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Abstract: The wastewater system is an important part of civil aircraft. The effective sewage discharge is closely re-
lated to the ride comfort and health of passengers. Euler method is used to simulate the gas—liquid—solid three—phase
flow in wastewater system, and the effect of flight height and working condition of toilet on wastewater emission is
analyzed. Results show that: when only the farthest toilet works, with the increase of flight altitude, the core peak
time of waste water flow is brought forward, and the time required for wastewater to be completely discharged are
significantly shortened from 3.31 s to 1.87 s, and the wastewater can be quickly discharged into the wastewater
tank. When the three toilets work at the same time, the negative pressure in the wastewater pipeline will be re-
duced, and the flow rate of different cross sections will decrease by 66.5% on average, the toilet close to the waste-
water tank will reduce the discharge efficiency of the farthest toilet, resulting in the wastewater cannot be dis-
charged quickly. When the flushing time of toilet close to wastewater tank is adjusted to 2 s, and the farthest toilet
needs to be opened separately, the wastewater in the farthest toilet can be fully discharged into the wastewater tank.
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Fig. 2 Initial distribution of solid and liquid phases at the
bottom of toilet expressed by phase-volume—fraction
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Table 1 Pressure parameter value for the calculation of

wastewater pipe

CATE S/ JEMeE R/ #FOEJ/ uEJ/ B HIE
km km kPa kPa 7% /kPa
0 0 101. 325 81.325 20.0
5.5 2.4 75.625 50. 507 25.1
8.0 2.4 75.625 35. 600 40.0
12.0 2.4 75.625 19. 330 56.3
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Fig. 3 Temporal evolution of solid and liquid mass
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Fig.4 Time evolution curve of solid mass in the
tube when only the farthest toilet works

TR KA B U Bl R 4 O 0
(L I 221 T 7K A8 St A [) A 4R T Ak 1 9 1) S R A
Un & 5~I&1 6 fr i .

VLA /(mes™) DRI /(ms™) LI E (mes™)
0 0 0
I 10 I 10 I 10
20 20 20

30

3 30
| N

40
L P

(a) #m 1 (b) #1m 2 (c) 7 3

P 5 AN T2 B T AR AR P A 7K AN T) A8 4 Ak
U7 38 23 A1 (h=0)
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LT 0T LA 2 R K 0 i BN B TR Y 7E i
1.5 s W o 50t v B Al T AR B AN [6) /9 2, K
H% 0 it B IsF ) S LS Bt A7 v B 1 A Ak S B B
WA . EhAE 1R E AR 2 8 P KA BT (an Al 1
Jr ), i AR 3 B R KR TERT 1.5 s L
Wi 1FI AR 2 P g R K B 2 HEA R KA. 1.5s)5,
JR K AR 55 R A I E AR PN Y 25 SO A 1R D A
2N EE AR A KA o ORI KA B
T B AR ZR G0 0T 15 7K B4 i 326 300 T 5% i) - A
3 A K HE T o

Sk T U B A EGT IR KA B R K B 3% B
R FE M, = A ThA ] A B, 5 0 HE i 0 i )
Z 1 12 7K A8 I I v B A A BT 8 B

W IAE B ((mes™) VRITIEE [(ms™)

VRIAE R ((m-s™)
0

0 0
N .
2
& 3 20
oy LEN)
(a) #m 1 (b) #1H 2 (c) #Im 3

P8 = IO [ I AR I 9 I3 7 8 B AN [ A
THT Ak ) 7 1o 2 2 43 (h=0)
Fig.8 Distribution of flow velocity at different cross—
sections of waste-water pipe with three toilets
working at the same time (2A=0)



120 i as TR

Lk 13 %

M8 AT AF H « 5 W i it s S A T4 i A4 B
(an &l 5Ca) Br7R ) , E Al 1FTEb A 2 1 3ife 14 3 3 1 4k
Il AR (A 151 8 Ca) i 7 ) , 2 W Eh A 1 A0 Eh 4 2 A9 T 5
1 S 23 90558 Eh A 3 T K A HE RO

