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Optimal Control Strategies for Energy Saving of Central Cooling
System with Outdoor Air Temperature Changes
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Abstract In this study, the optimal control method for minimizing of energy consumption for central cooling system
with proper occupant comfort level is researched by simulation. The optimal control method is that the optimal set
temperatures such as the condenser water temperature, supply air temperature, and chilled water temperature with
environment variable change such as outdoor air dry-bulb and wet-bulb temperatures are obtained by suggested
optimal control algorithm with maximum and part building load. The TRNSYS program is used for system modeling
and the control performances with the suggested optimal control method are compared with the existing control
method of fixed set points. The suggested optimal control method shows better responses in energy consumption in

comparison with existing control ones.
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Environment variables Control variables

Supply air temp.

Condenser water temp.

Chilled water temp.

Ory-bulb temp.
Webbulbtemp. o )

Optimal Control

Optimal set temperatures «—

L] |—=| Cooling Coil Vaive -—e Supply air temp.
P1D Control

. | Cooling tower fan |—» Condenser water temp.

% On'Off Control —» Chiller —# Chilled water temp.

Fig. 1. Block diagram for optimal control.
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Fig. 2. TRNSYS program for optimal control method.
Table 1. Simulation model parameters for TRNSYS
Model Specifications
Overall heat-transfer coefficient
= 86,450(kJ/h-K)
Building Heat capacity = 24,000(kJ/K)
load(Type660) Initial room temp. = 25C
Specific heat for air = 1.0(kJ/kg-K)
Volume = 76,680.8(m’)
Overall motor efficiency = 0.95
. Max cooling capacity =
Chiller(Type53) = 587,290(kJ/hr)
Power = 353(kW)

Cooling coil

No. of heat exchangers rows = 4
No. of parallel tubes = 52
Thermal conductivity of tube =

(Type52a) 1443.6(kJ/hr-m-K)
Thermal conductivity of fin =

852.9(kJ/hr-m*K)
Fan(Type690) Max flow rate = 72,580(kg/hr)

Rated power = 21.3(kW)

Chilled water
pump(Type695)

Max flow rate = 86,000(kg/hr)
Specific heat of fluid = 4.19(kJ/kg*K)
Rated power = 16.9(kW)

Cooling tower
pump(Type656)

Max flow rate = 111,800(kg/hr)
Rated power = 21.97(kW)

Cooling tower
(Type51b)

Total no. of tower cells = 2

Max air flowrate for each cell =
105,500(m’/hr)

Rated power for each fan = 16.8(kW)
Initial temp. of sump = 29.4TC
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Total energy Energy

Set temperature(C) consumptions saving
(kJ/day) (%)
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Conventional 9/15/32 123,424 10.07

control 7/18/32 133,081 16.59

7/15/30 123,643 10.23
Optimal control 110,998 0
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