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ABSTRACT

In this research a method was devised in order to estimate the maximum possible COP1lp for
a heat pump water heater by employing a number of serial reversible Carnot heat pumps.
Each increases the water side temperature only by 1°C which is negligible.

Also COP11p for both the reversed Carnot cycle operated as a heat pump and that of the ideal
vapor compression refrigeration cycle were determined by using the parameters i.e. the
condensation and evaporation temperatures, and the parameters were used in the region of
interest (North Cyprus). The values are calculated and represented graphically and as well
compared. For a heat pump water heater which is available in North Cyrus market (Aldea
AL- IPB 190).SCOP is obtained theoretically for local usage conditions.

For five months period i.e. from November 2006 - March 2007 the calculations based on
this five months were used for the comparism with another different heating system other
than solar water heaters i.e. the electric water heaters.

Furthermore, in this study the metrological data for Nicosia from November 2006 - March
2007 were obtained from the North Cyrus metrological laboratory. For three different
working mode of the unit, the water is to be heated for the range of temperature
(15°C - 45°C), (15°C - 55°C) and (15°C - 60°C). Daily COP values were obtained for
daily minimum surrounding temperatures, circadian average and daily maximum
surrounding temperatures, and were obtained by using the COP surrounding temperature
graph given by the user's manual of the unit, and SCOP was defined based on the values of
the five months Period with COP values.

Finally, for heating the water, electric consumption cost is compared by using the electric
heater and the Aldea heat pump cases only by considering criteria and payback period was

obtained for the heat pump unit.

Keywords: Heat pump water heater; heat pump; reversed Carnot cycle; COP; SCOP




OZET

Bu calismada bir 1s1 pompasi .su isiticisina yonelik en yuksek performans katsayinin
belirlenmesi igin bir hesplama yontemi Onerilmistir. Bu yontem her biri su tarafinda sadece
1°C'lik ihmaledilebilir bir sicaklik farki yaratan, seri olarak ¢alisan bir dizi tersinir Carnot
ISI pompasini icermektedir.

Ayrica, 1s1 pompas! seklinde kullanilan ters Carnot ve ideal Buhar Sikistirmali Sogutma
Cerimlerine ait COPhp degerleri, ilgi calisma aralijinda cevrimlerdeki sabit yogusma ve
buharlasma sicakliklari parametre olarak kullanilarak hesaplanip, grafiksel olarak verilmis
vé karsilastiriimistir.

Kuzey Kibris piyasasinda mevcut bir 1s1 pompasi su isitici i¢in (Aldea AL- IPB 190) lokal
kullanim kosullarindaki Sezonluk Performans Katsayisi SCOP, teorik olarak elde edilmistir.
Hesplama, sicak kullanim suyu elde etmek icin gunes enerjisi disinda bir baska isitma
sistemininyaygin olarak kullanilchgi Kasim - Mart aylari arasindaki bes aylik bir periyodu
baz almaktadir. Calismada Lefkosa icin Kuzey Kibris Turk Cumhuriyeti Meteoroloji
Dairesinden temin edilmis Kasim 2006 - Mart 2007 donemine ait meteorolojik veriler
kullanilmistir. Uriine ait t¢ farkli calisma sekli icin (suyun 15°C'den 45°C'ye isitilmasi,
suyun 15°C'den 55°C'ye isitilmasi, suyun 15°C'den 60°C'ye isitilmasi) gunluk en disuk,
gunlik ortalama ve gunlik en yiksek dis ortam sicakliklarinda Grinin kullanma
kilavuzunda belirtilen Performans Katsayisi - Dis Ortam Sicakhgi grafigi kullanilarak
gunlik Performans Katsayilari belirlenmis ve bunlarin bes aylik periyottaki ortalama
degerleriyle Sezonluk Performans Katsayislari elde edilmistir.

Son olarak suyun elektrikli isitici ve Aldea 1si pompasi kullanilarak isitilmasi durumlarindaki
elektrik tuketim maliyetleri karsilastirilmis ve sadece bu kriter g6z 6nuine alinarak urtin igin

bir geri 6deme suresi elde edilmistir.

Anahtar kelimeler: Isi pompasi su isitiasi; Ters Carnot ¢cevirmi; Isi pompasi; COP; SCOP
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~ INTRODUCTION

1.1 Introduction L

Hot water supply in resrflj‘muar'%‘f;h:ﬁ.wfmgfc,~is for both public and commercial purposes
among the largest EAnBAkrgy’endf useé that accounts for approximately 19-50% of the sum total
of the energy msmmpﬁmrqu "%w iea Worldwide, for which there is a significant ability
for energy savings_(Abél ét ,al., 2015). Most of the residential water heaters (WHS) in use
today are equipped with co‘nventiona‘l heaters that generate heat in exchange by consuming
fuels or electricity. For example, the installation and operation of electric water heaters
seem convenient, bUt the overall efficiency of the conversion process i.e. from the potential
energy of fossils fuels into electric energy, then to thermal energy is absolutely low,
Compared to those WHSs, Heat pump (HP) water heating system can supply much more

heat with just the same electric input used for conventional heaters (Arif and Yildiz, 2009).

1.2 Water Heaters

Water heaters are efficient way.in which water is been heated and supplied to homes and
other places for various uses, depending on the consumer choice and demand. The nature
of the environment, the amount of hot water needed to be supplied i.e. either it is for small
number of family or a larger fa\mily helps the consumers select the most appropriate type
of water heater that will be economically wise for their consumption.

1.3 Types of Water Heaters
Water heaters are of different types among which includes conventional storage water

heaters, solar water heaters, and Heat pump water heaters.

1.3.1 Conventional storage water heaters

Conventional storage water heaters are the most commonly and popularly type of water
heater systems used in homes and buildings, the sources of energy for this type of water
heaters includes natural gas, propane, fuel oil and electricity.

They consist of the cold water inlet and a tap for the hot water from the top of it.




It operates by releasing hot waterfromthe top simply by putting the hot water tap on, and
to replace back the hot water that has been used, cold water enters the bottom of the tank
which get heated by the gas burner'at the bottom of the tank. As shown in the Figure 1.1a

below.

Figure 1.1a: Conventional Storage Water Heater

Gas valves are open by the thermostat as the water temperature falls, and closes when the
temperature of the water rises and insulation is made to prevent or minimize heat loss from

the water heater to the surrounding.

1.3.2 Solar water heaters

This are also called solar domestic hot water systems, they can be a cost-effective means of
generating hot water in homes, also can be used in almost all the climates, and they used
direct sun shine as their source of energy through the flat plate collector to heat water.
They are mainly of two types i.e. the active solar water heating systems and the passive

solar water heating systems.




For active direct circulation syst ump is used to circulate water through the collectors
and then into the home. Hence th Wor;k{kﬂ‘bv,etter in climates that rarely freezes. On the other
hand for the active indirec ing systems a pump circulate a non-freezing heat-
transfer fluid through thcyé’oﬂ' tors. and then to the heat exchanger as demonstrated in

Figure 1.1b below.

Figure 1.Ib: Active solar water heating system

This heats the water and then move it to the home. They work well in climate that is prone
to freezing temperatures.

The passive solar water heating system requires no pump, rather water is moved by natural
convection from solar collector to the storage tank as the water is getting heated.

They are basically less expensive than the active systems, but usually not efficient as the

active types. However they are considered to be reliable and may also last longer.




Figure 1.2: Passive solar water heating system

1.4 Heat Pump Water Heaters

Heat pump water heaters use electricity to move heat from one place to another instead of
generating heat directly. Therefore, they can be three times more energy efficient than the
conventional electric resistance water heaters. As an example the unit COP under
consideration in this study is declared as 3.6. In order to move the heat, heat pump work

like a refrigerator in reverse.

air source heat pump water heater pulls heat from the surrounding air and dumps it at a
higher temperature into a tank to heat water. Therefore the aim of the heat pumps here is to
heat water. They are available for purchase either as an integrated unit with a built in water
storage tank or as a separate unit i.e. the heat pump and the tank are separated. (EEFS,

2008).

