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Abstract Grid generation is an important step of computational fluid dynamics. In the process of large-scale numerical simula-
tion, the time consumption of grid generation increases with the number of grids which often increases with the simulation accura-
cy. Based on the grid generation algorithm in an open-source software called OpenFoam, this paper proposes a hybrid parallel me-
thod of OpenMP and MPI for polyhedral grid generation. By theoretical analysis,we show that when the hybrid parallel method is
used to generate the same quality grids,increasing the number of threads and grid cells will reduce the time consumption of grid
generation. Three numerical simulations using different solvers show that the grids generated by the hybrid parallel method and
the original method have close qualifications, and the simulation results are almost indistinguishable from those of the original
method. Furthermore, the time consumption of this method to generate the same quality and quantity grids can be reduced to less

than a quarter of the time consumption without using OpenMP parallel method.

Keywords Computational fluid dynamics,OpenFoam,Polyhedral grid generation, MPI+OpenMP hybrid parallelization, Parallel

efficiency

. K I X gy HIRSE Y 3R A7 SR g 5 S A B 43T o SR it AR R P B
A

837 & 71 2% (Computational Fluid Dynamics, CFD) #
RO YEUE BT RO 2 S sh e pe i & T AN HE A
L5 LS AR T LN T B RO AN L 7
CFD W15 05 Boad F2 v, A5 0 4b B LR A 11 55 RN 5 b 3 3 A
BB 904 B 430 b A AR A AR LB E ) S 8
B R M T B 3T 0 32 SRl SR e 2 A b — 28 BT AR A T

FfE H I .2021-07-06 &4 H . 2021-12-06

R HEAT AL e T AAL . AR SR — 2D Y AL B AR A BT Y
I A& A= Bk T LUAE DR AIE T AR B I A% 14 5T 2t 2 8 4 1 [R)
62N R A o Ol 15 IR A 2
Source Field Operation and Manipulation) & H Fij #% ) 7z fifi
i — B R AR T 2 TR IR BRAES L 5 FLUENT. CFX 45 il
AR AH B, JLAE A F IR ACHSD R 7 45 48 SR A B T o8 4
FERC, F P AT LG 20 0 SR A g A T OF Hon] DL g ek

OpenFoam ( Open

HATH . FRE SR (2018 YFCO116704) ; U148 BHE 71413 H (2020 YFQ0056)
This work was supported by the National Key R & D Program of China (2018 YFC0116704) and Sichuan Science and Technology Program

(2020YFQO0056).
S AEVEE X 31 (liuwenbo@ cigit. ac. cn)



Computer Science THEMEL2  Vol. 49,No. 3, Mar. 2022

B 2 A A AR SR A 2 Ll B TR R SO iR B A H
N H . #£ OpenFoam H1{# A} gmsh, snappyHexMesh
A TC L3 T A R A D Al T A BT AL T A
T 1 s A B B R A BRI 4R A R e

TE OpenFoam ", fie & FH ) 22 TH A W A% A 7 15 02 snap-
pyHexMesh, 2 B 45 fin 25 & i . fff ] J7 8 45 % £0. snappy-
HexMesh T E. A DL H 3 #ts . STL. OBJ 3C {4 2k 1% £ i 44 ¥
o TS AR S 2 RO — ) R A A4k, I8 414k S 1 A
AR I, LAAR BAE T 4 AR Y R 1, 2 B e 28 FH T 22 i A 3
E3E R,

HEJUA4F ke B TR R Rk 2 T 5 O 4 R A A 3 5
TR T K R R R R R AR IR AT ML AR BE A R
B R PR S IR R A A B 2 B KA AT T R
TSR AR 7 S S E B T A AT 2 — T ARk
TR T 2 S0 OSR AR T B A B IR AT AL TR ST AL A
A5 B AU XTI 52 36 5 R Ak o AR 0 4% A4 B IR % % 45 5
BT AT 0 B0 A A0 S 6 W A ) S AR S 22 . RO I i
LI ARARR 1l AT T BOK AT RO TR s A i
NGRS . BIEAE R 1k A A W 5E N BTE ST R 45 1 )
F&UT R Delaunay''™ 45 DU T #9405 1 4T A T 1k AT

