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Study on ground-based inerting process influenced by
different gas distribution for multi-bay fuel tank
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Abstract: Under the constant temperature and pressure boundary conditions, a mathe-
matical model of fuel washing was established based on the numerical integration method.
Firstly, the validity of the model was verified by comparing the calculated results obtained
from the model ofBoeing 747 with the experimental data published in foreign literatures,
showing good agreement of the results. Secondly, the model of Boeing 737 central wing fuel
tank was chosen as a research objective, the inerting gas was distributed by uniform and
non-uniform ways; when the flow of inerting gas was distributed by volume and quantity
ways, the changes of oxygen concentration with time and volumetric tank exchange (VTE)
were calculated. The results shows that, when inerting is completed, uniform inlet with
nitrogen-rich air distributed by volume costs the shortest inerting time, and uniform inlet
with nitrogen-rich air distributed by quantity costs the longest inerting time. The compari-
son between changes of left side, right side and center in overall average oxygen concentra-

tion with VTE shows that non-uniform inlet is better than uniform inlet.
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1 2.093 1. 660 1. 215 0.453 0. 640
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4/8 1. 145 0 0 0.453 0. 350
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7/11 0.984 0 0 0.453 0. 301

K5 s T AR 53k U5 SR e R BRI 2 %
T A P R R B RS B A Z ]
B Z N AT L, PR 7 30F 26 4 25 11 B
A A S AR 0 B0 A R A S A AR [, (HJ 5 1
2 3 B G A AR B A L 22 0 Bk

PIE AL 2 B AU B T 1200 0 0L 56 1 o dk
B -2 77 B R ARF 2 07 O P, FOR 5 2
BN 3 4 W 2 (R B 2 07 SRR HE s P 7
T TH 1 AN, SO % B 207 5
FEURA Y & RO B B R B 2 0
P8 Al i et B A 2 B B .

24

ETHIG
OO
HSFIOf
EARIR G

AR
e BT

=
b
& 16t
=y
x
T 12
®
= 8t
z-, B i —
ToAr 23— gip-
0 0.4 08 1.2 1.6 2.0
QY

& 5 A s RO AT BRI B B S 3R
Fig.5 Relationship between molar concentration
of oxygen and V. under

nen-uniform inlet

K6 gl TSR &R AR By
S EIONRY & EALTNP N L e W A D 944
B K AR AR R B A TR AR K 25 S #7 AR BR - 3
W& Gt R e 2 AL KB 1200 A S
R EUIN T Vi 298 0. 82 1 4% Kl i V- 2 B, 45

24

ORI ) SR A B0 %

SS9t

0 0.4 0.8 1.2 1.6 2.0
PUH,

Bl 6 H5HRrUF AR B SRS
R R
Fig. 6 Relationship between molar concentration

of oxygen and V.. under uniform inlet



2532 o= 3 1 % o526 %
TR GFE V A 0,54 BRFE 2K 8] 12% B4
SURBUNBG TS 3 GRF R VN BN 191, o — rEamn
R TE T4 3 0 A BUBR F 2 o 2 2t 20 e - B

Jir o3 TE A A% B M A R Al
T gtk

QSR LA AT B 38 B A R B B0k 1204
N RAER . 2 R A T UL BB LR E A R
RAFBE T R 48 Al 7 T i 9 4 U EOR S B
4 A IS T, M v RT DL e PR AR 2 B 2 ) R
7 2t B e R e 2D T 45 B S 2 A 2 2
PR A W i 2, AR 2 A 07 R
b 275 A i e R B AR AR ]

F2 TRASGAEAXTHHELRR

Table 2 Inerting effect under different gas distribution

e e = 151k = 151k
iR o ) . \
WEC mbE/s kB W] /s
ERARE/
, 5 10
10 2(kg/s)
¥i5) (RBOE 0,813 320 0.813 162
#HR FETF 1,908 738 1. 908 372
5] (RFFEYS 0,938 366 0.938 186
R BRFH-0.938 366 0. 938 186

B TESEPR B AR 2™ 4 4% it
B 0T R U S 20 PR L A 2 3
RSB R 25 BRI By U 25 ) A AR
B AT IS [) B $E S T 22 AL, TN e 4% 2Z (]
1 2 AR L 9] o 23 HH A2 A $ TR RRSF- 2 LT 6 ik
SEBL L B LA FUR #8038 A L REAS B .
LA L FE AR 1 AL B i L T 2 A 50 T AS
F) e A 249 40P B B 1) 1) 28 ARG R %
3 S B ok A 245 R R R SR TR R 5
BH 3 SOELN TR O 4 ZH 7T 0%
SCRAERERB A AL MEE 8 B 11 B U AT
B 20 L XA TR 220 B 4 B 2 R B A B v
9 A AR B B AT 1 2, AT A5 = 41B8 & 2L
AR AR P 2 SRR B By A A R A AT 7
iR,

M7 Hal B AR LSRR B B0k B
120 9 25 B hmifi , AR 39 2 207 S ZE LA A %
BRSNS RS bl R W s WE (EP S LB v =S T N
T BT A A R AR R 23 Bk B 4
PREPETHIAE 900 W TGI8 76 M L A7 B Ad S TP L AR 3

AN o« o
~ ./

o
VARES

SR I A UARR U B %e

0 05 10 15 20 25 30 35
EY,

Bl 7 45 B O 2 R ST 2 U SR R BB 4 SR B
AR
Fig. 7 Relationship between overall average oxygen

concentration and V..
A1 R 07 A T H S iR
4 & ik

ASCENT T — RN I SR A v U 4 Ak i
PR AT TE AT AL T 22 B G 09K i A b
AT P 4ot A A A A 23 Ta) SRR B 0 B i i
(R 7 1k 6 Z R A 58 T 1 4k AR 7E R ) Jr 8
FHEACHT, X 22 B K Tk A H i A R i 2
). AF 5% 45 R B .

