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A Study on the Energy Storage System Using Air Source Heat Pump for
Heating and Cooling

Ook Joong KimT, Kong Hoon Lee, Jeong Kyun Seo

ABSTRACT: An air source heat pump system producing the ice and water storage energy
for cooling and heating of building has been proposed. Cycle design and simulation
considering energy balance between heating and cooling capacity has been carried out. The
roles of the capacity controlled compressor, refrigerant heating device and air preheating are
investigated in detail. System control logic for meeting the predetermined heating capacity
when the system is operated at cold climate condition is suggested. Some anticipated
problems of the proposed system are also described.
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Table 1 Final objectives of the project

20 HP
. (Based on the power
Capacity . o
consumption at 7C

outdoor temperature)

Refrigerant R22 or R134a

EER *
2.8
(Ice storage mode)
COP
(Hot water storage 2.7
mode)
Hot water temperature Above 60T

. Peak shift operation
System operation
(Part storage)

* Based on the operation condition described
in Reference [3]

g HX o %—Plate HX2
&

ater

Load Side

[Compressor

heating
system
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Table 2 Comparison of performance data

Calcula-
Item Catalog

tion
Capacity (kW) 62.2 65.2
Motor input (kW) 20.8 20.3
EER 3.0 3.2
Rating condition ()
- Evaporating temp. 7.2 7.2
- condensing temp. 54.4 54.6
- Liquid temp. 46.1 46.3
= Return gas temp. 18.3 18.0
Subcooling 8.3 8.3
Superheat 11.1 11.1
Compressor efficiency (%)
- Volumetric - 80
- Isentropic - 70
Mass flow rate (kg/s)
- Brine (Evaporator) - 1.25
- Air (Condenser) - 7.0
UA (W/K)
- Evaporation - 12,600
— Condensation - 9,000
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P ] 1542kPa P | 1542kPa
T 31.9 °C T 85.4 °C
H | 239 kilkg H | 456 kiikg
Fin tube HX ‘
{Capacity : 52.1 kW)
Air
Inlet OB 30.0°C
Qutlet | DB37.49C

Flow | 7.0kg/s
Compressor
Disp. V | 75 m¥h

Mass 0.240 kg's
Power | 12.6 kW

Plate HX
(Capacity : 40.7 kW)

Brine
Inlet o8.0°C
Qutlet | -9.6 °C

Flow | 1.25kgis

353 kPa 351 kPa

p
T -18.1 °C et T 0.9 °C
H 239 kilkg H ] 408 kitkkg

Fig. 2 Simulation result of ice storage mode

P 1934 kPa P 1934 kPa
T | #15°C lagm T |sa6cc
H 251 kifkg H 454 kitkg
Fin tube HX
(Capacity : 75.4 kW)
Air
inlet DB 350°C
Outlet | DB 48,7 °C
Flow | 7.0kgls
Compressor
Disp. V | 75 m¥h
Mass 0.372 kg/s
Power | 16.5 kW
Plate HX
{Capacity : 60.6 XW)
Brine
Inlet 120°C
Outiet | 6.2°C
Flow | 3.0kals
p | ss0kPa P [s56kPa
T 37 °C ——1 T 146 °C
H | 251 kg H | 414X%jikg

Fig. 3 Simulation result of cooling mode

4 2791 kPa P 2793 kPa
T 583 °C s T 115.2 °C
H 275 kjlkg H 469 kilkg
Plate HX
(Capacity : 50.3 kW)
Brine
Inlet 547°C
Outlet | 65.9°C

Flow | 1.25 kg/s
Compressor
Disp. V | 58 m¥h
Mass 0.259 kyls

Power | 16.1 kW

Fin tube HX
(Capacity : 35.8 kW)
Air
Inlet DB 7.0°C

Qutlet | DB 2,3°C
Flow | 7.0kg/s

P 500 kPa
T 0.2 °C
H 275 kjlkg

Fig. 4 Simulation result of hot water storage

499 kPa
11.2 °C
413 kilkg
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4 1980 kPa e 1983 kPa
T 58.7 "C t T 884 °C
H | 285 kilkg H | 457 wjikg
Plate HX
(Capacity : §1.2 kW)
Brine
inlet | 549°C
Outlet | 66.3°C
Flow | 1.25 kgls

