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This study designed and evaluated an optimal control
algorithm to improve energy efficiency in shipboard
HVAC systems. Compared to conventional control
methods, the proposed algorithm reduced the average
temperature deviation from 0.8 °C to 0.4 °C, achieving
a 50 % improvement. Total energy consumption
decreased by 35.7 %, from 70 kWh to 45 kWh.
Additionally, the energy efficiency index improved by
44.4 %, increasing from 3.6 °C/kWh to 5.2 °C/kWh,
while the response time shortened by 46.7 %, from
15 minutes to 8 minutes. These results demonstrate
that the proposed algorithm effectively enhances
energy efficiency in shipboard HVAC systems and
suggests its potential applicability in both military and
commercial sectors.

0| 42| 284 (Energy Efficiency),

2|4 4|0 & 112|Z (Optimal Control Algorithm),
2 A AH (Air Conditioning System),

2L T2t (Temperature Deviation),

Of|4 | AH]| (Energy Consumption)
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Fig. 1. Experience with naval ship cooling issues
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Table 1. System configuration values

Parameter Description Value
T Sampling time (seconds) 60
. Total simulation time
Sthtime (seconds, 4 hours) 14,400
Initial temp. Initial temperature for all 25 °C
compartments
Initial humidity Initial humidity for all 60 %
compartments
Gyro room Target temperature for 21 °C
target temp. gyro room
Crew room/mess halll Target temperature for 0
22°C
target temp. crew room and mess hall
Target humidity Target humidity for 45 %
all compartments
Gyro room initial heat Intern_al heat generation 4,000 W
in gyro room
Max tgmp. Maximum input for 6,330 W
control input temperature control
Max hur_mdlty Maxm_mu_m input for 1,000 W
control input humidity control
Temp. Rate at which temperature
convergence rate converges to target exp(-k/50)
Humidity Rate at which humidity exp(~k/30)

convergence rate converges to target

.
=

Gyro room

Fig. 3. Multi-compartment HVAC controller

42.3 B0l 4 23} 54 % =9
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Fig. 4. Simulation results using a multi-compartment con-
trol system

Table 2. Performance comparison by control method

Traditional control Optimal control

indicator

system algorithm

Average temperature variation

C) 0.8 0.4
Total energy consumption
(kKWh) 70 45
Energy efficiency
(°C/KWh) 3.6 5.2
Responge time 15 8
(min)
Temperatu_re_variation 0.05 0.03
coefficient
548
2 AFN = W T2 ALF HA 2 &
TS A8 A Ao daEe AL, 1A
5 Bl ATh agAA Y A B ol M AT A}
of =™, MPCE 2]-&3 3to] 22| = PID A0} &
2R SEH dHHoR v Y
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