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CHAPTER 6

[LLUSTRATED EXAMPLES

: t two examples, SSP1 and 65P1 are

operators and the performance of th ‘
to dem the capabill am' in match problem. The
selected to demonstrate the ¢ -& a.reegulm' problem.

e Nm, ﬂ.‘ﬂpmblﬂm 10SP1

\‘\\\}*\ ility of the program. And the

with five hot streams and"five@Bld sfrdams show th gz
problems, compris e nd teu col ,EMﬂwdmmMa
large scale problem of indfisty

6.1 Problem 5SP1

§'(1973), is a heating only problem. The
1 "anu DET ﬂfmau‘.hﬁiSﬁW The

Load
1 10T1 2127.36
2 1834.02
1 COLD1 38 204 11.40 -1892.40
2 CoLD2 66 182 12.92 -1498.72
3 COLD3 93 204 13.03 -1446.33
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Using the preanalysis step function, the program finds the pinch temperature for
hot streams = 49.11°C, and for cold streams = 38°C. Minimum Hot Utility Requirement
= 876.07 kW and Minimum Cold Utility Requirement = 0 kW. Table 6.1.2 shows the
problem table of 5SP1 calculated by the preanalysis step function. Because 5SP1 is a
heating problem, the hot end design space is only required. The hot end subproblem data is

shown in Table 6.1.3.

Table 6. igm Table of 55P1.

q
The program found 5 different solutions that are the same as obtained by Pho and
Lapidus (1973), Flower and Linnhoff (1980) and Wongsri (1991). Fig. 6.1 shows the states

Temperature Interval | AT ‘ﬂ‘ i f// cumulated Heat Flow
Upper Lower Out In Out
249 | 215.11 __:?Eg@ 563.25 | 876.07 | 1439.32
215.11 204 | a7/ delr] 56395, 47648 | 143932 1352.55
204 | 19311 | a08e///soks dre a8, 53616 | 135255| 1412.23
193.11 121 [* 200 s 5ol Sicis " 034 141223 87573
121 10411 | L1kl m ll\w\\‘ 10671 | 87573 | 46936
1411 7211| £ £k .,&f 70452 | 46936| 171.55
77.11 66 68352 | 171.55| 192.55
66|  49.11 -876.07 | 192.55 0
=
Table 6.1.3 HakEnd S >m Data of SSP1.
No. : . £) Heat Load
E"" apacity
|| Flowrate
1 16.62 2127.36
2 o 2229 1834.02
1 1 .40 -1892.40
2 1290/ | -1498.72
3 1 -1446.33
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generated for this problem. On the first solution path, the program finds the first maich, as
first state or NODE[ 1], by using match operator B[C] to match HOT1 with COLD3 and
generates the next steps until NODE[5] be found. To find the other solutions, program
backtracks to the previous state and restarts matching by using the match action that
occurred before as the reference point. The program backtracks until back to NODE[1]
and finds the second solution. And the other three solutions are found in the same manner.

Fig 6.12 to 6.1.6 show the grid rcpreaenmuon of solutions of 5SP1 problem. The
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6.2 Problem 6SP1

The problem 6SP1 by Musso and Rudd (1969), is a cooling problem. The
minimum temperature difference is 22 K. The overall heat transfer coefficient is 1 kW/K

m2.
Table 6.2.1 Stream Details of 6SP1.
No. Name Supply Target Heat Load
tem | Capacity
Flowrate
1 HOT]1 ' , 14.77 2377.97
2 HOT2 : 422 12.56 1532.32
3 HOT3 - 7 ' 17.73 2358.09
1 COLD1 = ' 8.44 -1544.52
2 COLD2 : 450 17.28 -1641.6
3 COLD3 A% 13.9 -1556.8
; i ’-l""!-'." .
Table 6.2.2 shows - sing the preanalysis step function,
the program finds the minimugl cold ity eqhi = 1525.46 kW. Because 6SP1 is a

cooling problem, the hot utility i _

Temperature Interval ' ) Heat Flow
Upper Lower Iﬂ

544 516| ¢a : ol 35168 o| 35168
516 (050b) ¥ | Vdsib8| 71 Mms| ssre8 4196
500 4176 | 5573 4176 55732

139
44 , 829 || [ Jss7.04|| [Js29.32 | 587.24
388 377 11 74.58 58724 661.82 587.24 661.82

