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ABSTRACT

The 21% century is facing huge problems of energy crisis. Due to this, there are advancements in almost every
field of engineering. One of that field which has great importance is Refrigeration and Air conditioning. A heat
pump is a device that provides heat energy from a source of heat or ‘heat sink’ to a destination. Heat pumps are
designed to move thermal energy opposite to the direction of spontaneous heat flow by absorbing heat from a
cold space and releasing it to a warmer one. This paper comprises of detailed case study about reversible heat
pumps and their different types along with applications. Geothermal heat pump is one of the recent innovations
that have been being researched on large scale in European countries. India is one of the largest market for heat
pumps. Taking this criterion into consideration, case study is explained along with results which shows how

efficient are the heat pumps.
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I. INTRODUCTION

A heat pump uses some amount of external power to accomplish the work of transferring energy from the heat
source to the heat sink.

While air conditioners and freezers are familiar examples of heat pumps, the term "heat pump" is more general
and applies to many HVAC (heating, ventilating, and air conditioning) devices used for space heating or space
cooling. When a heat pump is used for heating, it employs the same basic refrigeration-type cycle used by an air
conditioner or a refrigerator, but in the opposite direction - releasing heat into the conditioned space rather than
the surrounding environment. In this use, heat pumps generally draw heat from the cooler external air or from
the ground. In heating mode, heat pumps are three to four times more efficient in their use of electric power,
than are simple electrical resistance heaters.

Heat spontaneously flows from warmer places to colder spaces. A heat pump can absorb heat from a cold space
and release it to a warmer one. "Heat" is not conserved in this process, which requires some amount of external
high grade (low-entropy) energy, such as electricity.

Heat pumps are used to provide heating because less high-grade energy is required for their operation than
appears in the released heat. Most of the energy for heating comes from the external environment, and only a
fraction comes from electricity (or some other high-grade energy source required running a compressor). In
electrically powered heat pumps, the heat transferred can be three or four times larger than the electrical power

355 | Page




International Journal of Advance Research in Science and Engineering
Vol. No.4, Special Issue (01), Spetember 2015

o TJARSE
www.ljarse.com

consumed, giving the system a coefficient of performance (COP) of 3 or 4, as opposed to a COP of 1 for a
conventional electrical resistance heater, in which all heat is produced from input electrical energy.

Heat pumps use a refrigerant as an intermediate fluid to absorb heat where it vaporizes, in the evaporator, and
then to release heat where the refrigerant condenses, in the condenser. The refrigerant flows through insulated
pipes between the evaporator and the condenser, allowing for efficient thermal energy transfer at relatively long
distances.The main disadvantage is the higher initial capital cost, being about 33% more expensive than air
source units [8].Capacity controlled heat pumps are gaining increased market share and provide high flexibility
in operation. The possibility to use thermal storage to decouple thermalproduction and electric load from the
heat pump can be used for operation strategies, hereby increasing the possibility to integrateelectricity

production from renewable energy sources [1].
Il. REVERSIBLE HEAT PUMP

Reversible heat pumps work in either thermal direction to provide heating or cooling to the internal space. They
employ a reversing valve to reverse the flow of refrigerant from the compressor through the condenser and
evaporation coils.

In heating mode, the outdoor coil is an evaporator, while the indoor is a condenser. The refrigerant flowing from
the evaporator (outdoor coil) carries the thermal energy from outside air (or soil) indoors, after the fluid's
temperature has been augmented by compressing it. The indoor coil then transfers thermal energy (including
energy from the compression) to the indoor air, which is then moved around the inside of the building by an air
handler. Alternatively, thermal energy is transferred to water, which is then used to heat the building via
radiators or under floor heating. The heated water may also be used for domestic hot water consumption. The
refrigerant is then allowed to expand, cool, and absorb heat to reheat to the outdoor temperature in the outside
evaporator, and the cycle repeats. This is a standard refrigeration cycle, save that the "cold" side of the
refrigerator (the evaporator coil) is positioned so it is outdoors where the environment is colder. In cold weather,
the outdoor unit is intermittently defrosted by briefly switching to the cooling mode. This will cause the
auxiliary or Emergency heating elements (located in the air-handler) to be activated. At the same time, the frost
on the outdoor coil will quickly be melted due to the warm refrigerant. The condenser/evaporator fan will not
run during defrost mode.

