B8 BMEHEE E0 Hojatitof 2t Mi@RiTe B -
B8, 2x, diskE

A Numerical Study on the Short-term Dispersion of Toxic Gaseous
and Solid Pollutant in an Open Atmosphere :
Chemical Species, Temperature, Relative Velocity
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H.R. Na:E.J. Lee'D.S. Jang'Y.T. Seo

ABSTRACT

A series of parametric calculations have been performed in order to investigate the short-term and
short-range plume and puff behavior of toxic gaseous and solid pollutant dispersion in an open
atmosphere. The simulation is made by the use of the computer program developed by this laboratory,
in which a control-volume based finite-difference method is used together with the SIMPLEC algorithm
for the resolution of the pressure-velocity coupling appeared in Navier-Stokes equation. The Reynolds
stresses are solved by the standard two-equation k- ¢ model modified for buoyancy together with the
RNG(Renormalization Group) k- ¢ model.

The major parameters considered in this calculation are pollutant gas density and temperature, the
relative velocity of pollutants to that of the surrounding atmospheric air, and particulate size and density
together with the height released. The flow field is typically characterized by the formation of a strong
recirculation region for the case of the low density gases such as CHy and air due to the strong
buoyancy, while the flow is simply declining pattern toward the downstream ground for the case of
heavy molecule like the CHyCl; and CCly, even for the high temperature, 200C. The effect of gas
temperature and velocity on the flow field together with the particle trajectory are presented and
discussed in detail. In general, the results are physically acceptable and consistent.
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Table 1 Hypothetical standard condition employed in

this calculation

Free stream Velocity 2m/s

Temperature profile | 400m height : 20C
Surface : 30T
Toxic gas Inlet velocity 5m/s
pollutant Inlet temperature  § 100T

Particulate Particle density 1000kg/m®

Particle diameters | 1,5, 10,20, 30, 40, 50, 100 zm
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Table 2 Calculation parameters employed

Meteorological
condition

Free stream velocity(2m/s, 5m/s)
Atmospheric stability . stable, neutral, unstable

Toxic gas | Injection velocity : 2m/s, 5m/s
pollutant Injection temperature : 50C, 100°C, 200°C
Particulate | Particle diameters(1,5,10,20, 30,40, 50,100 zm)

Particle density : 1000kg/m®
Initial points : 1.5m,10m, 15m

Table 3 Turbulent diffusion and source term expressions
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(b}
Fig. 10 Velocity vector plots of CO, case without inlet

hydrdynamic discontinuity for Upe=5m/s.
(a) 50C (b) 100C
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NOMENCLATURE

f mass fraction,
mass of pollutant

mass of pollutant+mass of air

—Tw 3
Grashof number : M

Vo
[dimensionless]
. 9 . o . 2
v del, axl+ 2y i+ 52 k)

p :average pressure, [N/m?
R universal gas constant, 8.3[k]J/kg*mole]

———, [dimensionless]

Re : Reynolds number, p

G
Ri ! Richardson number, Ti_e% , [dimensionless]

Sy [ BHAIIE, DAMATG FHULY A4
%, (volumetric source per unit time)

T average temperature, [K]

# xB¥ & AE, [m/s]

v yHE s AE, [m/s]

U, : 3719 &%, [m/s]

Iy @ &34, [kg/m-s]

e [GFITFANIALLE [J/kg s]

k 1 @93FgT dFEEAUA,

(W2+v2+w?), [/kgl

&, 0.09

o

C/A:

CuPK?
DERRAASE, =

Paant’ (kg/m-s]

: $H A A4 (kinematic viscosity), [m%/s]
DRAY A, [kg/m)

13719 4, [kg/m’)

(B9 dx, [kg/m?]

: dependant variable(specific quantity),
[Quantity/kg]

xR

€

"&‘em‘b‘bt

Subscripts

N : North
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