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Design of a Martian dust storm simulator based on open return wind tunnel

LIU Chen', WANG Fang!, LI Lifang!, ZHOU Wen?, WANG Zhenguo?®, YAN Jihong'*, WU Yiyong'
(1. School of Space Environment and Matter Science, Harbin Institute of Technology;
2. AVIC Aerodynamics Research Institute: Harbin 150001, China)

Abstract: In order to investigate the impact of the Martian surface dust storm environment on probes and
human activities, a Martian dust storm simulator based on a low-density open return wind tunnel was developed.
A supersonic ejector was used as the power source of the wind tunnel, combined with a high volume pumping
system with dynamic regulation capability for multiple working conditions. The accurate control of the injected
air volume was achieved, and a simulation for large-span wind speed of 5 m/s to100 m/s under low pressure of
100 Pa to1500 Pa was realized. In response to the difficulty of the accurate controll of the dust concentration
under low pressure, vibration feeding, reverse spiral nozzle design, and large period lag cascade regulation
method were adopted for adjusting the dust concentration from 0.1 g/m3 to 1 g/m3. The simulator may be applied
for studying the influence of Martian dust storm on materials and mechanisms, as well as for research of Martian
aerodynamics.

Keywords: open return wind tunnel; supersonic injector; large-span wind speed; dust concentration; flow
field simulation

WS EHA: 2023-07-29; 1EEIHHA: 2024-03-16

SIEER: WK £F Fw F AR FAEAXNFAGKE & BREWME B[] AL R BRI T2 2024, 41(2): 123-128
LIU C, WANG F, LI L F, et al. Design of a Martian dust storm simulator based on open return wind tunnellJ]. Spacecraft
Environment Engineering, 2024, 41(2): 123-128


https://doi.org/10.12126/see.2023118
https://www.seejournal.cn
mailto:htqhjgc@126.com

124 MoK # B TR

41 %

0 355

TR RM 2 N AR KM RIE BN F i R R T
2 —o RRMEBNE R/ KERMNEZ), HAE%
TSN 80K K A 55 R AR R K . O T ARAE
KB RIAT 55 B MEA 58 B, 2T 70 K B2 3R THT 42 2
RBERT R4 S NS B I o KR AR FE X
T 0 72 VRS T W 30 4 ) R 2 AU R R, e
KR RIS r st B B W, 20 4
80 AEANLASK, £ E . BRINAI H A AR 4k gt it 17 k2
WG, BT KR 2R T A R R R S 5, DL &
FRAG 43 b AECE TR 7 i B S8 AIE o T R AR W
TR B RG] A3 1 b 7 AR AS

KR FIPP I XGE A 6~8 m/s, 28 B X T ik
100 m/s; H AR TR F R wemy AT IA 28 °C, B FAIS
F)-132 °C; HESE BRI 40%, K 1H SR
X9 700 Pa. Rl K B FREE RSO ) 32 EEROR A S AE
T E B L D RIE N 5~ 100 m/s; 2) i &
100~ 1500 Pa; 3) i N-130~30 C; 4) J& {1k b
é{2%[2-4]O

] M K 2 XU 32 2245 35 [F NASA Ames H10
) MARSWIT(Mars Surface WInd Tunnel). H 4 %<
b K% 8 MWT(Mars Wind Tunnel) . £} Aarhus
KR N R A, MARSWIT & — i B ik
2l TR FE IR, SR FH e i 23 3051 3 i 3R 3l 7
A, HAK 13 m, RFR 4058 m’, 56 Bl R~
N 1.2 mx0.9 m; TAESMARN S Ak, £ L
YE K 77 500 Pa B XUE AT IA 180 m/s; H B T &K
TAERLHE KB AN B IR N K IR VP Al e 4R
W28 T 0 A2 (R SRR R AT AT 2007 43
&) MWT B UG 2 KR KGR H 51 5 21
RN TR, B4 3.49 m, IR EBT N 0.1 mx0.15 mx
0.4 m; TAES MRS AL, TIEE A
1~20 kPa, TAESAAURE A 200~300 K, % H0U
104~ 105, 5 £ = 09 0.71, i i << 0.5%:
E BT KR AL E i @ AR, S
Aarhus K% T 2000 A 7E K B AR SLI6 =5 S 1) /)
B R R XU St R AR S 3 238, FRSE R
$0.4 mx1.5 m(K), 7] LB K= KA K7 iR
AR 4y FIE] L UV 5 2009 4E, 75 RR 2 ATER 25 5

BT B T IE RS R R KR KGR, [RIRE SR F R
G T R, KR B4R 1.8 m, WIS B R T
2 mx1 m, A SZHLXGE 1~20 m/s, S IR 7] PLIE 7R
A 120 °C sl d i En#A Rk
KR R H, MARSWIT Al Aarhus k2 6 XU 7]
D[R] RSOl SO L RGN vb AR BRI, (2 #0 JE v 5
P 700 Pa LA AR A5 DA b A2k 2 (0 S 1
W

AR HE TR T B 51 5 2 ORGR JE EE —
ik R /R BRI AL B I ih, RN T
700 Pa [FIAE PR 5T T K X R 70 2R 94 R
PSR T BL
1 KERIRA®THRE

R R R BT B SR AE DR B 25 28 9 28 IR
AR T SEELR S B R A AR E I AR E )
HARERIEFR N : DAL A 100~ 1500 Pa; 2) XU
5~100 m/s; 3) Vb 2R KiAE 1~100 pm; 4) Vb 22K
0.1~1 g/m’.

BT, B BRI A KR Bl 7 e .
RG] — MR AR A S 30 233, SR T PR AR SRR 3
JEIRBET, KU TCIETE A 2 80 He s G AR HE 58
1 30 m/s, I P Bl B B FIRE SO X . A%
THAR B B9 51 6 X S R, SR 7 3 5 ) S s A
9 R EN F10R, U B e R AGE s 51 4348 BRI
HARBERATRGE SRR EL L Z THLE)
APTTRE ST, B8 LB 5] A o SRR, £/
FEAB N AR EMEREE: N T IRIEZ THL R
RGE R E M, T X 5] A8 S TR v R A
W KRR BB E A R4 KSR
G WARRG FERERS BT RGHM CO, S
BWARGHRWE 1R, b 548 24 86
SER, ] Dy T B AR B S5 AR AL B 75 0 G A0 2 T s
AT AE A 2R G A2 KR R R A 0 B 4, 28 2 RG]
TAPRFNFE 75 5] S 28 S L YR RGEFH B RS
PRI Vb A AT R AN ik, 4 R IR BE R VD AR ik
JE . BEh SCHE R G0 SR SN RE S IR SR [ 5E, LA
K ARIVERINE; B2 RGH T 4RI f2
A N IR BRI CO, RIR RGN FT & 10
CO, A%k



2

x| A AT ER AR ORI E 125

e SN 8

R RS
R RS

K1 KRR B ALK

Fig. 1 Components of the Martian dust storm simulator
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Fig.2 Flow field distributions in the Martian dust storm
simulator test section under pressure of 700 Pa and
wind speed of 50 m/s
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Fig. 3 Dust velocity distributions in the Martian dust storm
simulator test section under pressure of 700 Pa and
wind speed of 70 m/s
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Fig. 4 The Martian dust storm simulator
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Fig. 6 Structure of the supersonic injector
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Fig. 7 Schematic of the dust system
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Fig. 8 Schematic of the sample support system
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Fig. 9 Testing results of wind speed and dust concentration
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