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The direct numerical simulations (DNSs) of the neutrally and the stably stratified turbulent Ekman layer over
a smooth surface are performed using the Boussinesq approximation to account for the buoyancy effect. The
Grashof number is set to be Gr = 0, 3.15 x 10%, 6.30 x 108, 1.26 x 107 and 3.15 x 107 in order to examine the
effect of the stable stratification. A temperature field is so introduced that its mean profile is quasi-steady with
time. In this layer, the combination of the sweep and ejection has great influence on the flow direction in the
vicinity of the ground. The relation between the flow direction and the vertical velocity fluctuation is discussed.
The horizontal directions of the Reynolds stress and the turbulent heat flux are compared. The similarity and
the difference of these double correlation statistics are shown in detail.

1. #®%E§

ROEHERN R BB L ELRRERE TH 2 ELET 7 ~
VEBERBEMNTT D Z L1, KRERT OB & BAET
HETHERICEETHD. =7~V ERBRNIZBW UL
T 3 W7 YE 2 o, FOREE, X ES T
M7 = R RE & RN D R 72 g & < TR <
MO TVWABD, ELFSBICRW TIREE S M 0 ES) &
PEOFBILY, ZOBEBRPEROEA LITKE L
Bipd., v A NVRENREMEWERDO L 5722 &
FHEED 3 R R DMERTZ ENPHRINDN, B
EETDLEZIAINLEZERMICITMEL 2FIXIZE AL
72\ . Coleman b 12 (3= 7 < > BER @ ELIE O H B fE
I =2 —¥ 3 (Direct Numerical Simulation, DNS)
EIT-oTWAHH, BERICEET 2IRESZKEL TV
7%, FOREICET HHERIC OV T e kiEt
MBELNTWRY., ZZTAETII= 7 v 58
ELIRIC B B EHHE, VA )V R R OVELTR B R
D 3 W RFFHC OV TR, o nicxtT5
L ERRIE DB OWTHRA L.

Fiz, WERNDRKD X D 72 KBS B B4 % Sl
HINZIRNT T 5 FEE L CELIRET AR S Vb T
TEY, BERE FICBIT T/ < U ERBELRIZ OV T
I% Yamamoto & 2 O ENH D, Z OFENTITBWT
1%, ERT —FORBICLVBERE BB HET VO
FMMHIZ oW TN 5TV RV, % Z T Yamamoto
HIZEDETAHETHVWOLRTWAET AKX ER LN
72 DNS 7 —# _X—ZANLFEL, £DFEYEHEIZONT
BT,

2. HEEH

HENS L L TERICENER FOHNEEEZ 5.

TZTCRERPERICERT 28E 0 ICARE 2Q =

(0, £,0) TEEEL CTWAHDETH. XLITERICERT
LER I EAMNEE g = (0,9,0) BMboTWNE.
7= U ERBIIKEEE S, EDBIO=2 VA o
STHEEOINHIVE I Z LICL>TAHEL B, FRHTEMESD
ROVt EEOFERIZE N T, K[IEEESL =
U Y AD§D AT XY, HiflE & S 2 —EER (G)
BEAABFMEBERTAHFRICKRS Z ERALNTY
5. HEMBOMKKE Fig. 1127RY. 22T,z HH
WL R B RS, IR TIZIERY R L&k, FHE
FEI LI BN I E B, 3 AEE 0(Qus /0y = 0,
Op/0y =0) L LT3, FHEMERS S hITEERRAEE
S dy ICHRTHORELLBRDLICNRTA—FEZREL
TW5. XRFBRRITT VxR 7 koo

V-u=0, (1)

Navier-Stokes 52z

1
(?91;+(u-V)u+2ﬂ><u=—pVP—®g+VV2“v (2)

BLOzxAF—5HRK

dP/dz=Const.

Fig. 1: Configuration
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Table 1: Computational conditions

Computational domain 2h x h x 2h
Grid number 256 x 96 x 256
Spatial resolution (Az+,Az%) 6.01,6.01
Spatial resolution (Ay™) 0.219 — 21.4
Re=G-h/v 12,000
Ro=G/(f-h)

neutral condition
Gr = gBTh3/v?

stable condition

3.15 x 106, 6.30 x 10%,1.26 x 10°,3.15 x 107

2 — , —
WS % Gr=0 3.15x 107
~
=~ % U/G
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Symbol : Coleman et al.(1990)
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Fig. 2: Mean velocity profiles for Gr = 0.0 and
Gr = 3.15 x 107
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Table 2: Comparison of the velocity and the thermal
boundary layer thickness normalized by &;
Gr d, dg
0.00 0.767 0.929
3.15 x 10 0.727 0.900
6.30 x 10 0.722 0.882
1.26 x 10"  0.637 0.803
3.15 x 107 0.506 0.663
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Table 3: Mean velocity direction at wall

Gr Ri, ¢ [deg.]
0.0 0.0 28.6
3.15 x 106 1.00 x 103 28.9
turbulence 6.30 x 106 1.99 x 103 29.4
1.26 x 107 3.85 x 1073 30.9
3.15 x 107 9.01 x 103 34.2
laminar - - 45.0

present Gr=0

present Gr=3.15 x 100
O Coleman et al.(1990)

—--— Laminar Ekman layer
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Fig. 3: Hodograph of mean velocity for Gr = 0.0 and
Gr = 3.15 x 107
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Fig. 4: R.M.S. of velocity fluctuation for Gr = 0.0 and
Gr = 3.15 x 107
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Fig. 5: Instantaneous velocity profiles in z — z plane at
yt = 5.33 in the case of neutrally stratified layer
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Fig. 6: Relation between the vertical velocity fluctua-
tion and the velocity direction (¢) at y* = 5.33
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Fig. 9: Hodograph of the projected Reynolds stress
tensor onto the horizontal plane
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Fig. 10: Production terms of the Reynolds stress —u/v’,

—v'w’ and the turbulent heat flux u'6’, w’é’ for the case
of Gr =0
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Fig. 12: Direction of the projected Reynolds stress ten-

sor onto the horizontal plane versus the height y*
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