B8 10 e A AR 8 W B B IR AR RN

B13

E-F PINN #H2 W 4& Y [E 15

REMZ HEE

RE g 12

IARFE

5@ 2

iik-119)

RAE AEE

(LA E R 2= F T, dba, 100190)
(2. HEBEEEE RS, 65, 100049)
W : A SRIE AR AN I, REEAEEIE. BRI R FB RS 2L MEETH . A5
TR TG B A AR (PINN) LR 57k, RN E T HMSEHZERI AR, W55 100 =
B RS AR 2 W AT CFD BUERHL, BRI EEE . B MG R B a2 EE R o m sl S
PE AT Fluent 752 (K58 R S04 = ST EL, 45 0T PINN R AT LUK [RAE G20 In) R (A S @ ik, A

TR ORINE J AR A — 2 I S
K. “ERIRESE R BUERY

0 3l

=
[=]

AR, BASRTTFAAWIRN, 152145 R
R BUR ff, EET 28R T AE SIS AT CFD HUE Y. BiE
N TAREM L TTE KR, SASUSHE TR S Ha &K
T

T bt 20 AR AR — e S 2 S () 5 0 ]
FEGERBEAT 7 AHCHEIT, HER 4 T — 06 0 502,
BEAE THERAR D A AL R R, R 2 i H e T
ST T MR I FE . Charlest™ % H B B A E
R 7572 (Direct Numerical Simulation, DNS), X} [54E
GRMHEAT T WG S IX A EUE T . TR B SRR
BRI 7715 (Large eddy Simulation, LES) X [Bl#H:587
BEAT T OB, ORI AL J2 3 A i i 1 [+ e
WO HH RS . BRSSPI T 4R AR R
(Constrained Large eddy Simulation, CLES) FIZER} 73
EimiET (Delayed Detached Eddy Simulation, DDES)
PRI X R GR AT T BUERA, 45 R %K W] CLES
. DDES W hNin sei (e . — 28225 O SUE A Fluent 57
Open FOAM “5—2e T H, R MEE I E —4E
A= HE R R SR EAT TR

U LesE, DAt Ze R 2% AR I G 7 3 51 K e it
T, JF AR5 A G ) B B A ) A A AT 45 A
Raissit' A A K A il o3 J7 R BRI R, B
T VA ERAE BN BERR I — R 2 P 25 A (PINND, )
KR BRAR T 0T 5 36 B A 2 5040 1) i .- Wang!M 551
PINN 77 % 5 T 8 VR IR 35 7 R (R A4 78 v B 03 AT 1
T, 4520 7 AR TSR o Jin SR A PINN 777K
SRR NS 72, $EH T NSFnets 7772 0] DL TR 2%

105

RIANHI . RIS PINN 704 - A % 3 7 F2 1)
SRAENSY, BRI R AP 55 e i

AR PINN J7vk, X Z4E RIS gt 4T it ot
DL gE2s [m AR bR (x, y) FIIHA] ¢ S8R = 4E8 N,
OO 4 [ Ak S i3 R B R R D90 A, 5
W ERAF Fluent AU 25 R BEAT X L. AT — 2 LAESE
S

1 ETYRRERHHEMEERIESR

AR S R R E 5 2 U5 R AR R AR 7 5 T B JE
I 1 ) R B2 Ao 222 O 4% SR SR Ak IR % 70 5 v 1) A 1 7 7
Feo h—4Efmi o rfe (1) Afl

v, +¢[v]=0 D

Hrv(x, )/ x Al t IR, x € Q,t e [0,T],
QAR ST

R ARG IR I T SR x Al ¢ Fett
AT, LG L, &2 A 4
ERREEE, A4 A ER AR (x, t) . %
H X (x, )BEAT F B A B, 15 Bvg (x, O K
PR B — B 0 o BRI BR R 55— B O v (i, ) AN
vo (x, O) I ZE TR o W93 A ) d /s — Sfeid b 2,

SEAEm, s (2) FrR.
Loss = MSE, +MSE,

MSE, === [1(¢.X)

£ oi=l

1y,
2 MEX) -

v i=1

MSE,
(2)

Frp LOSS B ik B BB, MSE, 1k R KL
B, pRAI S AL B, N2 — 8 I8 5= - MSE,



3 o e A R AR E W R AR S W

SR BREUNEE 5, N 25 3 e = .