1.4.1 Benefits of heat pump water heaters
Heat pump water heaters serves as an alternative way of providing hot water, the heat
pump when in use, continuously exhausts cool air as a result of the heat they extract from

the ambient air.




Also HPWH units are purposely designed and manufactured for low power consumption
when compared to electric resistance water heaters. As such they provide the potential for
a highly reduced electrical demand costs'especially in areas where the site demand for hot

water is high but with insufficient electricity supply (Ted et al., 1995).

1.4.2 Disadvantages of heat pump water heaters

The I"ilajOI’ disadvantage of this type of water heaters is lower COP when the' ambient
temperature is very low, high initial cost, i.e. the cost of purchase as well as the installation
cost is also a huge problem with this systems. Also technical difficulties in installing these
units of heat pumps is another major problem i.e. (poor installation) will result in a high
running cost of the unit.

Another disadvantage of heat pump water heaters is that they are scarce, that is they are not

sufficiently available in the markets.

1.5 Coefficient of Performance of a Heat Pump (COPhp)

The coefficient of performance is a measure of the amount of power input to a system
compared to the amount of power output by the system.

Also defined as the energy produced by the heat pump (in watts) divided by the energy
consumed by the heat pump (in watts) therefore it gives the electricity consumption needed

to meet heating demand at a given temperature (USDE, 1995).

1.5.1 Seasonal coefficient of performance (SCOP)

Seasonal Coefficient of Performance (SCOP) describes the heat pump's average annual
efficiency performance, as such SCOP is therefore an expression for how good and
efficient a specific heat pump will be for a given heating demand. Hence knowing the
SCOP will help the consumer in purchasing the proper unit of heat pump to consider

(USDE, 1995).

1.6 Aim of the Research
The aim of this research is to estimate theoretically the seasonal coefficient of performance
(SCOP) of a heat pump water heater in north Cyprus. Also to estimate the benefits and the

payback period for heat pump used in heating water.



CHAPTER2
SURVEY

2.1 Literature Survey

Heat pump systems offer the economical alternative of providing heat from different
sources for use in various industrial, commercial and residential application. As the cost of
energy continues to rise, it becomes imperative to save energy and improve overall energy
efficiency. In this view, the heat pump becomes a key component in an energy utilization
system with great potential for energy saving. Improving heat pump performance,
reliability, and its environmental impact has seen an ongoing concern.

Recent progress in heat pump systems have centered upon advanced cycle designs for both
heating and cooling systems, improved cycle component including the choice of the
working fluid. For a heat pump to be a better economical proposal, continuous efforts need
to be devoted in other to prolong its performance and durability while discovering novel
applications. Some of the recent research findings and efforts have significantly improved
the efficiency of the heat pump (Abel et al., 2015).

Findings also indicate that the level of service and energy performance of an air source
heat pump water heaters (ASHPWH) are mostly influenced by their coefficient of
performance and site- specific electricity tariff respectively, Therefore there is need for a
careful consideration of ASHPWH technical specifications based on environmental
characteristics so as to support the development of energy efficiency for the heat pump
water heaters (Abel et al., 2015).

A study on the performance of a reversible Ground Source Heat Pump GSHP coupled to a
city water distribution system was carried out, and compared the experimental work with
simulation to a typical Air -Source Heat Pump ASHP. For space conditioning i.e. both
heating and cooling. GSHPs have displayed the ability of lowering high demands and the
total consumption of electricity. The use of this water distribution system as a heat source/
sink promote the annual advancement of 13% in capacities and an annual improvement of
14% in COPs respectively. Particularly at low ambient air temperatures, GSHPs have
essential heating capacity (24%) and improved efficiency of (20%) over the ASHPs. The
cycle layout is shown in Figure 2.1 (Swardt and Meyer, 2001).




~Super he;lter:
valur

‘ Evaporajor
Gromlanzay |

Smlurntmel

i=)our
Subeoaind __f ‘. M‘IIM\UMOA
el | T iguighn

YpiE

Enpirition denise

Figure 2.1: Cycle layout

The most basic and popularly type of HP for domestic use, are termed as "conventional”
HP, the air source system which extract heat from the air ( heat source) at a given point and
convey it to air (heat sink) at another location. While in the winter period, a heat pump
acquires heat from the outside air and transfer the heat to the required space or home via
the working fluid. When temperature of the outside surrounding drops below -3.88, -1.1°C,
the ASHP then uses electric resistance heat. During the summer period the HP reverses the
process by removing heat from the required space and transfer it to outside air (Hepbasli et
al., 2003).

A new - air conditioning product that could accomplish the multi - functions with
enhanced energy performance was brought into practice. According to the basic design
principles and laboratory test results. The results revealed that by incorporating a WH in
the outdoor unit of a split - type air conditioner, in order that space cooling and water
heating could take place at the same time, the energy performance could be raised
significantly. Two slightly different prototypes design were constructed for testing
performance. COP averaged, for space cooling and water heating, space heating only and
water heating only, was obtained as 4.02, 2.91, 2.72 and 2.00 respectively at 4.5 ambient
temperature (Ji et al., 2003).

Seasonal performance evaluation methods for WHs was surveyed, and the experimental
method for scaling ASHPWHSs was presented. It follows that the method of rating this
units was based on the performance measured during heating operation of a specific

products rather than a very comprehensive simulation model of HP performance.




The performance measured was used in a correlation model.of the HP unit in an annual
cycle system performance. The two tested ASHPWHs had a noticeable lower performance
than the normal solar WHs or solar - boosted HPWHSs. The ASHPWHs could be used in
places where solar WHs can not be applicable. The schematic diagrams are given in Figure

2.2 (Morrison et al., 2004).
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Figure 2.2: ASHPWH with wrap- around condenser coil and ASHPWH with external

condenser

A specific heat pump system that could work out the problem of low heating capacity at
low ambient temperature is described. This is one of the enormous difficulty in the ASHP
systems. In a sequence to reduce the collector area required during the daytime, the HP
system worked by the air - source, and at night or at a very low ambient temperature it

could be operated with hot water, which has been produced during the daytime by the

collector. The hot water supply system included a supplementary electric heater. The

experiment was carried out with a prefabricated test house, which was constructed with

double glazed windows with high thermal insulation. The outcome of this experiment
reveals that solar energy improved the total electric energy savings, also at low ambient
temperature increased the heating capacity and eliminated the requirement for reverse

cycle defrosting operation (Arif and Yildiz, 2009).




A simulation study on the performance operation of a new designed solar- air source heat
pump water heater (SAS- HPWH)was carried out, it follows that the SAS-HPWH operates
with a specially designed flat- .flate heat collector/evaporator with spiral- finned tubes in
order to acquire energy from both solar irradiation and ambient air for heating water.
According to the data used for this experiment, based on 150L water heating capacity.
Showed that SAS-HPWH could heat the water up to 55°C efficiently subject to different
weather conditions all year round. Figure 2.3 shows the schematic diagram for illustration

purposes (Guoying et al., 2006).
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Figure 2.3. Schematic diagram of the experimental set- up

2.1.1 A brief historical development of heat pumps

Heat pump used for heating water or space conditioning were initiated in the year 1948,
which is indeed a great achievement in the western hemisphere. The theoretical conception
of the HP was described in a neglected book, published in the year 1824. Written by young
French army officer, Sadi Carnot. Its practical application on a large scale is attributable to
some building engineers, and designers. A tremendous credit is usually given to Irish
scientist William Thomson (Lord Kelvin) for the concept of the heat pump even though he
did not have the resource to construct one. The first English inventor of this device T.G.N
Haldane was awarded in 1927 (Arif and Yildiz, 2009).

The first commercial Heat pump installation was in the United States in 1948, whereas in
early 1950s commercial distribution of heat pump units was initiated, suffered declines in
the 1960s due to a poor record of reliability, but rapid growth were registered in the 1970s,




when higher electricity costs made electric furnace less competitive and the improved
quality control increases the attractiveness of HPs.

