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Abstract— Batch process which is operated in a unsteady state mode is subject to various process imbalances. Conse-

quently intermediate storage vessel can take an important role for mitigating parameter variations, increasing plant avail-

ability and providing flexibility in sequencing and scheduling. A mathematical model of intermediate storage vessel sizing

in parallel batch units subject to batch failure is derived. The case in which the inlet flow rate to the storage vessel is greater

than or equal to the outlet flow rate from the storage vessel followed by the opposite case is considered. Two operation

mode is considered, that is, in-phase operation and out of-phase operation. In phase operation refers to the delay times in
parallel units while out of operation to distintly different delay times in the set of units. Analytical expressions for the limit-
ing volume are obtained for several network configurations, i.e. multiple input single output(MISO) system, multiple input

multiple output(MIMO) system and serial system.
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P\ P . A
WZOt(,+1w3+x2w2St<t0+(1+1)a)2+x2w2

A\ - e
—d{~<0tU+1cu2§t<t0+1a)2+xza)2 43)

local #2317} local #eigh-& th& A 7bell 4] dordc},
bnge =1 + O @)

m;

b =ty + 04 0+ X5 @)

o714, hye 52 Ao 2 Foizld).

h(w), v}, 2) = 2%, () +y; = 1)+ 25 (44)
=3 i ot 2o frEEh

M) ap + I —x =02 A%
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h(u}, y, 2)) = -2x] [az +FJ+2X1 (45)
@) ap + L -x1<02] A%

h(u;,y;,z;):—Z(az’ +}r]n;)(x;—1) (46)

he] 73S0l % A F 74A) A2 ek,

. '
h(u,yiz)=-2— |ap + LT—-1+—L (47)
% hm 18
.y X] o o
() op '+ =——x,— 204 %
M %
g P AR XK
hu, y3,2)==2 lapp"+=— | | — -2 — | — (48)
ymoty h | h
Al (28)el] 24 Yol 4 3k by, hy, hE oqleld, ohen e A
g der}
.. . LX),
me = UZ (02 [Z’i + X, (kp - 1) - S] - —gy__ é (49)

y Uil Y (1
where, Z,=min | ~—|~— |,y | — | | % -1 |+px}|,
’ gy U, |8

S =max(0, x;+y, - 1)
Voax =U; 0, [Z,+ %, (k'p+ 8 — S]

Urw)x; é-[l——+g]—x [-~] ) ‘5 (50)

— |y =p)+px;,0/,S=max(0, x,+y,—1)
2

where, Z, = max

55138t M36A HISS 19984 108

24 $85)% o] gzele] Wi A
SISO 7247 Vehd 471 ek

olel 4

Aolch. o] A, WAl *F 71l

“Y=ylg, L=y -k'=y-1=(vg)- 1
- oy =g(w,/L), @;=0,.,/M, ;= 0;=(r/g)o; =(r/L)e,

L+1

. . L X -1
Ui=gU,(1+,), U= o U {x L J [L;—](Huz),

U;=(Uy/G)=U,
- X;=m0d{(LX1,)/g, 1}’ X;=m0d{MxL+l5 1}, X;=X1+1=X{/Y‘
- W=trunc(Lx,/g), W,=trunc(Mx,.,)
O UzU:Y A% A% a7k
FAH sF2A 9 kel 93 holdup& MISO F39} zbo] &
wev] 0 ke oo Bk
WX

- . viox ..
Vo =U G5 [Z, = x;(1 - kp) 5] - ——
244

min

where, Z,=min(y, px;), s=max(0, x;+y, — 1)
Vi = U3 0[Z, + X, (k'p + 8) = 5]
S N N
+EU1a)1x] 1+g(1—xl)——:(2—x1) -— 4
Y gy

where, Z,=max[y — p+x°p, 0]