Fin tube HX
{Capacity : 36.4 kW)
Air
Inlet DPB7.0°C
Outlet | DB 3.6 °C

Compressor

Disp. V | 96 m*h
Mass 0.297 kgis
Power | 16.4 kW

; Flow | 7.0kals

303 kPa

1.0 °C

285 kjlkg

Fig. 5 Simulation result of hot water storage
mode (R134a used)

303 kPa
120 °C
4408 kjikg
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P 2800 kPa P 2804 kPa
T 58.5 °C | epiere— T 119.7 °C
W} 275 wikg H | 47AKkg
Plate HX
(Capacity : 50.6 kW)
Brine
lalet 54.8 °C
Outlet | 66.1 °C
Flow | 1.25kg/s
Compressor
Disp. V | 68 m¥h
Mass 0.256 kyis
Power | 17.7kW
Fin tube HX2 Fin tube HX Plate HX2
{Capacity : 11.5 kW) | (Capacity : 34.7 kW) (Capacity : 0.0 kW)
Air Air Brine
nlet DB 0.0°C Inlet pB1S°C Infet 80.0°C
Outlet | DB 1.6 °C Outlet | DB -3.3°C Outlet | 80.0°C
BFlow { 0.04 ka/s Flow | 7.0 kgis { Flow | 0.0 kgls
P 418 kPa P 416 kPa
T 5.2 °C T 58 °C
H 275 kilkg H 411 kjlkg

Fig. 6 Simulation result of hot water storage
mode (Outdoor temp. is 0TC)

P 2754 kPa P 2756 kPa
T §7.71 °C | —egie— T 122.4 °C
H 274 kjlkg H 476 kjikg
Plate HX
{Capacity : 43.1 kW)
Brine
Inlet | 543°C
Outlet | 65.3 °C

Flow | 1.25 kgls
Comﬁressu
Disp. V | 75 m¥h

Mass 0.243 kals
Power | 18.2 kW

Fin tube HX2 Fin tube HX Plate HX2
{Capacity : 12.2 kW) {Capacity : 32.7 kW) {Capacity : 0.0 kW)
Air Air Brine
Inlet DB -5.0 °C Inlet DB -3.3°C Inlet 80.0°C
Outlet | DB -3.3°C Outlet | DB -7.9°C Outlet | 80.0°C

' 8 Flow | 0.04 kgis Flow | 7.0 kois Flow | 0.0 kgis

358 kPa P | 356kPa
97 °C T |12
274 kjikg H | 409 kjikg

Fig. 7 Simulation ‘result of hot water storage
mode (Outdoor temp. is —5.0T)
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2782 kPa
58.1 °C
275 kilkg

2784 kPa
1225 °C
476 kilkg

E ]

T~

Plate HX
(Capacity : 50.0 kW)
Brine
Inlet 54.6°C
Outlet | 65.7 °C

Flow | 1.25kgls
! Compressor
Disp. V ] 75 m3h

Mass 0.248 kgls
Power | 18.4 kW

]
—
E.
Fin tube HX2 Fin tube HX Plate HX2
{Capacity : 0.0 kW) {Capacity : 0.0 kW) (Capacity : 33.4 kW)

Air Air
Inlet DB- °C Inlet DB- °C
Outlet | DB- °C Outlet | DB- °C

BFlow | 0.0 kgis Flow | 0.0kgls

Brine
Inlet 80.0°C
Outlet | -9.0 °C
Flow | 0.105 kgis

P | 386kPa P |364kPa
T |-90°c T [18°c
H | 275kjikg H | 409 kitkg

Fig. 8 Simulation result of hot water storage
mode (Outdoor temp. is -8.5T)
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