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Abstract 

Mitigation strdtcg ics for ncar· rua<l air pollution arc of great interest nowadays. Sound barriers near the road arc very 
c(Tcc ti vc to decrease pollutant concentration. The use o f titanium dioxide (TiC>2) barrier coating provides an .additional 
clll.-ct \vhich allows to a decrease of pollutant co ncentration near roads. In this study quick· a computing CFD model was 
devclop<..-tl to accc..~s the innucncc of TiCh barrier coating on pollutant conccntrJtion. To simulate \Vind flo\v over the 
barrier \vith TiCh coating model of potential now was used. The proc<..-ss o f N<>. dispersion fTom the car was computed 
using a mass conservation equation. Finitc~iflCrencc schemes \Vere used for the numl.-"Tical integration of governing 
equations. The computer code was dcvclop<Xl on the basis o r the proposed numerical model. Re-suits o r numerical 
simulations arc presented. 
K EY WORDS: 1101 barrier coating, pollutant dispersion, CFD mode/ing 

·1. Introduction 

The design, construction and n..-construction ofhigh\vays involves solving a set of problem'\ to n..-tlucc the negative 
impact o f cars on the environment. The solution to this problem is bas<..-tl on the implementation of !\-pccial protect ive 
methods, very oflcn - protective barriers [4, 7, 8, 12]. One o r the method< lo reduce the negative impact of car emissions 
is lhc use o r a «pholocatalytic» coating [ 6, 9-l I, 13 J. This coating a llows lo decompose NO into less hazartloos substances. 
An important problem is to assess lhc cfl'Cctivcncss of this coating lbr spocific operating co nd itions of difl'Crcnt highways. 
Therefore, it is very important to have specialized calculation methods that a l low f<>r such assessments. A common melhod 
for solving this problem is the use of CFO models based on the application o r the Navicr-Slokc-s equations lo solve the 
problem o r dctcnnining the air velocity field near roads [5, 12, 13J. These models make it possible lo dclcnninc in detail 
the parJmetcrs of lhc process being mo<lclcd an<l obtain important inf<>nnation lbr pr.tcticc. However, the use of Navicr­
Stokcs equations requires powerful computers and considerable time to pcrfo nn a computational experiment. Therefo re, 
it is important to have simplifi<..-tl calculation method~ that allo\v to obtain quickly pn..'tlictivc inf<>nnation <luring serial 
calcu lations. In this paper, a numerical model for quick assessment of the impact of barriers \vith a T iC)2 surface o:n 
reducing air pollution near a highway is cons idered. 

2 . Mathematical Model of Impurity Disper sion Near a Highway 

NC)-absorbing sur13ccs («photocatalytic» surfaces, «TX Active» surfaces) arc used not only to cover the 11>adway, 
but also to cover protec tive barriers. To solve the problem of detennining the impact of barriers with a «photocatalytic>> 
surface on the fonnalion o f air quality near tihc highway, a mathematical model \Vas built. 

The following mass transfer equation was used lo model the process o r NO transfer from cars [ I J: 

( I ) 

where (,' - N() conct."fltrJtion, mg/m3; Q,(1) - NC) emission rate; u, v - componcnl'\ o r \Vind now velocity V<..'Ctor, m/s; 
1 - time, s; µ = (µr. µ1) - turbulent difl'i.Jsion cocll'icicnts, m2/s; x;. y; - coordinates of cmiSii<>n source, m; 
8(x- x,)<5(»-y;) - Dime dclta-filnction, m.J. 
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The location ofN{) cmiss:ion sourc<..-s is modclc<l using a <lclta· fi.tnction. 
The boundary conditions for lhc modcling Eq. I arc as fo llows: 
I. At the inlet boundary: C = 0. 

ocl 2. At the outlet boundary: - = 0 (11 - a unit vcetoT of the external normal to the boundary). 
an 11 

3. On the surface y= 0, y =Ly (L,- upper boundary of the computational region): iJC = 0. 
()11 

On the photocatalytic surface which is situated on the barrier, the following is accepted: C-t= 0. This condition 
means that the surface compk .. 1cly absorbs the impurity. The initial condition \Vas: C= 0. 

