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Research on Load Distribution Strategy for Multiple Refrigeration Plants
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[ Abstract]  This paper studies the load distribution strategy of a central air conditioning multi refrigeration plant. Based on
the measured data of the refrigeration plant, the least squares method with exponential forgetting is used to identify the energy
consumption model parameters of the refrigeration plant, and then an energy consumption model of the multi refrigeration plant
group control system is established. On this basis, with the goal of minimizing energy consumption in a multi refrigeration plant
system and meeting the end cooling load demand, an Improved Dingo Optimization Algorithm (/DOA) is exploited to optimize
the load distribution strategy for multiple refrigeration plants. The experiment conducted on an actual system shows that the
proposed load optimization control strategy for refrigeration plants saved 8.88% energy compared to the original operation
method during the maximum refrigeration season and 11.14% energy during the maximum temperature difference season.
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Table1 Equipment list of refrigeration station group control system
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Table2 Equipment list of refrigeration station group control system
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Fig.1 Structural diagram of multi refrigeration plant system
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Table4 Energy consumption performance of different load allocation methods under different load rates

NigiFe JE A5 PSO DOA IDOA
FUF B fifide AL
PLR  RfEkE PLR KLREFE PLR KLREFE PLR SAEFE
1 1 0.618 0.6001 0.6001
1142.4 40% 2 0.3 304.23 0.584 25141 0.6001 251.17 0.6001 251.17
3 0 0 0 0
1 1 0.756 0.750 0.750
1428 50% 2 0.5 327.68  0.744  298.14 0.750 297.94 0.750 297.94
3 0 0 0 0
1 1 0.897 0.902 0.902
1713.6 60% 2 0.8 375.08  0.903 365.86 0.898 365.82 0.898 365.82
3 0 0 0 0
1 1 0.601 0.634 0.634
1808.8 63% 2 0.9 397.55 0.663 393.45 0.634 392.89 0.634 392.89
3 0 0.637 0.634 0.634
1 1 0.735 0.666 0.666
1904 66% 2 1 430.2 0.646  409.16 0.668 407.54 0.668 407.47
3 0 0.621 0.666 0.666
1 1 0.773 0.750 0.750
2142 75% 2 1 514.83 0713 450.57 0.750 449.60 0.750 449 .44
3 0.25 0.765 0.750 0.750
1 1 0.862 0.852 0.852
2427.6 85% 2 1 550.65 0.868  514.29 0.851 513.04 0.851 513.04
3 0.55 0.820 0.847 0.847
1 1 0.886 0.902 0.902
2570.4 90% 2 1 567.85 0.892  552.03 0.903 551.61 0.903 551.61
3 0.7 0.921 0.895 0.895
1 1 0.942 0.950 0.950
2713.2 95% 2 1 600.83 0936  597.01 0.950 595.40 0.950 595.40
3 0.85 0.975 0.950 0.950
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Table5 Energy consumption performance of different load allocation methods under different load rates

N i3 A5 ik PSO DOA 1DOA
B R AL
PLR  MAEkE PLR KEEFE PLR SAEFE PLR SREFE
1 1 0.6977 0.6559 0.6759
1261.6 40% 2 033 30747 06283  269.19  0.6695 26883  0.6459  268.80
3 0 0 0 0
1 1 0.8294 0.8265 0.8255
1577 50% 2 0.66 34722 08284 33036 08302  330.13 08311  330.11
3 0 0 0 0
1 1 0 0 0
1892.4 60% 2 0 41822 08693  403.65 08576 40358  0.8598  403.54
3 0.76 0.8521 0.8610 0.8592
1 1 0.7001 0.6878 0.6897
2176.3 69% 2 0 501.94  0.6979 46634  0.6892 46523  0.6785  465.22
3 1 0.6811 0.6922 0.6989
1 1 0.7070 0.7002 0.6999
2207.8 70% 2 1 547.94  0.6814 47274  0.6999  470.58  0.7000  470.55
3 0.3 0.7186 0.6999 0.7000
1 1 0.7309 0.7514 0.7466
2365.5 75% 2 1 561.01 07379 500.15 07529  499.52  0.7503  499.33
3 0.37 0.7760 0.74752 0.7524
1 1 0.8326 0.8579 0.8501
2680.9 85% 2 1 602.15  0.8975 57050  0.8256  569.65  0.8501  569.31
3 0.62 0.8274 0.8632 0.8501
1 1 0.8746 0.8993 0.9016
2838.6 90% 2 1 62896 09380 61278  0.8996 61195 08961  611.76
3 0.75 0.8907 0.9012 0.9016
1 1 1 0.9541 0.9652
2996.3 95% 2 1 663.13 09388 66140 09484 66040 09434  660.31
3 0.87 0.9204 0.9484 0.9434
FNp —FN A5 A LR BRI R REFE I 2 Pros < Prooy < Poso < Py (28)
Irras, s (27 A (28) P LA 57 43 R FE SIS W E S R 0045 36 F e
Pros ® Poos < FPoso < Py 27 £kl 3 fross
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Table 6 Load distribution scheduling strategy and energy consumption optimization on July 23rd
PLR, PLR; PLR; ikt

