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Abstract

This paper introduced an innovative design for a pore disc deceleration mechanism. The proposed
design did not necessitate any supplementary control devices and relied solely on its inherent
aerodynamic forces to fulfill the deceleration function, thereby presenting a novel, environmentally
friendly deceleration solution. Departing from conventional landing deceleration principles, this
design was predicated on the parachute deceleration concept and incorporated wing structure
characteristics to generate lift on its surface, ultimately achieving the deceleration objective. In this
study, the effectiveness of the deceleration mechanism was substantiated through aerodynamic sim-
ulations.
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Figure 1. Aerodynamic coefficient reference value of each airfoil
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Figure 2. Computational domain model
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Figure 3. Enlarged view of the grid department
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Table 1. Grid-independence verification under the conditions of AOA =0° and v =15 m/s
F 1.0 EilA. 15 m/s BIRIAE T XM LIE

k% aE VD] CL AHXF Z A8 /Y%
153 0.0666 -3.33
251 0.0681 -1.01
277 0.0688 —0.145
456 0.0689

TEHEAER T, R T UM REE RN, AR 150 73 250 Ji. 270 JiF1 450 J5 M
Bt JEIEG AT, MRS R CEE R T E SR, B 450 IS EOTHITHE SR, MENEE. B

DOI: 10.12677/jast.2025.133010 99 I 2, b 2


https://doi.org/10.12677/jast.2025.133010

MRan %

H T HAh = AR 2R W T ST AR B T 0 SRS HEHE T 70 R B R AR 22 57 b IR E TR
W, RETRBEOHMEIOTTHAR SR EZ AL —E %5, HIXSZ R RZEE N, RYHE
LT R AR N IO B AR LTS EOR . A, IR AR AR T AT Tt T 5B
RIS AR RIREE, HARBUT S IR A5 e, RN BRI SR, AR 74 270
T3 WA S G R R

EAEARE R R, PR RO IR SC BB AR, MR BIEBOE A 0.3 Lh
b TR bRHER DR T T R A B R TR, AT AR HER VSRS T ORI
2.3. FLUENT X

K FLUENT #PEXS FLRR B B UEAT S U 7, i BLALE ] SST Ty, SSTk-o B
7 BSL k-0 BRASH A I, IF HLARSNE 1S 13 BY DN (9 1 S AR AURS BE 5 SR IR X AR
{813 SST k-o BRI LUARHERT BSL k-o BUALLE T2 MO BN AL b (Wl 3P i sl SRR, i il of
TR SEOAHE RN AT S8 o AL LAFC R SO A X SRS SRR 1) R ) T R B T K o ZERRADU, A
SENEARE, FERONA AT R ALK . ARSCEIN RN, RS = 30 AL b 28 () 7 1R AT B
oty gl e AR AR R KR, AR 2 B BE D 1, TR 1 2 B e 2 R B E D 0.

BT AL LA R D R, BRI B RE(CD)NIA %, SRS A RIMIESE 13— At
AT FE A BESETH I W FLBR B 4 A B M ek R AT
3. BREHM
3.1. RERIEMSER DT

AR, LT 0 DA FILBABIE T L, 45 Rl 4 B

0.6

0.5+

0.2+

0.1+

0.0 T T T T T T T T T
NACA2412 BE10357 NACA97 NACA6412 20-32C
Airfoil
Figure 4. L of each airfoil at AOA =0°
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Figure 5. Velocity nephogram and streamline distribution of YZ plane of the pore disc (20-32C airfoil on the left, NACA6412
airfoil on the right)
E 5. FLIRERR YZ PEAEE ZESREN (LA 20-32C BE, HH NACA6412 BH)

0.06 |~ -

K BN (777 e 0.05 | [ D
0.04 £ Pressure -60 -38 -16 6 28 50 72 94 116 138 160 L Pressure -60 -38 -16 6 28 50 72 94 116 138 160
0.02 5

H
|

&

>0.02| >

-0.04 |
i -0.05 =

-0.06 =

-0.08

0,1 ey e B P ) O J L [N [N [ IS (el Sl S e |
0 002 004 006 008 0.1 012 014 016 0.8 02 70 002 004 006 008 01 012 014 016 018 02

z z

Figure 6. Pressure cloud diagram of the YZ plane of the pore disc (20-32C airfoil on the left, NACA6412 airfoil on the
right)
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Figure 7. Pore disc overall pressure cloud diagram (20-32C airfoil on the left, NACA6412 airfoil on the right)
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Figure 8. Overall streamline cloud diagram of the pore disk (20-32C airfoil on the left, NACA6412 airfoil on the right)
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Figure 9. Pressure cloud diagram and streamline diagram of pore disc
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Figure 10. Pressure cloud diagram and streamline diagram of a solid disc
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Figure 11. Variation of L with different angles of attack and different speeds for the NACA6412 pore disc
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Figure 12. Pressure cloud diagram of different models (diffusion flow on the left, direct uniform flow on the right)
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Figure 13. Velocity cloud diagram and streamline of different models (diffusion flow on the left, direct uniform flow on the
right)
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Figure 14. CP diagram with different angles of attack (0 degrees on the top left, 6 degrees on the top right, 14 degrees on the
lower left, 20 degrees on the bottom right)
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Figure 15. Q criterion vortex identification diagram
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Figure 16. Velocity cloud diagram in the case of full penetration (diffusion flow on the left, direct uniform flow on the right)
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