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Investigation of Engine Installed Effect on Thrust of Blended
Wing Body Transport with Podded Engines
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Abstract: To investigate the airframe flow interaction on flowfield around engine nacelles and the installed
effect on effective thrust of the blend wing body (BWB) transport with podded engines, the numerical method
was applied to simulate the three—dimensional flowfield of the isolated and installed configuration. The thrust and
drag related parameters of the isolated and installed nacelles were obtained by the thrust drag bookkeeping. The
influence of engine installation effect on thrust components of the podded BWB transport was achieved at cruise
and low speed condition with 12° angle of attack. The results indicate that the major reason for effective thrust loss
at cruise condition is the increment of nacelle drag due to the reduction of suction force on the nacelle external
surface. At low speed condition with 12° angle of attack, the decrease of pressure at fan and core nozzle exit
causes the reduction of installed net thrust, which accounts for about 95% of the effective thrust loss. Meanwhile,
the quality of engine intake flow is not affected by boundary layer flow and separation flow. In the design of pod-

ded BWB transport, the interference of airframe on installed nacelle should be taken into account at different

*

WHRBH: 2019-01-07; fEITHHA: 2019-02-01.

PEE RIS WOCks:, MR, BRSO WATE AT R i SEUAERBAL . E-mail: waiinggu@mail.nwpu.edu.cn

BIRES: PRECA, M4, BIZZ, DRSOy e 51 )%, E-mail: zhenlichen@nwpu.edu.cn

SIAREC: ks, BRILE, PRICH, 45 BB RS RIVEE LSRRV A AT e[ ], HEEEOR, 2020, 41(2):
260-267. (GU Wen—ting, CHEN Ying—chun, CHEN Zhen-li, et al. Investigation of Engine Installed Effect on Thrust
of Blended Wing Body Transport with Podded Engines[J]. Journal of Propulsion Technology, 2020, 41(2):260-267.)

2. Shanghai Aircraft Design and Research Institute, Commercial Aircraft Corporation of China Limited, Shanghai 200120, China)



FarE H2ll

LY Rl R 5 2 S B2 2R 3000 4 5 AT 5 261

flight conditions to reduce the influence of installed effect on effective thrust.

Key words: Blend wing body configuration; Podded engines; Installed effect; Thrust loss; Effective

thrust

1 35

HE ) 43 AN E 5 TR AT h Bl T e T A ) A
BH A7, J2& 43 BF 3h 1 % ROAL A B R 1 B i 9 2 A
P kS HILEE e By i HE RO 43 51 R AL R E R
YAl s AL SRR T HLIR/BL I B S X R
B HILBRE T 3 3 A0 T AR Tk R R AR R e 5 R & B P
TR AL LA RO T, NI B LA R
P AN 28 B

b % 3 £ Fil & 4 7 ( Blended wing body, BWB)#Jf
TR WL Bl 07 3% B — R 4L 1% 31 B BWB i
SRS 0 R ) TR G A e RALEE i R
(% s pL A & 2, R T 2 R sh il A BB
BWB R, 37 R A KWL AR FEDLAR 07 i &
KRR F I B R B AL, % B BL % R AT AR L
BT+, FFH AL B A 30 R G 0 e S0 G A T[] e sl
B R NHLRA S 10 B8 2B AR B A
A S R R A TR R ALK S R S AL sh
P T J 0 AR TR Ry R AR SRS R R
2 LR 0 2 845 B U Bh X R s ALk R R
(5, Xt BWB 5 & s AL 42 Pk ik

EE 3 R R sh B A O AL G A R R
HL, P9 AR 58 N B3 SR 2 R s T RS T 8h
J1 3N CHLA B RE A B R AT T R R R
A Bl e A ML T S BE o B 45 T & BhibL
$HE 3 R BR A7 i B A S Ao A 5 s L IR E SR T ORI
HES AT B AR A T R BEL T e N A i A8 40 X AR
PO B S T R RS TR & B L
B 25 550 IO K g TR AT R A HE T BB L 2 R A
B Z AL R HE T T R Bt A A RE T
A ST BEAIG A A e HE AR o EEXE BWB EHL-K
MLV e o) B0, AF 53 FA 556 v TE 50 BT 2 S L HL A
77 A A D AN SR FH O b D 1 s 55 B B T 3 T
Pl i g A BT B K CHLT & s AL R 3 4
S ] R B BIL % 2 800 5 B4 4 4 2K A ] R

ENS'E R VR ER: €1 R DO | R NN NS B
Fb 08 B & Sl AL AR AN P R S LA S A BWB RAL =
YW HEAT I SR & S AL B Jal 43 T s 3 R
{H 25 R 04T 5 A B, 48 U B R AR 22 B AR & B
BLHERH S M OE 2 8, fE BLIERE b, X w8 03 A A A%

il

I Ay AN BT R ATR A TR & B WL A 2 RN 5
HEAT T 20 A, 3l 2k R b 22 2 A 2 IR A8 A sh AL HE
T B A, IF 20 B BWB AL T & sh AL Bk 3
HYSZ R, ARAT T R AL B30 X 15 £ X BWB R #L
I 77 195 AL
2 HEFAE
2.1 JUEE AN E R

