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Abstract

Finite volume method plays an important role in fluid flow and heat transfer numerical calcula-
tion. How to eliminate unphysical oscillations caused by numerical solution of convection diffu-
sion equation selecting discontinuity wave as the initial condition is a key task for studying finite
volume method. New high-resolution schemes were constructed by Newton interpolation poly-
nomial based on convection boundness criterion (CBC). Classic test cases demonstrated that the
present numerical scheme possesses high resolution and good stability for high gradient and dis-
continuous solution.
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Figure 1. Three neighboring mesh points and the mesh face
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Figure 2. The regions of the TVD (shaded) and BAIR (hatched)
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Figure 3. The NV line of the NPUS scheme in the BAIR and TVD
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Table 2. Errors and orders for several selected schemes
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0.003590
0.000875
0.000213

0.024513
0.007810
0.002127
0.000539
0.000135

0.017735
0.005180
0.001328
0.000325
0.000079

L, order

1.799216
1.921725
2.037329
2.040502

1.650065
1.876848
1.981071
1.999857

1.775565
1.963679
2.029058
2.033280

L, error

0.054735
0.017567
0.005318
0.001576
0.000462

0.030219
0.009530
0.002873
0.000871
0.000265

0.022934
0.006866
0.002014
0.000594
0.000177

L, order

1.639634
1.723966
1.754983
1.768381

1.664966
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1.508873
1.321962

(=)



I TP AU B A e 0 R A BRARARAR 5K

. (31IXZJ 1
—Xsin , —1<x<—=
2 3
. 1
#(x,0) = |5|n(2nx)|, |x|<§
2x—1—lsin(3nx), 13 x<1
6 3

PRBUT R X (A~ [-2, 2], H. 800 2543, i+ Al T = 0.5, CFL 4441 HX 0.2 A1 0.5 43 57551 4] 4(a)
e 4(b). 15 4 FIF NPUS %3 145 Foxt b T2 8k X MUSCL 7E [FIFE 1 F RIS . 14 4 1 NPUS i
RS E N R PRk U S5 R . i gE, BATABL NPUS #5205 H A ks G AT & i
R

5.1.3. 1B 3
¥ BRSO RS, SEEA T ARSI WA 2

1, 0<x<0.2
ax-3 0.2<x<0.4
5
¢(X'O): _4x+§, 04<x<0.6
1 0.6<x<0.8
0, elsewhere

AN W T RIEI 73 o R Aok X E][-0.5, 2.5]#14> A 800 ANIX [A], B [AJi%HR T=1.0, |4 5(a)
F7~ CFL = 0.2 I MUSCL 1 NPUS #% X EE 45 R 1 EL &l 14 5(b) CFL = 0.5,

5.2. —H#3EL M Burgers 75%2
AT, FATFIH NPUS KffE— 4R L ER ORI PE Burgers 772, 0 T ARG 1t 1) 75 #2

2 2
§£+ﬁ_ﬂ_zvﬁg, 0<¢<l 0<t<T
a ox\ 2 ) ox

By 0f, TREPANRM. by >0, TENESHIAFERES . b, RSy =0,

%4_3 ¢_2 =0
ot ox\ 2

52.1. 1§ 1
o, BATEBOCIE K621
¢(x,0) =0.5+sin (mx)

ﬁﬁzm%mzyfimo%ﬁ,m%mﬁ&ﬁmz§5owﬁﬁﬁﬁﬁcn_mﬁwmﬂﬁﬁ

AhCHGE%ﬁHOﬁWCH;QS%*%—%%%ﬁBmwmﬁﬁoEW@Tﬂ@MN,ﬂ%EMﬂ%
AT LEBNZ AR, W 6 sk, AR ERALE, Wit Ems 6 Frormomis. kT

