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ABSTRACT
Recently, investigation on aerodynamic characteristics of hypersonic rarefied gas flows has been required for a variety of situations, such as
the Super Low Altitude Test Satellite (SLATS), earth reentries, or planetary atmospheric entries. At Japan Aerospace Exploration Agency,
a Hypersonic Rarefied Wind Tunnel (HRWT) has been developed to measure the rarefied flow characteristics, and an integration of
experimental and numerical studies has been performed to enhance understandings of hypersonic rarefied flows in HRWT. In this work, the
investigation was performed for nitrogen hypersonic rarefied nozzle flows by comparing the displacement of a 5-mm sphere target for the
mass flow rates between 0.01 and 0.03 g/s. The target displacement has been measured using a CCD laser meter. Since the flow regime
changes from continuum to rarefied for the simulation of the flow inside a conical nozzle and a test section in the HRWT, a loosely coupled
scheme between the computational fluid dynamics and the direct simulation Monte Carlo (DSMC) methods has been employed. Besides, a
mechanism of sophisticated drag and displacement computations in DSMC has been established. Using the improved DSMC mechanism,
the calculated displacement was found to agree well with the measured one for the mass flow rates between 0.01 and 0.03 g/s. In the mass
flow rate range, it is concluded that the HRWT system is capable of producing the SLATS or earth reentry flow conditions (M = 10 and Kn
=0.1).
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a, degree 25
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CFD #EIZ1X, JAXA THIFEH D JONATHAN (JAXA
Optimized Nonequilibrium Aerothermodynamic Analysis) %
Mz, fbery, B3R R %2 A 9 D lila Proe a7
Ex s 2 h—27 25X %E Park © 2 IRETT LA HNT
ERELZ. MEICOWTIEL, RO MUSCL A F— 4 L
& BT AUSM-DV R 2% — A % JE i D e s — ik ik L T
B Lz, ABBRORITHED 2T 4 TR R EENT D720
I IERIR 8 1R AL 2 ROGTEICE M L, *HtE, ke
L TER— B NRERAT >~ T ORI EEZRA L
7-. JONATHAN DFffZERESy DT — & ~— AT AR STk
4-6 N HAF BT, MRS, BMEARE, PREUREIT
Chapman-Enscog B4 — & 0 2 & 417, JONATHAN
= FOERDZMICIR DICAOT D ENTED.
AFTIE, BEHAD ) AVENE HRIT OFNEND )
ANVGAETHE L, 2IREET VO T T /I
ATx L L, EEGE & ALEN TR TIEBE L2
Mol EF, JAVBIREETEERL, EAREL
EE LT/, AR EFET 5. REE & 0. 01,
0.02, 0.03 g/s|ZH D L HITIEAITES) & FHEIFR TR

T5. HARMBMET VT, /Ry THHHEET VR
Aoz,

DSMC FHHIZIEWT, 3 OEZEEEEET /1T NTC
(Non Time Counter)i%, 43 T-liZ2WiimfEE 7 /L1 VHS
(Variable Hard Sphere)® 5 /L & iV 72, & 512 DSMC =
— FiZiE, EEEFORE, JREME 50 LU BL
(Borgnakke - Larsen)® %57 /L'73% R-T (Rotation - Translation),
V-T (Vibration - Translation) = R /L ¥ —HET /L & LT
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