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Numerical Simulation on Air Quality in the Boeing 737 Aircraft Cabin

Abstract

Abstract: The air quality in the cabin will directly affect the persons’ efficiency when an aircraft berths. In
order to analyze the effect of velocity of air outlet of bridge-load air conditioning on the air quality of
aircraft cabin, the first class cabin of Boeing 737 aircraft is used as the research object, based on the CFD
method and numerical heat transfer theory, the air quality in aircraft cabin is simulated numerically. Based
on Ppv and CO2 relative concentration, a new air quality index (lao) is put forward to evaluate the air
quality of aircraft cabin, and then it make the new index (lao) as function of the velocity of air supple
outlet through the Gaussian fitting curve method. The results show that supply air velocity has great
effects on air quality of aircraft cabin no matter it is oversize or undersize. When the supply air velocity is
about 0.82m/s, the air quality of aircraft cabin is the best. The reliability and effectiveness is proved by
goodness-of-fit tests and actual investigate, so the speed can provide the basis for bridge-load air
conditioning control.
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Abstract: The air quality in the cabin will directly affect the persons’ efficiency when an aircraft berths. In
order to analyze the effect of velocity of air outlet of bridge-load air conditioning on the air quality of aircraft
cabin, the first class cabin of Boeing 737 aircraft is used as the research object, based on the CFD method
and numerical heat transfer theory, the air quality in aircraft cabin is simulated numerically. Based on Py
and CO; relative concentration, a new air quality index (I4o) is put forward to evaluate the air quality of
aircraft cabin, and then it make the new index (140) as function of the velocity of air supple outlet through the
Gaussian fitting curve method. The results show that supply air velocity has great effects on air quality of
aircraft cabin no matter it is oversize or undersize. When the supply air velocity is about 0.82m/s, the air
quality of aircraft cabin is the best. The reliability and effectiveness is proved by goodness-of-fit tests and
actual investigate, so the speed can provide the basis for bridge-load air conditioning control.
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Fig. 2 Sampling points on the cross section

2.1 IEPGERER WHLE RN EUREREH

H T 7E R 430 R WIS Bl B B s a IRk B it /)N
I, 0T RHLR A PRI ER AR A AR R s I AR,
DAL 23 ) o 5 8% SR L IR KGR v=0.2, 0.4,
0.6, ......,1.8,2.0 m/s I 1) Lo {2, i MATLAB
XF Lig-v #i AT ARG LS, N H Gaussian 2
BT EAU G . A IhZ W& 3 Pros. Bd: 148
RAE—; 2 ARRAE T 3ARRME = 4K
PP 0 ARFEFIIMHE.

KFER2

http: // www.china-simulation.com

Published by Journal of System Simulation, 2018

* 1976+



Journal of System Simulation, Vol. 30 [2018], Iss. 5, Art. 45

5530 455 5 W Vol. 30 No. 5
2018 4E 5 H T, S B 737 WL P 2R B E R May, 2018
1.6 1.8
1.4} 161
1.2k 1.4
1.0t 120 9
o
Z =
T 0.8 1.0}
0.6} 081
0.4} 0.6
1 S S S E— o4 = . . . . . .
02 04 06 08 10 12 14 1.6 1.8 20 02 04 06 08 10 12 14 16 18 20
v/m-s™! v/m-s!
(a) #m— (b) i —
1.8 1.6
L.6r 1.4}
145 1.2 bR
1.2F \\ 1.0k
<o N <o
< <
— 1.0t = 08F
0.8F 0.6
0.6+ o 0.4F
3
04— 02—
02 04 06 08 10 12 14 16 18 20 02 04 06 08 10 12 14 16 18 20
v/m-s! v/m-s!
(c) = (d) #amy

B3 R R I % KA A0 Lygy A1

Fig. 3 1,0-v distribution of sampling points at different air velocity

Bl 3 From & R I IR A RAE AN )38 XU
NI Lig 43T, B 3@)nran, ik — AT —
HER & FERT I, 1%4L COy WS, 5 IXGH
R, COLMREERATHTI, AR Py B RIFEAR 25 06k
/Iy BT LATE BRI AL 126 KU BV ] 0.6~1.8 m/s 2
Fpctte s P 3(b) IR, AR I AT R AR S i
36 U AR B =, R A s ST AT
AMERPRAS, EREBEA 0.5~1.4 m/s I, 2335
BFRIEEE: B 3, B =06 15 e
P BT o, IR AR 0.2~1.1 m/s BN, Ly
Bt 32 KU 2 R B i b, SR AT TG,
&KL R T 1.1 m/s B, 1,0 B3 XUIHERE (1) 384 Jin i
W, AAPERZE: B 3PN, 9k R/

T 0.6m/s N, Lol KT 1, FHNEAHEAL
b, MIEXGEE KT 0.6 m/s I, Lo fHAE0.6, 1)
18], R

RN 16 ARFF RURERFE (R SR B (E A5 2
ANFHIERGESE N Lig {8, NH] Gaussian @05

S W
v, (vb ¥
IAQ(V)zale_[Clj +a,e [ © j ®)

X @1=0.892 2, @,=0.907 2, b=1.1716, b=
0.285 8, ¢,=1.3577, ¢,=0.098 9, vE€[0.2, 2.0]
WA g & 4 fros.

