Dynamical Systems and Control %1/ &4i 534, 2025, 14(4), 401-411 Hans )Xh
Published Online October 2025 in Hans. https://www.hanspub.org/journal/dsc

https://doi.org/10.12677/dsc.2025.144040

EToudtn a5 AR RARBE R
s

KRR, T A

BRI AHUR S TR, b
Ao @S e TR AR A L, Jb

Weks H . 20254F9H 10H; S E#: 20254F9H30H; &A1 H: 20254F10413H

R

X LA ER LM ERNFHIENE - PR TREREE S RAFERBENREAN L., BITRERE.
BERREE R, | —ME T AR IE Y (Improved Whale Optimization Algorithm, IWOA) ]
HIFEHRER S RAMALKEE GBI LR RIE T AR/ MLE LG R i (Coefficient of Performance,
COP) B RALAXL H AR AR R, it Brk i R AL SR (IWOA)RAL IR IE A8 S 15 10 SR g, FF&EE M
RS KRGERRBRT SHIEMNERPEKE 1L, CRRABEEAMETREETEER. HER
ik, ZHRAAMRARGETREN, RAFEMBTH TCOPHL88ERAE3.12, FiEiTHHREK
22.7%, BA RFIEMREHE.

XK ia
B tR A RAL R, HIEAR, £ ERM, WRIEHFE, RANtZog

Optimization Renovation of Ground Source
Heat Pump System Based on an IWOA
Method

Chaoqun Xiao!2, Miao Yulz2*

1School of Mechanical-Electronic and Vehicle Engineering, Beijing University of Civil Engineering and
Architecture, Beijing

2Beijing Engineering Research Center of Monitoring for Construction Safety, Beijing

Received: September 10, 2025; accepted: September 30, 2025; published: October 13, 2025
“ERER .

XEFIH: HETE, T TR R IERER S R SUED]. 31 RG-S, 2025, 14(4): 401-411.
DOI: 10.12677/dsc.2025.144040


https://www.hanspub.org/journal/dsc
https://doi.org/10.12677/dsc.2025.144040
https://doi.org/10.12677/dsc.2025.144040
https://www.hanspub.org/

MR, Tk

Abstract

Aiming at issues such as insufficient heat exchange on the ground source side, poor operational sta-
bility, and low energy efficiency in an existing ground source heat pump-single cooling air source
heat pump hybrid system in Tai’an City, Shandong Province, an optimization strategy based on the
Improved Whale Optimization Algorithm (IWOA) is proposed for the coupled ground source heat
pump system. By establishing a dual-objective optimization model that minimizes system operating
costs and maximizes the comprehensive Coefficient of Performance (COP), an improved control
strategy for the dual-heat-source coupled system is optimized using the IWOA. This approach inte-
grates load distribution, variable-flow regulation of the water system, and an annual thermal bal-
ance recovery method for the ground source side, achieving overall system operational optimiza-
tion and improved energy efficiency. Simulation results demonstrate that the proposed strategy ef-
fectively enhances system operational stability. Under typical operating conditions, the system’s
COP increases from 1.88 to 3.12, and annual operating costs are reduced by 22.7%, indicating strong
potential for engineering application and promotion.
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Figure 1. Coupled system diagram
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Figure 2. Algorithm flowchart
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Table 1. Optimization results of relevant parameters
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Table 2. Optimization results of operating strategies for air source heat pump units
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Figure 3. Box plot of objective function value distribution for three optimization algorithms
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Figure 4. Comparison diagram of convergence processes for three optimization algorithms
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