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A Comparative Study on Two Typical Unstructured
Grid Deformation Methods
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Abstract: In simulation of unsteady flow, the moved boundary should be often considered. The linear spring a-
nalogy method, based on the physical model, and the radial basis functions(RBFs) interpolation method, based
on the algebraic method are two typical and common unstructured grid deformation methods to achieve the com-
puting grid deformed with the moved boundary in unsteady flow simulation, A detailed quantitative study is con-
ducted on the deformation characteristics of the two methods. First of all, the pitching of NACAO0012 airfoil is
taken as an example to compare the CPU time and the maximum deformation capacity of the two methods. Fur-
thermore, the mesh quality and cell quality contours under typical pitch angles change with pitching angles and
time steps are also studied. A standard flow solver result is proposed as well. The above results show that the
RBFs method is remarked with higher numerical efficiency, stronger adapting ability for large mesh deformation
and higher stability for mesh quality comparing with the linear spring analogy method.

Key words: unsteady flow; radial basis functions; grid deformation; linear sptring analogy method; unstructured grid

o BRAEFERNRAMESZ Y, B AR

0 3l §/ ST B AT B R B AR 38 52 LB

jkﬁﬁﬁ@ﬁﬁﬁw*%ﬁ@mﬁm@%ﬁ ﬁﬁﬁ@'%mxiﬁﬁﬁﬁﬁm%ﬁﬁ*ﬁmmﬁﬁo

BT, MRS MR P2 ERE Ty

RS 12015.0020, 158l L 20151107 BAMNBBLINETFREFTERE M E B
HETIE EE B RS S (117220 (RBE)FHE AT

SR 2R S (20121353014) P J. T. Batina® FEBF IR SR G E R 1Y

B 1EE K45 » aeroelastic@nwpu. edu. cn Euler Mz . ZA BB HERAINE—%K




28

RALIR S PR S R AR G PUAR AR ] O Bk AR M X LR BT 5 213

MR REE—REME, ENRBINER T RER
S, WEB R RN NGE D RERFELEE
BRI, BN ERBNHMEXNKE
WRE, T X &M BERIFHEREE. C
Farhat £ %W T AMEZR EREL BT
THEREZEER, E—-ERELBLMEARZX,
BEMBRHAEFIES . F.J. Blom" FEBF 5% 4 7]
SRS, ES S AR EAR, R T %
B, EHEST W KA I BTAHE R T
ABZFRNEREE X F , BRHER T REHE
e, LR EERA—-ERELRETH
AT RE ST (H R IR MR A b AR B B it
BRERRAMBPBEABER(FEVTRAEREX
FOENE.

RBFs G fH , 1E 5 — P B 46 1H 7 ik, E & 7
HELBEEAEST mEREHENGERY GEEXRTF
HATMARAER . A Boer™ H k¥ RBFs BT
ML AR, REARFREE . 5 H RBFs XHH
RV RWALE HEITHEME, R )5 F) R kK
RBF's 5544 ¥y T {57 #% 30 0L O ¥ b 4 8 3 2~ R
M X3 . HH MR R BRI AR AR, T R
VREEEER, TUBBEMHA HEEFE
MY EN R E T N EERERNHTER
K, T.C.Rendall 'R B HETRLOBEN
YEWREH T RHRE T HEYR., ER
EH—BRET —-MEERNBIEE T,
BHEMTERBEREEE. A5HEM AN T
NGB @ g2 ol v g i By @i
W 5EG T R X LB IE T RBFs 7k
IR B

BTSRRI —R 7 BB A B,
BEWMTERERM LB, RAXET EAFHM
A AR S5 AR AR T 7 ik, L NACA0012 A
B3k 54 R R R £ X AR AR T S R P R A T 3K
R B AR TLRES PG R B SR 1T R i
E B MR RO SRR, RS R
BTEIESHMR AT T RS .

