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THE TEMPORAL AND SPATIAL VARIATIONS OF EDDY DIFFUSIVITY ASSOCIATED WITH
MOVING SEA BREEZE FRONT - PREDICTION BY A k-~ TURBULENCE MODEL -

JLHEE, WMEES], DREFIE
Toshihiro KITADAf Hiroshi MATSUURA%and Toshimi KOHARA**

ABSTRACT; A numerical simulation of sea breeze is performed using a k-€ turbulence
model. Investigation is focused on the characteristics of turbulence fields associated
with moving sea breeze front. Turbulence is calculated and discussed in terms of
turbulent kinetic energy, its dissipation rate, and eddy diffusivity. The results
obtained in a two-dimensional, unsteady numerical experiment demonstrate the differerce
of turbulence structures between usual mixed layer and thermal internal boundary layer,
which are separated by the sea breeze front. In the mixed layer which develops over
land surface before the intrusion of the sea breeze front, the rate balance in the
equation for turbulent kinetic energy is approximately attained among the three terms
of buoyancy preduction, eddy transport in vertical direction, and dissipation. On the
other hand, shear productior term due to strcrg sec breeze is impoiteant in zdditicn te |
the before-mentioned ir the thermal internal boundary layer, whichk is formed, follcwing
the cea bieeze frort, in the lower part of stable marine air heated from land surface.
The simulation reproduces successfully the properties of the sea breeze front as a head
of gravity current in unstable environment, which were observed by Simpson et al.
(1977).

'

KEYWORDS; Sea breeze, sea breeze front, k-€ turbulence model, eddy diffusivity,
numerical simulation, mixed layer.
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Fig.2. Vertical cross sections of calcu-
lated flow. (a) 1400LST; (b) 1500LST; (c)
1600LST. The regions marked with arrows
in (a) and (b) denote small circulations
corresponding to the head of a gravity
current forming sea breeze front.
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BUOSVWARZ[EZTREAT, BEBOEREREL TV BT EMETENS, Fig. 3—aid, BREAEEE
i, BT ERBLRABONBANRLL DTS 3,

Fig. 4 DELML BB I AT, FLXEBELLTORNARERBLZOLBORERBE O L, HLEE&
BOKEEDBWELTHBITRL TV S, BABL ZORABOBRIZ, 15BICIEEE 400mic b b (Fig.
2b), BEAMBRIE (¥ =20km) T, BONEERABOBER, COBRATSEOH Ficki@d % (Fig.
2b,3a), Fig. 2 3, 4 OLE (FlZIE, Fig. 2D, 3a,4a)ld, REBY, FRCRERETHY, tdo
LI, B TORBREPBDTHIE O EERT,

Gamo et al. (1983) i3, RAWARMEABLEEABLHEUOARLERE LTEML TV 234, BMREER
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BRENEL, BELALBEBOL I KPNIGEVWHARERMAHTOBAFH 10T & (Fig. 6-b,10),
7, BROBEGEBLE-> TROUEBANSKOVTWEZERE, PHEVEVSKIZEEbN S, EE, —FK
BRAOLEFSE, BYABEREOBE (Fig. 8—c), BHLEK, HEiosakod, KEROHEARMY T
—IC X BERE (A) BEETHBELEAERLTWAS, Fig. 70 r = 16km (X )45, Fig. 8c L @K%, &
iTcokoBBESHERDT,
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Fig.6 Temporal variations of the ver-
tical profiles of calculated potential
temperature. (2) x = 150km where sea
breeze does not reach all day; (b) x =
16km the place of which comes under the
influence of sea breeze after around
1430LST.

Fig.5. Sea breeze front observed by Simpson
et al.(1977) at 1700LST14Junel973 in sou-
thern England. (a) Vertical cross section of
the isoplethes of stream function in m3/s,
which were derived from wind velocities re-
lative to the front; (b) vertical cross sec-
tion of temperature isoplethes in °C; (c¢)
schematic of sea breeze front by Simpson et al.
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Fig.7. Vertical profiles of calculated
turbulent kinetic energy at 1500LST at
the various positions indicated in the

figure.
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Fig.8. Vertical profiles of the various rate-terms in the k-equation (i.e., Eq.(6) in
the text) at positions and times as indicated: (a) x = 156km at 1400LST, mixed layer;
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Fig.9. Vertical profiles of calculated eddy
diffusivity at the positions listed in the
figures and times as indicated: (a) 1400LST;

t,V

80
{m2/s}

(b) 1430LST; and (c) 1500LST.

Y s 1 1t L 1

14:00 LST

(KM)

b4

(a)

(KM)

z

(b)

{KM)

Z

282

(c)

Fig.10. As in Fig.9, but for potential
temperature.
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