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* Program of Physico-Chemical Mathematical Model for Brimblecombe and
Spedding (1974)'s Reaction Rate, Freiberg (1974)'s Reaction Rate and Ibusuki,

Ohsawa and Takeuchi (1990)'s Reaction Rate in Ammonia-Rich Environment

#include <stdio.h>
#include <math.h>
#include <time.h>
#include <memory.h> -
#define XMAX 107
#define YMAX 80
#define ZMAX 35

[ZMAX],
[ZMAX],
i3, k0,0, k0, j, kk, 1, N T e 0_0f colno_of_height,
opt,no_of quanta,no_of_timig;#ic_of printing, max_of printing,sum;
%,%0,y,y0,2,20, W,l,h, mitix; durny, duma oeff,z coeﬂ'md,
W,LHLKK_time step,u,Hs,Vs,d,delta dur
delta_hO,delta b .r-u:.'"—__;i.——" —————— s
FILE *fp,*parafp, SN '

| m

’f(”"ﬁ‘lJEJ’W]EW]‘ﬁWEJ’]ﬂ‘ﬁ

prifitf("No parameter ﬁle name\n

AiALAI NN INGAY

fscanf (parafp,"%s",fname);

fp = fopen(fname,"w");

fprintf (fp,"The output file name is %s\n",fname);

fscanf (parafp,"%s",name);

fprintf (fp,"The condition of the reaction is %s\n",name);
fscanf (parafp,"%f",& W),

fprintf (fp,"The width of interested area (m) = %.2f\n", W);

int MA ]ZMAX],
, ; 4§

float




25

fscanf (parafp,"%f",&L);

fprintf (fp,"The length of interested area (m) = %.2f\n" L),
" fscanf (parafp, "%f", &H);

fprintf (fp,"The height of interested area (m) = %.2f\n",H);

fscanf (parafp,"%f",&w);

fprintf (fp,"The width of each cell (m) = %.2f\n",w);

fscanf (parafp,"%f",&l);

fprintf (fp,"The length of each cell (m) = %.2f\n",1);

fscanf (parafp,"%f",&h);

fprintf (fp,"The height of each cell (m) = %.2f\n",h);

fscanf (parafp,"%f",&x0);
fprintf (fp,"The location of each p /ﬂe in the x-axis (m) = %.2f\n",x0);
fscanf (parafp, "%f',%‘* /n

éﬂxe y-axis (m) = %.

fprintf (fp,"The locati poept ] 2f\n" y0);
fscanf (parafp,"%d", . :
fprintf (fp,"The n ‘ ﬁq-‘l'n't source = %d\n",N);

fscanf (parafp,"%
fprintf (fp,"The vel
fscanf (parafp,"%
fprintf (fp,"The hei
fscanf (parafp,"%
fprintf (fp,"The vel
fscanf (parafp,"%
fprintf (fp,"The di

sec) = %.2f\n",u);

fscanf (parafp,"%f" & TS),

./

fprintf (fp,"The mperaturé' dﬁé’mﬁ
fscanf (parafp,%%’ :
fprintf (fp,"Th osp ere a);

fscanf (parafp,"% g pr ﬂ
fprintf (fp,"The n ber of tlme step = %d\n",T);
fscanf (parafp,"%f",&D;,

m@uﬂmﬁmwmm

fprintf (fp,"The coeff. of dlspersgon in the y—ax1s (m) = %. 2f\n;} coeff); ©

i Dt i e ) 4 L

fprintf (fp,"The rate constant (sec”™-1 or cell/g-sec) = %.20f\n",K);
fprintf (fp,"%32s\n","Menu selection"); :
fprintf (fp,"n";
fprintf (fp," 1. Brimblecombe and Spedding (1974)'s reaction rate\n");
fprintf (fp," 2. Freiberg (1974)'s reaction rate in ammonia-rich environment\n");
fprintf (fp," 3. Ibusuki et al. (1990)'s reaction rate in ammonia-rich
environment\n");
fprintf (fp,"\n");
fscanf (parafp,"%d",&opt);
fprintf (fp," Selection ====> %d\n",opt);



fscanf (parafp,"262d" ,&max_of_printing);

fprintf (fp,"The number of printed outputs =%d\n" »max_of _printing);

printf("parameters ok\n");
no_of col = Wiw;
no_of row = L/;
no_of_height = H/h;

