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Direct Simulation of Rarefied Nitrogen Gas Flows Using the SICS Model

by
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ABSTRACT

The statistical inelastic cross section ([SICS(D)] model developed for the Monte Carlo

simulation of molecules with discrete rotational energy is used for the direct simulatiom of

rarefied nitrogen gases contained between two parallel plates at a small temperature

difference and hypersonic rarefied nitrogen gas flows around a circular cylinder.

The density

distributions between the plates are in reasonable agreement with the experimental results for

the reflection coefficient a=0.60-0.76.

The rotational distribution in front of the cylinder

shows the bimodal Boltzmann distribution consistent with the measurement.

1. SICSHy f~EF 0

19904FRDBEE Y I a b — v a v« Y
Fh o DSNOYEIC BT B0 T&RY
V—va vEELY, BEEREHE Y
b— Y a v [Null-Collision(NC)DSMC) & ®’
Ik >Tirbh TH O DSUCH: D 313X T- ik
BV LA, UL, DSHCIEIE BV TIA
Moo h T3 EER KOG TETF LI
WIE - HIRCBOTARKINTH D,
2% SUARGREFLVELTEALRK
OWUEKRUVEREBROMEL RO TR
PIziHEDROEG KK (SS)E
FUDERELELE, EHEW. £, 27
OMEFEFHEGTRCHI LR HIROF[L
#2109 JF P 8 R Wi B (SICS)E L
PIREL, zo{idVoRiEEZEDH TV T,
SICSE F L MM ¥ 3 L F —
[SICSO) 1*" & Jotd i g bf ¥ o % W F —
[SICS(CY )™ % H5 -> 5y T- O i R ij # O [l 2

s 3

11

o §

111

LI IR IR & TR A
X KBLAL T8 (3 bR aU 2 4l

KEOMBN., HBUHIMOBOEL, &
UlarkerD L 3 A ¥ - R GEZESLEH VT
BRBHHERREENE, SICSHTEF
WOHBUORIEDIcHIc, EENTFHER
B, BREEZOKEZO KOV TFERME
KBYLGHEEERN TS, KUWMEROO
BRUEETERED THAR OBEY 2L
Vs VETTOERER LS L 1,

AWMYE T, SICSDEFLL2EBEXO
MELEFTERBE B 2/ HEEN TR
CHEMDOBRBTEREXZDY FHMAONC
DSMCEIL L BHEY I ab—-Y s VIcH
MU, EBREREHEKIT E, Ub, T
DHREFAVGERCRBERIG. WMEE T
OHREARKBFILUNIEZE -2 TFETLD
BIgE & BRaE LHEH T UL 4 ®0,

i

2. VirPRINoFHNRED T
Teagan& Springer®? W BIEZ D /PN X L F
TEBRBICB Y ZHAREY TFOEENN
ZUHTIFHENMOTHEL 2, ERENA
BETc- 288K O &/ K R 18 Tu- 368K E R

Thic dociiment i nrovided hv TAXA



116 ZEHEHAEENER 225

M (Tu/Te-1.28)1c 4 LT, SICS(D) €
FNUEMCIEHERREENT Y Iab—Va
vEhEIfot, FREGBIHRLENTO
ERUEBEHCEEAHIEBENRHO
HEER 2 a (SDRUU-a)EEET 3,
FRICEHLE x BEOE 82 V- HIERL
DL ED BEFRETGEERD A
BAEa&a x/L--0.5 kUF0.5&£9 5%,

FBRMRLE RO A& IE nolc M 5
(72— BOFEH1/Kno~2.58, 5.62,
11.25, BUF15.5c 4 5 IO &L 5
fin/ne D EBRERLORBERILI- ARG,
M %K a=0.60, 0.70, XU0.760 1
BENRRLTHEN, IXRTOIVXI—-¥ VK
KBV Ta-0.60 0.T6DFIMTCERT — %
ERV HAERYT, Ub. BHNLFEREA
B Tu/Tc=1.031c4 39 2 B 15 T R M 5%
OMENSGTFUF - BIEHL0.76& R
rshTtuwige,

3. MEB Y O RBEEEXRS TH AR
Bitefisch' 8 & HE XN T H MK
HOWBEF It 3EEN FO KT %
VE¥EF-Bfi2BEFREHNOTCHMEL., 1
LELMFEF-RRHNR_2D0FERLY <y H50
BakEErrdT I LE2ERERL L,
SICSMMEFALEMN T, ~HHE< v~
BN.-10, —BHRABIFET-=300K. K ITHHE
RIS - BERY - HKna- 1O 3
ERTFHR{ERO Y I ab—varkifo,
MEMJIcBY3EES FOMiiz xR L ¥
=i Mo T T Y FE &R SE R LK
CERNHIREREAEE L. BATGIAR
BTv-Ted LR ESEETT.(REE)OHA
AU, MERRTFGARIIEMDY
DBEE., BT, KTMERIED -
W W T 208052 K L2 K5-101cH T,
MEREDAO Y — v mER L GEAR
DEATAEL RS,

