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Development and application of structured grid deformation program
SGDP V1.0 in national numerical windtunnel project

SUN Yan, JIANG Meng, MENG Dehong™, HUANG Yong

(Computational Aerodynamics Institute of China Aerodynamics Research and Development Center, Mianyang 621000, China)

Abstract: Some key information about the Structured Grid Deformation Program (SGDP V1.0),
including method, components, features, operation procedure, examples and applications, were
briefly introduced in this paper. SGDP V1.0 is the first modular program of the grid deformation
module, one of the share libraries of the National Numerical Windtunnel (NNW) project. And it
was developed on the basis of the old research code through several kinds of software engineering
technologies, such as code reconstruction, interface specification and function extension. In the
SGDP V1.0, the RBF-TFI method is used to update the coordinates of the deformed grid nodes.
Now SGDP V1.0 can generate the deformed grid of four types of motions with the use of a
modular code structure and flat parameter input. In the performance test, the CPU time cost of
reading, writing and updating one million grid nodes were about 0.01, 0.008 and 0.1 seconds
respectively. And a grid with tens of million nodes could be updated in several seconds, which
showed extremely high efficiency. Finally, the SGDP V1.0 was used to some grid deformation
examples and flow simulation cases. The results demonstrate that the program has good abilities
to deal with the deformation of complex-topology grid and keep the cell quality. So more accurate
numerical simulation data can be obtained with the use of SGDP V1.0.

Keywords: grid grid deformation; radial basis functions interpolation; transfinite interpola-
tion; SGDP V1.0; development; application

Y fs B #:2020-03-12; 1&iT HHJ:2020-03-23

EETE: HEEAH AT (2016 YEB0200703) 5 [ 58 518 KU T F

PEZ B P (1986-) . 53 L BOXBH A L BB 5T 5 L 98 7 1) 35 S 3 bk 7 2%, E-mail . y.sun@carde.cn
BEEE G BB R BS54 80 1%, E-mail: mdh157@163.com

5 AERK:

IV TR R, A [ GO X TR R RS S R Y SGDP V1.0 I & 5 R LY. 258 S22 4R, 2020, 38(4) . 668-676.
doi: 10.7638/kqdlxxb-2020.0048 SUN Y, JIANG M, MENG D H, et al. Development and application of structured grid deform-
ation program SGDP V1.0 in national numerical windtunnel project[J]. Acta Aerodynamica Sinica, 2020, 38(4): 668-676.



a4 A B B KR T AR5 A% AR JE R )Y SGDP V1.0 A & 5 6 H 669

0 51 §

Yy A2 T8 508 3 B AR E i S EUE L RS
SMEAA BT i/ BBl S TR AR Bl N )
A AR AR T BN U TS AR R AT ST DL R OB AP
T - B3 RS A LR R TR A R 3X — ] ) A Ak
WA S AR Az B A WA Sy 5 A AR
5 A% B AL R L S E A L A AR I A B
B TR /N A SRR BE A B RS S A
FIAHT Y B IR 22 5500 A0 o BE 8 I/ ) 10 A8 22 A ) (L
AN 285 SR 52 0, 78 Sl D0 A RO/ TR A A A
JTIZ R AR RS AR Y AR A AE A — A B A ol
S BITEAR IR 5 S 5T o 23 B AR, 0 HE 02 KRBT 1
T AT RE 23 B AR BT A R R BT I B AR,
SRR, Ty — Iy, FE AR E WIS L K
W& AR 7 B 23 Wi S S VA T o RS B ) B[] 9 R A 5
el 3 SRS RCR I OCBE R R . Rt K R im0/ B/
o JO A ) 0 A% 78 I Bk — L Bl 2 TR A il 4 B Y
WA,

U AE, — BB F5 114 0 A 8 B R A A e 4R
4 Delaunay i &t B 50 42 1) 245 { (Radial Basis
Functions, RBF)Y [ & [a #E B fin £ ( Inverse
Distance Weight, IDW)M &4 % 7 i, 1% 4 UG R
H R 6 70 Bl 2 07 R SRR 9 07 1255 A D A A
BRI R, T — SE L5 A W B 2 Fh Oy R Y
I 5 B A% 78 T TR W Al Jie B 1 T G Y R A AR O g
FIEE F SR, 4] 4 RBF-Delaunay™ \RBFs-MSAM |
RBF-TFI'" 4, b RBF-TFI J7 i B H A 5 00 4% 48
JE 16 ) 7E Z ) 8 rp A5 30

