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Abgtract: Heat pump unit performance is represented by the COP(Coefficient of Performance) and expressed
by the one point design condition according to KS C 9306. However, when heat pump operated to the rea
buildings, the simulations are changed continuously according to the actual weather conditions, the building
load and heat pump source conditions. The purpose of this paper is to evaluate the APF(Annua performance
factor) for a climate dependent building integrated air-to-air heat pump system in magor cities in Korea
TRNSYS simulation tool with an international MV standard based IPMVP 4.4.2 was utilized to perform the
annual performance analysis. The APF with the multi-performance data based method was calculated as 2.29
for Dagjeon residential building case while Busan residential building case appeared as the highest with 2.36.
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Qutdoor room

@

(I Data acquisition system @ Control panel
@ Sampling unit @ Code tester & Air conditioner
& Power supply & Refrnigerator & Humidifier
@ AVR & Frequency transfer device @ Cooling tower

Fig. 1 Layout of test equipment for air to air heat pump unit
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Table 1 Specifications of the heat pump unit used in this study

Compressor Frequency 50 Hz
Voltage 220~240 V
Capacity 7,200 W
: Power 2,700 W
Heating Current 126 A
COP 2.67
Capacity 6,600 W
Cooling Power 2,800 W
Current 130 A
COoP 2.36
3,900 W (Cooling)
Max Power 3,050 W (Heating)
H.E. pressure 5,000 kPa
Refrigerant / Amount R22 / 1.58 kg

Table 2 Heat pump unit performance

comparison at nominal condition

Heating mode Manufacturer data Test data Difference [%)]
Capecity [W] 7,200 7,000 -2.78
Power [W] 2,700 2,780 2.96
COPh 2.67 2.52 -5.62

Cooling mode Manufacturer data Test data Difference [%]
Capacity [W] 6,600 6,411 -2.86
Power [W] 2,800 2,965 5.89
COPc 2.36 2.16 -8.47

Table 3 Test conditions for multi-performance of heat pump unit

Heating conditions [C] Cooling conditions [C]
Outdoor air Indoor air QOutdoor air Indoor air
Dry bulb | Web bulb | Dry bulb | Web bulb | Dry bulb | Web bulb | Dry bulb | Web bulb
-_1;1005 : 18+ 03 | 14+ 02 | 24#03 | 15:02 | 20+03 | 14+02
2403 1302 30:03 | 20:0.2 | 23:03 | 16£02
20+ 0.3 15+ 0.2

7+0.3 6+0.2 35+0.3 24+0.2 27+0.3 19+0.2
10+0.3 9+0.2

15:03 1as002 | 22£ 03 | 16£02 38+0.3 26+0.2 32+0.3 23+0.2

Gk EkS 7000 WE 2.78%, it im%a% 2,780 W= 2.96%, 1} COPhi= 2527 5.62% x}o]Z K.
RAAT, g whek FEo|th, e A AlFE AFYETE 2.86% WL, W AH|E S 29656 WE
5.89% =9kt Wi COPc: 21629 % 8.47% %Ekt‘r.

