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Abstract—In the present study the heat exchanger network is synthesized by the design method in which
the exergy analysis is incorporated with the pinch technology. The present synthesis method is applied to
the existent five problems of heat exchanger network. Our method employing the minimum mumber of
heat exchange units under the maximum energy recovery condition looks very reasonable even in view
of the number of shells and also the area of heat exchangers in comparison with results in recent publications.
It is shown that the present method brings the removal of 4 shells in one problem and in other three
problems it produces almost the same heat exchange areas as those from the previous methods. Therefore
it is thought that the present synthesis method can be used efficiently for the basic design to synthesize
and also improve heat exchanger networks.
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Table 1. Stream data for problems

-8

Table 2. Design data for problems

Heat transfet

Heater Cooler

Problem AT,.» coefficient
To Tow T Tw (K horU

(K) (K (K) (K (kW/m?-K)

example 555 555 311 355 11 heat 0.85
exchanger

heater 114

cooler 0.85
1 450 450 293 313 10 0.80
453 453 283 288 20 0.05

3 649 649 288 303 10 hl 0.40

h2 0.30

h3 0.25

cl 0.15

2 0.50

steam 1.00
cold water 0.60

4 503 473 274 288 10 0.10

5 523 523 288 — 20 hl 0.50
h2 0.25
h3 0.30
h4 0.18
h5 0.25
cl 0.27
c2 0.25
c3 0.15
c4 0.45

steam 0.35
cold water 0.20

Heat capacity  Supply Target

Problem Stream flow rate temperature temperature
(kW/K) (K) X)
example  hl 8.79 433 366
h2 10.55 522 411
cl 7.62 333 433
c2 6.08 389 533
1 hl 30.00 443 333
h2 15.00 423 303
cl 20.00 293 408
c2 40.00 353 413
2 hl 20.00 423 333
h2 80.00 363 333
cl 25.00 423 333
c2 30.00 298 373
3 hl 22850 432 350
h2 20.00 540 361
h3 53.80 616 363
T 93.30 299 400
c2 196.10 391 538
4 hl 380 473 308
h2 2.00 473 293
cl 4.00 303 453
c2 532.00 323 324
3 220 283 453
5 hl 50.00 393 338
h2 300.00 353 323
h3 290.00 408 383
hd 20.00 493 368
h5 260.00 408 378
cl 150.00 338 363
c2 140.00 348 473
c3 100.00 303 483
c4 50.00 333 413
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Table 3. Problem table for example problem

k]

SN Streams and temperatures Deficit Accumulated (kW) Maximum permissible (kW)
] hl h2 (K) cl 2 (kW) input output input output
544 533
1 133.76 0.00 —133.76 133.76 0.00
522 511
2 —348.66 —133.76 214.90 0.00 348.66
444 433
3 34.65 214.90 180.25 348.66 314.01
433 422
4 —124.08 180.25 304.33 314.01 438.09
411 400
5 54.01 304.33 250.32 438.09 384.08
400 389
6 —39.78 250.32 290.10 384.08 423.86
366 355
7 167.64 290.10 122.46 423.86 256.22
344 333
T T2 A = ol BAEE Foted Hi sldgme
| ® | 13376 kW, 34 W7heshe 25622 kWl & 4 3l
| 133.76 I © § subnetwork SN13} SN2 A}e]o) A &F-UF 2%
[Nsr=000251] 511-522K kol EAjske A9 913 =3 & &
() SN1 otk B APl AE Fig 1o Mol uis} o] dm
T, T 43 9 2F, WFe) 5558 EA8] 449 Lin-
nhoff¢} Flower[2]7} A& A=A (grid) E7|H-&
h2 —i‘—(@——» ARtk 25 9%, WRHE olIZd s
2 S 348.86 SFE B4 2 EZ0E YFE QEZN AR
474.24 o2 32} daPrlE AL aPsHs L7 WE
99 F 45 2SS Ak SR sldr]e}
) s Nor=005726] WA A AFe £F A9 Qo2 Jehhz 247
H, CE #7)stqch dake 7 #xE Jehje A o}
Ta T4 dol kW @912, eEE Pao meh AdLE K 9
h2 i ©— A2 A4 skl EAIstsich o)A 2t subnetwork 5]
c1m O %223 AAE Ak
o o 83.02 w3 PR AFHE-E A9 B Table 39 FA| £ 248
-3 o o] ZAIFL oF 2= o) o
66.88 . [Ner=0.01057] 3k 79 subr;etwozk,l SN1le} 232 & ¢ glon
(i) case A 2 AAYEL o3 2
SN1: 4§ c29te] &A¥c}. webr 511-633 K7hA|
h2 Q@ © 7171 Bo shds) Folok stef ol By T2}
o1 ® T e Fig. 1(@)o)l v}sk Slch. o) ol Qe 7l geke 13376
ez | KWole] SN1oIH 4% &A% NprE Aaeha
€2 R 0.002510] St}
(ii) case B [Npr=0.01393] =) 5}t R= SN2-SN79 subnetwork S 2 o]0y
(©) SN3 gleml SN2-SN4ol| ZA AAE b} 7k

Fig. 1. Array of SN1 to SN3 for example problem.