@ Uj<Uial 39 A%x 27%
AR fadol § 2 ASelE FALE 2|2 de MISO
T2} frAbslel.
Ul o x;

v =U;w;[zg+x;(kp—1)—51——‘gy‘,—1§'

min

here. 7. y 1Y BRSA . .
where, Z, = L — =11+ ,
3 =min | <5 " y o PX;

2 2

S=max(0, x;+y; — 1)
Viar = U, @ [Z, + X, (K'p+ 8) — S

Uwx;
TU x| L 1_£+g —x 11 ki
171 ™M
& v e 4 gy’

—U—i (' -p)+px;,0

2

where, Z, = max , S=max (0, x; +y;-1)

3-3. ZEPZ0M ) s’ﬂi’gx -HM

SISO 729 4 Azb= 7hekel Waol 2)sle] Fig 3eflxje}t 7+
2 HP7zo) HA H4g 5 °'4. 2P F2E SISO P29 Ao
2 ol gleng APpx FAL SISO P22 ¥elgh & 7z}t
o] SISO 725 919] ¥4 AHE olgso] FAAR 77|18 F
& = 9lek SISO o) ¥l zesel & e A AP Tx
o] Ak Zhzte] SISO F&eA 7rolok k= alio|t}). SISO

T2 2SS o] 43 AP T xo ] EkxAE 37| EH L o}
9] AAto] o)sle] e},

@ 71%o] B e 790 Z 71 AFS fEEe A0z u)
2 o A FS 7)F0R A Eo) A 7ldt
K10
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Table 1. Intermediate storage vessel size and initial holdup

CASE \'A V(0)

SISO structure 2588.6kg 937.5kg

L=4, M=1 in-phase 10354.4kg 3750.0kg
out of-phase 5854.2kg 750.0kg

L=5, M=1 in-phase 12943.0kg 4687.5kg
out of-phase 2442.7kg 1312.5kg

=4, M=2 out of-phase 5526.1kg 713.5kg
L=4, M=3 out of-phase 5489.6 kg 895.8kg
L=4, M=4 out of-phase 5453.2kg 10053 kg

62X2=U1X;('1’1 - 1)

@ @4 73 UE 7%l
Z3le] 93 G2 Ux 2HE ARk
® 4 249 4% 43¢ U=0 28D o yoaye 3o
X (%=1
@ 9 AAZ¥E T FEE LA Fojste] Aa) JLT-
Z9| freke ZA3T o]9] AR SISO FFelA e EAFE =2
71474 mAlel] Hgste] V(0)2}t V& 7).

4. off H

o

F2A o] feke 1,500kghro] 5, EA 7]+ 9hro]w, discharge
A7k 1hro)t}. SHF-3A-2 1.5 hr¥ol] -850}, ZAF7]= Shr
o)1, dischargeA] 7S 4 hrojt}. A|Fo|ALS HA o2 S A 3|8
ohet dojupe], SISO 73 2 FA4ERY A, Z7]0]4h2 3A] 3]
Al dofulz FA o tate] F2F A2 77 2 Hx 27 |AFS
TS o7 2 HE] A4kse] Table 1o VJepligic}. Fof 1}
ehdl wle} zro] A, SHF-TA Y Al TAHEHE SRR
o] 77] 9 2T\ MAL T B2 gL FE AL L Uk F
A ZFol A& 71zl MISO FZel|41 FA4F34 (in-phase operation)& Al
A& Aol AR7E L Boldel wel A4zxe] 2715 LajAA
Fololut hr}. w3k symmetric failure delayS- 7}%] o]Akz4](out of
phase}& A A1& 79, £Ax4] (in-phase operation)el] B] &)1 Az
2] A7 A Folzes S o 5 lok 9, olAkxgiAl A
2= gghell 2@ Ao Ape} HFolAde] F7]7F GCM(L, y)=
121 FAE 71 7 folli= Azl =277} SISO 20 Blsji4] ¥
2 AAA 5 B 57 slek 3R, GEM(L, v)>191 Aol A 9]
ARz SISO F2Evhs 2A Az A vrks 22 2717}
AR sREA e A AT AAxY A7) JFe F
Al ot FASEH e AgE A BA ] FTE FE= AL ¢

