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Local Inter-Scale Equilibrium Assumption of Energy Transfer

g od,dooon, 0312-0034 DOOO0OUOODO 832-2, E-mail: tomoya murota@pis.hitachi.co.jp
Tomoya Murota, Hitachi, Ltd., 832-2 Horiguchi, Hitachinaka, Ibaraki 312-0034

Subgrid Scale (SGS) stress models of eddy viscosity type are the models only to mimic the energy dissipation from
the grid-scale but to approximate the components of the SGS stress tensor. The Lilly’s least square method is a
standard dynamic procedure, but it does not guarantee the amount of the energy dissipation. So the application of this
procedure to the SGS models of eddy viscosity type or of mixed type usually results in numerical instability or lack
of the energy dissipation. In this paper a new dynamic procedure for the eddy viscosity model, which guarantees the
amount of the energy dissipation, is proposed. This procedure is deduced from the assumption of “local inter-scale
equilibrium”, i.e., the balance of the energy transfer between the test-scale and the grid-scale. The eddy viscosity
coefficient is calculated automatically using the information about the energy dissipation, which is obtained as the
product of the test-scale strain rate tensor and the subtest scale stress tensor approximated directly using the Taylor
series expansions. The validity of the proposed procedure is shown in the analysis of the plane channel flow.
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Fig.1: Sketch of the energy transfer in wave number space.
Balance of the energy transfer within the intermediate scale
region, i.e., €ts—ssts T Ets = €gs—sgs T £gs, is assumed.

Copyright © 2001 by JSCFD



000000000000 k00000000000
00000000000 ky<kO0OOOOOOk<k,OODO
000000000k<k00000000000000k<
k,0000000000000k<4i0000000000
000000000000000 ku<k<k,0OODODOOD
0000000

00000000000000000000000000
00000000000 00000000OSTSO0000
000000000 000000000000000000
0000000000 00000000000 SGS 000
000000 MO000000000000000000
000000000000000000000

O00O0O0OOC0OLES 0000000000000000
000000000000000000000000000
0000000000000 00000000000
Kiny=Kus—K..00000DMO0000000000O
oooooo

OKioy 00Ky 0~ - .
TR ra ol )
+550ﬂ%—ﬁﬁm

- (égs — Ets + ggs—»sgs - Eits~>sts) kﬁ—‘riﬁ—‘(27)

gooboboooobboooobooobobooooobo
gbobobdoboboobooobooboboboboobon
gbooboooooooobooboboboboooooobooo
obobo0 Eqe7nyoboboboooooboboooon
gooo

€tsrsts T Ets = Egsrsgs T Egs NUTNNNIINIITT(28)

00000000000 - 000000000 —~—00
O00o00oooUoooUoooUoooooooooooo
0000000000000 O0o0O000oo0Oo0gOoon Local
Inter-Scale Equilibrium Assumption[] LISEAT] O 0 O O
000000000 O00D0O000 Eq(29)00OSGs 00O
OSTS00000ooooooooooogg

ets — TijSij = €gs — 735555 D000000000000(29)

Eq2o00oboboboooooboobooboboobob
gboobooboobobooobooboobon sGS
gbooboooooooobooboboboboooooobooo
gboboooooooboboboboobooogonDo

g-oboooooobogb scsuonod
gboboboobooboobobobobooon sGs O
gboobooooooobobobobooboooooobooo
oo0ob0O0o00obOO0O0O00Eq.e9oo sGsoooan STs
gboboooooooboboboboooooooooboan
U00Do0o00obOdO Eq.(29)0 Smagorinsky D 0 OO OO
000000000 és~es 000000000

(CsA,)* (a2|§\3 - |5‘\3) ~ 0 00000000002 (30)

0000000 00D000D0O00D

000 STSOD0D0 sGSO0D0O00D0ODDODOnOonon
D0O0O0STSOO0D0O00D0OO0Taylor D000 DO STSODO
000000000000D000D000000000000
000 STS00000000000074000000740
000000000000
sGSO000000D00000000D000DDO000nO
0000 SGSOD0D000 mixed 0OODODOOOODODDOO
O00D00000D0O0SGSO000000D000ononn

75 = Lf* — 2v.S5i; 0000000000000000(31)

O000LAO Mixed0OODOOODO0OOD00000000ODO
0000 Bardina 0D O0 Claek 000000000000
0ooo

0000000000000000 E)0074000
Eq3)000000000000000000000000
0o

TSy - Ly Siy — (IS - vISP)
Ve=— — 0000032
= (32)

goooooooboobbobooboobooooooboboo
gboobooooooboobobooboobooooobooobon
oo
gooboooobbooobobooobobooooobo
gbooooooobooboboobooboooo

148y — LSy — (VISP - vISP?)
52

Ve =max | 0, —

1(33)

