Grossmann  Sargent (1978)
41

(the linear retrofit design)  Pistikopoulos
lerapetritou (1995)

41

Grossmann Sargent (1978)
, 2

41 D
(The total annual cost)

¢ =196,8500 + 0.84632 o™ +oa2s (4.0)

(the actual power of pump)
(the installed power of pump)
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D >
41 (Pipeline witha centrifuge pump)
994.018  » -101,352,928 5.6608566a
L 2304002 + 004 (42
P (the outlet pressure of the power)
(pump efficiency)

a (the coefficient of friction factor)
()
> (4.3)

(42) » (outlet pressure)
1,013529.28 N/m3
1,013,529.28-p <0 (4.4)
D 0.508
0.9144
0508 <p< 09144 (4.5)
41
C

5 m
Wiatt

- Wiatt
) 1,013,529.28 N/m2

05

0.04
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0
(optimization formulation)
min c = 196,850p +0.84632#0& + 0.425
«4 _994.018\ p -101,352.928  5,6608566a’
TR 0z
S (4.6)
1,013,529.28 - P <0
0508 <p< 09144
(4.6)
4.2
4.2 (Normal case)
C() D (meter) (Watt) (Watt)
589,547 0.720640 812,434 812,434
589,547 0.720641 812,437
(the coefficient of friction factor: a)
(47)
[ =alreos (4.7
/ a Re
(Reynolds Number)
(the efficiency of the pump: )
(42)
0.04 (mean)
05
an =0.04 (4.8)

=05 (4.9)
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Grossmann ~ Sargent (1978)

0.02 <a <0.06 (4.10)
03<7<06 (4.11)
(scenario)
(Best), (Normal) (Worst)
(4.)
(4.)
JLU I : al
al 2
(4.6) Grossmann
Sargent (1978) (4.12)
Dmp ¢ =196,8500 +0.846321T0%+0.425 Ip\s(lupw b
994.018 5.6608566ap
= 381.024135 + 00451
wo> p = 1,2,3 (412)
0.508 <£><0.9144
=051 2- 035 2- 0.6
1=0.04, fl2=0.06, a3=0.02
<JP
cp =123
C (the expected total annual cost) 3

Grossmann ~ Sargent (1978)
Grossmann  Sargent (1978)
3
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- 4, s 413
= ey Ck=01 (4.14)
e= "»1}, m=01 (4.15)
= * 4 (4.16)
9 =fry -, (4.17)
- {1, a1), (419
3
= TNk (4.19)
=507 NN 0 4 (4.20)
STy * 4 (421)
1)
5 !
3 4
(4.6)
43

Grossmann  Sargent
(1978)
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cr=0.8 <7>=0.1, cts=0.1

C() 667,658
D (meter) 0.757851
(watt) 1,370,129
1(W att) 1,370,129
2 (Watt) 800,548
3 (Watt) 649,183
4.3

£=10.720630

p = 0.757851

Sargent (1978)

Grossmann

667,662 679,494
0.757851  0.762506
1370140 1,367,005

1,367,005
799,296
664,066

12 £>=10.864756

Sargent (1987)

cr'=213 cr2=lls, C=lse

Grossmann

679,497 108,950
0.762506  0.7/3573
1357000 1,359,959

1,359,959
796,490
647,490

(1=0.8,Ck =0.1,<5=0.1)

Chi=1/3 cr2=113, cra=I/3

108,950
0.773573
1,359,960

Sargent (1978)

Grossmann



Grossmann Sargent (1987)

Grossmann  Sargent (1978)

4.2

(finite number)

2

(the linear retrofit design)
Pistikopoulos lerapetritou (1995)

(linear inequality constraints)

z-6Jt0bs2+ 1-3d2<0 (422)
S1-0x/3-02+d2+1/3<0 (4.23)
1+01-02-4d1- 1<0 (4.24)
z ; 1,d 2
0%,02 , (probability
distribution) (Normal Distribution)
(Guassian Distribution) (mean) 2 (standard deviation)

2 V(24) (level of
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confidence) 10 %
< (deviation)
Ad;:Ad;:Ad;:Ad;:z (425)
(the existing design) af- 3
if =1 (the investment cost)
C(AJ) = 10A], + 10AJ (4.26)
Al nd2 (redesign) ~ J, 02
(revenue function)
r(z) = 10z (4.27)
(4.27) (4.26) ,
p = 10z- 10A), - 10Ad2 (4.28)

2
Z\W%z e {mZaX 10z} - 10AJj - 10AJ:
JZdf+ad:

42=df +tAad2
2-6j+0.56> +J,-3J2<0 (4.29)
- 2-6>/3-6>+J211/3<0
Z+(\- d2- dl- 1<0
0<A] <4, 0<AlJ.<4
=N (2A),  £2=1V(24)

