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Research on Passenger Comfort in Cockpit of Airliner under Solar Radiation

HUANG Changcheng, YAN Ping
(School of Air Transport, Shanghai University of Engineering Science, Shanghai 201620, China)

[ Abstract] Referring to the cockpit air conditioning system of Airbus A320 passenger aircraft, a simulation model of air flow field
in cockpit of civil passenger aircraft is established. The commercial CFD software Fluent is used to simulate the air flow in the cabin,
record the air temperature, velocity, and local turbulence intensity at key locations around the human body in the cabin, combined
with the dissatisfaction rate (PD) caused by the sense of blowing, so as to determine the most comfortable work for the crew.
condition. Considering the solar radiation in hot weather, a set of initial examples is set. By adjusting the air supply conditions of
different air outlets in the cockpit, the human comfort results are calculated, and several examples with better comfort results are
selected for air supply. Adjustment and optimization of working conditions to obtain the best comfort working conditions for the
occupants. It is found that when the air—conditioning system is at a supply air temperature of 18 “C, the top air is biased toward the
rear of the occupant’s head, and the middle air is maintained at a horizontal air supply condition.
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Fig. 1 Simplified cockpit model
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Fig. 2 Cockpit Meshing
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Tab. 1 Initial examples
R
XU 12T T B LR 5 XGE 1.6 m/s
HRE 2 5 KPS o KU 1.6 m/s

X1

HORUET 1 224 30° 5 KU 1.6 m/s
HRUE 2, 07 T K v G 1.6 m/s

HRUE 1A 30° 5 XU 1.6 m/s
HRUE 2. 77 1) K- J& o R 1.6m/s

X 1.7 B R XU 1.6 m/s
R 2 224 30° 5 KU 1.6m/s

WA 1 7 S ) R K 1.6 m/s
HOXUE 2 A 300 KUK 1.6 m/s

WA 1 220w 30° 3 KU 1.6 m/s
R 2. 4500 30°; KGHE 1.6 m/s

WX 1 30°; Wik 1.6 m/s
HRUE 2. 220 30° ;XU 1.6 m/s
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Fig. 3 Measurement section
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(a) WIHRSEA) 1 HEE = K

(a) Initial calculation example 1 velocity cloud diagram

(b) WIHRT] 2 B = K

(b) Initial calculation example 2 velocity cloud diagram

() PIRTER] 3 H Iz A

(¢) Initial calculation example 3 velocity cloud diagram

(d) WILRBEH 4 HJE =R

(d) Initial calculation example 4 velocity cloud diagram
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(e) WIHRTEA) 5 HPE = K]

(e) Initial calculation example 5 velocity cloud diagram

() WA 6 HE = H

(f) Initial calculation example 6 velocity cloud diagram

(g) VIR 7 HE =
(g) Initial calculation example 7 velocity cloud diagram
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Fig. 4 Initial example—Cloud diagram of cockpit speed field

(a) WAL 1 EEE = K

(a) Initial calculation example 1 Temperature cloud diagram
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(b) WIHRTH] 2 I =K

(b) Initial calculation example 2 Temperature cloud diagram
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(¢) Initial calculation example 3 Temperature cloud diagram

(d) HILRAR 4 BIE =K

(d) Initial calculation example 4 Temperature cloud diagram
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(e) Initial calculation example 5 Temperature cloud diagram
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(f) PIREH 6 A =K

(f) Initial calculation example 6 Temperature cloud diagram

(g) IRTEH] 7 I A

(g) Initial calculation example 7 Temperature cloud diagram

(h) 3G REZ A
(h) Crew temperature cloud map
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Fig. 5 Initial example—Cloud diagram of cockpit temperature field
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Fig. 6 Distribution of anthropometric positions
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Tab. 2 PD values based on initial examples

