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Abstract: In the present work, the wall effect of the jet flow was investigated using the SAS
(Scale Adaptive Simulation) method during the rocket take-off and landing. The flow structure and
the side loads were analyzed and compared as the jet flow impinging on the horizontal and inclined
wall at sea level and Martian-like atmosphere, respectively. Flow separation occurs inside the noz-
zle at sea level, and the pressure decreases to a minimum at the separation point, then increases to
the ambient pressure. The flow instability is stronger with obvious temporal evolutions when the
jet flow impinges on the inclined wall. In a Martian-like atmosphere, no separation occurs inside
the nozzle, and the pressure on the inner wall of the nozzle gradually decreases along the direction
of the jet flow. As the jet flow impinges on the inclined wall, the Mach disk, which moves up and
down along the flow, appears downstream of the nozzle exit. As the jet flow impinges on the hori-

zontal wall, the interaction between the jet flow and the reflected flow limits the formation of the
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Mach disk. The results indicated that the temperature increases when the jet flow impinges on the

inclined wall. The present findings could guide the future project of reusable rockets and Mars

landings.

Key words: Supersonic-impinging jet; Wall effect; Mars landing; Scale adaptive simulation
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Fig. 1 The contours of the engine nozzle
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Tab. 1 The design parameters of the nozzle
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comparison of the nozzle wall

R SAS TSR — B, WE UL,
i 7 =) B R N O R/NS S M 5 & 1 B A LI K V4
Hoy/L<<0.24 BYEpABE, A ST TR SR M Lijo
LTI EA R B AR R A 454 . URANS Hl
KA (Large Eddy Simulation, LES) % CFD J7
BAEARIREE R ) 09 L AR AR R AR 8 T R R, HofE
B P RIS e — 9 0 FF SR UE S22 AR SO
TR KR PR BT T I W8 300 L R, X 6 i B 4 v
it b SCmk (210 SCEk (22 B0 45 Rk

SAS THSE FORE i 22 43K i N-S 7 R 5 H AR A
ZRRE (DSMO) F G J7 i I 58 45 S AE 4 i 28
KR T BA MM IR A L. &5 LTk, SAS
J7 B RE T I HER PR R

2 HERERS5HSH

2.1 FFEAETHEGNENZNE

oK Bk T 2 b AR B . 2 KT & B
MLIAE 0 M T %) B 8 A /NS I 3 0 b T 22 () A7 HE
HARMMEAER, 7528058 E Ldb 1T TR 5%
R, CMFTTAERESE T M B 2D B, W op
AU A PR R . 24 NPR=19 B, B4 &6 H
FSSUIRAS, BRI 2 76 WA R 1 B4 85, FE W4 N
TR T S 8. WY B b 4 5 1 0 18] 1) T Ui
s, BEEWEH b I, WER R, S
Fin s Wi ohh 2K OF- M T S 7E Sk 0 IE R B AR
T—ANEUR X, R X LA 285 44 i B [ 2 AR AR 4k
Xk B % 300 o o b T 1 o R LA S Y R R AN
WAl 6 iR, W o o (0 b TS U 2l R R
Y Sl P o () b B 52 W 3 0 L T T ) T 3 X
B R T RO R C e e S U L R U Y TS B AT ) = £
BRI B AN R E T

HEE v/ (m/s)
640
320
0

(a) t=0.15 s (b) t=0.16 s
“
(¢) t=0.17 s (d) t=0.18 s

5 BT EIRGE TS BRI ok T b T A B T A

Fig. 5 Velocity distribution of the symmetrical cross section as the jet flow impinging on the horizontal wall at sea level
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Fig. 6 Velocity distribution of the symmetrical cross section as the jet flow impinging on the inclined wall at sea level
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Fig. 7 Non-dimensional pressure gradient of the symmetrical cross section as the jet flow impinging on the horizontal wall at sea level
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Fig. 8 Non-dimensional pressure gradient of the symmetrical cross section as the jet flow impinging on the inclined wall at sea level
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Fig. 9 Non-dimensional pressure gradient of the symmetrical cross section as the jet flow impinging on the

horizontal wall at a Martian-like atmosphere
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Fig. 10 Non-dimensional pressure gradient of the symmetrical cross section as the jet flow impinging on the inclined wall at a
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Fig. 11 Non-dimensional pressure gradient of the symmetrical cross section as the jet flow impinging on the horizontal wall at a

Martian-like atmosphere
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Fig. 12 Non-dimensional pressure gradient of the symmetrical cross section as the jet flow impinging on the inclined wall at a

Martian-like atmosphere
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Fig. 13 Non-dimensional pressure of the inner wall of the nozzle at sea level
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Fig. 14 Non-dimensional pressure of the inner wall of the nozzle at Martian-like atmosphere
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Fig. 15 Non-dimensional temperature of the inner wall of the nozzle at sea level
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Fig. 16 Non-dimensional temperature of the inner wall of the nozzle at a Martian-like atmosphere
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