0000 Eq@HUDODODODO0O Smagorinsky O 0 0O O
o00o0Oo0oOooDOoOooDbboOooooDo

148y — LSy — (87— vISP)
5P

(CsAg)? =— 10(34)

goooooboobooobooooooooooboboo
0 Eq2)00000obooboboooobooboooon
00000000 Smagorinsky UO OO OO00OOO0ODOODO
O0O00EqeoHUOOOooooooooon A, 0000
gooboooooooooobooooboboboooboo
oooooooooobobobon0 KOaba00000
Ay=Vhhhs 0000000000000 OOOODOOO
Oo0ooooooboo0oooooo0ooooaOo0O0000
gbooooooooboboboobooooooobobon
uboboboobd Eg@boooobooboooooo
00000000000 A 00000000000000
gooooon

gboooobobboobo Eqeboobooboonbog
oooooo A 000000000000000o0o000
gbooboooooboobobobobooooooobo

gboboboboooooooboboboooboooboonDo
goooosTsobooboobobooboooboobooooon
Eq2o)000000 SsGSOUboooooobooboaban
gooo

gbobooooooboobobooosTsooooonog
UO00000EqObO0bobooooooooaonban

Copyright © 2001 by JSCFD



goboooobboooboboooboboooobobooon
sTsubdbobobooboobobobobooooog
gbooboooboooobobobobooseGsuoooogon
0000 BardnaOODOO Clack ODOOOOOODOODO
gbobooooboooobobobooostTsocooooban
gbooDoboobOobooboooooouoboboogo sGs
obo0o sTsoboboboooboobooooooobooobogon
FiglOOOOOOODOOOOOooOO0OoOsGSO0uoon k
gooooooooOoOoOoOOOO0O0OO0 sTSsu00d k00
0000 kO0000000O000LESOO00O0O00000
00 L,000000000000000sSGS 000000
gboboooooooobooboboboooooooboon
gboooooobooo sTstboboooooooooooboan
oboobooooooobobobobbon Figlooogoo
gbobooboooboobooooooobogoooboboonsTS
goboooobbooobobooobbooobobobooon
gboooooogoobo
0000000000000 0OEq.29)0 égs >, 000
goooboosGsubosTsiuinndnO Smagorinsky O 0O O
obooboooooooobobo

o?|SPP ~ [S]3 ~ |§)3 000000000000000(35)

[II:IDSUD§¢jDDDDDDDDDDDDDDDDDDDD
oo

§ij ~ o~ /35;; D00000000000000007 (36)

oo0o0o0o0o0o0obOooooboobooooobO Eq(ob
gboboooooooobogn

. A2 prf
g
f f + 24 8wk8xk

00000000000R0oe @37

0D0000000O0O0e~Vv2000000 STSOO0O0OA,
gboob2000000000D00000O00O0O0O0D0ODO
goooo

Ti; = 2Lij 0000000000000000000(38)

00000 €tsmsts = €gsasgs = €snsgs 1000000000
0000000000000D000 €gs—sgs00Eq.(38)00
000000 sSTS 0000000000000 000o00
oooo

€gs—sgs = 7Tij§ij ~ —2a° 2/3LmSU =~ *159L7}§” :](39)

U00D00000¢€¢s—sgs0 0000000 Eq.(6)0 Bardina
000 EqOOOb0obobognbo sesoubobooooogon
gboboooooooogoon

€gs—sgs = —TijSij =~ —L;?Sij 00000000000 (40)

gbobobobdbEq@E)UbOoboboooooooan
O00O0O0OEq@é)00 1e0D0b0obo0ooooboobon
STSUb00nooboOoooosGShonbobooboooooog
gbobooooooobobobobooooboooboooboooo
goostTstcooooboobobobobooooooboan
goooosGStooooobouoboobobobooooobooo
gboooooooobo

o-opostsooooon

gboboastTstooooooooboobooooooboog
gooboooooboobobobooogn seGsuobogo
gosTstooooobooboobobooooooooboobon
goboooboboobobobooobboooobooon
gopboooo SsTsuboboboooboooooouobon
goooooooboo

gbooboobobobooboooobooooobooobo
oo /0000000000 TaylorOOonoonoaono
goooooog

> 0
f(rhzzms) = Z (xka_ak

1=0

l
m:o,azzo,%:o> Flar.az.09) 10(41)

gbooooooboobobobobooooobobobbon
goooooooboobobobooboboooobooboo
oboo0b000x (=123000000000 A 0000
EqanOoooooooobooboboooboobobob
uobobooooooboobobobobo

~ 1 2 2 2
Feft <h22£+h§g£+h2a_£)

39
1 9,0 O 2,0 Of 0,2 O'f
+576(hha2a2+hh3a2a2+hhla2‘a
A I T I ) ]
1920 <h 1ozt +h28 1 +h3az§> +O(h)

000000000000D00D0O000O000n42)

000 Eq@é)00000000000 (---)/57600000
gooooooooooobobob

1 [, ,0f 1 L
f= f+—< a_> + T30 (h 3 ) DO00000(43)

ggboobobddbEq@EnHU 20000000 0O0ODODO
gbooooooooobo

1
fagm = Fagm +t21 <f(i+1,j,k:) + fio1k) T fagem
-1k T fagk+1) T fage—1) — 6f(i,j,k)) U(44)
20000000000000000O0000O