OpenFoam ff 13 F MPI & [¥) OpenMPI 3k % £ 34711
B R IR AT 2 B T P AR 11 43 DX S B0 Y L A BRBIE A 51X i
FIRATRCRIEAT T HFGE AR ™, 729 A CFD 14 4% B A%
LT8G TP AL B SR A R S AR BRI 3 AN AR B T LA B AT
AT, BB B X i g 4y 1 I AT 6 b B O R
GPU A B 6 2RI & #7522 s F CPU IR 4742
H BT 0 0 A% A 8 3 T2 SR A 38 S 0R 2 AT AT B 4

A SCHE OpenFoam 4 T W 4% 43 X AT 15 09 it b, 4l
H OpenMP-+MPT R & 3147 77 1 A= AR 45 44 2 161 1R W 4% , I
S BT DA A 0 5K 26 T3 3 (AR AL S B 56 E X RO AT O
T T A Y X Xt (RS 8 4 T SRR L il i 55 7 CPU
2 % Intel (R) Xeon(R) Gold 5218 CPU @ 2. 30 GHz, Open-
Foam A :v2012, OpenMP Ji 7 ;5. 0,OpenMPI i A :4. 0. 3.

2 EuFx

2.1 HITHE

OpenMP & —Filr e T 3 22 g 77 19 2 LB IF A7 07 38 R
G IREE . 0 Sun Compiler, GNU Compiler 1 Intel Compiler
AR S HF OpenMP, {HJE OpenMP Yl 5 J2 A RE7E AR L=
W RGE LA X R T — SR MPLIR4T. 78
IR AF OpenFoam 1, W 4 Az ji F1K i 11 5036 40 1 3 5
MPI AR #ER) OpenMPI B, fif B, F P AT LLAR 48 4% 45 7% 5K
FI PR e B 5 AT BOOR AT Rk, DA R T AT I Y AR S X
OpenFoam "1 [ 3147 3 F W& 43 X S5 8L, 2 IR A7 3H RO il
Z 1A 2R A MPT i B A% 6 AL 64T 25008 1 366 , 48 A~ JF R 0T LA Ak
B — AN 43 X, A 53 X 300 5 4k T B2 55 A 4 I A% 21 X 38 4k

R4 T MPLEAR . T 26 4 A A% 43 X P38 0 5 5 47 i
R R e L SR [ o o S B A Y N -
OpenMP 3k 52343 X I8 1 58 2 917

OpenMP J&FIZ NAESLHIEAT, K 1 () fiR . £ 4%
AL A L ATV, O 5. Rl 2 TR,
OpenMP 2 J3 7812 17 I f1 — 4> 3 4 82 58 1l 3 A7 X 3 i AT
55 S FE BN IR AT XS A, S O e 2 AR 0t , H AR b H 3 A
HEATFLE, EHIT AT 55 R IR AT I, TR L+

Sleeping MR A, FL A Running IR A4k 2238 17, 2 i & A~
BT,

I\i]elfrf(e)fy lmerlzglsmect

() I RAF 7 7] (b) AE L2 R A7 5 1]

B1 A ) A A

Fig.1 Memory access model

Master 1 Thread 1 Thread
Thread
2 Thread 2 Thread
3 Thread 3 Thread

%l 2 Fork-Join %%
Fig. 2 Fork-Join model

MPI %+ CPU [a] #9388 5 SE AT, W 1(b) Brs, M itk
Hl T X R 5. OpenMP Fl MPI % g 22 8] A 23 7 4F
wh g, m] LAIR) i L2 52 B0 MPI+ OpenMP # iR 4 Jf
frfE AT DGR B R AT, AU AR RS
AT AR R AT 45 ik B T 55. 3% Ay IF
frag g,

2.2 WIBERFE

snappyHexMesh J& OpenFoam # #5712 i FH 1Y
Z T R RS A A% L O B T B S AR 4 SR R iR
U7 BTt WS (0 2 50 32 47 BV AT AR B A . 2 G A 2R e
(B 2% 3k 12D b 1 58 Ao i 1A 45 4 190 4% 45 78 B9
PRI g FE Al AN R 3 Ca) L 3(h) BT 7 ) o 4 ) T R 760 3 T
AT Y RS BT Y AR AL L TR 50 % LA B A FRUTE By A R
T 2 CniE 3o B/ 3D ), K E 3D &
Pl 3 Ce) Hr A0 T L 48 T AR 4 ) LA TR 154 2 1 K 8 40 I A% BEL G
AL, I K T 43 R0 A T 1) LA % i 6 55 ORI A (WL IR 3
(e)) , RJE R THE R AR)Z LE 3(H),

