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Characteristics of the Atmospheric Diffusion Simulation
Wind Tunnel *
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Abstract

A new wind tunnel designed to study the effects of thermal stratifi-
cation on flow and diffusion in the atmospheric boundary layer was const-
ructed at NIES. The wind tunnel features three independent temperature
systems that control the ambient air temperature (from 12°C to 87°C), the
temperature profile (gradient up to 9T/8Z =25C /m), and the surface
(eight 2mX 2m individual floor panels, from7 Tto 112C for each) in the
test section. The wind tunnel is also equipped with a velocity profile
generating cart, and surface roughness, wind orientation, variable area

% Appeared in Atmospheric Environment Vol 15 No. 5 pp 807—821 (1981) entitled
“A Wind Tunnel for Studying the Effects of Thermal Stratification in the
Atmosphere”

1. ESTAERRTT AREETE T 305 RS HERET
Natignal Institute for Enviromental Studies, Atmospheric Environment Division,
Yatabe-machi, Tsukuba, Tharaki, 305

2. EVAERRAR BN

National Institite for Environmental Studies, Engineering Division



source, and sampling grid floor panels. Combined, these features can
generate a wide range of thermal stratification and conditions.

This report presents the details of this facility and wind tunnel
characteristics.
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Fig.1 Sketch of NIES atmospheric diffusion simulation wind tunnel
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1 #Eetked

Table 1 Dynamie characteristics of -the flow in the test section

ITEM CART CONFIGURATION VALUE NOTES

Range of Mean Velocity EC1 and EC2 0.2m/s—10. 5m/s
EC1 and TPC 0.2m/s— 8. 4m/s
VPC and TPC  0.2m/s— 6.5m/s

Turbulence EC1 and EC2 0.2%
EC1 and TPC 0.6% x=10m
VPC and TPC 2.4%
Accuracy of Mean Velocity EC1 and EC2 +0.5% Velocity at Uz;=10.0m/s
Distribution EC1 and EC2 +1.0% Velocity at UJ;=1.m/s
Y-direction{crosswind) VPC and EC2 +3.0% across Linear profile
y=11m AN/ 0z=1,0s"" Us=2.2m/s,
from center at r=10m, z2=1m

VPC % @A 2 BiCid FHRESMELRE L5, COBEGOEGRTI OFTFBICRLT
HHH, TORIZAESTIL OU/d2=1.0s7 OEMEITR2IE - 12D Y HAIOD SO~ T,
T 3BFEHETH 1,

2 WHERNOBIEHEI SN TRLTH S, HIFZE0ORABRLFEITICLy, Tid12 T
~BTCECALTH 3%, Tadig < 22 oNIREBERDBITELDE TOMOBE s &b S BDBL L
By, BE3 o -V ERHO—HERPPEL L. - THRETPCHHAIN S,

To3B3Ind 2 & QEE TSR & MBOREELIRE L2, JIETOBHZZ - THERDT
L, 2XEHGFET D, Chick HEGEROENE & TRE, MEDKEDHIEL 25,

eI 120 TECRHICHIERICHERZ S 51, BE2Z2OFRSKEALADTLE
ABLIRESTVE, CORBEEIL M7 LI =Y a0iRT, HIEELBOEED 5 P EI30emd
riciE st s, Ttk o ERIATRESHEROKR & 2303 248, B & REOKESAIX
TR, B313T.=86.5C, T-=16.1TC, Ua=2.08m/sD¥ M X=10m, 20m Z=50mm
B DR & I DKL TH B PEN D OVIESICIKES PRI T~ A%

b8, WEEN & A IiE, MR TOAMEBESHTL0.5C, AENHTL5am/sThH 3,

TPC iZ10em T & D20 AT IC A ASE 230C LA EEZ O T % i - TR SE D
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Table 2 Thermal characteristics of the flow in the test section
ITEM CART CONFIGURATION  VALUFE NOTES
Range of Mean Temperature EC1 and EC2 120 —87C
Accuracy of Temperature Control EC1 and EC2 0.4T Any Uz, T.
{while testing)
Accuracy of Temperature Distribution EC1 and TPC 0.1T U.=5m/s, any Ta
Outside of Boundary Layer EC1 and TPC +0. 3T Any Uz, Ta
Inside the Boundary Layer EC1 and TPC +0.5C Us.=2m/s, Te=87T, T,=16T
at z =50mm, y = t4{cm from center
Range of Floor Temperature Any configuration 7T—112T
Accuracy of Temperature Control Any configuration 0.3C
(while testing)
Accuracy of Temperature Distribution Any configuration £0.2¢C
Range of Temperature Profile(2T/2z) EC1 and TPC up to 25T /1m U, =5m/s
Accuracy of Temperature Control EC] and TPC +0.1C
(while testing)
Accuracy of Temperature Disiribution EC1 and TPC +0.3T Qutside of boundary layer;
¥y =+1.1m from center
Set-up Time
Ambient Any configuration =<1 hour for * Most difficult condition; ambient air
Ta=12TC—87T* conditoning and TPC
Floor Any configuration =< 2 hours for * Most difficult condition;

