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Source: Eskom Integrated Demand Management, 2013

Heat Pump Rebate Program:

10% electricity reduction in the residential sector

Mass roll out of 65,580 residential ASHP water heater units
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BACKGROUND

ASHP water heater:

=  ASHP water are electromechanical devices used to transfer heat from
surrounding air to water (VCRC cycle).

can save up to 67% of energy consumption compared to geysers for the
same heating load
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Integrated type
Achieves greater COP
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= Performance of ASHP water depends on two major input variable:

= Ambient temperature and relative humidity (Time of day/Time of Use)

= Hot water usage pattern
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= Monitor the performance of a split-type residential ASHP water
heater during summer and winter

= Coefficient of Performance

= Thermal performance of heat exchanger

= Establish the influence of ambient conditions

= Establish the influence of the hot water draw patterns
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Figure 1: Installed Data Acquisition
System on Heat Exchangers
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1.3kW split type ASHP water heater
retrofitting a 150l geyser with R417A
as the primary fluid

Equipment:
= Power meter
= 6 temperature sensors
= Ambient temperature/Relative
Humidity
= Flow meter
= U-30 NRC data logger

Fluids all flow in one dimension. The
tubes geometry was considered long,
thin, uniform, horizontal and a uniform
temperature distribution along their
surfaces
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Table 1: Compressor Specifications

Compressor Type Rotary Compressor

Compressor Displacement 80.4 ccl/rev

Refrigerant Type 417A

Electric Source 1¢ 230V

Condenser Type Shell-and-tube type

= Controlled water draws = Heat Exchanger parameters

= Morning: 06:00-09:00am = Evaporator heat gain
= Afternoon: 12:00-14:00pm = Condenser rejected heat
= Evening: 17:00-20:00pm = Heat absorbed by water

» Repeated sequential draws

= 150 liters
= 100 liters
= 50 liters together in excellence 3
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Temperature Profiles

Temperature Profiles

= Ambient temperature highest in the afternoon for both seasons

= Summer: Maximum of 40°C and minimum of 15°C

= Winter: Maximum of 30°C and minimu
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Figure 4: Summer average COP Profile
against Volume of Water Heated up
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Figure 5: Winter average COP Profile
against Volume of Water Heated up

COP
Volume of Water Heated/ Litres Summer Winter
L —ora{ng Afternoon Evening Morning Afternoon Evening
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Table 3: Condenser Average Thermal Performance Parameters

Average Thermal Summer Winter
Energies Morning Afternoon Evening Morning Afternoon | Evening
Rejected Heat/kWh 0.43675 0.52936 0.48451 0.34360 0.50139 0.39883
Heat Absorbed by 0.30397 | 0.26899 | 0.29619 | 0.25389 | 0.23844 | 0.24721
Water/kWh
Heat Loss/kWh 0.14614 0.26231 0.19137 0.10260 0.26324 0.15286
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« Only about 75-79% of heat is effectively harnessed by water during
heating up cycle

« Performance of heat exchanger is best in the morning and lowest in
the afternoon

 High COP are be attained during huge hot water draws

* For a fixed pattern, higher COP are attained during the morning
heating up cycle
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