AR T A A R v K TR R SR T B T A 1] L ] 6 T X
F5 I A B BRAE L BERE 2R B ), 9 H AR BOT A= i %, X
AT BT RE S MR A £ . B R B TR,

DB RS 21 5 CULIEL 3Cd) ) 6 THI A5 7 3l F) 6 73 2 T

(20 M 38 37 1O P A o 7 B R RS 3 B 3 O AT 2 AR b
PO A5 ) S HE A IS 0 A% A

(3) 6 2 DO A% ok, 4 1 08T ) A% G ek A8 25 Y THL A,

(OXF TR 3 TPk o i T A AT B 1 iy fr
B I B BR 2 FHTIF R 153, 8 3045 B0 0 00 RS T



X VL, 45 : OpenFoam 1 25 [ 4K P # A= 1 9 MPI+-OpenMP {i

&I Ik 5

(a) Step 1 ) (d) Stéb 4 e

f > Vi i |

(b) Step 2 (e)Steps 4+5
- e G )

_\;

(c) Step 3

\ j ) StépB: i
B3 s A b PR

Fig. 3 Grid generation steps

ARSCHET IR R AR BT VR BT RS A A S T R S
B R ARAS ST 22 TR A (R A R AT AR R
HiTH=E

1€ OpenFoam H1, fi| Hl OpenMP £ 28 2 1 M 22 Py 77 1)
B, S A AR A A A P B A 3 AT A, et B0 T A 1) 4
TR T3 5%k 5 91 0 A Bk 4 B o AT TR o o AT AR I AT
SR s TT L /b P A 2 B F e T T FE

FE AR A B TR A AT 7 b s MIPT S i Skt I A% 431X
[E] /¥ 3747 , OpenMP SR g £t X6 43 IX P4 9 % A5 416 2 Ak 3 1) 149 JF:
11, IR A IR AT W A i B T AR . AT, ?ﬁﬁ]ﬁﬁ‘aﬁ#ﬂ@
OpenMP J£A7 19 ) 4 A= B 1, S8 J5 %R & I 47 5 1 3
Wit
3.1 % OpenMP 31T

ol OpenMP 475K W, 31 3k Xt 0 4% g alk 47 4k 211
TR 43 F L E RT3 L 0 A 2 B il O I RE 2 4R R Cn [
2 iR o FEIFAT DX % A — A R B T TR AL 1 L
B AT AT A 3Ce) TR #mﬁﬁ&\%ﬂz%{f g A b FROST
A A — AN T ] LA 00 5B ) 0 X 5, 38 b ax A Oy i S
OpenMP J47 1 #2585 CPU 19 F F 2R, yok /0 i 18] 1 €

BIEH b AR A S BT R FER o FP, B
LR AR B R AR I H Ay FL T AT 5 AR 2 AP TR Y R
ARUHCH T, R R AT 7 LB A RS 54 1 3
BRI ¢y B0 48 FH IR 47 7 i ik, 494 (0 A 0 A0 1) 1 S s D S
t B TR IRAT X Py AR 2 R FTRE 2 R X O Y B
ila), s S PR A 2R AR S B, R — SR =0 Ay
R IR 1 6 Z2 W AN 3o AL A A= 1 R ID Y FE T AT OMP Jf:
FTAG IS B T AR Tomppase 40T

3  MPI+ OpenMP B &

TOM:IX(VIXI] [@D)
n><t7

Tomopast = I X (——+z, +n X x,) (2)

Ta™> Tonpus 21 2y <7 Chty =22 (3

1 7ELRBBLAET W IR AT AT 55 10 48 B A )
A BT IR FH R LA B A AE R CPU Bl H: Al kA2 45 (R 3R

PORIRCRTY; S — ) I, BRI

A OpenMP 35 RO B 1,

A J2 3% LA FH A9 52 OpenMP BRIA 9 4R 43 il 7 28, 4518
Wby — 0 g R A AR R AL T R LS
R XA LR IAT 55 78 UG B4 BN — MR R A
5%, TERASBRPHEEST n W FALF O K 1 B
THFELE S FCAT 45 T A& H 38 L s s R AT A SR i 25 ),

AR LA 43 e T7 58 AT i, R ek 2D IR AT X8 P 43
BCAE 55 U8R 4% CPU SRR B AT 4. Bk, 7T RO 4
ANTEER T3 b ARGy B BB 5 o0 L 45 45 D AR L RIKE A A

ﬁﬁwfﬂﬂ’aéﬁ[o%) ,[hi,%xzx---,
A ALYy h SRR . PR SR B R T RE AL B R .