T,=30C—~7TC*

=<1 hour for

T,=20C~—~112TC
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Ta=86.5°C 0
O Ty+16.1°C s
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Fig. 3 Crosswind mean velocity and temperature distributions with and

without side walls
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Fig. 4 Example of mean temperature and velocity profiles created using
the TPC. Setting: 9—+1m, §7/82=25Cm™*;1 +»2m, 8T/6z=5Cm""

Nomenclature
ECI,EC2 Empty cart 1, Empty cart?2

Free stream temperature

T, Cool water temperature
T, Floor temperature

T, Hot water temperature
TPC Temperature profile cart
U, Free stream velocity
VPC Velocity profile cart
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Plume Behavior in Stratified Flows*

NI 8, 7402« F43X4 NI BEOE EHEE
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Abstract

The behavior of the smoke plume diffusing under five different thermal
stratifications (neutral, unstable, stable, sea breeze fumigation, and land
breeze lofting) simulatad in a large stratified wind tunnel was investigated.
The effects of emission hight on the diffusion patterns was also examined
for the neutral, unstable, and stable cases. Hot and cold—-wire anemometer
and flow field visualization (by means of smoke rake) were used to ex-
plain the plume characteristics. The simulated sea breeze configuration,
in which the emission from an elevated source near the shore intersected
the thermal internal boundary layer, resulted in the rapid downward mix-
ing of the plume charcteristic of fumigation, The plume from a stack

1. EINERRF KKREE T305 RIURHDER]

National Institute for Environmental Studies, Atmospheric Environment Division,
P. O. Yatabe, Ibaraki, 305

2. BESrAVEMRGEET EERE
National Institute for Environmental Studies, Engineering Division

% Parts of this paper will be appeared in Atmospheric Environment (1982) entitled
“Plume Behavior in Stratified Flow”




emitted into the unstable upper layer of the simulated land breeze con-
figuration, lofted above, but did not penetrate down .into the stable layer
which formed over the sea.
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Fig.1 Schematic of experimental set—up
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Fig. 2 Flow field visualization—Neutral case
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Fig. 3 Flow field visualization—Unstable case
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Fig. 4 Flow field visualization—S5Stable case
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Table 1. Experimentai flow conditions
T T Stabijity 1 | TaT T,C Uams™
Neutral 26,1 25.8 1.00
Unstable 25.1 98.1 1.01 |
Stable 86.7 15.6 0.98
Sea breeze 86.8 | Ty, ,.=7.9 0.99
T, nea=109.2
Land breeze 19.6 | Ty,..=103.6 1,00
Treea=9.3
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Fig. 5 Normalized mean velocity profiles for the neutral, unstable, and stable cases
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Fig. 6 Normalized mean temperature profiles for the neutral, unstable, and

stable cases

30 . m
Ug Tq Ty To/P |Hg/CpP| L
emst| ¢ *C [fems'B{Lemst| em

& JIEUTRALY 97.% 23.2 234) 10.2 0. hig

& lunsTasLE] 97.5 29.2| 940 30.3| 370 -3.6

© | STaBLE| 107.4 84.7 147 33)-48 2.1
20, -

Ziem)

30 40

26
T e
7 WAL, REE, WERO o RITOELNEEE

Fig. 7 u—component turbulent intensity profiles for the neutral, unstable, and

stable cases
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Fig. 8 w~component turbulent intensity profiles for the neutral, unstable, and

stable cases

R 2 FEE, WERORTKWEDHE S
Table 2. Stability strength at four different heights for the unstable

and stable cases

i UNSTABLE STABLE
L=—3.6cm L=2.1cm
Ri,~=—0.59 Ri~=0.57
zem | 2/L Ri, z/L Ri,
0.5 | —0.14 —0.27 0.23 0.03
2.5 | —0.69 —0.62 1.19 0.13
50 | —1.38 —0,62 2.38 1.19
7.0 | —2.1 —0.69 3.57 1.72

Note: L. assumed to be constant up to 2= 7cm for
z/ L calculation.
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Nomenclature

C» Specific heat at constant pressure
Fu Vertical velocity spectrum

g acceleration due to gravity

Hg stack height

H, Vertical heat flux at the surface
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(b} Hs=5.0cm

(¢} Hs=2.5cm

(d) Hs= 0

B 15 ForlHik  AFarks
Fig. 15 Plume photographs—Neutral case
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(a) Hs=7.5cm

(b} Hs=5.0em

(e} Hs=2.5em

[ 16 EOTIML REER
Fig. 16 Plume photographs—Unstable case

—49—




(e) Hs=2.5cm

X 17 Mongil Lees
Fig. 17 Plume phographe—Stable case
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Fig. 18 Plume photograph—Sea breeze fumigation
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Fig. 20 Plume photograph—Land breeze configuration
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{b} Unstable

(e) Sea breeze

22 HOORFORETOROEH

Fig. 22 Plume behavior under five different thermal stratifications
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L Monin-Obukhov stability length, L=—usl/[x{g/T)(Hs/pcs)]

n freguency

Ri« gradient Richardson number, Ri,={g/T)[(8T/6z)/0U/3z)"]

