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Abstract: Nitrogen oxides, especially nitrogen dioxide, podlutant substances that can affect the humartheal the
environment. Nitrogen dioxide emissions are impttriurces in the production of green house effadtphotochemical
smog. In the current global context when the acoengnvironmental pollution problems are more amdampressing, the
reduction possibilities study of nitrogen dioxidenissions as well as the modelling ways of the phwmwn that
accompany the dispersion of this pollutant in itsle in nature is current and of a particular intance. In this paper the
mathematical models that describe the dispersianitafgen dioxide emitted from the two thermal powtations (Center
CET and South CET) of Timisoara city as a functwériour meteorological parameters (temperature, ilityn pressure,
wind speed) are presented. In order to developvarity these models, the N@aily average concentrations emitted from
the thermal power stations as well as the dailyagye values of meteorological parameters for eaghod the months:
January, April, July and October 2004 were useck Hsting of the mathematical models has been bgngsing the
following performance criteria: average squaredat@n (o) and correlation coefficient (R). The models, esutted from
the values of the performance criteria prove toemeugh accurate to describe the nitrogen dioxidpedsion in
atmosphere.
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1. Introduction In this paper there will be presented the matherakti
models that might define the influence which the

Compared to the ordinary systems, in the caseef tgimultaneous action of the 4 meteorological paransetas
air pollution is almost impossible to bring the Iregstem upon the dispersion phenomenon of the nitrogenidigoi
through different states with the planned changethe Timisoara City. Such models were obtained by mezns
input parameters (usually meteorological) in order the 2 degree non-linear multiple regression, betweerbthe
generate experimental data sets that should bewked Parameters. The meteorological parameters herein
designing the model [1,2]. Due to this reason,dbsign of considered are as follows: the temperature, theidityn
such system is based upon certain experimentaltelsém the pressure, the wind speed and direction.
under variable conditions — the meteorological peizrs
cannot be programmed. The dispersion of the potuti

agents in the atmosphere is a dynamic processtdkas 2. Experimental
place under relatively different conditions for gve
estimation, even if the pollution source may bestant. The most important stationary pollution source with

This is the reason why the design of such system Imea nitrogen dioxide in Timisoara City is represented the
carried out with less precision than in the casthefstatic two thermal power stations that provides the ditgrinal
systems. heating: CET CENTRU and CET SUD. S.C. Colterm S.A
The main factors that generally influence thenanages two thermal power stations, respectivelyi CE
dispersion of the polluting agents and particulatlye CENTRU and CET SUD. CET CENTRU has 6 boilers and
dispersion of the nitrogen dioxide are the follogvinthe 5 CAFs and the fuels used here are: black oil atdral
flow of the pollution source, the height of the Ipibn gases. CET SUD manages two CAFs and two boilers and
source, the Cartesian coordinates of the measpoirg of the fuels used here are: coal and natural gases.
the polluting agent concentration as well as the In order to complete this study, we used the daily
meteorological parameters. The previous studiese haaverage values of the nitrogen dioxide concentnatio
focused upon the influence of several meteoroldgicemanated by CET CENTRU and CET SUD, as well as the
parameters, such as the wind speed and directid, [3 daily average values of the meteorological pararsetech
respectively: temperature, pressure, humidity amdd as: temperature, pressure, humidity, wind speed, fo
speed [7,8]. January, April, July and October of 2004. Such datee
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been legally provided by relevant institutions @fiSoara = both CET SUD, as well as CET CENTRU have been

City: considered as two stationary punctiform emission

COLTERM TIMISOARA sources of polluting gases. Thus, this simplifying

¢ The NQ concentration resulted to every CAF and hypothesis will have a great influence upon the
boiler of the two thermal heating stations: CET criterium of performance of the established models.

CENTRU and CET SUD, for every day in the 4 monthss The NQ, concentration for every thermal heating

subject herein: January, April, July and October in station has been obtained by summing up the

2004. concentrations from all the boilers and their affer

¢ The features of all boilers and CAFs. CAFs.

