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CALCULATION OF DISCHAGE TIME AND FLOW RATE ESTIMATION

It is applied mass material balance and dynamic model of tank discharge by
gravity and Bernoulli's equation to simulate volume flow rate discharge from
autoclave to DGZ which IS gradually decreased when liquid head in autoclave
decreases. The simple diagram is shown in Fig A and model is here below in formula.

Calculation sheet for vertical vessel with ellipsoidal head (2:1) is here below.

"

AC

T

Figure A Diagram of slurry discharging from AC to DGZ

Autoclave data: AC

---------------------------- r-Reference 1, 10.52 m

Reference 2,0 m

High tangent to tangent 8.150m
High tangent to bottom 9.230 m
Internal diameter 4.300 m
Density of slurry 1,185 kg/m 3 (assume constant)

Consider reference o f calculation by dot line

Raw data for calculation

Pipe side 10" ss. : neglect pressure drop.

Gate valve 10" (K i= 0.06)
Round entrance (Cl = 0.1)
Sharp income (C2=1.0)

90° elbow standard (K2= 0.25)

Use Bernoulli equation balance between (1) & (2)

1

1
1
4



X, yW._L. 2~ = :

i1 w7 +H|,+IossJ 1)
Pi -2 became balance pressure when discharge
Vi, 0 assume no moment ofliquid
H| = 10.524 m from reference, keep parameter
H2 = 0

kv*

1ossS— ~_§~ 2)

Consider for all minor loss by input value in (1)

A HK2+ G+ £2)— = [0.06+ (0.25 X 4) + 0.1 HH1+ 1]—
2 20 3)

o.l6v2= 108s Putback to
Hi= 0.16r?2 (4)

Consider mass balance

dpv

ir= - pF

Adh

p* = - pF

dh _ F _Av dh

it A At ©)

But from (3)

0.16

I7- v6.25 1= -2.5V ! = -25V4#4

’at = -1.s4h (6)

Use this model (4) for Calculation ofdischarge time and flow rate estimation
for AC1 and AC2.
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APPENDIX B
DERIVE FORMULA OF DEGASSER

~ We derive formula for calculation volume of the horizontal vessel with
ellipsoidal head (2:1) in order to check the volume of DGZ. As we known, the volume
0f DGZ is equaled to 180 m3 so set volume 0 m3 ecluals to 0% and 180m3 equals to
100%. Apply lingar regression programming to find the relation between volume and
percentage and plots in"graph,

Length | l;;luid
Figure B1 Simple diagram for calculation volume in vessel

Length 9.05m ,
Diameter 4.65 m: Radius = 2.325m
Density of slurry = 1,185 kg/m3 (assume constant)

Define volume of liquid in cylindrical part.

The volume will be varied following the level of slurry inside
Example of calculation

Define volume at 20% of vessel
Li=03x4.65=13%m=1395cm

Define 0
-Lt ]
0= Al COSB----E--' XEBO _ (2.325 1.395)X 180
R 1 2.325 (1)
= 66.42
Change to degree
360
" = 5.4199e
66.42

Define volume of liquid

Volume = Volume ofcurve triangle = Volume oftriangle @)
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R 3
R-L,

30
Figure B2 Triangle volume with circular base
Volume of triangle = 1 [R—R-1)] X(fi—L) XLength X2
Volume of curve triangle
From
e = s:8R:\A—mmexRxR x Length )

Instead all value get
v =38.78m3

m =pv = 1,185"-x 38.73m3 = 45,952.29"5
Full volume of vessel

= x Length = 153.69m3

clunie = My 100 —25.23%

Volume of cap

From
D=465m

h = 1.395 m; vary became equal to Li

e, (3~
g
= 2.8428 nf

Total volume = (38.78) +2 X(2.8428)

Volume
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44.464 m3

Total mass

1,185 x 44.464

52,689.80 kg

Key in excel and vary Li from 0-100%

Plot data between Li and mass get, the formula following Fig B1.

