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Numerical investigation on thrust reverse flow field of podded

engines on blended wing body

QIU Aoxiang, SANG Weimin, XIE Ruixuan

(School of Aeronautics, Northwestern Polytechnical University, Xian 710072, China)

Abstract: Reverse thrust is an efficient deceleration braking method to shorten the taxiing
distance. Based on RANS (Reynolds averaged Navier-Stokes) method, SST (shear stress trans-
port) turbulence model and inlet/exhaust boundary conditions were used to simulate the flow field
around the thrust reverser. The variation law of aerodynamic load under the influence of the thrust
reverser was explored, the drag increasing effect of the thrust reverser under different engine
power was evaluated, and the distortion characteristics of the inlet flow field were preliminarily
analyzed. The results showed that the thrust reverser flow can significantly affect the distribution
of aerodynamic load, and the surface pressure in front of the engine increased gradually. Behind
the thrust reverser flow belt, the surface pressure decreased sharply, and the influence weak-
ened along spanwise direction. In a certain range, the larger axial deflection angle of the thrust re-
verser flow indicated the stronger influence of thrust reverser flow on the distribution of aerody-
namic load, and the better drag increasing effect. The distortion characteristics of the inlet flow
field would be affected by the changes of the axial deflection angle of reverse flow and the Mach

number of freestream.
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Table 1 Intake and exhaust status parameters
Ma.. R.  poa/poe  To/Ton  Po/Poe Too Tow
0.5 0.699 1.5046 1.1486 0.0652 0.6837
0.6 0.496 1.2057 1.0634 0.1003 0.7480
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Table 2 Thrust reverse flow status parameters
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Fig.6 Comparison of the velocity field of reverse flows
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Table 3 Aerodynamic coefficients under variable

B/(%) C, Cy C, C,
0 —0.090 0.0112 0.0158 —0.0134
15 —0.134 0.0121 0.0169 0.128 2
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Ja LA ST R T 3 i IR 25 23 ) R K B
BUATT IR 52 A il 1) 477 9 £ h O° I Al ) 3 378 A b
45°, i LT J 3 By il 9 45 S S BILSCHE ) SR I A
G 4055 B X FE AR T, B AR 4 2 ) 3 3 e 3 TR B
FEAE A9 X Hean 1 7 A 8 B s, A ] T (S1.82,
S3) {1 Ak i 1T T T3 F RO AP 9 R K g
B B B3 A 5 b K 25 P R 4R BT 3 L i ] 10



IS B A5« 3B Rl 5 1 45 R S WL A 48 U U 3 BT 5 1911

iR

B &7 0 L JF e RS LA B 3 8 43
10 [ PN 1 25 ) Bl IR A 9 R & AR B i AR 4 LAY
S shALIG D R SOHE ST 16 B2 T TR /) i B i
LK il 1 AT AR f= AT T f=0 I E T H
16 T DX 19 31 PRI VAT 978 1) R ) Y K 5 2 i AL
A 2% T8 R 3 23 A (4 5% i) oF B B I S At 7
A HILR 2  RE B, & Sl BT B AR X
TR R 5 G R K, R S AL B A BL AR R T
JE 58 R T A AE SR B0 I 30 4 B T R AR, 308 S5 ek

Z
£ <

\ =

QOFSIPENE

(b) il IR A p=0°

(c) Hlita Tt i p=45°

K7 2R ex

Fig.7 Comparison of space flow field

AR BILAA b0 Bl BT A, R 0 2 2 XRE A )
PR A 7 A2 B2

Pl 8 2 L BE T L 3 B Ok ik [ R SRAE LA 3
T B O SRR AE , O L5 3 0 T 48 Ok i R e 4
AT LAB A 2 OR TF RS Bt L B 2 1 44 B
BB, T T3S LR G A T 25 0T RS A ik
0] 47 it 1 f=45" ML T p=0"BI1H I , S HE U 1wl
AL A o SRR 20 RS BOHE A S R 2
NS S YA R 1 & I L R e DI D
AL B R 8 R A IX 3k 114 B G L) 1z 7 408 25 00 i
WAL Sh fE AR B & A e i L X 5 RN 7 R B AR
A S5 I — B .