The follo\ving <lcpcn<lcncics were u.."iC<l to determine the turbulent diflllsion cocflicicnts: 

where ko= 0.1. 
The presence of barriers significantly affccl• tbc formation of the flow pat1cm which changes the distribution of 

impurity concentration near the highway. The model of pol<...Titial flo\v was used to calculate the air flo\v velocity in the 
presence ofbanicrs. The mcxlcling equation was as follows: 

where P is velocity JX>lcntial. 
The comix>ncnts of lhc air flo\v velocity vector arc defined as lbllo\vs: 

f!P 
U =-· 

ilx' 
f!P 

v =- . 
f!y 

The boundary conditions for lhc modcling Eq. 2 were as follows: 

I. nP = 0 - at lhc barriers surface and lhc low boundary of the computational region. an 
ap 

2. - = 0 - at the upper boundary. 
tJn 

3. ap = V, - at lhc inlet boundary (V, - air llow velocity). an 
4. P = const - at the outlet boundary. 
The following wind profile was assumed at the :nlct boundary of tbc computational region: 

where m = 0.15, 111 - wind velocity at the height I m. 

(2) 

(3) 

Fick's law was used to <letennine the amount of pollutant absorbed by the «TX Active» sur13ee during time period 
dt. According to lhis law, the mass nux of N{) to the «TX Active» surfac..-c was determined as lbllo\vs: 

(4) 

whcreJ - mass flux of NO to tbc «TX Active» surface;µ - diflusion codlicicnt; S - TX surface area; {)(; - the pollutant 
{)/) 

con~-cntmtion gradient lo the TX surface. It should be noted that this transfer takes place in a turbulent boundary layer 
which is lbnned on the barrier surface. This layer ha'\ thicknc..~s ,5. 

For a vertical barrier within a two"(fimcnsional model: 

S =h,·lm, 

where 111 - step of the difl'Crencc grid in lhe vertical direction. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

513 

It should be noted that the value o f this boundary layer varies along the barrier, i.e., li = l)(J), and depend• on the 
specific hydrodynamic conditions [3 J. The determination both the thickness of the turbulent boundary layer a l the barrier 
and the value o f I.he dif1Usion coefficient in this layer is a scparJtc dill:icult problem. This problem n:.Xluircs numl.-Tical 
intcgr.ttion of Navicr~Stok<.."S equations u..~ing turbulence models. This is a <liflicult problem that requires much computer 
time. A simplHied approach was usc'tl to calculate the diflusion flow of pollutant lo barrier TX surface. The following 
relationship was used lo determine the thickness o r the turbulent boundary layer [3 J: 

(
V/) .... 2 

8 = 0.37/ µ (5) 

where / - barrier length; V - local air Oow velocity near the barrier;µ - cocfl:icicnt o f kinematic viscosity. 
In the developed mo<lcl, the concentration grddicnt was represented as 10110\vs: 

ac c,_1 -c-1 
i!8 ,5 

where CmrJ is conccntrJtion of the pollutant on the «photocatalytic» surface (as mentioned above, it was assum<..-tl 
l~Mif= O.); C4j- concentration o f the pollutant in the dilTcrcncc cell adjacent to the «photocatalytic» surface. 

The algorithm for solving the problem is as follows. 
1. Eq. 2 is numerically solved lo find the velocity potential field. 
2. The components of the a ir flow velocity v<...-ctor in the computational domain arc detcnninc<l using Eq. 3. 
3. Eq. I is solved and fiel<l ofN{) concentration is detcnnin<...-<l at time/. 
4. The thickness of the boundary layer is determined using Eq. 5, v = 14· I 0 • m2/s. 
5. On the basis of Eq. 4, the flow o r NO mass from the c-cll adjacent to the TX surface is calculated. 

