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Abstract: Aiming at the problem that the optimization algorithm of parallel circulating pump in existing heat exchange
station has insufficient control adaptability under centralized structure, an improved distributed parallel circulating pump
optimization algorithm was proposed. Firstly, a distributed control system of parallel circulating pumps was established,
and the mathematical model of the optimization problem was described, and the adaptive nonlinear factor was introduced
into the objective function. Then, an improved distributed fruit fly optimization algorithm was designed, in which the
controller of each water pump can complete the optimization of parallel circulating pumps only by interacting with adjacent
controllers. In the olfactory search stage, the sinusoidal cosine strategy was used to replace the random strategy given
individual distance and direction. Finally, the algorithm was simulated and verified by different parallel circulating pump
systems in two actual heat exchange stations, and the performance was analyzed based on the simulation results. The results
show that compared with the traditional algorithm, the improved distributed fruit fly optimization algorithm can obtain a
better control strategy, with the characteristics of fast convergence, good stability and strong robustness. The algorithm
can be applied to the parallel pump optimization problems of different systems, and has scalability. Compared with the
centralized algorithm in the actual engineering verification, the total power and computing time of the proposed algorithm
are reduced by 5.47% and 29.90%, respectively. Therefore, it can meet the demand for optimal distribution of the heat load
of parallel water pumps in actual heat exchange stations.
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Fig. 1 Distributed control system
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Fig. 2 Schematic diagram of heating system topology
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Hirg < 0.5, WS A IESZSRmE SE AR RE, 15 I8 4R 5%
CHT i

T4 ITHEHERE. BT A RIE SR
B, BT LS R AMA R [ A EE B D, PR
TR FEFIEAES;, HAab S, AT 1 &, AR
HAXT:

D= VXTFV2,
1

Si:

D,

SBS FELH. BT LREEBAENH, 5
A SR KR 28 AT 5 B B, AR B - A Rz s e
Joks B e IR R Q, AR AR R R R RS
BURIE 2 MK R g, RNz s 8 5
MEQH A B/KEFIEYIZp,.

BE6  IFHEIESE R EUE. T OB IR B
PRIACA(16), BIVIE I E R AR, RRIE R HE (.S, TR
R EQ RN R, THE R IRE R Ep; + 2,
Bl Smell,.

(15)

Smell; = Fitness (S;) . (16)

FBRT WA RIBL P R B R
L B5 /) B SRR (G ML P2 R BB A /N, AR s, IF

el N I VA ESY DO INAIIL SEM RN
[bestSmell, bestindex] = min(Smell).  (17)
SEBE8  mIRAE R (RE RN IRIEREE
bestSmell, 71X (18) 7. I FH T R F) A4 b B8 37 B 10
P EFATIGEAE R, X9 TR, BRI ZALE
K
Smellbest = bestSmell, (18)

{Xaxis = X (bestindex), (19)
Yaxis = Y (bestindex).

TB]I  JFER I, EEPATIEI-7, Hlkr
AR U TE R FE A A 1 /N T 10 S A A R T VA FE AL
e HAAnERIRE N T Maxgen, WHATIES.

SE 10 AWREETA A b2 25t
RGOEAR, #72 MA H & B K R R e L, 75 0]
PATHIRS.

5 ZHIGE
51 EpINHH

FEASCIII 78 H DAV 22 T PR AN SE BRI RE R 40 Hh I
7K ZE M1, ATD-SCAFOARIE KR AR IF K ZZARAL 43
B () BE 134T B0 AIE. RO T 78 22 SR K A 5
AR X X IR BERR R A AN, 4B G114
A5 ANBG 125-80-160/147-127 AF2ABAQEf] /K 2%
MR MRS FFBOKE RS, R RR LS WTHLEN
500 m3/h, Wit N 17 m; 62 2 14 6 K (-
PUMP)FI I & /N R (II-PUMP) 4L B ) “ R [\ L5 7 3
BIKIE 24, 5 73 5 ANBG 125-80-200/200 AF2A
BAQEFINBG 80-50-200/210 AF2ABAQE, i% % %: fir
TV TN R R X S pe U H SRR P, LR
GRS W R A BT 2 4 B N 1144 m3/hF148 m.
e LIRAZHIH, BT RE KT, BIE =5
SHIFEPKEL RS —E R, FEUKE
FPE BE il 28 - ASHR A 72, 48 T R4S bris 47 B
X% G KR RS HOEATHRR, LIRS ST AR )
BiRY, BARSHINFR 2B,

