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Flow

Large-scale structure
Transport Eddy Velocity
suppression / Vviscosity shear

Turbulent magnetic Electric
diffusivity = curre nt

Transport Production
coefficients rates

Intensity of turbulence:
energy

turbulent electromotive force
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Vorticity

Reynolds (+ turb. Maxwell) stress
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S :mean velocity strain A :mean magnetic strain

Turbulence

Structure of turbulence:
helicities
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Swirling flow and turbulence (Yokoi & Yoshizawa, PoF, 1993)
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vk = C,TK 7 : Time scale of turbulence
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Structure effect

Classical Smagorinsky model

Problem of constant adjustment

SGS viscosity
Vg = (CsA)2S

Cs :Smagorinsky constant

Smagorinsky
constant Cs

Isotropic flow 0.2
Mixing-layer flow 0.15

Channel flow 0.1



Structure effect

Classical Smagorinsky model

Problem of constant adjustment

SGS viscosity
Vs = (CsA)2S

Cs :Smagorinsky constant

Smagorinsky  Dissipative

constant Cs nature
Isotropic flow 0.2 more
Mixing-layer flow 0.15 I

Channel flow 0.1 less



Structure effect

Classical Smagorinsky model

Problem of constant adjustment

SGS viscosity
Vs = (CsA>25

Fluctuating vorticity
(Robinson, Kline & Spalart 1988)

Cs :Smagorinsky constant

Smagorinsky  Dissipative Vortical

constant Cs nature structures
Isotropic flow 0.2 more weak
Mixing-layer flow 0.15 I intermediate

Channel flow 0.1 less strong



Structure effect

Classical Smagorinsky model

Problem of constant adjustment

SGS viscosity
Vs = (CsA>25

Fluctuating vorticity
(Robinson, Kline & Spalart 1988)

Cs :Smagorinsky constant

Smagorinsky  Dissipative Vortical

constant Cs nature structures
Isotropic flow 0.2 more weak
Mixing-layer flow 0.15 I intermediate
Channel flow 0.1 less strong

Coherent vortical structures
may be related to the less dissipative nature



Helicity SGS model

Grid-Scale (GS) velocity equation
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SGS stress
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SGS viscosity vg = CSAKé/Q Helicity-related coefficient ng = C’nSA?’KS_l/2
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One-equation model
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SGS turbulent energy Ks  Kg = A25?
SGS viscosity vy = CéAKé/z = (CsA)*S
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Helicity-related coefficient 7g = Cn8A3KS_1/2 =Cys—o

SGS Reynolds stress
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SGS turbulent helicity (Hs) equation
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Zero-equation model (Same level as Smagorinsky model)
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Magnetohydrodynamic Case

Grid-Scale (GS) velocity equation
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Grid-Scale (GS) magnetic-field equation
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MHD Counterpart of
the Smagorinsky Model

Local equilibrium of the SGS energy

Production ~ Dissipation Ps ~ g
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Local equilibrium of the SGS cross helicity

Production ~ Dissipation = Pws ~ews
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Turbulent magnetic
Prandtl number
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Helicity-related Terms
in MHD Case

Turbulent MHD residual helicity
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b b
CHREKR Mabai _ Sabﬁ
5 0x? 0x?

1 ORAY
2 Oz

9
~ CHEHR

2 1
Qb—CHB%EM°B+V- [——(K—FKR)Q]

2

Equipartition Kr =0

K 1 OR*
Cy—Hgr >~ —=
Hig R 2 Oz

1 K (1R
Hp~ —— | =
T " Cne (2 dx

Qb

52

1
 Cup—FEyn-B— Q- VK
CHBK3 M 5 VvV

82

1
b
Q +CHBFEMB+§QVK>

13



ouy,, (k;7)
orT
—2iMqp (k) / / 0(k — p — q)dpdqu, (p; T)uws,(q; T)

an _ Duéa (k; 7’)
0X, DT

+ vk, (k;7)

= _Dab<k)u6a (k7 7_) Daa <k)

Ougp.(q; 7)

b
+2Mpap (k) / / d(k —p— q)dpdq?%a(p; T) 90Xy,

(e (P5 T) gy (a; 7))

—Dad<k)Mabcd(k> // 5(k — P~ q)dpdqa)aﬁ

oG5 (k;7,7")
or

~2001et k) [ [ 60~ p ~ @)dpdau, (pi ) G (i ) = Dap103 (7'

(uty (i 7)uly ('3 7))

+ vk? &5 (k;7,7")

L TP
Una (K; 7)ugs (K5 7) uiq (K; T)ugs (K5 7) U (ks T)uy 5 (K5 7) ,
:< 5&+£@ >+5<< ak+£) >+< 5&+£U >)+O®)
(tba (l7) s (1)) b

= Dos (k) Q (k;7, 7') + capaH (ki T")

0 (k+ k) 2 J;2

14



