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Numerical simulation on re-ingestion characteristics
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Abstract: A numerical study was carried out for a cascade thrust reverser of a turbofan
engine with high bypass ratio to investigate the influences of the landing Mach number and
crosswind speed on the re-ingestion characteristics of the engine and the flow characteristics
with the thrust reverser opened. The results showed that: with the increase of the landing
Mach number, the level of re-ingestion of the engine inlet decreased, and then disappeared.
The value of the characteristic parameter used to evaluate re-ingestion characteristics reached
to an allowable value when the critical landing Mach number was 0. 08 without the cross-

wind. When the thrust reverser encountered the crosswind, crosswind changed the flow di-
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rection for the thrust reverser flow. It caused the reverser flow to re-ingest into the engine

on the crosswind side with the increase of the total temperature distortion on the air inlet.

The value of the re-ingestion parameter increased along with the increases of crosswind

speed. Therefore, the critical landing Mach number for the safety increased from 0.08 to

0. 12 for the cause of crosswind.

Key words:

high bypass ratio turbofan engine; cascade thrust reverser;

crosswind influence; re-ingestion characteristics;

landing state for thrust reverser

BAR Y R Az AL IE B pL T 2 R I
77 2% B R AR RML U ) B, LA s B 45 5 Rl T
PEES P RATHLSh RS H T N BCR 2
JUAN R 4 77 2% B v it = s 4 g e R R
B RO B 2 & sh AL TR R e ME R AN
B R R E IR R 2 S LA T e e
71 % B S S S AR BT A M AR Bl
AT 55 B4 . 72 RHLIE 7 & B, & sh bl
B 2202 RS ARG T IR HE I3 & & D T %3
HER 5 B 5 A3 3 L BE U 1] 5 e B 2E A1 ik i
TE AR MR AU I ) & AR R L 285 A 1 1)
R T WE A — R GI ML B AR 78 S HE ) %6 B 58
B A Sh AR 5 & sh AL [ 3 — 52 %, 24k i 7= 4=
—EMRAES S T R L T kL D
o AN W AR L & 2l WL 3 <3 TR AR A 5 B 5 A XL
5 Jir RLK AT R 3 B0 HE ) AT A B ERCIE
X 5 PR 0 11 R T A e A o A AN B AT [
G & ShAL R P 52 ) & 2h WL I B 44 3 N 3
] TAEZR. R WhoE 2 B, 1R IR W A 2 5% )
L TAERR E M F R R~
T3 R A T A A U e A T A 1 B 2
B E A XTI AR AT . N
WHEEXS R A Bl 2 A v 1 & B AL A S )
A EPE DL R 5 | S 1 5 T IR A5 AR 1 T e B(E 5
LLH O RALE Bl i 22 2.
1 YEERSTERX

KR UG BfF i 1 s =4 e R
TR SIHL I HE 7265 B AR, 40 5 pESE XU
PR RS S AN BT A B | A T A
PR o, b BT S AR A X AR A A A 14 S Al
BT Qi 2 Ca) R i Al e HESA Y
hy 135° 11 J&] 1) HE AR FE Q& 2 (b)) s, o 1
PR AL B RS T 58 2T 8 IO 1 2% B i) I
SR - 6 K ShHLAMG K T8 L = 4 R
30.24,20 m WAL I ¥ A S HLE T A