Ris overall Richardson number, Ri,=(g/Ta.)[(T,—T,) 6/U%]

i temperature fluctuation

T mean temperature

u, v, w instantaneous velocity fluctuations in the x,¥, and z directions
thy friction velocity

U V,W mean components of wind velocity in the x,y, and z directions

Vs stack exhaust velocity

T,y 2 spatial coordinates in the windward, ecrosswind, and vertical directions
& boundary layer thickness

v kinematic viscosity

x molecular heat conductivity

] density of air

Gy standard deviation of the ®w-component of turbulent velocity

T, shear stress at the surface

( Ja ambient

{ )av average through boundary layer
iy floor

 u at the stack height

()

mean
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Surface Roughness and Thermal Stratification Effects
on the Flow Behind A Two-Dimensional Fence—II.
A Wind Tunnel Study and Similarity Considerations*
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REzo74x2%H02E, BAOHRESL Y RS L w-AMECNS,

Abstract

A wind tunnel study of the flow behind a two-dimensional medel fence
placed perpendicular to the wind was conducted in the NIES Atmospheric
Diffusion Wind Tunnel. Two inflow conditions were studied for their
effects on the nondimensionalized cavity wake length, Lc/H . surface rough-
ness {Rewr, =15t062) and thermal stratification (Ri=—0,20t0+0.23). It
was found that as Rewrs increases, Le/H increases. In the unstable region,
Le/H decreases only slightly as Ri decreases (from 13.0 in neutral condi-
tions to ~12.5 for strong unstable) ;however, in the stable region, Le/H
decreases drastically as the stability increases (to ~7.0 for strongly
stable), Similar tendencies were found in a related field study {Ogawa
and Diosey, 1980) and.a Comparison of both sets of data inorder to deter-
mine proper similarity criteria showed that -

(1) as a practical choice, the equality of turbulent intensities may be the
appropriate similarity criterion this type of flow ;

{2) when using over-sized roughness (roughness large relative to model
height) to achieve similar flowbehind the model, better agreement for the
oncoming mean velocity profile was found with the inclusion of a zero-
plane displacement factor equal to the roughness element hight ; and

(3) using over-sized roughness for the purpose of simulating the large
component eddy size found in the atmosphere can lead to an over-sized
w-component scale of eddies in the wind tunnel.
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Table 1 Summary of thermal stratification conditions and flow characteristics

U. T Uean T T,

Case No. Stability em/s  em em/s T T Riz-w L/H
Case 51 Neutral 199 4 145 18.5 18.5 0 13.0
Case 52 Stable 196 4 115 20.79 51.7 0.051 12.¢
Case S3 Stable 192 4 117 11.2 80.4 0.234 7.1
Case S4 Unstable 198 4 164 31.2 64.2 —0.107 12,5
Case S5 Unstable 198 4 175 98.4 32.6 —0.203 12.0

#2 BEMOHhOHE, Biz/H=1

Table 2 Summary of upwind flow characteristics at z/H=1

Us H Uz _w Ka
Case No. Roughness em/s om H/S em/s Hizo yu70ayd w /Unuy/Usemt/s RewrnL./H
Case R1 No roughness 200.3 4 0.20 146.2 1.1x10* 0.089 0.052 0.051 9.38 62.4 13.0
Case R2 1em”L”angles 200.0 4 0.17 134.9 8.0X10* 0.110 0.068 0.062 16.1 33.5 11.2
’ 150cm apart

Case R31lem and2em L-angles, 201.5 4 0.13 123.3 1.5X10* 0.144 0.088 0.072 19.4 25.4 10.0

alternating, 75cm apart

Case R4 3.2X3.7X25m 220.8 8 0.16 130.3 5.7X10* 0.232 (.118 0.107 67.2 15.2 7.5
{ HX W X L )wooden
blocks, lateral
long, spacing=
25cm; 8 em fence
placed 10m upwind
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Wind Tunnel Test Section
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Fig. 1 Wind tunnel model set-up
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Roughness Case R3 .
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Fig. 3 Vertical mean velocity profiles-Case R3

Roughness Case R4

i 01620
U221 misee Mean Velocity (m.fser:h_lp_zrQ ) 10 2.0
g lpg0 A5
01020
4 . .
x 3 .
-
Y
! :
l A N , i
] 4 10 12

B4 Case R4 OEFOE FAEE TOYEEEORE DN
Fig. 4 Vertical mean velocity profiles-Case R 4
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Fig. 7 Vertical mean velocity profiles-Neutral case
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Fig. 8 Vertical mean velocity profiles-Unstable case
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Fig. 9 Vertical mean velocity profiles-Stable case
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#3 EHiH=1TORRALBRIHBAERDZ <y | L OHK
Table 3 Comparison of spectral data between field and wind tunnel
experiments at z/H=1

Upwind o/H=5,2z/H=1 z/H=10, z/H=1
U W u w ] w
Uu/Un fm UW/UH fm Gu/UH fm O'w/Uu fm Uu/UH fm a‘w/Uu fm

