BATEE 1M
2025 42 f

/IS B A NI S
JOURNAL OF NATIONAL UNIVERSITY OF DEFENSE TECHNOLOGY

Vol. 47 No. 1
Feb. 2025

doi:10. 11887/j. en. 202501008
BB EFERNITERE RN
AOETLHROELFRFELE R REL

(1. K&EPITKF REMEFE, 7 KiE 116024; 2. B LK% REHREER, & E9 510275,
3. KEBIR® BT %R, 27 k& 116024)

http://journal. nudt. edu. cn

& E:SCP CFD A b S A B R R Y A BhAk, AR B B CFD 5 BACR, B B0 H
Brid . DAFLYSIE MR 4 8 3 CFD BB AR ZEY , SEIL A SERRBERY S JC U LT3 #1L, BIAT B 3l 26 i )
& IR AR ORI T B T RE . E AT A B A B0 E T B AR 0 T RO B AR S5 A AT PR AR
WA Y AT RRCRE I B AR T R R AT TR S i FF 4R TR Y Auto-CFD #4338 b REXT 44T B 5k
TE AT 4 @ BB B AR T gl 23 a2 = 4k, LSO A S 2 AR BN 5 =R AME R
TARARI I B E R RE ST o BT FHLYYR L L MY Auto-CFD HARZEM  FEA EM 80 B R
(0 PR 3 R P, A B AR R IR Auto-CFD B A7 I HE AR [RI R EISETHEE [,

SR AR W AE A BR 222000 s 1 1R JLIOAS 5 WA A2 s 4k B sh Ak LY Bk S

RESES:V211.3 XEERED:A XEHS:1001 -2486(2025)01 083 11

Automatic computing framework and implementation for
supersonic flow
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Abstract; The process of grid generation and flow field simulation in CFD calculation can be automated to enhance the efficiency of CFD
simulation, which has a great potential for applications. An Auto-CFD technology framework based on the tie-dye algorithm which can generate
grids automatically and initiate inviscid supersonic flow field calculation quickly without geometry clean-up after inputting solid models. A 2D
numerical example verifies that the calculation accuracy of this technology is comparable to that of the unstructured finite volume method, but with
a significant improvement in calculation efficiency. An Auto-CFD software that can start the calculation in real time based on hand-drawn models
was developed in theory, which can automatically simulate any two-dimensional irregular shape. The Auto-CFD technology was also extended from
2D to 3D space, and the irregular point cloud obtained by laser scanning the car was used as the solid model to demonstrate the adaptability of this
technology to complex shape problems. The Auto-CFD technology framework developed based on the tie-dye algorithm is compatible with mainstream
difference schemes and has good mesh adaptability, which is expected to solve the technical problems existing in existing Auto-CFD software.

Keywords: unstructured grid finite difference method; Cartesian grid; grid generation; software automation; tie-dye algorithm

B AR J12# ( computational fluid dynamics,
CED) AT SEA T o3 R WA A= 1l A K A
AT o = AMAH B S AR . 7R X — i
Hh AR A AR B N (Rl 22, ] (4 A
JHII ST 60% ZeA7 ), Wn S AT S

A S AR AR, CFD B X LA A 2 27 BHBEH
4t ( multidisciplinary design and optimization,
MDAO) B TAEFLAE, J& #2i CFD A A 25 il K 4
SR PSR I R BT DTSR AR R
WO A& A= il By Be AT F B, KR A B4k CFD

T AN SFRER L % 90% A TRHE, EE
NASA %A B % 445D 8, l T PR A= i

( automatic computational fluid dynamics, Auto-

CFD) £, B 2 Wik CFD P IR,

s B #A:2022 - 09 -23
E&WE: ERXARRFRASTRITH (11872144)
*E—EF X (1965—) , 55, WSSk A, 20, T, 1 424 0l , E-mail : liujun65 @ dlut. edu. en
SIAMECXUE, BRil, FRT, & A S MRS RS T]. ERRHR AR, 2025, 47(1) : 83 -93.
Citation :LIU J, CHEN J, LU J Y, et al. Automatic computing framework and implementation for supersonic flow[ J]. Journal of National
University of Defense Technology, 2025, 47(1) : 83 -93.



-84 - Gl R RPN

547 %

XTE TR R hia ),

H i, ESMY Auto-CFD 442 4R Mk AR )
FH, 40 Karalit 23 7)™ ) KARALIT CFD #{f, Af
LB E L BT ( computer aided design,
CAD) #:i8Y | gl AE BT WA, JF SR g a4,
B a3t 55, W fe w1 i A E
" PUIF & [ FIOEFD 44, B 45 “ Hi A CAD 4
CFD” TR, il LASE B A CAD #A 5 B shil 5
i T BB 5 Share-Harpoon " 414 | 31 BRI 2L
BT RE BN T AP SR, SEBL T A& 4 B 3h A A,
EHEE T MRS AL RO

SR Auto-CFD B FHUS AR K & H7E T
TR e, A I 00 B R it U 52 2% Ui 3 55 i)
S, CFD BT8R 7 i

ARICETEMFE I AR —FB Y Auto-CFD 4%
AR IA Auto-CFD 3R {4 H AR (0] 8, 45
B AL S A R 22 40 ik ALY F ks it I 52
BT A EE T ALY BE A Auto-CFD HEZL, Hef,
FIFHEUE S0 AR S =AM E R A i 3 A A
FoE Ve AT 1 BRIk

1 Auto-CFD R-FHEMNEER K EHA

MUK FI Auto-CFD B2V, % )R
FHATAR L IA% , BE 38 >R U0 %1 00 85 A i
FIATAR B o X — BRI A R R
YN AR 7 = i e R 7 F ST AN
F AR TR L RORS AN I AR A TR, {HLX
— PR BRLALAFTEXE DL v i B IR X, 0] BT
RN IEACRE BRRGVE | T 5 52 % i 3l ) AU
MELLTE R, BRA T Auto-CFD BRI o

PIEESTReS L TR N TR0 KR S
JLIL 5 RAS BT YR, AnlEl 1 B # L 5 s
b I o A a7 R N D e S R
o DIRIRAICIE B i S S E R I T S B it
SEL S I M AR (L7 %, 408 i 5 AL,
TS LA 1 A R W AR RS T 5o 2%
D7 WA T R L O S T T U A ) X A 5 4 1]
R LIRS AHPCEC, )8R Auto-CFD R PFAE Bl 5
B EZITEZ —

DIFIERICIE HA 8 e W T 3R0KG B2 R0 1 4
AT TR 2 N AR 2% 5 5 A7 78 B e 1Y
AR B, A BT A AR T
B, R HOIFE T B B0 RN TR AR5 A ]
ST A BREAE R S IR BE , AR TR, AR
TR BRSNS L 5 U, I kA%
pid 2= AR/ NG AR 22 5 DI A, B2

N It

DI&I Itk
s

Stk

B R JLRAE MR EminEl o

Fig. 1 Cut cells on boundaries in Cartesian grid
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Fig.2  Description of immersed boundary method under

Cartesian grid
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