3. Numerical Model 

Finite dil1Crcncc schemes were used lbr numerical integration of the governing equations. The calculation was 
performed on a rectangular grid. The velocity potential is calculated al the ccnlers of the difference cells. The velocity 
vector components arc calculated on the sides o f the dit1Crcncc cells. The po llutant conccntrJtion wa'i calculated at the 
ccnlers of the difference cells. 

To wlve Eq. 2, it was prcviou.dy written as follows: 

i!P a2P ifp -=--+--iii ai' ay» (6) 

whcr<.· 1 - fictitiolL~ time. 
Next, Eq . 6 \\•as solved using Samarsky's finite d iflCrcncc scheme. The finite dilfcrcncc scheme was as follows 

[2]: 
in the first slc-p or splitting: 

.. ,! 
P,,j 1 -P,~ 

61 

in the .scoond step or splitting: 

lllJ - t ,j + 1.J• I - I.} . 

[
P."'' P.''' ] [P'"' P.'''] 

6x2 6y2 

The calculation \\•as linishcd when the fOllo\ving condition was ful filled : 

\vhcrc t.:- a small number. To start of calculation, the fo llo\ving was acc(-ptcd: I = 0 , P = 0. 
In discrete fonn, the components o f the air now velocity vector were calculated as fOllows: 
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"v 

To solve Eq. I, it \Vas decomposed as follows: 

(7) 

To solve the first equation from system Eq. 7, the lollowing approximations and transformations were made l I J: 

OC' (."Ill-(."' 
-::::: " "; 
at at 
OC' (,"Ill-(,"' 
-::::: " "; 
at at 

auc au'C au c 
-- =--+-- · 

iJx iJx iJx ' 

ilvC ilv' C i7v C 
- = --+-- · 
ily iJy ily ' 

iJvC C C 
--;::::: vl.jt-1 •. , ... -vt.,j l,j = l c·1ucl 

iJy ay Y ' 

• II +lul u-lul • v+I~ v-1~ 
where u =-- u =-- v =-- v =--

2' 2' 2' 2 
Next, the following split1ing was pcrfonnc'tl [I J: 
- the first step, k = 1/4: 

c·•tk -c·· 
' 'Y +.!.(l'C' +l' C') = O· M 2 x y ' 

- the second step k = I /2, c = n + 1/4: 

- the third step k = n + 3/4, c = n + 1/2: 

c·k-l"' 
y Y+ 1(Lc'+Lc') =O· 

/jJ 2 x ,, • 
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- the fourth step k=n+ I , c=n+ 3/4: 

C' -C' • ' +.!.(cc' +Cd) ~o. 
/j.( 2' , 

An explicit f<>nnula was used to <lctcnninc the unknown value of the concentration c.· at each step of the splitting. 
To numerically solve lhc sccon<l equation from system Eq. 7, the following two·stcp !\-plit1ing scheme was US(..-d 

a l the fi rst step of the splitting, the difference equation had the fonn: 

I ,,_ 
c.· 2 -(,"' 

l,J l,J 

/jJ 
[ 

I I l [ I I l · · - 111 - · · - · · --c,,, 1 + c, i~ -c:,.11 + c,.J 1, . 

µ, t;x' + µ, ay' , 

al the second step of the splitting, the difference equation had the fonn: 

I ··-(.""' -c· 2 IJ I,/ 

/jJ [ 
c··• -c··• J [ c··• -c··• J / 11,/ I,/ l.) •I I,/ 

µ. 2 + µ y 2 • 
6x ay 

At each step of !\-plitting, explicit formula was used to calculate conccntr.dion c:. 
The Euler method [2J was used to solve the third equation from system Eq. 7. 

(8) 

(9) 

Computer code was developed on the basis of proposed mathematical model. FORTRAN was used for 
programming. 

4. Results 

Developed mathematical model was used to predict air pollution near the mad with two barriers (Fig. I). The firs t 
scenario was that there was no «TX>> coating on the internal sid<..-s of each barrier. The second scenario was that A· B 
surface and C-D surface had «TX» coaling (Fig. I). The computational region had dimensions: length 33 m, height 21 m. 
Wind sp(.•c_•d was u1 = 4 m/s. Emission r.tlc: was I g/s. The: hc;,•i8ht of the barriers w as S m. 