], J S AL rh il 26 B b T 2 3800 mm. WAL 1
TN S AR SCRSEAUL A A5 il I 0 24 b T 38R B O O km,
BT 3R AR HE R 2 101325 Pa, $R5E i
288 K e gh HLAM W 2E 11 (I 1 /Y Bypass
inlet) Z5 S i it oN 342, 474 kg/s, SR N 336 K5 X
Jad i F1CIEL 1 Y Fan) 3 504 385. 22 kg/s, i &
288 K A B sy i 1L R )
4 101 325 Pa. A SCHY A B0 R AR 254 16 K
& o 5 BB 5T LA i R 1A R S R U
2% 4 DX TH 3R A L IR SR T 1. 04 i S 1S 1
PR 1~ Hy A 1] A1 37 8 ek DLORIE TSRS B A
SR Bl 52 4 1 DX AT I s o 2 - A
R L HESCTE S o 8 A A R 8 R A ST v
R (690 J7.1050 J5.1400 J5.1840 J7.2590
T s B 00 5 16 A B 1400 7 I S 1 5 4%
5 PR TE O, AR Sk [ 15 e i bl =X s 3 g 2
S AR AR [R] AR S AR R SR AN [ i A
B (BR#fE k- » RNG (re-normalization group)k-e »
realizable k-¢ , Hf fE k- » SST (shear stress trans-
port) w-w) FEAT M 20 R HE g 2 B RE VT vk
4 S50 B0 TE AL 3 iR g R BAAL T A
jjttv%:zijiy? Vo:(Fr/Wr)/(Ff/W[)v/ﬁ\:':P F,W
I3 7 HE ) AU B U R T AR . iR
TN HE TR FIEHE JIRES. B 6 s realizable ke
it VAt A% 8 114 KA T 00 235 R B v T LU (R, ) A A
A8 X5 i HE A 22 s RNG ke i 3 B 2
FIR) S F000 445 2R 5 52 6 ) 2 A KL AR e LAV
JE LG 0 B 5 i B HE 7 EE A 25 20 205 AR i ke
i i A5 R 1 501 T 4 2R R g A SR A R
B AEAR T T T Y 87 BT i S ) oA 22 T
1126 s B e ko Jif 970 A5 TR 114 501 990 0 &85 SR 5 i 56
A — 3, e RIR2E R 8. 200, 3 7K L i i i
ZEARRS BN, 5 IR BRSO I I e BN H S %
P Ao I X A g e R B S s R
A SCIE B UE oo i TR HEAT T3

TR & RR AT T CHLEE 42 i 1 T8 1) 1%



5 3 0 Wi 345 A R BAR AR Y S Ae g 2 R AR R A A 735
Bypass inlet _ PLTE e KR AE SRS T B2 HL5E 2k k. B,

Forward cowl

Transcowl

Fan
(pressure-outlet)

Cascade unit

K1 sy
Fig. 1 Physical model

Right Lelt
Cascade 1
Cascade 2

Cascade 3—§

Cascade 6
Cascade 7

Cascade 6
Cascade 7

(a)

\\\\\:\\‘.'-.\\_J“r
1y
P/

A \ ~ Ao
" \C ascade 3 | Cascade 5 7y

o Cascade 2 Cascade 4

~
~
~

Cascade 1

s
/
Fd

Cascade 6 f/
¢
Cascade 7

(b)
2 MRE A

Fig. 2 Cascade structure

90
88 |
86 |
g4 |
g2 f
80
78}

n, /%

=== Experiments

—-— Standard k-&
76 ——=RNG k-&
—— Realizable k-£
74+ —— k-0
1.4 1.6 1.8 2.0 22 24

R

3 i A BY g T

Fig. 3 Turbulence model validation

A 3 3 SR R (M) Sy 0. 22 Ze Ay s TE A I Y
PERIR 1 B S Bz sl B2 0. 12 e %
VAL S 4 2 A B TR ol R AR R A B

2 PR 1R RN D0 AR SOR R T R R 1A
0 FEEIAE 0~0. 24, 76 7% JEER I, 4] 4 ) X5 e
BF AR A BT AT 2% 0 B AE L 3 O XU R EE
(VORTF 35m/s(70 5) B, S FRIE L% 4
W17 LR VI 7 S N G 7 N 1B 8- £
FEIVEHLAE 0~30m/s(0~60 35). X F &SPl R
TE O B HE A AR R T AR SCR
S CHRLI8 1P W ARAES @ L=
(Tox — T /(T —Ty) X100 % o F IS4 3C 1 &
W AR BE AT H 4%, Horh o RORFE WA FFIE S5
T s T 5350 SRy IR 100 80 T 0 30 e R AEL . T °F
PR s T g U 10 SF-2 S0 s T Jy RL A [
IRBE I