FHEE X 28 (AL o Al 22 b FEWTUG AL BEHLZE HY
FHBG BN B (0 7 R A A5 B0 2K oR 08 T e /M, (845
vo (x, O V(x, t), HATZERINZ)E, TRE
BT RE , IXIRATTAT BLA v, (x, £) & v (x, £) ) PINN
AR BEAR Y

ARSAF R T35 BRI A, R 3R
W NS I FREAT ALY, #6036 B0 2R R i A (3D s

e =U, +Uuu, +vu, + p, —Re™ (U, +u,)

e, =U +Uuv, +W, +p, —Re™ (v, +V, )

(:.‘:’,ZUX+Uy 3)

JITHe 3 R AR 22 I 28 5 R B ] 1 s

Bl 1 ZT NS HIERUREF S Mg EY

TRIEANZE P 28 1) B3 2 AT 408 8, S R0 tanh

PR A N3 sigmiod PRIEL:

o) =25

e’ +e
1

e ¢))

a2 M EREHE, i ila s En =)
FoR:

h(x,y,t) =a" (x,y,t,w,b) (5)

Hrpa 2 ciiibE, z ZeachmAE.
MBS (5) 4R KA BT PUE R Flh(x, v, £) -

T T 2R R A 48 IR % )1 S R ) B AN AL 2
PHJFEE N-S TR EOR, il 2 MM UL EB T
SE M ER

2 EHESRBETE

2.1 EHESRIIEREL MRS

USRI B AR A 2 P, BRI A
H A% D =1.125em {E it SRR, TR K/ Bitid
FHERRAFER 079 6.5D , Rt B R AL R0 23.5D , T
PRI JES 03 AL BE R A%: (500 10D o SR ICEM B [l
SRBEAT G5 A A AR 23, Xof [ B A A Bl EE LR 2 A
MR I T5 AT WM N, mT AR I8 A A R 24 Al )

106

Tisl, BFERRS R Wil 3 prs.

| 650 23.5D |
| T 1

ST
o l
A0 *

Eh

20D #0

BRER

HEEREE

=2

B3 EHSERME

22 BREH
ARSCHAT A FRE SR R AR RS TR, e T
¥ N 100 , % B p=1225kg/m® , ki ¥ R %
u=17894"kg/(m-s) . AFFMFWTF: (1) NOAFHE
SERNEEANLTu=U, =0.129483m/s ,v=0; (2) H ik
SR E NS DR (3 BRI N ER
AFFAE, TR BT Rl T4, N
H SR U, =0.129483m /s . {8 FH G EE Fluent
HEATEUET B ) 5 EE R & 7 23E £ SIMPLE B,
BB ks B O (A1, I B EOR A Ak X,
By PR A il RUi U RS, B TR) K ER 0.001s,
Mk 20 2.
23 HFSMRREOTE SR

FEFEAE SRR IR, RN IR VR IS HRE 57
WGIRE St R EESH, HWE N:

st=12
U

Hor f iR ISE, U N E HRIREE, DA
Bk EAR . WiRESY M IR B Sr (TS 4s BN 1, seihsd
TR TR T AR LE 0.160-0.16715), 1 BHA LI
HAE R TEEM .

(6)

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



3T A AR E

ARG W

Rl S RRESHIERITEE
St
K 0.16681
i AES) 0.16529
Tritton?! 0.16000
Roshkol!! 0.16700

REFIER (PINN) MESER
kb

WA T, R A 5 30 DX I i N 3 o
LM AR RTINS, T =10.5s FHOSE R . Tids
W x 1 EN S, y -2 B 2 f— AR X A
FLHEHL 10000 M 4#E i {8 pycharm #E479m 3, 1%k
FIRAEIAES N python3.7 Fll TensorFlow2.3. — 3t 10 2
MM, fEZRRHSELS, BEMETTREN
3+30%8+2, B4 BR K ] tanh, {84k BGECN Adam BR %K.
AR RE AR NS H, B30Ik 10828, AF
2%107 D IAE ) 230N 1e?, 2%107-5%107 B IE I HN le
4, 5%107-8*107 I2E A 1e”, HeJa 8*107-108 B
JZHy e FrFIZRET R 139 AN/, B4kl
FRIELE 1e-5,