(429) 3



2 AC/] :1.5, A= 3.5,

P O- 00 (error) (iteration) £-=0.1
1 1k =1
2 1o (3.16)
1 0 40<s:<4
3 2 : (3.17)
(Gaussian Integral) 5 5
1 0< 1<4 (317)
' = 05(§- I>1+05/"+ x)
= 05 (L+VD)+  (1- vi)] (4.30)
ql q] :1,2,3,4,5
! 2
i 1 2
v St 44
44 [-1,1]
<) il LY (1)
1 090618 0.236%3
2 {05384/ 047863
3 0.0000 056889
4 053647 047863
5 090618 0.236%3
120 eu=4 (4.30)
I = Q5[4(1+VE)+0(1+vf)]
= 2 (1 + W) (431)
vfi 44 (4.31) 45



01

45

4.6

6%

47

0.188

4,000

(32)

02

o B~ oo™

iqx)

1(6£)

éfs

0.923
0.000

4,000

02

2.000

0.333
4,000

0.188
0.923
3.077
3812

P =3.8344

(320)

3.077
0.692
4,000

59

3812
0.937
4,000

(the expected profit: »)



ol &~ o N

[e2]

10
11

12

14
15
16
v
18
19

20
21

22

23
24
25

47

(inner summation)

0 00

1 1
2
3
1 4
5

2 1

()
— ol &~ o N ol B~ o N

o1 o1 o1 o1 o1 B B~ B B P> 0o 0o woowo e
ol B~ o

ol B~ o wu e

efgm

0.1876 0.1876
0.1876 0.9231
0.1876 2.0000
0.1876 3.0769
0.1876 3.8124
0.9231 0.1876
0.9231 0.9231
0.9231 2.0000
0.9231 3.0769
09231 3.8124
2.0000 05053
20000 1179
2.0000 2.1667
2.0000 31539
2.0000 3.8280
3.0769 0.8475
3.0769 1.45%
3.0769 2.3462
3.0769 3.2367
3.0769 3.8448
3.8124 10611
3.8124 16442
38124 2.4687
38124 32933
3.8124 38563

J(9V' ,6qm)

0.01750
0.02283
0.02639
0.02283
0.01750
0.02283
0.02977
0.03442
0.02977
0.02283
0.03009
0.03658
0.03965
0.03369
0.02620
0.02915
0.03317
0.03301
0.02843
0.02249
0.02375
0.02598
0.02568
0.02141
0.01715

r(zgm)

157781
6.7163
13316

-2.34%5

231323

19,4552

14,0705
6.6858
5.0087

250534

28.9425

24,0066

19.0706

156999

17.7054

23.1867

32.6922

294258

26.3851

12,6876

18.3182

26.5637

34.8091

33.6818

12

0.2369
0.4786
0.5689
0.4786
0.2369
0.2369
0.4786
0.5689
0.4786
0.2369
0.2369
0.4786
0.5689
0.4786
0.2369
0.2369
0.4786
0.5689
0.4786
0.2369
0.2369
0.4786
0.5689
0.4786
0.2369

qar

0.0654
0.1322
0.1008
0.0145

-0.0097

0.1251
0.2172
0.2755
0.1238
0.0211
0.1786
0.5067
0.5415
0.3075
0.0975
0.1223
0.3776
0.6306
0.4004
0.1406
0.0714
0.2277
0.3680
0.3567
0.1369

fvV W

0.30329

0.82872

163174

167149

1.18081



A7 b)
(outer summation)
y oo G2 - G2X o
h 2
0.30329 2.0000 0.2369 0.1437
0.82872 2.0000 0.4786 0.7933
163174 18333 0.5689 17018
167149 16538 0.4786 1323
1.18069 15313 0.2369 0.4283
43901

P=%y@g,< d'-21 @dzqnEeRieqG2- (Od+ D)
= (4~ 2, 43901 - [10(0) + 10(0.49466)]

= 3.8344 (4.32)
1 Ip‘-P°l=m 0.1
2 adi =0, ad2 = 04947 kK =k +1
3
(iteration)
=001 Arx=0 Al = 0.462
428 48 6

0 4 02 9¢'

4.9
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48
C
49 02
0?'
(*))

| 0.188
2 0.923
3 2.000
4 3077
5 3812
Pistikopoulos

9/\

0.188
0.923
3.077
3812

0.320

0.000
0.000

0.000

0.168

4.285

0.462
1673

-0.342

3.303

lerapetritou (1995)

0.290

0.000
0.000

0.000

0.172

428

0.462

4,000
4,000
4,000
4,000
4,000

4,000
4,000
4,000
4.000
4,000



4.3

Pistikopoulos

lerapetritou (1995)

Grossmann

Sargent (1978)

(MATLAB)

63
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