Geothermal HPs world largest installation was recorded in 1996, at the United States
Army's fort Polk military base in Leesville, Louisiana. The installation of these units
replaced 3243 ASHPs and 760 central air conditioning and natural gas forced air furnace

system for up to 4003 housing units (Arif and Yildiz, 2009).

2.2 Market Survey

Heat pump market is anticipated to grow at an estimated growth of more than 7% from
2015 to 2022. The growth. is characterized based on the increased demand for renewable
energy sources along with a wider support from government in form. of like subsidies and
other monetary ' benefits.

Only few models -of heat pump water heater (HPWHSs) are presently available on the
market and are sold at high cost e.g. the Aldea heat pump model (AL-IPB 190) that cost up
to about $2000 due to the unavailability of the heat pump units, even more in countries like
United State and Japan._ that manufacture most of the world consumed units also experience
such a decline in their respective markets with just few models available. The market for
heat pump water heaters has been steadily declining since the 1980s (EEFS, 2008).
Furthermore, Heat pump water heaters are also available in the market from several U.S
manufacturers, including, Parker Davis, Nyle international, and Aqua products. Similarly
some models of heat pump water heaters from Japanese manufacturers also include
Toshiba, Hitachi, Sanyo Electric, Mitsubishi, Corona and Matsushita (EEFS, 2008).
Increasing awareness regarding greenhouse gas emission from conventional heating
activities is expected to lift the market of heat pumps over the forecasted period thereby
replacing the conventional heating appliances. Also with daily increasing energy demand,
depleting oil & gas resources, legislative support, and higher investments are the major
factors driving the product demand. But lack of awareness alongside with higher initial
investment costs are expected to restrain the market growth over this period. Technical
difficulties in installing these units in existing infrastructures is also a major restraint for
the overall growth. Lack of government support in some regions is also a key factor
restraining the demand of heat pumps (Arif and Yildiz, 2009).

10




CHAPTER3
THEORETICAL BACKGROUND

3.1 Refrigeration

Refrigeration is the process of moving heat from one place to another in a controlled
environment. It can also be defined as the transfer of heat from low temperature region to a
high temperature region. Hence the devices resulting in refrigeration are referred to as

refrigerator or heat pumps (Billy, 2002).

3.2 Refrigerators and Heat Pumps

It is known from experience heat flows in the direction of decreasing temperature, that is,
from higher temperature regions to that of the lower temperature regions. As it is stated by
the 2nd law of thermodynamics such heat transfer occurs naturally without requiring any
devices. But reversing the process however is not possible just like that, otherwise heat
transfer from low-temperature to high temperature regions requires a special devices called
refrigerators (Yunus and Michael, 1998).

Refrigerators are cyclic devices, and the working fluids used in refrigeration cycle are

known as refrigerants. A refrigerator is schematically shown in the Figure 3. 1.
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Figure 3.1: Refrigerator
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Here, QL is the magnitude of heat removed from the refrigerated space at temperature TL,
and QH is the magnitude of the rejected heat to the warm space at temperature TH, and
whretiin 1S the network input to the refrigerator (Yunus and Michael, 1998). Therefore, the
performance of refrigerators is expressed in terms of Coefficient of Performance (COP)
which is defined as

COP = Desiredoutput= Coolingeffect=~ . (3.1)
R Required input Work input Whnet,in '

This relation can also be in rate form by replacing Q1 by Qa1 and wnet,in by wn:t,in-

The conservation of energy or in other words the 1st law of thermodynamics for a cyclic

device requires that
Whetin = Qu — QL : (3.2)

Then the relation for the COP given in equation (3.1) can also be expressed as:

COPR = QR- 0l =““—‘_QH/ ) (3.3)

From equation 3.3 the value for COPR can be greater than unity. That is, the amount of the
heat removed from the refrigerated space can be greater than the amount of work input.

A heat pump is another device that transfers heat from low- temperature region to a high-
temperature medium. Hence heat pumps and refrigerators are essentially the same devices,
but only differs in their objectives. The objective of refrigerator is to maintain low
temperature at the refrigerated space by removing heat from it. But to discharge this heat to
a higher temperature medium is merely a necessary part of the operation, not the purpose.
The purpose of heat pump, however, is to keep up a heated space at a high temperature.
This is achieved by absorbing heat from low temperature source, such as the cold outside
air during winter, well water or any other source and supplying this heat to a warmer
medium such as hot storage tank or a house. Figure 3.2 shows a schematic representation
of heat pump (Yunus and Michael, 1998).
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Figure 3.2: Heat Pump

Similarly, the performance of heat pump is also expressed in terms of the Coefficient of

performance (COP) and is defined as

CoP = Desired output _ Heating effect  Qy 34
v Required input Work input  ~ Wierin (34)

This relation can also be written in rate form by replacing QH by{jH and wnet,inby wn~t,in

Equation 3.4 can also be expressed as

0 _ 1
-0 1_-%

Qu

COPHP =

(3.5)

3.3 Reversed Carnot Cycle

Carnot cycle is a completely reversible cycle consisting of two reversible isothermal
processes and two isentropic processes. For a given temperature limits it has the maximum
thermal efficiency, and serves a standard against which the actual cycles are compared.
Since the cycle is reversible, then all the four processes comprising the Carnot cycle can be
reversed. And reversing the cycle will definitely reverse the direction of heat and work
interactions. This result in a cycle that operate in a different direction, and is referred to as

13




reversed Carnot cycle, hence a refrigerator or heat pump operating on the reversed Carnot
cycle is termed as a Carnot refrigerator or a Carnot heat pump (Yunus and Michael, 1998).

Consider areversed Carnot cycle shown in the Figure 3.3.

Figure 3.3: Reversed Carnot cycle component and T-s Diagram

Heat is absorbed isothermally by the refrigerant from the low- temperature source at TI in
the amount of Qi (process 1-2), is compressed isentropically to state 3 in which
temperature rises to TH, (process 2 - 3), heat is rejected isothermally to high- temperature
sink at TH in an amount of QH (process 3 - 4), and is isentropically expanded to state 1

temperature dropsto Ti (process 4-1).

From Clausius theorem and inequality,

Ou _Tn (3.6)
Q T
Therefore, the Coefficient of performance of Carnot refrigerators and Carnot heat pumps

respectively can be defined as

1

o (3.7)
COPR,Carnot = THITI - 1
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1
COPHP,Carnot = T- TiTH™ (3.8)

Notice that the Coefficient of performance for both in equations 3.7 and 3.8 increases as
the difference between the two temperatures decreases, i.e. as TH falls or Ti rises.

The reversed Carnot cycle is considered the most efficient cycle that is operating between
two temperature levels. Hence it is in order to look it as an ideal cycle for refrigerators and
heat pumps even though it is known that the reversed Carnot cycle is not suitable model for
refrigeration cycles due to some difficulties stated in the next paragraph (Michael and
Howard, 1998).

It is not difficult to achieve the two isothermal heat transfer processes in practice since
maintaining a constant pressure automatically fixed the temperature of a two- phase
mixture at the saturation value. Therefore, processes 1-2 and 3-4 can be achieved closely in
evaporators and condensers. However, processes 2-3 and 4-1 cannot be closely
approximated in practice, because process 2-3 involves the compression of a mixture of
liquid -vapor which requires a different compressor that will handle two phases, which
sometimes even requires two compressors that will do the same job. And process 4-1 is the
expansion of high- moisture- content refrigerant.

It seems as if the reversed Carnot cycle is executed outside the saturation region will
eliminate these problems, but in such a case it will be difficult to achieve isothermal
conditions during the heat absorption and heat - rejection processes. Therefore due to this
problems it is concluded that the reversed Carnot cycle can not be approximated in actual
devices and is not at all a realistic model for refrigeration cycles. However the reversed
Carnot cycle can serve as a standard for which actual refrigeration cycles can be compared
(Yunus and Michael, 1998).

