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Fig. 1 Speedup ratio at 64 processors with

gas-kinetic HPF parallel algorithm

%1 REEREA%ZET BGK HEE 25,
512,1 024 1T BHLF RIFFTHMMR
Table 1  Parallel performance at 256,512,1 024 processors

with BGK code
Number of
Spatial Machine crPu
Processor GFlops
Nodes Type time/s
Nodes
64K 1024 CM-2 366 2.9
32K 1024 M2 185 29
16K 1024 CM-2 103 2.6
16K 1024 M2 146 1.8°
8K 1024 CM-2 64 2.1
32K 512 CM-2 346 1.5
16K 512 CM-2 182 1.5
8K 512 CM-2 101 1.3
16K 256 CM-2 341 0.78
8K 256 CM-2 181 0.74
16K 256 CM-200 320 0.85

* Double precision(64-bit) , all other results 32-bit.

%2 %F 256,512,104 4 CPU 17
i 9.5 8- 4-44
Table 2 Speedup ratio at 256,512,1 024 processors

prnm S EE %”?ﬁ BE
i KE—9% Za&HNK —_—
HEmMEE  mEw
256 i i 1
512 1.87 1.89 2
1024 3.31 3.30 4
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Fig.2 Pressure and Mach number contours of flows around Fig. 3 Collision frequency of flows around
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(a) Pressure (a) Pressure
B4 EESZHRXFRER(Kn, =0.0119, HS5 BREAXEREM(Kn, =0.1,
M. =13)EN . DHESFMHEE M, =8.68) ) D#HKHEHER
Fig.4 Pressure and Mach number contours of flows Fig.5 Pressure and Mach number contours of flows
around a sphere at Kn, =0.0119, around a sphere at Kn, =0.1, M, =8.68

M. =13 in near-continuum flow regime in high rarefied flow regime
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(a) Mach (b) Streamline (a) Mach——Strea;nlines (b) Streamlines
e HEMRREHEAHEARERTHEH H7 EXghERErEERRERADEH
(Kn, =1.6532, M, =8.65) (Kn. =0.0119, M, =13)
Fig. 6 Hyp ic flows d 4 sphere at Fig. 7 Hypersonic flows around sphere at Kn, =0.0119,
Kn, =1.6532, M. =8.65 in high rarefied flow regime M. =13 in near i flow regi

4
(a) Mach (K»=0.01) (b) streamline (Kr0.01) (¢) Mach (Kn=0.0001) (d) streamline (K»=0.0001)
HS BAELEERXBERERFANEM (K, =0.01,0.000 1, M, =3)
Fig.8 Sup ic flows d a sphere at Kn. =0.01,0.000 1, M, =3 in near continuum flow regime .
Ve R B2 B R B, ASCRE T & BMIMEER R Knudsen 8 A F I HBERFERAT & D H#
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WRBATRERMEEREIEREORFEA, S REEARERRE Kn. =0.006 3, M., =15.587, X hf
KITHE H=88.34km, T,/ T, =0.543 5, {8 A A 253. 12MB/CPU &+ % N FEHY 1 024 A T AL AL, #ATH
B HI0AHREREECHHMHEREE CITHA « WEAXE. B 0"FRELIHHEB BN
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B, KITRAREFE AN a0 =25.0°0, SEEEXNRZLMBHEEHA o, =25.3°H—B. AT HIHF
HARHEPFESBRNEH, B NQEERAKA o« =260 BRI BRI BEANIHEEERERE
REL2E—E, B NMBBERERRANEELERMEEHHRAE W REN, X TS RKEE LR
BAELEN, EE R R ATE SRR EE, BB, e R R, HERERESYEZ
HXEEAES PWEE S EREE SRR SN, EF AR GRS EAL &L, SRYEHATEYN
EERE ZEENRRTEARMII EARBREEZ MR MBS RN,

| y
G '/y / P
i /
| e
Z S
(a) Mach {c) Temperature (d) Velocity
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Fig.9 Mach, pressure, temperature, velocity o d a s fi at Kn. =0.01,

