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Verification of finite element scheme using conservative convection term
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We have some kinds of formulations of the convection term in the Navier-Stokes equation. In the analysis of an
incompressible flow, these formulations are equal to each other when the continuity eqaution is satisfied. However,

we can’t satisfied the continuity equation completely in our calculation.

In the present paper, we discuss the

formulation of the convection term and its discretization on finite clement method. The each numerical result which
is obtained by the analysis of the turbulent channel flow using Large Eddy Simulation is compared. As a result, it
is shown that the divergence form is better form in terms of the numcrical accuracy and the conservative property.
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— RN OB REFEBRITIC BV T Navier-Stokes HFEI

EHEOR (1) PR ITHE SIS REOF B & SEEld

HE#THLD, —RICER (1) FELICEBESh s L. £

DO FRIEIITHER (Gradient form) DERAH S5 L BHEH
%\, LA L7%A5 Navier-Stokes FRERXACEB BREF» 5
WMANDL I ERERDE, BEE (Divergence form) V%
IEHFEILWVEHIICEDLRLE, AHEEROXIELISHE
XHNTERTH 595, BERER CEROREELITH LTI
YIIEEETH L, BITRRLTHRD GSMAC FREEE M
TIEES 2B 5 Poisson HREIROHE & EF O RIREFIRIE
ORICIRH EERE L L GEFORI/NEREE L AT E
KT A, BREIBIIRIDITTIARV. ZOMOBKFET
LINERLTHD. ZOKER, HERE L EHETIIRTER
ICEENELLZ LW R2ARTTHEY, EREFEBEITICE
WTIE IR S DN REOTRIC L 5 BITRZEIC DV T HEBRET
XNTBLT, BREOLEFHLLEbLNS, SHITAREL
BERIOFE & AL L TRAEE! (Skew-Symmetric form)
bEZONDL, BERIEE _FES L ER)T AV F— I
LTRERTHHZ EAREN D, EFETHVONDL Z LA
Zus, BREZFETHWONRLZ L3k {, BRI TX
ERRTHLEEZLRL., TRSLUSCHEIO GSMAC IR
EFxE O THv LR TV L9 12, HER (Rotational form)
TRETHIEDEZONEN, HEERBERIIECTILOBN
TREARTRE LD EFICFEOZRIRBE L LERLT,
KWL TIIAER, REE, BEHO 3 >ORBEHEOEREK
W20 THTERZEO MBS 2179

F 7 ELIR O BB 2 BV CIRTHREOR Y v 2 HE
bR NIER 5T, MREOEVIC L ABITEROEN
SHEICHNADDEELZOND, I TERBLTIIXTHRIEDE
WIZ L BT E OB R LES(Laege Eddy Simulation) (2 &
B TR ELTR OB I L - TITH.
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HREZEIC L 2EEMEREORNBENT LT L DEE,
FnFEdT2XEFERATH LEHKONX L Navier-Stokes #
BRIZDToO LS I2E,NA,

V-u=0 (1)
ou _ 1 2

ZZTHERIGEMIZERTLE N TWAE DL L, u, p, Re
ENFNEENS bV, [ES, Reynolds TH A, KK, E
ByRREFHI 2 5 &A1 B Navier-Stokes HEX (2) DLLE 2
FICREN DR REIRERRE LT

(Convection term) = V - (uu) (3)

ERBREITRENDN, EHROK (1) 2ERTHILIZLoT
RQ)DE)ICHARRTEL LD TEL. HERMIIBVT

retEOFRIC A RE L BHEIOTFYE L DRSS Y
DPFoLiicgrhs.,

(Convection term) = %{V (uu) + (v Viu} (4)

RFLTIERK (2), (3), (4) DHERE, FEHA, ReB O
THIZK L TR OB 21T ).

