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Load distribution optimization of parallel chillers based on improved
firework algorithm

YU Jun-qi't, WANG Fu', ZHAO An-jun', LIU Qi-te>

(1. School of Building Science and Engineering, Xi’an University of Architecture and Technology, Xi’an 710055,
China; 2. Shaanxi Model Architectural Design & Research Institute, Xi’an 710055, China)

Abstract: An improved firework algorithm is proposed to achieve load distribution optimization of parallel chillers.
Achieving lowest energy consumption of the parallel chiller system is the optimization goal and the partial load rate
of each chiller is used as an optimization parameter. In the improved firework algorithm, a variable definition based
on chaotic initialization is proposed to solve the problem of non-uniformity of initial solutions. To solve the problem
of Gaussian mutation which can not jump out of the local optimization, the Levy flight variation method, which has a
larger variation range, is used to improve the searching ability of the basic firework algorithm. To verify the feasibility
and effectiveness of the proposed algorithm, two cases using parallel chiller systems are tested and compared with other
algorithms. The experimental results show the improved fireworks algorithm can search for a better operating strategy
and save more energy.

Keywords: load distribution; parallel chiller system; improved fireworks algorithm; chaos initialization; Levy flight
mutation
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P/KW(A)  P/KW(®B) P/KW(C) PKW®D) PKWE) (E-A)J/A (E-B)/B (E-C)/C  (E-D)D
2160 1509.96 1583.81  1585.92 1585.13 1583.81  —0.45 0.00 —1.32 —0.08
1920 1406.03  1403.20 1407.40 1403.44 1403.20 —0.20 0.00 —0.30 —0.02
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960 842.18 841.44 842.43 695.01 692.25 —17.80 —17.73 —17.83 —0.40
&3 GA.PSO.FWA.AFWA FIFWA £ R 2 B (L L5 RxFLE

Gal4 psol®! FWA AFWA IFWA A / %
PKW(A)  P/KW®B)  PKW(C)  PKW®D)  PKWE)  (E-AYA  (EBYB  (B-C)C  (E-D)D
6 858 4766.33  4739.53  4751.03 474561 473858 —0.58 —0.02 —0.26 —0.15
6477 4459.16  4423.04 443291  4422.21 442165 —0.84 —0.03 —0.25 —0.01
6 096 4185.87  4147.69  4148.76  4147.64 414371 —1.01 —0.09 —0.12  —0.09
5717 3940.60  3921.07  3922.74 391842  3904.75 —2.45 —2.00 —0.46 —0.34
5334 3706.22  3642.55  3670.43  3656.05 3625.77 —4.31 —2.64 —1.22 —0.83

H1 2 3 7 LU i, AHEE T GA #8350, R itk
() FWA 15 2 SR ROR B, (H2 LS PSO B3 3

RIIFERA LR SIS AT 4R 5 At AL Sk 45 R

BEATXFLE

JJLEE R IR 4K S PR,

SR, fEFWA 253k 2 J5, AFWA [ % e J1 AR
T FWA, {H S A8 T IFWA AL 45 45 % . IFWA 1)
BEARATBE R B, A LT PSO SVE, AT RE AR T A
F10.02 % ~ 2.64 %, FH L T FWA 5%, IFWA 1] L5 fig
0.25 % ~ 1.22 %, ¥ Lt T- AFWA . IFWA /)45 G828 7]
i£30.01 % ~ 0.83 %.

BT OCL [l #, % FH 4032t 0 48 B3 00 AN [R] 50
TNHFEBA PR R EATRAL T 5, B AR R TR

FE % 4 AR AL 45 5 o IFWA B0V 1 S A0 38 47 45
5 GAM PSSO TFAPS Bk 1y de A 45 S st 47 L%,
TE AR [R] 47 4af T, S50k MR A6 592 IFWA A B T GA Ak
BRI, T RE R AT LLIE £ 0.20 %0 ~ 17.80 %o, 24 FT 5 it
FiiBF] 1 680 RT LA T I, IFWA B340 L T GA ik 8
R RE AR S I 2, A 3 T 10.3 % ~ 17.8 %.
5 PSO ik S A0 TFA AL A S5 A T, IFWA AR AL B
TRAE A S0 A 75 3R T A9 2 1 11 5545 SR 224, 2% 0 sk SR
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%= 4 GA.PSO, IFA FlIFWA 7ZEZE M 1 PRI EE R XTEE

GAl4l psolf! IFA[27] IFWA 45 sl / 9%

PLR P/KW(A) PLR P/kW(®B) PLR P/KW(C) PLR P/KkW®D) (D-AJA (D-BYB (D-C)/C

1 0.8050 0.7300 0.7253 1583.81

2160(90 %) 2 0.9323 1590.96 0.9700 1583.81 0.9747 1583.81 0.9761 1583.81 —0.45 0.00 0.00
0.963 2 1.0000 1.0000 1.0000
1 0.7017 0.6600 0.6591 0.661 2