Fig. 1 Sketch of computational region: 1 - barriers \Yith TX coating 

In Fig. 2 predicted NO conccntmlions arc presented for the fi rst scenario (no TX coating on the barrier surface). 
N() concentrations in the computational region IC>r the sccon<l scenario (TX coating on th.e barrier surface) arc shown in 
Fig. 3. Every number in Fig. 1 and Fig. 2 shows concentration as the percentage of maximum conccntrJtion of pollutant 
in lhc computational region. The results in these figures were printed using «Integer>> lbnnat. It means lhat only lhc integer 
part or the number was sho\vn. This approach allows quickly analyzc n..-sults or numerical cxperimt.-nt and quickly 
determine regions with high and low concentrations and find :1..onc of influence or protccti()n means. 
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Y~.-.... -.. ----···-------~- --- ---------- --- .. -... ~ ... 

. . .._ .... , .... -... ... ,. .. ., ....................... ....... ···--

Fig. 2 Predicted N() concentration (scenario No? I, no TX coating on barrier surface): I - barriers; 2 - vehicle.is 

·-··----------------··ft---............... _ ....... ~·· ····- ·•<•• · ............. _. -
•.:lo 0 • 4 • • $ 0 ••••A•~ • ••-• .. *,... rt - - -

---------- ··-··------··---

_,... - ~ =:-~~ 

-· ,_ -1.... !'! :::::: :::::: :l ~ ~ 
~ . ........... :::: '"':'.:P::;:~ 

- ~."' :1 . :;;:';:" ·-- ~:: ~::;:::;; 
"1~~~=-~~~:: :::•c 

..... ·- ............. . ----.--
t=::~~~ :.-::-:::: _,..... ___ _ 
_...,_, __ _ 
:c :"'? ~. ~ ~ ~ 

~~!::::=: x 
ft;~!':~~~ 

'---~~~---~~~~~~~~---~~~~---'~ 

Fig. 3 Predicted NC> conccnlration (scenario .t<22, TX coaling on barrier sur1acc): / - barriers; 2 - vehicles 

The analysis of rcsu1L~ presented in Fig. 2, Fig. 3 shows that TX coaling a Hows to decrease pollutant conccnlrdtion 
in vicinity ofbarric.,-r. Concentration dccn.~asc is observed near the: TX surface bul this decrease is too locaJ. 

for a more detailed analysis of the results of nurnt.Tical mcxlcling, in Fig. 4 , NC) conccntr.ttion change along both 
barrict'8 is sho\vn. 

(' •""' r.;n' 
G,Ol"I' (•(11~ 

.• , 
1, U(1l I 

/ 001!1 

0.002' 

0.(11 

'""' / 2 . ..,, 

• >.m • •m 
' • ' l ' 

a b 

Fig. 4 NO eonccnlration: a - along the !ell barrier; b - along the right barrier; I - no TX coating on barrier surface; l - TX 
coating on barrier surface 

It can be seen From Fig. 4 thal N() concentration dccrcas~ more int·cnsivcly along the right barrier. ll can be 
explained by the fact that NC) concentration and concentration gradient near the right barrier arc greater than al lhc lcH 
barrier. 

Worthy of note that computaliona.1 Lime was 2 s. 
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5. Conclusions 

A quick·computing numerical mo<lcl was proposed for the prediction NC> conccntrJtions near roads with barriers 
that have TX coating. This numerical model takes into account: the height ofbarricrs, lhcir location near I.he mad, pollutant 
emission rJtc from vehic les, the influence of barriers on the llo\v pattern, mctcorulogical parameters. Computational 
calculations were carried out on the basis of the <lcvclopcd computer probrr.tm. 

The developed mathematical model can be used to establish the cllicicncy ofTX coating on barri~Ts depending on 
the specific o perating conditions. This mathematical mo<lcl is a necessary t<x>I f<>r justification measures aimed at 
improving the state or environment 
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