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ABSTRA CT - oo s
When outdoor coil of heat pump is subjected to low ambient temperature and high relative humidity, surface
temperature of outdoor coil falls below dew point temperature and freezing temperature then frost starts
accumulating on the outdoor coil surface. This accumulated frost reduces the heat transfer between coil and
surrounding hence degrades system performance, so this frost needs to be removed to avoid this. Currently
many methods are available for defrosting and lot of literature is available for each method. In this work
detailed literature survey for various methods is carried out. Drawbacks of each method and modification to be
done is also discussed here and finally most suitable method of defrosting for air source water heat pump is
suggested.
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I. INTRODUCTION
Heat pump is a device which is used to transfer heat from source to the sink. This heat pump works on
vapor compression cycle. In this refrigerant is used as a heat transfer medium. There are mainly two uses of heat
pump heating and cooling. In heating operation evaporator takes heat from surrounding medium and condenser
transfers this heat to the conditioned room. In cooling operation evaporator removes heat from conditioned room
and condenser transfers it to the surrounding.

Depend on heating source there are various types of heat pump. A heat pump which takes heat from
surrounding air is known as air source heat pump. When this taken heat is used for water heating purpose then it
is known as Air Source Water Heat Pump. As in today’s world, energy economics as well as environmental
impact of any system is main concern. Because of this heat pump technology is rapidly growing as it is cost
effective as well as non-harmful for environment [1] When ambient temperature falls below the dew point
temperature of moisture, it starts condensing on the evaporator coil surface. When relative humidity of
surrounding is higher the condensing rate of moisture is also higher. When ambient falls further below liquidous
temperature of water, this condensed water starts freezing on it. This forms frost layer n coil surface. [2] This
frost layer acts as a barrier for heat transfer and also blocks the air flow through evaporator coil hence reduces
heat transfer from surrounding to evaporator hence this need to be removed for efficient working. [3] Below
Figure 1. (a) & (b) shows coil before frosting and coil after frosting.

(a) (b)

Figure 1: (a) coil before frosting (b) coil after frosting

I1. DISCUSSION
Literature review
There are lot of research is done in this area, here | am giving detailed literature review for each of the
mentioned method of defrosting process. In this section, review on various defrosting methods are given
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1. Compressor shutdown method

In this defrosting compressor is turned off for defrostation purpose. By using atmospheric heat frost is
melted. [4] conducted an experiment in which they studied defrosting by utilizing outdoor heat for frost free
domestic refrigerator. They called this method as “Defrosting system using outdoor heat air” (DSUOA). They
found that for same defrosting time, there is need of high fan power in spring season as compared to summer
season. When surrounding air temperature is less than 6°C, fan power required is 79.8W for defrosting. For the
same defrosting time when air temperature is more than 22°C the smallest fan power 16.1W can be selected.
They found that compared to electric defrosting, power consumption for defrosting is almost 77.6-98.2% less
for same surrounding conditions. Hence it is clear that compressor shutdown defrosting method is totally depend
on surrounding conditions. If surrounding is at lower temperature near to zero then this method is ineffective.
For more effective defrostation by this method can be achieved by pre-starting evaporator fan and this was
studied by [5]

2. Electric defrosting method

In an electric defrosting, electric heater inserted in an evaporator coil as seen in Figure 2. This
defrosting is needed electric heater, this heater energized automatically by using sensors or manually. This
heater gives it heat to the frosted coil and coil gets defrosted.[6] perform an experiment on defrosting of cold
storage using electric heater and air bypass circulation. In most of the cold storage plants, electric defrosting is
commonly used. Found that this method has very low defrosting efficiency. During defrosting operation high
temperature variation was detected in cold storage this may affects products life stored in it as well as cabinet
life. [7] studied this method for domestic frost-free refrigerator for improving its performance. In this work they
install an additional heater of 60W in the middle height of the evaporator coil along with bottom mounted calord
heater. By this move they found that there is reduction in defrosting time by 4.5 min. Also, they install cover on
fan, this cover activated during defrost cycle hence stops entry of hot air in the freezing cabinet (FC). This
causes reduction in rise FC temperature by 2.7°C. From this work they found that there is 1.2% of reduction in
total energy consumption of system. Similar study was carried out by [8] and reported that the temperature
achieved by radiant heater is too higher for defrostation. This increases cabinet temperature and found this
method as least efficient. From total energy, around 20% of energy is used in defrosting process [9]. In below
figure we can see the heaters mounted on the evaporator coil for defrosting. [10] conducted an experiment with
different types of heaters and found that all are having same defrosting efficiency.
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Figure 2: Schematic of electric defrosting method

