2022 4 8 J E( I S B/ N Aug. 2022

%434 55 8l JOURNAL OF PROPULSION TECHNOLOGY Vol.43 No.8

ETEENRNEOBITIILAHS[ELHE
IR

BB, REF, HiE
(H ERMABE FI2E R RS R G S E S 8=, dbat 100190)

W OE. AMRBRARNTELHIE AT A AR DI, RARENE S MAAERL
R, s EIATF 35 Koyt L TR T HABEDAR . A 3T AL B4 Ak E & A& 0932 R BAEE AT
Tk BAT SR AG AR A, FIANT B ETBAL G kFe “Collar” WAy &, FIT SRt E
SR HE . AT AN “Collar” A E &M, *HHHKAFTE LB BORE B AR AT E S0 F a8
Wik, SFAiE ﬁi“f’I"]}Ifcéfatbx’%ﬁ)é%f]:\ﬁéﬁﬁ’“ﬁkﬁ‘Tfﬁmo Wi ERAFT@OFAET, KR
THAEW KGN, FEAERHEEBADRESE, B OMAER A mER, YESLENES
Bar, RRBHAHAEHRANRBIHKRE, rﬁ)‘ﬁy/é‘—"f)&'l TR, BRI E TS,
AR EHAS, TARERAAGBIAHERR, Wb, AFFHBEE R GIAEN BTG 04T
THR, SRR Ak B AR G AR mIE K.

KB FERAFHI; BIATHAE; TEMRER; AFHHE; HEEM

RESES: V2213 iﬁ%hﬂ: MEHRS: 1001-4055 (2022) 08-210203-19

DOI: 10.13675/j.cnki. tjjs. 210203

Numerical Investigation of Variable Geometry Inlet with
Translating Cowl Based on Overset Grid

TANG Han, ZHENG Guan—-nan, HUANG Cheng—de

(Key Laboratory for Mechanics in Fluid Solid Coupling Systems, Institute of Mechanics,
Chinese Academy of Sciences, Beijing 100190, China)

Abstract: In order to study aerodynamic characteristics and flow mechanism of the variable geometry inlet
for air—breathing ramjet engines, the numerical simulation of inlet cowl translation for high Mach number vari-
able geometry inlet is performed with developed dynamic overset grid. For overset grid of multiple bodies in con-
tact with each other, the valid target cell may not be found in hole—cutting process. In order to solve this prob-
lem, the two improvement methods are proposed: the one is the introduction of traditional “Collar” grid, the oth-
er is the ghost cell method, thus the computation of overset grid with multiple bodies in contact is implemented.
In order to introduce “Collar” to overset grid, appropriate modifications is done to accommodate overlap optimiza-
tion algorithm. The effects of internal contraction ratio variations on starting characteristics caused by cowl transla-
tion are investigated. The calculated results show that with the moving forward of cowl, internal contraction ratio

increases, the separation bubble moves upstream and moves out of the internal contraction segment, thus inlet
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unstarts. However, with the decrease of the internal contraction ratio caused by cowl moving backward, the sepa-

ration bubble becomes smaller gradually and moving downstream which may improve the starting characteristics

with a boundary layer diverter. The influences of translation velocity and oscillating frequency have significant ef-

fect on inlet performance. Moreover, the effects of translation velocity on the starting characteristics are studied

and hysteresis effect becomes stronger with the increase of translation velocity and oscillating frequency.

Key words: Ramjet engine; Variable geometry inlet; Overset grid method; Aerodynamic characteristics;

Numerical simulation
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Fig. 1 Schematic of inlet cowl in contact with plate
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Fig. 2 Computation grid for inlet cowl translation

Fig. 3 Corners formed by cowl and plate in contact
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Fig. 4 Close-up of corner A showing orphan locations
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Fig.5 Assembled overset grid with “Collar” grid

Fig. 6 Wall distance criterion applied to “Collar” grid
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(¢) Close-up assembled overset grid at corner B
Fig. 7 Assembled overset grid after hole-cutting
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(c) Close-up assembled overset grid at corner B
Fig. 8 Assembled overset grid after paste
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Fig. 9 Ghost cell method
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Fig. 10 Assembled overset grid Wlth ghost cell method
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Fig. 11 Schematic of ghost cell
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Fig. 17 Pressure coefficient contours on surface of
wing-body configuration

Fig. 18 Surface pressure coefficient distribution for wing
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Fig. 35 Mach contour at the different locations with sinusoid motion
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Fig. 37 Mach contour at the same location in the forward
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Fig. 38 Wall pressure in forward/backward phase at the
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