377 339 38| 91428| 661.82| 1576.1| 661.82| 1576.1
339 333 6 -50.64 1576.1| 152546| 1576.1| 1525.46
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500 394.6 393.77 339
1 @ O © >
808.97
> 544 422-__
716.49
<29 3115
_-450 355 >
<78 366 [
Figure 6.2.1 TheyGri presentatior g1 / 4 of 6SP1 problem
Cold end solution no. 1/4 " ‘ I
Unit  Match  Hot Gk H out in .. TCost  Load AREA
No. Pattem  Strea e ) Change
1 BK 1 : 1556.8 61.89
ow SRR NBO T - e
3 D{C] ql 1 152232 20.18
4 BK 1 M 383797 11 3245 0.148
5 1 15.73
L ARAWTH BN IRaE =
9q
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Y
= Cold end soksion no. 2/4 )
™ Unit  Match  Hot TH TC out Ln-u AREA
" il Pmax At o 15553 61.889
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Figure 6.2.3 / 4 of 6SP1 problem

Cold end solution no. 34
Linit m Hot Luld AREA
MNo.

o ?T"um'wﬁmma'm Tises wom
3 312.45 153232 20,182
4 aﬂﬁ 122 0.4406
:ﬂ%’laﬂm ﬂ’ﬁlﬁ% ﬂil'l wa
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There are four solutions found by the cold end design function. All solutions
achieve the minimum number of maiches and the minimum utility requirement. The
minimum heat transfer area is 184.5173 m2, which is obtained from the first solution.
Many researchers, Lee et al. (1970), Hohmann (1971), McGalliard and Westerberg (1972),
Pho and Lapidus (1973), have presented similar solutions. However, Nishida et al. (1977)
showed the same solution as Hohmann and confirmed Hohmann's solution as the optimum.

The 4TC3 probjef ié' dhfdined from linnhGfE and Hindmarsh (1983). The
minimum temperature diffgfengf i $becTfied at 20,96, Wis a stream splitting problem due

No. Load

1 180

2 240

1 20 -262.5

2 COLD2 I"a 25 - 100 -225
Tableﬁﬂy\gjthc VIIJQ lco:dllg [ caimllmdb)rthﬂprngnm

B“Candfor cold
and Minimum Cold

From the p th
streams is d um

Utility Requirement is 40 k'W.
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Figure 6.2.4 The Grid Répfes [, € §SP1 problem
Cold end solution no. 4/4 1 ]
Uit Match Hot THin TH out TCin TC out Load AREA
e e s“n A ‘478 mﬂ:ﬁﬂ.ﬂ 61.889
= AUIINANTNY T & o e
3 oo U 2 1 544 22 31245 494 153232 20182
‘ 3 1 3dhes  3@ew 311 31245 Eﬁ: u.:;;
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The program separates the problem into two parts. The heating subproblem is
shown in Table 6.3.3 and the cooling subproblem is shown in Table 6.3.4.

Table 6.3.2 Problem Table of 4TC3

Temperature Interval AT Deficit Accumulated Heat Flow
Upper Lower In Out In Out
150 145 5 10 0 10 107.5 117.5
145 120 25 10 2.5 117.5 105
120 90 -107.5 105 0
90 60 27.5 0 135
60 45 -55 135 52.5
45 40 52.5 40
No. Load
1 120
1 | coLbi nﬁ ﬁ@\ | : -137.5
2 COLD2 2l -90
No. Load
1 . 60
2 ~ 240
1 COLDI 20 ¢ 702 2.50/ -125
o [ RN RBHATIRE 218

Figure 6.3.1 shows the states generated for the first two solutions of 4TC3. In the
heating subproblem, by using the regular match operators, the design state function finds
four solutions. In the cooling subproblem the split match operator, DH2?, is required to
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match streams at the first state or NODE[1]. After the first state, program uses only regular
match operators to find the solutions.