2 HEERSH

2.1 BIEDHFEXERNEFEH M

B4 s T B PR B0 XU 26 T B e
T3 K B HLBE IE G R B R R 5
M B S A T e 2 R S PR e
PEAE RS AR CRI 1 2 S 55 00 o A4S0 i
U R 18 S HE 7 A A i DL EEAS T L2 O b
T 3R 1~3 X 3 AN ST HE Y B R
U 28 3k M 16 1) AR R D B 5 T AR 4 A BT
1 S 3 T3 SR AE 1w S S LN A 7 HE Y i A v 52
BB S HLBECIE L R AR R B AR L RO T R
UL 1] A2 SAL A il 2 T 1 3 3R O B e St ]
WA K SPLE LA 35~7 X 3 A4l 550 Y S HE
Jy A 3 el L 7R W B SRR RO 0. 04
I 52 20 B B R R L 5 4 Al EROT R
U < TE R TR R O A S R AR TR R BT
2 ALARAS T A BLG R . 7 B 7 Ak 2]
0. 08, R HfE H WAL R S H W o0 A A T B A2 (9 e
AR AR AR T S S T SO A — € 9 A
O I A — R B S I 1 A S L i 3 AL 2R
T S AHE T A Y B B R R AR AR SRy
At T B B bR R Tt A R BT B bR R — HLk
0. 08, S HETT WA 2 K A T L Bl Ke Y
B R K 0. 08 IARE Sy AR SR T 2 Wy BIAS
TR e 5 T 0 5 A 0. B 00 B B b A 2 — 2P
ST B AHE 3 X R U TR ).

B 5 s 7[R B Sk BT L A sh Bl <
A A CRP R B A AT BRI (T A
LA R A OB AR E WA BRI LT LB
T D A A 1 ey R 8 R R AfE R



J1oE R %31 &

Velocity/(m/s)

(a) Ma=0

(b) Ma=0.04

Velocity/(m/s)
346.40
259.80

I 173.20

86.62
0

(c) Ma=0.08

Velocity/(m/s)
p3428

257.1

171.4
I 85.7

0

(d) Ma=0.24

B4 AR B 5 AR AT B9 I TR
Fig. 4 Streamline of different landing Mach number

on flow field

UL AR BEL S AR R B A S g U R 2 IR A B
ATRBE WS /IN 5 BIBCAE 3 30 I 18 3 % o 5 b E
JiSF T 163 18 B R /N + AT 68 45 S5 4 3 00 % A 3l
HLHE A T AR 1 55 ] IR £ 0/ A9 30 B 5
BOT o AP JE A R AR Sk G R 1
HEA S SRR I A 5 EORU 2E A
T P S it e RAE (T ) 72 718 K CINIET 6) 4 T 5

T SRR R HE— 2R ER A BT K i
SUEE SR A 1 D 2 T B s . KU E
TET 4 i 728 T o AT EL s T 19 50 T gk — 2 38 Y
Ok Yt 2 A e A XU A 10 TR 114 P R A 1
R o3 G 5 AN T T 00 0 280 A 7 X S
TR E WA RHES RS R N 7 s, m] L
B B B T B B R 30 B IE R SE SR
L A T R A I 2 8 T DR AT £ 9 B A A A
0.12 KUrZ#iia T €.

1 2 3 4 5 6 7 8 9 10
289 290 291 292 293 294 295 296 297 298

1K

(b) Ma=0.04

(¢) Ma=0.08 (d) Ma=0.24

B5 AR e B R R T RO 4 A =
Fig. 5 Contours of total temperature on the fan intake

with different landing Mach numbers

299

297F /\

295

/K

203 -

291+ /-/

289 1 " 1 L 1 i 1 1 L L
0 005 010 015 020 025
Ma
[l 6 9 0 5 Aok H5O0T #E A TR fee R fE Y 5%
Fig. 6 Influence of landing Mach number on the max

total temperature



%3 Wi 3555 5 Bl ORGSR A9 5 e 00 26 8 T R PR B A 4 737
9 Velocity/(m/s)
8 p 340.8
7 .\ 255.6
170.4

