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Spectral equations Fluctuating fields Craya equations Lin equations

Fluctuating fields

Velocity field

(55 ~ Ankigg + 92 ) il + M) )+ Pinn(I) T () = 0 (1)

Mii(k) = (0in — 2a,-a,,)A,,j, Ajj mean velocity gradient matrix.

Scalar field

0 0 A R o~
(5~ Ants g + oK) 00+ 3(K) = (k) (2

A scalar gradient
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Spectral equations Fluctuating fields Craya equations Lin equations

Kinetic Craya equation

N

dR;
dt

+ 20k® Rj(k) + Min(k)Roj(k) + Mjn(k)Roi(k) = T (k) (3)

Spectral Reynolds tensor Rj(k, t)d(k — p) =< u*(p, t)d;(k, t) >.

Scalar Craya equation

.
% + 2ak2ET (k) + 2\ Fi(k) = TN (k) (4)

Spectral scalar correlation < 6%(p)d(k) >= E7(k)dé(k — p) .

Scalar Flux Craya equation
dF;
dt

Spectral scalar flux correlation < u*(p)d(k) >= Fi(k)d(k — p).

+ (v + a)K2Fi(k) + My(k)Fi(k) + ARy = T M (k) (5)

y
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Spectral equations og Fluctuating fields Craya equations Lin equations

Spherically-averaged Lin equations

<88t 4 2yk2> E(k,t) = SH)(k, t) + SN (k. 1) (6)

0 ir ir r
(at +2yk2> E(k, )H™ (k, t) = S{ (k1) + S} (k1) (7)
(881‘ +2yk2) E(k, ) H (k. t) = S;7 (k. £) + S5 (k, 1) (8)
(aat + 2ak2) Er(k,t) = ST (k 1) + STMER (k1) (9)

(gt +23k2> Er(k, )HSD (k. £) = STH (e, £)+ ST (1, 1) (10)

((,ft (a+ 1/)k2> ErH P (k,t) = SPt(k, £) + ST (k1) (11)

<
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Spectral equations og Fluctuating fields Craya equations Lin equations

Spectra, energies, dissipation rates (1/2)

@ Kinetic energy and scalar variance spectra

Ri(k
E(k,t):/ Md2k, Er(k,t)= | ET(k,t)d’k (12)
Sk 2 sk

@ Kinetic and scalar energies and dissipation rates

K(T)(i‘) = /0 E(T)(k, t)dk, 6(7—)(1‘) = 2V(7—)‘/0 k> E(T)(k, t)dk

(13)
@ Directional anisotropy
26 (k, Mk 6) = | RSk, )k (14)
Sk
@ Polarization anisotropy
2E(k, t)HY (k,t) = / RP (k. t)d?k (15)
Sk
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Spectral equations Fluctuating fields Craya equations Lin equations

Spectra, energies, dissipation rates (2/2)

@ Scalar directional anisotropy
2E7(k, t)HS ) (k. t) = /S TN p.(k, t)d’k (16)
3
@ Scalar flux anisotropy
ErH P (k, 1) :/s Fi(k,t)d’k,  F; = ;55/#)/3,-,- (17)
«
@ Cospectrum and streamwise flux

F(k,t) = ErH (k, 1), Fs(k,t) = EeH ) (k1) (18)

@ Cospectrum and streamwise flux energies and dissipation rates

K (¢t /]—‘ (k, t)d egf)(t):(u+a)/o K2 F(s)(k, t)dk
(19)
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HITSG Definitions Definitions Decay and growth laws

Homogeneous Isotropic Turbulence with Scalar Gradient

Cospectrum F with scalar gradient A

F(k,t) = EeHSP (K1), A =1(0,0,-A) (20)

Spectral behavior : Lumley (1967), Bos (2005)

F(k,t) = CrAet3k=7/3 (21)

Other scaling using er

F(k,t) = Cre Y3exk=5/3 (22)

@ ¢r is not conserved

@ Same scaling as for Et(k,t)
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HITSG Definitions Definitions Decay and growth laws

Spectral behavior of F(k, t)

E(k,t), F(k,t)
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Definitions Definitions Decay and growth laws

Production and dissipation - DNS Overholt & Pope (1996)

(oo}
2
ex(t) = (v + 2) / RF(k )k, Pr(t)=—2AK()  (23)
0
10' : :
O DNS of Overholt and Pope
x EDQNM
10°
Re; 0700
W
A -1
e Re;l'(m
1072
-3
10 ‘ : :
10' 10° 10° 10*
RE)\

4
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HITSG Definitions Definitions Decay and growth laws

Sirivat & Warhaft (1983), g = 1.78°C.m™1, A =0.152

2 3
2.5
=15 x X
T = 2 X XX x
> % = X x X
S x <15 x
z 5
= 1
I 0.5 x Mandoline
— EDQNM 05
G0 50 100 150 G0 50
x/M
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Definitions Definitions Decay and growth laws

Decay of the cospectrum

@ Power law decay
Kz (t) ~ t*
@ High Reynolds regime : inertial range dominant

Ke(t)= | Flk,t) ~ k373
kL

g — PrFr — 1

o—p+3’

@ Low Reynolds regime : Production through scalar gradient dominant

1
aF = pPr = E(p + pr) = 0.4075

dK]: 2 o—1
— =Pr=-NAK = —
dt Foghh oF 2
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ns Definitions Decay and growth laws

Cospectrum energy K and scalar dissipation €7

o CBC Cospectrum High Re
0.5/ | o CBC Cospectrum Low Re

or(t)

Re)\

Sealarjand)SealarlFluxlin| Homagan=ausgTarhulsnes
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Definitions Definitions Decay and growth laws

Growth of the passive scalar with the gradient A

o Power law growth

Kt (t) ~ o

@ Production through the cospectrum dominant

— ~ AKx(t
T MK (1)
e High Reynolds regime
A _ lpr—p+38
Cyr=z——7——
20—-p+3

Agreement with Chasnov (1995) for Saffman turbulence o/} = 4/5.

@ Low Reynolds regime
oc—3

2

—->

«
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HITSG Definitions Definitions Decay and growth laws

Scalar energy Kt

o CBC Scalar with A High Re
1.5 O CBC Scalar with A Low Re
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HST Without scalar gradient With scalar gradient

Passive scalar with an uniform shear S

Exponential decrease : Gonzalez (2000)

Kr(t) = K7 exp(y75St),  er(t) =T exp(y7St), 7= —;—};T

10"
067 (03451
. . o
o 04 . b =10
& . . ==y &
= e ---by = e R
& 0.2 N~ e by = B s LT
o - er/(KrS i< 107 B ]
e e B 0
0F B - Kp(t) 7
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HST Without scalar gradient With scalar gradient

Rogers, Mansour & Reynolds (1989) : S = 14.142 and
AN=25

Integrated quantities

o Diffusivity tensor Dji(t) = — < Qu; > /A
@ Turbulence Prandtl number Prr(t) = —Ri2(t)/(SDii(t))
<u;60> Kr

@ Scalar flux correlation p,¢(t) = =
Pu,e( ) \/<u,-2><92> V2KTRii

8 2
. oo o DYy N
- 8|6 p 15 P O DNS 1
.
= 4 A DS B : x DNS 2
D ; .
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HST Without scalar gradient With scalar gradient

Tavoularis & Corrsin (1981) : S = 6.19 and A = 0.1823

2
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HST

Spectral behavior of Fs(k, t)

Without scalar gradient With scalar gradient

—E(k, 1), Er(k,t) 4
T
e Flk, 1)

E(k,t), Fs(k,t), F(k,t)

10° 10° 10* 10°% 10°
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