In cooling mode the cycle is similar, but the outdoor coil is now the condenser and the indoor coil (which

reaches a lower temperature) is the evaporator. This is the familiar mode in which air conditioners operate.

2.1 Operating Principles
Mechanical heat pumps exploit the physical properties of a volatile evaporating and condensing fluid known as
a refrigerant. The heat pump compresses the refrigerant to make it hotter on the side to be warmed, and releases

the pressure at the side where heat is absorbed.

356 |Page

ISSN 2319 - 8354




International Journal of Advance Research in Science and Engineering
Vol. No.4, Special Issue (01), Spetember 2015

WW.iiarce e [JARSE
www.ijarse.com

ISSN 2319 - 8354

C 1 unit of electricity + 5 units of heat in the air = 6 units of thermal energy )

(an example of air conditioner for household use)

Temperature is raised by compression

of refrigerant by compressor
1 Electricity

Outdoor
b Compressor

Heat absorbed from the air b b
O

9

o) Indoor

Evaporator

Expansion value

(@)

O

Temperature is lowered by sudden pressure reduction

@)
@ Refrigerant (gas)

Refrigerant (liquid)
OHeat

Image 1: Heat pump cycle[9]
The working fluid, in its gaseous state, is pressurized and circulated through the system by a compressor. On the

discharge side of the compressor, now hot and highly pressurized vapor is cooled in a heat exchanger, called a
condenser, until it condenses into a high pressure, moderate temperature liquid. The condensed refrigerant then
passes through a pressure-lowering device also called a metering device. This may be an expansion valve,
capillary tube, or possibly a work-extracting device such as a turbine. The low pressure liquid refrigerant then
enters another heat exchanger, the evaporator, in which the fluid absorbs heat and boils. The refrigerant then
returns to the compressor and the cycle is repeated.

It is essential that the refrigerant reaches a sufficiently high temperature, when compressed, to release heat
through the "hot" heat exchanger (the condenser). Similarly, the fluid must reach a sufficiently low temperature
when allowed to expand, or else heat cannot flow from the ambient cold region into the fluid in the cold heat
exchanger (the evaporator). In particular, the pressure difference must be great enough for the fluid to condense
at the hot side and still evaporate in the lower pressure region at the cold side. The greater the temperature
difference, the greater the required pressure difference, and consequently the more energy needed to compress
the fluid. Thus, as with all heat pumps, the coefficient of performance (amount of thermal energy moved per
unit of input work required) decreases with increasing temperature difference.

Insulation is used to reduce the work and energy required to achieve a low enough temperature in the space to
be cooled.To operate in different temperature conditions, different refrigerants are available. Refrigerators, air

conditioners, and some heating systems are common applications that use this technology.
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Solar district heating (SDH) with seasonal thermal energy storage (STES) is a technology to provide heat for
space heating and domestic hot water preparation with a high fraction of renewable energy. In order to improve
the efficiency of such systems heat pumps can be integrated [15].

2.2 Efficiency

When comparing the performance of heat pumps, it is best to avoid the word "efficiency”, which has a very
specific thermodynamic definition. The term coefficient of performance (COP) is used to describe the ratio of
useful heat movement per work input. Most vapor-compression heat pumps use electrically powered motors for
their work input. However, in many vehicle applications, mechanical energy from an internal combustion engine
provides the needed work.

According to the US EPA, geothermal heat pumps can reduce energy consumption up to 44% compared with
air-source heat pumps and up to 72% compared with electric resistance heating. Heat pumps in general have a
COP of 4.2 to 4.6 which places it behind cogeneration with a COP of 9.

The COP for a heat pump in a heating or cooling application, with steady-state operation, is:
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Where,

* Qoo is the amount of heat extracted from a cold reservoir at temperature,
*  Qnot is the amount of heat delivered to a hot reservoir at temperature,
* Alis the compressor's dissipated work.