3. Hot water spray defrosting

In hot water spray defrosting method latent heat of hot water is used for defrosting of coil. Hot water is
sprayed on the frosted surface. For this we need extra storage for water and heating system to heat the water. For
spraying also need some mechanism so this system increases overall cost of system. [12] found that thickness of
frost layer on surface increases with time linearly. In water scarcity area this method cannot be used. Fig. 3.
shows the schematic of hot water spray defrosting system. Nozzle are mounted on the top of the outdoor coil for
spraying of water.
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Figure 3: Schematic of hot water spray defrost method

4. Air jet defrosting

Air jet defrosting uses high pressure jet of air to remove frost from surface of coil by the erosion action.
This high-pressure jet is directed to the evaporator coil of which frost is to be removed, this jet breaks the frost
and removed it from surface. [12] worked on new defrosting method called jet impingement for defrosting of
precooled turbojet engines. 10-50s of time interval was kept between two successive impingements, this jet last
about only 0.1s. they found that at low coolant temperature of 83K and at low air flow speed (around 1.0m/s)
system shows effective defrosting result for air jet defrosting. But when speed increases (3.0 m/s), defrosting
performance gets degraded. When there no air jet defrosting, flow path gets blocked in just 250s by frost, but
when air jet defrosting used time span for blocking of path was increases by doubles.

Similarly, in case of coolant temperature, if it is high, defrosting performance gets reduced and at 83K
it shows best defrosting performance. [13] studied an air-particle jet method for heat exchanger defrosting. In
this they used solid particles with Imm & 2mm diameter. They impinged air-particle jet on evaporator at the
interval of 50 to 300s. The air jet is having 20°C temperature, 50% Relative Humidity (RH) and 3 m/s velocity.
When air jet interval shortens, there is increase in total heat transfer. Their experiment shows that there is not
much effect on defrosting performance by varying total number of particles.

5. Ultrasonic defrosting

This defrosting method uses ultrasonic vibrations to remove the frost from evaporator coil surface. [14]
performed an ultrasonic defrosting experiment by spraying Ag,O particles on rectangular and gives vibration to
plate. Found that vibrations of an amplitude of 3.1 micron reduced the frost by 60%. They concluded that, frost
accumulation can be suppressed by giving high ultrasonic vibrations to plate. [15] studied the effect on frost
formation when rectangular plate was subjected to ultrasonic vibrations, for this study they used ultrasound of
20kHz sound frequency.
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Figure 4: Variation of frost thickness with and without effect of ultrasound

They found that when system without ultrasonic vibration, frost covered almost 65% area of coil and with
ultrasonic vibrations, it was around 52% for the same operating conditions. There is almost 75% of reduction in
the frost layer thickness rate. Above Fig. 4. shows the variation of frost thickness with and without ultrasound.
When system works without ultrasonic vibration, fin spacing was completely blocked by frost in 32 min but
when used ultrasonic vibrations up to 92 min, 2/3™ of the fin spacing was blocked by frost, this shows that
ultrasonic vibrations reduces the frost growth. [16] Fig. 5. shows the growth of frost with and without ultrasound
varying with respect to time.
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Figure 5: Frost growth [14]

6. Reverse cycle defrosting

In this method reverse valve is installed in a system which reverses the flow of refrigerant i.e. heating
system is converted into cooling so indoor coil will now acts as an evaporator and outdoor coil becomes
condenser. Heat for defrost is taken from two sources: heat generated by compression in compressor and heat
removed from indoor area. While defrosting heating operation stops so this defrosting method is not feasible in
applications where constant temperature conditions are required. During defrosting cycle high pressure
fluctuations can be seen in system [17]. Below Fig. 6. shows schematic diagram of reverse cycle defrosting in
which four-way valve is shows. This valve operates and reverses the flow of refrigerant. [18] conducted an
experiment of defrosting ASHP using this method and found that around 60% of supplied energy is utilized in
defrosting process.
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Figure 6: Schematic of RCD cycle