) L
AUEINENINeINg
AR TN TN
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Figure 6.3.2 The Grid REPrescatiiion »n No. 1/4 of 4TC3 problem

Hot end solution no.1/4

Unit  Match Hot TC out Load AREA

e 1 b £ 2 e B\ \ o, 118 120 47
2 HU 1000 i . 125 175 P
3 HU 1000 100 90 787
_FCp
2
«———H 1 irl] 25

=
iy

il

AUYANERI WEThs
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Hot end solution no 2/4
Match Haot Cold THin TH out TCin TC out Load AREA,
No. Pattem Stream Stream Change
1 B[H) 1 2 150 105 70 100 80 214
2 AH 1 1 105 80 70 B2 30 1.398
3 HU 1000 1 200 200 82 125 1075 1.133
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Load = AREA
Change

g0 3.358
30 A512
107.5 1133

AN ﬂ‘iflJlJWTJWEJ ﬁélfmmm

Figure 63.5 The Grid Representation of Hot end solution No. 4 /
Hot end solution no.4/4
Unit  Match Hot  Cod THin  THow  TCim  TCost  Load  AREA
Mo. Pattem Stream  Stream Change
1 cH 1 2 135 90 70 100 90 3358
2 DH 1 1 150 135 113 125 30 1278
3 HU 1000 1 200 200 70 113 1075 1004
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Figure 6.3.9 The Grid 1d Solution No. 4/ 4 of 4TC3 problem
Cold end solution no.4/4 ,
Ut Match )0 T TCin  TCowt  Load  AREA
1 DH2" 2 Ay 80 & 2 Va| 125 4332
2  DH> 2 ] 834587 1 115 4807
3 oM 1 o 36667 60 0.548
4 cu 1 :i 5 40 0.942
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Figure 6.3.10 The \\\ Heat Transfer Area Network
Figures 6.3.2-6.3. i@ f-h: -\\h ow the hot end and cold end sub-
r E-; _- & ;
network solutions, respectively. Eannhoft indmarsh (1983) found two hot end

S e

solutions that are the same ind, solutions found by the program
and found two cold cads hat are JIRS the first and the third cold end
solutions fmmdb}'thﬂyngﬂm. Linnhofl presented lh&em'mk whichwanobtainbdhy

combination of mﬂ nm loops found and their
network requi ﬁ m Figum 6.3.10 shows the

subnetwork. The loop searching function found a first level loop, (2-5), and two second
level loops, (1-4-3-2) and (1-4-3-5). The developed program does not support function for
loop breaking. The user must break the loops manually.

ombination of the

‘lhn the cold end
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6.4 Problem 10SP1

10SP1 problem is also obtained from Ph;} and Lapidus (1973). There are five hot
streams and five cold streams in this problem. In general, many network solutions are
possible for a large problem. The minimum temperature difference is 11.11 K. Assume
that the overall heat transfer coefficient for all exchanger unit is 1 kW/ K m2.

Table 6.4.) Strédash Details of 10SP1
No. Name ‘ ; Heat Load
2 : e | Capacity
1 HOTI - | 5 8.79 588.93
2 HOT2 3 NS 10.55 1171.05
3 HOT3 2 RAN\ 14.77 2377.97
4 HOT4 54 ‘ 12.56 1532.32
5 HOTS -7 17.73 2358.09
1 COLD1 s ‘ 7.62 -762
2 COLD2 = 5 6.08 -644.48
3 COLD3 — 8.44 -1544.52
e
4 CO 4 ~17.28 -1641.6
5 Co 8 13.9 -1556.8
10SPl isa cocﬂ;g problem. Nis et al. (19@) presented a solution with the

minimum number of matéhes, ten units. There are at least 30 network configurations
o e e 141§ F P B i iy e (59
Thepmgmmdnnliﬁndthcsam:netwurkmnﬁgmnunasﬂwhdabmamthemhhas

g , o o showth:ﬁrstiiﬂ
utility Iﬁqﬂ?IEﬂZIEﬂI The minimum number of matches is ten. The minimum heat transfer
area of network configuration, obtained by the nineteenth solution, is 202.08 m2, while the
heat transfer area of the network found by Nishida et al. (1977) is 203.161 m2. The