& 2 AR AR GT REIA T 8RR AE S AL

Table 2 Performance parameters of different types of pumps in a parallel pump system

KEwT WE T a c j k l
el 1 —0.0004667  0.04807 21.557 —0.0000342 0.01021 0.0158
= 2 ~0.0004704  0.04811 20.986 —0.0000341 0.01101 0.0160
(HFAS) 3 —0.0004666  0.04809 21.563 —0.0000340 0.01036 0.0149
1 —0.0003549 0.01933 60271 —0.0000154 0.00706 0.0616
— 2 ~0.0003546 0.01928 59.001 —0.0000155 0.00710 0.0613
* 3 —0.0003550  0.01935 60.275 —0.0000158 0.00708 0.0617
(1-4: I-.PUMP) 4 ~0.0003602  0.01937 60274 —0.0000149 0.00706 0.0622
(5-6: II-PUMP) 5 —0.0008642 0.03772 54.841 —0.0000386 0.00878  0.2582
6 —0.0008640 0.03769 55.001 —0.0000375 0.00863 0.2579
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Table 3 Setting of experimental conditions for different
cases

i1 ZE2
TH&E
Hm Q/(m*>h™Y Hm Q/(m*h™h
Tl 9 135 25 310
T2 10 184 28 421
TH3 12 390 35 893
T4 14 453 40 1037

5.2 ZFE

N T RE 3 A I H 224 S D-SCAFOARYEATE R
FR 3 B FF IR K TR R G4 A 4 I Il I ) e AR B
SHAA, BRI A Z ) T o2 T4, 754
FSEA AR E N T30 M R T 5, TR
MEIESEORE S 5 IME B 301K -3
HINRAFTR. LS5 SRR, X T F —Fh i & T,
AR S 5 B A A 1 B/ ME A 45 B R AU 2=
0.13kW, H HF—HSHKE T, m/MESFIEIL
SPRHEE, AT #) 5E D-SCAFOA B33 AT i 1)
Btk HEAl, MFOAFHEERIAL . SCARE I ZHA H
b bR B I AE T 28000 i RS0, 2FI20, BEA 4
UFrIPERE, RIUL, ¥ LR S5 A T e 2 st
b, [N, ¥ D-SCAFOA FIE AR E X B N 50.

k4 43 TOUT AR H A ARG BRI 25 RaTik

Table 4 Comparison of experimental results of different algorithm parameter settings under four work-

ing conditions

- 1 212

= T

* T2 T4 T2 T4

Sizepop 6y h ®/ME VFWE &IME CPWE O &AME O CPWE &IME CPIE
30 2 2 16.85 17.02 56.53 56.81 38.61 39.42 129.31 130.09
50 2 2 16.84 16.93 56.46 56.74 38.53 38.69 129.25 129.46
100 2 2 16.85 16.97 56.51 56.78 38.56 38.71 129.25 129.74
50 1 2 16.96 17.03 56.59 56.73 38.59 38.83 129.27 129.61
50 3 2 16.88 16.95 56.53 56.82 38.62 39.14 129.26 130.11
50 2 1 16.87 16.98 56.59 57.01 38.65 38.97 129.35 129.87
50 2 3 16.91 16.99 56.49 56.89 38.54 39.06 129.26 12991

