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Numerical simulation of ground vortex flow field of large transport aircraft

YANG Liu, LIU Yu, WANG Junqi

(Chinese Flight Test Establishment,
Aviation Industry Corporation of China Limited, Xi’an 710089, China)

Abstract: A three-dimensional model of a large transport aircraft equipped with turbofan engine
was established to study the ground vortex. Numerical simulation method was used to simulate the ground
vortex flow field under different wind speeds, directions and taxiing speeds. According to the results, the
distribution characteristics and variation rules of the ground vortex flow field were obtained, and the
matters needing attention in the aircraft operation were put forward. The results showed that, for this type
of aircraft, the ground vortex mainly caused the inlet swirl flow distortion, the total inlet pressure
distortion was low, and the distortion index was kept between 1.1%—1.7%. When the upwind speed was
greater than 5 m/s, the ground vortex disappeared, and its intensity first increased and then decreased with
the increase of wind speed. With the change of wind direction, the ground vortex structure changed
constantly, and the nacelle on the downwind side was more likely to produce ground vortex. Under the
taxiing condition, the intensity of ground vortex changed little, and there was no vortex suction when the
taxiing speed reached 3 m/s. In practice, the working state of No.l and No.4 engines with large swirl
distortion should be observed when the engine was running on the ground. During taxiing, focus should be
put on observing the foreign object damage of No.2 and No.3 engines with strong ground vortex suction

capacity.
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Fig. 9 Dimensionless circulation vs. headwind speeds

10 J2& 4 A5 AR HEIE 1 R Y S, 0 B
KRG AL 2R, 7T LA 3, S, ¢ WAL S
T 12 A — B, 76 KE5N 3 my/s I 45 28588 S, 6
KB KA, B LR 15 4 5 MM S, o i =
T 25 355, BEII KGN 3 m/s B Hb T i 7E
15 455 HE T 10 3 o 00 e O s 722 e K . ALt
W KGRAE TR B2 G HESMI 15| 4 5 R B HLTE M
T A T I TAERAS

0.18F —=— 1 gii0
0.16 | —*— 25K
s 3eie .
OL4F 45
012} v
0.0}
“ 0.08}
0.06 f . v
0.04
% / \'
0.02 ) pa— T
0 1 2 3 4 5
WG /(m/s)

B 10 S, g Bt XUXLEE Y25 fk
Fig. 10 S, ¢ vs. headwind speeds

LT 4 A Ja Ak AT H 10 8 T g ] )
T W5 75 6 B AT i 338 ARG AR £k i 26, vl DL 3,
JE 1) S AR 8 BOTE 1.1%~ 1.5% Z ]/ 254k,
PRFFAE AR KT, AT U3 A& 14 b T afE < 7R
HEATHE HY 3 B B R B AR /0N



156 it = 3 EE % 38 %
0,025 )
—e— 25 KA A% > =
0.020  —a— 351
—v— 4550
g 0015 e
= . —
/v
0.010} x'%
0.005
0 | 2 3 3 5 (a) U1 180° (IR
K3/ (m/s)

P11 el o e A R0 XX 4 A2 A
Fig. 11 Circumferential total pressure distortion vs.

headwind speeds

3.2 AREIXE T # RS9

N R A PO BT TR A B W71 )AL
BLFR 1L, & ShHL T AE AR IR A, KU 35 B X
ST Hb T I VRS B 5 I Y XU R 3 my/s, KT 1B
BAn i 12 Fsiy 180°, 210°, 2400, 270°, 300°, 330°,
360°— 3 7 Ff T4,

1600 180 5000

[ 12
Fig. 12 Wind direction diagram

iR 2

13 7 2 AN [ AU I] T i T 368 9 48 B 30T i
I # = B, T LLE S, KRR 3 m/s 2040 T,
180° KT (LX) B, 15, 4 SRR A T 5 Hi i
Z B — s, 2 5 3 SERA WA T
— A5 WS W B0 b TR 5 XU Sk 21008,
TRALAE L 1 A MBI B R FR 25 R AN 180° XU ) AH [F],
R 4 5 % At 10 b T 008 9 %, 3 5 i i T) sf g
AT 5 Hi T ML B 22 1811 52 1 7 5 T 364 5 XL )
Ry 24008, TRATL I AL 1) A2 AL B I 3R S5 A AT AR
FEARAE, (3 5 M 5 i =2 () 9 A ) b T R
Welk, HE T 500 Z Y 0 i, 4 5 kAR
WA T —A s E—20 b, X4 R 4%k 270°0T,