{

exit(1);

mcmset(cz,’\O',sizeW e —
memset(c3,'\0',sizy S
memset(c35,"\0',size6f(c ) ,

- memset(c6,"0',size = W

delta hO
delta_hl
delta h2
delta_ h3
delta h4
delta h5
delta h

mﬂsmmwmﬂ‘i

lf(m

Q ﬁ?ﬁﬁ’?’f‘ﬁ’m SJW]’JWEI’WG d

k0 = (int)ceil(z0);

© c2[i0][jO][KO] = N;

fprintf(fp, "cz[%d][%d][%d] = %d\n"i0,jO,k0 c2[10][;0][k0]),

for(no_of time=1 ;no_of_time<=T;no_of time++)

for(i=0ji<=no_of col;i++)
for (j=0;j<=no_of row;j++)
v for (k=0;k<=no_of_height;k++)
{ .

if (no_of col > XMAX [ no_of row > YMAX || no_of_height > ZMAX)

96
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if(c2[i][j][k] = 0)
c3[][1k] += c2[][]k];
if (cS[i][j][k] !=0)

5 c6[il[jl[k] += cS[][IK];
memcpy(cl,c2,sizeof(c2));
memset(c2,"0',sizeof(c2));
memcpy(c4,c5,sizeof(c5));
memset(c5,"0',sizeof( ));

x ceil(x);

o Uﬁﬂ‘%‘%m&%ﬂ na

if (md<0.5) ¢

QW'\&I&WWW’JWEH&EI

if (rmd > 0.5)
y =y + (y_coeffl);
else
goto loopl;
dummy = fmod(y,1.0);
md = 1.0 * rand())RAND MAX;
if (md >= dummy)
y = floor(y);

¥ ceil(y);

; else



loop2:

/*SO2 dispersion in the z-axis*/
rmd = 1.0 * rand()/RAND MAX;
if (md <0.5)

z =z - (z_coeft/h);
else

if (md > 0.5)
z =z + (z_coeft/h);
else
goto loop2;
if (z<0.0)

.......

m cZ[][ii][kkl =15

fl W SRENINEANT e

no_of_quanta = (n*n)((n-1)*(n-1)); ,,

ammrﬁm‘m@maa

if (md <=K_time step)
cS[i][jlkk] += 1

~else :
c2[][j][kk] +=1;
break;

case 3 : /*Ibusuki et al. (1990) in ammonia-rich environment*/
no_of quanta = (n*n)-((n-1)*(n-1));
K_time_step = K*t*no_of quanta;
md = 1.0 * rand()yRAND MAX;

if (md <= K_time_step)

98
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cS[u][i]kk] +=1;
else
c2[i][jj] kK] += 1
break;
default :
fprintf (fp,"Out of menu\n");
3
o
3
(

oo ﬂ uﬁ“?ﬁ‘tﬂiﬁﬁ@’l f 'a'

if md<0.5) ,

awmﬂﬂfzﬁwnwmaﬂ |

if (rmd > 0.5)

y =y + (y_coeffl);

else

~goto loop3;

dummy = fmod(y,1.0);
md = 1.0 * rand())RAND MAX;
if (rnd >= dummy)
y = floor(y);

y =ceily);

else



{
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/*SO4 dispersion in the z-axis*/ T
loop4: md = 1.0 * rand())RAND MAX; -
if (md < 0.5)
z =z - (z_coeft/h),
else
if (rmd > 0.5)
z=Z + {2 coeflh);
else
goto loop4;
if (z<0.
Z =5 .

if (i >= 0 && i f gol && jj <no_of row && kk <no_of_height)

1f(c2[1][l][k] t=0)

7
ﬂﬁﬂfﬁﬂ@ﬁﬂ@ﬂﬂi
a,mmmm URIINYIRY

for(n _of_printing=1;n0_of printing<=max_of _pnntmg no_of _prmtmg++)

fscanf (parafp,"%f",&x0);

fprintf (fp,"\nThe location in the x-axis (m) = %.2f\n",x0);
i0 = (int)floor(x0/w);

fprintf(fp,"\nThe number of SO2 quanta in each cell is : b -
sum = 0; Ay AT
for(kk=no_of height;kk>=0;kk--)