I 1) 2 ST
Pt (R Pt (R Pt (R Pt At
0:00 1490 56 78.12 100 78.42 0 0 333.42 310.61
1:00 1535 61 80.63 100 80.62 0 0 339.58 320.38
2:00 1412 48 74.14 100 74.20 0 0 323.76 294.88
3:00 1368 43 72.61 100 71.10 0 0 318.63 286.70
4:00 1219 30 66.06 100 62.02 0 0 304.41 262.32
5:00 1189 30 62.96 100 61.94 0 0 304.41 257.78
6:00 1215 30 63.54 100 64.10 0 0 304.41 261.64
7:00 1142 30 59.93 100 60.08 0 0 304.41 251.18
8:00 1330 39 69.86 100 69.86 0 0 314.25 280.03
9:00 1425 49 74.34 100 75.37 0 0 325.31 297.44
10:00 1665 74 87.37 100 87.53 0 0 361.35 352.37
11:00 1988 100 69.36 100 70.61 30 68.92 521.58 421.47
12:00 2220 100 77.69 100 77.68 33 77.82 522.01 465.18
13:00 2435 100 85.28 100 85.27 55 85.27 547.67 514.98
14:00 2518 100 88.17 100 88.09 64 88.25 559.28 536.87
15:00 2579 100 90.50 100 89.99 70 90.43 569.39 554.09
16:00 2605 100 91.55 100 90.91 73 91.19 574.13 561.74
17:00 2595 100 91.21 100 90.42 72 90.98 572.25 558.79
18:00 2461 100 86.27 100 86.25 58 86.06 551.08 521.75
19:00 2328 100 81.74 100 81.19 44 81.65 534.65 489.02
20:00 2209 100 77.22 100 77.20 32 77.62 520.6 462.89
21:00 2108 100 74.07 100 73.76 30 73.61 521.58 442.90
22:00 1981 100 69.39 100 69.41 30 69.40 521.58 420.31
23:00 1817 90 63.53 100 63.74 0 63.62 398.2 394.14
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Fig.6 Load distribution of refrigeration stations under different schemes
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Fig.7 Comparison of power consumption optimization
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Table7 Load distribution scheduling strategy and energy consumption optimization on September 4th

K 11.14%. FAfrrBew & 8 o, ik
AUIEAT

Jr AR W R, B Gl b

o G TARAEARIX H] . TRER

B

VES

PLR, PLR, PLR; TiFG

e 1] T A Aaf
AT REAE HAGTT REAE HAGTT REAE HAGTT A5
0:00 958 30 49.28 100 51.36 0 0 304.41 227.45
1:00 985 30 51.53 100 51.96 0 0 304.41 230.75
2:00 828 0 0 87 86.98 0 0 174.13 174.13
3:00 844 0 0 89 88.69 0 0 178.55 178.56
4:00 641 0 0 67 67.38 0 0 134.12 134.82
5:00 652 0 0 68 68.5 0 0 136.56 136.57
6:00 842 0 0 88 88.45 0 0 178.04 177.92
7:00 1025 30 53.83 100 53.86 0 0 304.41 235.72
8:00 1248 31 65.93 100 65.17 0 0 304.45 266.64
9:00 1453 53 76.32 100 76.31 0 0 328.74 302.89
10:00 1701 79 89.59 100 89.09 0 0 368.96 362.25
11:00 1892 98 66.34 100 66.34 0 66.06 422.61 405.58
12:00 2033 30 71.88 100 70.69 100 70.99 520.91 429.15
13:00 2148 30 75.75 100 75.12 100 74.79 520.91 450.65
14:00 2163 30 75.63 100 75.78 100 75.80 520.91 453.56
15:00 2275 39 79.41 100 79.42 100 80.15 529.92 477.03
16:00 2286 40 79.73 100 80.90 100 79.52 531.19 479.54
17:00 2186 30 76.79 100 76.22 100 76.63 520.91 458.18
18:00 2056 30 71.65 100 72.09 100 72.25 520.91 433.32
19:00 1880 97 65.54 100 65.83 0 66.11 418.39 403.69
20:00 1668 75 87.56 100 87.66 0 0 362 353.16
21:00 1430 50 76.17 100 74.12 0 0 32591 298.49
22:00 1255 31 66.76 100 65.07 0 0 305.3 267.73
23:00 1011 30 54.43 100 51.79 0 0 304.41 233.99




