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Capacity Modulation of a Multi-Type Heat Pump System Using PID Control
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ABSTRACT: Performance of a water-to-water multi-type heat pump system using R22 has
been experimentally investigated. Total refrigerant flow rate was adjusted with a variable
speed compressor and the refrigerant flow rate for two indoor units were controlled by
electronic expansion valves. Evaporator outlet pressure of refrigerant and indoor unit outlet
temperatures of secondary fluid were selected as controlled variables. Experiments were
carried out for both cooling and heating modes using PID control method. Results show that
the multi-type heat pump system can be adequately controlled by keeping control gains at
certain levels for various operating conditions.

Key words: Multi-type heat pump(ZBEld EH=) Capacity modulation(-¢F=4) PID
control(PID  A|9]), Variable speed compressor(7F¥< $%7]), Electronic
expansion valve(F A3 wB)
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Fig. 1 Schematic diagram of dual evaporator heat pump system.
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Table 1 Test conditions of air conditioners®

Inlet temperature Inlet temperature

Test of indoor unit of outdoor unit
condition (dry bulb (water inlet
temperature) temperature)
Cooling 27°C 30 £03C
condition
Heating 20C 15 +£0.3C
condition
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Fig.2 Control strategy for a multi-type heat
pump system.
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Fig.3 Variation of pressure
influenced by the change in PID control
parameters for compressor (Reference:
K,=-0.001, K;=-0.0005, K,=-0.0005 K;
increase: Kp=-0.001, Ki=-0.005 Kg
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(a) Variation of secondary fluid temperature at
the outlet of the first indoor unit
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(b) Comparison of required voltage input to the
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Fig.4 PID control of secondary fluid outlet
temperature at the first indoor unit
when only one indoor unit is operating
in a heat pump system (parameters for
compressor speed controll  Ky=-0.02,
K=-0.009, Ks=-0.009; parameters for
compressor speed + expansion valve
opening control: K=-0.005, K;=-0.001,
Ks=-0.01; expansion valve: K,=-200,
K=-5 Ka=-2000).



PID Aol & o] &% Wely A zol gtz 471

12 Lt 11 i ] 1J’;| i 4 )
0 1000 2000 3000
Time, s

4000

(a) PID contro! of secondary fluid temperature
at the outlet of the second indoor unit
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(b) Variation of compressor input voltage

Fig.5 PID control of secondary fluid outlet
temperature for the second indoor unit
when the first indoor unit is shut down
and turned on (control parameters for
compressor: Kp=-0.005, K;=-0.001, K4~
-0.01; expansion valve: K,=-200, Ki=-5,
Ka=-2000).
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(a) Variation of secondary fluid temperature at
the outlet of the first indoor unit when Tse
is changed from 17C to 19T
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Fig.6 PID control of secondary fluid outlet
temperature of (control
parameters for compressor: K,=-0.005,
Ki=-0.001, K4=-0.01; expansion valve:
K,=-200, Ki=-5, Kq4=-2000).
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(a) Control parameters for compressor: K,=-04,
Ki=-0.05, K4s=-0.8, expansion valve: K,=
=200, Ki=-5, Ka=-2000
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(b) Control parameters for compressor: Kp,=-0.2,
Ki=-0.05, K4q=-04; expansion valve: Kp=
=200, K;=-5, Ka=-2000

Fig.7 PID control of secondary fluid outlet
temperature of the first indoor unit
when compressor speed is controlled
directly by the mean temperature of
two indoor units
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(a) Secondary fluid outlet temperature for the
first indoor unit when Te=25TC

29_llﬁlllllllll!|ﬁi!l|||IYII
28 |

N
27 |

25 L

23 |I||IILIJllIIllIIiIILlIIIll_

0 500 1000 1500 2000 2500 3000
Time, s

(b) Variation of secondary fluid temperature at
the outlet of the second indoor unit when
Tset is changed from 25T to 27C

Fig.8 PID control of secondary fluid outlet
temperature of indoor units at heating
mode test (control parameters for
compressor: Kp=-0.01, K=-0.0005 Kg=
-0.01; expansion valve: Kp=200, Ki=20,
K4=6000).

BEE FAaAFEY, v A AE KaE F7HA
152 Tel oy 9540 =,

Fig. 9@ dul7] 2747t 2% A& F33t
= F Aur) & g AAAR] F AL



474 0o e I L1 A L B O

30‘!|||!||||!ﬁlll!v|||!||||!ll

. ' H . '
24 doees o d v g gy by 13

0 500

Time, s

(a) Variation of secondary fluid temperature at
the outlet of the first indoor unit
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(b) Pressure variation in the first indoor unit

Fig.9 PID control of secondary fluid outlet
temperature of the first indoor unit at
heating mode test when the second
indoor unit is shut down and turned on
(control parameters for compressor: Kp=
-0.01, Ki=-0.0005, K4=-0.01; expansion
valve: K,=400, K;=10, K4=6000).
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