minimum utility requirement of the network obtain from the developed program is

1878.96 kW.
Table 6.4.2 Problem Table of 10SP1
Temperature Interval AT Deficit Accumulated Heat Flow
Upper Lower In Out In Out
344 522 22 276.32 (1] 276.32 0 27632
522 506.11 15.89| 367.2183 276.32| 643.5383 27632 | 643.5383
306.11 505.11 1 17.03 | 643.5383| 660.5683 | 643.5383| 660.5683
505.11 500 5.11| 43.89478| 660.5683 | 704.4631| 660.5683| 704.4631
500 488.11 11.89| 2543008 | 704.4631| 958.8539| 704.4631| 958.8539
488.11 463 B 058.8539| 1120.714| 958.8539| 1120.714
463 461.11 ] 120.714| 1416.814]| 1120.714| 1416814
461.11 44411 1585.284 | 1416.814| 1585.284
44411 433 1610.726 | 1585.284| 1610.726
433 422 1732.606 | 1610.726| 1732606
422 411 T16.326| 1732.606| 1716326
411 400.11 585319 1716.326| 1585319
40011 377.11 469 | 1585.319| 1448469
377.11 366.11 1448469 | 1535.019
366.11 366 1535.919 | 1538.694
366 344.11 1538.604 | 1B0B.566
344.11 339 1898.566 | 2021.512
330 322.11 2021.512 1878.96

ﬂﬂﬂ?ﬂﬂ‘ﬂ?ﬂﬂ’]ﬂ‘i
’QW’WMﬂiﬂJNﬁTAﬂEﬂ&B

78



20
\

- 14.77

EL-isa
E]_m 7 an 10.55
: } 500~ 3946 T

i
)
821.17

12.58

.;g ullu‘*ﬁ
339 . 17.73
pil %lﬁ\

//AH\"\V“‘

495 l 6.08

18 "\\\ ‘\‘ 8.44

e 2 ) — \ 17.28

< A8 O “—E] 13.9
1556.8 - :
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Cold end solution no. 1/30 -!l , L‘J

Unit  Match  Hot Load AREA

No. Pattem  Stream Change

F e e 2 =

472,00 a4 1641.60 70.80531
4321)2‘ 422.00 ﬂtm 32591 O 12584 1.158428
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Cold end solution no. 330

Unit  Match Hot Cold THin TH out Tcm TC out Load AREA

1 BIC) ‘ 4 1556.8 61.88932
: a0 PRI HE 1S 2 e
3 B[C] ‘ 762 9.806762
4 BiC] 59 4 472 379.4112 ass 450 18416  70.80531
[ pic) 2 3 522 & A1 25 494 o, 17105  29.06190
8 aay : 3045972~ 3683 7 7.746852
LB Ak BEm e gy ks, =
8 cu 3 364 b ; LA47.7003  10.93565
9 cu 4 1001 432 o0e 422 303 323 125.84 1.104472
0 Ccu 5 1001 3794112 239 303 23 7164809  15.76837
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Cold end solution no. 4/30
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Cold end solution no. 5/30 r,J
Unit  Match Hot Load AREA
No. Pattem Stream Change
1 BIC] 3 15568  61.88932
2 2 61U ’J ’lﬂ:ﬁ s
3 BIC) 762 9.806762
4 BC) 5q) 3?94112 355 18418 70.80531
5 Dic) 2 411 11?1.1:5 29.06199
6 , 1.159428
2 , ’] 316126
B 4.739994
] cuqg 3 1m1 321 '.m 15.86037
10 cu 5 3?94112 716.4800 1576637
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L’J

load = AREA

Mo, Pattern  Stream Change
1 BIC) 1556.8 61.88932
- u ’J ﬂg bids 8533301
3 BIC] m 762 9.806762
4 B[C) 4 3‘.-'9.4“2 35& 16416 70.80531
5 2 3 41 11?1.115 29.06199
& 1.159428
v 3 ’YJ %ﬁ'&l sz
8 C 1 6.983777
g Cl 3 ﬂm 377.8314 33& 12.61442
10 cu 5 1001 379.4112 11um 15.76837
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Figure 6.4.8 The Gr “ No. 8 /30 of 10SP1 problem

Cold end solution no. 8/30

Unit Load AREA
No. Change
1 BIC) 15568  61.88932
2 B{C] 64448 8833301
3 BIC] 762 9.806762
4 B(C) 16416  70.80531
5 Qs 117105  29.06199
6 - 1589102
7 Eh?,m: 2655753
8 cuy E 4739904
9 cu 3 8211702 1586037
0 cu 5 1001 379.4112 7164898 1576637
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Cold end sohstion no, 8/30 | I
Unt  Match  Hot Co TCin Load AREA
No. Pa'lmm Stream Change
2 w4 %J ﬂﬁlﬁ?ﬂﬁ w3
2 1 'J ’mﬁ S48 06330,
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Cold end solution no. 11/30
Limit Match

