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Abstract

This paper analyzes the limitations of the node unstructured model of heat exchanger network in
the optimization of heat exchanger network, so an improved unstructured model of heat exchanger
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network based on temperature level interval is established. In this model, the model space is divided
into high temperature zone, medium temperature zone and low temperature zone based on the inlet
and outlet temperature of each stream. The nodes on each stream are allocated according to the
temperature zone, and the node matching method is specified. Cross range matching of low temper-
ature node and high temperature node of hot stream is prohibited. The results show that the heat
exchanger network model can greatly reduce the possibility of non feasible matching structure, sim-
plify the solution space and effectively improve the optimization efficiency.
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Figure 1. Schematic diagram of node unstructured model
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Table 1. 7sp example data
= 1. 7sp EHI%E

Ttk T (C) Tour (C) F (kW/'C) h (KW/(m2C))
H1 260 100 100 0.50

H2 120 30 160 0.40

H3 60 40 60 0.14

c1 20 120 100 0.35

c2 70 140 70 0.70

c3 10 30 350 0.50

c4 120 160 60 0.14

HU 330 250 - 0.50

cu 15 30 - 0.50

PP AT B A 2000 + 70A $lyear (Ainm?); #A ] TR M 60 $/(KW-year); A A TIEAM %A 6 $/(KW-year).

H1 260 —@® @ ® ® ® & & L & o—» 100
H2 120 —@ @ @ @ ® ® @ L ® —» 30
H3 60 —@ @ @ @ ® ® ® @ ® —> 40
Cl 120 —@ ® ® ® @ @ & @ @ —» 20
C2 140 +—@ @ @ @ ® ® @ L ® o— 70
C3 30 +-—@ L 4 @ @ ® ® ® L ® — 10
C4 160 -—@ L L L ® ® ® L ® — 120

Figure 2. 7sp node unstructured model
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Figure 3. 7sp heat exchanger network model based on temperature level range
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S 1R 6 BB 4 AL 10sp S5, S BARSHA 2 [9].

Table 2. 10sp example data
< 2. 10sp H ¥R

Ttk T (C) Tour (C) F (kw/'C)
H1 85 45 156.3
H2 120 40 50.0
H3 125 35 239
H4 56 46 1250
H5 90 86 1500
H6 225 75 50.0
c1 40 55 466.7
c2 55 65 600
c3 65 165 180
c4 10 170 81.3
HU 200 198 -
cu 15 20 -

B A TII A A 60A $lyear (A inm?); A TFRMAIIH: 100 $/(KW-year); %AAFTFEAMZA: 15 $/(KW-year); -/ Hebp

TLi SRS 0.025 kW/(mP-C).

Xof 10sp B4 E SABERY , T A RO AR R R RE , R e T S IX 1) 5 i A DX ] 4 S BRI 2 120°C
w7 X 18] S5 AR A7 X (B FR FRGRLEE Dy 56°C, X Tt il Az X A) L 7 Ber e 10 N9 8, mlt s
DX T AR IEAL X RV 7 B 70 BE 6 AN L IRETE IR BRI 4 s

| 120 | 56
HI 85 | : > 45
H2120 | | > 40
H3125 : : > 35
H4 56 ! L
H5 90 i >§ 86
H6225 i =E 75
Cl 55 i i<— 40
C2 65 = : 55
C3 165 : : 65
C4 170 i i 10

| |

Figure 4. 10sp heat exchanger network model based on temperature level range
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XtF 10sp HB, RARGR HA BOR IR, H A TRRAL X E, S5k C3 Tk BT 1T UL
Fogitty, 5 C2 H#dhili 72 BN LUR AT AT LD, RE5 A A i) R AL C1 Al C4. 3T
TR ARG B AR S BIN, AR HA AR i TAE DU AL AR vh AR BOR B B A O e v BT, M
LA B RT 4T ILAE % R e T, 48 51 SCHR[11]h R A9 s AR G B R A AL Jo T AR I PR G5 R, L4
W IEl 5 fros, S5 R IE 5(a) HA 38 SV UL i, R BRI AR S DLV 2 F TARE A 75 0 20 3
HFRIEE, 48R E 5(b)h HA 55 CA AR T — /NI B B A BT, D9S8 75 2 ORI 174 A H
THE.

2870.9 861.5
Hl 85 ©—» 45
14398 50.2 103;.0 10%.7
H2 120 - ©—» 40
8762 176.8 4693 6134
H3 125 o @ ©—» 35
123826 117.4
H4 56 © 46
30833 2716.7
H5 90 > 86
® ? 1882.6 "
H6 225 ? » 75
Cl 55« ® @ L @ oo 40
2519.6
2 s4+—@—@—@ @ @ 33
3854 154
C3 165 < @) 65
8137.1 12757 123826 43418
€4 170 €@ ® @ 10
(a) TAC = 5,610,735 $/year
2681.9 7222
HI1 85 @ 45
1403.8 361.0 1111.5 1024.6
H2 120 Y [ Y o — 0> w
896.6 588.2
H3 125 ® o o0 35
12500.0
H4 56 C 46
3283.9 2667.5
H5 90 » 86
5548.3
H6 225 » 75
C1 55« @ @ ‘ @ 40
PP WU e " @ 55
124517 54.8 4557
C3 165 4 65
7988 8
C4 70 41 @ ® o 10
1951.7 99.2 86.3 486 2833 4

(b) TAC = 5,594,562 $/year

Figure 5. 10sp results of node unstructured model optimization
5. TR IELEHIERIMA (L 10sp L5 R

K FH 35 T U5 X 8] ) e P 28 A U AR Ak 2 S T A s 3, HL e AR 45/t 14 6 s, R4 3
K 5587396 $lyear, AHLLAY mAELE MR BRI AL BT 1545 FLBRAIK T 7166 $lyear. 1Z&5HI7E H4-C4 ULHCAE L T
— NGRS 4727.8 ) [ RA TG, ARG NP HA (3 R, PR B A e 3 oK) 2% 25 ) 1) 4 47 B B
.

Vel 7 SR Rl 5 A R 5 T TS X TA] ) 46 1 o) 8 A R AR Ak 10sp SE491 AR AN B I AR B 2, WT DL HE
K FH 2 -7 X 8] F 45 F4 0 25 A R A0 4k 10sp B4, R R BE SR, ZEAH RO S RS RI 45 SR 5
I
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W5, EEIRK
15242 1301.1
H1 85 163.8 OLL s
4945 1047.9 85 469.7 9774
H2 120 = 4
6355 | 262.5 284.9
H3 125 > 35
47278 77722
H4 56 > 46
2486.7
H5 90 > 86
23437 369.2
H6 225 > 75
- 40
cr 3 109.0 2792.9
C2 65 = 55
15656.3 35133 73.8
C3 165 -—o 65
C4 170 = 10
1318.9 21338 13343 4699  893.0 605.9
Figure 6. Optimization of 10sp results based on temperature potential interval model
[E 6. BT RAIXEHERMKIL 10sp L5
B | 2
5680000 — FETIRAL
5660000 -
Q 5640000 -
=
5620000 -|
5600000 -
T T T T T
0 200000 400000 600000 800000
IT
Figure 7. Cost iteration curve of unstructured model and improved model
E 7. IFEMIER SRR B2 AR Ehk
2) 5ty 2 54 H13C7
S 2 KA 13 L 7 IR ¥ 20sp S, S B AR ZHNL A 3 [10].
Table 3. 20sp example data
3 3. 20sp HPISH
RS T (C) Tour (C) F (kw/C)
H1 576 437 23.1
H2 599 399 15.22
H3 530 382 15.15
H4 449 237 14.76
H5 368 177 10.7
H6 121 114 149.6
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Continued

H7 202 185 258.2
H8 185 113 8.38
H9 140 120 59.89
H10 69 66 165.79
H11 120 68 8.74
H12 67 35 7.62
H13 1034.5 376 21.3
C1l 123 343 10.61
c2 20 156 6.65
C3 156 157 3291
C4 20 182 26.63
C5 182 318 31.19
C6 318 320 4011.83
c7 322 923.78 17.6
HU 927 927 -
CuU 9 17 -

BT A2 A 30 4000 + 500A $fyear (A inm?); A TREMAr 2. 250 $/(KW-year); A THEHAI M 25 $/(kW-year); F4
P AT B RS 0.06 KW/(MP-C).

Xt 20sp BB SRR, B E I e A X TR S R A X T8 B SRR D 117°C, A A X TR) SRR A7
DX 8] ) SRR 318°C, S A TR AL AR 2 R st %] 8 BT

1318 1177

H1 576 4ﬁ E 437
H2 599 4~: i 399

|
H3 530 41 i 382
H4 449 ; : 237
H5 368 : : 177
H6 121 i E—» 114
HT 202 i i 185
H8 185 i i 113
HO 140 i ?—» 120
HI0 69 i 66
HIl 120 i 68
HI2 67 i 35
H13 10345 44 i 576
c1 343 % i 123
c2 156 i 547 20
c3 157 i §<7 156
c4 182 : : 20
cs5 318 : : 182
c6 320 % i 318
C7 923.78 i i 322
i

Figure 8. 20sp based on temperature level interval model
& 8. 20sp H TR X [E]HIHREY
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T 20sp FEBIELR, &AM B X R Z 080K, B2 R R A TN EALX (A, HAA 5
JUAN RIS R 2 A X 8] o N PRUESR AR X IR, XTI A T &N X B 20 B AR A3 fic 10 A5 o X b
ARG, KRR B 10 AN, HOPIRAR T E R AR VPG . 5 20sp FEIH, R
T UCHES 7 AR AT BRI HB, HY, H10, H11, H12 A& C6, C7, XL 78 A s My i i rp £
AR B RN AT VR EC S5 4, 3 S X 1] ) 45 04 DX 8 A 2 () £ A R AT R ORI T4 T AR S M A . 14
5 PR RLTE SRR, AL AR DX AT B /N R IR AEER 22, O B s AR A A B R AR 38 bl ok . SR
FH TR A7 DX T8 (1 i 2 0 28 R AL, 20sp SEE451 BT A5 AR e 24 45 SR 1,400,019 $lyear, FLAfFu i 25 2546 75 2
B 9 frax, ARG ARSI AL 5 45 51 1,418,981 $lyear, Ji/b 7 18,962 $lyear. FET-IRA X [H]
(1 F8ie A PN 2 SR A AN 25 SR B S R AR

806.5 kW 24044 kW

HI576C @ » 437C
30440 KW
H259C @ » 399C
22422 KW
H3530C ® » 382C
3129.1 kW
H4449C ) > 237C
1630.9 kW 4128 KW
H5368C @ @ » 177C
10472 kW
H6121T @ » 114T
915.1 KW 3I37.4KW
H7202T *—O » 185C
1535 kW ¢ 4499 KW "
H8185C @ @ » 113C
1197.8 KW
H9140TC @ » 120C
497.4 kKW
HI1060C @ > 66T
454.5 kW
HI1120C » 68T
243.8 kKW
HI1267C @ » 35C
9766.0 KW 198 KW
HI31034.5C @ @—> 57T
7033 KW
c138C <—@ L 13T
C2156C < Y} @ 20C
C3157C < L @ 15T
C4182T < © ©® L @ *—© 20T
TI5.8 KW
C5318C <—@ 9—0 1T
337.0 kW

c6320c —@—@ @ ® 318T
C7923.73Ca 220k *—0 me

Figure 9. The optimized result of 20sp example

& 9. 20sp BHMAILRLER

4, &Eig

1) TR AR AR AR A E TR ) 7 20, (75 SR =% (A1 AH EU 43 S 25 A A B B R, (R A
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