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ABSTRACT

When a plume flow exhausted from a lunar lander descent engine impinges on the
lunar surface, regolith particles on the lunar surface will be dispersed due to a
plume-surface interaction. If the dispersed particles collide with the lunar lander, some
adverse effects such as a performance degradation can be caused. Thus, this study tried to
predict the plume flow behaviors using the CFD methods. A nozzle inside region was
analyzed by a contintum flow model based on the Navier-Stokes equations while the
plume behaviors of the outside nozzle was performed by comparing and analyzing the
individual results using the continuum flow model and the DSMC method. As a result, it
was possible to establish an optimum procedure of the plume analysis for the lunar lander
descent engine in the vacuum condition. In the future, it is expected to utilize the present
results for the development of the Korean lunar lander.
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Fig. 1. Rocket Plume Flow Structure in
Vacuum[5]

Fig. 2. A Schematic of Plume Impingementon
Dusty Surfacel6]

249 25 JA4F 2 ZE gAEY B4 93
F3, TEYAS} a7Vt 2g Al 2Ed 24
%5 A4 T st A7 FRHAeH 1 4
I AF A a3 dHr|eEe] FHREA S
E3 F3& Fo] 35 (Chang'e-3)E E3 A 7
U AZEo]E o] 83t 150 NF #5543
A AMEE w77k rr 9iE AE5-H vXe 4
&g U d TS APsgev, 1 Ax
235 d7ld g zA r|es AR Y
AeeoltH7]. B, FUde v A2 A
2025\ dA7HA] @FEA 9 MEAGE TxFe] we)
AFFFTLFATLE FTHe=E AEMA FFe
a7/Ade] JYyHT Aok dH =, 20120 200

F slol=gtA(hydrazine, NoHy) @UFAA F
7] AAES AL 2354 AgRdd g
AeAEE TAFATHS]. AT, otF7AA Fu
AXe ZA5A 4ARY 77k A% o
3 EFZFQ A7t FHEHA L Addolth
TA B =RdAeE 358 ERE4H Add €8
3 F47es vE FR3] A8 2F54 3
AZeA AMEE w7178 AsS ANRA 98
FHE o838 dZF3= Aol EFHolth o]
8 7]E olEE 2AFAY IFAdAE Y »d
2 AAIgey, nFFTY SFEAHAAY w7
72 AEE A87] 98] Navier-Stokes 2]9]
7S £ IEA f5 Zdd AFHEAEE Ex
2 AL3 T 47t ANEAE vHnFgezN F
7FA AiRAHAS e EAS AE 2 243}
Atk °o]E Fa HFY Hjr|7ks A HAE S

& 4 e, A% 5y 2EAFH S

g 4= e Aoz JuEch

. stdellde YR 7T ol A

&

21 alA me 3 g

g aFNE wWAtEY AsS

s 4337]

BATHEE [ 1P 117.16.164. %+ | Accessed 2017/12/04 14:58(KST)



768 H -

olfs - YAl BRMETHERES

Fig. 3. Apollo Lunar Lander(Left) and

Lunar Module Descent Engine
(Right)[9,10]
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Fig. 4. Computational Grid with Boundary
Condition Inside LMDE
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Table 1. Condition of Nozzle Internal Flow

Fuel Aerozine 50
Oxidizer N2O4
mixture ratio 1.6
Chamber Pressure 7.13 bar
Tfn:‘;;“rgﬁ:re 3054.42 K
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Fig. 5. Continuum Flow Results Inside LMDE
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Lunar surface

Fig. 7. Computational Grid with Boundary
Condition QOutside LMDE for
Continuum Equation (half region)
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Fig. 11. Plume Behaviors Outside LMDE
Using Continuum Equation
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