53 B4R

F T 555275 % D-SCAFOA (D)5 25 it
e, A7 A R AR SR, 78 X P AN 2 41
eb (R A A T 43 S T B 47 30 W, IR A AR 45 R
L PSO(A), FOA(B) Fil $ 4 43 #ii 30 A 4k 5 7% D-PEA
(OUS A 25 T AT s, R0 VR 1275 % vk
TS R UK AFIR S PR,

TEZGN T, ARSCATRT 2 L PSO B AT LAY
83.4%-21.7%, 3 BAE THLUR T 502 5 RE 80K i
N &, 3K $120% 72 47 ; D-SCAFOA S % 5 FOA 533
FID-PEASLIEAH L, E4R LI 43 3 P46 % 6.78%
MI3.35% M1 Re 2, m] LAY)A ) 2t SCATRAL 5 1Y
FOAST & EIFIIALEE SR, AE R 2 b, 5 PSO Hik.
FOAREMD-PEASIEALL, A SCHT AL 2
S HE11.75%, 5.86%1.60% K HEZR, Hd i m
AJ524.6%, i ID-SCAFOA #32: kb Hidth 5934 % W
BT E L FOAREITTRER LT 2PSOH
245, BT S A AR T BOKEE S R A o
Bc il . BRIk 2 A, 255 TR SFIER 6, KIMAEHANF

) &t T, D-SCAFOABIEARALAS R 1 &% G 7K
IR L BER 22 ST AN R, ArC b seds) 50, T oA 5092
BN B KRR L) 22 5 LUK, WD e i
BEA— R ENE.
54 tERESHT

R T SRR S ) o A SRR AR VR USSR, TR
B IE B 12 B TR A e 1 SR e B A 2 B G U 8
TR, BT ARSI A R, KA =R AT L
BLAE AT FHFOA B 1 AID-SCAFOA 532 3R fif i #2 1 1)
S IhEGEACH 22 T o7, i El6nS &, £ 24511
FRFOA STV AE S5 250 /e A h iz ks T- A2 €, iD-SC-
AFOABLVFAE S5 100 A il BISICIRAS . [RIFE e 7
AR, TERHB2HFOA 5132 5D-SCAFOA R 47 JIAE
S0 12 IZ W TR e, TRk, oA SRR s A 1k
SR A R RS . TR, fEFOAMR 18 2 B
Mt - AR 2R 25 5 77 m) B A FH SC A AR 1) 1E 5% 4R 5% SRl
BARBEAL AN, v U PR B IS B . BRIk 2 Ah,
XTI Z ] BB FR T, e Th IR i 26 7 58 4R
S, D-SCAFOAHLEH S T R R ASE AL ELFOA Bk
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%, REM U T Stk i A ORI A ke R EISTT LA H, et A1 X R I AL S0 7 7
SER R ST IS B AP LR R N TXREASE AN ZR B4R LT, S 2B E—0.5~0.5 m’/hz
Pt it S5 5 M SR RIB VAR ISR BE kAT 18], T % 2 X SR SRR LA A5 1 ) 97y 22 di v T IA
XTEE, R RI RS R S5 TR ER 1722 m’/h; X UL SR BT A S0 L AR S 1
TEFREZE, BEE R Z AR RISAISIRS I .
% 5 £#]1+PSO, FOA, D-PEA#2D-SCAFOA H kAL 45
Table 5 Optimization results of PSO, FOA, D-PEA and D-SCAFOA algorithms in Case 1

wE ok PSO FOA D-PEA D-SCAFOA DAl D-B [D-C|

I % o PKW w PKW w PKW w PKW D D D
1 0.6992 0.6991 0.7306 0.7144

TH1 2 06530 1517 07690 1355 0.7265 1326 0.7293 1247 217%  8.7% 6.3%
3 0.6841 0 0 0
1 0.8557 0.8702 0.8859 0.8351

T2 2 07704 20.17 09339 1869 0.8403 17.61 0.8349 1684 198%  11.0%  4.6%
3 0.6300 0 0 0
1 09855 0.9337 0.9228 0.9125

TH3 2 08802 3809 0.8965 37.81 09830 3620 09016 3572  6.6%  5.9% 1.3%
3 07801 0.8846 0.7649 0.8124
1 0.9994 0.9999 0.9999 0.9931