,,'J

Load

Hut Cold THin out
1 B ) [pessen 1556.8
8 R B 'm st
3 B{C] "E'-’ i 762
4 4 412 379.4112 355 16416
5 3 411 1171,1:5
8
7 : a "]
8 cu 1
9 3 mm 3045072 m m,m
10 5 379.4112 716.4899
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ffidn No. 11/ 30 of 10SP1 problem

AREA

61.88032
8.833301
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Figure 6.4.12 The Whidn No. 12/ 30 of 10SP1 problem

TC out Load AREA

, Change
1 B[O ‘ 15568 6188932
2 BC) u ’J E’] ﬂ 84448  £.533391
3 B[ 1 762 9.806762
s+ 8o YU a4 379.4112 3:55 16416  70.80531
5 pg] 2 3 411 1705 2900109
6 - 1589102
? ﬁwwmmummﬁ =
8 cul "' 8.983777
9 cC 3 1001 3945972 3557657 303 SR e
0 cu 5 1001 379.4112 7164899  15.76637
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17.73

T62

6.08

B.44

17.28

al 13.9

niof No. 13/ 30 of 10SP1 problem

478

1556.8

Figure 6.4.13 The Grid§

||

Cold end soluion no. 13/30 = aﬂ
Unit m Hnl Load AREA

No. Change

1 15568 6188932
2 Bll:] E ’] G4448  8.833391
3 762 9.806762
4 ' 3704112 355 16416  70.80531
5 1 unm - 2006199
6 1.589102
b 5 :rm 12.82811
s cug 6.983777
9 3 mm 3945072 339 321 1702 15.88037
10 cu 5 1001 379.4112  352.9667 :m 8.825788
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bidn No. 14/ 30 of 10SP1 problem

3

Figure 6.4.14 The Guid ‘

Cold end solution no. 30
Uinit Match
Mo. Plthm S‘iﬂm

Lead = AREA
Change

1 15568  61.88932
;oo ﬂﬂﬂ]’&ﬁﬂu ﬁ']ﬂﬁ fge.  po
3 762 9806762
4 379.4112 16416  70.80531
5 A nn,us 29.06199
6 6.901508
, ﬁwn o diBe B L =
8 15.86037
9 cUl 1001 4320191 125.:4 1.104472
0 cu 1001 379.4112 716.4899  15.76637
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Mo No. 15/ 30 of 10SP1 problem
|

Figure 6.4.15 The G

|
Cold end solution no. 15/30 il

Unit  Match  Hot Cold THin TCin Load AREA
MNo. Pattern  Stream Sh“ Change

1 B{cl 15568  61.88932
: 1 UE E,E.l i sum  siosm
3 Btl'.‘.'i 762 9.806762
4 Nc] 14 3 3 380. mq m n 10.88775
5 2 m ¢ 431m £380.7784 404 25.00865
6 70.80531
. AmeinBENEIENE: B
8 cu 15.86037
9 4320191 125.34 1.104472
10 mm 379.4112 m 7164899 1576637
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Figure 6.4.16 The Grid iign No. 16/ 30 of 10SP1 problem

Cold end solution no. 16/30 rJ

Unit Hltc.'h Hnt Load AREA

Me. Change
1 15568  61.88932
2 ﬂ u ’g ’] 64448 8833391
3 762 9.806762
4 mmu 588.93 1098775
5 BI( 5 3711,4112 o 1&1 6 70.80531
6 3249605
v mw QTR =i =
8 2992181
9 3 1001 3845872 339 i?ln 15.86037
10 5 1001 3794112 330 7164899 1576837



95

ECp
366
E‘m —(O— 2 8.79
5, I " 411
T —) > 10.55
3413
500 ~ S 339
E @, & - W
Em - 12.56
Eﬂz 17.73
<433 333 E 262
195 221 5 6.08
494 anf 8.4
<250 221 4] 17.28
- 287 5] 138
1556.8 , _
. e 1
Figure 6.4.17 The Gud | fution No. 17/ 30 of 10SP1 problem
Cold end solution no. 17/30 jJ
Unt  Match Hot Load AREA
Mo. Fuhm Stream Change
4 15568  61.88032
2 ﬂ u%‘l ’J EI ’] 84448  8.833301
3 762 9.806762
i A,[c] mmn 422 an 12584 1.150428
5 5 379.4112 £385 _U 1641.6 70.80531
6 ach, . 588.93 1522404
.,. % ® éﬁﬂ s mum
8 cu 1001/ 1 13 2.992181
9 cuq 3 1001 3945872 338 303 323 8211702  15.86037
10 cu 5 1001 3704112 339 303 323 7164899 1576637