Field experiment0.300.025— 0.150.37— 0.380.09— 0.310.12— 0.370.09— 0.290.15—
(average of D. 042 0.50 0.20 0.20 0.21 0.21
tests 1 —7) * * %* *
Wind tunnel— 0.23 0.055 0.14 0.18 0.31 0.19 0.20 0.18 .28 0.07 0.15 0.16
Case R4

Uyis the mean velocity of the oncoming flow at z/H=1; *indicates values of the largest and
second largest peak frequencies (see text of Partl, 1980).
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Nomenclature

d zero-plane displacement

f reduced (normalized) frequency, f=nz/U

Ja frequency of peak in aF(n)

Fin) normalized spectral density in terms of frequency
g acceleration due to gravity

H model height

k Von Karman’s constant

K turbulent diffusivity

Kn turbulent diffusivity for momentum

L. cavity wake length

n frequency

Rewr, turbulent Reynolds number

Ri gradient Richardson number, Ri=[(g/T) (dT/dz)]/( di/dz)*
T temperature
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u, v, w turbulent compenents of velocity in the x, ¥, z directions

U, V,W mean components of velocity in the z,y, z directions

U, friction velocity

X 2 spatial coordinates in the windward, crosswind, vertical directions
Zo roughness length

& boundary layer thickness

Ou, 9v, 0w Standard deviations of u, v, w

{ s ambient
s floor

{ Ja freestream
() mean
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Fundamental Mechanism of the Land and Sea Breeze

—— A Laboratory Experiment ——
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Abstract

Land and sea breeze circulation is simulated by a laboratory experiment
using a temperature— controlled water tank. Flow visualization with tellurium
and with phenolphthalein, measurement of temperature distribution and velocity
distribution using laser— Doppler anemometer are carried out. The mean flow
pattern realized in the test fluid shows good correspondence with the results
of existing numerical simulations or with what is supposed to be realized in
the actual land and sea breeze circulation. In addition to the mean flow patt-
ern, some interesting phenomena in the mixed layer are found out in the ex-
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Yatabe—machi, Tsukuba, Ibaraki 305, Japan.
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Okayama University, Dept. of Industrial and Mechanical Engineering, Okayama 700, Japan.
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periment. First is the cellular convection which suddenly occurs over the land
surface when the land surface temperature is approaching its peak. The height of
the convection region is approximately the same as the height of the temperature
mixed layer measured by vertical transverse of a thermocouple. Second is the
longitudinal vortex rows which are generated according as “sea breeze” intrudes
into the land region.
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Flow pattern visualized by tellurium method

Tiaxn, surface temperature of land, corresponding to each pattern is shown
below.
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(a) PethEE O~ — LA
(a) Bénard convection over the land surface.

(b) HEEUZ AT 5 7Tl

(b) longitudinal vortex rows accompanying the intrusion of sea breeze.
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(e) intrusion of land breeze
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Fig. 3 Three dimensional structure of flow near the surface visualized by
phenolphthalein colration
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The base line stands for mean value over a period at each level.
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Fig. 7 Vertical profile of horizontal velocity at the sections above the sea, the
coast line, and the land
The phase shown in the figure refers to the time variation of T, 7/
2 corresponding to the maximum of T ., 37/2 corresponding to its

mini mum.
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Vertical direction is expanded by 8 times more than horizontal direction,

Ratio of w to u is also expanded by 8 times.
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Effcets of an Inclined Land Surface on the Land and

Sea Breeze Circufation —A Numerical Experiment—
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Abstract

Orographical effects of a slope behind a flat plain on the land and sea
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breeze circulation are investigated using a numerical model with a sim-
plified configuration of the lower boundary. It is found that (1) when the
temperature at the slope surface varies with a diurnal period similarly
to that at the plain surface, both the sea breeze and the land breeze are
amplified and the alternation of the sea and the land breezes occurs ear-
lier than the land and the sea breezes over a flat plain, and, {2) when the
slope works merely as a barrier, both the land and the sea breezes are
reduced and the ¢ireulation is confined in the sea and the plain regions.
The solution of linear differential equations for the unsteady slope wind
is examined to make more clear the physical process in the above men-
tioned situation. The land and sea breeze in the former case is found to
be modified by the slope wind which is stronger than and is in advance
of the land and sea breeze over a flat plain. The land and sea breeze

for the case with a slope varying its surface temperature is highly effi-
cient in producing the available potential energy and converting it to ki-
netic energy of the breeze.
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FOYEHE, 794 )b, BEOWES ¥~ b,

Estoque (1962) pieiicimbelic B8 U CIFMBLT R 2 E 0 & W IRO-T LUK, HEOFHE
T OWFFELIL AN T 572, Yoshikado & Asai (1972) BHEEBEO # v =X hiciid
ARERBESOEEG 2TEHEL, BRO/ 2 — b, BRBERE, EREMCET 3 20o8E
AL > TEDLHICHBIN L R RIEHEICL hBFYE L 72, McPherson(1970) /& Estoque
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Fig. 1 The configuration of the domain.
H=4,800m, L=50km, and D=30km. [ is 15km in Case 1, 2
and 3, and is 30 km in Case 2"
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Table 1. The boundary condition for the potential temperature at the lower
boundary adopted for each case in the present numerical experiment,