{ .
fprintf(fp,"\n");
for(jj=0;jj<=no_of row;jj++)



‘ "
fprintf(fp,"%3d " c3[101[11][1<k])

sum += c3[i0][jj][kk];

- } A
) :
fprintf{fp, "\nThe total of SO2 quanta are =%d\n",sum);

sum = 0
fpnntf(fp "nThe number of SO4 g

for(kk=no_of height;kk>=0 <

anta in each cell is : ");

{: ,
- fprintf(fp,"\n"
for(jj=0:]; SS10_0f) rowjji) e
“Jﬂ
}
} F ) 5
 Torintf(fp, "nThe i6tal 6f SO
- fprintf(fp,"\n");
fclose(fp);

fclose(parafp);

ﬂ'LJEl'WIEWIﬁW 8IN3

Qﬁﬂﬂﬂﬂ‘immﬂﬂﬂmﬁﬂ
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¢ Program of Physico-Chemical Mathematical Model for Freiberg (1974)'s‘

Reaction Rate in Ammonia-Deficient Environment

#include <stdio.h>
#include <math.h>
#include <time.h>
#include <memory.h>
#define XMAX 107

#define YMAX 85 \ ‘
#define ZMAX 35

float

c7[XMAX][YMAX][Z
*fp,*parafp;
char fname[50], namﬁSO], _

if (ac 1=2) -
{

exit(1);

parafp— %&Jl?)‘ﬂ EJ'V]‘?‘WEJ']ﬂ'ﬁ

fscanf (parafp,"%s",fname),
fp = fopen(fname,"w");

?ﬁﬂﬁ ﬁ@wwww 58 El

P (fp,"The condmon of the reaction is %s\n",name);
fscanf (parafp,"%f",& W),
fprintf (fp,"The width of interested area (m) = %.2f\n", W);
fscanf (parafp,"%f",&L);
fprintf (fp,"The length of interested area (m) = %. 2f\n" AR
fscanf (parafp,"%f",&H);
fprintf (fp,"The height of interested area (m) = %.2f\n",H);
fscanf (parafp,"%f",&w);
fprintf (fp,"The width of each cell (m) = %.2f\n",w);
fscanf (parafp,"%f",&l);
fprintf (fp,"The length of each cell (m) = %.2f\n",1);
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fscanf (parafp,"%f",&h); -

fprintf (fp,"The height of each cell (m) = %.2f\n" h);

fscanf (parafp,"%f", &x0); ' ;

fprintf (fp,"The location of each point source in the x-axis (m) = %. 2f\n",x0);
fscanf (parafp,"%f",&y0); :

fprintf (fp,"The location of each point source in the y-axis (m) = %. 2f\n",y0);
fscanf (parafp,"%d",&N);

fprintf (fp,"The number of SO2 quanta in each point source = %d\n",N)
fscanf (parafp,"%f",&Q); : '

fprintf (fp,"The SO2 emission rate (g/sec) = %.2f\n",Q);

fscanf (parafp,"%f", &u); \

fprintf (fp,"The velocity of wind

fscanf (parafp,"%f",&Hs);
fprintf (fp,"The heighte
fscanf (parafp,"%f", &
fprintf (fp,"The velo
fscanf (parafp,"%

.
2

fscanf (parafp,"%i

fprintf (fp,"The te
fscanf (parafp,"%f

fscanf (parafp,"%d", -
fprintf (fp,"The numbe
fscanf (parafp,"%f",&t); .=

i

i

fprintf (£p,"The fime step (sée) = %.2f
%(", &y _coefd;

o, Cpett.
fscanf (parafp,"%f", &z _coeff ; o
fprintf (fp,"The ceeff. of dispersion in the z-axis (mﬂL %.2f\n",z_coeff);

i;:'ianntff((Pamfp,“%f'“ﬁst); ﬁiﬁ |uE Ttl] b) = %.2f\n",NH3);
fscanf (sm‘%ﬂﬁ ‘. . . ﬂ ? ‘ , |

fprintf (fp,"The rate constan%&"l 2/mol™-sec) = %.Zt\n",K)éu
r

fprintf (fp,"%32s\n"," lection™); o
Nt RN IRl
2 o rg(1974)'s reaction rate in ammomnia-deficient

environment\n");

fprintf (fp,"\n");
fscanf (parafp,"%d", &opt);
- fprintf (fp," ~ Selection ====> %d\n",opt);

