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2. Effective height
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5. Coriolis parameter of the earth
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3. Convective Boundary Layer
4. Convective velocity scale
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1. Introduction

Nowadays air pollution is an important problem in all over the world (Mohammadi et al., 2016). Volatile
organic compounds (VOCs) are regarded as significant air pollutants. The most important VOCs, especially in
urban areas, are BTEX (benzene, toluene, ethylbenzene, and xylene) (Monod et al., 2001, Lan and Minh, 2013).
BTEX emissions have adverse effects on the environment and health of human beings (Peavy et al.,, 1985).

Necessary substitute for air quality monitoring is the air quality modeling (Benis et al., 2015). The Models
can be used to prognosticate the effect of a potential emitter, which is useful for permitting new sources. In
addition, they can be used to simulate ambient pollution concentrations under various policy options, as a tool
for both making and justify a decision (Holmes and Morawska, 2006).

When developing an air pollution model, five main physical and chemical processes need to be considered.
These processes include horizontal transport (advection), horizontal diffusion, deposition, chemical reactions
plus emissions and vertical transport and diffusion. The mathematical description of these processes results in
a system of partial differential equation is shown in equation (1).
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where u, v, and ware wind velocity components, C defines the concentrations of the chemical species
involved in the model, Es, Ky, Ky describe the emission sources, and the diffusion coefficients are illustrated by
Ky, Ky, K» K1s and Kzs are deposition coefficients and Qs (ci, ¢z, - . ., ¢q) explains the chemical reactions (Fatehifar
et al, 2006). It is a very difficult task, applying a common numerical method directly to the whole system of
PDE's. System of PDE's, by which a large air pollution model is described, can be split into different subsystems.
In this paper, the computational procedure employed in the MATLAB program to model unsteady state
dispersion of BTEX from incinerator using splitting method.

2. Methodology

Different physical processes lead to different terms in the right hand of the equations in (1) and therefore
have several properties. It is very hard to meet requirements altogether. This is the reason some kind of

* Esmaiel Fatehifar
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(Mohammad Ali Kaynejad).
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splitting is required to be applied. Several splitting procedures have been proposed in the literature (Zlatev
and Dimov, 2006).

In this paper, the system of PDE's (1) is split into five POE systems, which can be solved separately at every
time step.

oct  awchy ancty (2)
ot ox oy

oc? o ac? o ac? (3
o L FEL (g

. ax X ox oy Yooy

«c? R @
a o 1s o5 (x,y,zo,t)

oc? (5)
—:+Es(x,yz t)

+Qs(cf,c;1 ...... c 4) s=12,..... a

oc®  awc® & ac® (6)
S B Sk

ot oz oz % oz

The following single partial differential equation could be studied instead of the system of PDE's (1). For this
kind of systems, we assume there is no deposition (Kis=Kz=0) and no reaction (Qs=0) in system. Also, wind
velocity in y and z-direction are neglected. Furthermore, transport by bulk motion in the x-direction exceeds
diffusion in the x-direction (Kx=0).

3. Results and discussion

In this paper, the computational procedure was employed in the MATLAB program to obtain the pollution
concentration matrix [C] for one incinerator. First, the meteorological data and incinerator characteristics data
are input to the program through an interactive user interface. Then, the element of matrix [C] and necessary
parameters like eddy diffusivity and plume rise are calculated. Finally, results are present in an easy to visualize
graphical form. Table 1. shows the incinerator parameters that were used to perform the simulation.

Table. 1. Incinerator parameters

incinerator Height (m) 40 Emission rate (g/s) 0.18
incinerator Diameter (m) 1.8 Wind Speed at z=10m (m/s) 4
Exit Velocity (m/s) 5.36 Ambient Temperature (K) 298
Exit Temperature (°C) 62.2 dxxdyxdz 60x20x100

Fig. 1. shows pollution dispersion for the incinerator under conditions that were described in Table 1. after 5hr
at ground level and mixing height.

Time-5 b gronnd lovel

a

e of grids in y-direction number of grids in x-direction 55

€Y (b)

Fig. 1. Benzene concentration distribution at: a) ground level and, b) mixing height
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Effects of meteorological condition like atmospheric stability, wind velocity and exit velosity on pollutants
dispersion can be easily studied using the program. As Fig. 2. shows, when exit velocity increases, plume rise
increases and dispersion of pollutant increases and finally ground level concentration decreases.

05
v=mis
05 ~ v=10m's —

v=15m/s

04

03

C (microgrim3)

02

01

o L
o 20 40 80 80
distance from emission source (m)

Fig. 2. Effect of exit velocity on the dispersion of pollutants

Advection process (the transport due to the wind) is one of the most important processes in air pollution
dispersion. Increasing wind velocity will cause an increase in horizontal dispersion. As Fig. 3. shows, pollution
dispersion increases when wind velocity increases and pollutants go far from the incinerator region.

—u=3mis |
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Fig. 3. Effect of wind velocity on pollutant dispersion

4., Conclusions

Three-dimensional simulations of pollutants dispersion from an incinerator have been conducted. The
splitting method has been used and the program has been written using MATLAB. Working with simpler
systems is the most important advantages of this method. Also, Different numerical methods can be used in the
solution of the different systems. Thus, the numerical model can be easily optimized. The result show that
splitting method is efficient method for modeling dispersion of BTEX.
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