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ABSTRACT: In Korea, air source heat pump system is less efficient than conventional heat
source facilities, such as ground source, river water, because the air temperature in winter
season is so low that COP of air source heat pump system drops below 3.0. Therefore, the
study on the application of heat pump heating and cooling systems is crucial for the efficient
popularization of heat pump. In this work, we present the dynamic analysis of energy con-
sumption for the large resident building by heat resistance-capacitance method. The system
simulation of water storage air source heat pump is additionally performed by changing of
sizes and locations of the hospital building. The computed results show that energy cost of

water storage air source heat pump is low, so it is more economical than absorption chiller &
heater.
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Fig. 1 Schematic diagram of combined heat
pump system for heating and cooling
of a huilding.
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Fig. 2 Effective one room model for a building.
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Fig. 3 Equivalent electrical circuit for a wall
element.
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Table 1 Wall areas and thermal properties of
a resort building

Wall Area GM R,
positions (m") (kJ/K) (m’hr K/kJ)
West wall 1,512 420,304 1.064
East wall 347 207,715 1.064
South wall 399 110,926 1.064
North
West wall 1,036 8,177 1.064
North East a5, 110016 1.064
wall
Ceiling 1,953 747,402 0.92
Floor 2,280 1,091,809 1.249

Table 2 Window areas and thermal properties
of a resort building

Window Ar%a M R,
position (m") &J/K) (m’hr K/k])
North
Window 761 101,957 0.024
East
Window 283 39,799 0.024
North West
Window 502 67,219 0.024
North East
Window 452 60,5538 0.024
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Table 3 Heat pump system simulation results for heating and cooling resort building (total floor
area 33,000 mz, Heat recovery)

Location Munmack Deajeon Pusan
Bath existence Non-exist Exist Non-exist Exist Non-exist Exist
hourly maximum ~4723196 4723196 -5337,718 5337718 -6,624673 6624673
cooling load(k]J/hr)
hourly maximum heating 5662597 5662597 4779534 4779534 4210120 4,210,120
load(k]J/hr)

annually maximum
cooling load(k]/year)

annually maximum 9 q 9 9 3 8
heating load(k]/year) 7.33%10 7.33%x10 5.57x10 5.57x10 38.5x10 38.5x10

-6.82x1¢° -6.82x10° -8.67x10° -8.67x10° -9.34x1°  -9.34x10°

heating and cooling heat
pump capacity(kJ/hr)

bath heat pump
capacity (k]/hr) 536 1,122 532 532 532 1,122

total energy cost

1,428 1,428 1,587 1,587 1,807 1,807

26,953 30,176 27,124 30,354 27,020 30,285
(ten thousand won)

COP(heating) 3.42 342 352 352 3.69 3.69

COP(cooling) 5.75 575 563 5.62 3.69 3.69

COP(bath) 5.06 5.08 5.07 5.09 5.07 5.09

thermal storage reservior

for bath(ton) 127 267 127 267 127 267

waste heat recovery 298 481 298 481 228 481

storage reservior(ton)

thermal storage reservior

for cooling and heating 1,894 1,894 2,109 2,109 2,400 2,400
(ton)

bump power 436 436 413 13 51.3 51.3

(heating and cooling)

pump power(bath) 5.19 6.15 5.19 6.15 519 6.15

fan power(ventilation) 179 17.9 17.9 17.9 179 17.9
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Table 4 Heat pump system simulation results for heating and cooling resort building (total floor
area 33,000 mz, No-heat recovery)

Location Munmack Deajeon Pusan
Bath existence Non-exist Exist Non-exist Exist Non-exist Exist

hourly maximum -4723196 -4,723196 -5337,718 5337718 -6,624673 6,624,673
cooling load(k]J/hr)

hourly maximum heating

5662597 5662597 4779534 4779534 4210120 4,210,120

load(k]J/hr)
annually maximum cooling oo\ _ggoxip  -867x1¢ 86710 -034x10°  -9.34x10°
load(k]/year)
annually maximum heating ;09,0 79300 s5par 55paf 385a¢ 385X
load(k]/year)

heating and cooling heat
pump capacity(kJ/hr)
bath heat pump capacity

2,049.8 2,049.8 1,942.6 1,942.6 24492 24492

(kJ/hr) 606.2 1,276.8 606.2 1,276.8 602.9 1,276.8
total energy cost(ten thou= 940, 44579 38,062 43338 40118 45394
sand won)

COP(heating) 3.05 35 3.56 357 3.73 3.73
COP(cooling) 6.1 6.1 6.04 6.05 6.34 6.34
COP(bath) 483 482 4.83 4.82 4.84 483
thermal storage reservior

for bath(ton) 168 362 168 362 168 362
waste heat recovery stor- 303 652 303 | 652 303 652

age reservior(ton)
thermal storage reservior

for cooling and heating(ton) / / / / / /
pump power(heating and

. 434 434 413 413 52.1 52.1
cooling)
pump power(bath) 5.19 10.96 519 10.96 5.19 10.96
fan power(ventilation) 179 179 179 179 179 179

Table 5 Energy cost of gas absorption cooler-heater system for a resort building(total floor area =

33,000 m’)
Location Munmack Daejeon Pusan
Bath existence Non-~ Exist Non- Exist Non= poist
exist exist exist

absorption cooler-heater total
cost(ten thousand won)
Heat absorption cooler-heater electric

Recover cost(ten thousand won)
absorption cooler-heater gas
cost(ten thousand won)
absorption cooler-heater total
cost(ten thousand won)

34964 34,972 33,471 33, 478 30, 831 30, 839
13, 661 13,658 13, 635 13,641 13, 707 13, 714
21, 312 21,312 19,83 19,836 17, 127 17, 125

40, 650 47, 590 39, 156 46, 139 36, 516 43, 530

No. absorption ler-heat lectri
— (rp hcooe cater €lectne 1o 874 11,965 12, 857 11,990 12, 927 12, 092
Recovery COStiten thousand won)

absorption cooler-heater gas

cost(ten thousand won) 27,716 35, 624 26, 300 34, 148 23, 588 31, 437
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Table 6 Comparison of operation costs

Location
heating Mumack Daejeon Pusan
and cooling
air source heat pump
(ten thousand won)
air source heat pump
water storage(ten
thousand won)
gas absorption cooler
-heater + waste heat
recovery(ten thousand
won)
gas absorption cooler
~heater(ten thousand 47,590
won)

44578 43,338 45,394

30,178 30,354 30,285

34972 33478 30,839

46,139 43,530

Table 7 Relation between the size of heat
reservior and heat reserving rate

Numbers of hours

being at work fo 10hr 15hr 20hr 24hr
heat pump

heat reserving

rate(%) 100  66.7 50 416
total energy

cost(won/year) 13732 13907 13975 13469
bath heat

ath heat 151 101 75 633
reservior(m’)

heat

cat recovery 273 182 137 114
reservior(m)

heat reservior(m®) 2272 1515 1136 947
capacity of heat
pump(heating and 408 272 204 1702
cooling, (RT)

capacity of heat
pump(bath, RT) 152 101 76 634
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