! e SEA PLAIN SLOPE, PLATEAU
(—LZx=—1) (—IZ2=0) (0=x=L)

Case 1 15 283. 0 %&o+5omnznﬁ

Case 2 15 ; 6 (2)+5.0sin2 n;

283.0 283.045. Osin2mr— 24
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Case 3 15 283.0 283, 0+5. 0sin2 i
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tis measured in hour starting from 0800 LT Day 1.

h{x) is the elevation of the land surface from the sea level,
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Fig. 2 The grid configuration for the finite-difference scheme u and v

are designated at the points denoted by black circles, w and &
by white circles, x by crosses. tane =A z/A x=100m/2, 500m.
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Fig. 3 The wind and the potenial temperature distributribution in case
1 at {(a) 1500LT Day 3 and {(b) 0300LT Day 4.
The wind vectors (u, w) are indicated by arrows at the grid
points. Arrows are, however, not shown at points where the
horizontal speed is less than 0.2ms™!, The deviation of the po-
tential temperature from its initial state (8') is indicated by solid
lines. The vertical scale is stretched ten times compared to the

horizontal scale.
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u (C) in Case 2

w(A} in Case 2

5 {K)

wiA) in Case 1

B 4 Case 1, 2du(4), Case 2 Du(Q L ¥ 6, DEIHZEL

Fig. 4 Temporal variations of u(A) for Case 1 and Case 2,
% (A)for Case 2 and 6,

148
u (ma

B 5 #HWEELEz=150m&z=050m CONKFEBF 57

Bl eFE L, KBS 1AL, SAEF 2 AiE, MEREEIA
AR T,

Fig. 5 Hodographs of the horizontal wind velocity at z=150m and z=950
m above the coast line.
Numerals denote local time in hour. Heavy solid line corresponds

to the first period, dotted line to the second, thin selid line to
the third.
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Fig. 8 Vertical profiles of the phases of ', A8, —A x' and u above
the coast line for Casel [solid lines) and above the point C for

Case 2 {dashed lines).
The corresponding ones derived from the linear solution are de-

picted by dotted lines.
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Fig. 9 The wind field in the limited region including PLAIN for Case 2.

Both the scales of the domain and the arrow length are magnified

compared to those in Fig. 6 (a) at 0700LT Day3 and (b} at 0800
LT Day 3.
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Fig.10 Same as Fig. 9 but for Case 2, in which the width PLAIN is 30km.
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Fig.11 Schematic representation of the energy fiow
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The value of each term in Jm™® and its percentage relative to (PAFP)

in the round bracket are shown for each case
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Nomenclature

A, amplitude of diurnal varition of potential temperature at

PLAIN surface (K]
1‘-1.P:————pl"q’aﬁn #", available potential energy [J/m?] ;

264 oz

AKE, advection of KE [J/m'] ;
Cr, specific heat at constant pressure [J/kg .K]:
Cy, specific heat at constant volume (J/kg +K];
DAP, dispersion of AP [J/ﬁ’];
DKE,  dispersion of KE [J/m*];
f Coriolis parameter [1/s];
g, acceleration due to gravity [m/s%];
H, height of the computational region [m];
hix}, height of slope from sea level [m];
KE, kinetic energy [J/m?];
Ky, horizontal eddy diffusivity for momentum and heat V [m?*/s];
Ky, vertical eddy diffusivity for momentum and heat [m¥/s] ;
L, half of the width of computatiokal region See Fig. L. [km];
l, width of PLAIN (km];
N, Brunt-viisdld frequency /5]
b pressure [mb];

po =1013mb, pressure at standard level

PAP, supply of AP at lower boundary [J/m%;
PKE, ﬁork done by pressure [J/m*];
S, area of the computational region [m?] :
T, absolute temperature K]
i, time measured from 0800LT Day-1 [min]:
u, v,w, velocity components in x,y, and z directions respectively [m/s];
4,2 coordinate system as shown in Fig.1 {kml)er [m]:
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Greek symbols

a slope angle [deg] or [rad] ;
T, temperature lapse rate [K/m] ; "
Af , Ax’, difference of §' and #' between horizontally neighbouring

grid points (K], [mb] :
8{z), basic state of potential temperature K] '
6= T("’;—o) , peotential temperature K];
s deviation of potential temperature at land surface K]
Bsea, potential temperature at sea surface K] ;
x=-25Y = 2857

Cp

r=(p/p,)", non-dimensional pressure -]
@, angular frequency of surface temperature variation [1/s] ;

Suffix, prefix etc.

