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CHAPTERIV m»,,
SIMULATION PROCEDURE
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The optimal values of the essential parameters ey and e’y of the

deterministic dendritic growth el are determined in this study by

comparison with the stoc endrmc growth for convective

Brownian diffusion a ctlon This chapter presents the
simulation procedure odel nd the deterministic model of

dendritic growth, a ; ;-‘, of parameter estimation.

4.1 The simulaito edulré asiiz the 'std jc model
| of deterministic and random

is described by the equation
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Based on the stochastic model described in Equation (3.4), (3.5), (3.22),

(3.23), (3.24),and (3.25), the simulation is carried out according to the
following procedure.

1. The starting point K, of an incoming particle was chosen randomly on
the generation plane, which overlaps the cell surface and has height of 2H and

width of Z. Two mutually independent uniform random number, Y, and Z,,
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(-H € yo £ H, 0< z, < Z), are generated by using subroutine RANDOM

(Tanthapanichakoon, 1978) to give Ko=(—\/R§ - y2 » Yo > Zo)-

2. For convective Brownian diffusional deposition, the movement of the
particle at each successive time interval, At, is simulated by using the equation
(3.23), then the next position vector K; can be calculated. The random

ermutually uncorrelated standard normal

component in equation (3.23) usest
random numbers, nx, ny, , f;enerated by using subroutine RND

(Tanthapanichakoon, he case of inertial impaction

4 ofihie particle at each time step, was
calculated by usin \

3. The new e each time step is checked

to see whether the pértic 1 e%r surface or with any of the

deposition, the next

. Steps one of the dendrites on the fiber
surface grows uprt a BT icle layer
5. Steps l1 '3, and 4 or number of samples to yield

enough information for stochastic analy51s

fﬁ' (?.1 TT? given in Figure 4.2.
Monte Car gmmﬂtlons are carn::? out under various filtration conditions.

hl ﬁqmﬂ sxty p, are fixed
at H jﬂ g iﬂjm ::Ia‘ re the two most

important parameters which control the accuracy and computational time of the
simulation. A short time step and a longer fiber length would enhance accuracy
but consume very large computer memory and much computational time. Their
suitable values in previous study (Kanaoka et al.,, 1983) are adopted in this

study. A compromise of 50 samples is selected in this study. The simulation

conditions are listed in Table 4.1 for convective Brownian diffusion and in

Table 4.2 for inertial impaction.
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Table 4.1 Stochast:c simulation condmons

for convectxvc dlffusmn

Interception parameter R (-) 0.05,0.1,0.13,0.15,0.17,0.2

Peclet number Pe (-) 200, 500, 1000, 2500, 5000
Packing density of filter a (-) 0.03
Length of test fiber section 0 Z,(-) 0.4

I odl 0.6

Number of 81mul 1

~ Interception param ety | .05,0.1,0.13,0.15,0.17, 0.2
Stokes number St (-) :""f o 0,06,1.0,14,2.0

Packing density of ﬁlter ————n) .0

Length of test fiber sect ion 04 Zh () 0.4

3

| 04 1
Half height of genei,atlon plane H ) 2.0
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Ngen=Ngen+1

Figure 4.2 Flow chart of the stochastic
simulation procedure
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4.2 The simulation procedure of the deterministic model
The simple deterministic dendritic growth —model (Wiwut
Tanthapanichakoon et al., 1993) which is based on the population balance
model is adopted'in this study. The net rate of birth and growth of dendrites are
given in equation (3.23) and (3.24). These equations are solved by Runge-Kutta

4th-order method. Using the deterministic model described above, the

method.

2. The clean
diffusion, the clean fi
is given in equations
calculated using

impaction.

4. The birth of dendm.ﬁoﬁ ize 1 ap

W . :
on a fiber at each-incoming partiel.e m

Kutta 4th-order

¢ calculated using Runge-

3.29), respectively. If the
size of mendntes Pymax reaches a
pred_etermljﬁ\'value ©£0.02, the largest dendrite size is allowed to increase by

one (NMA Hidal b Kok fide o aensies i 100

< h The dust load and collection efficiency are calculated using equations

csopdcbol ikl VI VIE A

6 Step 4, and 5 are repeated until the total number of incoming particles

number concentr

reaches a predetermined number of interest.
A flow chart of the computational procedure is given in Figure 4.3. The
simulation conditions for convective diffusion and inertial impaction are listed

in Tables 4.3 and 4.4 , respectively.
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QFigure 4.3  Flow chart of the deterministic simulation procedure
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4.3 The procedure of the parameter estimation

To predict the growth of dendrites, it is necessary to know the parameters
ey and e’y. The parameters ey and e’y are determined by minimizing the
following sum of squares of the differences between the present model and the

previous stochastic model (Kanaoka et al., 1983).

-

S(en.en') = ZZ( NM(1-—’”— p (4.2)

Fli=1

where © is a weight fact'

estimating the para c¢_model. It will be used to
minimize the objecti (4.2). The estimation of the
parameter ey and €’y e following procedures

1. The sim  must besstarted, not with a single point, but with
N+1 points, defini $ie e!N is the number of search
dimensions. First, on ng point A, of the parameters ey
and e’y are guessed. T dr@~ ey and €’y is estimated with the aid
of equation (3.38). The othér N-pointsigan iven by

(4.3)

where I; is a unit s

2. The opt1 1 values of the parameters ey d e’y were determined using
subroutine la‘ ﬁe m ization, the simplified
deteminlstm ﬁﬂi] E‘J:f\ﬂoi dendritic growth is
compared w1th the correspon stochastiGsresults usin uation (4.2). The
mmm’iwimn UHRRY

Shigh - Siowl £0.001

Parameter estimation are carried out for various filtration conditions of
convective Brownian diffusion as well as inertial impaction.

The simulation conditions for convective diffusion and inertial impaction

are listed in Tables 4.3 and 4.4, respectively.
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Table 4.3 Deterministic simulation conditions

for convective diffusion

Interception parameter R ) 0.05, 0.1, 0.13,0.15,0.17, 0.2
Peclet numBer Pe (-) 200, 500, 1000, 2500, 5000
Packing density of filter a (-)
"Total fiber length Z(-)
Step size At (-)

Packing density of filter
Total fiber length Z
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