A SO 58 R4 S 3 H A BA & T 7 300 9 3E B
Al RALA AL, SR F A £ S R A LR S 3 T &
22 6 RWATE LW b & Bl 43 00 R F Bl 3 0
fits RN ML - Bl WL e K BB 5 K Bl B A 2B AR X
e 7 52 e, JLAT AR E an il 1 s o

Installed nacelle

Isolated nacelle
Fig.1 Geometry model

K H 2 B 25 4 I 4% 2 AR X 22 2 g 2 482 4R
CFD 115 BT 5 W A%, JF X < E A s H AT A0
Mt 7 L T A5 AL 3 2 AR A A R B DX T A AT
BALEL Ry T RO AL S L AR iR 3 R G I B
AN 32 38 Sy 10 B e B R Bl ML 3 0 SRR e R
20L(L A M A A B ) |, 42 36 0 AU G 37 i Bt iR R
H20C,(C . BWB LT A LK), LR
A A B AL G BB S5 A% A= B R B 5 B A A TR
AT 9l 7N 2 206 55 A 2 2 AR A 45 T X6 LU I D) A% 22 57 3
SRS ) 2 2 AR e RS e 2l LA T I A A
2 FI 7R, B S O A R R 2 4X10°, B %R ZS A%
B2k 2x107,

22 HEEMAE
A SCRE TR A 5 I 5 R SRR ey = 4]

R
A

LA e

ig. 2 Mesh of engine cross section




262 ot

/N 2020 4F

JE 48 85 15 2 1 N=S( Reynolds averaged Navier—Stokes,
RANS) J5 # , 25 [u] B HCR T e A BRAKR AR | Ji it A5
T 35 IO 5 i ) SST R B, ik (1] HE i A% 2R H it 7 1
> Runge—Kutta J5 75 45 6 >4 b 1] (] 254 i #0585

FERCE 5 vhoE g v s L B AR R
B Bl T3 RO A SCHE KU A BT TR
Yy il 025, s E AR iU R S TR AP TRE Y
R A AR A E BRR R F B O
o HB RS LAAE S LR b 3w 2 i E D e R
o FARE T, I8 b7 3 5 4 ) R DR 11 i AR
25 7€ H ok VR R IR ok DR RE LI A AL A A
G BRI B R i B AR B E AR 3
iz

Wall boundary

Fanexit: p, T,

Fan inlet:
massflow rate

—

Far inlet:
Tv,ap

= Coreexit: p, T,

Far outlet: p

Fig. 3 Computing zone and boundary conditions
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Fig. 4 Comparison of surface pressure distribution

between computational and experimental results

B B HE B R 23 O ik Xk e s L2 2 A 4 A
RS 5t B 2R A HERH 7 53 87 D7 k2 — B0

N s Frow , B 4R Oh BE Sl AR A TR AL 0,
37 0 73 9i1) g 32 7 405 AR I A AR T R R A TR
(L M R R B R BLAR L BT A AT, 29,19 K
PR T0R R S TR A H 1T TR

Capture
stream tube

0
Fig.5 Schematic diagram of the engine nacelle reference

stations and aerodynamic forces
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Table 1 Typical conditions and engine intake and exhaust

parameters
Condition Cruise Takeoff
H/km 11.5824 0.00
Ma 0.85 0.20
al(°) 0.0 0.0
iyl (kgls) 418.5 1093.7
por'kPa 52.3964 153.8235
To/K 281.9 328.9
poc/kPa 33.8111 121.6511
Tyo/K 676.0 778.7
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Fig. 6 3D flowfield of engine nacelle at cruise condition
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Fig. 7 Mach contour and space streamlines on the nacelle

symmetry plane at takeoff condition
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Table 2 Difference between CFD and theoretical model

Condition F ol % Fool% Fran/% F\/%
Cruise -1.41 +2.35 0 -3.08
Takeoff -0.95 +1.80 0 -0.92
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Fig. 8 Characteristics of flowfield near nacelles at cruise
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Table 3 Comparison of thrust/drag components between

installed and isolated nacelles at cruise

Thrust/Drag Uninstalled/kN Installed/kN Change/%
Fir 135.2880 135.3264 +0.03
Fec 17.6236 17.5500 -0.42
F., 2.4055 2.1725 -9.69
D, 5.8668 5.6051 -4.46
D -4.2993 -3.1616 +26.46
Fyn 50.0578 49.7834 -0.55
Fygr 48.4901 47.3399 -2.37
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Fig. 9 Characteristics of flowfield near nacelles at low
speed (a=12.0°)
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Table 4 Comparison of thrust/drag components between

installed and isolated nacelles at low speed (a=12.0°)

Thrust/Drag Uninstalled/kN Installed/kN Change/%
Fep 266.6850 262.3535 -1.62
Fec 30.4758 29.8657 -2.00
F., 4.8477 4.5931 -4.55
D, 0.9345 0.7579 -13.14
Do 1.4546 1.8508 +27.24
Fyn 226.7800 221.6512 -2.26
Fer 224.3900 218.9888 -2.41
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