(a) RITIA S

(b) fhia i £ p=0°

(c) ST fa p=45°

K8 KRR L

Fig.8 Comparison of surface flow field

FE ST, B 282 & 2h L %h 2 0 e, S
UL Ss 3E RE R AL AR S sl BT 0 g A 1 L L T
X/c<<0.3 b, AU 09 5% Wi AT 200 5 7E 0.3<<
X/c<<0.78 &b, K sh HLTT Jr 14 LA 3% T R ) %



1912 it = 3

RO R IR 0 S, X ol A 3 A Sk 45° I B L 7E
X/c=0.7 B iz JE F7 5 30 50 vl s 1 1 A8 Ak, % e 2
JB 1R 7 B9 JR o) e 52 M) iy B0, 28 0 B e T (2
FEX/c=0.78 kb ) J5 , 10 K J1 2 RN i e
B R D17 6, 2E ML R SR B 3 e g 32 i 3
Ko TES2 1 ST , S HE U By 52 M 32 2R B
Shy Y0 HT 2% R 7 WA b T I A RO e
150 TR R ] B2 e 2 e 55 o L ¢ Ok 4% AT B
R 5% K

Pl 10 RJ 375 BT 2t R s > 1) A 3 A p=0°th

51 S3

2 A\

\
N

(a) HHERERE
S B o TS a5
C —— S fm b o°
LOE — vt
05 F
0 — .
v F
05
_1of
“1sF
_20:| P AR RN EAFURI S |
S0 0.2 0.4 0.6 0.8 1.0
Xle
(b) ST
1.0 - s
L —— Sl AT M 45
F o Hh TR A N 0°
[ — KIF)a e
0.5
v oo
osf
_IO_I...I...I...I...I...I
) 0.2 0.4 0.6 0.8 1.0
Xlc
() S2#mH

IR o536 4
25 g s
F — SR 450
20 E — S PR A A 0°
- — KA R
15F
10F
LI) 0.5;
0F
N
1of
_l_s:l...l...l...l...|...|
0 0.2 0.4 0.6 0.8 1.0
Xle
(d) S3#m

9 i BB

Fig.9 Comparison of surface pressure coefficient

LIS, B HE RS AT 7 U #B SR T 1
it 2y, PR T A 000 0kt s XoF i A4 A0 IR X 2 AT S )
S H A SR T I O T 0 I I E , 43 )
A7 F P9 AR T8 HE R B AR O R R
5 B R THE I Bl R T A7 B BE 1 AY B R (45 ik Ak
Fh UL 4R 2 A HLA 2% 5 Sl AT Ik p=45°H i,
SN AL AT WL BT e 0 DX S8 A I I 4 A 2 1 36, L
FE B9 & sh LI 1A 30, Wl A 0 okt B A<
S A RHER T o SOHE A 5 5 T B A i
JEAE 55, N 75 B R it 3B 1k A 1 AN /N TR E 3 3
R 5

RANHLIE T J7 i AL 5 = 11 19 SO, 43
3 8 1) AR T S A T RE AL o I I I R HE SR AE
ESR R L i RN OB e L R G R 1]
T 1) A AT st S R R R T
# B = AT R B S T A B 11 iR “ U
LR/ A

FE N B B il T 4 R S WL HE 1 B8 I T 1
PTG R A SCHE— 25T TR TR XU
PR A X 3 B il A 75 1 & s LA R AL BE R 8
8 5% W], 76 I 22 T 3 A B 40 240 7 XU R 3 1T 48 T 13
B P95 000 Pa, Al i 55 oy i % SR 2 78 I A
Blt b, AR X 38 A2 /0N B o R R A IR S R R 4
X BRG] HEAT T BB AL, AS 8] 0 3fE XU
R I AN [ 1 IR 2 11 9 T 2 X R AN
[ 2 HE AU U i, e UR S S BN SR 4 PR S

N DO A E 2 KNG N7 s
SIHLA N2A KHL) AR B ZS T A BE H1 & 8,
T R 0.011 3, 4% T AR T HLIARR 11 &R



509

B B4 26 - 3B il 9 4 R Sl DL S HE 8 U AL S B BT 5 1913

TR T .
Ma 005 0.15 025 035

() RIFJA 4

Ma 0.1 02 03 04

(b) ST p=0°

Ma 01 02 03 04

= =

—

(c) him T M p=45°

10 Ze S HLRR 30T O 42 4015 B8 L

Fig.10 Comparison of flow field details near the engine

BT L AR B A 12 R .

H & 12 ] A &5 5 ORGSR  ILIRBE ) &
B A fb ke IR — 30, RIS R BT & B
BLBN Ty B0 52 e, HLAA BH ) 3R B 38T T 1Bl
TR & WA BEAR, R S ML SR S HL S b
FUH, BAT BEARMLARBE I3 A R0, B =00 i i 1)
P AR K S B ASOR By .l I BE T R

(a) fi TR B=0°

(b) S Hrisif p=45°

P11 B 28 ] R e M

Fig.11 Spatial streamlines of the reverse flows

R4 HERESH
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Fig.13 Total pressure contours of meridian sectional area of engine
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Fig.14 Total pressure contours of lip sectional area of engine
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