3.4 The Ideal Vapor - Compression Refrigeration Cycle

Vaporizing the refrigerant completely before it is compressed and additionally by replacing
the turbine with a throttling devices such as a capillary tube or an expansion valve is a
simple way in which many of the impracticalities associated with the reversed Carnot cycle
can be eliminated. The resulting cycle is called the ideal vapor compression refrigeration
cycle, it is shown schematically and on the T-s diagram in the Figure 3.4 (Yunus and
Michael, 1998).
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Figure 3.4: Schematic and T-s diagram for the ideal vapor-compression refrigeration cycle

The vapor- compression refrigeration cycle is considered to be the most frequently used
cycle for refrigerators, heat pumps and air- conditioning systems. This cycle consist of four
vital processes.

By writing the 1" law of thermodynamics for the related process the following can be

obtained.
Process 1 - 2 is the isentropic compression taking place at the compressor.

we=hy, — hy (3.9
Process 2 - 3 is the constant pressure heat rejection in a condenser.

qn = hy = hs (3.10)
Process 3 - 4 throttling in an expansion device.

hs = h, (3.11)
Process 4 - 1 is the constant pressure heat absorption in the evaporator.

qr=hy — hy (3.12)
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In an ideal vapor- compression refrigeration cycle, at state | the refrigerant enters as a
saturated vapor where it is isentropically compressed to the condenser pressure. During
this isentropic compression the temperature of the refrigerant increases well above the
surrounding temperature of the medium.

Next the refrigerant enters the condenser as a superheated vapor at state 2 and leaves the
condenser as saturated liquid at state 3 because of the heat rejected to the surrounding.

At state 3 the saturated liquid refrigerant undergo a throttling process where the refrigerant
is throttled to the evaporation pressure by passing the refrigerant through an expansion
valve. During this process the temperature of the refrigerant drops below that of the
refrigerated space.

At state 4 the refrigerant enters the evaporator as a low- quality saturated mixture, and
therefore evaporate completely by absorbing heat from the refrigerated space.

Finally the refrigerant leaves the evaporator as a saturated vapor and again enters the
compressor, completing the cycle. " "

In the Figure 3.4 the area under the process curve on the T-s diagram represent the heat
transfer for internally reversible processes. Process 4 - | represent the heat absorbed by the
refrigerant in the evaporator, while the process 2 - 3 under the curve represent the heat
rejected in the condenser (Yunus and Michael, 1998).

The P-h diagram is another way used in the analysis of vapor - compression refrigeration

cycle, as shown in Figure 3.5.

’.u.l

Figure 3.5: P- h diagram for an ideal vapor compression refrigeration cycle
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Three of the four processes in Figure 3.5 appears as straight lines, and the heat transfer in
the evaporator and the condenser is proportional to the length of the corresponding process
curves (Yunus and Michael, 1998).

Unlike the reversed Carnot cycle discussed earlier, the ideal vapor compression
refrigeration cycle is not an interhally reversible cycle as it involves an irreversible
throttling process. As such the throttling process is maintained in the cycle so as to make it
more realistic model for actual vapor- compression refrigeration cycle. But replacing this
process by an isentropic turbine then the refrigerant will enter the evaporator at state 4
instead of state 4. There by increasing the refrigerant capacity i.e. (area under process
curve 4 - 4 in Figure 3.4) and the network input would decrease (by the amount of work
output of the turbine).

Hence replacing the expansion valve by a turbine is not practically suitable even more it is

more expensive and complicated than the expansion valve.

The COPs of refrigerators and heat pumps operating on the vapor- compression

refrigeration cycle can be expressed as: (Yunus and Michael, 1998).

_ Q@ _ h-h4
COPR = = 3.13
Whet,in h2 - hi ( )
QH h2 - h3
= W = 3.14
COPHP = #; o (3.14)

Where,

hi1 = ho at point 1 and h3 = hr at point 3.
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CHAPTER4
CALCULATIONS

4.1 Estimating the Maximum Possible_COPhpfor a HPWH

Using the reversed Carnot cycle as a heat pump to heat water have difficulty simply
because the condensation temperature is not constant, otherwise it is impossible to heat.the
water. Therefore Ta is to be changing continuously, as such this is a method devised in
order estimate the maximum possible COPhp- This can be achieved by employing a series
number of heat pumps connected in an N- stages as described by the equations below i.e.
(Equations 4.1, 4.2 & 4.3)

_TH, > _TH; >
QH, QH,
—Win1 —Wino
QLl QLz
CTL > T TL >

Figure 4.1: Heat pumps series connection.

For one- stage i.e. using one Carnot heat pump

TH

COPI ==, (4.1)

For two- stages; using only two Carnot heat pump for heating the water

The COP value is calculated by:

2
—= 4.2
COP2 =T . L+ 0. 1, (4.2)

THI THz
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For N-stages; using N-number of Carnot heat pump for heating the water

N N
cov; = LISTTCOPE = ST = T/ o] (43)

Where COP1, COP2, and COPN represents the Coefficient of performance of the heat
pump for the first stage, second stage, fo‘r‘ individual COP composing the cycle and N-
stages respectively.

The given parameters that were considered in estimating the maximum possible COPhp are

as shown in Table 4.1

Table 4.1: Parameters considered

PARAMETERS [OC]
Air reservoir temperature TL 7
Water reservoir temperature | TH 60
Initial temperature for the
tank Ti 15
Final temperature of the
tank Tf 60
Change in the 'temperature Tr-Ti 45
Stage Number ‘ 45
~T= (between Tfand Ti) !

Carnot heat pump one will transfer limited amount of heat, therefore TH there will only be
affected as small amount such as 1°C in our case, and we still consider this as a constant
value i.e. 11T =1°C.

Now from equations 4.1, 4.2 and 4.3 using the parameters in Table 4.1, the results in Table

4.2 were obtained as shown.
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Table 4.2: Individual COPhp and overall .COPhp

COP for | COPforN
Stage no. | TL[K] | TH[K] | Ti[K] | Tr[K] | each cycle staze
| 280 289 288 289 32.11 32.11
2 280 290 289 290 29.00 30.48
3 280 291 290 291 26.45 29.01
4 280 292 291 292 24.33 27.68
5 280 293 292 293 22.54 26.47
6 280 294 293 294 21.00 25.37
7 280 295 294 295 19.67 24.36
8 280 296 295 296 18.50 23.43
9 280 297 296 297 17.47 22.58
10 280 298 297 298 16.56 21.78
11 280 299 298 | 299 15.74 21.05
12 280 300 299 300 15.00 20.36
13 280 301 300 301 14.33 19.73
14 280 302 301 302 13.73 19.13
15 280 303 302 303 13.17 18.57
16 280 304 303 304 12.67 18.04
17 280 305 304 305 12.20 17.55
18 280 306 305 306 11.77 17.08
19 280 307 306 307 11.37 16.64
20 280 308 307 308 11.00 16.23
21 280 309 308 309 10.66 15.83
22 280 310 309 310 10.33 15.46
23 280 311 310 311 10.03 15.10
24 280 312 311 312 9.75 14.77
25 280 313 312 313 9.48 14.44
26 280 314 313 314 9.24 14.14
27 280 315 314 315 9.00 13.84
28 280 316 315 316 8.78 13.56
29 280 317 316 317 8.57 13.30
30 280 318 317 318 8.37 13.04
31 280 319 318 319 8.18 12.80
32 280 320 319 320 8.00 12.56
33 280 321 320 321 7.83 12.33
34 280 322 321 322 7.67 12.12
35 280 323 322 323 7.51 11.91
36 280 324 323 324 7.36 11.71
37 280 325 324 325 7.22 11.52
38 280 326 325 326 7.09 11.33
39 280 327 326 327 6.96 11.15
40 280 328 327 328 6.83 10.98
41 280 329 328 329 6.71 10.81
42 280 330 329 330 6.60 10.65
43 280 331 330 331 6.49 10.49
44 280 332 | 331 332 6.38 10.34
45 280 333 332 333 6.28 10.19
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In order to show the variations of COPhp with respect to TH and the number of stages, the
graphs of individual COPhp and the overall COPhp against number of stages and that

against TH were shown as follows.
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Figure 4.2: Overall COPhp against TH
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Figure 4.3: Individual COPhp and the Overall COPhp against TH
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4.2 Determination  of COPtip for Reversed Carnot Cycle
The COPlip for the reversed Carnot is determined from equation (3.8) earlier described as

shown below.