JEAE A% AR T5 138 A0 i 1) AR Z 4L, B 48
RERE M 143 52 2 1 TR [ R0 {EL i A B30 7 S 3
F LA T RS Sy 3 R A R R B R/ B T A
Ak 6 AR TR 7 At 27 AR 5% A0 AR [ U AL

[E 2% {8 XA (National Numerical Windtunnel,
NNW)I H 2 o [ BUF 7E 2018 4R sh i) KA B &
AR kW H BT kLR R B ) o
(Computational Fluid Dynamics, CFD) N # .0 B i
PRBE B RLERF R A 2 CFD 7=l i A 25 e, i ad
L st T HE 3 v B SR AL B e i A7l i A R B
T3 AR v [ ) 3l 1) R RE AL RO AR DT 1 T, AR
i NNW 3 5 e BL i 2 i) o 22 20 Wi 8 4, A% A2 B
FARAE HAE WS S PR R A 5 AR %) Bl |,
SR L N AR T R N 2/ WIS/ N5 /| = 7
WL H LB T 2 P g5 M A% A8 JE 72 )7 (Structured
Grid Deformation Program, SGDP) V1.0 ki A 19 F¢

K. Hui,SGDP V1.0 1IE£E NNW it H P& 71 & il
IR R B SE B T A A N AR PR D 2
B 5 Bl TR o] U3 0 A ) T B 20 0 T3l
AMEARAY Ui/ 18 A G AR L 45 40K

A H By 238 5 % SGDP V1.0 5 (1 Bis 5
T VR L R RE B AT A s AT R e R TR
N A HE AT 8 2, B4 35 X SGDP 2 )y A T
TRA AT AR E P 22 18] 3E 47 38 I A & B 1) R, 4
8l SGDP MyHFLL R & ', A~ CFD 17k 4 it 1
AE S G S 0 SE b R 1

1 SGDP V1.0 &9y

1.1 BIRHE

L4 A A B FE SGDP V1.0 SR T 4% 1] 3£ o6
¥ (Radial Basis Functions, RBF) 5 #8 [R #i {&
(Transfinite Interpolation, TFD &5-& & & B &
W A% 78 JE 5 vk ok kW) i A2 B R R A% AT B R,
RBF J5 BERE 16 4K 15 5 o & 19 22 JE W A%, (H AR HEJE X
1) RBF Sy 1 GRAIE %) T8 4 i 28 8 5 208 BT A W i
PO At A A A 1) B R A T R R I I K L AR AL
RACAIE B 22 55 ) J . TFI Jr ik 3k T4 46 1 A%
O AT AR R RT R R A T A R B R A
THR A% RN A% S L H TFT JG 3k % 9 1 28 98 J5 19
WA% b 2k E AT BB . & & J7 % RBE-TFI #| ] RBF
X W) TR T S i) 2 ) B 2k A AR R AT TR . AR S F ]
TFI J5 vk A 45 2 A8 T8 J5 Y 25 18] T8 190 A% 00 09 A%
RBF-TFT J5 i A2 Ji 1) 49y i 190 s 6 436 ) D 4 i
P A% s B R AT ST A B, W T YRS v R R A B R
UE . T RBF A DAk 5 /0 £ (9 4% ] B 6 A0, BE 8 AR K
e AR AR T B RO S B . RBE-TFET J7 ik H AR
4 P A ST AL R P 1 BT s e O T DR UE ) T R A

H AR

Wit AZj%

‘ I J [ TFI2DA: A T I ’

Yy & 1 )22 18] P s 2
v v
( TFI3DA: A )5 i )

1 RBF-TFI 75 M 1& E#H i i2
Fig.1 Grid updating procedure of RBF-TFI method



670 = Ko ¥ % M % 38 %
5] 2 2 38 AL B 1) — BOME L 308 P 2 5 ek 7 K 25 Tal SGDP V1.0 F1& H T Soni % & & 14 s i & X

2455 ) THI 2 4 ) T AR ) R R . R R PR AR L
T 2o kA I ) T AR A8 A L SRS TR A
A PR L BRIl B AR R L e
At 0 AT OO S AR S R A A A ) R
SGDP V1.0 #R ] T Aaif Z 3 RBE, A 52 2
L 375 R DRASF L T A% R AR B e AT AL B BT
Ao 1) 2 R BRCAR L T DA SRR A

N
d(x)=Da,pClx —x, )
i=1

i od Ry A BB RS xR AR A A bR K LN
A 1 IR L S B UR o, G =12, N) I Hf{E
B0 NILRE, || x—x, || WS Z E AR,

WS ZEEE | x—x, || ATLLFRR K.
(=27 + (y—y)P+(x—=z)°

(2)

