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Fig. 4 Schematic of the three dimensional mesh decomposition
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Fig. 6 Geometry of the specimen

08 1.0

used for simulation

0.10

]

0.08

2-order /"’J
0.06 =
= //,2/-0rdcr conservation
0.04
7 o
0.02 M W“‘M
0 50 100 150 200

Interpolation count

K7 RS R IR2ZE LR

Fig. 7 Different errors of computational results

1,000 j—2-order conservation
§ 0.998 2-order
=
=T
0.996
099 =—=5"T00 150 200

Interpolation count

B 8 THEA &5 R e

Fig. 8 Different integrals of computational results



310 3 Y 5 i i

%36 %

R XL KN 1 IEIE L NIETTE X ALK E, - R 5IETE PO EER . I
P A TR B A DA 1 S 389 2 A B 2 AL A% WA 2 S AR S AL A% O 5 ROAR 1 B AR R A 3 5K

F& oA, A 9 PR, Mk, JRTERAE 1 1 ®1ITEMESY
g/ﬁ\ ok BB KR Y E B ﬁq!ﬁ LR E;{%/ﬁ\ﬁﬁﬁ@] M 4% 2 Table 1 Parameters of the computational grid
A A [T AR 1L A0 2 A2 #E AT 200 WA (E AR S5 R A%
Tei A TR 43 5 0 B o 8 A AT DL 2 T
THEEAE R P By R 25 . 40 0 R FH L = B 4 i 1 33X 33 695 1260
SR A B A (R A3 S o A [RD 6 % 1) T A 2 65X 65 2 593 4928
VLo B4 {8 5 2 BOORG B2 . s b fE P Y 4 20 A% 3 129129 10 044 19 574
4 257X 257 39 687 78 348

RIRIAG EANFE 1 iR,

(a) Structured grid (b) Unstructured grid

V|
<]
<]
Z N

ﬂﬂ"‘ﬂ\ <X

AN AN v

%“'ﬁg@;"a{
o

VAN A ANGAT TS
R DS IR RS
ORISR SR
SRS
Fggﬂ%ﬂ"’%"m

LRI ATNER

B9 BT AR

Fig. 9 Geometry of the specimen used for simulation

B 10 BT ARES MK ZEA LR, AR A bn 23R ®2 AEEAIKTFERE
1R 4 SR TRI S 4 A% 1158 20T 8 31 4 9\ Ak b AR 3 T B IX 3 Table 2. Conservation errors in
WA R ITRE GBS TR S B2 2209 1955, T LL different numerical cases
FHEMRBIMAELK T SPEBFENIRZEE /N MHRES B9 T SRR g
[ el 1 N S R R = N Sl N 2 S W= N S = A SO o 1 3.724X107° 0
BEE R LI W S EAE AN 1.4 By, s e B (A 2 —LaTXx107 0
HIEZ) 187 B % 2 ARSI L B e 0 T R
FERSFIEIRZ BTSSR0 T8 . :

102k
&
10k
2-order conservation
10_1- 1 1 1 J
001 002 0.03 0.04
dx

P10 J fEL 7 1 RS RE LR AL

Fig. 10 Comparison of precision with different interpolation methods



%5 3 4 WA, 55 T R ITANZE MY IR AT AR A B < 646 (% 311

HH13
SN ) i pR L
o(x,y52) =1+ sin(2rx) sin(2xy) sin(27z)

TR X ORI y 1 MIE T A, A U i (0 25 A%, 1 e TE AR 1 b 4 s R 250 o A 4
A ARG HAG B A 2 b PRI (8 0] RS 1, i B 52 04T 10 URAE LS o B 4 38 5 43 A1 5 400 1R 1
B 43 A BEAT LU, G (B AR rb AR 22 43000 SR JH 5 30— 90 9 i R <~ 2R 4 (R A 3k I fei )
A [v) i 285 1) P A L0 T 4 (B D7 VR RS B o Ik b (s T 0 4 2E A% Y TR A R 3 BT, R A 2P K
S wEEIP

de= (/NN )

K Np N g 53 51 0 P R 9 B IT 50, Np =3 R A% i 4E 4

B 11 IR pR B e = oS [ P i 0 A = B, B 12 AR 22 5 MRS A K 22 TR 56 &, H P RS AR A
B3R 3H da WM AR X B A & BT R B A (S T S B 2 2209 1 18, 15 =
HEZAE T Sy 1E R (AR AR AT /IR T 0108 25 B v T RS

x3ITEMESH

Table 3 Parameters of the computational grid

5 1 [ 5 2
i - - de
R T R LT 44
1 914 4033 676 2711 0.067
2 2 222 10 632 1424 6 075 0. 050
3 6 527 32 913 3733 16 681 0.035
4 26 099 138 542 12 600 59 347 0.022
0.08p
0.07F
0.06F
0.05F
: 0.04F
N/ | s
TR AX':‘&»A; Sl : g
VA 3‘: 5 . 0.03F
0y S e : 5 r
> 0.02 r 2-order
I 2-order conservation
0.01F
Co v b e
0.02 0.03 0.04  0.05 0.06 0.07 0.08
dx
F1T 0 ek £ A 2 12 JF B 7 1 RS BE HE
Fig. 11 Nephogram of different Fig. 12 Comparison of precision with different
test functions interpolation methods