* fscanf (parafp,"%?2d",&max_of printing); x
fprintf (fp,"The number of printed outputs =%d\n",max_of printing);
printf("parameters ok\n"); o

no_of col = Wiw;
no of row = L/,
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no_of height = H/h

if (no_of col > XMAX || no_of _row > YMAX || no_of_height > ZMAX)
{

fprintf(fp,"\n Range of cell error'n" ),
: exit(1);

H
memset(c2,"0',sizeof(c2));
- memset(c3,\0',sizeof(c3));
memset(c5,"\0',sizeof(c5));
memset(c6,'\0’,sizeof(c6 ’

- memset(c7,\0',sizegf{

memset(c8,"\0',sizeo

delta_h0
delta_hl
delta_h2

delta_|
delta_h4

kO =(int)floor(z0);

¥ wﬂ(:mw%’wmm

9 Wﬁmﬁﬁ@w Wals b

for(no of time=1;n0 of t1me<—T ;no_of Umc++)

for(i=0;i<=no_of col;i++)
for (j=0;j<=no_of row;j++)
for (k=0;k<=no_of height;k++)
{ : ! ;
if(c2[i][j][k] != 0)
c3[][IK] += c2[i][1K];
if (cS[i][j]IK] "0)



loop3:

105

[ O = Sk o,

memcpy(cl,c2,sizeof(c2));
memset(c2,"0',sizeof(c2));
memcpy(cd,c5,sizeof(c5));
memset(c5,"\0',sizeof(c3));

/*SO4 advection and dispersions*/
for(i=0; i<"-no of col i++)

@
md

ﬂummmwmm

y =Yy + (y_coeffll);

ammnﬁmmqwmaa

loop4:

dummy fmod(y,1.0);
- md= 1.0 * rand()RAND MAX;
if (rnd >= dummy)

y = floor(y);
else
y = ceil(y);
~ /*S04 dispersion in the z-axis*/

md = 1.0 * rand(YyRAND MAX;
if (rnd < 0.5)
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z=27-(z_coeff/h);
else
if (md > 0.5)
z=z+ (z_coeft/h);
else
goto loop4;
if (z<0.0)
: zZ=-z;
dummz = fmod(z,1.0);
md = 1.0 * rand(

if (i >= 0 && ii <a of OUKE |j <no wof, tow && kk < no_of_height)

> (NH3*0.000001)/24.5)

S = NES-C=cSEER 24,5 (N 64);

-
QT

for(n=1L;n<=c1[i][j][K}:n++)

/*SO2 Point source location */ :
X=1i

y=3

z=k;

/*S0O2 advection*/

X=X+ {u*tw;

dummx = fmod(x,1.0);

md = 1.0 * rand()/RAND MAX;



107

if (md >= dummx)
x = floor(x);

else ~

x = ceil(x);

/*SQO2 dispersion in the y-axis*/
loopl: md = 1.0 * rand()y) RAND MAX;
if (rnd < 0.5) |
y =Y - (y_coefll);

loop2:

qaﬁﬁmﬁﬂgu@ﬂﬂi

qmagﬂmw'rmmaa

z = ceil(z),

i = Gndfloor(x);
§ = Gndfloor(y);
- kk = (int)floor(z);

/¥SO2 to SO4 transformation*/

" switch (opt)
{ p

case 1 /*Freibcrg (1974)‘ in ammonia-deficient environment */ ]
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/*[NH3]t = [NH3]o - 2[SO4]*/
c7[n][u][kk] ((NH3*0.000001)/24.5)-((2*c5[1i][1j][Kk]*Q*t*0.000001 )/(N*64));
if (c7[u][HIkk] >= ((2*c5[] (] [kk]*Q*t*0.000001)/(N*64)))
. .y :
no_of quanta = (n*n)-((n-1)*(n-1));
K time step =
(K*t*no_of quanta*c7[u][u}[kk]*c7[u][u][kk]*c7[u][u][kk]*Q*t*0 000001)/(64*N);
md = 1.0 * rand()/RAND MAX;

if ( <= K time stcp)