BN MNMEEIE SN E x, G=1,2,, N)BI{L
Bod, FHKX DT ELET N AKX FHHE R
a, MLPET R4

(D

[x—x, [l =

Daiz1 Paraz [ZETESN a, fl
SD.I.zu SDJ-.z.rz fox.v 01.2 _ f2 3
SD TNx1 50 TNx2 SD T NxN anN f N
qrp
@y = (llxi—x; 1) 4

KA JT RELH (3) 14 BN R o, SR FI T X
(D] DU BMEEALE x A d(x),

ESIACLEY S eE TR G RSP i TN |
% A I X 95 2R AR S 40 T A T 9 4 RE ) B Y
Wendland’s C2 pREL, HAKLKR R .
0 vy > 1
A—pPtyp+1 <1
Sttt = | x—x, | /R ER R 5 6 40 3 o
& 24 3¢ RBF RIS T LIS % 3CHk[5 ],

p(p) = 6,

TFEIN™, Be % 57 4 b Adb 350 55 25 A1 RO i 43 A5 T 1 )
WA A OC TFT Ik 40 v LS % SCik[16 ],
1.2 %N

Bl 2 451 T SGDP V1.0 B ¥ i SCR 44, A4
)7 K Fortran95 #H 5 5 » Hoh main.f90 & X T
RN EADREE launch.£90 SCH:T DL 3%k £
FAAS TR A R A% A2 7 v HRTALE X T RBE-TFI J7
2, d8 0 launch. £90 AT DUHR S 9™ & At 9 46 A2 12 J7
Bio SCPF rbf_tfi.£90 78 ST MK AR I 1Y it AR A HL AR
S B o A A ) T ) A B TR A B T AR ]
BE R A S AR RO MR TSR LT/ A A B R A
grid. 190 & SC T W A% K 4f 45 1 | 0 30 I Ak Joi o
1 AT R i A/ AR L o £90 52 LT 4k =
4t TF1 B9 320 R4, logo. 90 B X T — e 7 1) logo
IR B distance. 190 & T A [A] BE 2 11 5 19 pRi
. base. 190 & L T i [ i2 B F 47 H AL B | Tecplot
SCHF TO FVE A2 i A 0 A SRRl AR B

SGDP V1.0 T8 7 )y RE 28 0 32 %y W0 A% 3OO i
A/ AR AR I AR 25 B ) = A B2
PO A% SCA i A/ i R ASE R ] T 52 AR H 45 4 19 A 4
P 5 0 FHE B SCCHE, H AT RESE AL 2R 2 A 4544
W% #% 2 Plot3d #1 Gridgen, 3 Fl 3C 14 177 i #% =X,
Binary. Unformatted. Ascii, 2 Fl 5 45 ¥& J& : Single
Precision 1 Double Precision, 4l & 3531 12 FAS[E Y
B AL 0 A% BCHE SO AR S 3 BRSO AR
Gridgen H1 Generic Solver & X )/ 2, ffi H Ascii #%
AT . PRS2 I B AR 4 A ) B 28 JE 2R L 3
SR TE P SR L A% 02 B L SR A (LA B 2 ) AR 2k )
¥ AL, I AL TFT 583k XF 2 8] 9 A% 25 4 17
P38 BT . 8 08 2 2R i R OB AR T IS 0 A% JBT
A3 AR T R e A R U (R 25 o A B I
HME S5 B4 2 1 SO 8 T AR P I8 47 5 X A% A2
TR BEAT I3 1T

7" .90 "'E'Mﬂ
/.//vf
D, ;=
- L2
\*\1\\ 4

B2 SGDP V1.0 325 345244
Fig.2 File architecture of SGDP V1.0



a4 A B B KR T AR5 A% AR JE R )Y SGDP V1.0 A & 5 6 H 671

1.3 FEIheE

SGDP V1.0 77 H F 3C#F 4 R B AY W 4% 28
B -3l g Bt R R B E X, S ghm ik A 2
B XY Z D WAL AT 8 X 5 Bl oy SR 1
SEEE S, BRTA SRR S8 XY Z = Al gl il i
i A S B b 0 e Bl il e g rbs R0 Sl AR R E
SC 5 S T R R E U I A it AR
PN 3 S LR E S SN TR AN S 8 R A
BRI R AT S A Sl
A SO 75 2 SCYTH PAK% s 2 B8 L T LU AT
T2 1 AR T L g A SCF 1 B8 A2 L SCPE 24 7E S 800
f8IE .

TESZ bR AR o B — iz s BB I Jr LR w
UL R Bl e gl it 3 A AR IR T X A A OR X
R SR A 0 R s SR R A L T P B SOy R
SN | A B eag i NS TN 17 B (VI W 8 o i N0
SIME LA 337 W T A% R L RS SO AT
A 32 5 48 728 S A7 (8 508 LA 2 80 A et Hh 3R 7
SRIG I SGDP V1.0, BV a] 15 2| 9y 1 22 2 )5 09 3
TR .