(b) A Hy210°

(c) Uil 240°

(d) A1) H270°

o

(e) M1 24300°

() KU1 4330°

(2) A1 4360° (8 JAL)

K13 RIERE T kA

Fig. 13 Streamline under different wind directions



513

15 45 IMA T —REIR, 25
M T Z [0 B T — S T 3R, 3 S A AR IR A T AL
B A5 0 B M I, RIS 2 5L 3 S A e 40 ik
AT 5 WAL 3R B A H T iR 5 24 XU 3% R 300°
B, 154 AR A T L b T )R 1 A b TR, O L
AT DL S M A PRSI 0 B A, 28 B R R M
1w IR A S HEA 1S &L, L 2 5 A A
WA T 5HLE M Z B8 S b i s . 3%, 4
MBI AT AR KR EE R 33000,
4 AR5 b T 22 ) B30 B T — A M T I, TR B
155 AR AT 5 ML 3R T T 1 e T 3 5 24 XL
) 5% A 3600 (33 X ) BF, 4 /S A6 4 1] 5 i 1T 2 ]
TE BT —A M1 155, BILE AL b TG b T = A

AT LA I, B2 AT A A8 Ak, TR 141 1 1
BN WT AR AL, &b 1 KU B A B B A R R T
Qb F T RN ) S AR T A b T I, 2 R
f 11 92 £ KT 30°RF ML B A B 25 5 7 AR T

BE AR, Fh D 13 Ff A ST i T 0 2 P ] LU 3
76 XU K 2400, 270°, 30000, Hb 1 93 5F 45 5 5 R
B R 22 A5/, (0 IH G Ao 3t T 3R S N A RE 455

14~ 5] 16 it 7R 43 il & 4 A i i <0l

0.7
—s— S5k
0.6 —e— 2 EJTiR
—a— 3550

051 \ —v— A
04L\ s

03}
02}

0.1

0 . . . . .
180 210 240 270 300 330 360
a1 /(%)

14 JCR NI R XUE Y E AL

Fig. 14 Dimensionless circulation vs. wind directions

0.18 —n— [ SEfE
0.16 | —e— 25
—a 3B
0.14 —v— 1
012} 1
o 0.10} v
0.08 -
0.06 | / v .
A
L A
0.04 . ;A /
0.02} .

0 . . .
180 210 240 270 300 330 360
KUa1/(°)

&l 15 S, ¢ Bl AR AL

Fig. 15 S, ¢ vs. wind directions

Y WA KA is S L v iR 3 B A 157
0.025 Sy
—e— 255G
0.020 1 —a— 3550
—v— 45

0.015 f—éigikwi;g:
‘g = \

0.010

0.005

0 1 1 1 1 1
180 210 240 270 300 330 360

JALTL/()
P16 Jal 1 i e e A bt KU (9 22 1k

Fig. 16 Circumferential total pressure distortion vs.

wind directions

BT 119 G f 9 0 i e E T M AR FR LS, 600 S
] o B A5 35 B AT Bl A ) 9 A5 AL i 26, 7T LR
2, 5 RL(180°) B S 3E HY 11 G B 4 3 B 05 K, B
2 JRCTHE DT IR i) 336 DL, 1S3 S 111G o 40 B0 o
RS, g0 2 A HE S Wl /N g a2, HE XU Sy 300°
B 3 380 dpe /ML, HL XS A6 XL 43 it B <R S 1
I IS, o EAEAE I KA S B . 8] )

Sl W AR 8 BT AE /N BB S U B, B (AR D
AR B 355 RS AT M 15 L 45 g R aE R
T P JC R NIRRT 2 5 3 SR
33 ARBITEE THERRZEST

ARATBIFFE QAL IR A7 3 X b 1T R 2 R S 1
SEA, JER L R BIHL TAETE & RS, Rl AT
JEM 3.6, 7.2, 10.8 km/h, Hif, 5 XUR AL E
378 3 2R i A S TG T A B T AR AR AN R, T AT
RN AEBUE AT FC i 525 A v i R 0L 1 i T 3
FE TR

