58 % 453 B % X @ K ¥ ¥ K Vol. 58 No. 3
2024 4F 3 f JOURNAL OF XI’ AN JIAOTONG UNIVERSITY Mar. 2024

MBS BEEFRAERRAEEEN RN LR

FAet, FAp, H R

(1. PELREREERRIEAPE, 710054, W% 2. PHZACMRERRIR S 80 1 TR 2B, 710049, PEZE)
WE. AZATRERLRIEZ PR ST EAREXIRE T HOIAMREAFES Z HE TR
S TRATAER SPAE2 ik B I ALBE A . KA SPEA2 4688 XA ME,
THFMENRBLARERN S BIFERRAL, AR AE DA LRI BRAKAD R, FFELR
B RGBT  HARM A, BRI R A L, &k T SPEA2 fk, ALK RBRES KL
R#FATFIL, AE N SPEA2 A A A AT R A THREN KU ERAAE S EHE, A A KD
Z Rk AL R T%U}%Mé\,%%i*%fv'Téimﬁili)i‘lf LR A ALK DT Y B
123. 7TkW, ## @A -F ¥V 36,3 m”; Ak 2 A & 5 %) -F 42 5 8. 8V 4= 26. 6 0, A & -F
H AR 102, 3 kW, Irfm LR AN, ﬁﬁgﬂfa%%uﬂtﬂﬁ%&Tu T3 A A KRS T A&
&S HE R RACE 35 TEJ#T%%% BAHRAERRAFZERE,
KB MARAKAFES ;BT A E R SPEA2 Sk K A 54T
FESEES. X703;TQ051. 62 CHERER: A
DOI: 10.7652/xjtuxb202403005 X EHHS :0253-987X(2024)03-0049-09

A Study on Adaptive Hourly Optimization for the Mechanical Vapor
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JIANG Hua', QIN Hua', GONG Wugqi*
(1. School of Energy, Xi’an University of Science and Technology. Xi’an 710054, Chinaj;
2. School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To achieve the hourly optimization of the mechanical vapor recompression (MVR)
system under the condition of fluctuating feed flow and concentration in industrial wastewater
treatment processes, an hourly optimization model based on the adaptive SPAE2 algorithm is
proposed in this study. The SPEA2 algorithm is employed along with adaptive crossover
probability, mutation probability, and a combination weighting method for multi-objective hourly
optimization. The total power consumption and total heat transfer area of the system are considered as
optimization objectives to obtain the optimal combination of evaporation temperature and
compression temperature rise. Building on the original research, the SPEAZ2 algorithm is
improved, and the original data is compared with the optimization results. It is concluded that the
adaptive SPEA2 algorithm exhibits stronger global optimization ability, leading to more accurate
optimization results. The least squares method is used to fit the optimization results. When

compared with the results under constant evaporation conditions, the optimization results show
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the following improvements on average: the total power consumption decreases by 123. 7 kW, the

heat transfer area decreases by 36. 3 m®, the coefficient of performance (COP) and energy
efficiency increase by 8. 8% and 26. 6%, and the energy loss decreases by 102. 3 kW. These

results indicate that the hourly optimization model established for the system can obtain the hourly

variations of equipment parameters under fluctuating feed conditions. This improves the system’s energy

utilization efficiency and thermodynamic performance.

Keywords: mechanical vapor recompression; hourly optimization; adaptive genetic algorithm;

wastewater; performance analysis
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Fig. 1 Mechanical vapor recompression technology system
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Fig. 3 Comparison of Pareto optimal solution sets
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Fig. 7 Graph of total system power consumption and total

heat transfer area over time
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