g NAGLE W KU T AN 5 725/ %0
A B C D E F G
7 16.80 3.35 8.47 0 12.377 18.35 15.15
H I J K L M N
1 16.40 19.92 2.79 9.02 0.81 11.37 2.52
A B C D E F G
# 7.91 9.07 13.4 6.06 5.06 8.39 10.65
H 1 J K L M N
10.26 0 0 24.46 10.62 27.6 6.73
A B C D E F G
4 18.35 4.98 4.74 1.87 7.82 15.82 14.12
H 1 J K L M N
5 14.05 16.28 5.22 11.123 0 14.56 1.91
A B C D E F G
5 20.6 8.59 12.85 7.122 6.92 9.07 10
H I J K L M N
8.88 16.71 10.85 16.57 7.85 28.16 6.35
A B C D E F G
# 14.47 4.04 10.43 0.69 13.47 18.32 16.07
H 1 J K L M N
3 17.14 16.34 4.08 7.87 1.54 7.76 2.98
A B C D E F G
5 10.53 7.21 13.08 7.60 7.18 8.75 10.46
H I J K L M N
10.96 2.18 5.55 2.8 10.64 23.13 7.25
A B C D E F G
# 14.52 1.11 8.56 1.79 9.94 19.00 15.04
H I J K L M N
4 18.88 16.98 2.25 8.62 4.11 13.32 2.22
A B C D E F G
H 4.80 6.85 13.01 8.60 22.76 8.16 0
H 1 J K L M N
8.3 3.35 4.74 16.67 9.15 21.71 5.31
A B C D E F G
+= 14.90 3.61 9.17 3.27 10.26 14.40 13.87
H I J K L M N
5 13.72 18.21 5.07 8.66 3.47 12.04 2.40
A B C D E F G
# 11.47 3.67 15.60 7.11 5.77 8.29 10.68
H 1 J K L M N
10.49 1.677 4.94 21.02 9.035 25.29 7.03
A B C D E F G
I 18.88 4.69 4.34 0 5.75 13.63 11.88
H 1 J K L M N
6 13.15 16.65 5.61 11.24 0 14.65 1.89
A B C D E F G
= 20.144 7.72 12.69 8.15 5.63 9.25 10.63
H I J K L M N
14.13 17.57 10.18 19.50 7.12 28.03 7.34
A B C D E F G
4 13.36 0 10.75 0 11.07 19.03 15.53
H 1 J K L M N
7 20.68 15.52 1.27 8.81 1.41 12.97 2.23
A B C D E F G
= 2.11 7.69 11.63 9.30 21.23 8.82 1.84
H I J K L M N
5.97 2.67 4.47 5.59 10.69 20.50 6.08

12 Y RTINS B XN T 0.05m/s B, PD AR 0,
B—H B AR PD (E S T 20% 891
BUAA 3 SRR, R 1 A E PD EE T

20% , HABEBIHIFELE 2 Kb 2 &b LA 1 PD B T
20% B E, Hop i 4 R Z50CER & ELF M, B 42
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Tab. 3 Average of PD based on initial examples ( total )

B i PD FHE/ %
1 9.91
2 10.76
3 9.38
4 9.63
5 9.83
6 10.73
7 8.97
2. PDFHE () = (AMZ 55 PD V) {E +47 125 3 51 PD
EHIE) /2
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Tab. 4 Optimization examples

AT

CRUE R

HRET 1A 30° 5 KU 1.6 m/s
HRUE 2, 5 [ KSF R s RGE 1.0 m/s

1

XU 1A 300 KUK 1.6 m/s
HRUE 2 224 30° 5 KU 1.0 m/s
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A W A R
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(a) PEALSEH 1 B = A

(a) Optimization example 1 speed cloud diagram

(b) fLfbEH 2 HE =K
(b) Optimization example 2 speed cloud diagram
B7 RUES-BRiEEGRE

Fig. 7 Optimization example—cockpit speed field cloud diagram
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SRR 5 08 B TR O XA — @ R Rl eERNAL B R PD (XA RO, Al UL 42 id
/I DR S i A R T/ N B v 23 AR T ] AR 0 AT LS Ak P B o B R AR,
EARLEE Tt o O B 2 AR B AR R TE 23 €~ ARSI 1 59 PD S EIE/ N TARA S 2 19 PD -
24 C, B(E, SR 1 B TR RN B8R,

(a) PEALSEAH) 1 REE = K

(a) Optimization example 1 temperature cloud diagram

(b) PEALTA] 2 3R = K
(a) Optimization example 1 temperature cloud diagram
Es MUES-BRMEEFRE
Fig. 8 Optimization example—Cloud diagram of cockpit temperature field
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Tab. 5 PD values based on optimized examples

"G ANRAE W KU T AN 15 7/ %0
A B C D E F G
7 0 4.58 3.07 3.23 9.90 14.16 6.78
H I J K L M M
1 8.48 5.36 4.78 1.35 5.41 16.3 3.07
A B C D E F G
# 15.57 0 11.39 1.25 0.57 10.05 6.99
H I J K L M N
8.41 3.84 6.54 1.76 0 19.70 6.94
A B C D E F G
4 0.84 6.87 2.49 3.00 9.43 14.10 6.97
H 1 J K L M M
5 12.79 5.54 4.71 2.14 5.12 17.01 3.07
A B C D E F G
= 14.42 0 11.22 1.70 0 9.91 4.28
H I J K L M N
7.81 4.12 7.03 3.69 0 19.13 6.41

( FHEH 48 1T)