¢ The calorific power of the natural gases used,rthei> The NQ, concentration has been considered equal to the
chemical composition, the caloric power of the klai concentration of N@
as well as its chemical composition. The ecosystem that has been studied is a non-linear

¢ The consumption of the natural gases for everyeboiland dynamic system, and this is the reason for wttie
and CAFs, as well as the consumption of black il a mathematical modeling process is very complex.

coal, the loading of the installation and the numdbie In many practical cases, the relation between two o

functioning hours per every day during the 4 months more parameters that occur within a certain prodess

TIMISOARA METEOROLOGICAL CENTER sufficiently connected so that the variation of axrgmeter

¢ The daily average values of the meteorologicatan be controlled and expressed based on the ivariat

parameters: temperature, pressure, humidity, wirf#e other parameters. Such functional relationsnareed

speed for every day of the 4 months in 2004. The&s the stohastic or probabilistic relations. Thelgtof these
values have been measured adRea Verde, the head relations leads to the development of the multiple

quarter of this institution. correlation theory [11-14].

In order to obtain the daily average of the ,NO From the mathematical point of view, the studied
concentration derived from the two thermal heatingarameters are random variables, their variatiothimia
stations, the EMPOL informatic system have beeartad limited field being set forth by random factors dagvery
the following initial data: the gas compositionethlack oil parameter basically follows a well-determined d@isttion
composition, the coefficients of the combustiortdas, the law [13].

NO, emission factor, the sulphur retaining degree, the The algorithm for elaborating the mathematical
humidity of the gas fuel, general data about théebo models is presented further on.

structure, the CQand Q concentration in the burning We assume that during the development of a process,
gases [9,10]. there have been made measurements of+1 variables.
We wish to express one of these variabyeslepending on
3. Results and discussion the other x variables, withi =1,n, by means of a"d

degree function, indicated in the relation (1):
Based on the data supplied by Colterm Foara and
according to the values of the meteorological patens n n —1n-j
there have been elaborated the mathematical pagesnety (x;)=ag + » agxj + az'X-2 + b.x:Xi.:i (1)
related to the nitrogen dioxide dispersion derifrean the ! ; ! ; . 12:12 iR
CET CENTRU and CET SUD, depending on the

meteorological parameters. _ The coefficients @ a;, &, ..., by, are referred to
Considering the multitude of the directly measureds the coefficient of the regression function. Ehese

varlal_)Ies, respectively the measures calculatem_de}yn_s of determined by the method of the smallest squaeshat

certain dependency relations, in order to simplife he gispersion of the deviations of values expeniaiéy

methodology of processing the experimental date forth y in comparison to the values set fortiseal on
respectively to determine the mathematical modéiste o regression equation (1) to be minimum, respelgti
have been taken into consideration the following

simplifying hypothesis: M(f) = My = Y(x; )] = minimum

where :
n n ) n-1n-j )
f(aOva:lj:aZivbji)z [y-ao _Za:ljxi _ZaZiXi _Zzbjixjxiﬂ] 2
i=1 i=1 j=1i=1
For this, we cancel the partial derivates of thection (2) in relation with the coefficients, &, &i, b;:
of m n n ) n-1n-j
an -2 [vk —a0 ~ D anxik = Y aziXg = 2 Y bjiXjkXi+jk] =0
0 k=1 i=1 i=1 j=1i=1
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n-1n-
o _ZZ[kaIk ~apXik ~ za]JXn( za2| ik zzbjlxjkxlﬂ kXi]=0 i=1n
j=li=1
n-1n— o
_ - = =1
0a2| ZZ[ykxlk 20X, - Zaﬂxuk ZaZI ik ZZbu X+ =017
=li=1
af [ n-1n- J
S i X
b _22 YKX1k Xj 41k ~ 80X1kXj+1k ~ Za:ux ik X1k Xi+1k ~ Zaz, ik X1k Xi+1k ~ zzbjl jkXi+j kX g Xi+1k] =
1i i=1 i=1 j=1i=1 i=in-1
of n-1n- j
aT:"Zz[kaJkak X jkXi+jk ~ Zaﬂxuk jkXi+jk ~ ZaZI ik X jkXi+jk ~ Zan ijI+jk]
I i=1 i=1 j=1i=1 i=in-|
of n—1n-j
F :_ZZ[Yan—lank apXn-1kXnk ~ Zamx,kxn -1k ZaZIX”(Xn 1kXnk ~ Zzbjlxjkxlﬂkx ~1kXnk] =0
n-1n k=1 i=1 i=1 j=li=1