IR, 2 2, +nx, < (ht,

n n
EWX(}L l)yTXh)

Ton,],:1><<">;‘2+1-1+hx1-2> 4
Toa > Tomp =1 +h1-2<;—l<h¢1 —1) (5
EE?2 AHEH1IMEMNZHET.Y o + ha <

%(hz, £ ) I, BIRT 9 2 A 402 /9 OpenMIP 5 5835 2] Jin 5

BRI E,

PR R — AR 0 T s IO A BB 2 TR R AL B o> h, 7] LA
B3] 2y +na,<<a) +has BT LL Y 23>0 B H A4S BOM RN %
PHF e 2 WA LER 1 WAFERS R, B2,
HUH IS 9 OpenMP 314707 R ILERINW IFAT T REE A 5 K15
PIBZYEOEVE R

A DX SRR
(Tomp)' = —nt,h *I4+1 4+ 2,=0 (6)

nt,
X2

DR I 7 F 2 5 A5 A 00 F L 24 h< %B‘J‘,ﬁﬁ%h

s@iﬂgj:,,Tlf';Pﬁ%1m;xl> "L B fo e L L .
lﬁllﬂ:%%l@*ﬁ;ﬁﬂ@%&g%%,jzéi’afrﬂﬂzgfénznﬁlw

A, AT A B A T R B ] g 2 L i B R SR
OS5,
FIE 3 T — Tomp = I X (n—h) X 2, (8)

BEE h 80 5 n 3G, Tomppase — Tomp IR A2t
SEBR b AR SR B R G I 2 T AR R B, R I 2 AR B 1Y
AEAEXS Tomppast T Tomp Z 25 55 M AN K5 W A% T80 BE 2 , BRIA
IATT5 %8 5 WGH IS 19 9T AT J7 58 22 TR] R B[R] 9 46 AH 22 80K

S 1 g EE 2 AE A B A A s )b R 1Y U AR
L, 20 9148 snappyHexMesh Fll snappyOmp T B A= 554 4] 1
B A % B AT T AR g I ) BE AT L

U
pleFoam/RAS/ propeller.

1 IR A% X8 SA 36 % 60 % 36 43 HEA Y R IR MAS L B
LA Z TR MRS IEA 11404617 NEA0, H % 80 W A%

OpenFoam H 3% : tutorials/incompressible/pim-



Computer Science THEMEL2  Vol. 49,No. 3, Mar. 2022

X 5 2 gy BRASE OR S TR 14 R A I [ RE ST AN 4 BR .

4000
3500
3000
@ 2500
N
& 2000
& 1500
1000
500
0
1 2 4 8 12 16 24 32 64 9 128
Number of threads
— snappyOmp —— snappyOmpPast
J
(a) F2 ¢ 52 B i (1] i #E
30 000
25000
<
3 20000
& 15000
10 000
5000
1 2 4 8 12 16 24 32 64 9 128
Number of threads
—— snappyOmp —— snappyOmpPast

(b)CPU It} ] } 14 ¥
4 4 OpenMP F-17 B} 8] 74 #E

Fig.4 OpenMP parallel time consumption

M1 T 7E OpenFoam A #B B0 B4 3530 10 [A] 19 R H002 38 2o
CPU WIS f e it B EZ KB E T . B LR
o A ] B8 T B AS S 2 B B[] T A A 22 Ze AR SR
I TE] PR 75 i B OpenMP N & BREX omp_get wtime ()
KA RGEM A 4 45 1 T SCBR I A CPU I ]
Mgt 45 &, LR B, 3 B T A snappyHexMesh,
snappyOmpPast LA & snappyOmp, 7] DL FEf# A [a] 55 & 70 28
TR, 25 B AR 7] D0 A% 114 I ] 7 #E

M4 A DLUR B

(D 78 26 R B0 A0 TR B 20t 1) snappyOmp 1) 52 B B 8] 75
#E ek AT b, H H snappyHexMesh B [8] 45 , £F & @ # 3.,