D JE¥ A R0 S, T 2 i R B 1538
JE B PR Ay B A B E AR, X
B R 3 SRMenE L R m K.

2) 5 kR 07 Ak A AR BOE 2 3 e B A
A 45 B £ 1 Al et R 5 A A ) L S 5 e Kt
S A3 C AR 45 BV Al R 25 S ]
DL SRR RO R 12% 0,55 3 O Fr i 1k
BER AR 7 f1 11 K4 3.5 1.

3) TR R A RS ROk B A
2 1) R0 AR AR 40 B0, U4 R ARy T 1 141 5 i <
J5 2T 5 M T s () e S, 42 B 43 BE 1 2 A0 1S
J5 2 5 1 B T s 4, 4y T O vk Y 1 AR )
[) A A [R] o FLA T 115 W6 3 22 (8] 5 i8R e AR B 4y
Bic () 34 59 1 <07 XM b i B AR L R, 5 R #
T AR LB TR R I S A ok s B, A ik
AR ME S B 1

4) ST 737 B A A R T 3 A R R
Oy AR AL AR L 25 SR b o AR B 5 iE SO Al
F ¥ 53R 07 .

AR SO ST 45 SR UL B, w R R R K



5511

T FRMR A5 SR o3 L 7 O 22 R G MR it A e T 9 4 2 )

2533

Xt 22 I G HA T R 1 A S8R A B R Ml S W A S P
TR R R B Y AR 2 23 2 07 O B
I

TR J5 SEBE 5T 2R 1k — A 2% B8 AN [F) 1Y i A
B R AR R R L RAT R AN R TR
AR R 1 22 D3 2 B A 0K ik A I AR o R Y R
Wi, g "RAIL AR T A A8 A D S £ B L T ofE
(9 BEIE SCHF

SEHk:

[ 1] William M C. The effect of fuel on an inert ullage in a com-
mercial transport airplane fuel tank[ R]. Washington, DC,

USA ; Office of Aviation Research.DOT/FAA/AR-05/25.

2005.
C2] B CHURmAE AL ] A2 B4R, 2005, 17 (D)
31-32.

XIAQO Zaihua. Inerting of aircraft fuel tank[J]. Aerospace
Science and Technology,2005,17(1):31-32. (in Chinese)

[37] William M C. Measuring oxygen concentration in a fuel
tank ullage[J]. ATAA 2009-1743,2009.

4] E/NF AL OB IA 2 S 1k iy HLEE 53 BT B v
(1. i Zs B2 R , 2008, 20(6) : 24-26.
WANG Xiaopin, XIAO Zaihua. Fundamentally analysis on
inerting of aircraft fuel tank with nitrogen=enriched air.and
its application [ ]J]. Aerospace ‘Science and Technology.,
2008,20 (6):31-327 (in Chinese)

[51 XU/ XA, KA RN il 4 L B BB ).
ALK Toll 2 B 2741 . 2008, 183D : 4-7.
LIU Xiaofang, LIU Wethua. Outline of airborne oXygen
supplied and its fuel tanks inerted[]]. Journal of North
China Institute of Aerospace Engineering,2008,18(3) :4-
7. (in Chinese)

[ 61 Michael B, William"M C,Richard H,et al. Flight-testing of

(7]

[8]

[10]

[11]

[12]

the FAA onboard inert gas generation system on an airbus
A320 [ R7]. Atlantic City, New Jersey, USA; William ]
Hughes Technical Center, DOT/FAA/AR-03/58,2004.
Michael B, William M. C. Ground and flight testing of a
Boeing 737 center wing fuel tank inerted with nitrogen-en-
riched air[ R]. Washington, DC, USA; Office of Aviation
Research, DOT/FAA/AR-01/63,2001.

o 75 W, 0 LA, AR, A HR Tk A e R 1 A R BRI I Y
(). Vh % 38300 R 247412 . 2010, 46 (9) : 16-20.

GAO Xiufeng, LIU Weihua, XIONG Bin,et al. Theoretical
study of washing inerting process in aircraft fuel tank [J].
Journal of Xi”an Jiaotong University,2010,46(9) . 16-20.
(in Chinese)

Michael B, William M C. Inerting of a vented aircraft fuel
tank test article with nitrogen-enriched air[ R]. Washing-
ton, DC, USA: Office of Aviation Research, DOT/FAA/
AR-01/6,2001.

TEWTH. LA AE e v 5 VT AL BOR T B AT ) . B
TR 2SR K 2 2 412010, 42657 +614-619.

WANG Mingming.\Comparative analysis of/ fuel washing
and-Scrubbing in aircraft fuel tank {]7]. Jotrnal of Nanjing
University of Aeronautics and Astronautics, 2010,42(5)
614-619. (in-Chinese)

TEWTH. AL I A A 23 ) e R AR T R B B I Y
(D5 1w 532 i K K 52+2010.

WANG Mingming. Theoretical study of control technology
of oxygen coneéntration on aircraft fuel tank ullage[ D].
Nanjing: Nanjing University of Aeronautics and Astronau-
tics,2010. (in Chinese)

William M C, Ole K. Inerting a Boeing 747sp center wing
tank scale model with nitrogen- enriched air[ R]. Washing-
ton, DC, USA; Office of Aviation Research, DOT/FAA/
AR-02/51,2002.



