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Removal model suitable for air pollutants emitted
from an elevated source

Uma Arora, Sunita Gakkhar, and R. S. Gupta

Department of Mathematics, U.O.R. Roorkee, India

A time-dependent removal model for air pollutants from an elevated source is presented. The model
considers the first-order (delayed) removal. The deposition of pollutants is accounted for by applving
the absorptive boundary on the ground surface. The transport equation representing instunfuneous
and delayved removal is solved numerically by the fractional step method. A Lagrangian (moving cell)
Srame iy wyed to solve the wdvection step, while a Exlerian (imultibox) frame is applied 1o the diffuston
and removal processes. Variable wind velocity and coefficient of diffusivity are considered. Velocity
profile is approximated by a step function, which provides compatibility with the Eulerian prid spacing.
Variable vertical grid spacing is considered to get pood resolution concentration profile near the
source.

Keywords: removal, ground deposition, advection, diffusion, variable wind velocity, fractional step

method

Iniroduciion

Pollutant concentration in the atmosphere is generally
influenced by several processes such as advection, tur-
bulent diffusion, deposition, removal, and conversion
of gaseous pollutants to particulate materials, Pollu-
tants may be removed from the atimosphere by natural
cleansing processes, e.g., washout, rainout, and grav-
itational settling. The following equation,

dc n d{uc) . Hee) ; dlwe)
ar ax dy az

d ae a de’ d ae
e ey Ay () I ()
ax (jﬁz ax) ay ("" 6}') * az (A' a;) k

describes the dynamics of advecting diffusing and re-
acting pollutant.

The steady-state, three-dimensional solution of the
above atmospheric diffusion equation with settling and
first-order removal is presented by Peterson and
Seinfeld' to predict the airborne concentration of gas-
cous and particulate pollutants, Conversion of primary
gaseous pollutant to secondary particulate pollutant is
also considered.! An approximate solution to the ad-
vection-diffusion equation is obtained by Carmichael
et al.” using the .OD method. Alam and Seinfeld® have
given an analytical solution for first-order transfor-
mation of sulfur dioxide to sulfate and their wet and
dry deposition lrom an elevated point source. The re-
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versible ahsorption of 4 pollutant from an area source
in a stagnant fog layver has been discussed by Seinfeld
et al.* Atmospheric transport diffusion equations are
associated with primary and with secondary pollutant,
which is converted chemically from the primary pol-
lutant.® Shukla and Chauhan® have suggesied an in-
tegro-partial differential equation to study the effect of
instantaneous and delayed removal on dispersion of
pollutants. Rainout, washout, and conversion of pri-
mary pollutant to secondary pollutant are some of the
examples of delayed removal.

This paper presents a mathematical model to study
a delayed removal process for air pollutants emitted
from a line source with variable wind profile and coef-
ficient of diffusion. It has been shown that removal
processes (instantaneous or delayed) decrease the pol-
lutant concentration at any given point in space and
time. It confirms the results obtained by Shukla and
Chauhan® that concentration of pollutant may be greater
in the case of delayed removal than in the case of
instantaneous removal. Further variable wind may have
a dominating effect over that of removal and diffusion
mechanisms, resulting in unsymmetric isolines about
the centerline. The dry deposition on the ground sur-
face is taken into account.

Mathematical model

It is assumed rhat convection dominates over horizon-
tal diffusion and vertical diffusion dominates over con-
vection. Then the transport equation incorporating such
types of removals may be written as

il ac d dc
Zhul= k= = ke, (1)
at “(ar) :‘}3,( ; az) o

@ 1991 Butterworth—Heinemann
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© Yma Apopa
MATHEMATICAL MODELS FOR REMOVAL OF PARTICULATE POLLUTANT
IN PRESENCE OF PLANT CANOPIES
Uma Arora
Centre of Atmosphere Sciences II Delhi, Hauz Khas, New Delhi
Mathematical models have been presented to study the effect of plant canopies in reducing the
concentration of pollutants. Various physical processes namely advection, diffusion, settling, deposition
and combined influence of sedimentation & impaction have been considered. An clevated cross wind
continuous line source of pollutant is considered. The wind velocity & coefficient of diffusivity have
been taken as function of z inside the canopy though they are constant around and above the canopy.
In order to obtain numerical solution a mixed finite difference and finite difference schemes are used
o study the transient and steady state models respectively., Lagrangian frame is used to solve the
advection step, while Eulerian frame is applied to rest of the processes. The results confirm the first
hand expectation numerically that presence of canopy may reduce pollution of concentration
remarkably,

Introduction

The pole of plant canopies in the removal of pollutants is still very less understood in

comparison to the dry and wet removals. In addition to source characteristic, atmospheric and
»terrain conditions etc. the complexities also arise due to the properties of different types of plants
and shrubs. Various physical properties such as plant height, foliage density, width of its distance
from the source play an imporrtant role in removal of pollutants. Mathematical models and their
numerical solutions have been studied considering various physical processes viz. advection,
diffusion, settling and deposition and combined influence of sedimentation & impaction processes
of air pollutant emitted from an elevated ciosswind continuous line source. The domain of
reference is divided into four sub domains namely clear and canopy regions. The plant canopy
region is further divided into crown and stem area.