1 WHMEEREEARNERTE

1.1 ZHEEx
RATR A BRI, PS8 A R

TWRINZNRAETHHRREFTZE N, WK
R EK NIRRT N
F,=K;(r,—r) @))
A Ky BT R A MERREREGr A
r AR R IR RNERE.
MFPHR GBREITEHEPRE N ATRE
A, WG HFR R

N;
F.= > K;(r;—r) &)
j=1

HEEF N, M REMBRE T FHITE
MR RER R N

r N 7]
— EKU K, Ky,
j=1
N;
K, - — EKij Ka,
j=1
Ny,
Ky, Ky, Ut EKNVj
L i=1 .
’—rl 7] ’—Fl 7]
r, |= | F; (3
LT, LFNV

AT v R ERIE s N, RPN REE .
SYEH R AN, SO AR E R
B EIHNARBG B RBTBRCBIAZHIER
RIS S AR AR
AR AR E L, HRIERBE SN K,
:1/1?1' ’ﬁq:' Zij%m%ﬁﬁgﬁ&o

1.2 ZEEEHBEESZE
RBFs i H A EARTE RN
s(r) = Zb)}’,-go( [ r—ru D €Y

A7 AF  MEEERNBENEREGo(| r
—ry || )2 RBFs W38 B 2, r: 20 35 8 22 B9 A2
B AL Bp 532 3 B A 56 B 4 TE T A A AR BR 5 N
ST E AR N B, B T W AR



214 METEAR

®5%

ET RBFs WPRER T EERER 2R,
HARBHEERMRBYET AHNERESE,
RGN R MR AT T, KRR E 1 BrR.

HIHE IR AT

AN | | =vmnmsass |
|

IEZZE

| smmzzsoe |

| wemmses |

| mwmswaes |

{ @)

B 1 ZT RBFs BRI T sk i E AR

Fig.1 Process of the mesh deformation with RBFs

RT B, BEBER KR RBFs fHEI#E,
MEF YR, RE « My BT B LR, &
BEEMMT -

My, = Ax,

{54Yy==Ays »
AF 1= o v " N THEN, ME
TR ENBENERE, T s R3YWHE; Ax. =
[Azg s Az, JT A Ny MIE W RAE = L
R &,y 152 R0 REBUER

M .o .ee 7]
Py s, Py 5; s, SNy,
M= ¢5j51 o ¢sjsi T ¢5j5Nb sﬁqj
L¢5Nb o .o ¢5Nb N .o ¢5Nb N |

Ps;5; :§0(Cﬂ):§0( ” r;— r; ” )ﬁ%ﬁ% .7 /l\_'ﬁ)\l—iﬂ:ﬂ
i MW RERRME.
RO A% B BT R TR R A B R Ag S A A

A RBFs fHEREBITT . DEEERERN
{Axv =Ay, =AM ' Ax,
Ay, =Ay , =AM Ay,

(6)

r .ee
go"l 51 go"l i go"l SNy,

J—‘ELP: A= ¢Vj51 o ¢Vj5i o ¢vj5Nb

LYYy
L¢VNV 5 gova s;

2 MEREEX

AT HEEMERE, L ET GG =1H
T A A 0. B I A B B VR A 38 AR BP T AR R A
Foie TERIBAR fobape A RERETEID S ine-shape o

EBYX fae=min(z,1/0), ¥ =S/, S h=
AR STTRE R, L ASF TR, Ak E Ch
ZARATE _KUWERNSH=AFREMH.
FBX fuupe =438/ (a*+0"+c*) K ab.c B=
AATH =K.

bR IE AR 2 BN T AR AT AR B AN 1k S B 07 T
RIE=ZMAFHETTHRR AN RS S
BEHE K PIAEREFNIET, B foctme = fon *
Sobape o 2 Fuinoshape =1 B FATC B R IR B B 45 4
s shape = 0 B s AITTH BAR R B R 22 .

A=A MEEITTIE 2 B, RAAKY
H1m, 8501 BEN=AT, BT 4 WEFHEE
RK. WRSTHRATRENR 1 B, A A
BESEIN , WM BT IR B B R AR TE N FRAT S oie-shape
A DB s S B = A TE MR BT R & .

:AM/

x/m

B2 st = AT PR T

Fig.2 Four typical unstructured triangular elements

gova sNb )




28

RALIR S PR S R AR G PUAR AR ] O Bk AR M X LR BT 5 215

R1 AP ETH P RE

Table 1 Quality of meshes with four elements

2K Ssize fshape S size-shape
Binl 1. 000 1. 000 1. 000
BT 2 0. 559 0. 745 0.417
BT 3 0. 379 0. 539 0. 205
BI5 4 0. 160 0.219 0. 035
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nodes and volume nodes

w5 PETR BT
1 50 1097
2 76 1660
3 100 2 288
4 150 4021
5 200 6 738
6 250 9 242
7 300 12 640
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