—~ t
A=j;A di; time integral

! deviation from the basic state
* dimensional value in contrast to non-dimensional value without™®

0 initial value
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w=as(2),  s= e

KR Re (&, EBHE0) th 3,
BREE, =012 T,
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Fig.A1l The orthogonal x*~z* coordinate inclined by the angle of ¢ from

the horizontal direction
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aul* 2 *

F —46* smcH*Ka A(5)
2

ge:——-Su sin a+Ka f: A6}

g=6*/A, u=(S5/AN)u*

z=(N/K) 22, t=Ni*,

T LT N={gS/6:)" i Brunt—Vhisala IREHEL (—E) THb. (A5), (A6) »5u%fE
T3,

a'a e ag
o Lopa Tt isine=0, AT

8(z,1)=0(2) e w=a*/N) £B4E (AT) (2 IOV TORMI RN ELE, &
Bzhi,

4 15 .
j?— 2 zw%—g+(sm a— ) 8=10. AlR)

LOADEE w<lsin g, o=sine w>sina@WThick > TR-THEE L2, Theh
OHED 8, u D] LIRS,
(1) w<sin o
=(1/2}{ R+ 1) cos{ wi—5,)
=(1/2)(R*+I/*) cos{ wt— &) A9)
R, =e ™ cos 8z+e **cos ¥z
L=e?*sinfz—e " sinyz
R/'=e % sinfz+e ™sinyz
I/=—e"zcosBz+e ™ cos yz

& =tan™' (I,/R,), & =tan™'(I,/R/),

(f):z(sinaim)/zz‘/’

(i) w=sin a

=(1/2) {cos wt +exp{ —v sin az) cos( wi—v sin e2)}

Al

u={1/2)]sinwt —exp(—+ sin ez)sin{ wt—+ sin az)!

(il w>sin a

=(1/2)(R? +12) cos{ wi—&)
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=(1/2)(Ry*+1,% ) cos{ wi—a")

R,=e** cosfiz+e "cos ¥'z,

AQ1)

I,=e ™ cosBzte " cosy'z

Ry=e ™ sinfz—e " siny'z

8;=tan"'{ I,/R.),

&'=tan"' (I,;/R)),

y=}{w—sina} /21",
EROBIAHEIC Ot A — 2 —OEBE I, S=5.0X107 Km ™!, .=300K, K=10m’ s~
sina~tana=0.04, o*=7.272X10"°s"' THH, LIZH > TNsine=512X10"'s" &X4h,
E® Casel(iNcfiXsd 4, COEE o i@ Nsine L W2 EL, 2E D sineLDT,
FROBET 2 Prandtle & BEF OB G (0= 0) O ( Defant 19518H) 3L ALRALTH S,
g, 3/, —on/aBILuDUBORESZKBFT. ZNEOD, 2—0 TOHK B

EE FOL 225,
lim{ phase of &)= 20
za0

lirun(phase of } - (_g) =—0.072(rad) { 1 HEMOSE, —167H1f%)

1im(phase of _6-#): 0

z-0 ox

lil‘p(phase of ) =tan™’ (%) =0.072(rad) { 1 HEBITIR+163I1CHEH)

HEEENELT 5 &, BidEES SN, sine=wd I BROTEENREESERDEE
OE(LITHIS U TREESE THMBELSVL S BIRICE A, & 510 a 2/ 3T 2 L, Bk
Bid(i)e B Rl %2235, 1 HHHET, S=50X107°Km' Of&, LEREHE2E5 A
A HHEMEE o 13490.33° 122 %,
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A NEFRFHEES $835 (R—33—82)
Res. Rep. Natl. Inst. Environ. Stud., No. 33, 1982.

6. BEAFET TOARFRONY
— HE Ial—~-Y3r —

Characteristics of Air Pollution in the Presence of Land and Sea

Breeze —— A Numerical Simulation ——
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Hiroyuki OZOE', Tsutomu SHIBATA’, Hayatoshi SAYAMA'
Shigeki MITSUMOTO? and Hiromasa UEDA?
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%, Estoque (1961, 1962)

&, —fRiciE LTI TR, BETRESHSEBT AESHELLICE ST, 20
LE, RFog (@A CFOHIGmiZB S0 E 2 206, BEMBTHLsA
LHEEMEOHOHMEZ OEE R FETAESH L L o 7,

Abstract

A numerical experiment was carried out in order to examine the basic
characteristics of air pollution in the coastal region in the presence of the
land and sea breeze. First, primitive equations of momentum and heat were
integrated to simulate the wind field of the land and sea breeze. Then, the
motion of the pollutant emitted inte the land and sea breeze circulation after
its diurnal variation became stationary were traced.

When the pollutant is emitted from a line source, the diurnal variation of
the pollutant concentration near the source shows a pattern with twin peaks,
while away from the source it exhibits the ordinary sinusoidal variation with
single maximun and minimum per day. When the pollutant is emitted from the
area source on the ground surface, the concentration near the source shows also
a twin-peak but distorted pattern. In this case, the concentration in the coastal
region remains very high all the morning which is observed as the apparent
* back-ground® concentration in the sea breeze and decreases rapidly in the
afternoon. The emitted poliutant is accumulated in the atmosphere because of
the closed circulation of the land and sea breeze, which makes the daily varia-
tion of the concentration important; near the source it suddenly increases in
one day after the emission started and linearly increases after the second day,
while away from the source it does not increase so much in the first day. The
increasing- rate after the second day is almost constant throughout the domain.
The amplitude of the diurnal variation in the remote region is larger than that
in the vicinity of the source,

The analysis of the long-time trail of neutrally buoyant particle shows that
the streak line of the land and sea breeze is helicoid-shaped and, in general,
there is a descending flow on the sea side and rising flow on the inland side.
The range of the particle motion is limited at most some tens of kilometers,
which makes it clear that the center of the pollutant cluster is going forward
and backward in this region.

