CHAPTER 5

SUITABILITY OF THE PRESENT CFD MODEL

To check the suitability and find ‘out the behavior of the present model,
the model is first used to investigat

over both flat and non-planar ;ison of simulation results and

iffusion over flat terrain is

ransport phenomena of gas diffusion

analytical solution in t
discussed in section 5, simulate and compare with
published results of ated hill from wind tunnel
experiment.

5.1 Comparison with port phenomena model

EY

for flat terrain

In the system sh a stream of fluid (of chemical

species B) in laminar motion hasia unife ocity ¢,. At some point in the
stream species A4 1 yi edanasmaiianount Q grams sec’'. This
amount is assumed to ass-average velocity will not

deviate appreciably

direction), anﬂtﬁ Mt% Wﬁsw}ﬁqﬁ@ radially (at steady

state).

%g(:);n U,. Species A is swept downstream (in the z-

r=</x34 37

\O'lgln of coordinates placed at
point af injection, QA moles
of A are injected per second
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Figure 5.1 Diffusion from a point source in a constant-velocity stream
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A mass balance on species A over the cylindrical ring in Figure 5.1, as
described in Problem 17.k (R. Byron Bird et al., 1960), was carried out to
derive the equation of continuity of A, which is solved to give the analytical

solution at steady state below. Here © and D,z are assumed to be constant.:

Ca= 32—z XPI(-Uy | 20,55 - 2)] (5.1)

In this section, (e sirgtitation fesilts obtained from the present model
will be substantiated agaims > ~aboyey ana w-\ al solution. The relevant

parameters for the analytica e A mLil ion are listed in Table 5.1

Table 5.1 Parameters of the franspo 5& ena and present models

£

Diffusion coefﬁcie Ds. 0725 cm’/s
Source height ) 5.7 m.
Uniform velocity (U, )¢ e, 'Y 2 cm/s

Emission Ra b4 | ' . )362 g/s
AUV e

Number of grid points in the x, yf and Z directions | 66 x 412050

Grid X ) | 1 V123, e
Horizontal diffusion coefficient (K,)) ~10.25 cm’/s
Vertical diffusion coefficient (K, ) 0.25 cm’/s
Node position of source height y=24
Velocity at source height () 2 cm/s
Emission rate 0.01262 g/s
Reynolds number : 1000
Exponent (n) of the power law 0.000000001

Integration step size (Af) 0.5 sec
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The calculated wind velocity profile is shown in Figure 5.2. The relative
concentration along the z-axis (downwind distance) at the source height, 25
cm. above the source height and 25 cm. below the source height, are shown in

Figures 5.3 to 5.5.

1.2
1.1
1
>
s 0.9
@) 0.8
Q = > 0.7
= 8 ~ 0.6
> 2 < 0.5 |
a A 0.4 -
Z 0.3 Re=1000
= 0.2 Re=10
0.1 |
0 |
600
Figure 5.2 Wind v 1o -t 00 cm from the origin

Since the wind yelgcity profile iUstimated using the power law, it

depends only ﬂ {hd 8 35be] o e Pabfarid)ib] &1 the Navier-Stokes

equation or Re%olds number. Tyerefore in Flgure 3.2, the calculated wind
velomtﬂaﬁf‘nﬁo@ ﬁﬁlm gjmw Ejf}(ﬁ) E«ilght and is
independent of the Reynolds number. At the source height, the calculated
relative concentrations at various downwind distances agree well with the
analytical solution, as shown in Figure 5.3. But at 25 cm. below and above the
source height, the calculated downwind relative concentrations are over-
predicted within the first 0-6 m. downwind of the point source but correctly
approach the analytical solution. It is found that the simulated effective plume

width is slightly wider than that of the analytical solution. In addition, at a
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nearby position directly above or below the point source, the relative
concentration will approach zero in the case of the analytical solution.
However, in the case of the simulation results, the concentration can not
converge to a numerical value much less than the average concentrations of the
surrounding node points, which results from the limitation of the finite-
difference technique.

In practice the present CFD model is intended for use to predict the

a serious problem. O ther ha We really need to reduce this
discrepancy, then a suffiei€ nall orid size be adopted. This however
will greatly increase bg mory and the computational

time.
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5.2 Comparison with wind-tunnel experiments over non-planar terrain

In this section, the simulation results are compared with wind tunnel
experimental results obtained by R. Ohba, etal. (1990) published in
Atmospheric Environment Journal. In their experiment, a tracer gas (either SF¢
or CBrF;) was released upwind of a miniaturized hill modeled after Steptoe

Butte Hill, Washington State, and under neutral and stable conditions. The

“ # ent is that detailed results of the
experiment are available f ersion under stable condition,

which suits the model @ @ wind direction and speed

are used during the expe ' 19d.. : hical map of Steptoe Butte

rationale for choosing the winc

Table 5.2 Model ﬂ | experiments

Stability condition

Source height (equivalefitheight) o/ 115 m.
QA s
RRRAL= 151/
30-45 min, from start
E 11 ﬁ el
£ ot

Grid size (Ax,Ay,AZ) 200, 20, 200 m.
Velocity at source height (¢, ) 4 m/s
Emission rate from point source 0.631 g/s
Integration step size( Af) 1.0 sec.