Graph of relation between mass and level in DGZ

120
100 y =-1E-23x* +0.0004x + 5.855
_ R*=0.9945
S %0 -
= 607
o}
3 |
= 40
20 +—
0 / \ N
}'Qd:_g;l;if yg', 150000 250000
Mé@é}q@mﬁgation (kg) :
g \:, ——r—r Y—M\g\’
Figure B3 Mass versus level in DGZ

QD

\ (L)

Plot data between Li and v

me, the formula following Fig B2.
i 1

Graph of relation between volume and level in DGZ

200.00
180.00
160.00
140.00 }
12000 +—
100.00
80.00 |
6000 1
40.00 +—
20.00
0.00

Volume(m3)

0 20 40 60 80 100 120

% level

Figure B4 level versus volume in DGZ



APPENDIX ¢

RESULT FROM OPTIMIZATION PROGRAM

Table Cl Optimization by using seed =10
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94
%
9%
97
9%
9
100

313
373
373
373
373
373
373

765
765
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765
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Table C2 Optimization by using seed = 30

Seed

Generation
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T12

360
360
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301
316
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359
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359

T13
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132
132
132
132
132
132
132
739
129
129
129
129
729
129
740
740
740
740
740
740
740
740
740
140
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140
740

125
125
125
125
125
125
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T2

135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
103
155
155
155
155
155
155
114
114
114
114
114
114
114
114
114
114
114
114
114
114
114
114
114

445
445
445
445
445
445
445

T22

449
449
449
449
449
449
449
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449
449
449
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449
449
483
453
453
453
453
453
453
443
443
443
443
443
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443
443
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899
899
899
899
899
899

T23

940
940
940
940
940
940
940
940
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940
940
940
940
940
940
876
936
936
936
936
936
936
916
916
916
916
916
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916
916
916
916
916
916
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916

442
442
442
442
442
442
442

Production
~from
s
392
392
392
392
392
392
392
392
392
392
392
392
392
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392
392
403
406
406
406
406
406
406
406
406
406
406
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406
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406
406
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406
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406
406
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140
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Table C3 Optimization by using seed = 70

Seed
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Table C4 Optimization by using seed =150

Seed
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
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150
150
150
150
150
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36/
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196
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193
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193
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114
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180
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4
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4
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4
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168
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487
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410
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450
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450
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450
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983

123
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943
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943
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933
933
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933
933
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%1
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%1
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4
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373
313
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362
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382
382
382
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382
382
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382
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382
382
356
356
356
356
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114
14
114
114
114
114
114
125
125
125
125
125
125
125
125
125
125
125
125
125
125
125
125
125
125
725
125
193
753
753
733
153
153
753
153
153
153
153
753
153
753
153
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153
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153
753
153
153
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161
161
161
161
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142
142
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121
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127
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435
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848
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939
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902
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902
902

410
410
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410
434
434
434
434
434
434
434
434
434
434
434
434
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434
434
434
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434
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Table C6 Optimization by using seed
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Table C7 Optimization by using seed
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Table C9 Optimization by using seed = 2000

Seed
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Table CIO Optimization by using seed = 9000

Seed
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Table C Il Optimization by using seed = 20000
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APPENDIX D

MATH LAB SIMULATION PART PRINT OUT

el Matlab simulation program print out (only code of main program) is here
elow.

function
[V,Production]=productcal(period,tl, t2,tpl,tp2,Vsp,vinit,Ymax,Vmin)
Period=period;%sec
Timel=tl;
Time2=t2;
btimel=tpl;
btime2=tp2;
%Vsp=30; %3
%Vmax=150; %3
%Vmin=10 ; %83

% vinit=100; %8

%load data

load utillitydata;
%Time Overlapse Filtering Level 1
WDa=zeros(1,Period);
WDb=zeros(1,Period);
RMBa=zeros(1l,Period);
RMBb=zeros(1,Period);
RMXa=zeros(1,Period);
RMXb=zeros(1,Period);
VCMa=zeros(1,Period);
VCMb=zeros(1,Period);
INla=zeros(1l,Period);
INIb=zeros(1,Period);
WHa=zeros(1,Period);
WHb=zeros(1,Period);
INHa=zeros(1,Period);
INHb=zeros(1,Period);
HPa=zeros(1,Period);
HPb=zeros(1,Period);
NOXa=zeros(1l,Period);
NOXb=zeros(1,Period);

for j=1:length(Timel)
WDa(Timel(j ): Timel(j )+actimel-)=WD1;
RMBa(Timel(j) Timel(j )+actimel-)=RMB1;
RMXa(Timel(j ): Timel(j )+actimel-)=RMX1;
VCMa(Timel(j ) :Timel(j )+actimel-1)=VCM1;
INla(Timel(j):Timel(j)+actimel-1)=INI1;
WHa(Timel(j ): Timel(j )+actimel-)=WH1;
INHa(Timel(j ): Timel(j )+actimel-1)=INH1;
HPa(Timel(j ) :Timel(j )+actimel-)=HP1;
NOXa(Timel(j) Timel(j )+actimel-1)=NOX1;

end

for k=1Il:length(Time2)
WDb(Time2(k):Time2(k)+actime2-1)=WD2;