# =

ML SR E DB TREICH » TR INT 5 T, 20HBOH  IIFNBRC IR
EbHsNTEI, ZRGIT AL o —id, BH - HM (1973) k- TahrTH
i, FEREIE S 20 1 RUE AR 2 BT - 2. I S RTOB S
RECH Pdr o 1ohd, ZOBRERPEEAFELG L § O TEERE LB T, BEEE ) F
FY B R OBBTES A, 2oL, SU—REACKEDT CoOBROIBORMRARZ &
BUITAGANIEZ L OIRFZHMT L OIZETIL 12, Asai & Mitsumoto
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HEpEEIC T T R L, PEBREOEARMHOSATICL - T, WEASRIE QT
h, BELEIT2ERPREL,

LHF T, FREONENL, Tt 2Fe, T EFADLILEFTAVTRY
b Tz, COLIHEFATIE, BElZERSELPIOBE» L0, L, ERicd
SEHAHRCERTH L, e A, BBEHOBA, BT — MAEERICUEBL T,
BEVENE {, T OHME THHE SN AHRE O, ALY 2B TAE (R T S, T
Dk D B HOMEBER F0EEIC L b b F, ZOEENCHEICDWTONRI AR LA
Erah T, ARTRE, EPEMSERFFIC VT A MR 2D THEEASD > 2
Al =L LBV, DX, EEERECHIEEDS I VREEN»G, HRGESHHINT
BAEDOFREOBHS 2 RV TRE T 5,

2. HBEACHEYTFIL
HREEOR®, B 1IGRTHSEHERIC 2O TOx, g, « HHOEBTHREN, 9ENE, B
FRBEATS, LT, yiiicih- T REET S, Tibh, BRI ¢ FaiciE s

THbh, HWEEIE T ) F YV ick > Ty AAST %2 285, gy AICHELL S W ZRmE %%
AB,

du  dw
27520 (1)
du 3t d*u

AR L Kn 5+ Ko =
éft-l-uax—i‘wE—’ » a—x+fu+ hW-FKv 72t (2)

INITIAL ABSOLUTE TEMPERATURE
/ INITIAL POTENTIAL TEMPERATURE

2900m
685K 7 \ 2975K
\
v T 8
\
\
\
L
\
1
1
\
]
1
ZI SEA PLAIN b
Omb——g————
Okm 35km ' 283K 100Km
X PLAIN TEMPERATURE
SEA TEMPERATURE =283.5sin(21t/ 2413600)

=283K

B 1 =7FLEBoBEHEL 0870 v o VEE « #ERE O
Fig. 1 Schematic diagram of the modeled area, with the initial profile

of potential and absolute temperatures in the vertical direction
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dv dv duv a*u '

§+ua+wa= —fut+ K, -é;;JrKuw {3)
ar

Cs @§+g=0 (4)

LD u, v, widkxy, e AMORERS (1) THD, Co REFHS, fizaV 4y -85
A=2T, K, Ko @ZRTNKE, ELAOTLRIEEE, o dENINEETH S, 4T,
WFE, MEHEE, ENEREBEL TN A LTERL . 29 4 Y DR O BES
EREANTBEEL T A, ChBERETALORBNCET L 52 ¢ HAOEB R W
iz s,

LR ERESROERICRE S L LT, BB LeEAL L, BELI - TEIMBEILTE LS
BREHTH, BECRD O ICRLHSRROI S iCEHRIhL,

O=Tlpe/p*"*=T/n (5)

LT, TN (p/pd) ™", TEREREBECGHS, COBMEBHOTOIAAF — X3
ARIZTO I st s,

a0 ae a0 30 3*a

“éT+uE+WEZKhW+KUEZ_" (8)
HEITHISH L DBEIRTAHEL T, 2D & 3OBA, EFESRO LI CHET S,

I C. _@=®sen + 0.005 2 and u=v=w=(}

BB & 2Nl HGT 3 EEDOSHE LT U, RICEREE S UT, FHibmEEE
f2A D5 K CHmESE (—8) Oxbhicd 1 L RICEBHEEET 2 RET 3, T4,

B.C. ©=0 sea + Asin (2 71/(24) (3600)

TCT, B 112 1 HH0S00E 2+ o & LR 2 £,
MOBRTLHE =0 BXPL TR, TNTOEHOAEGEBE it A L {RET S, 2O
K3 IaEML,

at ¥ =0, u=v=w=1_0
at x =0, L, @ (variables) /Gz=20.
at 2 =H, & = constant, 7 — constant

ZLT, HILTEDEROBE TH L, ROVEERHIIRDO LI Tt D 2H 5,

k=14,
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“»

P, = 1000 (mb) =10° (kg/m s?],

C, = 1004 (m?/Ks?],

f —2Qsin35=8.3423X107° [s7'],
=2m/(24%X3600) (rad/s),

Kip=10" (m*/s],

Ko =10 (m?*/s),

Osea =283 [K).