1920(80 %) 2 0.7954 1406.00 0.8600 1403.20 0.8585 1403.20 0.8560 1403.20 —0.20 0.00 0.00
0.9035 0.8800 0.8824 0.8828
1 0.6900 0.6000 0.596 2 0.5955

1680(70 %) 2 0.6784 1250.06 0.7400 1244.32 0.7450 1244.32 0.7449 1244.32 —0.46 0.00 0.00
0.7318 0.7600 0.758 8 0.7598
1 0.5217 0.0000 0.0000 0.0000

1440(60 %) 2 0.7407 1107.75 0.8900 993.60 0.8853 993.60 0.8735 993.60 —10.30 0.00 0.00
0.5381 0.9100 0.9147 0.926 3
1 0.488 2 0.0000 0.0000 0.0000

1220(50 %) 2  0.4437 971.21 0.7400 832.23 0.7430 832.33 0.7484 832.33 —14.30 0.00 0.00
3 0.5682 0.7600 0.7570 0.7516
1 0.3055 0.0000 0.0000 0.0000

960(40 %) 2 0.3185 842.18 0.5700 692.25 0.5700 692.25 0.5685 692.25 —17.80 0.00 0.00
3 0.5764 0.6300 0.6300 0.6315

=5 GA.PSO.DSFHIIFWA fE L2 Rtk R 3ttt

GAM PSOL® DS 28] IFWA T4 E A / %
TR AL
PLR P/W(A) PLR P/KW®B) PLR P/KW(C) PLR PKW(D) (D-AYA (D-BYB (D-C)/C
1 0.7052 0.8826 0.8127 0.8089
2 0.7693 0.7799 0.7496 0.750 3
3 0.9868 0.999 6 1.0000 1.000 0
6858(90%) 4 .o9368 476633 (9996 473953 | oo 473858 1 oopo 4738.58 —0.58 —0.02 0.00
5 0.9868 0.999 8 1.0000 1.000 0
6 0.8842 0.8183 0.8386 0.8418
1 0.6207 0.760 6 0.7226 0.7245
2 0.7742 0.6555 0.656 3 0.6557
3 0.9927 1.000 0 1.0000 1.000 0
6477(85%) 4 .9589 4459.16 | 5o 4423.04 | g9 4422.65 | 90 4421.65 —0.84 —0.03 0.00
5 0.9956 1.000 0 1.0000 1.000 0
6 0.7595 0.6836 0.716 5 0.7203
1 0.8099 0.659 1 0.6427 0.628 1
2 0.5474 0.5798 0.5625 0.5798
3 0.9878 0.999 1 1.000 0 1.000 0
6096(80%) 4 (.gg24 418587 (gg7g 4147.69 | 99 4143.71 | 9po 4143.71 —1.01 —0.09 0.00
5 0.9897 0.9921 1.000 0 1.000 0
6 0.5029 0.5710 0.716 5 0.5920
1 0.5797 0.7713 0.5577 0.000 0
2 0.5621 0.7177 0.469 2 0.709 3
3 0.9428 0.3000 1.000 0 1.000 0
5717(75%) 4 .7908 3940.60 (gg991 3921.07 | 990 3904.75 | o9 3842.55 —2.45 —2.00 —1.59
5 0.9951 1.000 0 1.0000 1.000 0
6 0.6339 0.7187 0.4725 0.799 3
1 0.5831 0.6418 0.6726 0.0000
2 05767 0.6621 0.5955 0.5837
3 0.5230 0.6621 0.5955 0.5837
5335(%) 4 09497 3706.22 (9906 3642.55 | (500 3625.77 | oo 3546.44 —4.33 —2.64 —2.19
5 0.9521 0.999 0 1.0000 1.000 0
6 0.6207 0.580 6 0.6374 0.6215
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KSR ALE R, B IFWA ML 45 R 5
GAM, PSO!, DS ZEAR fb 701k 1) 45 SR AH F %, 72 AH
[F] 1) 47 Aaf 7 3R, IFWA [ A8 45 SR A EE GA 715
0.58 % ~ 4.31 %, # Lt PSO 5 £ 0.02 %o ~ 2.64 %. St 3L
T JIT 5 AT 5717 RT J AR B, A4k 250 3 vl DL Ik 3
2% LA b, B B BT RE R, 7E A R A 6 e 75 R
THE R, IFWA 40 592 5 DS AR A S AH L, 76 T 75
Bufar 151 15717 RT B, W o AJG A B335 (1 0 A0 285 SR AH
2 T AR /N 5717 RT I, IFWA AL S A
EL T DS At A6 53515 BE 1.59 %0 ~ 2.19 %o, FE 4K 1) 75 RE
RO BT

K15 1 IFWA 5 2% AR AT I 72 o, B A TE 1B AR
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