Y k25 BB = A T AR (] A X R K HE
TRCSK 5 8 52 M, = A S A R A T AR R G 5 K Y
6] A AR R0 it 2 B 1) 36 A 2t P 9 i, Al LA
W AERT 1.5 s KL, BEKAE A it il 3 i/, X
IO A 1 AN h A 2 B KA HE A B K AR A K .
TE 1.5 s Z ), BOKE W s IF Ri/h 2 0, BE] 5
Al 3 B K TE R R B HE o TR, OHE S A
1R 5 A 2 9 nh e 6F 8] 3 85 2 s, H Eh A 3 5 Bk
TFIR 75 W 22 52 i 28 48 04 18 3 TA%: .

20
h=0km
+ h=55km
16 - === == h=8.0km
' - - =- B=120km
12
on
%m
]
0.8
T LN uivarmemmuscaracstzas s
041 e
1 1 1 1 1 1 )
0 0.5 1.0 15 2.0 2.5 3.0 35
tls
(a) [A4H
1.0
h=0km
+ h=55km
0.8 1 - === == p=8.0km
- - === B=120km
on
%ﬁ
H
1 1 1 1 1 1 )
0 0.5 1.0 15 2.0 2.5 3.0 35
tls
(b) Wit

PO = A EhAR ] I T A sk ) B A A8 PN (1 A A
A J5E Sk F 1] 356 £ ot £k
Fig.9 Temporal evolution of mass for solid and liquid
phase in waste-water pipe with three toilets
working at the same time

3 % it

(1) A i i B 4 A I, B2 AT i B

I, 2 7K Bl A A% o DA R[] B 317, 22 7K 52 4 HE
BT s B IE) DA 3. 31 s 4 %6 2 1. 87 s, J& 7K RE 18 PR 3 i
Il b 28 15 K 45 HE A K A8

(2) 24 =~ DA [R] s T AR I, 5 30 IR K 4 1
AT SR 23 /0 R K8 i b B B e, A [ A 4 T
HOF PR T 66. 5%, BRAK T i v S A A HE L
RO, S EUE AR TCIE P HE

(3) 4 = DA [a] i T AR, 58 3T B K 46 (19 5
A 1 0 B ) 9 38 o 2 s, LS 3 ity AR R SRR
) 25 52 0 7K ZR Ge W TE R TAE

S % 3Lk

(1] HER. FURMEIKRGEMIRI] iz TR
J&, 2012, 3(2): 229-234.

LEI Meiling. Research on types of water system for new civ-
il aircraft[J]. Advances in Aeronautical Science and Engi-
neering, 2012, 3(2): 229-234. (in Chinese)

[2] LSTIBUREK J W. Understanding drainage planes [J].
ASHRAE Journal, 2006, 48(2): 30-35.

(3] . RAICHLTS KA MR G e BURT S [T ]. 75 R I AR
5 g, 2017(2) : 46.

WEN Bo. Research on selection of civil aircraft sewage treat-
ment system[J]. Dual Use Technologies & Products, 2017
(2): 46. (in Chinese)

(4] WA . —Fh AL R S e s X 7 2 i o S T T .
HLELIE B, 2019(18): 57-61.

YAO Guangsheng. Research and application of a test meth-
od for aircraft ozone converter[ J]. Mechanical and Electrical
Information, 2019(18): 57-61. (in Chinese)

(5] sREUp, EmeHs, Enlfh, & . WHLEZE G REai R
SOl R I R T]. YRS, 2018, 34(12): 15-17.
ZHANG Jinna, WANG Xiaoyan, WANG Kewei, et al.
Reasons for fouling of aircraft vacuum sewage system and
cleaning solutions[J]. Cleaning World, 2018, 34(12): 15~
17. (in Chinese)

(6] gkEk, ZoRZE, ZEM . — M CHLR G HHE KRS .
CN201921669673. 0[ P]. 2020-06-05.

