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The direct simulation Monte Carlo (DSMC) method”® has been developed for a numerical method in a rarefied gas

flow, and now has been expanding its feasibility to continuum flow region. Although Meiburg® has pointed out that it

is difficult for the DSMC method to deal with flows including vortices since a collision pair of molecules is selected in

a cell in disregard of their locations, the DSMC method using the new collision scheme (U-system)® has been verified
to be effective for flows with periodic vortex shedding at the RGD24® and the RGD26'®. One problem to resolve
associated with U-system was such that the momentum and the energy accompanied with a collision pair were not

conserved simultaneously during U-system collision process. Sun et al. ” have found that the correction scheme

evolved by Pareschi and Trazzi® for momentum and energy is useful for the conservation process in U-system. The

purpose of this study is to verify Pareschi's correction scheme and to calculate the three dimensional flow field behind

a circular taper cylinder. U-system is also applied to a velocity profile in a circular tube under the condition of a

turbulent flow even though it is still at a testing stage.
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Fig. 1 Modification of velocity in the new collision scheme.
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Fig. 2 Transition to the equilibrium distribution.
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Fig. 3 Comparison of density profiles for supersonic free jet
between various collision schemes.
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Fig. 4 Density profile for supersonic free jet by U-system-8
with cell length of 150 times mean free path.

Fig. 5 Density profile for supersonic free jet by U-system-8
with a negative parameter A.

Fig. 6 Comparison of temperature profiles for supersonic free
jet between various collision schemes.
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Fig. 8 Oscillation of velocity components of flow by the new collision scheme.

T

Fig. 10 Vorticity contours around a taper circular cylinder on
three different planes.

Fig. 9 Velocity vectors (direction only) around a taper cylinder on three
different planes.
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VLS PR~ TRY, BV NSWERE EEORE N
LD, FRRRDUS, RS AR V- Fig 10 12 H 381
INTWD BENSIEOIME, ZFEDEDIE).

TALDS, FHEHE—E CRARRETIIRA L TV DI bbb
7, PRI TR A B e DR & 72 A 72D,
G 32> B R~ AR 5 K 5 72 VMFAE L7giT 4
72570 (EEEOIER]D . Fig 1113, HONEAMmOR7 h U
DOHINZ, BIROPWO— 8218 A A IRE T2 H O TH
D, Fig. 12 1%, REODOFRZTEZREHL TRLELDOTHS.
F7-, Fig 13 1% FUHHRE B2 5AEN DD H O TH L.
TR TR & AR 20T, ZOFHEDWT U bR CFEs D
Bl L7 & 13 2 7208, iR 2 P03 722 2 5 Acm]
HE L7208 DHEL o0 IS HHBL L T 0, i &~ C, it
N ERERG 2 ENBET 20O THhIUL, HBiFOENIZ S F
< FATE 5. Fig. 1413, AR O CRIDTRRE IO T= b 0,
Fig. 1518, HERDFEEH\N-bOTH S, 0L0, FHAH
< 72 B HF NIRRT MG DL TN D,

Re=190 DA, LIRTOWED 1L, AFEHicTE 5iE T
DI, FBREROEE T E EiihED & LT,
AERIOFHTCIE, Jin DIz o THaE T 203 R bz, £7-,
Re =380 DA LIFEE, RO — AWM A iiHuE, Fig 16 ~1
L, EREREY S TR 22D~ e = L )MEEIC A
ZiF s,
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Fig. 11 Velocity vectors and a stream line (red line).
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Fig. 12 Stream line behind a taper cylinder for Re = 380.
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Fig. 16 Stream lines behind a taper cylinder for Re = 190.
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7. DSNC ;&= & HAERNELRREAMOBIRIZMITT

