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Mixing lengths relations
Motivation

Relations between mixing lengths

I (Prandtl type) and Ly, L. (TKE)

- enables usage of TKE mixing lengths
(conversion from L = /Lk.L, to I,)

- required for derivation of stability functions Fp,
in eTKE scheme
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Derivation of stability functions Fp,
condition of equivalence with full TKE scheme:

E(Lk) =

E
0y U (LR) 1 (L)

definition of F,

Km/h

91\ 2 v\ 2
Il [(38)° + ()]

Fm/h =

E - TKE (Turbulence Kinetic Energy), E - TKE at stationary equilibrium
| - shear term, /I - buoyancy term, € - dissipation
Kin/n - exchange coefficients



Mixing lengths relations TKE e ertical profile of Prandtl number QNSE vs CCHO02

00@0000

Derivation

ldea from RMCO1 to compare two formalisms:
similarity laws:
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Kk - von Karman constant, « -constant
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S
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e (i),(;ém (ﬁ) - stability functions

Lmo

Lpo - Monin Obukhov mixing length
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Derivation

with TKE schemes:
e - () ()

2
2 2 C3 T\ ? v\ >
utw! VW' = X Cf L%(Le [(02) (02)

f(Ri) = x3(Ri)— RiG¢3(Ri)

F(Ri)

f(Ri)

Ck, C. - closure constants

x3(Ri),¢3(Ri) - stability functions, Ri - gradient Richardson number
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Mixing lengths relations TK
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Derivation

Result:
KZ 1
OO T R
3
Le . §¢%n¢2EX3

C. F(R)
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Conversion to
Conditions:

1
Lk =L for Ri=0=— = k(= vt
o

from CCHO2 : ¢,, =

Assumption:
dedh = 1
Prolongation:

kz — I,
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Result:
f(Ri)
LKCK = V/m ( ll)
X3
L Im X3
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p TKE scheme

p TKE scheme - TKE equation

OE 0 OE 1 /-
9= L apv(E) = - L (kL —(E—E)
ot + (E) 0z < £ 32) * T
advection diffusion with AF sch. relaxation
Te = E - dissipation time scale

Fwit 2 P : -
Ke = ————=— - auto-diffusion vertical coefficient for the TKE

oz
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p TKE scheme

FULL LEVEL =— E
E,Ke, Te, Im, Ok
FULL LEVEL =——— £/

Be = sqrt3 - decentering factor for TKE
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p TKE scheme:

” 2
E = (l//m>

VE B 12

T —

I, 2K*
IL.VE  K*
Ke = = —
12 1%

first time step

v = (CkC)*,K* = /KnKn

Kn - K, for neutral stratification (Ri = 0)
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pTKE scheme

TKE solver:

Kom, Kn— Ko = \/ Kony K
v

|R*,E07/m,u—>fé, KE, Te |
v

| E,Kg, 7, E, Be—E™ |} TKE equation - diffusion
v

|E*, o, v—K. = vimVET |
v

|K*,Rm,}~<*—>Km = K. K /K. |
v

| Ko, Kon, Ky K = KK/ K |
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éTKE scheme

Differences between eTKE and pTKE:
Stability functions:

FulR) = xa(R)V/F(RD)
FlR) = LR

Expression for K,,:

Km = LK CKX3\/E

Relation for ¢, (influences Lk (/m) conversion):

1
TKE : sfm = "
P ¢ F(RI)
1
¢TKE : ¢pm e
x3(Ri)2f(Ri)z
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éTKE scheme

Modification of E 7. and Kg in eTKE:
From TKE scheme:

1 C.
S = VE
Te L
K,,-, = LKCKX3\/E

with Ly /(/m) conversion:

3 N3
l _ if(R') VE

Te Im x3(Ri)?
Km = vinf(Ri)iys(Ri)2VE
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eTKE scheme

using Ki:

= /K- Kn = Kmn.f(Ri)x3(Ri)?

we get:
1 3 f(Ri)3
-~ =2 (ki) 5 VE different from pTKE
Te Im x3(Ri)>

2
-~ K* o o . >
K. = vi,WE=E= ( > identical with pTKE

Vi,
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éTKE scheme

Relation for Ke modified according to change in 7,
1

in order to keep ratio %E the same as in pTKE -
ensures that matrix of the solver is diagonally
dominant:

InVE f(Ri)3
1% X3(RI)%
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éTKE scheme

TKE solver:

Kom, Kn— Ko = \/ Kony K
v
|R*7on/m-V-, X3, $3—E, Ke, e |

| E,Kg, 7, E, Be—E™ |} TKE equation - diffusion
v

|E+7lm,yHK* = vInVET |
v

| Ko, K, Ko = KRR |
v

| Km, Rm7 Rh"Kh = KmRh/Rm |
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Prandtl numbé}

QNSE vs CCHO02

Turbulent Prandtl number:

Kin
Prt = —

in turbulent schemes:

Louis scheme:

Im Fn(RI)
Prt ="
" Fa(RY)
Im
=Prt(Ri = 0) = Prtg = ;
h

TKE scheme:
1 x3(Ri)
Prt = — -
Gz ¢3(Ri)

1
:>Prt0:?
8
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Vertlcal aspect of Prandtl number

Louis scheme :
vertical profile of Prt given by:

A KZ
m/h ) 1+exp (*am/h HPBL +bm/h)
+ /\m/h Bon/ntexp (—am/,, iy +bm/h)
at surface: I, = Ih=Prtp =1.0

Hpgr - PBL height, a,/n, bm/h, Am/n - tuning constants

TKE scheme:
(3 given for isotropic turbulence: free atmosphere
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eTKE uses combination of
Louis formalism and TKE formalism

Prt must match for every stratification:

= = - always valid
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Conditions:
. 1
free atmosphere: Prtg = — = —
I G
/
surface: Prig = = = 1
I

Solution with use of /A/h

Amo 1
B @
B

B _

B
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3D space of degrees of freedom
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