AR ST S S M kA U 2 KT i P
AT, A IR R T & AR P 2 A0 R b

g
Z3
o

http: // www.china-simulation.com

<1977+

https://dc-china-simulation.researchcommons.org/journal/vol30/iss5/45
DOI: 10.16182/j.issn1004731x.joss.201805045



Wang et al.: Numerical Simulation on Air Quality in the Boeing 737 Aircraft Ca

$30 B 5 M
2018 4F'5 H

F 1% R AR A (AR B H . B 73 BT AT T, 0.5<Lyg
<1, BN AR L TAEREEFR K, %t
®)KILAE vE[0.5, 1.5] EAFEIHFREREL Lio(v) b fx;
JINIRF PR IR JE v, =0.82 m/s , X AN Ky 7E 1% VM
PR Z IR SR A ATH RS

1 S —
02 04 06 08 10 12 14 16 18 20
v/m-s™!

4 Lig-v AR rEE I 45 R

Fig. 4 Iaq-v nonlinear approximation result graph

22 LRER

h T IR UE BT 53 M TV AT R s AN SCREUE
YRS 56 B0 A 1 7 R, e RS 4 | b
HNABAT T 2R WA, FEIEATEMR PN
CO, WS HIRSIN o T AT AL FTXF CO, WS I T R
EIGETIERE . T Puy HITX N ASHRAE (1)
A PUBAR RO 1o PRI, i) o5 Hh A A AR 3 5K
PRl BOFRRE, 0 20 ARG 1.5 BOAE: 1:
BOE: 0.5 . WAL R ER, AR
—ENAE, I KR EETE Y 0.7~1.2 m/s I,
NP PRBEET I, [ I 26 XU RSB, 8 AR
SR COy Sy I i, $a Ul
o ML T H AT

K1 AMEFRR
Tab. 1 Cold and heat sensitive scale

Py fH R TR Py fi R IR
-3 Cold 1 Slightly Warm
-2 Cool 2 Warm
-1 Slightly Cool 3 Hot
0 Neutral

ARG HAR

Journal of System Simulation

Vol. 30 No. 5
May, 2018

2.3 K-S &L
M VIR Vi, Vas s Vi FEAR

BN =10, HIFEIFER:

Vo SVoy<...<Vu»

WRHEFEAS, 3 B BB Pt

Ho: S VI3 ATEREL Lio(v)=Ligo(v)s

Hy: SR VIR A RN Lig(v)=Ligo(v):

Ligo(W) N IESERR KL, MARFEAMETG 250 5)
EREL Liga(v), 76 V BPIEE N, Mg & D,
TR Lips(v) 5 LigoO0) 35 K ZEAH

D,=sup | Lign(V)~L100(v)] xE (=0, )

YBE R FE KT 0=0.05, ML A F A H I A
dy. =0.4093=D,=0.362 9, & FULWIFEARIEFEE
ER/SR

3 4w

AHIF GRS T AEAF 2825 PR AS R0 G %
LA NSRRI O, SREERN T I SR
COL MR L5 H 4, 275 2% 18 KL N B AR TG Pk
23T B Py T COy WS N FERE, X %5
WA R R RS L BEATVEMY, SIS0
R SR Ay, 43 N ie.

(1) ARILESLT Lig-v BREEAE R 0T KL
A P TR I BSARHE  B I, D sEIE
H AR AP A B SR

(2) M 2 2 U 1 328 XS ek oy B 0 AR 48 R 1)
CHUEME N TR, X EEAE 0.7~0.9 m/s U
B, 2SR, 76 v=0.82 m/s BT I 255
L FELE,

EIIFTUA CHLAS SE S I, M8 R ) s B it
HR R

SR

(1] Tk, Zcdtl, D%, 55 N Models-3 B R 4L
X B T 2O AU BT[], SRR 224,
2007, 27(3): 487-493.

WANG Yangfeng, ZUO Hongchao, MA Yanjun, et al.
Numerical Simulation Study of Models 3 in Air Quality

http: // www.china-simulation.com

Published by Journal of System Simulation, 2018

* 1978 »



Journal of System Simulation, Vol. 30 [2018], Iss. 5, Art. 45

5530 55 5

2018 45 /1 EX

N

S B 737 CHLIE AR S R BUE R

Vol. 30 No. 5
May, 2018

of Shenyang[J]. Acta Scientiae Circumstantiae, 2007,
27(3): 487-493.

oAk, A E, XIRE. AR RHAL T 5 R
FY O B AR L] WA S5, 2012, 26(1):
101-106.