96

ECp

[rjaee O e 879

[2}ez2 O 1055
215.46

EILO— —O 39 14.77
821.17

4544 422 12.56

E!‘m 339 17.73

- 33 762

-2 29§ 5] 6.08

Y = 8 Y 8.44

e =K 17.28

— 478 o~ 358 El 139

1556.8

Figure 6.4.18 The Gait Wlidn No. 18/ 30 of 10SP1 problem

'!

Cold end solution no. mm . L'J
Linit lih‘ll:‘h Cold THin Load AREA
1 'B{cl 15568  61.88932
= ﬂ U El 3 EJ\ ﬂ s e
3 762 12.04051
4 3 :m smm 10.98775
5 2 3 431.4223 2500865
6 . 2768369
7 W 5 a a» 24.35281
] ' 2 1.981108
9 3 1@1 394 5972 32# 821 AT0Z2 1586037
0 cu 5 1001 3865088 338 8423303  17.38196
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Figure 6.4.19 The Gt ' ieh No. 19/ 30 of 10SP1 problem

I
]
TC out Load AREA

Change
1556.8 61.88032
Ho VR ENNE A L
762 12.04051
433
52 ¢

1

e )

3

4 AlC) 3 366 311 3807784 58893 10.98775
5 BK 3 4314228 £3807784 484 ) 9555800  25.00865
6 { 926 ' 27 BE369
. BRNAINS o
B BK 5 4240 12 44206
s cul 3 1001 339 303 15.86037
0 cU 5 1001 308661 339 303 323 105779  19.80956
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Figure 6.4.20 The i6w/No. 20/ 30 of 10SP1 problem

1y

TC out Load AREA

No. Pattem Steam Streaf Change
1 BIC) 3 f 1556.8 61.88032
2 BIC) 4 ﬂ : EJ ’] 644.48 8.833391
3 BC] 51 762 12.04051
4 DiC) 2 9 3 522 411 35525 m 1111.1:5 29.06198
5 BK. 1 3 433 4’ suumz 4749852
6 2768369
7 BK ; "] ﬁ ﬂ 2435261
8 cu . . 3.303084
9 cu 9 3 1001 3045872 m m AT02  15.88037
0 cu 5 1001 3865088 339 8423303  17.38196
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Figure 6.4.21 The Ltién No. 21/ 30 of 10SP1 problem
Cold end solution no. 21/30
Unit  Match Jat THin load  AREA
No. Change
1 EICI ﬂ 15568  61.88932
z um EJVI ﬂ e some
3 3 762 12.04051
4 411 1171]35 29.06199
5 3 a msﬁz 369.3115 g.;n 7.746852
8 2768368
? gwa o) BB %a»a&m =
8 1 6.983777
] 3 1001 380.3115 338 H? 7003 10.93585
10 5 1001 3865088 339 17.38196
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[§tién No. 22/ 30 of 10SP1 problem
,,'i

Figure 6.4.22 The Gafe

Unt  Match  Hot load  AREA

Mo. Pattem  Stream Change
1 B‘,{C] 1556.8 61.88932
: uﬁaﬁﬂﬂ n i 8
3 B{c} 762 12.04051
4 D{ﬂ] 4“ “?1 05 29.06199
5 y 2768369
6 | ?EH 24 35261
7 5 a EI 8.937901
] '1 6.883777
g C 3 mm Js4 5872 339 303 3 l‘h ﬂuz 15.86037
i0 cu 5 1001 3654445 339 303 323 11.98004
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ifion No. 23/ 30 of 10SP1 problem
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loh No. 24/ 30 of 10SP1 problem
I"

Figure 6.4.24 The f"'—

st Match Hut o B Change

No.