«  All temperatures are absolute temperatures usually measured in Kelvin or degrees Rankin.
I1l. APPLICATIONS

From application point of view, basic application of heat pump is space conditioning. It operates on basic
principle of refrigerating cycle.But now-a-days, the heat pump is extensively used for multiple purposes or to
serve multiple functions.Heat pumps are extensively used also for liquid conditioning. Application of heat
pumps in hotels, malls, theatres is growing in a country like India. Taking this growth into consideration, it is
needed to boost the research in this field. In India, tremendous amount of solar energy is available. The system
combination of solar thermal collectors and heat pumps is a very attractive option for increasing the renewable
energy usage at worldwide level for heating and domestic hot water preparation [11].

In hotels, malls, etc. water is needed for both hot and cold applications. This application can be commonly
implemented with the help of heat pump. The basic methodology is based on refrigeration and heating results
which will be calculated with the help of temperatures obtained by different thermometers. Using water as
secondary refrigerant, theory claims that efficiency increases by 30%. RefrigerantR-134a is used as refrigerant
which has lowest temperature of -27°C and highest temperature as +72°C. % horse power compressor will be
enough to complete refrigeration cycle efficiently.The above mentioned systems are currently being used at

various malls, multi starred hotels, restaurants like KFC’s and McDonald’s, etc.
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Philip D. Fairchild saw a bright future for heat pump applications way back in 1981. Looking ahead to the
residential and commercial space conditioning needs of the future, it is apparent that heat pumps will play an
important role in this energy use sector. This is emphasized by the remarkable growth in sales of electric air-to

air heat pumps during the past few years and the extensive heat pump research and development activities [2].
Absorption, adsorption, desiccant systems, ejector-compressor systems are being developed for coupling with
thermal heat sources, such as waste heat in cogeneration systems as well as renewable energy sources such as
solar, geothermal and biomass. The search for new systems is directed to higher efficiency systems such as
double effect or even triple effect systems and in the other hand the use of single stage systems that can operate

at even lower firing temperatures than systems available ten years ago [5].

World Heat Pump Market 2011 - 2013

Percentage

2011 2012 2013

Years

M Europe mUSA ASIA

Source: BSRIA

Graph 1: World Heat Pump Market Percent Sales [14]

Hydro-fluorocarbon (HFC) working fluids have been mainly chosen to replace chlorofluorocarbons (CFCs) in
refrigeration and air conditioning due to high merits in safety, performance, and no effect on ozone depletion.
HFC compounds generally have lower global warming potential values than CFCs, but these values are higher
than for fluids such as ammonia, hydrocarbons, and carbon dioxide. To minimize the impact of HFCs on climate
change, it is important for industry to continue improving stewardship-in use practices. This includes selection
of HFCs for applications with high societal value, and cradle-to grave management of emissions during HFC
production, transportation, use, equipment servicing, and final recovery. Refrigeration and air conditioning
equipment is being designed and operated for reduced HFC emissions, and with improved energy efficiency for
reduced carbon dioxide emissions [4].

The graph describes the growth of heat pump applications in Asia, as the population rise in this part of the world
is huge. There is tremendous amount of need for space conditioning systems in distant future. The success rate
of heat pumps has grown as the efficiency and reliability of these systems have shown improvements and

hazardous gases are also eliminated from use [6].
IV. CASE STUDY

For case study, we chose an application which was useful for maintaining relative humidity along with
maintaining temperature. This application was used in food industries, especially for products which are needed

all throughout the year. For example, fruits like banana, vegetables like coriander, capsicum, and mushroom are
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needed throughout the year. These products need to be taken care of at the time when they cannot be cultivated.
In order to do so, heat pumps can play an important role.
The case study results are as discussed below. The device is basically a heat pump, which gives good results for
both cold and hot side. A cavity was prepared for storage of product which is an insulated chamber to avoid heat
dissipation. The temperature maintained here is below zero degree Celsius. Another cavity which is basically a
water tank, was given feed of copper pipes which carried hot refrigerant. The temperature achieved here was
about 70-80 degree Celsius.
The conventional methods which are currently used for ripening the bananas have drawbacks like weight loss
after processing, time consumption, etc. This drawbacks are not seen in this particular model. Also, it is
applicable for Mushrooms, Capsicums and Coriander. Coriander is needed all throughout the year and its cost
reaches peak when there is no production. Hence, this application will help in storage of such vegetables which
will allow farmer to earn well and take some other crops at no production period.
Specifications of heat pump:

Compressor: Tecumseh-AWX 2450ZGE - 2 HP

Refrigerant: R-404a

Hot water tank: 25 liters

1.