17 e 7R J& AN [ W A7 S8R v, A9 b T3
Uit 2k S b TR 2 L, BT AR B, W AT R R
3.6 km/h i, 1 5 4 5 HATHIE T —A ik,
25 3SR A T A — A~ H T R TR R
b T RN — AN S HLE Z B8 i, 2 45 3 5
8T 5 T M T A A B AR X W AT R
7.2 km/h B, 145 4 5 JE MR R RE 2 DB il — AN
W, 2 %5 35 2 R A —A~ 5 L5 Z [
B b TR IR 5 Y5 AT E BE R 10.8 ke/h i, 4 A4 SE AR EY
TCHLTA IR

&l 18~ &1 20 7R 43 il & 4 A4~ e i i <
BT 1) JC i R i e E TR AR FR LS, g0 JH
Ti1) Sl G 735 5 A B AL A 7 3 5 4 K A A8 4k
M4k, AT LAFE 2], JC 5k 40 PR ok Bl 17 2 B 3 KO



158 = B

1

IR/, S, g0 T AT T BE 3 R 2 S0 1 R /i
o ALK B, 30T 98 SU7E T U6 1 A7 (9 9 1) 12 A
SR A HE SR, (RIS, ) fi sy AR 4 AR AR
PREFAAL , 2 W8 A7 I 3 T 36 22 008 XUt 788 T
A R IR A (14 5 ) R R AR AN
X AT BOdi KRR B M T T R 3, AT LA
S5 BT T 0TS b T e R R 3 A e D L £
ARA R AR — B, T B B A N B 3 R s AT
ANTR] o 30 RS S e IR A B A PRI A Bl AL 7 S
M 4 ShALEE B, T 1 47 I A Nk Sh AL A7 A
A >
LS 3 -

(b) V=72 km/h

(©) V,=10.8 km/h

17 R[EREATH R T ik A

Fig. 17 Streamline under different taxiing speeds

0.7 —
—=— 154
0.6 —e— z%fgﬁfgj
—a— 355G
0.5F —v— 4551E
. 04}
~
03}
02t
0.1 ';'§'
:&
0 3.6 72 10.8
11T H R /(km/h)

P18 Joit NIRRT AL i AE

Fig. 18 Dimensionless circulation vs. taxiing speeds

¥ 438 %
0.18 —n— S
0161 —e— 255
: —a— 355
0.14 —v— 4550
0.12
o 0.10
0.08 |
0.06
0.04 1
0.02 ® )
0 3.6 7.2 10.8
AT/ (km/h)
K19 S, o BEMATHUE AR
Fig. 19 S, ¢ vs. taxiing speeds
0.025 —
—=— 15
—e— 254
0.020 | —a— 32
—v— 45551
0.015 =— N
|§ v :
<
0.010 -
0.005
0 3.6 7.2 10.8
AT B BE/(km/h)

P20 il i s AR i KR A 7 BE 1 A8 Ak
Fig. 20 Circumferential total pressure distortion

vs. taxiing speeds

M TR, 85C7E A [ T 000 T XF 3 T s PR A ) G T A
R NAT TS

4 & g

3 A AN [ 3 JRURUEE L RUTa] RO AT
T BT A BT T, 1R B Z5 R AT

1) 306 XA, T 3R e 3 DXL 8 o S 34
KIG W/, 76 R A 3 m/s B35 B i ok, K KT
5 m/s B M TAT IR © TC iR A UESGE .

2) FifiZE AU A AR b, M IR T 3 04 TR B A5
ANWTAE AL, AT RN %) S5 A0 B G 7 A LT i
o7 Ly, 5 7 T IR e 38 DS A< 9 R AR X6 15
45 K EHHL T AERI S .