[19] performed an experiment to determine the transient response of the ASHP during RCD. The
outdoor conditions for test are 35°F DBT and 30°F DPT. In this work they recorded frosting time 45 minute and
defrosting last about 8.06 min. When defrost started suction pressure of compressor was increased from 30 Psia
to 70 Psia and discharge pressure increased up to 130 Psia. The system’s integrated COP was around 2.26. In
below Fig. 7. we can see variation of suction and discharge pressure of compressor for total heating and defrost
cycle. [20]used 3 circuit coil horizontal evaporator to avoid early frost formation by removing water retained in
previous defrosting cycle effectively by using gravity action. They found that defrosting duration was
significantly reduced.
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Figure 7: Pressure variation in RCD cycle [20]
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7. Hot gas bypass defrosting

Hot gas bypass is the defrosting process in which hot gas from compressor discharge is bypassed into
the evaporator inlet. The heat carried by this hot gas is utilized in melting of frost. This is continuous heating
method because heating is continued while defrosting also, so this method of defrosting is used in many
applications in which continuous heating is required without interruption. [21] found that when bypassed
refrigerant mass flow rate increased, then there is a decrease in defrosting time as well as decrease in total
energy transfer was observed. [22] designed a low-pressure bypass defrosting found that heating capacity of
system increased by 17% as compared to RCD. When system runs for 4h with two defrost operations, the
overall efficiency was found to be 8% higher that RCD cycle. Below Fig. 8. shows the schematic diagram of
HGBD method for ASWHP. In this system we need solenoid valve for starting and stopping the defrost
operation by opening and closing of bypass line. [23] conducted an experiment on ASHP with CO, as a
refrigerant for HGBD method. The testing conditions are 2°C DBT and 80% RH. They found that at the start of
defrosting cycle compressor discharge temperature drops from 105°C to 81°C sharply. Normal operating
pressure of the system is 9.8 Mpa and when defrosting is started the pressure decreased slightly to 7.25 Mpa.
When defrost ends this pressure rises gradually up to 8.72 Mpa. The found that efficiency if HGBD methods is
in the range of 30-40%. Power consumption of compressor drops at the start of defrosting due to decrease in the
compression ratio. [24]. Found that from total supply of defrosting heat, 75% to 85% heat goes to the surround
as a waste heat.
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Figure 8: Schematic of HGBD method

Alternative method for HGBD is invented in which compressor discharge is given at inlet and outlet of
the evaporator coil to avoid reduction in the discharge temperature of the compressor.

Discharge pressure variation is in the range of 1100 kPa and in suction side it was around 200 kPa.
Defrosting time for HGBD method was almost two time the defrosting time of RCD cycle. [17]

I11. CONCLUSION

Frost on the evaporator side significantly reduces systems performance. To remove this frost various
methods are used and some of them are reviewed here. By studying those methods, conclusion has been
drowned from it. When Compressor shutdown defrosting method is applied then for that defrosting period
system stops its working and that is not desirable. Electric defrost method uses external energy for defrosting
but electric heater will have maximum COP of 1 which is less than that of heat pump, so it will increase overall
operating cost of a heat pump. In Reverse cycle defrosting method, refrigerant reverses the direction of flow
hence condenser coil acts like evaporator and evaporator coil will acts like condenser in defrosting cycle. During
this there is high pressure fluctuations detected in the system. Those pressure fluctuations are not desirable for
system and may result in failure of system components. In hot water spraying defrost method there is chances of
entry of water in critical parts of the system. This may damage the system in the form of corrosion or electric
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short-circuit. In air jet defrosting we need high pressure of air jet. For this we need device which will provide
that, hence system will become bulky and set cost as well as operating cost will increase, also this method is
prone to vibrations hence whole system should mount on vibration damping platform. Hot gas bypass method is
continuous heating cycle also less pressure fluctuations can be seen during defrosting cycle so this defrosting
method is most suitable for defrostation of an air source water heat pump.
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