 29.8 0.8
236 236 536
17.3 17.3 17.3
111 111 1.1
49 4.9 49
23 =13 -13
76 -76 -6
-138 -13.8 -13.8
_200 -200 _20‘0
B - v . < v B -
NLA,
CINA. [ InA,
Temperature (DOF value) at t=600s
Temperature (DOF value) at t=300s P ( ) Temperature (DOF valug) at t=900s
20min 25min 30min
deqC deqC deql
Bl - vex B e > A
36.0 60 36.0
298 208 298
236 6 236
1?‘3 1?-3 1?.3
111 111 11.1
49 49 49
-1.3 13 -1.3
-7/6 76 =76
-1358 -138 -1338
=200 200 =200
- B - B - v
L INA, C N CnA
Temperature (DOF value) at t=1200s Termnperature (DOF value) at t=1500s Temperature (DOF value) at t=1800s
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E Results: Global Temperatures Acting on the Manikin

40

[°C] 33.2°C - mean air temp. on manikin
30

20 23.9°C - mean equivalent temp. on manikin

10 14.2°C - Mean radiation temp. on manikin
0 500 1000 1500 2000

-10

-20

-30

=T mean_air =T rad

————————————————————————————————————————————
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E Results: Manikin Global Comfort Indices

Hot 3 3
PMV-C DTS
Warm 2 2
Slightly warm 1 1
Neutral 0 0
0 500 000 1500 2000 0 500 1006 2000
Slightly cool -1 -1
-2 -2 . .
Cool PMV-C is a modified PMV
cold | 3 3 L calculation considering the
contact region a global energy
= PMV-C PMV-C (contact HFL 100 W/m2) ——DTS DTS (contact HFL 100 W/m2)
balance.
[°C] 30 Too warm (uncomfortable) = °
T eq ISO 14505
20 -
Warm (but comfortable) 4
10
neutral 3
0
0 1000 1500 2000 Cold (but comfortable) >
-10
20 Too cold (uncomfortable)
0 500 1000 1500 2000
-30
——150 14505

T eq

T_eq (contact HFL 100 W/m?2)

ISO 14505 (contact HFL 100 W/m?2)




E Results: Manikin Local Comfort Indices (Back)

37

[°c]
36
55 || T_skin
34
33
32
31
30
0 500
Tsk
Very hot 4
Hot 3
Warm 2
Slightly warm 1
Neutral °
Slightly cool B
Cool
Cold
Very cold *

——————————————————————————————————————————

1000

1500

Tsk (contact HFL 100 W/m2)

Zhang
sensation

2000

/

500

Zhang TS

1500

2000

Zhang TS (contact HFL 100 W/m2)

60

40

20

-20

-40

-60

-80

-100

-120

> Uncomjortable!

4
500 1000 1500 2000

3

2 ISO 14505

1

0 500 1000 1500 2000
Teq Teq (contact HFL 100 W/m2) —— 15014505 ——1SO14505 (contact HFL 100 W/m2)
Very comfortable Zhang

comfortable

Just comfortable

Uncomfortable

Very uncomfortable

comfort

2000

Uncomfortable!

Zhang LC

Zhang LC (contact HFL 100 W/m2)
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E Influence of Panorama Screen

fa8 THESEUS-GUI 7.1.02 [Q7_3Zonen_Winter_newb_Panorama]

To analyse the effect of a

File Add Run Tools View Help

G

Y

panorama screen for the &5 Selection: GID, AND OR NOT INOT ALl
winter load case we
replace the original G

. . Model | BC Data = Fluid = Manikin
material/thickness by - (Reaz seats)
those of the side screen. e (Hindshield)

; (Rear screen)
Properties
|Pmperty Value

Layer 1 (NEG)

MID1 - Layer material... 6

SIDE - Element side on ...

——Object comments ————

INVERT NEIGHB UNDO ()

o AutoScale ~ @' = E’ E’ ‘EI Bl Post time = 31 [t=1800s]

e————————————————————————————— ],

The influence on the air zone
temperatures is marginal

Front : 32.3=>31.4 °C
Bottom : 36.4=>36.0 °C
Back : 23.2=>21.6 °C
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E Influence of Panorama Screen ‘

ISO 14505 ~3 : neutral 7 ~ 2.3 : cold, but comfortable
Toowarm R >vax

Panorama:

Warm, J
but comf.

neutral 0

cold, J
but comf.

1.5

Too cold HE-vN
L1

MLA,

Local comfort index from 150 14505 at t=1800s
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