(2) 4390 W 2 Bl 3 i R B0 s %) B () 9 R T DA & B A
FA TR — T EL B, B 5 28 B 450t (9 38 i , 1) (1) 2 e st o 2, &) 8
LG ok i — 2P AR A B i B CR . A (D
W, H 5 SCR[23 ]9 M4 ie— 30

(D TELLFEENT 64 BF,CPU B 8] F ()1 #6 & Bl & 4 &
A T 00 I SR 1 T AE AR i A B 64 S5, HOR 2 gk
SR, AR 2 52 B B[R] 9 R VA U8 3 R TR D il i 1 2R
Bl CPU B 64 MR LG  EFF R BERES . 2 R
HEBAL T Sleeping A& , A S 5T, WA TR B H T AE .

()Y DLW 31 Bifi 5 22 P A i (0 3 22, PR A% A B T &L
BT AE I ] 22 22 0 W) A8 Ak A 6 3 3,

IRt THE M A8 & A F By 15 % . 5 snappy-
HexMesh A It , snappyOmp B9 HEAS b #a 3, & SO e
S K snappyHexMesh f7#E i [8] 5 {8 HI OMP J7 32 it #E 1 [

Tou nht, ¥ . > =, 4
.S= = HAEABEART N 0 R G,
Z. H: : S Tomp nty hl‘] hZ T > ;ﬁ = XJ n k (53
aS Wty (g Fhay)

Ei(nt2+h,r1+hzxg)2>o 9

93577 2h2t1I2(11+}112)
on’ (71t2+h11+h212)3<0 (10)

ML L L B A AR TR B 2 I L — B4R
P ELR AR R A R e AR . AL RE LASE ) 1 S A WL R L
Wl 5 ) A BT B T 2 B B . TR 5 BT T P R R
SRS SE R S A /N AR R I L AT LA
P A 27T LA S s e B A SOT RO R TR R

0 05 10 15 20 25
n x107

B 5 AR I % T R 0 i L
Speedup with different number of grid cells

B s ok 5 i 2 o8 & W& X 2 B #E 2B 4
st A TSR Y 32 B B AZ 45 Al S B R R S N, I TR
e Tl AR 2R S 1A 5 IR TAE 55 9 4 B R
] 25 32 A7 B 9 T R 5055 DR 3 o I g s I L2 K L B 5T
Bt AR A 0 R AR 5 5 B A BT — 2L
3.2 BRAFHT

OpenFoam 11 [ k% I 17 2E B J2: 36 A% 3 X 2 1
W 6Ca) {7 K 2 A Rl AR 43 24~ X3, B A X B
BEATPURE A3 B E . I 3. 1 3 R B9 OpenMP 347 05 3%, i
T MPI+OpenMP 18 & 4T 50 , I 47 A /8 M 4% , an 151 6 (b)
JER MRBR JE F 4 X HEAT MPI 347, 26 8 4 43 X P9 & fi
OpenMP F£AT , [f] — 43 IX Y &6 19 2 A2 AT T8, 7T DAAT A4
o XA A ) R

Fig. 5

v v v
CPU CPU CPU
Y 3 %

MPI communication

(a) 4l MPI Jf-47

CPU CPU CPU
= = = = = =] = = =
< < < < < < «< «< <
sl e s|e|s S |c|3
ElE |2 212 |2 z2l=z|z
=N =N = ElFE|F ElE|F

Shared memory ~ Shared memory  Shared memory
(OpenMP) (OpenMP) (OpenMP)

MPI communication
(b) MPI4-OpenMP iR 4 47
Kl 6 CPU 17454

Fig. 6 CPU parallel architecture

M T OpenMPI 7E B IAE &L T B 88 & CPU, Bl 454~ ik 72
e A CPUBL b 2L B, g RN E
N FEBR TR —4 CPU Bl LidfT. SC58 % B, 78 M i
A3 X BRI MPT R AR R AR H 5 o B FF )5 2 R REAH L
LR EGE 1A%, HEIF)S 4.8,16 S L BBRE, T
BAINTFF S T AR . 1 SRz 17 i T RE RS 18] 5 JF ) 2 4k



X I %% . OpenFoam £ T # B 4% A= 1.9 MPI+ OpenMP 1B & 34777 % 7

L —#E . HEE SRR ENIN L . G40 TLR CPU Mg, 64 L85 AR P CPU 2 40 B2 5
o7 FH SN ARG L B0 AL T G 48 2 A CPU O WL I i RS B A B AL+ Sleeping AR, B A 8] A
W HAH 7 A CPU b iy 5 %N 100% , KA ILF R 0. HFEASERT .5 3.1 st —%.