% gleh

5. A %

5 2% Aabe] feld 8y AL choRt AEY 275)
oA gl Ao Ak Sl w]Re] A} FaXo] AXx gl
ok olel w2 284 3] oo} AhA) g nskshs 8¢ 9
g5 Fdshs ST UiFt 27144 2 2842 S B3
4ol 75w ek AR E 3] Bl s Bakg B
A WMz Qs FAPR e T2 AP oz
4 A

226049 Ho] AR, & AT E T
b

S V& A A =of Al Abd A ollAie] 48
ek & 2o sidel H4 AlFo|d W 2 AL
= =

e
& 3 WASE o ABY T FARS Agshd ond, A
3 12 31l 32

s
N
3
%
fu
o
o
2
o
o,
1o
bop
o
0%k
o
tlo o
o
=
ofd
o,
Ho
(s
R
N
Ao

288 o3 TR AT lssiol dubde s Z2=7pAAk
AAE Y3t 2 S ke nR 2 o] A3
& A HA AR A T 8 AR Y a7 EE A

(o3
— —

i
W
ol i op lo

AR s] g A2 A S AAste] ot HEH) A 6
A RALE B3l 71eE Aot £ nddMe Foal 24
A7) gk Al s Al Fo2ZM FAHRAL 3 W
A Ho, A 258 wAsly WE wA} 75l
o] et
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N

Ao o
3

Jho wj
2 dy

& Al

2 A7 AR ] dn A (@A E 951-1107-013-2)
& o} x|l oy, oo Al ZHALY] & A r)

AEI1E
a; : a constant derived from the cycle times and delay times of
unit i and j
c : a coefficient assigned to every unit
f(t) : general flow rate function for a unit
F(t) : characteristic flow function for a unit
g : GCM as defined in L and y
h : function defined in u, X, z, and y,
L : number of units in the upstream stage
M : number of units in the downstream stage
N : total number of units, L+M
N, : total number of H functions
t : time
t; : delay time for unit i
: set of all the corner points of the holdup function
T. : time required to empty a batch unit
T; : time required to fill a batch unit
T, : shutdown time for a semicontinuous unit
T : set of candidates t,, t,&T for I(t,)=V,,,
T, : set of candidates t,, t,ET for I(t,)=V,..
T, : preparation time and waiting time for a batch unit
T : processing time of a batch unit
T; : processing time for a semicontinuous unit
U : constant input or output flow rate of a unit
u :mod (Yo, 1)
v : batch size of a unit
V(1) : holdup in the storage vessel
Voar : maximum value of I(t)
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V oin : minimum value of I(t)

\'%4 : limiting size required to decouple the upstream and down-
stream stage

X : characteristic fraction for a unit as defined in Assume. 4

y : fractional delay time variable of a unit

Y : N-dimensional vector of fractional delay times (y;, ya, --,¥w)

z :mod (x+y, 1)

a2|0ia 22Xt

o : integer variable

B : characteristic integer of a unit defined as Q/®

0] : cycle time of a unit

Q : least common multiple of ®,, ®,, ..., @y

1,0 : dummy variables

& - SHXt

i, j T units i, j

* : quantities for the 1-1 system equivalent to an L-M system
with symmetric delay times

= Pk

GCM( ) : greatest common measure of the quantities within the par-
enthesis

LCM( ) :least common multiple of the quantities within the paren-
thesis

max[ | :maximum of the quantities within the bracket

min[ ]
mod(x, y) :
trunc(x)

o IS BN ST N

10.
11.
12.
13.

S0l - o)

: minimum of the quantities within the bracket

z such that x=ky+z for some integer k and 0<z<y
: the greatest integer in x

: absolute value
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