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A Study on the Formation Mechanism of Nocturnal Urban
Boundary Layer by Turbulence Closure Model

EREFfRL REMDREE", Y NG EIRN A S
Itsushi UNO*, Hiromasa UEDA®*, Shinji WAKAMATSU*, Akira NAKAMURA**

Abstract ; The numerical simulation of the nocturnal urban boundary layer (UBL) was conducted by
using the second order turbulence closure model in order to clarify the formation mechanism of the
nocturnal UBL. The mechanical turbulence generation by the urban buildings was incorporated into
the model equations by the form drag concept (building surface area density). Simulation results were
compared with the field observation data at Sapporo, Japan. The numerical simulation showed that
i) the nocturnal UBL was generated by the downward transport of sensible heat from the elevated
inversion due to the mechanically-generated turbulence of the urban building rather than the artificial
heat emission, ii) the average elevated inversion base height Z, was approximately twice the average
building height and the height Z, was proportional to the building area density, iii) above the Z,, the
typical temperature “cross-over” region was formed when the urban area exists even if there is no
artificial heat emission, iv) the Reynolds stress <uw> shows the nearly uniform profile, while, sensible
heat flux <w@> had the negative peak at the inversion base height. This negative value of <w@>
at the elevated inversion base can be considered as a heating source for the formation of the nocturnal
UBL.

Keywords ; Turbulence, Numerical Simulation, Urban Boundary Layer, Heat Island
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MOKRAGERMEOP I LA S, MHROGRERTSGRETISRI T, $i2, HREBOKMIZIER
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AFRTRIOLILERYSE AT, BERNWIREYC L A LHOERS L CREMDOEHRM L H %
PHRECREL, 3610, BMEDA —X—DLABIZ 317 2 ELHIAEHE - 5 L IZTHIERBIR(KARE
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BUOBB 7 — % ($5¥F, 1986) ExftL - BET L. MHHRBERDO A H =X 2 2HE 21T 5,

2, WHKICBUIIEAREFLORE

2. 1 BREO®EF v EAFEOMHE

BERDOWMIERDEF VTR, ELIRILARE K, . BAHEBEF AV ¥FHALT. Ka = [o* | 8U/32]|
ELTwA, 22T, [, iREAMERET Blackadar(1963) OE®F wdifHv 6 I,
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BTV, 272, z, HHROEF VIZRAT 5 LFFEOERATHRESEDOTRIX, 2z, © 100520 L
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Em= {Cu+ [ (P+G)/e-1]1/2} " Table 1 Boundary Equations®
Ew=1{C +3°2Cf+ (P+G)/e-1} " "
K. ud> b RIS n 5. BRAR R R Ur XU @/ [ (e/Dde
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a) Cno represents the value of C, at the neutral
surface layer and L means Monin-Obukhov length,
2. 4 HWRERMGFLIEE

M EAMEI IS ue . Oy ke eRRAREEXZRLIERD 654 6, Table 1 8RT. #HO
bne o BWERTY v—BRTHY 2, 3TRRLENEBHEREFVPOLRELILDTH S,

—F. e FBRROBEHKIZHA L SR T L0 (Rodi, 1985). AR TR LEREOH A, #HETOM
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7 SRR DBMMFIF AL, W2 & LT Laasonen 243 A4 7Y & » b A% — 4 (Richtmyer
and Morton, 1967) 2RI L 12, —F, A KILFigure 1 SRT L3 2& 27 v FopLicigEL, o
HaEMAILIL. k3. z FAIDOIBEEO XL Patankar(1980) (2§€- 72,

1.8 %
3. 1 M LSRN

TSI 7 v =P v —2F v R C THTER B OM B L 2 ORNOELTE YR T 5, hid
Figure 2 {2783 & 9% 1IRILDEAMRMYRBAD GEER~EBHEL TV FEB NI P22 VY —RIDET N
Thbd, EFVORERMGE LTI, ARG 2EHOKTR T —v, B2, L E, ATHED
WEFT— 2 BRI LI

