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Water Ingestion Certification Test Method of Civil Aircraft Power

System
QI Xue-feng, ZENG Tao

(AVIC Shanghai Aircraft Design and Research Institute, Shanghai 201210, China)

Abstract: The choose method of test speed and aircraft configuration in the water

ingestion was obtained by analyzing the civil aircraft water ingestion and combined with

certification files, consultation and industry standard. The most critical aircraft/engine configuration for water ingestion was determined in

the engineering test and certification test. The method to set the test facility and test pass/fail criteria are also proposed. The study results

will provide valuable reference to civil aircraft propulsion system water ingestion test plan.

Key words: certification; civil aircraft; power system; water ingestion test

0 3l

MK IR B AL BN 02 Bl i 46 Uk fr) o 22
W, H RS IE WHLERUK (RARRES ) ML 11577
GES B AT ) I AN e R A shAI LIk B 51 &
BT, EAMESCHT T X RALIK AT T
BN ARG I MBS, i [ A B ImE R
B/ &I i To A2

ARSGHE IS WA SGE AT 5 038 5 A Tl bs
HEMESN RALBERI 250, F45 6 R I SZ R
DIREV ST g/ VI AN G R AR il % S s iR K
BT v

1 TEKALIE RN RS0 534

CHLTERUKLE Fisfr a5 RFUK IS, T8k
MEEWIR A SILFR K, S S B U shpL PR | s EE
I, WE 1R, MRIE FAR/CCAR 25.1091

25.1323 HAPHSCHUE, WHLBGH Pk i K
AT AT IS R R B K (LGRS ) A K S,
WER R AN AL I, T S IR TR,

1

o1 TRAKEIRE A

| ML T ACHR I 20 BUK HUE I R 7E 28
T AR B BUICKE BT . L RHLE 7R A
i BRI 5 T 53 78 2R 5 e A 7

E ARG

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn


http://www.fineprint.cn
http://www.fineprint.cn

56 o= k3 %39 &
SAE 5 #fE AIR1904 e -2 A

] VR AR I S T S

AT CIE
7 (Bow Wave ) Fll “/\ 18 i
JF&” (Rooster Tail )¥, 41 &
2 Fiw s A TED S oA 2
oy EMER e s
PANER: o =GO IR W)
“Pul>F” (Side Plume )™, fil
PUKFBE I8 S I i

W1 A, st
A

RS

B2 EHREA.EHRKEE

SRZMAMBUK R
BT R | || 777 s
Y WA 1 §

47 (Wake Trajectories)?,
4nlEl 3 s [P R
e K e ) B IR AE S G 4 s o

B3 ik

szl {muww ——— e

—

B4 ERECHEARES

1.2 WKL AR B RN
RHLI AKX Bl ) APU G IEHL A TR R S
=S AR R R G R o

1.2.1 shyp%eeE

WA 72 B B (1) BB
KA LE T B TR SRR SO ST NS

FRK o ()TEAT KT IR I BK IR BB I IR iR U AZ

T SRR P R s N R B LR
FW, AETRAK T HA B2 th I 0 R BB
B, (3) HoK v A T S RIS T A SR L

IR, (O T, RRE R E S

AC33-2B FFHYZER , A KA G BUR BIHLIE J7 474k
Il R, 7 B RISl T2 ek s o )
B TR E
122 HUEEH

TACH " CHIHLRES A A2 £ 2SS (1) by
0, HEKAEXT CHLEE A (L5 2L E K ShBLXU |
BRI PLEEHAE) 7 A i B HUA ) .
(2)ESHRNE 3K (B T M TE “ALE Y L. (3)
SEUK, ARASUKAIE T IS Hh B KRGS e CALA A L,

123 FHRG M HIER RS
TEM KSR R, 25 P AT REM AR K S8 TAEARIE
L M aS S 7N 2255 0T BN AKGEE i A 1 1R R

e

1.3 Mok ¥ EHLIERER I

ST AT RHLER A5 M, T K R
RERSENA = ZAARIAE LU 2 N J7 T
1.3.1  EHLE RMERE

MoK 2 FECRHLE ®PERE TR, ERNBUK (5

)R AL R AL R

IS BRI ORI TR BT 5 S A /K A i RALAS

PR SRR B R 5 T A

Pl rha] DL, Bt BUK TR B30, AL 8 b i = A T

LB B ROk, Y FUK IR 3.81 em LB, Tk

! S B35 4 (6
Uk B,
160 77
H o | oot aad
N o
120 b TR /";_.a-"'-f:""-—_
| Tl
[ .",' )
= 3 BUKIREE fem
< by
& 80 - '—";\"‘.:H\*— 127 < |
" Whose |
CRREYY
40 L L b 508 A
.
' !

