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Thermal Delay and Temperature Decay in a Refrigerant Water System
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[ Abstract] In response to the demand for analyzing and optimizing the dynamic characteristics of air-conditioning chilled water
pipe networks, this study establishes a high-fidelity digital twin model designed to reveal the thermal delay and attenuation
characteristics of the network. This study employs a non-causal modeling approach using the Modelica language to develop a
system-level simulation model that incorporates dynamic pipe equations. Standardized fluid connectors enabled the physical
interconnection of pipe network components, allowing for a comprehensive representation of the dynamic processes of heat transfer
delay and energy attenuation in water flow. The model is validated against real operating data, and the spatiotemporal evolution
characteristics of the thermal response of the network are thoroughly analyzed, providing a scientific basis for system optimization.
The model validation results show that the digital twin model of the air-conditioning chilled water system demonstrates good
consistency between predictions and actual measurements, with small errors. Further simulation results indicate that: Terminal
branch K3 experiences a delay of 227 seconds due to the longest delivery path, while the overall thermal delay of the system
reaches 7.5 minutes; under continuous cooling conditions, the pipeline heat dissipation causes a temperature rise of approximately

0.2°C in the network, corresponding to a temperature attenuation of 0.2°C. The findings provide theoretical support for system
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optimization and regulation by elucidating the impact of network topology on cooling delivery timing.
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