2.

3.

4. Cold storage capacity: 1200 liters with puff insulation
5. Control panel — RH indicator and Temperature indicator
6.

Standard Voltmeter and Ammeter

Sr. Time | Compressor Fan Temperature | Temperature | Voltage Relative
No. | (hours) ON/OFF ON/OFF Hot - (volts) humidity

1. 0 OFF OFF 26 18 230 -

2. Yy ON ON 38 13 230 89

3. Yo ON ON 46 -4 230 88

4, 1% ON ON 54 -9 230 81

5. 2 ON ON 57 -17 230 76

6. 3 ON ON 58 -20 230 75

7. 3% ON ON 59 -21 230 73

Table 1: Results of the Heat Pump used for Case Study
The results in above table show that there is considerable difference between cold and hot temperatures in
country like India. Use of different refrigerants and compressor units can improve the results according to
requirement. Relative humidity is maintained, hence vegetables and fruits can be stored and allowed for ripening

under observations. This results show that heat pumps have great application in agricultural production.
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The electricity consumption is also considerably less as compared to conventional methods of space
conditioning. Heat pumps for domestic heating and hot water supply are currently a niche technology in many
European countries, but they are increasingly expected to form an important role in a low carbon future. This is
largely because a future of rapidly decarbonized electricity supply is imagined, in which using electricity via

heat pumps is one of the lowest carbon heating options [3].

Image 2-3: Actual working model of heat pump

Images shown above show actual model on which case study was carried out. Cold storage space is basically
insulated freezer designed to avoid heat dissipation to high extent. It has two doors of size 2°2”*2°2” on the
upper side. This prototype is specially made for maintaining relative humidity which is needed for storage of
Mushrooms.The results obtained are good enough for healthy storage of fruits and vegetables. Thus, use heat

pumps in Indian subcontinent is favourable and profitable when used for commercial and mass applications.
V. CONCLUSIONS

1. Even though improvements in efficiency and reduction in costs would make heat pumps a more
attractive option, these are unlikely to be sufficient factors to drive a transition towards heat pumps in
the mainstream.

2. Heat Pumps are currently the most cost-effective form of heating using electricity and most good quality
systems achieve average COP (Coefficient of Performance) figures of four or more. This means that to
achieve four kilowatts of heating or cooling power, they use an average of less than one kilowatt of
electricity.

3. A conventional heating system such as an electric fire or gas boiler has a COP of less than one. This
means that it burns more than one kilowatt of power to produce a kilowatt of heating power. The higher
the COP the cheaper a heating appliance is to run. In comparison to other forms of heating, Heat Pumps
offer the most energy efficient heating with between 300% to 400% efficiency.

4. In the more distant future, after 2030, in theory heat pumps will become a very attractive low carbon
option due to the availability of low carbon electricity throughout the world.

5. India, which is already a huge market for heat pumps, need a boost in order to increase and develop the
applications heat pump in refrigeration and air conditioning industry. Application of heat pump along

with solar power can be a great energy option for country like India.

361 |Page




International Journal of Advance Research in Science and Engineering
Vol. No.4, Special Issue (01), Spetember 2015

o TJARSE
\\\\\\.l\ldl‘SC.LOIH

ISSN 2319 - 8354

REFERENCES

[1]. “Investigation of Thermal Storage Operation Strategies with HeatPumps in German Multi Family
Houses”, Renewable Energy Research Conference, RERC 2014, D. Fischera, T. Rivera Torala, K. B.
Lindberga, B. Wille-Haussmanna, H. MadanibFraunhofer, Institute for Solar Energy Systems, Dept. of
Smart Grids, Freiburg, GermanyKTH Royal Institute of Technology, Stockholm, SwedenNorwegian
University of Science and Technology (NTNU), Trondheim, NorwayNorwegian Water Resources and
Energy Directorate (NVE), Oslo, Norway.