0 061 122 1.83 244 305 3.66 427 4388
T BB fkm

B 5 X kHFAKMIE e

132 KHLREEPERE
MK AT RESZMR S A T AR, dEmism KPR TERE

2 RETFTIE"
P RBLB 7 2 B K T A ki £ H A

- IRIE CHLERUKMGE AT G ORI R R R
- OEWOKZPE R BB - RSP A IR AT I A

E BT A SIS SZ RN R GURY AR SR

KB RR A LI L R, 4
LB SR R WA DL
LSRRG AR R TR UK B X

TRHLE PERER R AT EAIA I B S
e K308 3 o T AR I R I A 56 R 15 2

-y AR H A X LR O E
BT RHLEAT Y, o S EOB IS GE A TR

M SRR AU FERRE R AR AR

PDF SCH# ] "pdfFactory Pro™ X RAG)HE www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

3

PR R /WL o2 B oK IRl AT 3 e DT I 5T 57

F BRI A SIHLG | R A T A Ak, Aokt

R b RS QAL - KUY SE AT
BRI T RS A A2 A 2R [l A A7 R |
Bl - RS A AR SR A BT At TR

TR MoK | MR ELH L
U Bk 1 % S HUAT R B B TR L
HE A ACIRAS S5 RN TE bl R A G (R
Sy K AR ) AR IR TE R 3 1 K
FORATET 1-ATR0R, PSR AESE S HER B e
L RETIRIE
230 RHLEAMRIRE

THIZK B, AT 328 i T AR EATR R BRRS, FEi
IKIRG R A, AL R 77 i) ML AR 2R 4l
SR G BRES .
2.1 ARIFGHIZE

ARSI KR G 58 1.27 em, ATHRYER
VRIS PEFE S IRATR L , JESE AK R kblLia
FYRRMIE . Behh, 15K A 909% A L i i ARk

T A IRE B I LA PR K TR A — 2
IR JEE O PR UEFE f5 ™ 0 A1 T 1o S 220
R 1 so R, t T HORMoK AR M R E

IKA IR E 5, PTAES RIS R B K B
SRR AL T K sh Bk =R FiT , B
JE BB AL 5 TR TR 2R R NI SR 1 0, D 7K v
RKEN
L=V x 1+L, (1)

e L, KKV R EE 5 Ly WHLAT

TS RO B] (Y

JE R, I Ly TN & 7K 58 B o ] AR R
2.2 RAEEERIERE
T S UEA [R]H R XK 52 e, 7 AR

JE T e — R B D A AR, 5 1 2
AR A3 32 DX ] v R H B S R A KT 25, JU vz A
e/ IR RE AR BRI A T - Ayt BT 7K
AR s HE AR Tl P K o BRI K R
(DG HE R R JE R NG HRIHE , NASA 13K 7 FE A

Vc:9X W (2)

C sV ORI KGHEE s Py R AR R
2.3 RWMEIZE

AT N R CHLIB A IR 7 A ) T
FIHEAT o AR /K 00 8 R R T Sk RS
1o ANRKIR G WHLRL AR B d i, Ik
AR —E Rl J7 2 MRS AR kAL
Wi 18] (R K B A Rp S N T B, W AN EAT IR . 47
it IR S ) b /K FEA AL, DU IR 5 S P

RHLEA R AR TR EL ORI X
HhONE3E i — FR R S5 R EL O A A 5 R i I B

R R R R A R
A TR T o S B T SRR
RS, XTE T BRI SLE R L
SSRGS KR, BRI R, ik | TOREEORI PORTITI T i fR .
R AR AT T R,

B PR I % 8 CHL B R (LR HELEE il

) RO, L A TR M A 1
RS EhRL) T /KB AT IR

RERTEFAT RIS OTE B 5 | 5 ks | 0 OV IR T ROAEUIE LA g
232 WRAKIER Bl R A AL

MK P Bl 2 B 2 s AR SRR G

L RHERGE T RGN, AR AC20-124 (LR,
L R ALK A RS BRIE 17 R A R R
L IO SR R S R R

Sy KT R 5 KR B BCE A O TR
K AR B E RS BRs T ] TR B 2 K Y

‘ o L I AR ULV L K BRR A,
AL TEE N KT 2 A R IR Z B, LI T ZE R SR A SR TR
S FITAT T SRR 5 A R I AT (IR

B A IR TR R gt 5 LS TR A A
LR R ABLIHE S G R R (el
oK B R e AT ) AR
RN S SRR A M TR 2 AR R A 7 (6
PR R MR N2 BRI Vo /N L5 Ui e IR AR T I, 76308 /K AT R 3