SN2 : Y7 c29} &7 h2E o] Fo A 3loH Fig. 1(b)
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T, Tg
hl O © -
h2 \r 25.74
o1 ,L 98.34
S
Y 167.64 l
N
133.76
(a) case A
hi O © —
h < 59.62
h2 C
. 64.46
c
O
., L 167.04
s 9,
133.76
(b) case B
Fig. 2. Array of SN4 with Ng;=0.01615 for example prob-

lem.

hi S
2574 12.87 39.78
h2

4% —©
333.66 322 98.34 —!
el Jf i e O—O——
83.82 167.84 83.82 259.08 167.64
< —@
133.76 | 474.24 86.38 133.7¢ 86.88
SN1 SN2 SN3 SN4 SN5 SN8 SN7

Fig. 3. Connecting subnetworks for example problem.
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SN4:270¢] WF cl, 2 ¥ 2719 &% hl, h2& o]
Foiz Qi eEAGRAN dFEE2AE HFIe
2788 F27} Fig. 24 Jeht glon, & o} 0.016159)
FUT Npr 32 zhert o] dole dastr)e] §iel
go|gt A S-S At A A4 (hlcl), (h2-
c2) d287]& SN2ojAe) dmgr)el e f3o|ch

$]9} zr-e Hpol )4 SN5, SN6, SN7¢l| o 3t 2zt
Folzl 2z 9 GR3E WA 719 Npr7h 44l
dmge Addsle] d4A)7]9 Fig 35 ek ol A F
o) xx| &AIRSI4 0.133040]ch o] A Fig 39 sub-
networkE-2 HXE FAo2 &7 o] FAAA
yzie}.

(1) SN29] W7zt7|9} SN39| 778 AAst A

3is128 H30H HS5E 199241 108

hi ©)>

© )
38.61
h2

c
345.47
cl

TS
83.82 251.46

O—1—0O

127.86 298.86
2

133.76] 541.12
SN1 SN2 ~ 5

200.64

SNE ~ 7
[NBT:0.0QS62:|
(a) merging among SN2 to SN5 and between
SN6 and SN7.

hi —B €
38.61
h2

&—6
e
217.61

133.76 | 541.12 200.64
(b) merging between SN2-5 and SN6-7.
Fig. 4. Merging process for example problem.
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o}
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71l F-3A A}

(3) SN62 Wzt7ie} SN7¢) 7td71E G443t A
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(5) Fig. 4(a)& $19 (1)-(4) 7421 ] Az}oln] o] 7
Sl Npr 0.0986201t}. o 3h-& Fig. 3¢] NprRoh 22
FA o]y AAMA] £Aie] FAELUEE ¢ T Ut A
Az} E4o] AojA= wo g sidriet YAr|E
A3tz NRE du#E HSold Fig 4(b) ¢}
z},

(6) Fig.4(b)= o32] 7§¢] 1232 (first-level loop)
2 T§sla gldd. A daFXFE PFA]7)7)
et} 22)E AAS ek dA 2N dud
A3 1, 42 AR 1xkxelE AAstd Fig 5(a) ¢
Zow ohA] dwFAA 2, 52 FAL 122 E A
o Fig. 5(b)e} 727} el o] o LxAG=AS
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hi 3 () @
38.61
h2 ~D) @ S €
\r I 217.61
Cl—m J\ O
83.82 251.46 127.86 298.86
2——(@) 1O
133.76 741.76
(a) after removing lst loop
hi '€) E—
T 38.61
h2 ) ) &
T L L s
el J\ 9, 9,
211.68  550.32
c2——"() 9
133.78 741.76

(b) after removing 2nd loop
Fig. 5. Results after breaking loops for example problem.
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h1 O
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h2 e e ©
433 \'/ I J\ 256.22 333°
el 9 -
533" /L 173.07 589.93 389"
c2 0;
133.76  741.78
(2) case A
nr A3 ~ © 368
e 522 ~ ~ \{j 256.22 41)°
433" T I J\ 333"
Cl- J\ O {r
y 429.29 332.71 .
c2 533@} O 389
133.76  741.76
(b) case B
Fig. 6. Final results of example problem with Ngr=0.07
327.
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Pinch
. ]
hy 443 o ‘ — 333
. < :
h2 A28 Py H ©)-203
. 1 1 600
1980 O- 283
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ooa1a ®0 A 800 ! 900 300 353
2400 I

Fig. 7. Present result for problem 1.
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. i

ny 423 10} O S

L)
b 363" T ) T 333’228
. ! 400 7.8
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Fig. 8. Present result for problem 2.
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343-363K Trbel EA1se 2 sl g 1075kW,
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Aeliol el Ha dRaAFE 247t 30, 47]0]
t}. £ 743 Fig 85 222 Gundersen®} Gross-
mann[12]¢] A AIgF A=)} v]szs] 2o AX scR-o
FxE %A BYsH Nere 0155359 5§ @S
Zech 2709 72 2% HY U sg 27 3l
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Fig. 9. Present result for problem 3. ‘
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Fig. 10. Present result for problem 4.
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2 AFAFHY 73"1‘7]' i g duddAg ggw
g, olid A3%E wHE W YA F FE 1
T e HHe) Botso]op & e} o] uf Alojate]
A 5oE 8ol 4 W& dasr|Ee] £719)
a4 o] &=ty rlset Ywstrle SFS F
o)L & sjjoF & Zlojrh

FA) 32 Ahmad[13]7} Al A& F#le) 3709 &5
2 2709 YHZ o) F oAt WX = 422-432K T2kl
2% A 7ld8-eF 1064520 kW, A Y7t
839520 kW& HR2 2 gt} HA RPN FE AH
Aol A 37, " EhdRolx] 57|t o] F-Ald
of) &} Gundersenﬂl— Grossmann[12]-& 4719} Ax&
A sl e, Hd Az E 25 Ha A
E%%’l—?% uiEad A B 5 Y dwstase] ¢4
e Bal 27} 247} vk & 159 Fal[12]9]
Fig. 4 & “Design C” ¢} “Design D" o]t} o] & “Design
C'7} 2 d7AFe} dA3H, o] Fig. 99 2tk Nar,
5 &, Ao g 7zt AAprl 0.72303, 307,
15598.04 m?, ¥x}7} 0.72535, 3270, 15871.83 m’e| &
“Design C"7} f=2|3 dmsttoleln skt

sp3tarst M30A HMSE 19924 102

it o
33
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PRI ! o 333
o/ ] o 450
1280 2750

Fig. 11. Present result for problem 5.

24 4= Linnhoff$} Ahmad(14]7} 2% & S-=jo]o
27198 &5 % 372 Q{2 o] F A 9ok A= 303-
313K F7bel EAfE HAa stdgek 2kW, FHa W
Z+g-ak 15kW7F Hashe}l Hi dasdg e HH]
Alekrol x| shubiol A zhz: 5K, 3o)e) B o
Z 7= Fig. 10e] 2).2™ Linnhoff®} Ahmad[14]7} A
AlZE Ax) o] Azl vlwdd o & Faio] Hg-
29 9] rlede] 524 kW, c39) 7t 10kW7 A8
Az AollA 2oz} it B AF+AFE Y oy
234 2Ast /e HA AuSAXFE Yo
Ngr 8- 0.345930]c}. x| dvhol ti3t 5 7= 47}
Fa 25 FAdsAl 23700 dwstdHe Azxiz}
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% 402 YRR o] FolA Qlo}. Ax= 388-398K
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7000 kW7t 1 @3ir) 34 dustAx e AX4dy-
ol A} 47), A x]3}gtH-oll A 97fo)ck. & o7 = Hall
ol AAg Azl dxPyer 1 HAxe Fig 113
ek Ho o 3]G 2AEe MY H A o wEALH
75 &g om Nyt 083481, 5 4 2 4 w3l

Y
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#e Bdom yriA 2749 FAIE dMe & o 5 FollA= € d7A3) Hd 407 A HeiRle 2
A2 Hd 447 AL 8 ARE 2o g 2ygon dwshdAddgde 4709 FASNA <
dAugH e vnd e FA4 28 ALY YA & + 3% 4T zelE Bk & BAlGME £ oA
AL A +3%2) ZaF 2olE B FA 24 Ay TAFHZ) 718 AAEEY o gL duddds 9
£ dFFHAE 7188 AgEd 1180% ¥ dod QF 3y o)k dmer|e ERAL TR 2L
HAHs 82 ok o|7E 4] (Dol Bele dash At Az} weba] dwdtrle] 5848 13
719 AEAHEE Vellle 2AQAFrE 2eidhx] e A7} o] Fo)xje} 3w, olo Wiy FalFo] Hsix
A72 QztE, dugdel FAAA N HgAdol o 2 A dud 34 2 Al sleiy
Yol & Frate]l 22 dugrle 7153 wiAlE NN ZAAAER FE3] 49 ¢ ddm Y43
=5 Aol & Zloln) FAl 29 AFelME 7

o) Aoy} 2 A7 AN He daBUA L 2o zZt A
@ ue, DALY EREAL EAsn gled
b Aululgel 27F R Alole) o) wad A B ATE AUse] F BAG FAH b A=

olth. £ 7o wE duihy gAH S ZEFV) Hych
WolAFE Aol ojelgo] WAEY weld R
A A4g 7] Azt AR 2| Fo] fE AR IZ
ojof & Zielch

Adulu] 43 =n]L4-9] trade-off & A 3tA A3 A :heat exchanger area [m?]
FE FRL Anb 39 shrt ATueoled, A7) B : flow exergy [W/K]
o 8o} FAJo FF AT e B 8Ea dwE|e) b :exergy per unit mass [J/kg-K]
A0 s AT, o HAg o Be ox= xdts) C  :heat capacity flow rate [W/K]
ook webd] dmsu FAA E Fo i HEr} Fr :correction factor
WEA o FolAo} & Zold HAE ol4d Ang +enthalpy per unit mass [J/kg] or hot stream
mrepAdupg e WA ASAE 72t SR Ao 2 gk : heat transfer coefficient [W/m?-K]
o]z MAE THFHA e Hi daIAFRGg o
e FAFE 29 & don 23y °“’“3]3"‘°‘
7M1 Fx Qleh AAE Fal dAG o] o
524 sted zelE AAGH oz Aol 57}
sz v JuIAAFE FA 7 e e o]
gt trade-off = Fesfol & Zlolc} mi ¥ i
FoaA el A, BFE7] HE vls S 2 A
IR obge] ¥ Fog Wart @ Aol

h

h

N :number of shells

Np :number of exergy loss units

Ngr :total number of exergy loss units

P :thermal effectiveness of heat exchanger

Q  :heat flow (W]

q  :enthalpy change per unit mass [J/kg]

R :ratio of the heat capacity flow rates

S :number of streams

s :entropy per unit mass [J/kg-K]

T  :absolute temperature [K]

Tiy :log mean temperature difference

T, :standard temperature [K]

B oo Ax7eT B9 Axz] e B U  :overall heat transfer coefficient [W/m?-K]

ste] Hol oy R 3 g ZAF P Upin : minimum number of heat exchange units

S8 BEae dnee A &

25 Avlu 8¢ Edshe Aulgeld HY me  SHEA

Aol 2UL F2E ebhe} e Bege ¢ o0 Sream
i

4.8 £

x
2 o

FAAEE Hriske Aotk : hot stream
B guhg-e 2ol T E Falel A A A% 5709 : stream

24| o) y‘%_/“ BESTFEL min : minimum

_/}‘_ !

A ) K : supply
s7H) $A B Hd S 2Aselde A
AT+ “J%‘—f'f}»‘& A7} vtk & 7 % *  :reference state
PR T 71E dudgEn vzs & H+,

HWAHAK KONGHAK Vol. 30, No. 5, October, 1992



546

FU4 - A4F - Q38

. Westbrook, G. T.: Hydrocarb. Process Petrol. Refin.,

40, 201(1961).

. Linnhoff, B. and Flower, J.R.: AIChE ], 24, 633

(1978).

. Linnhoff, B. and Flower, J.R.: AIChE ], 24, 642

(1978).

SR E A AT, M-S ehe(1988).
- $IAE 5 sheEe 30, 406(1992).
. Sy, J.L. and Motard, R. L.: Comp. & Chem. Eng,

8, 67(1984).

. Ahmad, S. and Smith, R.: Chem. Eng. Res. Des.,

67, 481(1989).

. Bowman, R. A, Mueller, A.C. and Nagle, W. M.:

Trans. ASME, 62, 283(1940).

28 ast 30 FMSE 19924 108

9.

10.

11.

12.

13.

14.

15.

Lee, K. F., Masso, A.H. and Rudd, D.F:I & EC
Fund, 9, 48(1970).

Yee, T.F. and Grossmann, I. E.: Report EDRC-06-
25-87, Carnegie-Mellon Univ,, Pittsburgh, P.A.
(1987).

Ciric, A.R. and Floudas, C.A.:I& EC Res, 29, 2
(1990).

Gundersen, T. and Grossmann, I E.: Comp. &
Chem. Eng, 14, 9(1990).

Ahmad, S.: Ph. D. Thesis, Univ. of Manchester, UK
(1985).

Linnhoff, B. and Ahmad, S.: Comp. & Chem. Eng,
14, 7(1990).

Hall, S.G., Ahmad, S. and Smith, R.: Comp. &
Chem. Eng, 14, 319(1990).



