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Fig.11 Dimensionless density distributions on the turret symmetrical plane with vortex generator
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Fig.12 Side views of transient turret flow fields with vortex generator
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Fig.13  Top views of transient turret flow fields with vortex generator
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Fig.14 Satial features of DMD modes of turret dominant flow features without vortex generator

(a) S+=0.18734

(b) 51=0.33327

K15 i AR S A TR OIS 32 20 BRI i) DMD RS %5 8] 43 A

Fig.15 Satial features of DMD modes of turret dominant flow features with vortex generator

HE A 15 TR, W I A S A AE B, OG5 1 A~
W SRR 4 A ) B R R LT R AN A . Se=
0.33327 B B BEE 5 Sr=0.18131 BRI fE it 2 L4 N
0.5537, 5 TR Uik A A= g I PR XTI AR 22 T 0.6842 A 4
—E R ARG . K UL IR U R A 25 | Ok A
BRI Akt kA T —E R RS, Bl14 5
[ 15 AR S B 22 A B M EDSIE 1 R ST 3 20 o ik
TR 55 1 WO S ORIt 3 i R 5, 52 17 it 43
B R o DR, AR T Rl [ 4 S RAE , IR T R A 2
5 5%} b (N ) B Sh R = R

3 &g

ASSCRIF T Sk A% 7R 4 IDDES Jy B0 A7 il
Wk L SR AP T O B IO S AT T BB,
OIFT T AT A T O B SR B s,
Stk — BT MO B S S SO AR e . 3
BRI TR LA T 4538

(1) TR IR A AR 1230, OIS Rk T2 B
HHABE o A0 8l K N o O S RRAE , L2 1] 35 8l O 4R A A3
RIS kS PRSI e

()T A e Ar G AT BSMNA AL, HI 55 1
EVRRE R, O G TR 5 2 R, HE— 252
T RIS ERERT o TR A SR R R AR T
R EARRLIN  WOCE E T 7 32 o W32 3 LF- R 52 5
R o

(3) B TR A A IR s AL, HEEACR 32 5]
WO VS R E S 5% 0 . DMD LS FOUHL /R T 0
B Y Y 2l B0 3 B AR E LA K o 3 7 4 TR, 7 i
HEARATAEI, , JEOCHE 1 R (0 2 1 52 20 285 B AT A58 1)
B BORRE R R AR, X & BB EDE 1 i R A4 5 I A
A UL R e 5 2 53 1 YL A

sEXH

[1] Jumper E J, Zenk M, Gordeyev S, et al. The airborne aero-



JERAFE A WAURR A BRSO S B 5 7 i 36 b 5 Wi BV E 5

61

(5]

[10]

[12]

optics laboratory: AAOL[C]. Acquisition, Tracking, Pointing,
and Laser Systems Technologies, 2012.

Jumper E J. The story of the airborne aero-optics laboratory
[C]. Unconventional Imaging and Adaptive Optics, 2022.
Jumper E J, Fitzgerald E J. Recent advances in aero-optics[J].
Progress in Aerospace Sciences, 2001, 37(3): 299-339.
Gordeyev S, Jumper E. Fluid dynamics and aero-optical
environment around turrets[C]. 40th AIAA Plasmadynamics
and Lasers Conference, 2009: 4224.

Wang Kan, Wang Meng. Numerical simulation of aero-optical
distortions by a turbulent boundary layer and separated shear
layer[C]. 40th AIAA Plasmadynamics and Lasers Conference,
2009: 4223.

De Lucca N, Gordeyev S, Jumper E, et al. Aero-optical
environment around turrets at forward-viewing angles[C]. 51st
ATIAA Aecrospace Sciences Meeting including the New
Horizons Forum and Aerospace Exposition, 2013: 721.

De Lucca N, Gordeyev S, Jumper E. The airborne aero-optics
laboratory, recent data[C]. Acquisition, Tracking, Pointing, and
Laser Systems Technologies, 2012.

Morrida J, Gordeyev S, De Lucca N G, et al. Aero-optical in-
vestigation of transonic flow features and shock dynamics on
hemisphere-on-cylinder turrets[C]. 53rd AIAA Aerospace Sci-
ences Meeting, 2015: 0676.

Morrida J J, Gordeyev S, Jumper E J. Transonic flow dynamics
over a hemisphere in flight [C].54th AIAA Aerospace Sciences
Meeting, 2016: 1349.

Gordeyev S, Jumper E, Ng T, et al. The optical environment of
a cylindrical turret with a flat window and the impact of
passive control devices[C]. 36th AIAA Plasmadynamics and
Lasers Conference, 2005: 4657.

Gordeyev S, Cress J, Smith A, et al. Improvement in optical envi-
ronment over turrets with flat window using passive flow control
[C].41st Plasmadynamics and Lasers Conference, 2010: 4492.

De Lucca N, Gordeyev S, Jumper E J. The improvement of the
aero-optical environment of a hemisphere-on-cylinder turret
using vortex generators[C]. 44th AIAA Plasmadynamics and
Lasers Conference, 2013: 3132.

Wang Kan, Wang Meng, Gordeyev S, et al. Computation of

aero-optical distortions over a cylindrical turret with passive

[14]

[15]

[16]

[17]

[18]

[20]

[21]

[22]

(23]

flow control[C]. 41st Plasmadynamics and Lasers Conference,
2010: 4498.