YAO Lin, PENG Xiaoyong, LIU Zhenhao. Numerical
of Air
of  Thermal
Refrigeration and Air Conditioning,

101-106.

A, R E NI T PSR bR PMV I
BRI, A N OK 2 22 R (CH AR B2 RO, 2005, 33(4):
496-500.

ZHENG Huamei. Research on Predicted Mean Vote of
Indoor Thermal Environment[J]. Journal of Fuzhou
2005, 33(4):

Distribution  of
Comfort[J].
2012, 26(1):

Simulation on Different

Air-conditioning Room

University(Natural science
496-500.

O, Bxcel 18 x~2 UG BIEB AT RN [T =
SR IAIR(BRBIERR), 2012, 25(5): 58-60, 57.

HAN Wenzhong. The Application of Excel in the
Teaching of x~2 fitting Test method[J]. Journal of Higher

2012,

edition),

Correspondence
25(5): 58-60, 57.
BELLAE, Thdioe, sRbeaE, 5. 2S00 N PR AET IEp:
MR EE VAL [J]. VRSN LR SN, 2014, 50(8):
265-270.

XUE Hongjun, MA Zhanyuan, ZHANG Xiaoyan, et al.

Thermal

Education(Natural ~Sciences),

comfort Modeling and Environmental
Assessment of Human body in cockpit[J]. Computer
Engineering and Application, 2014, 50(8): 265-270.
RS R )& = N R IR T N S A TS R K R X )
HFRI]. I TREFE, 2009, 24(3): 66-69.

XIANG Liping, WANG Hanging. Numerical Simulation
of Human body Thermal comfort in High temperature
and High humidity Mine[J].
Research, 2009, 24(3): 66-69.

Chung K C. Three-dimensional analysis of airflow and

Mineral Engineering

contaminant particle transport in a partitioned
enclosure[J]. Building and Environment (S0360-1323),
1999, 34(3): 7-17.
ISO  7730-84.

determination of PMV and PPD indices and specification

Moderate  thermal environments-

of the conditions for thermal comfort[S].

KELR, AR, XIZRME. R SR BN A R
R R BB AL [T]. PR K S AR (H AR R TR,
2012, 43(10): 4129-4134.

ZHANG Dengchun, ZOU Shenghua, LIU Ronghua.
Numerical Simulation on Air Quality in Hard-sleeper
Compartment of Railway Passenger Cars[J]. Journal of
Central South University(Science and Technology), 2012,
43(10): 4129-4134.

[10] PREIR, B/NDL LT CFD 1 KA AGHAEY IG M

ek B O3 AT I BUBBLT]. W 533D, 2015(12):
59-63.

LIN Jiaquan, LIANG Xiaobei. Simulation of Aircraft
Cabin Thermal Comfort and Pollutants Concentration
Distribution Based on CFD[J]. Chinese Hydraulics &
Pneumatics, 2015(12): 59-63.

[11] Aakash C Rai, Chen Qingyan. Simulations of Ozone

Distributions in an Aircraft Cabin Using Computational
Fluid  Dynamics[J].
(S1352-2310), 2012(54): 348-357.

Atmospheric Environment

[12] MR, XIFEM, FIVBIL, 4. KAV A B HEE

B B[] TR KA A R (B 5 BOR), 2013,
46(1): 8-15.

LIU Junjie, LIU Sumei, SUN Hejiang, et al. Numerical
Simulation of the Reasonable Row Number for
Commercial Aircraft Cabins[J]. Journal of Tianjin

University(Science and Technology), 2013, 46(1): 8-15.

[13] T BT, e, 2T RS PR 5 1 3 1) A5 A

P 41 ().
1757-1760.
QI Minyong, DONG lJinxin. Test Suite for Sequence

IEN LR S &, 2012, 33(5):

Equal Probability Based on Chi Square Goodness of Fit
Test[J]. Computer Engineering and Design, 2012, 33(5):
1757-1760.

[14] S74kAR, FBICtT, sKIRF, 5. JETEMETEAR I

a2 S HMR D AMHIIT[]. RS 24 TR,
2008, 25(2): 197-201.

SHU lJisen, GUO Bingbing, ZHANG Junyang, et al.
Research on Probability Distribution of Parameters of
Rock and Soil Based on Fitting Optimization Index[J].
Journal of Mining & Safety Engineering, 2008, 25(2):
197-201.

http: // www.china-simulation.com

<1979+

https://dc-china-simulation.researchcommons.org/journal/vol30/iss5/45
DOI: 10.16182/j.issn1004731x.joss.201805045



	Numerical Simulation on Air Quality in the Boeing 737 Aircraft Cabin
	Numerical Simulation on Air Quality in the Boeing 737 Aircraft Cabin
	Abstract
	Keywords
	Authors
	Recommended Citation

	/var/tmp/StampPDF/stvDHTJbbi/tmp.1688107323.pdf.yCtR6

