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Fully Conservative Higher Order Finite Difference Schemes for Incompressible Flow
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This presentation outlines the research of RYUMON-P

ence Schemes for Incompressible Flouw® 1)

rize in 1999, ” Fully Conservative Higher Order Finite Differ-

The purpose of the research was to construct accurate finite difference

schemes for incompressible unsteady turbulent flow simulations such as large eddy simulation (LES) or direct

numerical simulation (DNS). Conservative properties of the tmass, momentum, and kinetic energy equations for

incompressible flow were specified as analytical requirements for a proper set of discrete equations.

A family of

fully conservative fourth order accurate finite difference schemes for staggered grid system is introduced in this

presentation, while exising finite difference schemes in regular, staggered and collocated grid systems were checked

for violations of the conservative properties in the original paper.
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Table 1. Conservative Properties in u; and u2 /2 egs.

lType } U l %“(}; ]

Eq.(5) | O | O
Eq.(6) | O | O
Eq(7) | O | ©
FRERDIEDNA O, ZANEE B S OH RIRTF
DR FEATHLZ LIcLv 4. Lal, &
(14) (ZXF9 2 MR,
Slaxb) b ba -
o, Yo, Ve (15)

W fREGIZIEARNL L 72U 72 0 st BT o0 % 80 2 b3 5 B i
KT RIZR g7 b DLV ES. —OFDERES L
OHEE ORI &2 EUICBERIE L T o s o i
ERFTDMIIHONE TR, HWEI— 2L X — (284 %
PRAFFEE E CIXM R SNEH A . JAuDES © %L —
Ok J7 R AU e 2 S 8 (e A R AR N e
ML LB L, BIEMALLEL 55 ER
ZIED £ FRRAAIEOMHIEESY A ¥ — A k1T,
2R LT R AT RO 70 VB S BRI L2 BEER X0 5 B 1 7 5%
Gy AR F— AT,

—

3. A H—FRFTORLEFHRAREESRF— L
HIEREETR OB FER CIlE L IE /) & O b v
TN TDEDICAY T — FRB-FRHNORET. R ¥
H— PR TIXEN DEF A 5 H Nk 47
PLENCA IR DR BE R SRR SRET. 22— K%
FCDZEM 2 KL DO 5 5E AR R 4
A X — N, FERIC 20T Harlow & Welch ©) (2
LT, BEFE ST Placsek & Williams 7 L - C,
SO ARARNZ SV TEHEE 8 1Lk > TIRE X TEY
T B (9) OEBERFUAENOERS LT
B O 2 PO IC L 0 L S W B A I TR
Hial7py, EHESIOHERRER (HF 0 EHxx
=) MIERFBEBCRAF S E

LES (2% U TIE 4 IRRSBELL L O RFFETE 45 2 % — LoD
AR LE LD SRR~ b k0 TR, AX A —
R T30 2 28 [ 4 YOS OO 5 R AR A 1t IR FE 4y 2
X —APKFRICL > THDTRENELE., b %
R 570, FTESBLUHBANL—22Kko L
INCERLET.

O, 1 7
nd = _—(/)(‘T’ll + ',;hlv"E‘Za:I:.'})
On1 (1,52,23) nhy 2
1 n
— ——d(x) — —hy, T9, x5 16
nhlﬁb(ﬁﬁ 5 11, T2, T3) (16)
—MNIy 1 T
= —¢(x —hy, xy,
¢ (z1,22,23) 2(/)(11 + 2 ', T2 1‘5)
1 ) )
+ 5(/)(171 - 5}11,@,:1:3) (17)

T2, T3 HIEDEGE LUOME AL — 2 L R ICE S &
NOLOLLET. 2 CENLHBORT L oL b %
WYL n S0 TEBAIERIIEA Sz vbo b LT
zj TEDEZA R =413 8, 6z, &Rl S E SR,
IOBED x; OWXT § 2OV TR RIER R E A &
NLLOELET. Ll =™ OFEZF jIconTik
%ﬂﬁ%?ﬁ%hd&@f,%ﬁﬁ@ﬁuﬁ¢mﬁﬁ%
NERAN =5 6, [6,0; DIRZF IS D
bOELET. BRI ERCE CHWORL LD L
LR M4 RBEEASTo, B8, SR, B
US55 A OB AT E N Zh a0 & 5 ic sk
BEnE.

(Div. — 54);

2 él 9—“1"‘”1' ]'r—3zi —lx;
T 841 [(8“3 g w
1 46
- () we] o
3L
(Adv. — 54),
o _9_ 9_7-11, _ _7311 (Slu1 1:13]'
= g\g " 8 7] 61‘7;].
3z
1 9771 i l-——.'iml (53“1
8 (8“‘7 g ) R (19)
: Div. — S54), L= S54).
(Skew. — S4); = (Div. — S4); -; (Adv. — 54); (20)
A SR (9) OHBRFERINEH OEHA L),
; 9 61'11,,' 1 (53’u,i
Cont. — 54) = = — = —
(Cont. — S4) 86,2, 86z, 0, (21)

WCE VB SN D EBICER E 0y, EEEE L O
JEHRRE (DF 0 @B R ¥ —) AEEBRAIZ R
fFSNDERBGEARBEES A — 0 L0 1. B
S ET D IRIFRMEORB OFEMII I 1) & T8 )
Tau,

XHK 1) T, & OICEKRKEEOEREAFFxEE
FAF =L I TR A T R ANTEY £
¥+

51 RSk

1) Morinishi, Y., Lund, T.S., Vasilyev, O.V., & Moin, P., J.
Comput. Phys., 143 (1998), 90-124.

2) Leonard, A., Adv. Geophys., 18A (1974), 237-248.

3) ARV, LES O 7 2 7 4 7 — B - iR OB R —
AR - GHETUR S SR (B AR R %
R, HAPIKN#4), (2000), 21-46.

4) A-Domis, M., J. Fluid Mech., 104 (1981), 55-79.

5) FRIGIEE, M 62-604, B (1996) 4090-4112.

6) Harlow, F.I., & Welch, J.E., Phys. Fluids, 8 (1965)
2182-2189.

7) Piacsek, S.A. & Williams, G.P., J. Comput. Phys., 6
(1970), 392-405.

8) Pelb s, HiR 60-574, B (1994) 2058-2063.

NI | -El ectronic Library Service