ZHANG Qiu, LI Rongjun, LI Dingkun. A drainage device
for aircraft systems: CN201921669673. 0[P ]. 2020-06-05.
(in Chinese)

[7] LEARY J, SIEVERS T J, LIR, et al. Aircraft water heat-
ing system: US2004057709A1[P]. 2004-03-25.

[8]  Biifpalie. KA RHLIG K RGO 55 [D]. Mat: At
ALK KA, 2010.

CHEN Haiyan. A simulation technology research on the

large-scale aircraft water system[ D ]. Nanjing: Nanjing Uni-



5% 2 SR A RH TRHLE R R Gk E W = A sh PR 58 121

[9]

[12]

versity of Aeronautics and Astronautics, 2010. (in Chinese)
SREBLEE . RHLER R G5 HAT SR D .
LR R, 2011

ZHANG Helei. Research on simulation calculation of air-

A AL

craft wastewater system [D]. Nanjing: Nanjing University

of Aeronautics and Astronautics, 2011. (in Chinese)

KA R B M R O LA A 14 Oy
7% CN201510926939. 5[ P]. 2016-04-13.

ZHANG Shilei. An automatic extraction method for simula-
tion geometric data of aircraft pipeline flow performance:
CN201510926939. 5[P]. 2016-04-13. (in Chinese)

R, TEOER, R R RHL K Ak PR AR 4 i S 1 g
P EAETELT]. Mz HOR, 2015, 45(6): 99-103.

ZHU Chong, LEI Meiling, ZHANG Xueping. Research on
waste system flowability simulation of civil aircraft[J]. Aero-
nautical Computing Technique, 2015, 45(6) : 99-103. (in
Chinese)

INEEE, NP, W SCHE L 55 . BT AL A R RJTRAL
K/ IR e B R A o AT (D). REECEL B, 2016
(14): 151.

SUN Jianfei, SUN Huanqing, YU Wentao, et al. Prelimi-
nary analysis of architectural modeling of civil aircraft water/
wastewater system based on electromechanical integration
[J]. Science & Technology Vision, 2016 (14) : 151. (in
Chinese)

B, BLLU, TRk, 2 R CHLIK R O BT ST
(J]. HHEHLE, 2013, 30(5): 94-98.

ZHAO Jian, GE Hongjuan, XU Yuanyuan, et al. Simula-

tion research on water supply and heat technology of civil air-

craft[J].
Chinese)
[14] BREZAR, W5, de2ef . WHLPLARHRS &40 CN20171128
4366.6 [P]. 2018-05-25.
CHEN Zhidong, CHEN Yong, HUANG Yijia. Aircraft on-
board sewage system: CN201711284366.6[P].
25. (in Chinese)
[15]  ZR#ME. COLOK/EARRGEME T I A D], mat: /g
FA AR K, 2019.

ZHU Jingya. Numerical simulation of thermal load of water

Computer Simulation, 2013, 30(5) : 94-98. (in

2018-05-

and wastewater system in C919 airplane[ D ]. Nanjing: Nan-
jing University of Aeronautics and Astronautics, 2019. (in
Chinese)

[16] SONG Feifei, LI Fei, WANG Wei, et al. A sub-grid
EMMS drag for multiphase particle-in—cell simulation of flu-

idization[ J]. Powder Technology, 2018, 327: 420-429.

EEE

SKEEE (1987 —) I Wb Uk, RS Tr 1 ALK/ K
IKERGE F 2 R

WEB981—) 5 Wb Al Zd . TEDFF )y R
T PSRBT R

WEF(1993—) , &, B, By FECR . T K/
R RGBT

KREH1962—), 5 WL YRl S SE0ETE I m  AHLS Bk

(%% : 5 #%)