: Stfam, 1558 8 61.88032
: 351 12540 21 E'] ﬂ‘:ﬁ by e
2 B[c] IBH.B 70.80531
3 : 4102874 21.38703
4 : 22 € S5y MDA €3 4 1ooew 1sieTie
s 9.579771
: mmai mmm%aa@m s
8 cu i 51
8 Aot m 821.1702 1586037
10 379.4112 7164800  15.76637
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Figure 6.4.25 The r””A

Cold end solution no. 25/30
Unit  Match Hot

g
223532888
o B ane

— - R R B

(=]
Qo0
ccc

k.

g
Load

mﬁmm s

4102574 58893
S ¢ e M‘ 433 QJ 173.0609

muwm 2

1nu1 4926879 422
1001 379.4112 mum

“'LJ

s&iﬁg et

Change

103

879

10.55

14.77

12.56

17.73

7.62

6.08

0.44

17.28

139

\Bioft No. 25/ 30 of 10SP1 problem
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Figure 6.4.26 The Ot

Cold end solution no. 26/30
Lnit Match Hot
MNo. Pattern  Stream

ﬂum wmla'ma

41n.zm 588.93
5:2 ¢ mjasa aun.am 433

awmwawgazﬁ

4481736 422

- 0 0 =) O N e G B -

104
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14.77

12.56

17.73

T.62

6.08

844

17.28

138

utién No. 26/ 30 of 10SP1 problem

Load AREA
1556.8 61.868032
644 .48 8.823301
16416 70.80531

21.38703
1730609  1.678786
48.9137
4204755
15.86037
mm 2784848
716.4899  15.76637
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Figure 6.4.27 The ty!} -_.-“; dn No. 27/ 30 of 10SP1 problem

D8 ﬁuﬂ’mﬂﬂwawngm e
W’m{ﬂﬁsﬁuﬁiﬁ‘ﬂﬁa EE

5 oM 3704172 339 num 15.76637
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10.55
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Figure 6.4.28 The J"“ r‘ 10n No. 28/ 30 of 10SP1 problem

Cold end solution no. 28/30 j!'-l

Unit  Match  Hot Cold ' Load AREA
Pattemn S‘g Change
im, BIC) s'mm 15568  61.88932
: oo EJ’JEEJW&’I% s s
3 BIC] 112 16418  70.80531
4 AC) 14U 1uzm mn 21.38703
5 BK 4 m mm “mzm 2702077
6 : 7411235
: AR:A WWWWE o
g o 2 41 2992183
9 cu 3 15.86037
10 CcU 5 u:m m.mz m 15.76637
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Figure 6.4.29 The G R fienh No. 29/ 30 of 10SP1 problem
Cold end solution no. 28/30 !
Unit m Hot  C THin Load AREA
No. Change
1 alc] 15568 6188932
"8 ﬁumﬁﬂwam £ =
3 BiC) *.5413 70.80531
4 AC 1 4102874 21.38703
5 1 nmm uo::m 33 o ﬂam 2702077
- Bmey ERER AN B
: 7 7748852
8 cug 1 003  10.93565
9 cu 489084 422 7147701 5231645
10 CcU - 379.4112 716.4828 1576637
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f-; 50 No. 30/ 30 of 10SP1 problem
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Figure 6.4.30 The "v' :

Cold end solution no. awau "

Unit l.hlm Load AREA

No. Change
1 B{C] 1556.8 61.88832
2 an:l 64448 8833391
3 11 18416 70.80531
4 N’C'i 1 41u.m? sanm 21.38703
5 2.702077
6 '] a ﬁ ﬂ 2906199
7T T 2.855872
8 cug 3 821.1702  15.86037
) cu 4 'lM'l -Hﬂ 1?33 422 3413002 2.7BAD48
10 CcU 5 1001 379.4112 716.4899  15.76637
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6.5 A Large Problem

This problem is obtained from Grossmann et al. (1973). There are ten hot streams
and ten cold streams in this problem. The minimum temperature difference is 50 ©F. This
problem is selected to demonstrate the program capability in solving a relatively large
problem. Assume that the overall heat transfer coefficient for all exchanger units is 50
BTU/ °F fi2,