23 S|EHZ /49 HE| M5 dlolH

SIEHYE {4 AT H7F FAE o] 85t Aol AAE EAZ FYlo] tiste] Table 3¢ o] T}
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Table 4 Performance data of heat pump unit in heating mode
Outdoor Air flsow_ Air flsow_
temp. t Indo?rc] — [10.6P|;1 /min] — [14.5Pr: /min]
. emp. apacity wer apacity wer
el wg | qwe | SO | twg | (wg | OPP
18+0.3 4,160 2,195 1.90 4,486 2,122 211
-10+0.3 20£0.3 4,048 2,231 181 4,347 2,151 2.02
22+0.3 3,938 2,270 1.73 4,235 2,183 1.94
18+0.3 4,761 2,347 2.03 5,081 2,237 2.27
-5+ 0.3 20£0.3 4,644 2,396 1.94 5,039 2,277 2.20
22+0.3 4,594 2,407 191 4,979 2,322 2.14
18+0.3 4,940 2,501 1.98 5,815 2,391 243
2+ 0.3 20£0.3 4,746 2,491 191 5716 2,452 2.33
22+0.3 4,536 2,486 1.82 5,563 2,490 2.23
18+0.3 5773 2,553 2.27 7,086 2,698 2.63
7+ 0.3 20+0.3 5,521 2,535 2.19 7,000 2,780 252
22+0.3 5,091 2,486 2.06 6,596 2,730 2.40
18+0.3 5,031 2,589 2.30 7,736 2,854 271
10+0.3 20£0.3 5,582 2,546 2.20 6,993 2,705 2.60
22+0.3 5111 2,503 2.05 6,539 2,631 2.49
18+0.3 6,021 2,599 2.33 7,552 2,732 2.78
15+0.3 20£0.3 5,647 2,550 2.23 7,054 2,674 2.65
22+0.3 5,252 2,536 2.08 6,566 2,625 251
Table 5 Performance data of heat pump unit in cooling mode
Air flow Air flow
Outdoor | Indoor [101 m3/m| n] [133 m3/m| n]
temp. temp. Total Sensible Power Total Sensible Power
[TC] [C] | Capacity | Capacity [We] COPc | Capacity | Capacity [We] COPc
[Wt] [Wit] [Wt] [Wi]
20+0.3 | 5,460 3,929 2,332 | 2.34 5,923 4,412 2,373 | 250
24403 23+0.3 6,059 4,258 2,368 | 2.56 6,511 4,720 2415 | 2.70
27+0.3 6,671 4,361 2417 | 2.76 7,118 4,868 2,469 | 2.88
32+0.3 7,595 4,534 2520 | 3.01 8,043 5,059 2,567 | 3.13
20+0.3 5,050 3,716 2,496 | 2.02 5,536 4,297 2567 | 216
30+ 03 2303 | 5,548 3,924 2562 | 217 6,074 4,497 2628 | 231
27+0.3 6,325 4,172 2,636 | 240 6,780 4,702 2,713 | 250
32+0.3 7,298 4,397 2,752 | 2.65 7,827 4,961 2,826 | 2.77
20+0.3 4,800 3,592 2,695 | 1.78 5,252 4,145 2,750 191
35+ 03 23+0.3 5,267 3,774 2,770 | 1.90 5734 4,328 2,838 | 202
B 274103 | 5,964 3,990 2,880 | 2.07 6,411 4,531 2,965 | 216
32+0.3 6,921 4,223 2,989 | 2.32 7,393 4,784 3,088 | 2.39
20£0.3 4,690 3531 2,777 1.69 5155 4,115 2,849 181
38+ 03 23+0.3 5,208 3,758 2,849 1.83 5712 4,335 2,916 1.96
- 77| 27+0.3 | 5,896 3,970 2,955 | 2.00 6,230 4,434 3,043 | 2.05
32+0.3 6,863 4,216 3,070 | 224 7,210 4,745 3,137 | 2.30
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Fig. 2 Building modeling for TRNSYS simulation
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Table 6 Building information for TRNSYS modeling

TRNSYS Z2 198 o] §ale] SIERL A2e 28 A9e Yol 18 A% 54 TS
EoABdeld naYe PAGoRM NE BFY SEYT A2ue A% AF HSPF, CSPF
@ Ass WEl 4% dolHE 489 AnE

Parameter Value Unit
Building floor area 200 m’
Building height 3 m
Total window/wall ratio 16 %
Air change per hour 0.7 ACH
Heating design temperature 22 T
Cooling design temperature 24 T
LPD (Light power density) 47 W/m?
EPD (Equipment power density) 8.2 W/m?
People 4 person
- Wall 0.34 W/m?K
Building envelop Roof 0.22 W/mPK
requirements I 0.28 WinK
[U-valug] Floor . m
Window 1.80 W/m’K
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Fig. 3 TRNSYS simulation modeling for heat pump system installed in residential building
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AX o w2, HSPF= HH ds dHolHE 483 w7l BIN HeolEE 2A&3dS wrt Zth FAkdA
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Table 7 Building integrated heat pump system APF

Energy Power
Site Performance factor consumption consumption SPF
[KWh] [KWh]
HSPF 13,509 6,682 2.022
BIN CSPF 2,553 1,035 2.466
APF 16,062 7,717 2.081
HSPF 16,805 7,322 2.295
Seoul CSPF 1,826 797 2.293
APF 18,631 8,119 2.295
HSPF 16,258 7,107 2.288
Dagjeon CSPF 3,009 1,316 2.286
APF 19,266 8,422 2.288
HSPF 14,205 6,093 2.332
Daegu CSPF 3,087 1,365 2.261
APF 17,292 7,458 2.319
HSPF 12,681 5,358 2.367
Busan CSPF 2,898 1,249 2.321
APF 15,579 6,607 2.358
HSPF 17,165 7,481 2.295
Incheon CSPF 2,001 852 2.350
APF 19,167 8,332 2.300
HSPF 14,794 6,390 2.315
Gwangju CSPF 3,103 1,341 2.313
APF 17,896 7,731 2.315
HSPF 13,819 5,912 2.337
Ulsan CSPF 2,836 1,247 2.275
APF 16,655 7,159 2.327
2.50
2.45
2.40
2.35
§ 2.30
@ 2.25
&
E 220
Q
E 2.15
2.10
2.05
2.00
BIN Seoul Daejeon Daegu Busan Incheon Gwangju Ulsan
Site

Fig. 4 Performance factors of building integrated heat pump system
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