RMBb(Time2(k) Time2(k)+actime2-1)=RMB2;
RMXb(Time2(k) Time2(k)+actime2-1)=RMX2;
VCMb(Time2(k) Time2(k)+actime2-)=VCM2;
INIb(Time2(k):Time2(k)+actime2-1)=IN12;
WHb(Time2(k) Time2(k)+actime2-1)=WH2;
INHb(Time2(k) Time2(k)+actime2-1)=INH2;
HPb(Time2(k):Time2(k)+actime2-1)= HP2;
NOXb(Time2(k) Time2(k)+actime2-1)=NOX2;

end

WD=WDa+WDb;

RMB=RMBa+RMBb;

RMX=RMXa+RMXb;

VCM=VCMa+VCMb;

INI=INla+INIb;

WH=WHa+WHb;

INH=INHa+INHb;

NOX=NOXa+NOXb ;

nwd=length(find(WD>3543.750));
nrnib=length (find (RMB>0.966) ) ;
nrmx=length(find(RMX>132.870));
nvecm=length(find(VCM>3780.000));
nini=length(find(INI1>2.614));
nwh=length(find(WH>1925.000));
ninh=length(find (INH>5.670));
nhp=length(find(HP>352.800));
nnox=length(find(NOX>5.880));

nov=nwd+nrmb+nrmx+nvcm+nini+nwh+ninh+nhp+nnox;

if nov>0 %if time of utilily overlaps, nov>0
Production=0;
V=zeros(1l,Period);

else %if time of utilily overlaps, nov=0
%delta_v calculation
=length(Timel)+length(Time?2);
delta_v=zeros(1l, );
Vi=zeros(l,Period);
V2=zeros(1l,Period);

for i=1l:n
if mod(i,2)==I
delta_v(i)=delta_vl;
else
delta_v(i)=delta_v2;
end
end

%VDGZ combination
VDGZa=zeros(1l,Period);
VDGZb=zeros(1,Period);
for j=1:length(Timel)

VDGZa(Timel(j) Timel(j )+actimel-)=VDGZ1;

end
for k=1:length(Time2)

VDGZb(Time2(k) Time2(k)+actime2-1)=VDGZ2;

VDGZ=VDGZa+VDGZb;

%town finding

9%



Town=zeros(1, ) ;
Time=zeros(1, ) ;
Townl=Timel+btimel;
Town2=Time2+btime?2;

k=1;
1=1;
for i=1l:n
if mod(i,2)==
Town(i)=Townl(k);
Time(i)=Timel(k);
k=k+1;
else
Town(i )=Town2(1) ;
Time(i )=Time2(1) ;
1=1+1,;
end
end

V=zeros(1l,Period);
Fmax=zeros(1l,length(Town));

V(l)=vinit;

k=1;
Fm=(Vinit-Vsp)/Town(1);
Fmax(1)=Fm;

i=;

k=2 ;

flag=1;

tstop=Period;
for i=2:Period,
if j<length(Town),
if i==Town(j)
if mod(j ,2)==0,
Fm=(v(i-1)+115)/ (Town(j+1)-Town(j )
01S0
Fm=(V(i-)+97)/(Town(j+1)-Town(j))
end
Fmax(k)=Fm;
=i+
k=k+1;

end

v(i)=(v(i-1)-Fm)+VDGZ(i);
if flag==I
if v(i)<9
tstop=i;
flag=0;
end
end
end
%Time Overlapse Filtering Level 2
if mod(n,2)==0
batchtime=actime?2;
else
batchtime=actimel;
end

maxperiod=Time( )+batchtime;
v=Vv(1l maxperiod) ;
found index=find(V<9Ilv>151);



nov2=length(find (found_index<maxperiod)); %n v2 = number of case
which v<10 or >151 within an used period

if nov2>0, %if time of utilily overlaps, nov2>0
Productions ;

else %if time of utilily overlaps, nov2=0
deta_t=zeros(0,length(Town));
for i=Il:length(Town),

if i<length(Town)
delta_t(i)=Town(i+l)-Town(i);

else
delta_t(i)=tstop-Town (i);
end
end
Production=Fmax*delta_t';
end

end
end
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