1
COPHP,Carnot =1 - TI/TH

Also the ranges of temperature for both TH and TL are respectively given below.

THrange: 20°C ~ 60°C

TLrange: 5°C ~ 15°C
Using equation 3.8 and the given ranges of temperatures the result were shown graphically
in Figures 4.4 and 4.5.
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Figure 4.4: Graph of COP1ip against TL
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4.3 Determination of COPbp for Ideal VVapor Compression Refrigeration Cycle
In order to determine the COPhp for an ideal vapor compression refrigeration cycle,
consider the use of equation 3.14 given below

H  hy—hs
COPhp = Wnetin = ph, — h,

In our case the evaporator temperature was considered to be constant and taken as TE =

4°C with different condenser temperatures.

Assumptions

» Refrigerant flows at constant pressure through the two heat exchanger (evaporator and
condenser)

« Compression process is isentropic

« Irreversibility within the evaporator, condenser and compressor are ignored

 No frictional pressure drop

The refrigerant in our case is considered to be 134a from Appendix 1.1, saturated
Refrigerant 134a (liquid-vapor) temperature table.
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At TE= 4°C, hi=he =249.53 k]/kg, and S1 =Sz = Se = 0.9169 k]/kgK

Also from Appendix 1.2, superheated Refrigerant 134avapor tables,

At P = 10bar, Tc = 39.39°C, h2 =2

But at Tc = 40°C, S = 0.9066 k]/kgK, and h = 268.68 k]/ kg

Also at Te= 50°C, S = 0.9428 k]/kgK, h = 280.19 K]/Kkg

Now to get h2 at Tc = 39.39°C. we interpolate between the enthalpies and the entropies
between Tc =40°Cand Tc = 50°C. From Appendix 2.

Hence 0.9066 ~ 268.68
0.9169 ~ ha
0.9428 ~ 280.19

0.9169 - 0.9066 ~  h2 - 268.68
0.9428 - 0.9066  280.19 - 268.68

0.0103 _ hz - 268.68
0.0362 - 1151

0.118553 = 0.0362(h2 - 268.68)

3.2749 =h: - 268.68

hs = 271.9549 Kfikg
Then from Appendix 1.3, saturated refrigerant 134a (liquid- vapor) pressure table
At P = 10bar, hs = h1 =, 105.29 k]/kg .

Therefore,

271.9549 - 10529  166.6649
COPhp = 2710549 ~ 24953 = 774249 = 432
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Similar calculations for other condenser temperatures were done and summarized in Table
4.3. But before providing the Table 4.3 let us now make a comparism between the COPhp
for both IVCRC and that of the RCC. As such a sample calculation for RCC with the same
evaporator and condenser temperatures as used for the IVCRC is given below:

Tc Ty
COPhp =TC= 7€ = 777

(39.39 + 273) 312.39
COPhp = (39.39 + 273) - (4 ¥ 273) = 3539

Similar calculation was carried out in the same way for other condenser temperature

values. The summarized result together with the comparism is given in Table 4.3 below

Table 4.3: Comparism between COPhp for IVCRC and that of RCC.

TeZTL| TH = Tc SI T 82 | cophp | CoPhp
sIN | (0C) (D) P(Ba} | hiKjkg | Kilkg.K | h2 Kjkg | h3Kij/kg | were RCC
1 |4 39.39 10 24953 | 09169 | 271.9549 | 10529 | 7.432 | 8.827
2 |4 46.32 12 249.53 | 09196 | 2756842 | 115.76 | 6.115 | 7.545
3 |4 52.43 14 20453 | 09169 | 278.8769 | 12526 | 5234 | 6.719
4 |4 57.92 16 29453 | 09196 | 281584 | 134.02 | 4.603 | 6.137

4.4 Estimation of Seasonal Coefficient of Performance (SCOP)

Seasonal Coefficient of Performance as described earlier determines the average annual
efficiency of a heat pump, i.e. it gives the actual performance of the heat pump.

As such in this respect we consider the use of northern Cyprus metrological data for
(Nicosia) five months i.e, from November - March 2006/2007 daily minimum, daily
average and daily maximum temperatures in estimating the theoretical SCOP for three
different range of temperatures.

The unit of heat pump technical specifications under consideration for this research are

given in Appendix 2.
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Similarly, the weather data i.e. maximum daily temperatures, average daily temperatures
and minimum daily temperatures for the year 2006/2007 were provided in Tables 4.5, 4.6
and 4.7 below for the calculation of SCOP.
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Table 4.4: Maximum daily temperatures for Nicosia

Maximum Daily Temperatures 2006/2007

Days November | December January February March
| 20.1 20.2 17.5 16.4 19.3
2 23.0 214 18.4 15.9 19.8
3 23.8 19.0 16.8 14.0 20.7
4 20.0 18.0 17.4 14.4 20.4
5 15.6 18.8 15.7 13.7 20.4
6 16.8 18.2 15.1 12.6 19.8
7 20.9 19.5 14.6 14.6 18.5
8 19.6 19.8 16.9 15.7 19.3
9 21.8 17.0 16.6 16.7 20.8
10 21.5 18.0 16.1 16.9 20.2
11 21.4 21.5 15.6 17.4 20.0
12 21.6 17.0 15.6 18.7 21.6
13 23.3 19.0 16.6 17.4 194
14 23.1 21.0 17.5 18.7 13.4
15 20.6 17.0 16.8 15.9 12.8
16 21.0 18.5 17.8 17.7 18.2
17 23.6 21.0 19.8 17.8 16.7
18 23.6 20.5 18.5 17.9 19.6
19 22.4 20.5 16.8 19.4 19.7
20 22.1 21.5 14.8 17.8 18.4
21 21.3 22.0 15.7 18.9 19.9
22 21.0 16.5 18.7 19.2 20.5
23 21.4 13.2 18.0 18.5 214
24 23.3 19.8 19.0 19.4 - 194
25 24.0 18.5 19.0 17.3 20.4
26 22.7 12.3 18.8 18.6 19.4
27 23.8 8.5 18.8 17.4 20.1
28 24.6 12.0 16.7 18.7 20.6
29 24.8 15.9 14.2 19.4
30 214 17.0 15.7 19.6
31 15.1 15.4 19.2
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Table 4.5: Average daily temperatures for Nicosia

Average Daily Temperatures.2006/2007
Days November | December January February

1 17.4 14.1 8.6 11.0
2 175 12.8 10.1 13.5
3 17.7 11.3 12.5 12.6
4 17.6 11.2 13.0 10.7
5 13.1 11.7 13.6 9.1
6 12.1 115 114 8.1
7 12.1 11.0 111 8.4
8 131 11.6 88 9.9
9 13.8 11.0 9.7 14.4
10 14.8 11.6 14.0 13.3
11 15.7 12.1 14.0 11.0
12 15.7 11.8 13.0 13.1
13 16.6 15.0 8.8 12.8
14 17.4 13.2 9.9 13.1
15 15.9 13.7 10.7 11.9
16 14.0 115 10.8 12.0
17 14.6 11.9 11.9 13.8
18 16.2 12.2 10.4 16.1
19 15.6 12.8 11.0 12.9
20 14.3 13.3 12.4 12.7
21 13.7 15.1 12.8 16.1
22 13.6 14.6 9.8 14.1
23 13.7 111 111 13.5
24 13.8 10.2 13.9 14.9
25 145 11.2 13.7 13.7
26 14.4 114 11.8 145
27 13.4 6.7 11.3 13.3
28 14.6 7.9 10.9 12.8
29 15.6 7.2 9.6

30 . 143 9.8 9.6

31 10.4 8.9
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Table 4.6: Minimum daily temperatures - for Nicosia