Therefore, we obtain the system (3) of (1+mﬁ+) equations with unknown valueg ay;, &, b, with i =1n;j=1ni#j:

n n-1n-j
mag +zaﬂlek +za2|lek +zzbl'zxjkxl+1k _zyk
i=1 k=1 i=1 k=1 j=li=1 k=1
n-1n-j o
z [ +zaﬂlek z%llek zzbllzx Xi+jk%ik Zkauk F=an
k=1 i=1 k=1 i=1 k=1 j=li=1 k=1
_1n_
aolek +Zaﬂlek +Za2llek +Zzbllzx i+], kX|k Zykxlk
i=1 k=1 i=1 k=1 ji=li=1 k=1 i=1n 3)
n-1n-
aolekxwlk + Zaﬂ lekxlkal,k +Zaz| ZX|kXJkX|+J,k e Zzbll ijkxm KXwXj+1k = Zykxlkxwlk _
=1 i=1 k=1 j=li=1 k=1 i=lin-1
_1n_
aOZX I+]|(+Zalllekxjkxl+jk+Za2IZXIkX]kXI+jk+ZZb]|ZX |+]k Zykxjkxlﬂk
i=1 k=1 i=1 k=1 i=1i=1 k=1 ' i=1n-j
g
aozxn 1kxnk+zalllekxn 1kXnk +Za2|zx|kxn 1kXnk +Zzbllzxjkx|+1kx -1kXnk = Zykxn 1k*nk
i=1 =1 =1 j=li=1 =1

By solving the equation system (3) we obtain the =1.36710°% -0.882x, +77.066x, + 25.954x5 —17.308x4 -
values of the coefficients of the regression fuoe(il).

Based on this mathematic algorithm we have
presented above, by particularizing the n=5, wengted —0.287x>X3 +6.836x3X4 ~0.651x4x1 +4.4410" 3x1x3 ~3.847xpx4
to pursuit the dependency_ of the nitrogen d|0X|dg Square average deviatian= 263,607
concentration upon the simultaneous action of 4 C lati ficient R = 0.863
meteorological parameters: pressure, temperatureidity ¢ orretation coetlicient R = ©.
and wind speed. In relation (4), we emphasized the 3
mathematic model obtained for the dispersion of th& =106110" ~0.337xq ~19.793x5 ~30.766x3 +195867x4 - 5)
nitrogen dioxide generated by CET CENTRU and in—8409[10'4x2+2198x2+0264x2—99572xi—0137x1x2+
relation (5), the mathematic model obtained for th§133x2x?, 6.927xgx4 + 0,811 x1 ~7.674010 3 xyx5 — 6.235x,%4
dispersion of the nitrogen dioxide emanated fromTCE
SUD. For the both mathematical models already @eh,f
we calculated: the correlation multiple coefficerind the
square average deviation.

(4)

-1.318[10*xZ +0.015x3 ~0.199x3 +52.538x5 ~0.077x1x7 -

¢ Square average deviatian= 245,93
¢ Correlation coefficient R = 0.817
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Based on the value of the square average deviatiotspend on a series of uncontrollable factors. Alse

underlined in table 1, we noticed that in the cabd¢he
simultaneous action of the 4 meteorological paramet
their values are greater, therefore we may sunmhapthis
result is owed to the simplification of the modegl imeans

sources of azote dioxide emissions are not constant

At the same time, the smaller values of the cotiteia
multiple coefficients are due to a series of ottarses:

- The humidity has an antagonic influence compaoed

of which all the exhaustion funnels of every thermathe other meteorological parameters towards theedsson

heating station were considered a single source
emission. The correlation multiple coefficient labetter
value which acknowledges the accuracy of the models

TABLE 1. Values of the square average deviations and value of
the correlation multiple coefficients

. Correlation
No. Thermal' heating Squar(_e average multiple
station deviation o
coefficient
1 CET CENTRU 263.607 0.863
2 CET SUD 245.93 0.817

4. Conclusions

In case of the correlation of the nitrogen dioxlue
the simultaneous action of 4 meteorological paranset
there have been obtained better values for the ermnif
the model accuracy. This fact suggests that theediton
phenomenon and respectively the prediction of thregen
dioxide concentration were well
simultaneous action of all the studied meteorolaigic
parameters.

of the nitrogen dioxide.

- The air humidity determines the transformatiorhef
nitrogen dioxide in azotic acid, and consequenity,
concentration is diminished.
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