3) WATSMT, AUAE AT 3 B 5 /NI i
LT 3R 2 B W N RS, LR R I T A T R (1 1
KASE /N, AT 3 BE KT 7.2 kno/h 5 b T8 765
O JoTk A E

4) i FF AR R 5 R 15 4 5 & shHl
TE S AR S5 0 AR RS W AT B 56 i TF
GRIGAT IR, I WL 2 45 3 S MM



513

770 | S A N Bt IR TR BT 77k S SR S )

159

UINT
2% Wk :

(1]

(2]

[4]

[5]

[8]

[10]

MOTYCKA D L. Ground vortex-limit to engine/reverser operation
[J]. Journal of Engineering for Gas Turbines and Power, 1976, 98(2):
258-264.

BARATA J, MANETA A, SILVA A. Numerical study of a gas
turbine engine ground vortex[R]. AIAA 2009-4801, 2009.

DE SIERVI F, VIGUIER H C, GREITZER E M, et al. Mecha-
nisms of inlet-vortex formation[J]. Journal of Fluid Mechanics, 1982,
124: 173-207.

Jit o, AR KA AL R AL AT S B BT (M. P %
o AT LR BF AT B, 2009.

KLEIN H J. Vortex inhibitor for aircraft jet engines: US2915262[P].
1959-12-01.

XOCH, W1 % 2 KB T3S B4 A L 8 B B ). e
L2 2 BE S 4R, 1986, 12(4): 131-134.

ZHAO Guangmin, HU Zongan. Formation, harm and elimination
of fan ground vortex[J]. Journal of Beijing Institute of Aeronautics
and Astronautics, 1986, 12(4): 131-134. (in Chinese)

W SO b T R AT 5T (], 0 4 24 4T, 1989, 10(5): 293-296.

MA Shenyi. Study on ground vortex[J]. Acta Aeronautica et Astro-
nautica Sinica, 1989, 10(5): 293-296. (in Chinese)

TRAPP L G, GIRARDI R. Evaluation of engine inlet vortices us-
ing CFD[C]//Proceedings of the 50th AIAA Aerospace Sciences
Meeting including the New Horizons Forum and Aerospace Expo-
sition. Nashville: ATAA, 2012: 1-13.

YADLIN Y, SHMILOVICH A. Simulation of vortex flows for air-
planes in ground operations[R]. AIAA 2006-56, 2006.

MISHRA N, MACMANUS D, MURPHY 1J. Intake ground vortex
characteristics[J]. Journal of Aerospace Engineering, 2012, 226(11):

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

1387-1400.

REHBY L. Jet engine ground vortex studies[D]. Bedford, UK:
Cranfield University, 2007.

AR, T 7K, BB SE . T X R Jk UC R B R W (D). A
RIS 5 TS, 2015, 28(4): 7-10.

LI Chaodong, NING Fangfei, JIA Xinliang. Study on the effects of
ground vortex on the inlet-engine matching[J]. Gas Turbine Experi-
ment and Research, 2015, 28(4): 7-10. (in Chinese)

X, AR, A, A B AR R S A et v 3 A
L[] 4 30 12 4R, 2018, 33(7): 1657-1664.

LIU Hao, LI Bo, WANG Cheng, et al. Numerical simulations on
nacelle inlet ground vortex under take-off conditions[J]. Journal of
Aerospace Power, 2018, 33(7): 1657-1664. (in Chinese)
A KU A A P E b I 52 R A 5T (D). B9
500 R AS AR R, 2017

WANG Cheng. Research on the influence of ground vortex on na-
celle inlet with blades[D]. Nanjing: Nanjing University of Aeronau-
tics and Astronautics, 2017. (in Chinese)

MURPHY J P, MACMANUS D G, SHEAF C T. Experimental in-
vestigation of intake ground vortices during takeoff[J]. AIAA Jour-
nal, 2010, 48(3): 688-701.

MURPHY J P. Intake ground vortex aerodynamics[D]. Bedford,
UK: Cranfield University, 2008.

MURPHY J P, MACMANUS D G. Inlet ground vortex aerody-
namics under headwind conditions[J].
Technology, 2011, 15: 207-215.
MOYTCKA D L, WALTER W A, MULLER G L. An analytical
and experimental study of inlet ground vortices|[R]. AIAA 73-
1313, 1973.

MOYTCKA D L, WALTER W A. An experimental investigation
of ground vortex formation during reverse engine operation[R].
ATAA 75-1322, 1975.

