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Development of Natural Refrigerant (COz) Hot Water Supplier for Residential Use
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Ken YAMAMOTO Tsuyoshi OKINOTANI

In Japan, the demand for hot tap water accounts for about 35% of residential final energy consumption, but most
of this demand is met by direct combustion of fossil fuel. So it is expected to develop high performance heat pump
water heater for energy saving. On the other hand, Developments of heat pumps with natural working fluids are
expected for environmental protection. Under such a circumstance, the CO:z heat pump hot water supplier for
residential use was developed for the first time in the world. This system needs high performance compressor, high
performance heat exchanger and optimized high side pressure control method for trancecritical CO: refrigerant
cycle. Therefore this unit works much effectively since it cuts down 30% energy compared to the gas combustion
system from the level of electric power generation and it achieve 50% reduction of CO:z emission to the gas
combustion system.

Key words : CO:, Heat pump, Trancecritical, Hot water supplier
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Fig.1 CO2 hot water supplier
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Table 1 Specification

T v p e Hermetic compressor
Refrigerant 0}

Mol or D brysh-less
Compressor type S ernll
Cylinder volume 3 3em?
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Fig.2 External view
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Fig.3 Internal structure
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Fig.4 Results of case analysis

goooooooogo

gbobobobobobobooboooooooo
gbobobobobobgoobogobobgoobogoogo
gobobobgobogobgobgobgooooooogo
gbobobobobgobobgoobgoooogo
gogboboobobooobooobooobboon
goobobboooobobbooogecodugnon
gobobooboboooboobobooobboon
goboboobobooboboobbooobooon
goboboobobooboboobbooobooon
gogbooboobboooboobbooobooon
gogbobooobbooboboobobooobbooon
gobobooobbooboboobbooobooon
gogbobooboboooboobbooobboon
goboobbooboobbooboo

gobooobooobooobooobooon
gogboboobbooboboobboobobooon

Fig.5 Thrust bearing
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Fig.6 Results of scroll analysis
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Fig.7 Experimental equipment
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Fig.8 Relationship between COP and rotational speed
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Fig.12 Heat transfer coefficient vs flow speed
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Table 2 Specification

Flow Counterflow

Water side 0.511 m?

heat transfer area

Refrigerant side 0.20m?

heat transfer area

Dimension W200 x H580 x D50mm
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Fig.16 Exper imental apparatus for heat exchanger
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Table 3 Test condition

Condition
Water flow 0.8L/min
Water inlet temperature | 7 °C
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Fig.17 Heating performance
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Table 4 Specification of test unit

Components Specification

Compressor Scroll Type

Water heat exchanger Cupper capillary type

Evaporator Fin and cube

Fan OD ¢ 400mm

Water Pump Magnet coupling type

Expansion Valve Step motor type

Water Storage Capacity 300L (50LX2)
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Table 5 Test result

T

Winter

Intermediary Summer

T
(Dec.-Mar.) (Others) (June-Sep.) | Teary total
Ambient Air Temp. (°C) *1 46 13.8 25 -
Tap Water Temp. (°C) 83 15.9 232 -
Hot Tap Water Demand (MJ)*2 7,369 5,828 4,291 17,488
COP (Experimental Result) 3.10 3.47 3.85 -
Energy Consumption (MJ) 2,378 1,679 1,115 5172
Estimated Yearly Average COP - 3.38
*1 Awverage ambient air temperature
*2 IBEC L mode
Table 6 Assessments of environmental impact
Gas type Power generation unit + CO2 heat pump wate Comparison
Gas watbr Heat Electricit ~ 9g ;:r::rﬂ fion
walgr pump it Primary energy
water Solar [0 efficiency
100 8 8 heater thermal of 30%
n= energy n=
78% Hot-water ~ COP is 37.4%
29 over 3.0 Generation loss
| i + transmission
. | CO2 emission
100 €02 leb|510n5 50 reductions of 50%

Power generation efficiency (0.37 = 860/2,300) is based on the energy equivalent nightly available

purchase of 2,300 kcal/kWh under the Energy Conservation
CO2 emission coefficient and intensity: Electricity = 0.357 kg CO2/kWh; utility gas = 2.360kg  CO2/m3

(Environment Agency /2000)
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