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APPENDIX A
RANDOM NUMBERS GENERATION

1. Methods of generating uncorre"f random numbers

When a compute m is & in. this study, to generate a sequence

r s""I ue@ompletely defined by its starting

metimes used to describe such

of random numbers, eac

value or see. The term &

numbers. :

The algorithms ft fere & UNCoIT ed uniform and normal random
numbers in this study w ' d ' ) | R ARy . 1966). The general procedure
was: 1) select a no i startingyalue, 2), generate a uniformly distributed
random number lying b ¥ 0d 1 with 2 ean of 0.5, 3) if appropriate, use
two uniform random nu “Fro 2 crate a normally distributed random
number with a mean of 0.0 and a;star | tion of 1.0, 4) repeat steps 2) and 3)
until a sequence of % r ers have been obtai ne

Pike and jaltie should be an odd integer

,863. Subroutine START breaks up a starting value into two
integral nu Eﬁ having to use double-
precision mtﬁ ﬂ m%ﬂvﬁft‘ﬁ . To generate several
starting values for separate sequen€e of randommumbers, the following procedure was

wdopied an| @ ke ¥ &7 1035 ed Bl rom » o

number table, 2) the number was used to generate a sequence of uniform random

between 1 and 67,1

numbers, 3) subroutine RESTRT was used to transform each uniform random number
in the sequence in to a new starting value later used.
To break up the cyclic nature of a very long sequence, a new starting value is

used for each record of the Monte-Carlo simulation.
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2. Random number generators

C
C
C

G G A @ @) 6 6 [ 1)

2.1 Starting value

SUBROUTINE START(ISTRT)

THE STARTING VALUE ISTRT

SO THAT IT LSUBROUTINE RANDOM OR
: e ———
SUBROUT RIND*WIT s, NG OVERFLOWING OF THE

INTEGER NUMB A s MUST BE AND ODD
NUMBER OBff \\\\\“\\ DOM NUMBER,
PREFERABL WBET WEEN 42 5\\\\\\% 108863
ISTRT=STARTING / ! y \

COMMON/CMN?2
[=2*(ISTRT/2)+1
1Y2=1/16384

IY1=1-16384*1Y2
RETURN

o

pu b

[

B ANENININT
O TR RIET et IT T TN

VALUE FOR THE RANDOM NUMBER GENERATORS

COMMON/CMN2/ RUNF,RNRM,IY1,1Y2
=0

J=0

DO 100 K=1,3

CALL RANDOM
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[=I+IY1
J=J+IY2
100 CONTINUE
IY1=MOD(123*1,16384)
TY2=MOD(789*],4096)
RETURN
END

Subroutine RA Was used to generate.a uniform random numbers

bl

SUBROUT OMGENERATES AlUNIFORM RANDOM
RANGE OF 0.0 TO 1.0
THE SEQUENCE QFRANDOM NUMBERS HAS A LIMITING CYCLE
LENGTH OF 16777216 -1

0 G Q 0O Q

g Y
™
COMMON/(ﬂNZ/ RUNF,RNRM,IY1IY2

;‘i}iﬁﬁmwﬂmwmm «

IY1—IY-16384*N
ammmfu URIINYIAY
TY2=1Y-4096*(1Y/4096)
RUNF=DBLE(16384*IY2+IY1)/67108864.0D0
RETURN
END



2.3 Normal random numbe generator

153

Subroutine RND was used to generate a normal random number with a mean

of 0.0 and a standard deviation of 1.0.

& O @ O

G, &

C

SUBROUTINE RND

IX=3125*IY1
N-TX/16384
IX=TX-16384*
IY=3125*TY2+N
TY=TY-4096*(IY/4096) -~
R=DBLE(16384* IV T)/67108864 050
X=SQRT(

ll AL

¢ IR NeNS

NI NN

IY1=IX-16384*N

TY=3125*IY+N

IY2=TY-4096*(IY/4096)
R=DBLE(16384*IY2+IY1)/67108864.0D0
RNRM=X*CO0S(6.283185*R)

RETURN

END




APPENDIX B
DOWHILL SIMPLEX METHOD IN MULTIDIMENSIONS

The downhill simplex method is due to Nelder and mead (1965). The method

requires only function evaluat' NS, N ives. It is not very efficient in term of the
number of function evaluat 1t reql ever, the downhill simplex method
may frequently be the best inet e-if the figure of merit is “get something

‘ burden is small.