[2]. “A survey of advanced heat pump developments for space conditioning”, Phillip D. Fairchild, Energy
division, Oak Ridge National Laboratory, Oak Ridge, Tennessee, 37830, Eighth Energy Technology
Conference and Exhibition, Washington, D.C., March 9-11, 1981.

[3]. “The future role of heat pumps in the domestic sector”, Tina Fawcett, Environmental Change Institute,
University of Oxford, South Parks Road, Oxford, OX1 3QY UK.

[4]. ‘“Refrigeration and Air Conditioning with Reduced Environmental Impact”, D. B. Bivens, DuPont
Fluoroproducts.

[5]. “Recent developments in thermal driven cooling and refrigeration systems”, Roberto Best, Centro de
Investigacién en Energia Universidad NacionalAuténoma de Meéxico, PrivadaXochicalco s/n 6258
Temixco, Mor. Mexico.

[6]. “Electrically driven heat pumps”, Article, FIZ Karlsruhe, Leibniz institute, Germany.

[7]. “Heat pumps sources including groundwater, soil, outside and inside air”, Green Electricity and Global
Warming - Page 85.

[8]. “Geothermal heat pumps-Trends and comparisons”, John W. Lund Geo-Heat C enter, GB.

[9]. “Renewable Energy — AkshayUrja”, December 2013, Vol. 7, Issue 2 & 3.

[10]. “Air-source heat pumps”, Article, National Renewable Energy Laboratory, June 2011.

[11]. “Simulations of combined solar thermal and heat pump systems fordomestic hot water and space heating”,
SHC 2013, International Conference on Solar Heating and Cooling for Buildings and IndustrySeptember
23-25, 2013, Freiburg, Germany, Daniel Carbonell, Michel Y. Haller, Daniel Philippen and Elimar Frank
SPF Institutfur Solar technik, Hochschulefiir Technik (HSR), CH-8640 Rapperswil, Switzerland.

[12]. “Low-Load Space-Conditioning Needs Assessment”, The National Renewable Energy Laboratory, U.S.
Department of Energy’s Building America Program, Office of Energy Efficiency and Renewable Energy
15013 Denver West Parkway Golden, CO 80401 NREL. Contract No. DE-AC36-
08G028308,SrikanthPuttagunta, Steven Winter Associates, Inc. May 2015.

[13]. “System Optimization of Residential Ventilation, Space Conditioning and Thermal Distribution”, Proctor
Engineering Group, Ltd. San Rafael, CA 94901(415) 451-2480, Air-Conditioning and Refrigeration
Technology Institute.

[14]. “Does the Heat Pump market still have energy?” World heat pump market review form BSRIA, Balinder
Kaur, 27/12.

[15]. “Energy Efficient Integration of Heat Pumps into Solar DistrictHeating Systems with Seasonal Thermal
Energy Storage”, 2013 ISES Solar World Congress, Roman Marx, Dan Bauer, HaraldDrueck, University

362 |Page



https://books.google.co.in/books?id=LpStalb-tF4C&pg=PA85&lpg=PA85&dq=Heat+pumps+sources+including+groundwater,+soil,+outside+and+inside+air%22&source=bl&ots=b6XacgLRIz&sig=D251mxHRzWSKGKVFoLE1iywvB9s&hl=en&sa=X&ved=0CCgQ6AEwAmoVChMI6YSZqI6UxwIVC8SOCh244wJn
https://books.google.co.in/books?id=LpStalb-tF4C&pg=PA85&lpg=PA85&dq=Heat+pumps+sources+including+groundwater,+soil,+outside+and+inside+air%22&source=bl&ots=b6XacgLRIz&sig=D251mxHRzWSKGKVFoLE1iywvB9s&hl=en&sa=X&ved=0CCgQ6AEwAmoVChMI6YSZqI6UxwIVC8SOCh244wJn

International Journal of Advance Research in Science and Engineering
Vol. No.4, Special Issue (01), Spetember 2015

WW.iiarse.c IJARSE
www.ijarse.com

ISSN 2319 - 8354

of Stuttgart, Institute of Thermodynamics and Thermal Engineering (ITW), Research and Testing Centre
for ThermalSolar Systems (TZS), Pfaffenwaldring 6, 70550 Stuttgart, Germany.

363 |Page