= HCORMGIEEED S EL, LB T20MICEREL, z=HTO 7 Offic
ST B RBET, R 5L,

©
———

O

‘[ <« AX—>
X

2 AR hHET ABERCHIST 28 a0 EEER
Om @38, Xiiu, & vEw

Fig. 2 The grid points for each variable computed by the balance equations
O ...... T, ® B, M onnnen u, FANCELE v and w
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oM FEATOELEEY A0CERNLPELEL ., ZENsHESCEECHOET2HY,
WO A 7 » P TOMPETET 5 iCBEL 2 B, BB L LT

R TORSIL, Harlow & Welch (1965) OAMHEILE - T, FRTETHEEOA 2152
T2 LEHRHEL I, BEORESAESIEE CEBONLMET 2 X HCREL, Elr
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X, 2=H TO—Ef» o AT TFEBILH-> THE2ED -,
HPEEBOHBEK Y - T, BREFHFOBEPBHTALD, ROZ 05 -2%2£F7 AL
o

r—2Z21id, 2=HTnoslipd Lo b u—v=w= 0 DHRHAVHILBETHY
r-AId z=H THEHEAMIZIEY 5 3188, T2bb5 du/dz=00/0z=w=10

=R T, EHEOEELR AT, EHEES © wi = O wt 2.5+ 5sin2mt/(24)
X{3600)) & LIt B& R lh -, T70b 5, PR OEE O EEEERRE L2 5KEW
BETHD, CNITHRE, HIEEE SR ESS, BERICEL s s 2,
COEHHEDODY — AL T, FEIEE 1 ARS8 LBIEL L, 1 HEIGHIZEA
EEHE I AEEL 2R,

31 =21

T2 HIOETOHE, HE M3 (QBL0bITRT, CoRACEBEFIRLIEI LT
BY, 208HEN2.Im/ KET 2, LECEHERSK Y, BERERTERE2ERL TW S,
BEREOALOE (x, 2) = (35km, 600m) OMEIZH b, BEEKD LB IX1400m 1K F TEL TW
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Fig. 5 Wind vectors at 1600 Day-3 in the case of @ ,,=0.,,+2.5 in average
(Case 1I1)
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Fig. 6 Concentration profile of pollutant under land and sea breezes
la) At 2000, Day-1, and (b) at 0800, Day-2, i.e. 12 and 24 hours after the
emission of pollutant, respectively (Case I)
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Fig. 8 Concentration profile (a) at 0800, Day-2 and (b) at 2000, Day-2, i.e.24
and 36 hours, respectively, after the emission of pollutant with a
constant rate starting at 0800, Day-1
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Fig. 9 Variation in concentration with time for Case A
Source point, r=0km and r=300m. Measuring points | (x km, z m) = (G, 300),
{0,0),(20,0) and (—20,0).
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Variation in concentration with time for Case B

Source points, =0 and 10km on the surface (z=0m). Measuring surface
points at x=0,10,20 and —20km,
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Fig.12 Particle paths for three days, Starting time=0800
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Nomenclature

A, amplitude of diurnal variation of land surface temperature (K3;
c, concentration of pollutant (kg mole/m?);
e, /7, (kg mole/m's):
C,, specific heat at constant pressure (kecal/m*K];
f,  Coriolis parameter (s71);
2, acceleration due to gravity (m/s%];
H, height of upper boundary {m);
K,, eddy diffusivity in the horizontal direction {m?/s );
K,, eddy diffusivity in the vertical direction m?¥/s );
L, width of the modeled area (m);
P, static pressure : " [mb);
P ,, static pressure at the reference level {mb);
T,  absolute temperature 7 (K);
i, time (s);
u, velocity in the x direction (m/s);
», velocity in the g direction (m/s);
w, velocity in the z direction [m/s]:
x, coordinate in the direction perpendicular to the coast line (m]);
Y, coordinate in the direction parallel to the coast line {m];
z, coordinate in the vertical direction (m);

)




Ie,

Gresk symbols

¥, » discharge rate (kg mole/m®s];

&,  potential temperature (K);

@ 1mi, potential temperature at the land surface [X);

& sen, potential temperature at the sea surface (K).
5B X M
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[Starting with Report No.3, the new title for NIES Reports was changed to: ]

Research Report from the National Institute for Environmental Studies
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indices for lakes — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Quantitative analysis of eutro-
phication effects on main utilization of lake water resources — 1978.1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Growth characteristics of
Microcystis — 1978-1979, (1981)

Comprehensive studies on the eutrephication of fresh-water areas — Determination of argal growth
potential by algal assay procedure — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh.water areas — Summary of Researches —1978-
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Studies on effects of air pollutant mixtures on plants — Progress report in 1979-1980. (1981)
Studies on chironomid midges of the Tama River. (1981)

Part 3. Species of the subfamily Orthocladiinae recorded at the summer survey and their distribution
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Part 4. Chironomidae recorded at a winter survey.

Eutrophication and Red Tides in the coastal marine environment — Progress report in 1979-1980.
(1982)

Studies on the biclogical effects of single and combined exposure of air pollutants — Research report
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Smog chamber studies on photochemical reactions of hydorcarbon-nitrogen oxides system — Progress
report in 1979 —Research on the photochemical secondary pollutanis formation mechanism in the
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