A simplex is th : \ zin N dimensions, of N+1 points
(or vertices) and all t it afconnectis 5 | ﬁ gt ts, polygonal faces, etc. In two

imensions it is a tetrahedron, not
necessarily the regulaf teifa ! i '{: peral we arc only interested in simplexes that
are nondegenerate, i.e Mhi€h englbse=: te1 n dimensional volume. If any point
of a nondegenerate simpléx isaken _'" in, then the N other points define vector
directions that span the N-di -

For multi' sional minimization. the best w e'ean do is give our algorithm a
les as the first point to try.
way downhill through the

unimaginab ?Wﬂ ﬁ\%fw ﬁo until it encounters a (at
least local) la:ﬁﬁ FTﬁ ﬁ

The downhill simplex method must be started not just with a single point, but

witn RANSELI R A B BB e s

matters not which) as being your initial starting point Ao, then you can take the other N

starting guess, tha

The algorithm is then supposed to makes its ow

points to be
Ai=Ao+(5 ii (B 1)
where the i;’s are N unit vectors, and where ¢ is constant which is your guess of the

problem’s characteristic lengtah scale.
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Flgure B.1. Possible outcomes for a step in the downhill simplex method. The simplex
at the begining of the step, here a tetrahedron, is drawn with solid lines. The simplex at
the end of the step (drawn dashed) can be either (a) a reflection away from the high
point, (b) a reflecton and expansion away from the high point, (c) a contraction along
one dimension from the high point, or (d) a contraction along all dimensions toward
the low point. An appropriate sequence of such steps will always converge to a

minimum of the function.
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The downhill simplex method now takes a series of steps, most step‘s just
moving the point of the simplex where the function is largest (“highest point™) through
the opposite face of the simplex to a lower point. These steps are called reflections.
and they are constructed to conserve the volume of the simplex (hence maintain its
nondegeneracy). When it can do so, the method expands the simplex in one or another
direction to take larger steps. When it reaches a “valley floor”, the method contracts

itself in the transverse direction’and frigs,to ooze down the val]ey. If there is a

SIMPLEX is inten

summarized in Fig

possible to terminate Wheg'the dista Ned in that step is fractionally smaller
in magnitude than some tol e TOE=Alternativelv. we could require that the
AT T :
5 . 2 FEs = 3
decrease in the functlou,&mﬁw > ierminatmg siep be fractionally smaller than some

tolerance FTOLNIN

root of the machin(;mn ionil jpropriate to let FTOL be of order the

machine precision (Or ‘Perhaps slightly 1ar0er so as not {0 bediddled by roundoff).

be fooled by a single

anomalousavu gi[ l:%rylﬁnm mﬁgﬂ;t anywhere. Therefore, it is
fre ? Zﬁg outine at a point
Qrﬁﬁﬁ ﬁ&niﬁxﬂ?ﬁﬁ ?LEIP] thld reinitialize anyv

mllaxy input quantities. In the downhill simplex method, for example method, for
example, you should reinitialize N of the N+1 vertices of the simplex again by
equation B.1, with A, being one of the vertices of the claimed minimum.

Restarts should never be very expensive; your algorithm did. after all, converge
to the restart point once, and now you are starting the algorithm already there.