Minimum Daily Temperature 2006/2007
Days November December January February March
1 15.3 8.6 2.4 4.0 10.4
2 12.0 6.5 4.8 7.6 10.4
3 11.3 4.6 8.4 10.9 9.8
4 15.5 5.7 7.4 7.3 8.5
5 8.2 4.5 12.2 5.7 12.8
6 8.3 5.0 6.6 4.7 11.4
I 4.7 5.0 1.3 2.9 6.7
8 8.5 5.5 2.5 4.4 5.7
9 7.0 5.0 3.0 8.7 8.2
10 7.6 7.0 12.6 10.0 6.5
11 9.0 7.0 2.7 | 4.9 12.2
12 9.0 6.6 8.5 6.5 9.8
13 9.4 10.0 .9 | 1.9 8.6
14 9.5 7.4 4.1 8.6 6.3
15 11.7 10.0 5.0 8.3 31
16 7.5 5.5 4.6 6.9 5.4
17 5.0 4.5 5.8 7.0 6.5
18 9.5 6.0 3.4 14.8 7.3
19 9.2 6.5 5.2 1.3 1.1
20 5.2 6.5 9.0 1.4 8.2
21 6.4 9.1 8.9 13.3 10.5
22 1.1 3.3 3.1 ‘ 10.0 8.0
23 6.5 6.5 4.5 9.4 16.8
24 6.6 4.5 6.7 9.2 12.4
25 4.3 4.5 6.6 9.9 7.9
26 6.0 9.5 5.2 11.7 8.4
27 7.0 5.0 4.6 10.3 8.7
28 7.5 3.0 5.4 7.0 1.7
29 4.8 -1.0 5.5 8.2
30 6.2 4.0 4.4 8.1
31 6.0 2.0 10.5
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Having provided all the required informations about the unit and the weather data we can

now proceed with the SCOP calculations. Now Consider the Table 4.7 obtained from the

technical specifications for the specific unit of heat pump under consideration as declared

by the manufacturer given in Appendices 2.2 and 2.3 (Figures).

Table 4.7: COPhp for different temperatures for range (15°C - 60°C}

(15°C -60°C) TEMPERATURE RANGE
SIN Temperature °C COP - AL- IPB 190 | COP - AL - IPB 300
| 7 2.2 2.2
2 15 2.75 2.75
3 20 3.1 3.1
4 25 3.3 3.3
5 30 3.6 3.6

From Table 4.7 the graph of COPhp against the surrounding temperatures is plotted.

COPhp = 0.0603(T) + 1.8206

COPhp VARIATION WITH TEMPERATURE

{0603T +

20,9918

15 20

SURROUNDING TEMPERATURE

25 30

Figure 4.7: COPhp variation with temperature

35

(4.4)

From equation (4.4) the temperatures provided for Nicosia from November - March
2006/2007 were substituted in order to determine the COPhp as shown in Table 4.9
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Table 4.8: COPhp for maximum, average and minimum temperatures for November

(15°C- 60°C) Range for The Month of November 2006
DATE | TMAX. | TAVG. | TMIN. | COP AVG. | COP MIN. | COP MAX.
01/11/06 | 20.1 17.4 15.3 2.87 2.74 3.03
02/11/06 | 23.0 17.5 12.0 2.88 2.54 3.21
03/11/06 | 23.8 17.7 11.3 2.89 2.50 3.26
04/11/06 | 20.0 17.6 15.5 2.88 2.76 3.03
05/11/06 | 15.6 13.1 8.2 2.61 2.32 2.76
06/11/06 | 16.8 12.1 8.3 2.55 2.32 2.83
07/11/06 | 20.9 12.1 4.7 2.55 2.10 3.08
08/11/06 | 19.6 13.1 8.5 2.61 2.33 3.00
09/11/06 | 21.8 13.8 7.0 2.65 2.24 3.14
10/11/06 | 215 14.8 7.6 2.71 2.28 3.12
11/11/06 | 21.4 15.7 9.0 2.77 2.36 3.11
12/11/06| 21.6 15.7 9.0 2.77 2.36 3.12
13/11/06 | 23.3 16.6 9.4 2.82 2.39 3.23
14/11/06| 23.1 17.4 9.5 2.87 2.39 - 3.21
15/11/06 | 20.6 15.9 11.7 2.78 2.53 3.06
16/11/06 | 21.0 14.0 7.5 2.66 2.27 3.09
17/11/06 | 23.6 14.6 5.0 2.70 2.12 3.24
18/11/06 | 23.6 16.2 9.5 2.80 2.39 3.24
19/11/06 | 22.4 15.6 9.2 2.76 2.38 3.17
20/11/06 | 22.1 14.3 5.2 2.68 2.13 3.15
21/11/06 | 21.3 13.7 6.4 2.65 2.21 3.10
22/11/06 | 21.0 13.6 7.1 2.64 2.25 3.09
23/11/06 | 214 13.7 6.5 2.65 2.21 3.11
24/11/06 | 23.3 13.8 6.6 2.65 2.22 3.23
25/11/06 | 24.0 14.5 4.3 2.69 2.08 3.27
26/11/06 | 22.7 14.4 6.0 2.69 2.18 3.19
27/11/06 | 23.8 13.4 7.0 2.63 2.24 3.26
28/11/06 | 24.6 14.6 7.5 2.70 2.27 3.30
29/11/06 | 24.8 15.6 4.8 2.76 2.11 3.32
30/11/06 | 21.4 14.3 6.2 2.68 2.19 3.11
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Table 4.9: COPhp for maximum, average and minimum temperatures for December

{ 15°C- 60°C) RANGE FOR THE MONTH OF DECEMBER 2006
DATES TMAX. | TAVG. | TMIN. | COP AVG. | COP_MIN. | COP MAX.
01/12/06 20.2 14.1 8.6 2.67 2.34 3.04
02/12/06 214 12.8 6.5 2.59 2.21 3.11
03/12/06 19.0 11.3 4.6 2.50 2.10 2.97
04/12/06 18.0 11.2 5.7 2.50 2.16 291
05/12/06 18.8 11.7 4.5 2.53 2.09 2.95
06/12/06 18.2 11.5 5.0 2.51 2.12 2.92
07/12/06 19.5 11.0 5.0 2.48 2.12 3.00
08/12/06 19.8 11.6 5.5 2.52 2.15 3.01
09/12/06 17.0 11.0 5.0 2.48 2.12 2.85
10/12/06 18.0 11.6 7.0 2.52 2.24 2.91
11/12/06 21.5 12.1 7.0 2.55 2.24 3.12
12/12/06 17.0 11.8 6.6 2.53 2.22 2.85
13/12/06 19.0 1S.0 10.0 2.73 2.42 2.97
14/12/06 21.0 13.2 7.4 2.62 2.27 3.09
15/12/06 17.0 13.7 10.0 2.65 2.42 2.85
16/12/06 18.5 11.5 5.5 2.51 2.15 2.94
17/12/06 21.0 11.9 4.5 2.54 2.09 3.09
18/12/06 20.5 12.2 6.0 2.56 2.18 3.06
19/12/06 20.5 12.8 6.5 2.59 2.21 3.06
20/12/06 21.5 13.3 6.5 2.62 2.21 3.12
21/12/06 22.0 15.1 9.1 2.73 2.37 3.15
22/12/06 16.5 14.6 3.3 2.70 2.02 2.82
23/12/06 13.2 11.1 6.5 2.49 2.21 2.62
24/12/06 19.8 10.2 4.5 2.44 2.09 3.01
25/12/06 18.5 11.2 4.5 2.50 2.09 2.94
26/12/06 12.3 11.4 9.5 2.51 2.39 2.56
27/12/06 8.5 6.7 5.0 2.22 2.12 2.33
28/12/06 12.0 7.9 3.0 2.30 2.00 2.54
29/12/06 15.9 7.2 -1.0 2.25 1.76 2.78
30/12/06 17.0 9.8 4.0 241 2.06 2.85
31/12/06 15.1 10.4 6.0 2.45 2.18 2.73
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Table 4.10: COPhp for maximum, average and minimum temperatures for January