Table 6.5.1 Stream Defaffls@lahe Large Problem
No. Name : - Heat Load

Capacity

Flowrate
i 28.4 2840
2 2837 1134.8
3 24.6 1476
4 17 1530
5 30.69 | 2301.75
6 19.36 1936
7 25.5 1147.5
8 12.4 620
9 20.72 1450.4
10 g2 | 170 L i4f 18.9 567
1 2232 -1004.4
2 23.87 -1670.9
3 | COLD3 ¢, 320 | 4,360 34.96 -1398.4
4 | qond | |1 5) 604 -1562.4
5 [ a B% ” ﬁ g!:;"' "1 9344 -940.8
6 C 2356 -1760
VRN T S S R TS TR s
8 9 coLDs 170 220 22.96 -1148
9 | coLpe 140 200 14.4 -864
10 | coLpio 80 140 13.92 -835.2
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Table 6.5.2 Problem Table of the Large Problem

Temperature Interval AT Deficit Accumulated Heat Flow
Upper Lower In Out In Out
550 520 30 852 0 852 0 852
520 500 20 1135.4 852 1987.4 852 1987 4
500 480 20 1627.4 1987.4 3614.8 1987.4 3614.8
480 470 10 530 3614.8 41448 3614.8 41448
470 460 10 306.8 4144.8 4451.6 4144.8 4451.6
460 450 10 476.8 4451.6| 4928.399 4451.6 | 4928399
450 440 10 192.8| 4928399 5121.199| 4928399 5121.199
440 425 15 -79.8| 5121.199| 5041.399| 5121.199| 5041399
425 420 5 5041.399| 5126.399| 5041.399| 5126390
420 415 5 399| 5092.049| 5126399| 5092.049
415 410 049 5211.149| 5092.049| 5211.149
410 400 E eIt 509075 | 5211.149| 509975
400 390 2 5181.95| 5099.75| 5181.95
390 380 -178.2 5003.75| 5181.95| 5003.75
380 370 ‘ 4691.149 | 5003.75| 4691.149
370 365 4624.649 | 4691.149 | 4624.649
365 350 3 807.640 | 4624649 | 4807.649
350 340 4 168.35 | 4807.649| 516835
340 330 1 222149 | 516835 5222.149
330 320 | 521635 | $222.149| 521635
320 315 5085.95| 521635| 508595
315 310 b 4900.05| 5085.95| 4900.05
310 300 4662.65| 4900.05| 466265
300 290 0 4355.65| 4662.65| 4355.65
290 275 1577 5 4061.65| 435565| 4061.65
275 270 — 1.65] 4123.65| 4061.65| 4123.65
270 250 1) 65| 391245| 412365| 3912.45
250 24004 885| 391245| 353885
240 05| 353885 3206.05
220 1 349565 | 3206.05| 339565
190 170 305 531.65| 3395.65| 3531.65
170 140 31} 149.4 | 3531.65| ~"3681.05| 3531.65| 3681.05
140 130 -139.2 3531 354185 3681.05| 3541.85

e O HED MM 1|y -

)]

utility requirement is

)

qgjmwmmw S

There are at least 30 network configurations obtained from the program. All

solutions achieve the MNU and MER. The minimum number of matches is 20. Figure
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shows the first solution which is similar to the network found by Grossmann. Figures
6.5.2-6.5.6 present five network configurations that require the heat transfer area in

ascending order. Figure 6.5.2 shows the best configuration with the minimum transfer area
=2371.104 fi2.

AULINENINeINg
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Figure 6.5.1 The Grid Representation of Cold end solution No. 1/ 30 of the Large Problem
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Figure 6.5.2 The Grid Representation of Cold end solution No. 2/ 30 of the Large
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ECp  Load
28.4 2840
2837 11348
246 1476
17 1530
30.69 2301.75
18.36 1836
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Figure 6.5.3 The Grid Representation of Cold end solution No. 10/ 30 of the Large
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Figure 6.5.4 The Grid Representation of Cold end solution No. 7/ 30 of the Large Problem
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Figure 6.5.5 The Grid Representation of Cold end solution No. 4/ 30 of the Large Problem
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Figure 6.5.6 The Grid Representation of Cold end solution No. 13/ 30 of the Large
Problem

117
ECp  Load

28.4 2840
28.37 11348
246 1476
17 1530
3068 2301.75
18.36 1936
255 11475
124 820
20,72 14504

18.9 15687

2232 -1004.4

3496 -1398.4

26.04 -1562.4

13.44 -5408

32 -1760

1M1 2775

298 1148

14.4 -864

1382 -8352
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