Consider, them, our N-dimensional SIMPLEX:
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void SIMPLEX(double eni[]) {
long a;
struct time t,t1;

double p[mp][np],y[mp],pr[nmax],prr{nmax],pbar[nmax];

double alpha,beta,gamma;

itmax=500;
ndim=np;
mpts=ndim+1;
iter=0;
for(i=0;i<ndim;i++) 1[4
for(i=0;i<mpts;i++) ifi=0) for(b4<ndisj++) 115 1=p[0]G1+0.1*(iH));
for(i=0;i<mpts;i++) y[i] 7 -
do{

~
U

ilo=1;
ify[0]>y[1 |

|, M Aneninenns
AN IUUNINAY

}
for(i=0;i<mpts;i++){
~if(y[i]<y[ilo]) ilo=i;
if(y[i]>y[ihi]){
inhi=ihi;

ihi=i;
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}
else if(y[i]>y[inhi]) {
if(i!=ihi) inhi=i;
}
}
y1=ylilo];
ifty1==y2){
}
else{
y2=ylilo]; Vo
county=0; %
ave=0.5 il b '
(]

rtol=fabs(y[1 —I

1f(1te1=1tmax ex1t( e

‘f(“mwﬂmwmm
awiﬁﬁﬂﬁﬂﬂﬁﬁmmaa

if(i!=ihi) for(j=0;j<ndim;j++) pbar[j}=pbar[j}+p[i][jl;
}
for(i=0;i<ndim;i++){
pbar[i]=pbar[i}/ndim;
pr[i]J=(1+alpha)*pbar[i]-alpha*p[ihi][i];
}
ypr=FUNCT(pr);
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iftypr<=y[ilo]){
for(i=0;i<ndim;i++) prr{i}J=gamma*pr[i]+(1-gamma)*pbar(i];
yprr=FUNCT(prr);
if(yprr<y[ilo]){

for(i—C;i<ndim;i++) plihi]{il=prr(i];

T
i\,

Y[lhl]— ™

%,
wtor(i=0j<ndmiE=+) plihi][i]=pr(i];

) pliil i]-pril

tadifii][i]+(1-beta)*pbar[i;

iflyprr<y[ihi){ <
A We A ViR TS
AMIARTUNUNINYAY

for(i=0;i<mpts;i++){

if(i!=ilo){
for(j=0;j<ndim;j++){
prljl=avg*(p[i]G1+plilo][l);
pOIGI=prll;
}

y[iFFUNCT(pr);




}while(rtol>ftol);

}

g, °

else {

for(i=0;i<ndim;i

AULINENINYINS
AR TN TN
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R 0 0.2 04 0.6 2% 1.6 1.8 5

005 | 00022701] 0.0024462| 0.0032455| 0.0047477| 0.0077 Ao.{m;_,_z‘a%i‘s 1 0.1967505| 0.244112| 0.2834522
006 | 00032478 0.003495| 0.0046171| 0.0067172| 0.010 0.8‘73‘5}?9 1443636] 0.2018938| 0.2489612| 0.2882491
007 | 00043923 0.0047207| 0.0062084| 0.0089811| 0.014 : 1| 0.1 0.2071566| 02539321 0.2931538
008 | 0.0057004| 0.0061186 0.0080111| 0.0115225| 0.01845u8f| 00368406 .09 0.2125229| 0.2590135| 0.2981597
009 | 00071689| 0.0076849| 0.0100175| 0.0143236| 0.022743ff 0044924a| 0.2179804] 02641957 0.303259
0.1 0.0087953| 0.0094154| 0.0122191| 00173681 0.027332| 095 1682L 0108 0.2235212|  026947| 0.308447
011 | 00105765 0.0113072| 0.0146084| 0.0206412| 0.0321823] 00591501~ 071 {4 0.2291385| 0.2748306| 0.3137158
012 | 0.0125097| 00133555| 0.0171788| 0.0241277| 0.0372582| 00665815} 0.234826| 0.2802708| 0.3190648
0.13 | 00145927 0.0155577] 0.019924] 0.0278142| 0.0425298 o.gﬁﬁ%z ! 0.2405813| 0.2857882| 0.3244873
0.14 | 0.0168221] 00179101 0.0228367 0.0316887| 0.0479707| 00812629 0.1359549) '{9{2463961 0.2913755| 0.3299809
0.15 0.019196| 0.0204096| 0.0259116| 00357391 0.0538586| 0.0885033| ¢ 02522712 0.2070334| 03355427
016 | 00217121] 00230527 0.0201424 0.039955| 0.0592722| 0.0956834| 0.15000 | 02582020 0.3027543] 03411685
0.17 0.0243669| 0.0258368| 0.0325244| 0.0443262 0.06509785] EO.IOZBI! 0.I569&2’ 0.2132485| 0.2641878 0.308537 0.3468593
0.18 | 0.0271597| 0.028759| © 0.036052| 0.048843 ouoﬁ ol 5 is@ ﬂzﬁw 0.3143811] 0.3526084
019 | 00300868 0.0318156| 0.0397203 0.05349§hp.0770255 0.1169391| 0.1707637] 0.2260577| 0.2763116] 0.3202814| 0.3584177
0.2 0.033147| 0.0350052] 0.0435254 wwmaw@()ﬁ) o174 -1(?12 (12824 t:E.}néms 0.3642822

