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Survey on Partial Load Characteristics of Household Air-conditioner and
Seasonal Coefficient of Operational Performance Combined with Dynamic Heat
Load Calculation

Takayuki Hosokawa, Tetsuo Hayashi and Kouji Nomura
"E-mail of corresponding author: hosokawa@hrmbox.eee.kyushu-u.ac.jp

Now, 90% or more of the air conditioner used at home is an ability changeable type of the
inverter method. However, only the performance in the state of ratings of JIS is described in the
catalog of the air conditioner, and the relation to the frequency of the inverter is uncertain. In this
paper, the partial load characteristic and the dehumidification ability of the ability changeable type
air conditioner of the inverter method are investigated. Moreover, a numeric computing model of a
household air conditioner is constructed based on the investigation result, and period COP of the air
conditioner is evaluated by the single room calculation.
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Table 1 Test condition of air-conditioning ability in JIS

Dry bulb Wet bulb
temperature]( ] temperature[( ]
Indoor 27 19
Outdoor 35 24
Table 2 Specification of air conditioner
. 2800
Rated capacity | [W] | 70077 3500)
Cooling Rated power [W] 580
consumption (1500 1150)
COP [-] 4.83
Indoor air-flow | [m*/h] 640
. 3600
Rated capecity | [W] | 7001 5100)
. Rated power 725
Heating consumption [wl (12001 1280)
COP [-] 4.97
Indoor air-flow | [m°/h] 675
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Table 3 Air volume at each setting of air conditioner

Measured Ratio of air Air volume
Setting | air volume volumeto after correction
[m*/h] strong setting [m*/h]
strong 633 1 640
weak 428 0.677 433
silent 294 0.465 298
Table 4 Experimental conditions
Setting of Preset Inlet
No. [ day | ar-volum | temperature | temperature
e [°C] [°C]
1 11/05 strong 26 30-24
2 | 102 weak 26 30-24
3 | 101 silent 26 30-24
4 | 0V12 auto 26 30-24
5 | 10/29 strong 28 32-26
Table 5 Main measurement point
Surface of coil Temperature
Indoor inlet air Temperature, Humidity
Compressor Frequency of input current
Power consumption | Power consumption of air-conditioner
Indoor outlet air Temperature, Humidity

o |3\150.1 A No.2 O No.3 No.4 < No.5

Inlet temperature] O ]

3 6 9 12 15 18 21[h

Fig. 1 Inlet temperature of Outdoor machine
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o Electric current frequency 2 Inlet temperature
o Coil Surface Temperature
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Fig. 2 Electric current frequency, Inlet temperature and

Coil surface temperature (No. 4)

Table 6 Relation of inlet air and coil surface temperaturel

S
Temperature[ 0 ]

15

L 10
0(_’ TN T N T N T I T T O | 3 o)

0 3 6 9 12 15 18 21]h

Electric current frequency[Hz]

© Electric current frequency
4 Electric power consumption

0 Heat extraction rate

tion or

[k

W]

P N Wb OO N

Electric power consum
Heat extraction rate

6 9

Fig. 3 Electric current frequencyd Quantity of heat
extractionO Electric power consumption (No. 4)

O strong ® weak A silent O auto

electric current frequency of compressor(] quantity of heat 35 L A
extraction, COP — E Q :0.6983 ]
Condition Nol | No2 | No3 | No4 | Nob s 30f = B,
135 16.0 145 13.0 13.0 2 25 E ﬁz
One hour after 290 290 168 290 290 g i PY B
driving begins 4201 3495 2186 5153 4077 S 20 C ° ]
34 31 45 4.6 4.0 g_ ~E B
115 11.0 115 12.0 115 § 15 E O 3
10T T, 190 135 116 190 190 & r ]
s 3255 1996 1444 4085 3244 o 1.0 E A 3
5.3 6.2 6.2 6.7 5.5 5 F A ]
115 11.0 115 95 115 ol 05 E A E
00T -T.01 190 135 116 138 190 N r ]
l s 3255 1996 1444 2732 3244 -||||I||||I||||I||||I||||I||:
15135 161-26 15125 g-g Sg 0 10 20 30 40 50
190 | 135 | 116 | 110 | 145 All heat processinglkW]
-10T-TO0 3255 1996 1444 2032 2665 Fig. 5 Sensible heat ratio
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20T -TH-1 1 gm | 1600 | 1200 | 2032 | 2013 o [F0648-0.141+0.087 /-
7.9 6.8 5.6 9.5 8.8 ®B20F ﬁ .
T, -TO0-2 7.0 10.0 7.5 11.0 7.5 s C ]
O Ts Preset temperature ,T: Inlet temperature S15F O ]
0 The numerical value in the table sequentially shows temperature difference 1S N .
between inlet air and coil surface[°C], electric current frequency of @ N Rated COPE
compressor[Hz], Heat extraction rate] W] and COP[-] S 1.0 C o ° n
ot ]
, S05F g A
e = 0.6481% — 0.141q + 0.287 @ T o @ ]
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Fig. 4 Partial load characteristics
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Fig. 9 Sensible heat exchange rate at each air volume
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Fig.10 Relation of air-flow and sensible heat exchange ratio
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Maximum Cooling Performance of Air
Conditioner
0 Table 200 Catalog value[
2
Sensible heat calculation |
|

—

v

\ 4

Indoor air

Sensible heat

Next step

v
| Surface temperature of coil (Eq. (3)) |

v

Indoor outlet humidity
0 Saturated absolute humidity on coil

v

| Moisture equilibrium of the indoor air |

v

| Indoor air humidity |

v

Latent heat extraction <
v S

| Total heat extraction
I Power consumption] COP (Fig. 4) |

v

Fig. 11 Calculation flow latent heat extraction and Electric

power consumption

2800
Too /
| 274500 _N

3600 s

Fig. 12 Building for calculation

Table 7 Construction of walls (show from inside)

Calcium silicate board 10mm
sidewall | Grasswool 100mm
siding board 10mm
. Plywood 12mm
ceiling

Grass wool 100mm

and floor
Plywood 12mm
window | Planeglass 6mm
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Table 8 Removal heat quantityd power consumption and

COP of a Year

Sensible heat extraction [KWh] 429
Latent heat extraction [kWh] 98
Total heat extraction [kWh] 528
Electric power consumption [kWh] 104
COP [-] 5.10
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Fig. 13 Outdoor and indoor temperature
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Fig. 14 Outdoor and indoor humidity
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Fig. 16 Electric power consumption and COP




