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Filtered LES equations

* Momentum:

* Scalar concentration:
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where (~) denotes filtering at the scale Aand the subgrid scale (SGS) stress t; and SGS flux
q; are given by,

——

and |(¢;= w;0 — ;0

~

H@’&j

Tfij = ’U,?;’U,j —

Scale-dependent Lagrangian dynamic SGS model

* Base Models: '
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* Model coefficients: specification of C and CSZPrSgS'1

Eddy diffusion q; =
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- Model coefficients need to account
for the change in characteristic length
scale of the turbulence associated
with local flow conditions.
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- Scale dependent Lagrangian
dynamic models are used to
compute the model coefficients C,
and CPry " (Stoll and Porté-
Agel, 2006).

- The simulations are tuning-free
since coefficientslare computed at
every time step and position in the
flow based on the dynamics of the
resolved scales.

« Dynamic model for Cg:

- By applying the base model to
compute the sub-grid fluxes at
different scales (see Figure 1), and
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Figure 1: Schematic of the scales used in the dynamic
determination of the model coefficients Cg and C¢?Pr ™

Homogeneous SBL case:

» Based on GABLS LES case (Beare et al. 2006)
* Domain size: H=400m; Lx =Ly =800 m
N, x Ny x N, =128 x 128 x 128
* Geostrophic wind U,

* Resolution:

=8 m/s

s

Figure 3: Schematic of the LES domain used in

the homogeneous SBL cases.
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* Coriolis f, = 1.39 x 10 s (73° N)
» Surface cooling rate = 0.25 K/hr
* Surface roughness z, = 0.1 m

* 12 hr simulation (averages over hours 11-12)

case d (m)  w. (m/s) 0. (K) L (m)
1287 lag 179 0.258 -0.00139 126
962 lag 179 0.261 -0.00139 129
643 lag 180 0.261 -0.00141 127
1282 loc 185 0.262 -0.00143 126

Table 1. Mean boundary layer characteristics for the 3
homogeneous test cases with the scale-dependent
Lagrangian dynamic model (Stoll and Porté-Agel, 2006)
with 1283 (1283 lag), 96° (963 lag) and 643 (642 lag) grid

points and for the local scale-dependent dynamic model of

300 .
— 128° lag
=== 96%|ag
== 64° lag
= 128 loc

250

200

1007}

50

2 3 4 5 6 7
Wind Speed (m/s)

Figure 4: Mean wind speed profile averaged over
the last one hour of the simulation for homogeneous
stable boundary layer simulations at different
resolutions. Legend abbreviations are the same as

used in Table 1.
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Figure 6: Non-dimensional velocity gradient as a
function of z/L in the lowest 50 m of the domain. The
solid line and dashed line correspond to the
formulations proposed by Businger et al. (1971) and
Beljaars and Holtslag (1991), respectively.
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Basu and Porté-Agel (2006) with 128% (1283 loc) grid
points.
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Figure 5: Mean potential temperature averaged over
the last one hour of the simulation for homogeneous
layer simulations at different
resolutions. Legend abbreviations are the same as

stable boundary

used in Table 1.
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Figure 7: Non-dimensional potential temperature
gradient as a function of z/L in the lowest 50 m of
the domain. The solid line and the dashed line
correspond to the formulations proposed by
Businger et al. (1971) and Beljaars and Holtslag
(1991), respectively.
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Heterogeneous SBL cases:

minimizing the error in the
estimation of ‘resolved’ fluxes, we

obtain:
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« Lagrangian averaging:

- Enforce the dynamic model

backwards along fluid pathlines Az, t)) = E Az (¢ ,t’ T_le_
(Meneveau et al., 1996). }< ( )> fOO ( ( ) )

(t—t’)/Tdt;

-Surface temperature transitions-

* 8 hours heterogeneous cooling
-2 different temp jumps:
-3K
-6K
- 3 different patch sizes:
-400 m
-200m
-100 m

* 4 hours homogeneous cooling
at 0.25 K/hr

case 0 (m)  wus (m/s) 0. (K) L (m)
Hom 179 0.258 -0.00139 126
Het3-400 186 0.261 -0.00116 152
Het3-200 185 0.262 -0.00120 148
Het3-100 184 0.263 -0.00121 148
Het6-400 207 0.270  -0.00071 273
Het6-200 202 0.271 -0.00080 240
Het6-100 200 0.272  -0.00086 225

Table 2: Mean boundary layer characteristics for the different surface
types characterized by the jump (in K) and the patch length (in m):
homogeneous (Hom); 3 K, 400 m (Het3-400); 3 K, 200 m (Het3-200);
3 K, 100 m (Het3-100); 6 K, 400 m (Het6-400); 6 K, 200 m (Het6-200);
6 K, 100 m (Het6-100).

- () represents averaging
along fluid pathlines (Figure 2)
over time T at position x.

- previous events are weighted
exponentially as we move

backward along fluid particle Figure 2: A schematic of the 1 \ A(X,t)
trajectories (Figure 2). Lagrangian averaging A(Z(t ) t )

Az(t),t)

procedure along a fluid pathline.
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Figure 8: Example schematics of the surface temperature patterns used in the
heterogeneous SBL cases for the 400 m (left) and 200 m (right) patch sizes.
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Figure 9: Mean wind speed profile averaged over
the last one hour of the simulation for the
homogeneous and heterogeneous stable boundary
layer simulations. Legend abbreviations are the
same as used in Table 2.
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Figure 11: Non-dimensional velocity gradient as a
function of z/L in the lowest 50 m of the domain.
The solid line and dashed line correspond to the
formulations proposed by Businger et al. (1971) and
Beljaars and Holtslag (1991), respectively. Legend
abbreviations are the same as used in Table 2.
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Figure 10: Mean potential temperature averaged
over the last one hour of the simulation for the
homogeneous and heterogeneous stable boundary
layer simulations. Legend abbreviations are the
same as used in Table 2.
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Figure 12: Non-dimensional potential temperature
gradient as a function of z/L in the lowest 50 m of
the domain. The solid line and the dashed line
correspond to the formulations proposed by
Businger et al. (1971) and Beljaars and Holtslag
(1991), respectively. Legend abbreviations are the
same as used in Table 2.
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