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MULTIDIMENSIONAL INTERPOLATIONS FOR THE HIGH ORDER SCHEMES IN ADAPTIVE GRIDS

S.M. Chang*1 and P.J. Morris’

In this paper, the authors developed a multidimensional interpolation method inside a finite volume cell in the
computation of high-order accurate numerical flux such as the fifth order WENO (weighted essentially
non-oscillatory) scheme. This numerical method starts from a simple Taylor series expansion in a proper spatial
order of accuracy, and the WENO filter is used for the reconstruction of sharp nonlinear waves like shocks in the
compressible flow. Two kinds of interpolations are developed: one is for the cell-averaged values of conservative
variables divided in one mother cell (Type 1), and the other is for the vertex values in the individual cells (Type

2).

The result of the present study can be directly used to the cell refinement as well as the convective flux

between finer and coarser cells in the Cartesian adaptive grid system (Type 1) and to the post-processing as well
as the viscous flux in the Navier-Stokes equations on any types of structured and unstructured grids (Type 2).
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Fig. 2 Neighbor cells for the finite difference

golish Ze oz 4 02 4 @l Uy He
4 e A3E Qeck old 4 (1) nesd =4 @
A7) o Adwh

- A Ay Ay A -
w(xot = vet g g ) = u(x0.30:8%,89)

N ” n
__d'u A 2= R(AN #
Zl ;OC nk axn—kayk I (xn-)’n)( x) ( y)

+ O(A N+ 1)
)
a]7]ellM
0 if n,k:even,all
= ’ ! 6
Con { 1 otherwise ©

2" m—k+ DI+ 1)

222 Etel 2; BXIFZU L4y

& Fig 1)l o] Foia AR PRFOZRE
282 9 W BXHM Fghe T 4 9F o
a3,

Ay Ay —
wxg+ 5 vot 75 )= ulxg,y0x,4)
L __ 0w n—k k
+ nzl ;()D "k kg b | (xg,90(B%) "7 *(Ay) (7

- O(A N+ 1)

7)ol A

)
@ Smaller cell:
T~ Merge virtually
1
(Gj+2) =¥~
1
i+l
30 | G-2)) | G-1)) (L)) | (+2)) | (+3J)
1
(ij-1) 1
1
i-2) ‘\:\§Mmer cell:
! Interpolate recursively
(i§-3)

1 1 .
b _[ 2 "= RIR {1— (n—k+1)(k+1)} if n, k even, all
nk

2 n—k)E otherwise

®)

2 (5), (MAlA 22 WA A dAFES @52 ax s
Ay9 BBE o] 78 4 girt

E3) 4 (5)= BE WA<(conservative variable)E TFEL ¢l
71 g2, g 27t 23E B AACK): Fig 1) #

PN

Tulxg.v0:0x,8y)

(— 1) ‘Ax (~=1)Ay  bx Ay
423021)“("0 Vot T Ty )

A e A%E A4 9 e gide, =4
.y O TN F37h WSl i &Eo] A= Ao
o AW AEE) FAn e ¥y 4 et wEd B o
TFoll A s W (Type 1)L F3HAAHY wl7R 2
A9 7|2 BE HASS WEAI

a9 4 6, @I A+ & ¢, % p, = A HEE
7] Table 1, 201 =2 AXkst A A]?‘s_h;]..

Table 1 The coefficient ¢, ,

wol w0 k=l | =2 | k=3 | ket | ks

1 1/4 1/4 y y - -

2 0 1/16 0 - - -

3 1/192 1/96 1/96 1/192 - -

4 0 1/768 0 1/768 0 -

5 11/23,040| 1/7,680 | 1/4,608 | 1/4,608 | 1/7,680 |1/23,040

Table. 2 The coefficient p

n k=0 k=1 k=21 k=3 k=4 k=5

1 12 172 - - - -

2 1/12 1/4 1/12 - - -

3 1/48 1/16 /16 1/48 - -

4 1/480 1/96 1/72 1/96 1/480 -

5.11/3,840 | 1/768 1/384 1/384 | 1/768 | 1/3,840
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open index_neighbor
if level neighbor = level reference
find and restore value_neighbor
end if
else
if level neighbor < level reference
interpolation: recursion .. Eq. (5)
restore value_interpolated as value_neighbor
end if
if level_neighbor > level reference
merge virtually: recursion ... Eq. (9)
restore value_merged as value_neighbor
end if
end else

close index_neighbor
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Table 3 The convergence test |

level | N | Now. | L:i error a:;er L., error of;;
2 16 | 10 | 2.16E-03 - 4.19E-03 -
3 32 | 10 |"1.37E-04 | 3.98 | 5.65E-04 | 2.89
4 60 10 | 8.67E-06 | 4.39 7.59E-05 3.19
5 116 | 10 | 473E-07 | 441 | 439E-06 | 4.32

Table 4 The convergence test 2

L Lo
level | N | Nye | L error L., error
order order
2 32 20 8.82E-03 - 2.09E-02 -
3 60 | 20 | 1.83E-03 | 2.50 | 8.43E-03 1.44
4 120 | 20 1.84E-04 | 2.31 1.15E-03 2.87
5 232 | 20 4.95E-06 5.48 3.71E-05 5.21
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