NTTdbkNYI 10
Table C.1. The clean fiber eﬂiciency of inertial impaction solving

by Runge Kutta 4" method based on the limitting trajectory

theory
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R 0 02 0.4 ﬁ 1.4 1.6 1.8 2

005 | 00019311] 0.0038341| 0.0057371| 0.0076 0.0152522| 0.0171552| 0.0190582| 0.0209613
006 | 00027633 0.0054586| 0.0081539| 0.010 0216304] 0.0243257| 0.027021| 0.0297163
007 | 00037378 0.0073471| 0.0109564| 0.01456 ! L0202843|, 00253936, 0.029003| 0.0326123| 0.0362216| 0.0398309
0.08 0.004852| 0.0094909| 0.0141299| 0.0187688 8| 0020467 0.0326857] 0.0373246| 0.0419636| 0.0466025| 00512415
009 | 00061034 0.0118817|  0.01766| 00234383 010292 165{ U.0349948[#0.0407931| 0.0465514| 0.0523297| 0.0581079| 0.0638862
0.1 0.0074897| 0.0145112| 0.0215327| 0.0285543|" 0.085575s ;é.b?{ 3L 0.0496188| 0.0566404| 0.0636619| 0.0706834| 0.077705
0.11 | 0.0090084| 0.0173715| 0.0257345| 0.0340975 42&3_&3)‘.65' 0591867| 0.0675497| 0.0759127| 0.0842758| 0.0926388
0.12 | 00106574 0.0204547| 0.0302519| 0.0400492| 0.0498455H°6,0596 0.0792383| 0.0890356| 0.0988328| 0.1086301
0.13 | 00124344| 0.0237532] 0.035072| 0.04 0.0577096| 0.0690283] 0.0803471 ; 0.1029847| 0.1143035| 0.1256223
014 | 00143374] 0.0272596] 00401818 0.053404| 0.0660263| ¢ 0.1177152| 0.1306374 0.1435596
015 | 0.0163641| 0.0309665| 00455688| 0.0601701| 0.0747735| 0.1039781/ 0.1331828| 0.1477851| 0.1623874
0.16 | 0.0185128| 0.0348667| 0.0512206| 0.0675745|¢ 0.0839284| 0.1002823) 0.1166361  0.13209| 0.1493439| 0.1656978| 0.1820517
017 | 0.0207813] 0.0389531| 0.0571249[20.07529 t )Wﬁ Wz&; 21 ﬂm 39| 0.1661557| 0.1843275| 0.2024993
0.18 | 00231679 0.0432189| 0.0632699| ©l0833209| 0.1033719 }.1!23!422'8 0.1434738] 0.1635248 01835758 0.2036268| 0.2236778
0.19 | 00256707 0.0476571 9 99163 (40,1436 I - 0.2235487| 0.2455352
0.2 0.0282878| 0.0522611] 0.0%62343| 0.1802078| ' 01241 50K 0.244047| 0.2680203