WAk, SGDP V1.0 3 52 %% 555 515 5 14 1 s B0
s HEAT 43 A, T LLSRAS A A A% e i) BT A R A% BT
Bid, JOf G2 iF 45 B 4 A A% B RY Rk 22 B 0T R A
(worst) ., iz i #. JC it #& (best) A1 4 5 50 i &
(average) , %% J5 fiy 78 2 1 5 4% PR 0 i & 7E AN W
He b i o3 A R
1.4 BT

SGDP V1.0 #J¥ H i 1] LAfE Windows Fl Linux
V-6 N Is AT YR A A AT RS E SR R 3

1 Window F 8 3 CMD s ff Linux F 8 3
Terminal, & {3 2 TAf H 3¢5 . SGDP V1.0 Al Ui i
DRV E-e=

1) SGDP

2) SGDP project_config

3) SGDP method project_config

Horp 25 1 Aia 4707 50 BRUCR T RBF-TFI AR 8
W A% B I 7 1% s config. txt SCAFAE S BRIA S B0 E & S
555 2 s 47 R, RBF-TFI AE N BRI M AR T2
5 B 2 B 44 FK project _config AT AT A
& XLl SGDP naca0012.txt; 26 3 Fliz 47 7 =,
W 4% 72 I8 7 2: method FIC & S50 SCF 2 FK project
config P L P A & & X, #l 41 SGDP RBF_TFI
naca0012.txt,

SGDP V1.0 #2732 47 il » i 2 E 5 4 J7 46 4%
I FAF B ST, I B B 4 A S 8O0, SGDP

V1.0 {5 % T 3 30 40 IF 25 0 08 3 i S 3k SU2 1 2
o AR R e S B 2U85 0, S 808 A%
A e S5 WU, AT BT R 7 6 v i sl B AT i 2
B, B ROCHE A 2 S 50K AR o i BRIA
SEAH . 3 TR AR AR T B0 1 i A S8
SCHFR A X R T P A € AR TE f A X
S AR O 1 S 80T T 58 X
# This is a config for structured grid deformation program

# the project name
project_name = 'origin/f6'

# the object name
object_name = 'deform/f6'

# input grid formatted index
in_grd type=4

# output grid formatted index
out_grd_type=4

# motion type
motion_type =0

# RBF-basis function type
rbf_basis_type =2

# support radius
support_radius = 2000.0

# maximum center number
max_center_num = 300

# error limit for stop center selection
error_limit = 1.0e-7

# deformation input file
deform_file = 'f6_dis.dat'

3 SGDP V1.0 i NS H 3 #E LRI
Fig.3 Input parameter file example of SGDP V1.0
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Global Paremeters:

Project Name = origin/f6,

Object Name = deform/f6,

In Grid Type = Gridgen, Unformatted, Double,
Out Grid Type = Gridgen, Unformatted, Double,

Deform Type = User Defined,

RBF Parameters:
Basis Function Type =
Support Radius 2000.000,
Max Centers Number = 300,
Max Error Limit = 1.0000E-07,

Wendland C2,

Translation Parameters:

X Direction Displacement =
Y Direction Displacement =
Z Direction Displacement =

@.000,
e.000,
©.0e0,

Rotation Parameters:

Rotation Axis
Rotation Center X
Rotation Center Y
Rotation Center Z
Rotation Angle

Z Axis,

P00
[Pagiagieagity

Bending Parameters:

Maximum Bending = ©.000,
Z Root Boundary = ©.000,
Z Tip Boundary = ©.€00,

User-Defined Motion Parameters:

Deformation Input File = f6_dis.dat,
Deformation Scale Factor = 30.060,

Deformation Smooth Box Boundary:

Box1-Minimum X
Box1-Maximum X
Box1-Minimum Z
Box1-Maximum Z
Box2-Minimum X
Box2-Maximum X
Box2-Minimum Z
Box2-Maximum Z =

-1.0000E+23,
+1.0000E+23,
+7.5@00E+01,
+1.7500E+02,
-1.0000E+23,
+1.0000E+23,
+0.0000E+00,
+0.0000E+00,

Copyright Limitation Info:

Maximum Grid Cell Number = 16,000,000,

B4 SGDP V1.0 £#BZTSHAHER
Fig.4 Printing information of all running
parameters of SGDP V1.0
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Fig.7 CPU time cost percent of SGDP V1.0 with different grid nodes
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