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L Three parameter system with prognostic TKE

L Turbulent scheme

Turbulent scheme properties:

prognostic TKE
one stability parameter: gradient Richardson number Ri

no critical gradient Richardson number Ri.,

© 6 6 o

valid for whole range of Richardson numbers
(also unstable stratification)

©

as compact as possible

possible extension to TOMs
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L Three parameter system with prognostic TKE

LPrognostic TKE equation

Prognostic TKE equation

TKE diffusion
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shear buoyancy dissipation
Ku = LCkVexs(r,5% N?), Ky = LCkGeps(r,S% N?)

1

e=s(u v+ Vv -v+w - w') =TKE, Ky, - exchange coefficients for momentum
and heat, Kg- auto-diffusion coefficient for TKE, x3,¢3 - stability functions,

Ck,Cc - closure constants,C3 - inverse Prandtl number at neutrality,L - mixing length,

SN2 SN2 -
S22 = {(%) + (%) } N2 = %?TZ' T = CQ—f/E - TKE dissipation time scale
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L Three parameter system with prognostic TKE

L Three parameter system without

Three parameter system without Ri,:

1 — Rir :
Y3 = R G5 - inverse Prandtl number
1 — Rif at neutrality
__ Rif
Rif, .
¢3 = 1 Ric Rig. - critical flux Richardson
— Rif

number

Ri Rig(R — Rif)

Rir G R(Rir — Rir) R - parameter describing the

Rir = Ri Gés effect of the flows anisotropy
X3

& v=(Ck C)* =v (G, R)

Ri¢ - flux Richardson number,
v - closure constant [influences overall intensity of turbulence]
Ricr - critical gradient Richardson number
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L Three parameter system with prognostic TKE

LDiagnostic TKE equation - filter

Diagnostic TKE equation -filter (5%,N?) — Ri

8
0 — K,5%— KyN? — cl&)

L
(8
€ = Cg(LQSQ f, f= (X3(T7 527 N2) o RI'C3¢3(7_, 52’ NQ))
| filter = x3(7, 5%, N?) (1 — Rir)
S = S(Ri,7), N2> = N*(Ri,7)
U

x3(Ri), ¢s(Ri), f(Ri)

Ri = g’—;—gradient Richardson number, Ri¢ -flux Richardson number
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L Three parameter system with prognostic TKE

L Critical gradient Richardson number

Critical gradient Richardson number Ri,

@ suppression of turbulence:
e—=>0= f(Ri) > 0= (x3(Ri) >0V Rif 1)

@ There is no Ri., but 'weak mixing turbulence’
according to:

@ measurements
@ LES simulations
@ QNSE theory

o EFB theory
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L Three parameter system with prognostic TKE
L CCHO02 scheme

CCHO2 stability functions (with a3 = 0):

Kl\/l — eTSI(\)A (Av F)X?n X3 = X3 (T7527N25A7 F7 O)\)
KH = €T SI?/I()\*F) C3()‘7F)¢37 ¢3:¢3 (Ta527N27A7F7 O)\)
parameters:

@ )\ - influences time scale 7, , = A7 of return-to-isotropy part of
the pressure correlation term for momentum flux

@ F - affects value of mean shear—turbulence interactions part of
the pressure correlation term for momentum flux
Q O)\ =0.5 /\0C4Z

@ )¢ affects value of buoyancy—turbulence interactions part
of the pressure correlation term for heat flux
@ (, controls conversion between TPE and TKE

5[(\)4’ a3 - constants
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L Three parameter system with prognostic TKE

L Turbulent Total Energy

Turbulent Potential Energy ( TPE)-EFB theory:

dﬁ 92 - — /8_5 -
CrPRg = —2wl'S — 26
diagnostic [}

C; C. TPE ez g (90\ 02
KuyN? = < TPE =
N 0 (az) 2

buoyancy dissipation

Turbulent Total Energy (TTE): TTE = e+ TPE

1 — Ri c _2G
1-(1-G)Riri” " G

e = TTE

Cp, G4 - closure constants



TOUCANS A
L Three parameter system with prognostic TKE

L Turbulent Total Energy

CCHO02 stability functions (a3 = 0):
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L Modified CCHO02 system