. : 852

g 0

Y&
3
2
I ==
0 (a) Ma=0.08. V=10 m/s

-0.04 0 0.04 0.08 012 0.16 020 024 0.28
Ma

&7 B R SOk B AR M 1 5 )
Fig. 7 Influence of landing Mach number on

re-ingestion characteristics

2.2 MUK RS EE RN 45 1 B9 BT

8 on T AS [ X B (VO 5 9 B T i 4%
WA 2 R T L. 7T LA B, XY 0 M 5
KN 0. 08 M RGH N 10 m/s (20 F5) B, K4 g
AU T e A Ak 2 e AT T ) A — B
Jei » FER U5 0 XA BLAE R m RS 5 25 % L
B0 R HESTE X R HE ) RMAAFAE WAL A
WCAE W BT O 5. 3 ) A GE B B 20 m/s (40
9 AT LA B 2200 O X i D 25 4 oAl BT
89 I AHE 3 A0 R 43 i i S A AU /N
Sy 5T 3 AN H A TT Y R T RS B —
] AT 7R s ELES S MR T i A A R
AU R A R A T A ) o b T Y R R
AL E R LRI IR 5 0 T T T S 28 0 R s L
BUIE T 3k a1 & sh AL ARG J5 s 32 i W i 5 i 4% 3
0. 10, 5400 X 3 B2 >4 20 m/s (40 35), 15 5 & 8
(OWFAHT L 7T LLE B, 8 2 8 7 W e b
B RS X SO ) A PRI AR SR B T R
ZEMERS 4 WAL T V5 S A B T Y S HE D) R
B SIE TR 3 — 2D 5 T R A E
0. 12, A5 FH ] X2 BE Ky 20 m/s (40 F5) , 15 5 |4 8
(D Fr 7R i i 4k B v] LA 3 1ESE 6 RO A
L PR T 2R T AR RO AT AE R I S X
AIVE T ) & B WA 5 0 I 25 5 DR A5 i B 6 b 4K
0. 12, 4 i ) XU B 3] 30 m/s (60 75, Hoiii &
TN 8 Ce) fF /R o AH XF F M XU 38 BE A 20 m/s
(40 719 I HC 3t 377 Ui 4K 03 A1 - B0 R R 2%
RORA B AP S, L 78 KL 755
Wil F A 9 A0 DR B 45 0 T P 2% g 8 g AT R
JRHE T3S TR T 8 DA A Lk i R )
BEE I B AR B SRR AL Sy 0. 12, XU
B AT AT > 9 4

Velocity/(m/s)
l341.?0

256.30
l 170.90
I84,4S
0

170.00
i 85.03
0

(¢) Ma=0.10, ¥ =20 m/s

Velocity/(m/s)
g 346.7
260.1
! 1734
' 86.7
0

(d) Ma=0.12, V=20 m/s

Velocity/(m/s)

p 347.80
260.90

' 173.90

I‘ 86.98
0

(e) Ma=0.12, V=30 m/s

B8 XERBE R I 2

Fig. 8 Streamline in crosswind



738 o = &

%31 %

B9 SR 1 AN [R) 0 X3 JEE 058 1 1) IR 2E 1
AT Y SR A AT LA B SE R ROHE ) O
F1% T I A A XU B 2 10 TR R A il T g A AE
A 14 9 B g 5 LAY 00 X JEE AN A i
T I A R 2 R R 3 B B A I Bl RE
B AE SLRH PSR T - Bt ~CE FE A S 4
AU AR R AR O S R AR 1)
1942 TR A TSR i 58 HLHG 5 k0l BE T (8] 19 <
S IR SR BB S AR RS TN B S A R
X FR 3 B T3 AU B B AT Y R B L AT 5 B
JR R S 48R TR A e L DX 9 D/ T 3L e K {3
s FARFAE S BE G K T R AGRIES
BUH M VP (1020 HARBE W3R 1 s 5 i 7E
TCH A PGS W IR B f 319 R 2 5 Bt E
PETT 1055 S S AL A 2 T 18 1) S £ 39 R 2E R