6 & it

SR FHE 0 TH D00 s AR 5 500 7] A S 1 Ok 1) 8 0% 1 A A DAy IO A 222 1 5 6 A 3o A R SR P I S (=
i) al S (=48 J7 TR S RE S e TS AR 3 T LI B O A SR T MRS 22 18] 3 37 Wy B Y < A
BEE o SRR T DU B R A 2 1 49 A PR B I A R = 2 R D A A R 22 4 L
A WL A T8 TR B (B . A< SO B H A 5 i AT L ik 2R 8 S U 4 AU v IR s RUJEE R gy B A 22
BORAROL T A 376 (ELME AL



312 5t Y 5 i i

#
g

S 3k

(1] SBIE. X BT AR, JE S5 10 )y A% 7R = 2 W] 3l 30 SR8 g iz (T ). 0322 %24 . 2003, 35(2) : 140-146.

Guo Zheng. Liu Jun, Qu Zhanghua. Dynamic unstructured grid method with applications to 3d unsteady flows in-
volving moving boundaries[ J]. Acta Mechanica Sinica, 2003,35(2) :140-146.

[2] Zeeuw D D, Powell K G. An adaptively refined Cartesian mesh solver for the Euler equations[J]. Journal of Com-
putational Physics, 1993, 104(1),104:56-68.

(3]  FWRAE. 2% iz 2y 5L T 0 1% e T 37 B (B AR 0 05 i B R FAED ], K v« [ B Rk K %, 2009,

L4l TR, FBEAE 5, . HR A DU 5 9 OB U7 i BF 92 [T, 2% 2241, 2012,33(5) £ 565-573.

Xu Chunguang, Bai Xiaozheng, Liu Yu, et al. Research on numerical simulation method of near-field flows in air
blast[J]. Acta Armmamentarii, 2012,33(5):565-573.

[5] Part-Enander E, Sjogreen B. Conservative and non-conservative interpolation between overlapping grids for finite
volume solutions of hyperbolic problems[]J]. Computers and Fluids, 1994,23(3) :551-574.

[6] Margolin L G, Shashkov M. Second-order sign-preserving conservative interpolation (remapping) on general grids
[J]. Journal of Computational Physics, 2002,184(1):266-298.

[7] Farrell P E, Piggott M D, Pain C C, et al. Conservative interpolation between unstructured meshes via supermesh
construction[ J]. Computer Methods in Applied Mechanics and Engineering, 2009,198(33/34/35/36) :2632-2642.

[8] TFarrell P E, Maddison J R. Conservative interpolation between volume meshes by local Galerkin projection[]].
Computer Methods in Applied Mechanics and Engineering, 2011,200(1/2/3/4) :89-100.

[9] Menon S, Schmidt D P. Conservative interpolation on unstructured polyhedral meshes: An extension of the su-
permesh approach to cell-centered finite-volume variables[ J]. Computer Methods in Applied Mechanics and Engi-
neering, 2011,200(41/44) :2797-2804.

[10]  SBIE. £ 18 30 F i 2 A& 8 WA BUE A R mrsE (D). Kb B B Rl R, 2002,

[110 XU FRAE S0 1. SR G54 3l AR 153 75 1 —— R KL 7R A2 3% 32 2 ST 19 a0 3 A 8L b i 2 T ML), 90« B R 4%

K2 R . 2009,

An accurate conservative interpolation method for the mixed grid
based on the intersection of grid cells

Xu Chunguang, Dong Haibo, Liu Jun
(School of Aeronautics and Astronautics s Dalian University of Technology ,
Dalian 116024, Liaoning, China)

Abstract: A method is presented for conservatively transferring cell-centered physical quantities from
one mesh to another with second-order accuracy, which is well-suited for finite-volume methods that
rely on cell-centered variables. The proposed methodology implements the cell-intersection algorithm
of 2D/3D mixed grid based on the local supermesh idea, and is able to accurately calculate the inter-
section of any two polygons or polyhedrons, thus providing a basis for accurate conservative interpola-
tion. The accuracy and the efficacy of the new method are demonstrated with multiple 2D and 3D nu-
merical experiments. The test results show that this method ensures strict conservation of physical
quantities in the interpolation process, and achieves a higher accuracy than that achieved by conven-
tional second-order interpolation methods.

Key words: fluid mechanics; conservative interpolation; cell-intersection; mixed grid; local supermesh
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