~ for(1=0 1<mo of col; 1++)

AU “"ﬁ%‘%ﬂﬂ 3

f(c2fi][5]{k] 1= 0)

QW']M&%M”’EWEI’]MI

COIGIK] += eSHIGIKT,
3

/*pnnt output data*/ : ’ :
for(no of _printing=1; no_ of _pnntmg<-max of printing;no_of printing++)
{
fscanf (parafp,"%f" &xO), , :
fprintf (fp,"\nThe location in the X-axis (m) = %.2f\n" xO),
10 = (int)floor(x0/w); e
fpnntf(fp, "\nThc number of SO2 quanta in each cellis : ");
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sum = 0;
. for(kk=no_of_height;kk>=0;kk--)

{
fpnntf(ﬁ) vv\nn),
- for(jj=0;jj<=no_of row,y++)
{
- fprintf{fp,"%3d ",c3[i0][§j](KK]);
sum += c3[i0][§j][kk];

3
y .
fprintf(fp,"nThe total number of

fpﬁntf(fp,"\nThe conc _' F13 (ppb) in each cell is : ");

ta is =%d\n",sum);

T o
T

s }
8

fprintf(fp,"\n
(ppb) is =%.2f\n",sum W

sumO m

'?"7’*?"'*“"1"7'?':'*T"!"“"»'"f"f';:;:_,-*‘a‘ hat reacts Wlth SO4

— f‘

A

?pnntf&fp,“\n’l‘he number of SO4 quanta in each cell is : ");
g “‘FTng‘E\InI')WT‘E’WﬁWEJ']ﬂ‘i
fprintf(fp,\n"); ;

‘ ﬂﬂﬁfﬁ;‘]ﬁ‘zmw’nﬂmaa

o c6[101m][kk1,
e \ ~
fprmtf(fp,"\nThe total number of SQ4 quanta is '%d\n" sum),
fprintf(fp,"n");

fclose(fp); _
- felose(parafp);
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| Figure 4.1 Comparison of the Empirical and Numerical Concentrations of SO,
for Atmospheric Stability Class A at 1 km Downwind from the Source

a) Varying Y-Distanée (Fixed z=0) b) Varying Z-Distan_;e (Fixed y=0)
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Figure 4.53 Comparison of Freiberg(1974)'s Yield between in Ammonia-Rich
Environment and in Ammonia-Deficient Environment for.
Atmospheric Stability Class F at Relative Humidity = 99% and [Fe]
= 1201 ng/m3

a) T=20°C b) T=25°C ' ¢) T=30°C
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Figure 4.54 Comparison of Freiberg(1974)'s Yield between in Ammonia-Rich
Environment and in Ammonia-Deficient Environment for _
Atmospheric Stability Class F at Relative Humidity = 99% and [Fe]
=0.1 mg/m?

a) T=20°C b) T=25°C ¢) T=30°C
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Figure 4.55 Sulfur Dioxide, Remaining Ammonia and Sulfate Concentration

Profiles of Freiberg (1974)'s Reaction Rate in Ammonia-Deficient
Environment for' Atmospheric Stability Class D at 4 km Downwind
from the Source, Relative Humidity = 99%, T = 25 °C, [Fe] =
mg/m* and [N,] = 100 ppb

a) Varying Y-Distance (Fixed z=0) b) Varing Z-Distance (Fixed y=0)
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Figure 4.56 Sulfur Dioxide, Remaining Ammonia and Sulfate Concentration
Profiles of Freiberg (1974)'s Reaction Rate in Ammonia-Deficient
Environment for Atmospheric Stability Class F at 2 km Downwind
from the Source, Relative Humidity = 99%, T = 20 °C, [Fe] = 0.1
mg/m? and [NH,] = 100 ppb

a) Varying Y -Distance (Fixed z=0) b) Varing Z-Distance (Fixed y=0)
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