Table C.2. The clean fiber efficiency of inertial impaction using

Stechkina’s equation (1969)
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Peclet xt
| 200 500 1000 | 1500 3500 | 4000 | 4500 | 5000
0.05 | 0.0994 | 0.0577 | 0.0393 | 0.0 ; 0.0214 | 0.0203 | 0.0193 | 0.0185
0.06 | 0.1030 | 0.0608 | 0.0422 | 0.0 0.0240 | 0.0228 | 0.0218 | 0.0210
0.07 | 0.1067 | 0.0640 | 0.0451 | 0.0 | & 0.0267 | 0.0255 | 0.0245 | 0.0237
0.08 | 0.1106 | 0.0674 | 0.0483 | 0.04 00332, 1%0.0 0.0296 | 0.0283 | 0.0273 | 0.0265
009 | 0.1145 | 00709 | 00516 | 008374 f0i0397 [T 00363, 500342 | 0.0326 | 0.0314 | 00303 | 0.0295
0.1 0.1186 | 0.0745 | 0.0550 | 0.0 04257 10.03 0374 | 0.0358 | 0.0345 | 0.0335 | 0.0326
0.11 | 01227 | 0.0783 | 0.0586 | 0.0503F |£0/0455 {00429 | %0.0408 | 0.0391 | 0.0378 | 0.0368 | 0.0359
012 | 01270 | 00822 | 00622 | 0.0541 J 0.0495 1 "6464 | 0.0443 | 0.0426 | 0.0413 | 0.0402 | 0.0393
0.13 | 01314 | 0.0862 | 0.0660 | 0.0578" | ‘60531 | 0.0501 | 0.0479 | 00462 | 0.0449 | 0.0438 | 0.0425
014 | 0.1359 | 0.0903 | 0.0700 | 0.0617 |.60560 | 0.0516 | 0.0499 | 0.0486 | 0.0475 | 0.0466
0.15 | 0.1405 | 0.0945 | 0.0740 | (06656 | 0.0609 | : 5 | 00537 | 0.0524 | 00513 | 0.0504
0.16 | 0.1452 | 0.0989 | 0.0782 9697 | 0.064 4 | 0.0577 | 0.0563 | 0.0552 | 0.0543
0.17 | 0.1500 | 0.1033 | 0.0824 | 0.0739 | 0.0690 | 0. 010635 | 0.0618 | 0.0604 | 0.0592 | 0.0583
0.18 | 0.1549 | 0.1079 | 00868 | 0.0782 | 0.0733 | 00700 | 0.0677 | 0.0659 | 0.0645 | 0.0634 | 0.0624
0.19 | 0.1598 | 0.1125 | 0.091 qomqsﬁ : " 0.0702 | 0.0688 | 0.0676 | 0.0667
02 | 01649 | 0.1172 | 0.095 4 "G0871 © 0788 1’ 00764 00746 0.0732 | 0.0720 | 0.0710

Stechkina’s equation (1969)
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APPENDIX D

The diffusion coefficient Dgy,, Cunningham slip correction fatcor C,

and mobility B of pariticles in air at 20°C

Radius of particie Dgm Cn B
(um) (cm’/sag
0.001 | 7130, 3.19x 10"
0.005 . 079 " 131x 10
0.01 335x10°
0.02 8.84x 10°
0.025 583x10°
0.05 . 1.68x10°
0.1 545x 107
0.15 3.08x 107
0.2 2.06x 107
0.225 1.77x 10"
0.25 ML) 155x 107
05 = 675x10°
1.0 3.13x10°

1x10°
8x10

QW?&\"lﬂﬁﬂJ 1IN Y




Mr.Adisorn Areephant was born on November 28, 1972 in Bangkok, Thailand.
He attended Yothinburana High school in Bangkok and graduated in 1990. In April

April, 1996.

AULINENINYINg
AN TUNNINGA Y



	References
	Appendix
	Vita