2f(7,]k +f(1 ljk:) a2f
h? 8

flit+1.5.0)

i o'f
7+ g gt 45
00000000000000000000 Eq@4)000
Doooooo

1 [ ,0%f 1 JOMFN
f f+_( 6_)+288 (hal),][,,][(%)

gboooobobbob Eeg@3booobooboobog
0000 Eqee)d 00 sTSO00ooooooooon
ARO000000000STSO00D00D000ARDODOD 40
gbooooooobobobobooooooooboboan
oo

A
Ty =~ T}

1 - - N
Y g (£6 - 8) + % (i — ) (i — ;) 147)

Copyright © 2001 by ISCFD



gbooooobdn Eg@3booboobobooobooon
Ooob0o0ooU0bUbDOdEq@nD STSUO0OD00 400
gbooboooboooobobooboboboobo2000b00D
gbobooooooooan

Ty; ~ T = 2L£§; 00000000000000000 (48)

000Eq@7)0Eq@8)0 00000000 Eq44)000

0000 STSO000000000MONONONONONoooo
000000000000000000000000000
0o

gooooo
o-obooooo

O0000000o0ooOoOooooooooooooi

gboboooboooobobobobooboooooobooo
gooo
gbobobooboobooboobobobooooog
gboboooooboooooboobooboboobobob
gbboboooooooboboboboboooooobooo
oboooooo
gbobooooog

~lxy

7 _ hagiy firram + Py fiagme

(i+1..k) hagiyry + hag)

1000(49)

~2z)

f

(23R {h%(i+1)(26h1(i) + 6h1(i+1)) f(i.3.h)
+ h iy (6h1 (i) + 26ha (1)) fir.om)
Flay

+ hl(i)h%(i+1)(h1(i) + 3h1(i+1))5—ml

(&)‘ flay

*ﬁmmmw@%w+hWHﬂgaf

/{2(h1(i) + higi+1)) Bhigy + Pigisr))

(hagiy + 3h1<z‘+1))} 17(50)

(@:4,k)

(i+1,j,~k)}

goobooooog

Sf _ Jorzam ~ Ja-gim
0z11(i.g.k) ha iy

0000000000(51)

U00000Eqé90 2 0000000000000O0OO0
EqO)Ooobooboobobobo 4000000000
oo

Navier-Stokes 10 0 Eq)U O O000O0O0D0OOOOOOO
goo

2
O, Uty

al‘l - 511

(5.4 0000000000000 (52)

ooy @moooooooa
n+41 n+1
— —~ 22, 24t (p<i+1,j,k> *p(i,j,-k))

Litdgk = 1 (i+3k) hyy + hagitr
0000000000000 00000000000(s3)

00w O00EqOD0000000000D0000000O0
ooboboooobbooobobooobobooobobbooon

000000 A0000000000
Eq)00000000000000000000000
D00 sGs0000000002000000000000
0000000 Eq@3N000O00 sGS 00000000
Li=0000000000000000

0000« 00000000000000000000
00000 Crank-Nicolson 0 00 000000000000
4000040 RungeKutta 00000000

g dfr s
ntd = g B At
f f"+ By 7
1
Be= > (¢=1,---4) oooooonnni(s4)

gbobobooooobobooboooo

— 214
6pn+1

LDy U, | e oooooo
Uia,5.k) = Y1(6,5.k) 511 (i’j’k)"]["][(SS)

ugbob Eqmuboboooobobogn

6U?+1
oz 1G,5k)

= 0 0ONO00D0000000000(56)

00 p"'00Eq.(53)d Eq.(56)0 00000 Poisson 0 O O
oooooooooboooooo

0-0000000000000
0000000000000 000000O0O0Oooon
000000000000000000000000000
000 » 0000000 8000000 Reynolds O Re, O
395 00000000000000x0000 6480000
O0yO0OO0OO0O20000000:z0000 1600000
00000000000000000000000O0000
000000000000000000000000000
00000000 D000000g=v*Re2/8°00000
o0o000Ooo000O0O0O0O0O0OoOoOoOoooooo
0000000000 Tablel D00 Casel 0D OO OO
Case2 000000000 0OCase200x000 00000
00000 Casel 0 200000000y00000000
Casel0Case2 000000000000 »y00000 A0
00 1.1300000000000000000000000
000000000O0000O00oO0oOoooon
O0OO0DO0EBq3HOODDOO SGS 000D DODO0OOO
0000000 L;=00000000000S8GS0000
0000000000000000000oOoooooon
Jo0o00o0o0o0ooooooooooo

148i; - (VISP - vISP?)
52

Ve =max | 0, —

10000(57)

Table.l: Resolutions of computational grids. In this table, L is a
domain size, N is a grid number, 4" is a computational cell size
and 6 is the channel half width. In both cases, the Reynolds
number based on the wall friction velocity and the channel half
width is 395.
Case L, L. N, N, N. h' h,' h'
1 645 165 32 64 32 79 11458 198
2 645 165 64 64 64 395 1.1-458 9.9
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Fig.2: Profiles of the mean streamwise velocity.
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Fig.4: Profiles of the mean energy dissipation from the
grid scale.
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from the grid scale.
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