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An Experimental Study on Radiation/Convection Hybrid
Air-Conditioner
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Abstract Radiation cooling has used ceilings or floors as cooling surfaces. In such cases, to avoid
moisture condensation on the surface, the surface temperature needs be higher than the dew point
temperature or an additional dehumidifier is added. In this study, with a goal for residential application,
intentional moisture condensation on the cooling surface was attempted, which increased the cooling
capacity and improved the indoor comfortness. This method included two separate refrigeration cycles
- convection-type dehumidifying cycle and the panel cooling cycle. Test results on the panel cooling
cycle showed that, at the standard outdoor (35°C/24°C) and indoor (27°C/19.5°C) condition, the
refrigerant flow rate was 8.8 kg/h, condensation temperature was 510C, evaporation temperature was
8.8°C, cooling capacity was 376 W and COP was 1.75. Furthermore, the panel temperature was uniform
within 1°C (between 13°C and 14°C). As the relative humidity decreased, the cooling capacity decreased.
However, the power consumption remained approximately constant. In the convection-type
dehumidification cycle, the refrigerant flow rate was 21.1 kg/h, condensation temperature was 610C,
evaporation temperature was 5.0°C, cooling capacity was 949 W and COP was 2.11 at the standard air
condition. When both the radiation panel cooling and the dehumidification cycle operated
simultaneously, the cooling capacity of the radiation panel cycle was 333 W and that of the
dehumidification cycle was 894 W, and the COP was 1.89. As the fan flow rate decreased, both the
cooling capacity of the radiation panel and the dehumidification cycle decreased, with that of the
dehumidification cycle decreasing at a higher rate. Finally, a possible control logic depending on the
change of the cooling load was proposed based on the results of the present study.
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Fig. 1. Air process line across an air-conditioner
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Fig. 3. Schematic drawing of the radiation/
convection hybrid cooling system
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Table 1. Specification of radiation cooling cycle

Part Specification

Refrigerant R-134a

000000
000000

(b) convection cooling cycle

Refrigeration cycle of the radiation/
convection hybrid cooling system

Fig. 4.

Danfoss
BD250GH, linear
reciprocating,
200 W

Compressor

Extruded
aluminum panel,
(Imx1m)

Evaporator "
P 9 tube row,

3 circuit
9.5 mm O.D. tube

Manual exp.
valve
Swagelock,
400 W

Expansion
valve

Fin-tube,

400 mm x 300 mm,
2 row, fin pitch 1.95
mm, slit fin,

9.5 mm O.D. tube

Condenser
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Table 2. Specification of the humidification cycle

Part Specification
Refrig. R-134a
Com Danfoss SC10GH, AC,
P 800 W
Fin-tube, 800 mm x
E 350 mm, 2 row, fin
va. pitch 2.5 mm, slit fin,
9.5 mm O.D. tube
Bx Manual exp. valve
p- Swagelock, 800 W
Fin-tube, 400 mm x
Cond 4300 mm, 2 row, fin
; pitch 1.95 mm, slit fin,
9.5 mm O.D. tube
Fan Cross-flow type
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Table 3. Radiation panel cooling data at standard air

condition (outdoor 35°C/24°C, indoor
27°C/19.5°C (50% RH))

Spec. Data Ref.
Cond. out 36°C, 1.383 Mpa 15°C sub
Exp. out 10.4°C, 0.392 Mpa
Panel out 9.8°C, 0.398 Mpa
Recv. out 9.8°C 1.0°C super
Comp. in 12.7°C
Comp. out 51.5°C

Peomp 0.215 kW

Myef 8.8 kg/h

Qref 0.376 kW

cor 1.75

14.0, 13.7, 13.6, 13.3,
12.9,13.2, 13.7, 14.0, 13.7

Panel temp.

©0) Max. 1.1°C diff.
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Table 4. Radiation panel cooling data at standard air

condition (outdoor 35°C/24°C, indoor
27°C/15.8°C (30% RH))

Spec. Data Ref.
Cond. out 38.3°C, 1.257 Mpa 9°C sub
Exp. out 6.9°C, 0.328 Mpa
Panel out 6.1°C, 0.351 Mpa 1.0°C super
Recv. out 6.2°C 1.0°C super
Comp. in 9.2°C
Comp. out 60.8°C

Peomp 0.220 kW

Mref 8.0 kg/h

Qref 0.330 kW

cor 1.50
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Fig. 7. Condensation, evaporation and panel
temperatures at different relative humidity
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Table 5. Dehumidification cooling data at standard
air condition (outdoor 35°C/24°C, indoor
27°C/19.5°C (50% RH))

Spec. Data Ref.
Cond. out 37.7°C, 1.765 Mpa 23.0°C sub
Exp. out 10.0°C, 0.357 Mpa
Eva. out 21.0°C, 0.351 MPa 16.0°C super
Comp. in 27.5°C
Comp. out 87.1°C

Pcomp 0.440 kW

Mref 21.1 kg/h

Qref 0.968 kW
Td.in/ Twin 26.95°C/19.47°C
Taou/ Twout 18.27°C/15.43°C

hin 55.36 kJ/kg

hout 43.14 KJ/kg

Mair 3.54 CMM

Gair 0.892 kW

q 0.930 kW

COP 2.11
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Table 6. Radiation panel/dehumidification cooling
data at standard air condition (outdoor
35°C/24°C, indoor 27°C/19.5°C (50% RH),
3.6 CMM)

(a) Radiation panel

Spec. Data Ref.
Cond. out 35.8°C, 1.632 Mpa 23.0°C sub
Exp. out 10.9°C, 0.406 Mpa
Panel out 11.1°C, 0.395 Mpa 2.6°C super
Comp. in 21.8°C
Comp. out 71.08°C

Mref 7.7 ke/h

Qref 0333 kW

(b) Dehumidification H-X

Spec. Data Ref.
Cond. out 38.9°C, 1.896 Mpa 26.0°C sub
Exp. out 10.2°C, 0.397 Mpa
Eva. out 21.5°C, 0.354 MPa 15.0°C super
Comp. in 27.2°C
Comp. out 89.9°C

Peomp 0.65 kW

Mref 20.7 kg/h

Qref 0.925 kW
Tain/ Twin 27.44°C/19.47°C
Taout/ Twout 17.53°C/15.32°C

hin 55.49 kJ/kg

hou 42.95 kJ/kg

Mair 3.60 CMM

Qair 0.862 kW

q 1.227

COP 1.89
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Table 7. Possible control logic for different cooling

load
Control Logic
Capacity (W) Radiation Dehumid. ) "
cycle cycle Air speed
376 on off very slow
711 off on slow
768 off on medium
866 off on fast
930 off on very fast
993 on on slow
1063 on on medium
1186 on on fast
1277 on on very fast

*very slow’ is approximately 1.0 CMM, ‘slow’ is 2.0 CMM,
‘medium’ is 2.6 CMM, ‘fast’ is 3.0 CMM
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