Model parameters, including the exponent of the power law, horizontal

and vertical dispersion coefficients, and Reynolds number are varied to fit the
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calculated concentration to the experimental results. The suitable parameters

for this case are listed in Table 5.3.

Table 5.3 The suitable parameters for tracer dispersion over an isolated hill

under stable atmospheric condition

Simulati Ol par: meters

The exponents of power 0.55
Horizontal dispersion « 200 (m?/s)
Vertical dispersion coe 1 (m%/s)

Reynolds numbe n“;?;‘m 1000

The calculated

concentrations at 10 hé _ \\\\~ \
= 9\\\\, 3

e downwind relative

d directions of 192 and

228 degrees from 1 | with the wind tunnel

experiments in Figure

Y]
J
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Figure 5.6 A topographical map of the wind-tunnel model of Steptoe Butte area [source position (square) shown with contour

lines given in meters above the surrounding ground level
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Figure 5.8 Comparison of calculated ground-level downwind concentration

with wind tunnel experiment and field test data for wind direction of 192°.
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In figure 5.8, the simulation results show that the downwind relative
concentration at 10-m height above the ground dramatically increases with the
downwind distance up to 2 km. where it agrees well with the wind tunnel
experiment. On the other hand, the calculated downwind relative concentration

at the same height decrease as the downwind distance increases on the lee side

of the hill whereas that of wind tunnel experiment remains more or less the

same as the summit value. The reason is that in moderately stable condition,

the simulated plume can not r: ‘ r the hill and travel mainly about
the hill, so the calculated " &e side tends to be lower than
the wind-tunnel valué: ause_of “the" discrepancy may be the

assumption of zero concentfa ind boundary of the simulation

region. When compariag . ‘ vith the field test data (B.
Lamb,1984) , the calculate ' cation \ ame trend as the field test

data, but the model over ccause it does not take into

account the fact that . ) c 0 fluctuate with time during

the field test but these features \ difficult to incorporate in the

simulation. As a result, of't e"':.;" i1 alues are more diluted and lower

than those of the calculatios pancy exists between the wind-

A 2% o
ST -P \".'.r T B

tunnel and field-testdata.
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Figure 5.9 Comparisg of calculated ground- evel d@nwind concentration
with wind tunﬁ ﬁj)erfnﬁt for wind direction of 228°.

BINENINEINT

In Figufé 5.9, the downw‘md concentratlon in the case of the wind
direct W a ﬁam 111 ﬂy mﬁﬁnmwt The
calcul?&i relazj:e ccﬂl@tratlon starts tyr:jeaseﬂ; out n begins to
decrease slightly at about 2 km. Due to nearly flat topography, the downwind
relative concentration remains rather steady. In short, it can be concluded that
the present CFD model is highly applicable to the prediction the pollutant
concentration over relatively flat topography.

In the next chapter the effects of the various model parameters on the

downwind ground-level concentration will be investigated in more detail. As
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shown in Figure 5.10 to Figure 5.12, it is clear that, in the case of wind
direction of 192 degrees from the north, the effect of the horizontal dispersion
coefficient and the vertical dispersion coefficient on the downwind ground-
level concentration is more significant than the Reynolds number. The

onh
U

Reynolds number of 1.77x10® is calculated from Re = , where free-

stream mean velocity (Up) = 8.3 m/s, the hill height (/#) = 335 m, and the air

density and air viscosity at atmos] ure and temperature of 11°C are
Pa* s, &ely. Similarly, the Reynolds

number of 5.27x10° i { from % where free-stream mean

incorporate any turbulent ef fect o ldS stress terms. Consequently, the

S )
change in the Reynﬂds nulﬁﬁéﬁﬁg an ‘s
5

ant effect on the ground-level

-

concentration. In act,even-a t—the-—summit;— a \‘. ease in the Reynolds
number in the modelEo ’
shown in Figure 5.14. "Phglgh not shoquljxere, the effect of Reynolds number

on the wind elat.a pai flat fetr s been found to be
THEFNBRINEINT

negligible.

Iro 11ﬁ1ear the ground level, as

¢ o

AP TP BTN, DY) Y o comvin

ground-level concentration, whereas an increase in the vertical dispersion
coefficient increases the downwind ground-level concentration from the
downwind distance of 0 km. to about 1 km and then decreases the downwind
ground-level concentration from the downwind distance of about 1 km. to 3
km. The reason is that the receptor height is much lower than the source height,
so in the vicinity of the source a higher vertical dispersion coefficient widens

the plume angle sufficiently to reach the nearby ground level. In contrast, at a
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distance of 1-3 km not only the effective receptor height was lifted by the
topographical elevation but a smaller the plume angle is sufficient. Therefore
the downwind ground-level concentration for case of the lower vertical
dispersion coefficient becomes higher than that for the case of higher vertical
dispersion coefficient because the latter results in more dilution of the

downwind ground-level concentration. In Figure 5.13 the exponent of the

power law only slightly affects the ground-level concentration. This is because

from the north, the effects of thes A ammown in Appendix A. The
effect of these parameters” of“the model on the predicted concentration at

various receptor points will b€ inwestigated in the next chapter.