4

Mathematical model

The mass conservation equations for pollutant concentration c(x,y,zf) in the clear and

capony regions may be written as

and

éc oc 8 _a(, o)
U= = | ke, — (1)
ot Ox 0z oz\ "0z)

\
-a£+ux-a—c-w,z=i(k,z -P u,cc059+(wcc‘k,?£)sin9 (2)
ot ox 0z oz\ "oz) oz

respectively. Here, ¢ is time, u, being the wind velocity; k, the coefficient of diffusivity and w,; and
w; the settling velocity of particles in clear and canopy regions respectively, 0 the angular
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STATISTICAL ANALYSIS OF VEHICULAR CARBON MONOXIDE
AND METEOROLOGICAL VARIABLES IN NEW DELHI

UMA ARORA
Ex-Scientist of IIT Delhi,3-A Mansarover Apartments Sector 61 Noida

Abstract: The statistical analysis has been done to study the general characteristics of real time
concentration of vehicular carbon monoxide (CO) and its correlation with meteorological variables
namely wind speed, temperature, humidity, and wind direction. The continuous hourly concentration of
CO and meteorological variables were measured at Indian Institute of Technology. Delhi (IITD) during
Jan..1997- Aug.,1998. In order to depict the proportion of variance in CO concentration accounted for
by the predictors i.e. time & meteorological variables in four seasons, regression analysis has been
done using SYSTAT. Pearson correlation coefficient & coefficients of regression equation also have
been calculated for all the four seasons considering one. two, three and four independent variables
using SYSTAT. The conventional statistics student’s t - test and f - test were used to know
quantitatively the effect of seasons on the concentration of CO.

For 1997, it is observed that average of weekend concentration of CO was significantly higher during
early morming to till late afternoon. though in the evening it is lower compared to the average of
weekdays concentration which is contradictory to first hand expectation. In 1998 there is shift in period
which may be due to lack of data in 1998. It has been observed that percentage of concentration is
considerably high both in 1997 and 1998 in comparison to the prescribed limits by Government of India.
The CO concentration is found inversely correlated with wind speed and temperature and positively
correlated with humidity. It is found both positively as well as negatively correlated with wind
direction. In all the four seasons independent variable wind speed is the most significant variable. It was
also found that mean is significantly same in autumn & winter seasons and it is significantly different
in summer & rainy and rainy & autumn seasons. The f - test confirms the above result.

Key word index: Vehicular pollution, Statistical analysis, wind speed, Temperature, Humidity.

I. INTRODUCTION

The pollution front of Delhi, India’s capital, continues to worsen rapidly over time due to industry and
vehicles. In just seven years from 1986 to 1993, the number of vehicles in India has shot up by 17
million. In Delhi, an estimated 2000 metric tons of pollutants (CPCB, 1995) are released into the
atmosphere everyday, gaseous pollutants from vehicles dominating CO with an estimated emission level
of 1.063 tpd. tops the list. followed by other pollutants. The present paper concentrates on vehicular
pollutant CO at a point in the city i.e. IIT Delhi. Few similar studies are available in literature, which
are as follows-

A statistical analysis of the (Cheng et.al., 1998) sampling results was conducted to obtain general
characteristics of the roadside particulate and SO: pollution in Hong-Kong and to investigate the effects
of traffic volume and meteorological factors on the pollution levels. Correlation study ( Cardenas et
al..1998 ) between CO. NOy , O3 and non-methane hydrocarbons and their relationships with
meteorology for the Norfolk coast, UK. found that the concentrations of the chemical species were
mostly a function of source characteristics with chemistry playing a minor role. Morel et. al., (1999)
treated as air pollution a stochastic process and derived a probability distribution for air pollution
concentration which was used to analyze the data from Santigo.