T4 2 09862 5836 09631 5730 09890 5673 09527 55.63  3.4% 1.5% 1.2%
3 0.9903 0.9998 0.9501 0.9233

% 6 E£#129PS0O, FOA, D-PEA#=D-SCAFOA ik AL4E %
Table 6 Optimization results of PSO, FOA, D-PEA and D_SCAFOA algorithms in Case 2

g ok PSO FOA D-PEA D-SCAFOA D_al ID-Bl ID-C]
T8 % »  PKW  w  PKW w  PKW  w  PKW D D D
1 07629 0.8134 0.7309 0.7263
2 0 0 0.7391 0.7348
3 0 0 0 0
TH1 o 3165 2863 4 2598 2541 246% 127%  22%
5 0.6935 0.7549 0 0
6 07016 0 0 0
1 09377 0.7641 0.8336 0.8291
2 0 0.7590 0.8400 0.8275
3 0 0 0 0
TH2 0 4589 ) 4168 o 3940 3853 19.1%  82% 2.3%
5 05316 0.7008 0 0
6  0.5001 0.7359 0 0
1 08791 09116 0.9098 0.9071
2 0.8766 0.8475 0.9102 0.9038
3 0.9002 0.8150 0.9009 0.9062
TH3 0 10329 (gees 10307 (o0 10135 gg7g 10027  2.0% 1.8% 1.1%
5 0.8605 0 0 0
6  0.8437 0.6331 0 0
1 09357 0.9988 0.9886 0.9733
2 0.9405 0.9605 0.9624 0.9501
309136 0.9211 0.9667 0.9319
THA 4 ogsoa 13088 oeun 13022 (g3pg 12964 (g39p 12859 13%  075%  0.8%
5 09235 0.9370 0.9102 0.8964
6 07236 0 0 0
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Fig. 6 The total power iteration curves of each working con-
dition in Case 1
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Fig. 7 The total power iteration curves of each working con-
dition in Case 2
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Fig. 8 D-SCAFOA and FOA optimization accuracy compar-
ison
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Fig. 9 Case 1 D-SCAFOA optimized speed ratio iteration
curves for Condition 4
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Fig. 10 Case 2 D-SCAFOA optimized speed ratio iteration
curves for Condition 4
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Table 7 Robustness comparison experimental data

JA TR PSO FOA D-PEA D-SCAFOA

PRV fcfl M PO BRl BME PO BOR BeME P RRE BeME PO
eV

T2 21.05 19.86 20.17 19.24 17.63 18.69 18.01 16.52 17.61 17.25 15.96 16.84
ESUp

T 46.37 44.28 45.89 42.19 40.63 41.68 40.27 38.55 39.40 39.26 37.61 38.53

6 %% tems (case study of Iran). Engineering Failure Analysis, 2021, 123:

AR A TR IR KRG  ECR AR
filerh, LA 8 U VR DS F T 0 A U2
(1) 1) 30, 2T H FAn 73 A A% R B A PO LA
R $E T — o S0t 1) 43 A 3SR e A A SRV (D-
SCAFOA). ZF o A BEES, #KEAGE TS H
By (1) 43 A 203 ) B 5 40 4 1] 4 22 HLAS BRI AT 58 Rk
Ak, HAG RGUFI 2 F5 g T o TSP, AT
PR S0 P S 0, JF HLAEFOA B (ML i 48 2%
By B, 15 FH SCASRL VA 1) 1E 5% 4% 5% 5% b B 4K B B S s,
AT DARR s IS SAOa B 38 o S S A A, R 3R AT B 4 )
PAEs FE. SCH AP 22 7 P AN R/ INAS [ 1) S e A4y
HIKKIE RGO NB, MHZEEAT T 85 R 1 5 ERe
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