A 25 o OpenMPI fi# B i 2 5 CPU [ 1) 9 22 . (# 15 4 METH
BRI T AT L B AL FiE AT, SRR, b N

WG WA UGB BUE R, METRERRENE L. 8 ARAHBEFT 3 A X LS L 7E OpenFoam W4 F R [ iy
AT R, CPU B 5 R, SKf#AS .5 5 78 snappyHexMesh Fl snappyOmp T. B 4= i ()

PASEA 1 SR, 7653 X R 2 Pl BT (0 AN [) e e e ik WA L A7 R S B
#47 MPI+OpenMP A I 47T A2 BRI M SCI 85 AN IET 7 7 401 BERER MR

o HP AR R R BREOR WA MPL R YRR, VLB 1 g 45 3#F 47 800 52 30 8540, LAl B s R A X
2500 B 24 x40 x 24, WM R KBS M S BB E MK
Y i 41
-
& 1000 £ 1 WY FOR RS
500 Table 1 Some parameters of flow field and solver
0
1 2 4 8 12 16 24 32 64 96 128 " #% R KA R o
Number:)f ll':rea‘t‘is HE % e ko #E BE K E B
() RGeS I 17 T4 4E #4352 % 1x10 °  158rad/s pimpleFoam 2x10°° 0.5
16 000
o FFEEZE 0. 1s 20 RS 28 0057 G I 6] , 500 I A 75 ok
B i 2% TR RE I 3 2 BT
6 000
4000 2 FUAK BTG T )X L
2000
0 Table 2 Comparison of grid quality and runtime
1 2 4 8 12 16 24 32 64 9 128
Number of threads b % WAt A /s BRAETHRE KBETHAEHE/s
(b)CPU It [ J1 14 #E snappy HexMesh 1143.35 4 47753
B 7 MPI-OpenMP 1 & 3 47 B i 3 £ snappyOmp 338.2331 4 47054
Fig. 7  MPI+ OpenMP hybrid parallel time consumption B8 HMo 1shZMmALKMEERZR., L, 7
7 W LU B & 8Ca) (& 8 (b) i IR IE 3 5 M o Bl 7 1) b pl — AR 2k
(DRFF KB ZEMEL T & LB 2 TR Bl 8Ce) B 8(d) ik ALk L1 B I o3 A
Aef Ii] S PR el /b, 31 8 AR S A ok B R WL 5 3.1 B9 0. 1s I 20 M A 5286 19 R J1ox B, 6 A A2
Wi g — B, &l 9Ca) (JEl 9 (b) i & HU IR e 2 A5 M oy Bl 77 1) b 0 — SR 4R

(2)/NT 64 RARR,CPU B [A] 1 I FE 2 B & 2L AR B0 1Y I 9Ce) 9 ik Sk ERIE I 201

75 — U-Magnitde 75 — U_Magnitude
70 70
65 65
60 60
55 55
50 50
45+ 45+
0 01 02 03 04 05 06 07 08 09 10 O Ol 02 03 04 05 06 07 08 09 10

(a) snappyOmp # & 75 & &l (b) snappyHexMesh 3 Jif 75 &% & Co) Bl Ca) 25 I 119 3 J3E 43 A Cd) Bl (b) 28 1 i 7 B8 43 Aii
K8 0. 1s i 2203 B2 23 A1 LA

Fig. 8 Comparison of velocity distribution at 0. 1s

—p 6 —»

5

4

3

2

1

ol

- -1

E -2
0 01 02 03 04 05 06 07 08 08 10 0 01 0z 03 04 05 06 07 08 09 10

(a)snappyOmp JE J1 /R BB (b)snappyHexMesh J& /18 & &l (o) (a) £ 1Y i J7 43 i (D (bR 1 W& S50 A
P9 0. 1s 201K g 3 A0 Le %

Fig. 9 Comparison of pressure distribution at 0. 1s

O - N W G e

N

w N




Computer Science THEMEL2  Vol. 49,No. 3, Mar. 2022

Xof £ 8 VO T ) A AT B R A R I, TE AR LY 352 T
A ERTT 1 PR B A 4 A e O ARHEE 7S 1T, 158 B4 DT 0 O AT
J7 Z2 JIT HE I IO A 5 22 T RS R LG s AR BT A AR 228 K5 48
X I Fof A A pimpleFoam 3K i #5 BEAT 300 B S0
AL 45 SR SR e 2 FE B sk (F] A 22K
4.2 PBEREFIDRAEL

"2
jointOptimisationFoam/sensitivityMaps/motorBike.