M, =5,a =15 in near inuum flow regi
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Fig.10 Pitching moment coefficient vs a for hypersonic Fig.11 Hypersonic flows around a spacecraft at Kn, =0.006 3,
flows around a spacecraft at Kn, =0.006 3, M, =15.587 M, =15.587,a = 26° in near i flow regi

4 ERIE .
AXBKBAMEHTHBIRR RREEHEEHERLRE ST ERE N FERENS HEET
¥ B B\ 2 T o f8) 2 58 75 16 F1 5 BE 25 (] 4 Boltzmann BB B EER W, K RERRB D FEE NG RBH
SEZHRBEBAKERLEIMIBEHRRETEFEAEHTHEURAFEZRKBXR JEE
BT RESW IAREIRATAI B AREL BB RBEREHTHR . RRABER
BEEME KB SHRITHEHERRF B ERBAF Koudsen B AR B HH AR B A =2k
FORE SR E HPF 7 BB, RS R A XEREE AXERITEYERE BRTHER
HAEZRAFRRK BEAFSHEERGERAR A2 FRRU. FEROHTEETNARTHTF, %
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AXB TREMENHTRE MAHFTERNEK, BFRFHFTUT ESE, EREEAXRENSKE
DA BE M LM AT R ‘

MTFFRAZERBAFEEAFRENSEASHLRATEN R, FERSBU B S E 5 & £ 2R AR
MAGNSE, XESFARRITENAR. I, ABEZ4E XM EABECVITERBEAEA ESLRA—ER
~FE,LAKERRAAEFRGHENRE A XYL EEFALINBRHATHANTKENREF
253.12MB/CPU S A IR T AT 1 024 A AT 0L, KB ENENR 259.2CB. LERNLBRELRIEE, E TN
W Boltzmann A HF B X BEXRMERRA KT RARANELE —BEHHNEARAEHTHE S XHRER
ERBELFTIHENRERAG T, BULAFEARERAEER =K ARIRER —-HE. A TER
RG-S NATEAVIBER TS REEBA ERRAE, 5N FERRAEFTHENL.AE
GEAREEBBMAMEATHENAERR, TUEAFLYEXSHETEREGIRR MZHEEALS
HE—SRRRRE,AH BRIME MR R ER NI RE AR SRR R IUHNFFE . ZH
HERBEEFTHEFREMNSHRRE I ERRENAARAAETNEDEM FERINITFR
HABEHITHESERE, ERHEROBEZ UL AMNE.

AXNBRXTEAROFEADENAUAFAEERATER TG EEERRURS T EASHR
HERE CEMYEHITEEM.

B AXE—EYMBAKERRR FERFRA Macrossan BEFLHITIEHAFTHBAEARSIR P LA HENRL &
SERAFHEFC WM HEINRET R FFIBOH.
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Massive Parallelization of Gas-kinetic Algorithm
for Boltzmann Model Equation

LI Zhihui'*, ZHANG Hanxin'?
(1. National Laboratory for Computational Fluid Dynamics , Beijing 100083, China ;
2. China Aerodynamics Research and Development Center , HAI , Mianyang 621000, China)

Abstract: In a numerical study of Boltzmann model equation, a gas-kinetic finite difference scheme with coupling and iteration is constructed
to solve molecular velocity distribution function directly . The parallel strategy is established by using parallel techni que of domain d ition

P

based on variable dependency relation, data communication and parallel expansibility. Gas-kinetic HPF (High Performance Fortran) parallel

algorithm is developed to solve three-dimensional problems in various flow regimes. Hyp ic gas flows d a sphere and a spacecraft at

various Knudsen numbers, Mach numbers and flying angles are computed at a high performance computer with massive scale HPF parallel. The
computational results are in good agreement with experimental and theoretical ones. It is shown that the parallel speed-up increases
approximately linearly with the numbers of processors. It indicates high parallel efficiency and expansibility with good load balance and data
communication. It suggests that a gas-kinetic parallel algorithm on large scale can be used for three-dimensional complex hypersonic flow
problems in various flow regimes.

Key words:  Boltzmann-model equation; velocity distribution function; discrete velocity ordinate method; finite difference scheme; parallel
computing
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