38 H5 4 1 R, .

22 )V w74 o3 BC 1A JEE SRS AT 7

- 483 -

140 -
1204

100
80
60
40
20

-20

T T T T T T T
600 900 1200 1500 1800 2100 2400

o B i

(a) JRIE T SR iz 4777

140 4

—s—PLR1
120 | —»—PLR2
4—PLR3

100+

g

T T T T T T T
600 900 1200 1500 1800 2100 2400

el Ry

(b) fLteTr SR utiats 77 3

8 AREFHREQUE G ECER

Fig.8 Load distribution of refrigeration stations under different schemes
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Fig.9 Comparison of power consumption optimization

5 &ZEip

B 5 2 I 22 o) A Sl R R G4 ) SRS FEBE
() B, AR SCHR R T —Fh IDOA HRALSEE AL R G
izt 70 HAEHM T4

(1) FFAREL 2 HR MR, @ T
B G A S AN B KRB NI REFERE AL, IR H oy
FRBUSR S BN IR A Z AR R B

(2) $RH—Fh ook B A B3, i
ZEHLEA R far R R IGAE T %55 B R AL 2L
RABIRENZ RS ST, T RIEEE.

(3) JUAIE T Hh v (R S PR AR AL R, 3
AR T SBRIE 3 A A v AR I B R G
ATHNIE, Ak BUR KHAZE 7 A 23 HRZ &K
K79 A 4 HEMAGIFRIBITIEOL, WA K
i S BL AT AR, S5 R R AR
1A A o EEA AL SR, IR 2 H 53701 15 g 8.88% A1
11.14%, BB TR

SE L
[11  BCE R g 2518 2 Go v /K LA Ak 4 1) SR M BIF 72 7).
A ORI B EE G ) AR R ,2022,(9):3.

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

S T AR TN A v o s A R K R ST AR T
ZFEHI[D] AL AL R HIR 2,2019.

=17 B R 3, B B, 5. 22 6 v TR L AL 7 i 4 PR A AL 5
W 77 LT FE[T]. PR 38 2% 1,2016,46(4):8.

TRABZE, B RME, AL 0, 5 B TG Bk v Kb dlig
AT RSN E FE )] AR LA BEE K2 14,2011,30(3):4.
Zheng Z X, Li J Q. Optimal chiller loading by improved
invasive weed optimization algorithm for reducing
energy consumption-ScienceDirect[J]. Energy & Buildings,
2018,161:80-88.

Gao Z, Yu J, Zhao A, et al. Optimal chiller loading by
improved parallel particle swarm optimization algorithm
for reducing energy consumption[J]. International
Journal of Refrigeration, 2022,(136):61-70.

25 PROME 2 T G A7 TR0 1) 2 T ¥4 5 /K R G4 R AL AT
FUID]. VG % 74 e B TR K 2%,2021.

B FE P B O AL LS. 2 G R KA BB BT
T 2 e 1) S ar A0 A6 23 TIE (0], LV 5838 K 2 24,2007,
(6):974-977.

VRIGERE, 1 o R 5 R 56 8 T I B0 @ i A ML
RERE SR IF TE (0] 2 HUHT RE(P 9€32),2023,51(4):56-63.
T, e b 2 A o e R R I B S e 43I
AT A I [)] 4% 1] TAE,2022,29(12):2300- 2308.
Teimourzadeh H, Jabari F, Mohammadi-Ivatloo B. An
augmented group search optimization algorithm for
optimal cooling-load dispatch in multi-chiller plants[J].
Computers & Electrical Engineering, 2019:106434.
Peraza-Vazquez Hernan, Pena-Delgado Adrian F,
Echavarria-Castillo Gustavo, et al. A Bio-Inspired
Method for Engineering Design Optimization Inspired
Mathematical

by Dingoes Hunting Strategies[J].

Problems in Engineering, 2021:1-19.



	逻辑斯谛克映射（Logistic Map）是研究混沌等复杂系统行为的经典模型，又称为逻辑斯谛克迭代，