BMFHEOM - BR KNG ¥ Table 2 o T, PHBRYESELZOHA, h=061H, THALLNE, —
F. CEREERRG D d. HUERE2Z1 Counihan(1971) 2k b, #h &, #10m. 6m L5, F70, HpE
DAFELEER L TATHQ, D 20N RNHEHRE L MEAT 5 LEE L. ATBBEDKEHBMOEILIZE
WERMBEEA LML ERL L, i, RO, 13BN 238 &M Myrup(1969) 286U 72, X
¥, £ OME IR, Figure 2 CRTREBIISVCT X — 2 FINOD 2RICEF VMR T NS TH 555, SHE
REF2BAD GOz THR2CEMLIR T2 L, B, TRANAHERBOSES K 10m
Fug b THOCZ LD o, RTFRTR—UGEME L TERE 1L REETVERELL,

B B, & T4 xt L TIRAMEEE 7 v & b P R BRES L O AF RS S Rt il o — Vv —
EF BT L, MBREFUK I EREGE 126 B2 6 EE L (EREIT 18:00 AT 8), 2720 8
HIROBIRFF~OEEIX, HHEMMGEL 18 RE%R(H 0:000 26 5 1 12, HHRENLERT 3 BOARAE
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Table 2 Initial and Boundary Conditions®

1) Initial Meteorological Conditions Nz
U, = 10 m/s z=Re——= ©
Ve = 0 m/s o
2T/8z = 0.008 'C/m :
fo = 9.37x107° s7! o -
T, = 217K I
Z=)el-—- o Azj+
2) Urban Canopy Layer Conditions Ky o |
A = 0.05( 0) m™! T
& = 0.2 “) St Az
7 = 0.35(0 () K - JF
H. = )
i 302 (0) m 2ejot— o vt
d - . —]—
3) Artificial Heat Emission Condition :
Qm = 0.076(0) cal/cm?/min o
4) Open Surface Layer Conditions z=1-—- ©
Zo = 0.01 m
a) () indicates the value at the rural area. Fig. 1 Grid system used for the numerical
simulation
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iR (E) M T, #3150 m 3 TIIFHE 2/RT. 272, Figure 3 (b) DFHGOHEIRIX, IBED 7 0 24 — 35—
DRPERL TS, BEDOZ 0 24— —OBAMEREE 60 MTH0.9CTH 3, —K. LAHEDORE
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Fig. 4 Observed potential temperature profile at Sapporo on 20-21, Nov.
1984. (Uno et al. 1986). solid line(—) at the urban center,
dashed line(---) at the rural-suburban border.
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Fig. 6 The vertical profiles of non-dimensional turbulent statistics
o, and ow; (a), (b) observed , (c) calculated
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Fig. 8 Non-dimensional profiles of calculated
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Fig. 7 Calculated profiles of turbulent diffusion
coefficient
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Fig. 9 The turbulent kinetic energy budgets, (a) Point A in upwind rural,

(b) Point E in urban site.
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Fig. 10 Temperature profile at the
center of urban area for
the change of urban build-
ing intensity and the artifi-
cial heat emissions, Num-
bers in Fig. indicate the
case shown in Table 3



Table 3 Results of Sensitivity Analysis
Case Contents® u L Unm Z, AT,
rrf/s m m/s m C
Rural +Qun=0 0.186 4.2 4.19 0 0
Rural +Qn=0.076 0.193 78.7 4.18 0 0.09
Rural +Qn=0.152 0.201 285.1 4.14 10.0 0.82
Urban+Qn=10 0.254 87.1 4.05 42.5 0.63
Urban+Qn=0.038 0.254 84.1 4.06 47.5 0.70
Urban+Qn=0.076 0.255 81.4 4.07 47.5 0.78
6 Urban+Qn=0.152 0.256 76.6 4.08 52.5 0.81
a) Rural indicates the condition of no urban building and Urban for the
condition of urban buildings.
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