Kamel M S, Wang Kan, Wang Meng. Numerical prediction of
aero-optical distortions by transonic flow over a cylindrical
turret[C]. AIAA Scitech 2019 Forum, 2019: 0472.

Vorobiev A, Gordeyev S, Jumper E J, et al. A low-dimensional
model of shock-wake interaction over turrets at transonic
speeds[C].45th ATAA Plasmadynamics and Lasers Conference,
2014: 2357.

Morrida J, Gordeyev S, De Lucca N, et al. Shock-related
effects on aero-optical environment for hemisphere-on-
cylinder turrets at transonic speeds[J]. Applied Optics, 2017, 56
(16): 4814-4824.

EWUR, RO, BRBRAE, % B RS AR 5 LA R WL
LEUKEREXT LM ). AU B2 R, 2023, 34(11): 87-95.
Wang Haodong, Sang Weimin, Qiu Aoxiang, et al. Compara-
tive analysis of icing characteristics between blended-wing-
body aircraft and traditional layout aircraft[J]. Aeronautical Sci-
ence & Technology, 2023, 34(11): 87-95. (in Chinese)

Tt I8, A R R O K M i M 7 (B AR 52 ).
iz ReFRA, 2022, 33(7): 73-85.

Shi Fangcheng, Wang Tiantian. Numerical investigation of
under-expanded supersonic jet noise[J]. Aeronautical Science
& Technology,2022, 33(7): 73-85. (in Chinese)

Wang Meng, Mani A, Gordeyev S. Physics and computation of
aero-optics[J]. Annual Review of Fluid Mechanics, 2012, 44:
299-321.

Menter F R. Two-equation eddy viscosity turbulence models
for engineering applications [J]. AIAA Journal, 1994, 32(8):
1598-1605.

Shur M L, Spalart P R, Strelets M, et al. A hybrid RANS-LES
approach withdelayed-DES and wall-modeled LES capabilities
[J]. International Journal of Heat and Fluid Flow, 2008, 29(6):
1638-1649.

Shur M L, Spalart P R, Strelets M K, et al. An enhanced
version of DES with rapid transition from RANS to LES in
separated flows[J]. Flow, Turbulence and Combustion, 2015,
95:709-737.

Guseva E K, Garbaruk A V, Strelets M K. Assessment of
delayed DES and improved delayed DES combined with a



62 i 2t BEE B Jun. 25 2024 Vol. 35 No.06
shear-layer-adapted subgrid length-scale in separated flows[J]. of the surface pressure field around a hemispherical turret
Flow, Turbulence and Combustion, 2017, 98: 481-502. using pressure sensitive paint[C]. 2018 AIAA Aerospace

[24] Jonathan H T. On dynamic mode decomposition: Theory and Sciences Meeting, 2018: 0932.
applications[D]. Princeton: Princeton University, 2013. [28] Morrida J J, Gordeyev S, Jumper E J. Transonic flow dynamics

[25] Beresh S J, Henfling J F, Spillers R W, et al. Unsteady shock over a hemisphere in flight[C]. 54th AIAA Aerospace Sciences
motion in a transonic flow over a wall-mounted hemisphere[J]. Meeting, 2016: 1349.

ATAA Journal, 2016, 54(11): 3509-3515. [29] Tang Songxiang, Li Jie, Wei Ziyan. A numerical investigation

[26] Jeong J, Hussain F. On the identification of a vortex[J]. Journal of the dominant characteristics of a transonic flow over a

of Fluid Mechanics, 1995, 285: 69-94.

hemispherical turret[J]. International Journal of Computational

[27] De Lucca N G, Gordeyev S, Morrida J J, et al. Modal analysis Fluid Dynamics, 2022, 36(5): 404-423.

Numerical Investigation on the Effect of Vortex Generator on the Transonic Flow
Field of a Hemispherical Turret

Tang Songxiang, Li Jie, Zhang Heng, Wei Ziyan
Northwestern Polytechnical University, Xi’an 710072, China

Abstract: The airborne laser platform is severely challenged by aero-optical problems led by the transonic flow
around its turret. Aiming to essentially study transonic flow features around a turret with a passive flow control method,
an Improved Delayed Detached Eddy Simulation (IDDES) approach with modified subgrid scales was employed to
conduct a numerical investigation on flow control of a hemispherical airborne laser turret under the transonic
condition, using a thin cylindrical vortex generator. The results show that the vortex generator introduced a distinct
secondary flow features, attenuating the incoming flow energy. This led to a noticeable impact on the shock intensity
at the top of the turret, subsequently affecting the size of the separation bubble in the turret's wake region. While the
lateral oscillation and vertical fluctuation features of the turret's wake showed no significant alterations due to the
vortex generator, Dynamic Mode Decomposition (DMD) results highlighted a pronounced decay in the energy of the
longitudinal fluctuation modes when the vortex generator was present. This observation matched well with the
morphological changes in the wake separation bubble, revealed the effectiveness of current vortex generator to
suppress the separation in the turret wake region and provided a basis for using passive control methods to suppress
aero-optical problems of turrets.
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