[T T T

| = I N N O Y
1 4 7 10 13 16 19 22
TIK 288 291 294 297 300 303 306 309

(a) Ma=0.08, V=20 m/s (b) Ma=0.10, V=20 m/s

(c) Ma=0.12, V=20 m/s

(d) Ma=0.12, V=30 m/s

PO U 3 101 AT Bl 0 A 2 [

Fig. 9 Contours of total temperature on the fan intake

F1 FARMRKEE. FHESHETHERNRESHE
Table 1 Re-ingestion parameter with different crosswind

speeds and landing Mach numbers

/%
Ma
V.=10m/s V.=20m/s V.=30m/s
0.08 8.6 24.0 17.7
0.10 19.8 41.4 26.3
0.12 2.2 2.3 2.5

P45 BE S TR 171 18] 9 sl A8 R 56, DT fi
A5 DR 101 78 TAT 408 A0 00 DXL SA A 000 P 3k et 5 L
S T R S A X 0N BRI 5 1
8 At AR A AN TRy 0 5 Y i W A A N A
WURE SOV B TE L P X L 350 IXURSY 3 33 45 28
AT LU B 0 X A A fo A B 2 L S BT A i
S B S AR AN 0. 08 42 %) 0. 12.
2.3 EZFHNHKREX I FIFEDHFEHME
TEAN R R SHLRAT SME R S F T il i Bl
A8 S S ILAMBR A 25 R I A AR O A Bl
BLII AR S BF K S HLHE I i (W) X i 573
0 B A K (Ma O B F2 R 401 10 fr . Al L& BE
W5 A sl LI AR 25 10 B AR A it 2 & S HL AT i8R
A AR 2 1 AR B0 A s 7 A B HLR ST AN AR 1Y
THOLT » KB LAN R B S TR TR )N
HE T3 A B B AT B Bl i R 0N AT A
S AHE Sy S8 B T 1) I e 2 00 oK 7 3l ek b L [
L e 55 B s 500 A Dk /N » A SN iR TR 3 O
A 165 kg/s W i ST B b B © 28 ) 3
0. 04.

0.08

o /

< /

0,06+ /
0.05 /./

004 =

Ma

160 180 200 220 240 260 280 300 320 340 360
W, /(kg/s)
10 HEATUR k% i S 9 6 25 A 2 il
Fig. 10 Influence of exhaust flow rate on critical landing

Mach number

3 %

AR SO A L5 S Bl HILAE AN [R] B A
0 D3 2 T 2 4 2 S8 A 0T S IR S R AT R A
L 43 BT T R SR 2 11 ) S T e A T B R
FHAEZEOTH 1 & S FLEA RDIRZS T S ) 3
RERS 70 VF AR I i 5 B 6 4

Dy s 4 ) 3 B i Bl B e A A
{1 T TR T AL 485 7 S A T AL L 3l
I A0 BRI A S 3 77 % B O L RE S BN A 3T
Bz —.



5 G B HOIRZS TR B B 0 2 B AR T B (E A 739

2) FEBA XU PR 55 v B A 9 D R
Hohn o 3 ATE X S AE g A R R IR
N2 B S AR R F) 0. 08 B L EE IR AR A 4K
A FRAE 2 S8 BE 2 1 B 0 2500 3 0 T 9
AN AETCE WA RGBSR i E
SIS PE R W 5.

3) TEM XA BE v AR A5 3 S E RS R
BN AL R B — A S DT T 35X HE AR T Y R
ik Wy 722 398 A W 70 DX A A XA g — ] AR
TIE 2 B8 (1 Bt 2 0] XU 32 ) 85 0 T 3 K B g
OGP Y i S D R E S AF AR XU Y
0.08 # =% 0. 12,

4) i ST bk KBl A R sh AL AR 1)
WAV T 970N » E A ToR J5 4 U k0l 2D 31 165 kg /s B
I S 318 5 B K0 /N B 0. 04,

S %Mk

[1] Yetter J] A. Why doairlines want and use thrust reversers?
[R]. NASA TM95-109158,1995.

[2] Colley R H,Sutton ] M D. Thrust reversers for civil STOL
aircraft[ R]. SAE Technical Paper 730358,1973.