XEFEB 2 AT RO S 90 0L S 0 LR P 2 O Ak A )

FEFE 2 B0 T ke KU A i . BRI R R AR I E R

60 * 24 x 24, F I FR AR50 5> S B B W3R 3 Frdil,

®3 WY LR ARy SR

OpenFoam H 3% : tutorials/incompressible/ad-

Table 3 Some parameters of flow field and solver
] # R R b7 b7 RE i 8]
HE Egd #JE E A ) EEN
413137  1.5%10 0 (20,0,00 0 adjolnt- 0.1

OptimisationFoam

T 2 WS A TR OS2 1 0 o 5 2 B A B
FNTF 1X1077) , RIAS A BRI AR s 8] | 90 4 o 4G A L SR Ao 2%
AR 4 B3,

4 PG B S S A

Table 4 Comparison of grid quality and runtime

W5 W 3 5+ BhRAEET RKEBIHHE
/s HE #HEt/s
snappy HexMesh 9888. 34 70 106457
snappyOmp 3152.54 46 99827
10 S o 55 e SRS IR 3 Y B R R, Hop, 7

B 10Ca) (& 10(h) e B o Bl J7 ] b 28 0 BEFE 42 1Y
B 10Ce) (A 10(d) N IX 42k 1 B o BE 40

BRI

5’\ X

(a) snappyOmp # J¥ 75 & & (b) snappyHexMesh 3#

2 — U_Magnitude

B DU —
15
10
5
16 18

0 2 4 6 8 10 12 14

(o) [l Ca) 25 1 1 3 FE 43 A

25 — U_Magnitude
20

15 //

10
1

0 2 4 6 8 10 12 14 16 18 20

()] (b) 28 1 i 2 4
P10 T B e 3 A LA

Comparison of velocity distribution in convergence

Fig. 10

ES IR RIS I A A o I A7 <O A [ N = N < I 1 e 2

B 11Ca) (B 11(h) e B & Bl 07 ) b 28 i BEFE 2 1 — 2k 4%
X 452k FRITE 100 A

F 11¢e) - 11(d) X

(a)snappyOmp J£ 77 75 B & (b) snappy HexMesh J& J7 7% 3 &

— 2

o
OJ ti‘ M—

0 2 4 6 8 0 12 14 6 18 2

(o)l (a) £ 119 i T3 43 A

0 2 4 6 8 1 12 1 1 18 2
(d) P (h) 28 1 1 1 3 43 A
B 11 SRS R ) 43 A L

Comparison of pressure distribution in convergence

o o DO A% E AT T A A A L E AR LY 1313 T AN R IT Y
P& I 43 B AT 70 R 46 A i A% 82 T o 18 W £ OB 4 O AT
T3 10 0T TR A% JBT 1895 MDA K 5 3 531 7 T ol 0 AL el ad]Olnt—
OptimisationFoam 3K fif &5 3K fif 715 0, B {8 52 3 5 4 45 21
SR A% T FE BRI E] UL AR 228K
4.3 BHBEXIZAEL

&3
pleFoam/windAroundBuildings.

XT3 AT SR 5 90 A ALL, S 0 FL A oA 2 D dak vl 2 5R
B AU T T RUR IR 3 . TR 3 SR A A R 4 S BB
5o,

Fig. 11

OpenFoam [ 3% : tutorials/incompressible/sim-

5 WY EOR MY SR

Table 5 Some parameters of flow field and solver
AR M , b7 . Bt [8]
W b i 3}
W # % & A5 % E K E A B33 s
#4327/ 1.5%x10° (10,0,0) 0 simpleFoam 0.5

BT ZE 1000 B 220 [0 A% A5 150 RT 6 IF 8, PO A 5 A 28 5K
fif s THALFEIT AN 6 BT A

6 A B G TSI A X

Table 6 Comparison of grid quality and runtime
W% ] 4 %t FF B AEE kB
H /s HE it E A s
snappy HexMesh 866.73 0 33750
snappyOmp 398.9818 0 33391
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