@IJRTER-2016, All Rights Reserved 213
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Numerical Solution of Advection-diffusion problems by using parallel
Computing

DR. UMA ARORA
Ex-Faculty, JIIT Sector 62, Noida

Abstract: Mathematical models of advection- diffusion of atmospheric pollutants have been solved by
parallel programming and obtained results have been compared with the numerical results obtained from
sequential programming of mathematical models [1]. In sequential programming, governing equations
have been fractioned by fractional step method and results obtained from prior processes have been used
as initial condition for next process. though they are happening simultaneously in the atmosphere. Error
introduces due to time gap in run of the code of various processes. Therefore, numerical methods with
very small time step are being used to solve these models. Due to small time step number of
computations increases and as consequence error increases. Parallel programming computes all the
concurrent procedures in parallel therefore it reduce the errors because there is no time difference
between the run time of the code of two or more simultaneous processes.

In this paper parallel computing, steps have been considered based on physical processes. For parallel
computing three systems with LAN card were used. C programs were run on Knoppix operating system
using MPI routines and BCCD bootable Cluster CD and predicted results have been compared with
results obtained by sequential programming. In sequential programming C code was run on gcc
compiler running on Linux and FORTRAN 77 Programming was run on DOS. It was observed that
CPU time was very less in parallel computing in comparison to sequential programming for achieving
steady state.

In the first model, conversion of primary pollutants, emitted elevated crosswind source, from to
secondary pollutants, advection-diffusion, settling and deposition of primary as well as secondary
pollutants have been considered. No source was considered for secondary pollutants. In the second
mathematical model advection - diffusion of atmospheric pollutants emitted from continuous crosswind
elevated line source and their settling in the atmosphere and deposition on the ground has been
calculated by using parallel computing It is a particular case of first model.. In addition to continuous
crosswind line source two other types of time dependent crosswind elevated line sources i.e.
instantaneous and periodic sources have also been considered.

Keywords:Parallel computing, Advection-diffusion equation, settling of pollutants, conversion of
pollutants, Elevated cross-wind line continuous, instantaneous and step type, power law wind profile

L. INTRODUCTION
Many physical and chemical processes viz. advection, dispersion, diffusion, source height, duration of
effluent, wind velocity and its direction, settling of pollutants, deposition, rain out. washout and
conversion of gases in the atmosphere etc. occur in atmosphere and they affect the concentration of the
pollutants in short and intermediate range of the atmosphere. Removal of pollutants may occur in
various reasons and in various ways viz. dry, wet removal and removal by conversion of pollutants.
Settling in atmosphere and deposition at ground surface are very natural phenomenon of dry removal.
Gravitational settling velocity depends upon the type, size of particulate particles and roughness of
terrain and meteorological conditions. Rainout and washout are the natural wet removal phenomena.
These physical processes also get affected by atmospheric conditions i.e. stable, neutral and unstable.
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Simultaneous unsteady advection - diffusion equations have been solved numerically to predict the
concentration of primary and secondary pollutant. Mathematical model has been solved considering
elevated time dependent line sources for primary pollutant. Three types of sources have been taken (a)
instantaneous (b) step type function and (c) cross wind continuous and it is assumed that some part of
primary pollutant is converting into secondary pollutant continuously and there is no direct source of
secondary pollutant. A mixed finite difference scheme has been used to solve the model. Numerical
results have been presented in graphical form. It has been found that concentration is very high in the
case of instantaneous source though its spread is very less in comparison to other two sources for both
the pollutants. In step type function concentration diminishes very fast in comparison to continuous
source. It has also been observed that effect of power law profile of wind tilts the spread of
concentration upwards.

INTRODUCTION

Conversion of one pollutant to other is a very natural and common phenomenon in the
atmosphere. There are various pollutants which may fall under this category. Few cases from
literature are as follows-

Jaunge [1] shows that the life time of SO, in the atmosphere could vary from one hour to as
much as few weeks depending on which reactions occur. There is no evidence that SO, is
accumulating in the atmosphere. The increasing quantities discharged into atmosphere must
therefore be return in transformed / untransformed form to land or sea. The whole process may
produce adverse effect on the environment. Analytic solution of steady state 3-D atmospheric
diffusion equation for first order transformation of SO, to sulfate and wet and dry deposition of
both SO, and sulfate is given by Alam and Seinfeld [2]. Lee [3] has also given an analytic solution
of the steady diffusion equation. He has analyzed the conversion of gaseous species to particulate
pollutant, the role of settling velocity and the effects of dry deposition velocity of gaseous species
on the particulate pollutant. Three dimensional diffusion equation for unsteady state solved by
Shukla and Chuhan [4] for air pollutants emitted from a time dependent point source forming a
secondary pollutant.

In the present paper a mixed finite difference scheme has been used to solve the
simultaneous unsteady advection - diffusion equations for primary and secondary pollutants to
predict the concentration of pollutant at a particular point. The settling velocity and deposition
velocity at the ground surface has been considered in the model. Primary pollutant is emitting from
an elevated time dependent source and some part of it is converting into secondary pollutant. No