[3] xIkm. #EH RS/ Wz &L Bsert F 056 7 0 M.
FU 5T iz Toll AL - 2000.

[4] Trapp L G,Oliveira G L. Aircraft thrust reverser cascade
configuration evolution through CFD[ RJ]. AIAA-2003-
723,2003.

L5 0 AarHa, XA % B R BG of W i Sz #fi 2% b e S 3 4 g 1
LI, iz &8P, 2010,36(2) :15-21
HE Yan,LIU Youhong. Effect of blade solidity and pres-
sure ratio on cascade thrust reverser performance[ ]].
Aeroengine,2010,36(2) :15-21. (in Chinese)

[ 6] Butterfield J, Yao H, Benard E, et al. Investigation of
weight reduction in a thrust reverser cascade using aerody-
namic and structural integration[ R]. ATAA-2003-1576,
2003.

L7 WhbF, ol B0, 5. kM X R 4k Jy B B0 1138 )
FA S Re a2 L) 1. = 8 ) % 4%, 2010, 25(6)
1297-1302.

XIE Yeping, WANG Qiang,SHAO Wanren, et al. Effect of
kinetic mechanism of blocker doors on aerodynamic per-
formance for a cascade thrust reverser[ J|. Journal of Aer-

ospace Power,2010,25(6):1297-1302. (in Chinese)

L8]

L9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

(18]

bR TR 2L X B . L/ K S LHE BE R G A ) %€
BT AU & FHHL.2004.30(4) :49-52.

JIN Baolin, XING Weihong, LIU Dianchun. Thrust revers-
ers of aircraft/engine propulsion system[ ] ]. Aeroengine,
2004,30(4) :49-52. (in Chinese)

X AR, 025 & s AL G & [ ML b ut: B By Tk f fit
1989.

BRI A= R G RN S RO ) B OB R A
BWRYILHITLCT /v i 28 2 2 5 L 3 ) 4F &g 3
LY P E LA 22,2007 17,

XU 5 i B 5% AR L 2 s R e R S LA E i
5P HORCM. b st fias Toll b fidt . 2004,
Bkl e, A R S LR B LM, 78 42 . PE AL Tolk K2
i i, 20086.

R RR L TR, %R RO ) 2 e R R
B2 LT ot s A oAb 5 i, 2013, 10(5) . 7-10, 18.

7o 758 BR B . BRAIL S A g 2 xR s L I 3 e
AR5 W BE BB ST T, EHLIR T, 2007,27(5) 1 60-64.
ZUQO Zhicheng, QIAN Ruizhan. Numerical simulation in-
vestigation of effect of thrust reverser operating on engine
inlet flow distortion for civilian transport[ J]. Aircraft De-
sign,2007,27(5) :60-64. (in Chinese)

John H P,Fred W S, Jack G M. Summary of scale-model
thrust reverser investigation[ R]. NACA TN 1956-1314,
1956.

BT B sk S RS B0 R ) e e B
RESZ WAL ALY ], o I R A K 2 24 412 . 2010,6(3) 1 10-14.
SHAN Yong,SHEN Xigang,ZHANG Jingzhou,et al. Nu-
merical study for the effects of cascade geometry parame-
ters on cascade-type thrust reverser performance[ J]. Jour-
nal of Civil Aviation University of China,2010,6(3):10-
14. (in Chinese)

i B MR L E SR R TLAR S B0 A 3 e e AR Y
L. i 3 1 4. 2012,27(1) : 146-151.

ZHANG Guodong, WANG Qiang. Influence of cascade
configuration on aerodynamic performance of a cascade
thrust reverser[ J]. Journal of Aerospace Power, 2012, 27
(1):146-151. (in Chinese)

BIRH R SR FAr Ak 5 RLIR B R S L E AR
WA R L], 2SR ) 2, 2012, 26(5) : 31-35.

LI Daxin,ZHAO Keliang, WANG Qizhi, et al. Wind tunnel
test for turbo-fan engine re-ingestion characteristic off civil
aircraft[ ] ]. Journal of Experiments in Fluid Mechanics,

2012,26(5) :31-35. (in Chinese)

(m# .t )