ﬂ‘UEJ’J‘VIEWI‘iWEHﬂ‘i
QW?NHS@UNW]’WB’]&B
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Figure 5.11 Downwind ground-level concentration for wind direction of 192
degrees and various horizontal dispersion coefficients with Re=1000, Ky=1

m?/s, exponent of the power law=0.55.
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5.3 Sensitivity to downwind boundary condition

To prove that the choice of downwind boundary condition (B.C.)
previous simulations is appropriate, the simulation results from the previous
section are compared with those obtain with a change in the boundary
condition.

In case of unchanged B.C., boundary condition in horizontal plain as

follows:
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- C=0,atp1 C —dilr= A Amax <Zmax)>

C=0, at plane <Xmaxs 0<Z<Zpax)

In case of ‘!;F Unidary conditions are as

follows: f'

ﬁiﬁ ARk
=0, at plane ¥ = Xmax ( 0<Z5Zmax» 0<Y<Ymey)
a%ﬁ%mnmwﬁwmaa

ic- 0, atplane z =— — ( 0<X<Xmax, 0<Y<Ymax)

- (a_(:_) = () , at plane z = Zpay ( 0<% <Xnavs 0<Y <V giax)
0Z )y, y

- C=0 , at plane - s 'Az_y ( O<X<Xmax, O<Z<Zmax)
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oC _ B Ay
- | = =0, atplane y = ¥max + — (0<X<Xmax, 0<2<Zpax)
oy %,z 2
where C = concentration (pg/m3)
From Figure 5.15 and 5.16, the simulation results for the changed

boundary conditions slightly better fitted the experimental results than those for

the unchanged boundary conditions. According to the zero concentration

concentration near the downwind
distance of 3 km inevitably o*Cas - of the unchanged boundary
conditions. Nevertheless; there ficantdifference between both cases.

Figures 5.17 to 5.20 shew \ u\\ of the Reynolds number, the
i¥ " ispersion coefficients fer

ose for the unchanged
boundary conditions: ‘concentration near the end of
the horizontal distane€ onditions always slightly

higher than its counterpa ary conditions.

:;.
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RIAINTUNRINEIAY



| = WindTun Exp S ———
—&— Sim(Change B.C.)
1 = —O Sim(Unchange B.C.)

=
(=]

RELATIVE CONCENTRATION
u,*C/Q (m™ *,0%)

HILL HEIGHT (m.

Figure 5.16 Comparison of ground-level dgwnwmd concentrations between

s f R HBR WAV
AMIANTAUNNIINYAY

99



100

100 s

Z
o
]
z

"
z 7
o
z B
So
237
: =
> =
E .

1

Figure 5.17 Downwiat€

degrees and various

exponent of the power lay

0

Re= 1000
- Re =1.77x10"

[

enty ._,o wind direction of 192

érs with k=200 m%s, K.=1 m’s,
i dd 1 .

55 (chanoed F

o
#3 Jt [l
rores

el
T
el

1000

TIVE CONCENTRATION

u,*C/Q (m? *10°)

-

T I ]

1 1.5 2 2.5

DOWNWIND DISTANCE (Km.)

Figure 5.18 Downwind ground-level concentration for wind direction of 192

degrees and various horizontal dispersion coefficients with Re=1000, K,=1

m?/s, exponent of the power law=0.55 (changed B



101

S

RELATIVE CONCENTRATION
u,*C/Q (m™ *10°%)
=

Figure 5.19 Downwi 4 2k cot r wind direction of 192
- i i 3\ X .
degrees and various i 5 i with Re=1000, Ky=200
m?/s, exponent of the p 7
o ,,"‘!“
o et
A
100 EEEA
Z. = 7 . T
2 —&— Pow=: e ——
E -
R —% S
EF
> E
O = 10 = o ; W ;;_'._'.:.u_'_'; N AN s
oL F ; r*:i-" 8 -
R AiPRATSEEE
= =
E . £ =
QR RRTHERTINGIq Y
1 T T ¥ . T T '
0 0.5 1 1.5 2 2.5 3
DOWNWIND DISTANCE(KM.)

Figure 5.20 Downwind ground-level concentrations of wind direction of 192
degrees and various exponents of the power law with Re=1000, Ky=200 m?/s,

K.=1 m?/s (changed B.C.)



	Chapter 5. Suitability of Present Model
	5.1 Comparison With Analytical Results of A Transport Phenomena Model for Flat Terrain
	5.2 Comparison With Wind-Tunnel Experiments Over Non-Planar Terrain
	5.3 Sensitivity To Downwind Boundary Condition