LA VAOENELIRO TR,  ELTOMSEE 130 427
STREFOZTFHIZE D L TNDR, GURETAOL I A
2T B EE N Z 72\ TN 2 FHEANC L 5 Z L 13 E
HOETHY, DTV Ialb— 3 05 CHDSMCIETIERH
BARREE W) ORI R CTh D, FHED D, HrHEiic
NBBITREINEINZ D Z B K DIEE RO LIXATRE TH D
HLOD, ZDOX I IEMEIR LT, LA JVAEReD B DR EE
BTN LTz & &, AR A R 3 A D> D ELIF AR
BT 5 E VI HET, T E CDSMCIETHIT S Z LT T
7otz BlzIE, PABU-system OIBRR TR FEHAAONL,
TR L BE OS2I b E R CQU72®), [BHETE D LTI
7Rinotz. Alnl, EEhE & WAET FVX ORFERTOERT, #
B EU-system DL TENED KRB THIE U 7= D A4S, FEPNITER
oA (Fig. 17) ORelZ L AZRIZ DUV THUWREL L CTAdz.

MERmOEALSENE, F3, —84mm OIFEHFEE 400 * 400
DOIEH BNV TELE|ILT- BT, ZHUCER 4 mm O ZNEESE

(Fig. 18 B8, FEBRORAHIT 400 x 400), FHONERZDH HH&+
MNIEOENELE 725, FIHI SN TR T 13 0.01mm
DOIMIFETH DA, HTHIDNIZ UL, 4y FRIEZEOREIY
L 72 DO TE/MAENEMICHRE STV 5.

FHERRE LTOL Ak, BVOHGEROHEZMEE % 5%
ThHHN, SEITHEEZ ML 572012, Bt %
—OLMBLE LR E WD TRITHNT) TIToCW5. 372
b, yensm CEloT) OFRZERN 0.01 mm OF S L

(Fig. 19). 72721, ARIOfHT7 v 7'Z 5 Gl 3 kotatRIC bxt
JETE DX DI, ETROSALEEE LR oD, HE
OFENHEIEBER & L, — oW, SFtt L3
FCRHAIOWIEIN ST D 2 &7 5. FEBER CoTI3ERUK
W HOT, ZOEETHE, FHEREE & biZiidimoEE?
KoN TRNIMEIL LTV . 22T, Fnali<id, 51%
ORI TR (O HEZEOFEOBERT 12, Ko T-fRiHES)
BA TR TS, ZOBET, thaMsET 50%
B < POl WHAIN O E 12 R 3T Q0D 2 SIS 5. 7aks,
FAOFBTE Z T\,

Nt LV OREITH 12 17 5 TE, 53145125 HfE, 7=
VES AR VHS 557 VU LT 455 . IS,
SRS T ORRMEEREED 0.1 /% 35mis) LDk H 728
WoAE, B L<IE RO T, FIISOE S miEIC & VIR
UFeARNEE L TR BN £ TR &R T 72, JEAIE Re =
5000 DEE 344 Pa, TRFEIT288 K & LTHY, FHHBATRIL
344 Pa DL X 0015 mm TH 5. Bird & U-system 1L THEED
Hle A 4T o7, A L7=Re 1E, Re=2, 10, 50,200, 1000, 5000 (Z
DEEDI X vt AT Kn=94, 1.9, 0.38, 0.094, 0.019, 0.0038) T,
Re ZZEET 54, FilZI1ERe=1000 D& X 688Pa L\ o7k 9
2, JESRRER Re ([P SE 5. FLR & 130/ N & 72 Re &3
BL-HRE, 77X vl 8K 28 1 LRSS LA bR
PREL RV BEER IRV BIZEE T DHDT, R EELTE OFEN
BRI LT oTed b, ZOFMTIE, Bird & U-system T7
BN L EMER LT o2 Th 5.
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Fig. 17 Velocity profile of flow in a circular tube.
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Fig. 18 Dividing method into a network of cells for a
cross-section of a circular tube.
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Fig. 19 Simulated region for velocity profile in a circular tube.
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Fig. 20 Velocity profile of flow in a circular tube calculated
with the intermolecular collision scheme of Bird's original.
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Fig. 21 Velocity profile of flow in a circular tube calculated
with the intermolecular collision scheme of U-system.
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TAORE I HIITRUTIZT 08 S S, L LAMRE
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BEFENOSRT 2B U=, 723, U-system (28 NTC, 431 DiEE)
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IR & TRV OREEIRAFANIRERR, fEkd 0 et L
72 U-system (U-system-8) % FHU T, Re ZUIZf: S B ADEEHSY
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