KIZINSDOEROB—REF Galerkin 512 X 2 BRI %
E2DH, —RCEREREIC L HEHILITESEIC L DEHUL
WCHA, BEATH AL EETAHDICEEERIKRE R T
LEH. FITCITTREZEFHLAVLILILLY, RER
Br/N&LTHZ 2B THILZIT). ZOLOARET
BREEIPSITON TV ABRER Y, BHETET YV wu
WEEEYT VA, FOMEEEBILINAEERIZUTO L
JIEMNG.

Ue - Aaplip (Gradient form) (5)

—(uu)eCa

(Divergence form) (6)

{te - Aapt — (wts):Ca}/2 (Skew-Symmetric form)  (7)

I ZTHBIITY) Aas, HEATH Co I IREIRBEE Na
No= 204+ 680 +man(1+6G0) (D) (8)

FHWTERENLUTOL ) ILEPNL, 225L, € n, (&
FEZEMOBETH Y, THEF o IRFHAETTHL.

Aa,3=/NaVN;3dQ {9)
Q

Ca=/VNadﬂ (10)
0

FTRE o, BILAFEHRES, ¢ FEXRFY, QRARESR
HERE &S, K (6), (7) DEHE L RESEIOFEEESS TIEH
GRS TS, I TIIERRSEORLT AL T 5b.

RBELTRIREOHEOAZRFAT A I DS, Naiver-
Stokes HAER (2) HOMOIEEHIE, EHHE, HERIIELT
WUFO LS ICE— OB L Bwb 2L T 5.

(Unsteady term) = 7\—/[—0‘3—68% (11)
(Pressure term) = Cape (12)
(Visocus term) = —EIE—DQBuB (13)
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Fig. 1 Distributions of mean velocity
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Fig. 2 Distributions of turbulent intensity urms

1.0
09 | -
08 | N
07
06 | §
fos | S
04 F o © DNS
03t = — = Gradient
02 | Divergence
org Skew-Symmetric
0.0
0 50 100 150 200

Fig. 3 Distributions of turbulent intensity vemg

12720, Mo ZETEERITHTH D, HERITH Map, HEEUT
) Dag ZLLTF O L) I2EPNS.

NQ5=‘/1N;AMdQ (14)
Q

Dw=/vm,wwm (15)
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3. BIFEFILBLUBITRR
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Fig. 4 Distributions of turbulent intensity wyms
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Fig. 5 Distributions of Reynolds stress

BEHETEIZLOFGYHVAE, COL ESHERFHET 2
72O ERTTE N AE OP/0x = —2.0 ¥ 547, EE4HEIL
32x64x32 ThY, BEFIIETRTFHBIE Azt Ayt
Azt =36 :1.82 ~ 12,61 : 18 TH 5. BHOBBRIAIEIL
At =2.5x107% & L7z, WIS REORMFEIC L 58
BUL TFRETE LT, T ICRE L RBOBRRET BV 7.
1 ICFHREBESM YR L. BAFROSEMA Vo7
BRI RHE TEFI & B/ NFET 2 EAICH - 724 @), T3
BEESMIETROERIZB YT H DNS ¥— % & BIEFIZ—3L
7z, H2 A6 4 1R L7CELRRE S L O 5 1278 L 72 Reynolds
AT, RICERERZANHE*SE L7705 F8X
Bl L TV 5 b OO RBE OBITE RIS DNS 7— 7128
TV ERT. LEORRICBV TRBEIGEROR DME
SGEEOTHREXIELFMLTEY, HAEETIZS
FESEEL oL DEEZLNS,

5. EbH¥)(C

A# L TIE Smagorinsky € 7 & W 2 AT EARBIEL KO
LES (2 L A REOERLDE NI L 2 BITHEEO LB &
To7z. SHREICHER - BHE - REET B8R, Bl
BEHWD Z LI DRI SHAVSOR TV AGREIR /AR
ERBBEOFH Y L 2RARICKNT, BIFLBINEELES
nNHZENGmolz.
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