FERAIAR, T LR BIERRRBE L, BUEMRILM R 105K,



I TP U A v 3 PR A BRAR AR AR 5X

Exact

E

1
0 1 2
X

(a) CFL=0.2, T=0.5, N =800

15

-1.5

1
0 1 2
X

(b) CFL = 0.5, T=0.5, N = 800

Figure 4. Comparison of MUSCL and NPUS scheme for the linear equation with nonsmooth initial distribution
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Figure 5. Comparison of MUSCL and NPUS scheme for the linear equation with nonsmooth initial distribution
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Figure 6. One-dimensional inviscid Burgers equation: comparison of the numerical solutions by the NPUS with
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6. —#EFhb M Burgers FAZIEFIME K NPUS BIE{EA CFL = 0.5, N = 400

()



I TP U R 0 e 0 R A BRAR AR X

5.2.2. 1§ 2
YME A ARG IOk YE Burgers 7 FE,  BEE AN R (IWIME S F HEAT R -

0 Xx<-1
¢(x,0): 05 -1<x<0
0 x>0

WX AR [-2,2], 400 %4y o thFJoRM: Burgers 7 FE ¥RV, 76 RIRWMA M &4 T, L T = 1.0
BRI 7)1 7(b), EELT = 2.0 BEIE 7(c)RE 7(d). N T ELFAI TR 2X0HZ 2 i R AR, e E
CFL = 0.2 #5514 7(a)A1/%] 7(c). CFL = 0.5 153 [ 7(b) A1 7(d). AEIHTT LAE 25T 1A W4k, #20 NPUS
REfG A RN H B 102 A, I B T RS AR B B I R

5.3. —#EIEZE4% Buckely-Leverett 512
—#EEIL T, ARt AR RS & Buckely-Leverett 5 F2 0~

o ol 4 |,
ot x| 4¢% +(1-9)

WIUE %N
< 0) = 1 -05<x<0
#(x.0)= 0 elsewhere

ﬁﬂﬁcn;o&iﬁmﬁﬁm=cn—4%gﬁ,#%Bmkiﬂ%ﬁﬁam%oﬂ%Emnﬁﬁﬁ
rnaXi 1

LS BZ 5 FEAE LIRYIE AT FIOBUE A, i 8 rhitysesk. FATRI ATk X NPUS Bl v 50i% 75 FE It
M T =041, fSEECLE R 8 KIFE. METEATUE L. HlEiH 58RI BT ENO #%3UHY
BB, AERB L AR I A FR 9

5.4, ZHEMIIRGIE

P #%30 NPUS SR 4ty 5 FE, FRATTEEL Doswell [7] @ fi i 2 A 7Y
a—“+ d(au) s o(bu)

. ox | oy =0
F AR TR B 3 R A R B D) ) T
v(r)= vmlax ct:::z((rr))
fEitshy,, =0.358, ifi EL7EZ%H
a(xy)=—2=2v (), a(xy)=-I"2v ()

r r

Soh (X, yo) MHERE L, 1= (k=% )+ (Y vo ) R PT B — 5 TP MBS . s A

—@o PRI B X 0 [-3,3]x [ -3, 3] FU 7 UKk 1 RO R

u(x,y,t)=tanh [ y;XO cos(a)t)—%sin (a)t)}



T AR E

A IR 50

0.6 0.6
Exact Excat
o NPUS o NPUS
T | TR N T S S MR | T . | —_— e
023 -1 0 1 2 023 -1 0 1 2
X X
(3) CFL = 0.2, T = 1.0, N = 400 (b) CFL = 0.5, T = 1.0, N = 400
0.6 0.6
| — ] T | T T | TR TN [ ST S SR | TR
023 -1 0 1 2 023 -1 0 1 2
X X
(c) CFL=0.2, T = 2.0, N = 400 (d) CFL=0.5, T = 2.0, N = 400

Figure 7. One-dimensional inviscid Burgers equation with nonsmooth initial distribution: comparison of the

numerical solutions by the NPUS with the exact solution
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