rY ! rew
" Al P

() FREE 2% U 2R B T (b)Fluentff &

B4 xAHEEELE

LI

()M EMLE N BTN (b)Fluent{fE
E5 yAEERE=E
(a)FHE2 W 480)1 2 B R T (b)Fluent{i E

Blo EHpnHz=E

107

(©)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

2.0
15 007
39 0.06

0.5
0.05

0.0
0.04

05
003

-1.0
0.02

-15
—20 001

1 2 3 4 5 6 7 8

BE7 #HEMEINSERSENEE=ERMENSHE

I LN SRR AB T A 2 B = ) 4 A1 5
PR I3 AniniE 6 Fros, HA s jakT 7 ZE R
sERwE 7. WE 4. B 5 I 6 7T LLE H R4 X 4
YIZR TN ) 38 B2 A0 /) 2 A Fluent $0E THE AR 21 =
BIEA—S, 132 EE SRR R BIRE, AT DU
AT SR B b %y . NI 7 W] LR B )i
B NAEAE— B 2, FC I R W] e 2 A o 42 ) 65 A
AR ARFE BRI RO, RTE S —A RS, S84
REBFHEABUE A2, KA T — 8 TR AT E
o

4 ZEig

AR SO T BT HEAE S A IR L o S 2 ] 2% A
B (PINND, JR&5 7 TSR R i ) 2 AR g s
MR PLYEBREESER B HEAT 1 IRAE & R UL XA
TN, LS Fluent tHRZIRXTLE, P45 RIEEA
—SOE A A ik . 07T E R — 8 MBTRE
LA — B BUR 2R b 2 SR 1 — S8 T A SR

& £ X M

=

[1]  Roshko, A., On the Development of Turbulent Wakes from Vortex Streets.
NACA Rep. 1191, 1954.

[2]  Tritton, D., Experiments on the Flow Past a Circular Cylinder at Low
Reynolds Numbers. Journal of Fluid Mechanics, 1959. 6: p. 547-567.

[3]  Mockett, C., et al., Analysis of Detached-Eddy Simulation for the Flow
Around a Circular Cylinder with Reference to PIV Data. Flow Turbulence
& Combustion, 2010. 85(2): p. 167-180.

[4] 38048 and RREKZE, LIS VRN B SEA A RIBINL. 12 2A 4,
1999(01): p. 100-105.

[5] #7%F, T4, and B, Re=3900 HIEIHSER I IRALIIA LLRFTT (3%
30 . RHEEER A, 2016.37(12): p. 1282-1295.

[6]  Wri ik, BUESERA) 4R BN A, TR B TR, 2013.
22(06): p. 1-6+27.

http://www.cnki.net



B8 10 e A AR 8 W B B IR AR RN

[]

8l

[9]

[10]

[11]

WiARE and JIHERE, A FEHCYEE RSB RIREAN. KBTI 20T
H5ibfE(A ), 2016. 31(03): p. 295-302.

HEER, et al. AFEEHH N 2L RS SRBER. n 5+ )/UahE
e OF) TSRS, 2017, HEBTAL

Karpatne, A., et al., Theory-guided Data Science: A New Paradigm for
Scientific Discovery from Data. 2016.

Maziar, R., Y. Alireza, and K.G. Em, Hidden fluid mechanics: Learning
velocity and pressure fields from flow visualizations. Science (New York,
N.Y.), 2020. 367(6481).

Machine Learning; New Machine Learning Findings from Virginia Tech

Outlined (Physics-informed machine learning approach for reconstructing

[12]

[13]

[14]

[15]

Reynolds stress modeling discrepancies based on DNS data). Journal of
Robotics & Machine Learning, 2017.

Jin, X., et al., NSFnets (Navier-Stokes Flow nets): Physics-informed neural
networks for the incompressible Navier-Stokes equations. 2020.

Shukla, K., et al., Physics-informed neural network for ultrasound
nondestructive quantification of surface breaking cracks. 2020.

Pun, G.P.P, et al., Physically informed artificial neural networks for
atomistic modeling of materials. Nature Communications, 2019. 10(1).
TRAEE, (TP97, and 5 EUK, T4EEER ISR K I B E AL

Rl E TAE, 2009. 9(05): p. 1187-1193.

Construction of flow field around cylinder based on

PINN neural network
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Abstract: As a basic physical model, two-dimensional flow around a cylinder is verified by many methods. Most of the current

research methods are experiment and numerical calculation. In this paper, a neural network modeling method based on physical

information (PINN ) is introduced. Firstly, the basic principle of the network architecture is introduced. The unsteady flow

field around a two-dimensional cylinder at Reynolds number 100 is numerically simulated by CFD, and the training data are

obtained. The velocity and pressure distribution nephogram obtained by the network training part of the flow field data is

compared with the velocity and pressure distribution nephogram obtained by the commercial software Fluent. The results show

that the PINN model can provide an effective modeling method for the flow around the cylinder, and provide a certain basis

for the next complex model.

Keywords: Flow around two-dimensional cylinder; Deep learning; Numerical simulation
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