Elimination of Ri,,:

A system:
- damping of return-to-isotropy part of the pressure correlation
term for heat flux (original CCHO8 idea):
As(Ri) = A2(1 + o4(Ri))
while o.(Ri) o< Ri for Ri — oo in CCHO02
= faster decrease of ¢3 with increasing Ri

B system:
- modification in buoyancy—turbulence interactions part
of pressure correlation term for momentum:
)\4 = O
= disables direct influence of heat flux on momentum flux
= x3=x3(7,5?)

ot~ turbulent Prandtl number, /\g - constant A5 in original CCHO2 system



TOUCANS A
L Modified CCHO02 system

L Three parameter system

Both A and B system lead to
three parameter system:

1— % G(N\, F) - inverse Prandtl
X3 = 1— Rif number at neutrality
_ Rir
b3 = A Rit(A\, F, Oy) - critical flux
1 — Ri Richardson number
Ri Rir(R — Rif)
Rir G R(Rir — Rir) R(X,F) - parameter describing
) Rir  the effect of the flows anisotro
= f(Ri)=1— Ff P

& CxC.=25%(\F)
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L Modified CCHO02 system

LAand B system

A and B system similitudes:

Q@ in SY(\ F)

@ in G(\, F)

@ relations for stability functions x3, ¢3 and Rif
A and B system differences:

@ in Rix(\ F, 0y)

@ in R\, F)

@ relations for 'remaining’ fluxes:

U/2, V/2,W’2, U/V/, u/(gly V/@/

@ decompositon of ¢3 in to anisotropy and conversion part
= impact on TOMs parametrisation
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L Modified CCHO02 system

LAand B system
Stability functions comparison:
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LComparison with QNSE and EFB(MPM)

LQNSE scheme

QNSE scheme:

QNSE=Quasi Normal Scale Elimination
spectral analyses of the flow
valid mainly for stable stratification (Ri > 0)

no analytical form of stability functions - data points

© 6 06 o o

no Ri.,



TOUCANS A
LComparison with QNSE and EFB(MPM)

LQNSE scheme

Fitted QNSE scheme:

' , 1+0.75Ri(1 + a.Ri)

for Ri > ki) =

or Ri >0 x3(Ri) 1+3.23Ri(1 +a.Ri) ’
1—b.Ri

1—(b—248).Ri

prolongation for Ri <0 x3(Ri)

a=13.0, b = 4.16 - tuning constants

¢3(Ri) computed from linking equation
derived in modified CCHO2 (no R dependence):

GRi

GsRig3(Ri)? — [x3(Ri) + Rir

} ¢3(Ri) + x3(Ri) =0
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LComparison with QNSE and EFB(MPM)

L EFB(MPM) scheme

EFB scheme:

Qo

EFB=Energy- and Flux-Budget

@ Zilitinkevich et al. 2012

@ based on budget equations for turbulence energy

(kinetic and potential) and fluxes

@ prognostic equation for time scale (resp. length scale)

@ valid for stable stratification (R/i > 0)

@ no Ri
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LComparison with QNSE and EFB(MPM)

L Linking relation

Linking relation:
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LComparison with QNSE and EFB(MPM)

LStability functions comparison

Stability functions comparison:
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LComparison with QNSE and EFB(MPM)

LStability functions comparison

QNSE and EFB

@ QNSE fit and EFB(MPM) would have non constant

- R IR
R= 1=/ = & # 0
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L Comparison with QNSE and EFB(MP

LStability functions comparison

R- Riz.- C3 space:

Asystem ——
B system

EFB R=0.455,Rifc=0.25, C3=1..
QNSE R=0.4, Rifc=0.377, C3=1.39
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LSummary
Summary

@ by modification of CCHO2 system we derived a scheme
that is:
@ compact - 3 parameter - C3,Riz, R - system
has no critical gradient Richardson number Ri,

°
@ is valid for whole range of Ri
@ enables extension towards TOMs parametrisation

@ 2 ways of CCH02 modifications, which lead to the same
X3, ¢3 model: A and B system

@ comparison with QNSE and EFB(MPM):

@ similar linking relation between Y3 and ¢3
@ would have non-constant R
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Thank you for your attention!
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