(15°C- 60°C) RANGE FOR THE MONTH OF JANUARY 2007
DATES | TMAX. | TAVG. | TMIN. | COP_AVG. | COP MIN. | COPMAX.
01/01/07 | 17.5 8.6 2.4 2.34 1.97 2.88
02/01/07 | 18.4 10.1 4.8 2.43 2.11 2.93
03/01/07 | 16.8 12.5 8.4 2.57 2.33 2.83
04/01/07 | 17.4 13.0 7.4 2.60 2.27 2.87
05/01/07 | 15.7 13.6 12.2 2.64 2.56 2.77
06/01/07 | 15.1 114 6.6 2.51 2.22 2.73
07/01/07 | 14.6 111 | 73 2.49 2.26 2.70
08/01/07 | 16.9 8.8 2.5 2.35 1.97 2.84
09/01/07 | 16.6 9.7 3.0 241 2.00 2.82
10/01/07 | 16.1 14.0 12.6 2.66 2.58 2.79
11/01/07| 15.6 14.0 12.7 2.66 2.59 2.76
12/01/07 | 15.6 13.0 8.5 2.60 2.33 2.76
13/01/07| 16.6 8.8 1.9 2.35 1.94 2.82
14/01/07| 17.5 9.9 4.1 2.42 2.07 2.88
15/01/07| 16.8 10.7 5.0 2.47 2,12 2.83
16/01/07| 17.8 10.8 4.6 2.47 2.10 2.89
17/01/07 | 1938 11.9 5.8 2.54 2.17 3.01
18/01/07| 185 10.4 3.4 2.45 2.03 2.94
19/01/07| 16.8 11.0 5.2 2.48 2.13 2.83
20/01/07 | 14.8 12.4 9.0 2.57 2.36 2.71
21/01/07 | 15.7 12.8 8.9 2.59 2.36 2.77
22/01/07 | 18.7 9.8 3.1 2.41 2.01 2.95
23/01/07 | 18.0 11.1 4.5 2.49 2.09 2.91
24/01/07 | 19.0 13.9 6.7 2.66 2.22 2.97
25/01/07 | 19.0 13.7 6.6 2.65 2.22 - 297
26/01/07 | 18.8 118 5.2 2.53 2.13 2.95
27/01/07 | 18.8 11.3 4.6 2.50 2.10 2.95
28/01/07 | 16.7 10.9 5.4 2.48 2.15 2.83
29/01/07 | 14.2 9.6 5.5 2.40 2.15 2.68
30/01/07 | 15.7 9.6 4.4 2.40 2.09 2.77
31/01/07| 15.4 8.9 2.0 2.36 1.94 2.75
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Table 4.11: COPhp for maximum, average and minimum temperatures for February

(15°C- 60°C) RANGE FOR THE MONTH OF FEBUARY 2007
DATES | TMAX. | TAVG. | TMIN. | COP_AVG. | COP MIN. | COP MAX.
01/02/07 16.4 11.0 4.0 2.48 2.06 2.81
02/02/07 15.9 13.5 7.6 2.63 2.28 2.78
03/02/07 | 14.0 12.6 10.9 2.58 2.48 2.66
04/02/07 | 14.4 10.7 7.3 2.47 2.26 2.69
05/02/07 13.7 9.1 5.7 2.37 2.16 2.65
06/02/07 12.6 8.1 4.7 2.31 2.10 2.58
07/02/07 14.6 8.4 2.9 2.33 2.00 2.70
08/02/07 15.7 9.9 4.4 2,42 2.09 2.77
09/02/07 | 16.7 14.4 8.7 2.69 2.35 2.83
10/02/07 | 16.9 13.3 10.0 2.62 2.42 2.84
11/02/07 | 17.4 11.0 4.9 2.48 2.12 2.87
12/02/07 | 18.7 13.1 6.5 2.61 2.21 2.95
13/02/07 | 17.4 12.8 7.9 2.59 2.30 2.87
14/02/07 | 18.7 13.1 8.6 2.61 2.34 2.95
15/02/07 | 15.9 11.9 8.3 2.54 2.32 2.78
16/02/07 | 17.7 12.0 6.9 2.54 2.24 2.89
17/02/07 | 17.8 13.8 7.0 2.65 2.24 2.89
18/02/07 | 17.9 16.1 14.8 2.79 2.71 2.90
19/02/07 | 194 12.9 7.3 2.60 2.26 2.99
20/02/07 17.8 12.7 7.4 2.59 2.27 2.89
21/02/07 18.9 16.1 13.3 2.79 2.62 2.96
22/02/07 19.2 14.1 10.0 2.67 2.42 2.98
23/02/07 18.5 135 9.4 2.63 2.39 2.94
24/02/07 19.4 14.9 9.2 2.72 2.38 2.99
25/02/07 17.3 13.7 9.9 2.65 2.42 2.86
26/02/07 18.6 14.5 11.7 2.69 2.53 2.94
27/02/07 17.4 13.3 10.3 2.62 2.44 2.87
28/02/07 18.7 12.8 7.0 2.59 2.24 2.95
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Table 4.12: COPhp for maximum, ave,ragke and minimum temperatures for March

(15°C - 60°C) RANGE FOR THE MONTH_OF MARCH 2007
DATES | TMAX. | TAVG. | TMIN. | COP_AVG. | COP_MIN. | COP MAX.
01/03/07 | 193 | 143 | 104 2.68 2.45 2.98
02/03/07 | 198 | 145 | 104 2.69 2.45 3.01
03/03/07 | 207 | 152 | 98 2.74 2.41 3.07
04/03/07 | 204 | 142 | 85 2.68 2.33 3.05
05/03/07 | 204 | 154 | 128 2.75 2.59 3.05 .
06/03/07 | 198 | 140 | 114 2.66 2.51 3.01
07/03/07 | 185 | 120 | 67 2.54 2.22 2.94
08/03/07 | 193 | 121 | 57 2.55 2.16 2.98
09/03/07 | 208 | 138 | 82 2.65 2.32 3.07
10/03/07 | 202 | 133 | 65 2.62 2.21 3.04
11/03/07 | 200 | 176 | 12.2 2.88 2.56 3.03
12/03/07 | 216 | 152 | 98 2.74 2.41 3.12
13/03/07 | 194 | 137 | 86 2.65 2.34 2.99
14/03/07 | 134 9.3 6.3 2.38 2.20 2.63
15/03/07 | 12.8 7.0 3.1 2.24 2.01 2.59
16/03/07 | 182 | 108 | 54 2.47 2.15 2.92
17/03/07 | 167 | 124 | 65 2.57 2.21 2.83
18/03/07 | 19.6 | 127 | 73 2.59 2.26 3.00
19/03/07 | 19.7 | 138 | 71 2.65 2.25 3.01
20/03/07 | 184 | 140 | 82 2.66 2.32 2.93
21/03/07 | 199 | 170 | 105 2.85 2.45 3.02
22/03/07 | 205 | 150 | 80 2.73 2.30 3.06
23/03/07 | 214 | 180 | 1638 2.91 2.83 3.11
24/03/07 | 194 | 150 | 124 2.73 2,57 2.99
25/03/07 | 204 | 141 | 79 2.67 2.30 3.05
26/03/07 | 194 | 131 | 84 2.61 2.33 2.99
27/03/07 | 201 | 139 | 87 2.66 2.35 3.03
28/03/07 | 206 | 141 | 77 2.67 2.28 3.06
20/03/07 | 194 | 140 | 82 2.66 2.32 2.99
30/03/07 | 196 | 143 | 81 2.68 2.31 3.00
31/03/07 | 192 | 146 | 105 2.70 2.45 2.98

Below are the g[aphs showing the relationship between respective COPhp and the days of
the months.
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Figure 4.8: COPhp based on the daily average temperatures
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Figure 4.9: COPhp based on the daily minimum temperatures
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COPhp BASED ON DAILY MAXIMUM TEMPERATURE VALUES