TR ). BRI R B R ARG

oy Wi YL L3 55 A ShAILIE ) A5 g A 5 | RS

P51 2 PR o 7 TR R R 2 g | IR

TR A B (IR Sl T AR R SR R R R S
L OIRSHIRIA (1) RIS RS T B 59 T
LR KL KRS (2) ERKSI RS TS T

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

58 B 7

ko8 Al

%39 %

M BRI K A o SR 5 1R HPIRAS (9 H i ad 56
P51 K SR T 2 iR AR
233 G REEINB RS

MoKIE 22 APU GEVEHL 25 I RG2S #iig
I N e e S e i e SO Sy S S AT
TSR PR, W A P o o 2 e P e i . v 2
FENRIR R AESC AR B X T /K 18 5 e 3 5 43
Hrafa ARSI T LA A2 , R FHIK ™ A R A
HIEFRIER T

3 I FIRE

425G ENANORV IS LR B IR 2 5, I 5%
AC 25-939Mrbxsf K Zf AL TARRFIE 092K, B3 )
P I

XA AR - AN AR VR A A T W 21 ke S H L
& R BIHUIE IFEEIE S5 5 K sh L r R R AN
[SEE GRS

X TR ROR S CBAERTTIT ) - A FeiF kA nl
Wr S 1 A shFLe IR R SR K A Sh LR SR , T
SR 2 (H AT FLEELAE S0 PR A B R AN LR
JE RS2 T HA A ShAIL AP BERER A RARFEAS T
%%z,

(EXE T R T BUREROIRAS . AS ek shal
FRK  E—7E FRBE ORI WHLIE RERG K E ) N A4
. RN BHA 2R B A THESS YRR A R
AN RAFPE R AEAZ (A S A RN AT 52

RS R, R RHLHABA S R G TARIE
W MUAZEF AN HH BLESF 473 o

4 HRIF

MK KB B LS J124 B R GEE ATHGIE Y
HERIEARZ — . H AT, [ AT T s =

(b4 48 W)
(in Chinese)

(8] ¥EOL3C, FIE B, B2, B FIF T L3 L i A 3
PRACBETHI. Wiz 3 002741, 2006,21(5):923-929.
WANG Guangwen, ZHOU Zhenggui, HU Jun. Design
optimization of compressor blades using parallel genetic
algorithms [J]. Journal of Aerospace Power, 2006, 21 (5):
923-929. (in Chinese)

(9] JAIESE, B4, FR B, 45, AL / XU — 4t B A st fbik
RS, Mias 4%, 2011,32(11): 1987-1997.

24, ASCEAHIFEARC R CHUE AT i
TP AR R FE SN LR A TR, 255 [ N2
RIS B LA 2200, 25 1 T I RALBh J1 Eilk
IR A8 St 7 8 AR I 10 0, Xof v ] el
B B R GE MUBOIE TAEA NS % 5 L

S 3k -

[1] FAA. Water, sluch and snow on the runway [S]. AC 91-6A.
America, 1978.

[2] Gooden J H M. CRspray— impingement drag calculation of aircraft
on water—contaminated runways [R]. Amsterdam, the Netherlands,
National Aerospace Laboratory, NLR-TP-2001-204.

[3] McBride, Eillis E. An experimental investigation of the scale
relations for the impinging water spray generated by a planning
surface[R]. NACA-TN-3615, 1956.

[4] FAA. Flight test guide for certification of transport category
airplanes [S]. AC25-7A. America, 1998.

[5] SAE. Tire spray suppression—airplane design and consideration
for [S]. AIR 1904B. America, 2001.

[6] FAA. Aircraft engine type certification handbook [S]. AC
33-2B. America, FAA,1993.

[7] Barrett R B. Drag and spray measurements from a small
pneumatic tyre travelling through a water layer [R]. Ministry of
Aviation, S&T Memo 8/64,1965.

[8] FAA. Water ingestion for turbine powered airplanes [S]. AC
20-124. America, 1985.

(9] 25, 5K, BKAZ. I S KE B B TR DT FEL)). HR A8 R

AR (A AFLERR), 2011,30(5):899-993.
LI Qiang, ZHANG Zhuo,ZHANG Li. Calculation and research
of hydroplaning critical velocity [J]. Journal of Chongqing
Jiaotong University (Natural Sciences)2011,30(5):899-993.
(in Chinese)

[10] FAA. Evaluating turbine engine operating characteristics [S].

AC 25-939 America, 1986.

ZHOU Zhenggui, QIU Ming, XU Xia, et al. Automatic
optimization design of compressor/fan 2D blade profile[J]. Acta
Aeronautica et Astronautica Sinica, 2011, 32(11): 1987-1997.
(in Chinese)
[10] Bk, XA, Xk, 45 Fhim XS Ut B a S 405 J5
T PHE A KR, 1997, 31(5) £ 52-57.
CHEN Tie, LIU Yi, LIU Bin, et al. A Character—parameter
method for axial turbomachinery blade design [J]. Journal of

Xi’an Jiao Tong University, 1997, 31(5): 52-57. (in Chinese )

PDF SCH# 4] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn



