. 18 o

EHY BE 22 HV&AC 2006 4545 36 45 7 10

R 4% R G HOR
A A Sk R B B R it

TERFEI T RS XIGSES MR

WE AEXIRERENMEAMFOSMHTEL TR EE, LBAFRIHA ZAY
SRR W ARG FBATR R AR R I8 R L E 6 A8 Fe Y15 T R B R I A
FTRER AR, BT EH I FRA T 490 RBAEA R RAKE KR Rttt %
P0IBT R AR A L R R F AR AR 17%, A
B ZFAGE; ERNFRELT AP ENERBERK . AW MEFTRATHREE. 254
KA KA AH T ARG RIZIT, LK TBTHRA.

XgiE KBRS R HRER AR FEEA

Optimal design for tree-shaped chilled water
pipe network in district cooling systems

By Liu Jinping* and Chen Zhigin

Abstract
connection loop are equal. The objective function of the model is the annual costs of the system, including

Develops an optimal design model on condition that the pressure drops of each parallel

annual operating costs and depreciation costs of chilled water pumps, depreciation and maintenance costs of
pipeline, and costs of chiller power consumption rising from cold loss through chilled water pipe wall. By a
case study, obtains the following results: the tree-shaped chilled water pipe network in district cooling systems
should not be designed by equal specific frictional resistance or by equal velocity; the annual costs of the
system obtained by the optimal model decrease by 17% than those by the equal velocity model and the
economical benefit is remarkable; the differences of pressure drop of each segment pipeline are considerable
by the equal velocity model, then the adjustment of the system is difficult and the pressure stabilization is
destroyed easily, and the annual costs of the system increases.
Keywords district cooling system, tree-shaped pipe network, optimal design, annual cost
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1 EREHALRGLKEMMRING I
x1 MUREPHNREREEREFTESH
4 W Bl 2R Bl
o/ (kg/m*) 1 000 tes/C 3
Co/ Ot/ 6 500 te/C 13
Cw/(G/m?) 680 t,/C 25
Cor/ (JG/m?) 25 COP; 4.2
Ceo/ TG/ (a * m?)) 96. 4 7 0. 65
A 12.54 B 0.15
B 0. 395 Bou 0.1
As 1. 38 z/h 2 000
*2 BmRTTANRE
S E T 4 6 7 10 11 13 15 18 19 21 22
.

i/ (m®/h) 150 260 420 450 580 350 400 470 520 260 350

£3 TRBNHEERNEREEARKCERTEER

EBMYS KE/m R/ HLHr 0. 6 JG/ (kWh) HLH 0. 8 J6/ (kWh) HLf 1. 0 76/ (kWh)

(m*/h)  EWE/m  wE/ FCEERH/ &4/ m i/ LLEERH/ &4 /m i/ L EERH /
(m/s) (Pa/m) (m/s) (Pa/m) (m/s) (Pa/m)

1 221 4 210 0. 821 2.21 43.6 0. 845 2.09 37.5 0. 865 1.99 33.2

2 83 3 380 0. 757 2.09 43.2 0.778 1.97 37.2 0. 797 1. 88 32.9

3 170 2 350 0.670 1. 85 39.5 0. 689 1.75 34.0 0. 706 1. 67 30.1

4 150 2 000 0. 639 1.73 36. 7 0. 657 1. 64 31.7 0.673 1. 56 28.0

5 75 1 600 0.574 1.72 41. 4 0. 590 1. 63 35.7 0. 604 1. 55 31.6

6 70 610 0. 339 1. 87 94.7 0. 349 1.77 81.5 0. 357 1. 69 72.4

7 67 350 0.217 2. 63 324. 6 0.223 2. 49 281. 4 0.228 2. 38 249.9
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RS KE/m Hiw/ FLM 0. 6 55/ (kWh) H A 0. 8 76/ (kWh) B f 1. 0 76/ (kWh)
(m?/h)  BWR/m Wi/ HEME/ SAR/m W/ WE/ BNRS/m W/ FEER/
(m/s) (Pa/m) (m/s) (Pa/m) (m/s) (Pa/m)
8 100 830 0. 388 1. 95 86. 7 0. 399 1.84 74.7 0. 409 1.76 66. 2
9 296 150 0.189 1.49 123.8 0.194 1.41 107.1 0.199 1.34 95.0
10 284 680 0. 353 1.93 95. 7 0. 363 1.83 82.8 0.371 1.75 73.4
11 135 260 0. 260 1.36 70. 1 0. 267 1.29 60. 5 0. 273 1.23 53.8
12 30 420 0. 234 2.71 315.4 0. 241 2.56 272. 1 0. 246 2.45 242.0
13 104 1030 0. 401 2.27 112. 8 0.412 2.14 97. 2 0.422 2.05 86. 1
14 200 450 0.277 2.08 150. 8 0. 284 1.97 130. 4 0. 291 1.88 115.8
15 236 580 0. 314 2.08 127.8 0. 323 1. 96 110.5 0. 331 1.88 98. 1
16 80 350 0. 205 2.96 443.2 0. 210 2. 80 383.1 0.215 2. 67 340. 1
17 689 400 0. 335 1.26 43.8 0. 344 1. 20 37.9 0. 352 1. 14 33.6
18 392 990 0. 489 1. 46 36. 6 0. 503 1. 38 31.6 0.515 1.32 28.1
19 380 470 0. 374 1.19 33.8 0. 384 1.13 29.3 0. 393 1. 08 26.1
20 200 520 0. 344 1.56 64.3 0. 353 1.47 55.7 0. 361 1.41 19.5
21 300 260 0. 260 1. 36 69.5 0. 267 1. 29 60. 2 0.273 1.23 53.5
x4 AEBEMHERFEITERLIETEFAELE
HL4f 0. 6 J6/(kWh) HLffr 0. 8 J6/(kWh) HL 1. 0 76/ (kWh)
A AT kiRt SR ekt SRR
SR/ (m/s) 1.90 1.78 1.70
SARH S 2k /Pa 65 469. 2 133 835.7 56 518. 2 112 770.7 50 100. 8 99 947. 6
KER B /m 8. 02 16. 39 6.92 13. 81 6.13 12,24
BRI B TIHE/ kW 117.8 240. 8 101. 7 202. 9 90. 1 179.8
YK AEFE R R/ (MWh) 236 482 203 406 180 360
RIKERFER S/ Tt/ 14.1 28.9 16.3 32.5 18.0 36.0
BRI FE A/ JT 0T 68. 4 126.7 60. 7 108. 7 55.3 97. 8
BIKFEMPTIHSE/ T o6/2) 6.8 12.7 6.1 10.9 5.5 9.8
K EERRIRHAE/ it/ 10. 3 9.5 12.5 13.0 14.5 16. 6
SV KA B AR B/ T oT 412.3 390. 1 439.7 409. 9 463.6 424.7
BKE B ITIHZH/ O7 o8/ 61.8 58.5 65.9 61.5 69. 5 63.7
SRR/ ot/ 93.1 109. 6 100. 8 117.8 107. 6 126.0
S HO Rk B Y AR B 2% % 17.72 16. 87 17.10
HIE %

®5 FREE&ITTEGIH

BT RHERERE (KN TERER) Pa

S W 1.90m/s  FE 178 m/s i 1.70 m/s
5 22 637.7 19 074. 6 16 905. 6
3 25 436. 9 21 433.3 18 996. 1
20 —49 053. 4 —41332.7 —36 632.7
17 —26 656.0 —22 460. 5 —19 906. 5
16 18 340. 1 15 453.5 13 696. 3
14 —14 019. 4 —11812.8 —10 469. 6
12 —100 741. 0 —84 884, 9 —75232.6
9 197. 3 166. 3 147. 4
8 85 174. 6 71 768. 6 63 607. 8
2 —32535.8 —27 414.8 —24297.5
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