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Abstract: Problem statement: The area under Phayathai station platform of s&intin Bangkok,
Thailand, has a problem of air pollution contrélpproach:The Bangkok Mass Transit System
Company tries to set up the electric fans insigedtea for air flow improvemerResults: The flow

of the air is still not smooth and the air qualigystill lower than standard. The assumption &f th
research that is the flow obstructs by the platfostructures.Conclusion: In this research, a
mathematical model can be simulating the causebkeoflow obstacle. The numerical solution of the
model is obtained by using a finite element techeiq
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INTRODUCTION MATERIALSAND METHODS

The mathematical models of the small particles! N mathematical model: ] _
transport by wind are considered to many geophysical e governing equation: The two-dimensional flow of
(El-Baz et al., 1990) and environmental problems the air in the domaif in the re(_:ta_ngular ordinate
(Sharanet al., 1996). The dynamics of each transport(X: ¥) is considered. If the flow is irrotatiaiy then
are governed by the wind speed, the sizes of festic the velocity components u amdare express in terms
and the turbulent eddies that disperse and diffuse Of Vvelocity potential® as follows (Ninomiya and
particles. The case includes smoke from industriaPnishi, 1991):
chimneys and small snow flakes (Smith, 1957) and
(Takeuchi, 1980) to fine soil particles. The wirgeed |, _9®  _ 0% @
has a logarithmic profile (Pasquill, 1962), andrthiee ox' dy
turbulence of the air flow is an important factdrtioe

model accuracy (Townsend, 1976). For the moderate | this problem, the affect of compression will be

wind speeds, (Gillette and Goodwin, 1974) studfe t neglected. Then the equation of continuity becomes:
simplest possible form of diffusion equation which

arise frequently in the air pollution problem area. v
Hassan and Eltayeb (1991; 1992), extended to concery +—=0 (2)
the variation of concentration to find that the ¢ %

distribution of the concentration is very much o . )
dependent on the distance of the wind directiorssea Substitution Eg. 1 into Eqg. 2, we get the equation
and Eltayeb (1993), they extend their study to the

saturation in which the source is at the grounctllev 62<D+62<D - 3)
The effect of air pollution on ozone layer thickeem ox2 oy’

troposphere over the state of Kuwait (Al Jeran and
Khan, 2009), and the effect of size of heated

obstruction within room on three dimensional aowl . ; : i
. . two types: $the velocity potentiatbg is specified and
has been characterized (Ahmedal., 2010). Pochai S, the normal component of the velocity, i specified

(2009), gives the mathematical model to investigage ; _

air flow in the area under the BTS station platfoiithe ?diitgéil O?]O;g?]%l’)é)a:’se.ﬁ = SOS, The boundary
governing equation with the boundary condition is '
given. In this research, the finite element meth®d
used to solve the model. ®=0, onsg (4)
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The domain boundary = dQ can be classified into
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9 =v,ons, (5) A = _—— ¥ T outtet
on Inlet u = :-: Column 30m

1m sec’iB = c/\D W _L
Boundary condition: By the Fig. 1, it is obtained that L 4
the flow in two-dimensional X, Y planes is uniform
speed in X-direction. A column with the circulaioss ¥
section of radius 1.5 m is placed perpendiculaslyhe T_. x Je7 meled mo} 20m |

flow field. Since the air flow is assumed to beigoid
and irrotational, it is obtained that the flow anduthe  Fig. 1: The area under the station platform of Bakg
column is expressible as a potential flow. sky train with a column (Pochai, 2009)

By the symmetry of the problem, an upper half of
the full geometry will be considered. The parthuf teft P RO
boundary AB represents the inlet, the air flow eélp A e |
u=1msed,v=0msec. On boundary BC and DE ' |

are lines of symmetry. The semicircle CD is assutoed @~ %= s | B=dBertaces
be a slipping boundary. Then the normal componént o i @ 7 \ b 'E
the air flow velocity will be zero. The left boungeEF V, =0 m? sec!

is the outlet of the flow that the air is assumedldw
out at the uniform velocity. Then the tangentialgig 2. The revision of boundary condition (Pochai,

component of flow velocity will be zero. The top 2009)
boundary AF is a far field boundary, which is non
affective from the column. Then the boundary AF Integration by parts leads to:
forms a streamline.
0P 0w , 0P dw o
ig iti — L+ =20 d0 - [—wdr =0 7
The revision of the boundary condition for the area ﬂ(ax ox oy ay) S[ e (7

under the station platform of Bangkok sky train: e
The revised the boundary conditions in terms of the o N
velocity potential®d as follows,® = 0 along the inlet By substituting the boundary condition of Eq. 5
AB, the velocity to BCDE and AF are equal to zérg, Into Eq. 7 to obtain the weak form:
= 0 in Eqg. 4. Since the distance between the faowt
the end of the platform is 30 m. and using Eq. 6 ofJ‘J(aﬁ@J,aﬁ@)dQ:J‘Vnmr (8)
(Pochai, 2009), it is obtained that the air flowtleu % 0x 0x dy dy
velocity ® along boundary EF is:

The domain is subdivided into triangular element.
The following interpolation functions are used the

30
®= J; udx = 30nf sec weighting functions:

. . . 3

It is obtained the summarize of the boundary gy, y) =3 T, (%,Y)P,, Q)
condition for the mathematical model of the aimflin =" ¢
the area under the station platform of Bangkoktshin
for Eq. 3 as Fig. 2. 3

| ’ w(x,y) = Y T, (10)
Finite element technique: o~
The discretisation of the weak form: Consider the

where the shape function, &re given by:
discretisation of the weak form corresponding to &q P ? ¢ y

using the finite element method. Let be weighting _ 1
functions, being arbitrary bub = 0 on §, where the To = 2N° @ +B,x+ G Y) (11)
value of® is known. The weighted residual form of Eq.
3 is obtained by: and:
0’0 0°® B = %Y, XY B = %Y

g(aszrTyz)wdQ:O © C =X, ~%.A°=(b,g-hg)/2 (12)
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In which a, B,y =1, 2, 3. Then the weak form RESULTS
Eq. 8 in each triangular element e is:
Numerical experiment: We mesh the domain into 180
3 0d T, I aT, e triangular elements with 115 nodes as show in Big.
Z(E(a)(ax”wa)dQ]“’v —Z[.[VnTudr]wa (13) " and 4. From the revision of the boundary, we héee t
% inlet and out let boundaries along AB, EF and

a=1 a=1

_ ) elsewhere ar@® = 0,® = 30 and Y = 0, respectively.
where, S;=S,nde. For each triangular element, We g caicylated results by using the velocity pasnt
obtain the element equations: are shown in Fig. 5 and Table 1.

3
3 De®, = Feforalla =1,2,3, 14
p=1

Where:

. ID, 0P, b, 0P
D, = [[(2—F +==—F)d, (15)

0X O0x ady oy

Fig. 3: The domain discretisation
F=[V,T,dr (16)
$

The matrix form of equation: From Eq. 11, it can be .
obtained the matrix form:

| B+a bbtac hbtgg
[De] :T b1b2+C102 b22+ ('22 b2b3+ GG (17)

bb+cc, bhb+ ce B+ B

and:
1 0 ]
{F}=ovli (18) —
1 g
In our problem, we assumed that, i¥ constant on =

the boundary segmens;, that length is I. After
assembly of all element equations Eq. 14, it can b&ig- 5: The flow velocity

obtained:
Table 1: The calculated flow velocity of some eletseof most
DK@ 4F} (19) inside area of the platform
Velocity in Velocity in
L. . . X-direction Y-direction
The finite element _solut|on. Since the n_odal valueb, Element number U (m s v (m sed)
are known and using Eg.(1), the velocity components gg 0.7256 0.1677
andv is obtained by: 81 0.6801 -0.0017
72 0.7583 -0.0009
3 oT 12 62 0.7357 0.0391
u=) "o, = > b,®, (20) 52 0.6834 0.0511
o O 20° &= 20 0.7798 -0.3263
91 0.6286 0.0019
s a7 13 82 0.7001 -0.0287
V=Z ap = ZC ® (21) 73 0.8080 -0.0014
Zoay o 2nEm " 63 0.7576 0.0659
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DISCUSSION Hassan, M.H.A. and |.A. Eltayeb, 1991. Time-
dependent transport of dust. J. Geophys. Res., 96:
The flow velocity of the most inside area of the 9337-9339. DOI: 10.1029/91JD00229
platform is slower than most outside area. Thesddassan., M.H.A. and |.A. Eltayeb, 1992. Suspensibon

means that the columns of platform must be a cafise transport of wind eroded sand particles, Geophys.
air flow obstacle. J. Int, 104: 147-152. DOI: 10.1111/j.1365-
246X.1991.th02500.x
CONCLUSION Hassan., M.HAA. and I|.A. Eltayeb, 1993. Two-

dimensional transport of dust from an infinite line
The governing equation with the revised boundary  source at ground level: non-zero roughness height,
condition for BTS sky train platform is presented. Geophys. J. Int, 115: 211-214. DOI;

Accordingly, a finite element technique for simidat 10.1111/1.1365-246X.1993.th05599.x

the air flow and the numerical results are als@giit  Ninomiya, H. and K. Onishi, 1991. Flow Analysis

is obtained that columns of platform is a causthefair Using a PC. 1st Edn., Computational Mechanics
flow obstacle. For the future work, another platfor Publications, CRC Press, Boca Raton, ISBN:

structures could be considered. The field measuneme 0849377315, pp: 190.
and the numerical result of the air flow in the Pasquill, F., 1962. Atmospheric Diffusion. D. Van

consideration area should be compared. Nostrand, Princeton. pp: 12.
DOI: 10.1002/j.49708837622
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