MEORAHEI S TREE LRSS MO
W A TOMR 2 ¥ — N Hiy./g.
ERIT@EE)ERNR(GRB)IC KT,
MM ARRERERCSEAROBAEL b -
BEAELEFLELEEAT CHITEIFLY <
vRATORAGEERRL., ERER L XY
%,

BitelischO ¥BREFHIC M T 5 < v 1
Bde 20, -HRAAIET. 20K, BTV X —
/B Kna-0. 0250 XD T-HHKY I 2
Y EE & i W 56 A B
BMREELREL., BATWREREF A CH
Kid B5Tu/To-0.18& L1z, HERB YO HE
B, ERE., KUBEAED —HRE#H I
HIZ2HODPHE2EL2REI13-151CKT, H»
BLHNEL 7 X -/ H0.025lcbBWVWTH
MERENNEEEREIMRIRLBL L
nyhrs,

RIS EFEEREBTRICLIIERST
ODRXEAHERBELELLDOTHEH, B
HENRROSHh B,

B 7. BitefischHOERER L OEH
ABBER L #ED TV S,

l/"‘:/;"l‘/t)?i-')f\'-o

1) NC-DSMCE: D> % (1986)%’ 0 5 2, 34F &
NLTNC DSMCEE & B AMIcRC Fik %
Birdino time counter#. Ivanovdi
majoranifirequency#ZHF &L 8 -~ THR Y
U /3NC DSNCH: iIc BN H B DA
MWeh s,

2) K. Koura, Phys. Fluids 29, 3509 (1986);
AIAA Prog. Astronaut. Aeronaut. 117, 25
(1989); Phys. Fluids A2, 1287 (1990).

3) K. Koura and H. Matsumoto, Phys. Fluids A

3, 2459 (1991); A4, 1083 (1992);
K. Koura, H. Matsumoto, and M. Takahira,
AIAA Prog. Astronaut. Aeronaut. (to
appear) .

4) K. Koura, Phys. Fluids A4, 1782 (1992).

Thic dociiment i nrovided hv TAXA



117

BUNEM TR EESINE Y VRO Y LR/E

5) K. Koura, Phys. Fluids AS, 778(1993).
6) K. Koura, J. Phys. Soc. Jpn. 62, No.ll

(1994).
7) K. Koura, AIAA Prog. Astronaut. Aeronaut.
(to appear).

8) K. Koura, preprint.
9) W.P. Teagan and G.S. Springer, Phys.

Fluids 11, 497 (1968).
10) K. Biitefisch, Rarefied Gas Dynamics

(1969), Vol.I1I, pp.1739-1748.

11—

1.1 L T T

0-%;5""6“"0.5 0% —— "0 0.5
' XL /L
Fig.1 Comparison of number density Fig.2 Same as Fig.l; 1/Kn,=5.62.
distributions between the Monte Carlo (
ra=0.76, - - —:a=0.70, — —: a=0.60) and
experimental {O:Ref.9, 1/Kn,=2.58) data.
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Fig.4 Same as Fig.l1; 1/Kne=15.5.

Fig.3 Same as Fig.l; 1/Kng=11.25.
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Fig.5 Number density contour (increment
0.1) around a circular cylinder with the

cold wall for M.=10 and Kn.=1.

Fig.7 Translational temperature contour
(increment 1) around a circular cylinder

with the cold wall for M.=10 and Kn.=1.
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Fig.9 Rotational temperature contour
(increment 0.2) around a circular cylinder

with the cold wall for M.=10 and Kn.=1.

Fig.8

wall.

Fig.10

wall.

Same as Fig.7 (increment 2); hot

/
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Same as Fig.9 (increment 1); hot
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Fig. 11 Rotational distribution (()) in
front of a circular cylinder with the cold
wall as compared with the Boltzmann
distributions at the freestream (— —) and

local (—) translational temperatures for

M.=10 and Kn.=1.
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Fig.13 Number density contour (increment
0.5) around a circular cylinder for M.=20

and Kn.=0.025.
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Fig.12 Same as Fig.11; hot wall.

Fig.14 Translational temperature contour
(increment 5) around a circular cylinder for

M.=20 and Kn.=0.025.
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Fig.15 Rotational temperature contour Fig.16  Comparison between number density
(increment 5) around a circular cylinder for contour (increment 1) and the photograph
M.=20 and Kn.=0.025. (Ref.10) taken by sweeping an electron beam.
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