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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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Parameter Value 

Shape Conical nozzle 

α, degree 25 

de, cm 10 

Area ratio 3754.6 

Tw, K 290 

T0, K 290 

P0, Pa TBD 

Constituents 100 % N2 

Specific heat ratio 1.4 

Inlet for DSMC CFD solution at x=0.04822 m 

Outlet for DSMC Vacuum 
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BL 
(Borgnakke - Larsen) 8) R-T (Rotation - Translation)
V-T (Vibration - Translation) 

TCE (Total Collision Energy)
3)
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4.1.  
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m, g/s 0.01 0.02 0.03 
p0, Pa 2,650 5,000 7,325 
ve, m/s 704.3 729.8 735.9 
Te, K 56.7 22.3 14.5 
Me 4.6 7.6 9.5 

Kn (L=5mm) 1.02 0.165 0.82 
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