Aerospace Science and

(¥ TEHE)


https://doi.org/10.1017/S0022112082002456
https://doi.org/10.3321/j.issn:1000-6893.1989.05.014
https://doi.org/10.3321/j.issn:1000-6893.1989.05.014
https://doi.org/10.3321/j.issn:1000-6893.1989.05.014
https://doi.org/10.3321/j.issn:1000-6893.1989.05.014
https://doi.org/10.3969/j.issn.1672-2620.2015.04.002
https://doi.org/10.3969/j.issn.1672-2620.2015.04.002
https://doi.org/10.3969/j.issn.1672-2620.2015.04.002
https://doi.org/10.3969/j.issn.1672-2620.2015.04.002
https://doi.org/10.3969/j.issn.1672-2620.2015.04.002
https://doi.org/10.13224/j.cnki.jasp.2018.07.014
https://doi.org/10.13224/j.cnki.jasp.2018.07.014
https://doi.org/10.13224/j.cnki.jasp.2018.07.014
https://doi.org/10.2514/1.45896
https://doi.org/10.2514/1.45896
https://doi.org/10.2514/1.45896
https://doi.org/10.1016/j.ast.2010.12.005
https://doi.org/10.1016/j.ast.2010.12.005
https://doi.org/10.1017/S0022112082002456
https://doi.org/10.3321/j.issn:1000-6893.1989.05.014
https://doi.org/10.3321/j.issn:1000-6893.1989.05.014
https://doi.org/10.3321/j.issn:1000-6893.1989.05.014
https://doi.org/10.3321/j.issn:1000-6893.1989.05.014
https://doi.org/10.3969/j.issn.1672-2620.2015.04.002
https://doi.org/10.3969/j.issn.1672-2620.2015.04.002
https://doi.org/10.3969/j.issn.1672-2620.2015.04.002
https://doi.org/10.3969/j.issn.1672-2620.2015.04.002
https://doi.org/10.3969/j.issn.1672-2620.2015.04.002
https://doi.org/10.13224/j.cnki.jasp.2018.07.014
https://doi.org/10.13224/j.cnki.jasp.2018.07.014
https://doi.org/10.13224/j.cnki.jasp.2018.07.014
https://doi.org/10.2514/1.45896
https://doi.org/10.2514/1.45896
https://doi.org/10.2514/1.45896
https://doi.org/10.1016/j.ast.2010.12.005
https://doi.org/10.1016/j.ast.2010.12.005
https://doi.org/10.1017/S0022112082002456
https://doi.org/10.3321/j.issn:1000-6893.1989.05.014
https://doi.org/10.3321/j.issn:1000-6893.1989.05.014
https://doi.org/10.3321/j.issn:1000-6893.1989.05.014
https://doi.org/10.3321/j.issn:1000-6893.1989.05.014
https://doi.org/10.3969/j.issn.1672-2620.2015.04.002
https://doi.org/10.3969/j.issn.1672-2620.2015.04.002
https://doi.org/10.3969/j.issn.1672-2620.2015.04.002
https://doi.org/10.3969/j.issn.1672-2620.2015.04.002
https://doi.org/10.3969/j.issn.1672-2620.2015.04.002
https://doi.org/10.13224/j.cnki.jasp.2018.07.014
https://doi.org/10.13224/j.cnki.jasp.2018.07.014
https://doi.org/10.13224/j.cnki.jasp.2018.07.014
https://doi.org/10.2514/1.45896
https://doi.org/10.2514/1.45896
https://doi.org/10.2514/1.45896
https://doi.org/10.1016/j.ast.2010.12.005
https://doi.org/10.1016/j.ast.2010.12.005

	1 建模与仿真
	1.1 模型及网格
	1.2 边界条件
	1.3 算例验证

	2 地面涡流场评价指标
	2.1 环　量
	2.2 周向总压畸变指数
	2.3 旋流畸变指数

	3 仿真结果及分析
	3.1 逆风不同风速下地面涡流场分析
	3.2 不同风向下地面涡流场分析
	3.3 不同滑行速度下地面涡流场分析

	4 结　论
	参考文献