3,50
3,00

2,50

2,00

1,50

cO°,,

1,00 -
050

0,00

£ 06
oG
o=

o=,0"

zno: oF
oL
ot erden
ficaleydony
z8,0z70"
oo
moz=.or-
z: OSOF

o S
Z i
DiE
=4
i2120%
zQOd
z1z706
=.OL
Ho Sk
To: OF

z3,0

oLt
Z: (

DATES

Figure 4.10: COPhp based on the daily maximum temperatures
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Figure 4.11: COPhp based on the maximum, average and minimum temperature

If we consider another range of temperature i.e. ( 15°C- 45°C) the same calculation
procedure is used in obtaining the following results as shown in Table 4.14 below.
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Table 4.13: COPhp for different temperatures for range (15°C - 45°C)

(15°C - 45°C ) TEMPERATURE . RANGE
COP-AL-IPB COP-AL-IPB
SIN TEMPERATURE °C 190 300
1 7 3.1 3.1
2 15 3.5 3.5
3 20 3.9 3.9
4 25 4.1 4.1
5 30 4.5 4.5

COPhp VARIATION WITH TEMPERATURE

as |  COPp=00604T+ 2.6482

: R2=0,9909

0 5 10 15 20 25 30

TEMPERATURE

Figure 4.12: COPhpvariation with temperatures for the range (15°C - 45°()

COPhp = 0.0604T + 2.6482 (4.5)

With equation (4.5) COPhp was determined as shown in Table 4.15
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Table 4.14: COPhp for maximum, average and minimum temp for Nov. range (15°C - 45°C)

(15°C - 45°C) RANGE FOR THE MONTH OF NOVEMBER 2006
DATES | TMAX. | TAVG. | TMIN. | COP AVG. | COP MIN. | COP MAX.
01/11/06 20.1 174 | 153 3.70 3.57 3.86
02/11/06 23.0 175 | 120 3.71 3.37 4.04
03/11/06 23.8 17.7 11.3 3.72 3.33 4.09
04/11/06 20.0 17.6 15.5 3.71 3.58 3.86
05/11/06 15.6 13.1 8.2 3.44 3.14 3.59
06/11/06 16.8 12.1 8.3 3.38 3.15 3.66
07/11/06 20.9 12.1 4.7 3.38 2.93 3.91
08/11/06 196 | 13.1 8.5 3.44 3.16 3.83
09/11/06 21.8 13.8 7.0 3.48 3.07 3.96
10/11/06 215 14.8 7.6 3.54 3.11 3.95
11/11/06 21.4 15.7 9.0 3.60 3.19 3.94
12/11/06 21.6 15.7 9.0 3.60 3.19 3.95
13/11/06 23.3 16.6 9.4 3.65 3.22 4.06
14/11/06 23.1 17.4 9.5 3.70 3.22 4.04
15/11/06 20.6 15.9 11.7 3.61 3.35 3.89
16/11/06 210 | '14.0 75 3.49 3.10 3.92
17/11/06 23.6 14.6 5.0 3.53 2.95 4.07
18/11/06 23.6 16.2 9.5 3.63 3.22 4.07
19/11/06 22.4 15.6 9.2 3.59 3.20 4.00
20/11/06 22.1 14.3 5.2 351 2.96 3.98
21/11/06 21.3 13.7 6.4 3.48 3.03 3.93
22/11/06 21.0 13.6 7.1 3.47 3.08 3.92
23/11/06 21.4 13.7 6.5 3.48 3.04 3.94
24/11/06 23.3 13.8 6.6 3.48 3.05 4.06
25/11/06 24.0 145 4.3 3.52 2.91 4.10
26/11/06 22.7 14.4 6.0 3.52 3.01 4.02
27/11/06 23.8 13.4 7.0 3.46 3.07 4.09
28/11/06 24.6 14.6 75 3.53 3.10 4.13
29/11/06 24.8 15.6 4.8 3.59 2.94 4.15
30/11/06 21.4 14.3 6.2 3.51 3.02 3.94
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Table 4.15: COPhp for max., average and min. temp for Dec. Range (15°C - 45°C )

(15°C-45°C ) RANGE FOR THE MONTH OFDECEMBER2006
DATES TMAX. | TAVG. | TMIN. | COP_AVG. | COP MIN. | COP MAX.
01/12/06 20.2 14.1 8.6 3.50 3.17 3.87
02/12/06 214 12.8 6.5 3.42 3.04 3.94
03/12/06 19.0 11.3 4.6 3.33 2.93 3.80
04/12/06 18.0 11.2 5.7 3.32 2.99 3.74
05/12/06 18.8 11.7 4.5 3.35 2.92 3.78
06/12/06 18.2 115 5.0 3.34 2.95 3.75
07/12/06 19.5 11.0 5.0 3.31 2.95 3.83
08/12/06 19.8 11.6 5.5 3.35 2.98 3.84
09/12/06 17.0 11.0 5.0 3.31 2.95 3.68
10/12/06 18.0 11.6 7.0 3.35 3.07 3.74
11/12/06 21.5 12.1 7.0 3.38 3.07 3.95
12/12/06 17.0 11.8 6.6 3.36 3.05 3.68
13/12/06 19.0 15.0 10.0 3.55 3.25 3.80
14/12/06 21.0 13.2 74 3.45 3.10 3.92
15/12/06 17.0 13.7 10.0 3.48 3.25 3.68
16/12/06 18.5 115 5.5 3.34 2.98 3.77
17/12/06 21.0 11.9 4.5 3.37 2.92 3.92
18/12/06 20.5 12.2 6.0 3.39 3.01 3.89
19/12/06 20.5 12.8 6.5 3.42 _3.04 3.89
20/12/06 215 13.3 6.5 3.45 3.04 3.95
21/12/06 22.0 151 9.1 3.56 3.20 3.98
22/12/06 16.5 14.6 3.3 3.53 2.85 3.64
23/12/06 13.2 11.1 6.5 3.32 3.04 3.45
24/12/06 19.8 10.2 4.5 3.26 2.92 3.84
25/12/06 185 | 112 4.5 3.32 2.92 377
26/12/06 12.3 114 9.5 3.34 3.22 3.39
27/12/06 8.5 6.7 5.0 3.05 2.95 3.16
28/12/06 12.0 7.9 3.0 3.13 2.83 3.37
29/12/06 15.9 7.2 -1.0 3.08 2.59 3.61
30/12/06 17.0 9.8 4.0 3.24 2.89 3.68
31/12/06 15.1 10.4 6.0 3.28 3.01 3.56
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Table 4.16: COPhpfor maximum, average and minimum temp for Jan. range (15°C - 45°C)

(15°C - 45°C ) RANGE FOR THE MONTH OF JANUARY 2007
DATES | TMAX. | TAVG. | TMIN. | COP AVG. | COP MIN. | COP MAX.
01/01/07 17.5 8.6 2.4 3.17 2.79 3.71
02/01/07 18.4 10.1 4.8 3.26 2.94 3.76
03/01/07 16.8 12.5 8.4 3.40 3.16 3.66
04/01/07 17.4 13.0 7.4 3.43 3.10 3.70
05/01/07 15.7 13.6 12.2 3.47 3.39 3.60
06/01/07 15.1 11.4 6.6 3.34 3.05 3.56
07/01/07 14.6 11.1 7.3 3.32 3.09 3.53
08/01/07 16.9 8.8 2.5 3.18 2.80 3.67
09/01/07 16.6 9.7 3.0 3.23 2.83 3.65
10/01/07 16.1 14.0 12.6 3.49 341 3.62
11/01/07 15.6 14.0 12.7 3.49 3.42 3.59
12/01/07 15.6 13.0 8.5 3.43 3.16 3.59
13/01/07 16.6 8.8 1.9 3.18 2.76 3.65
14/01/07 175 9.9 4.1 3.25 2.90 3.71
15/01/07 16.8 10.7 5.0 3.29 2.95 3.66
16/01/07 17.8 10.8 4.6 3.30 2.93 3.72
17/01/07 19.8 119 5.8 3.37 3.00 3.84
18/01/07 18.5 10.4 3.4 3.28 2.85 3.77
19/01/07 16.8 11.0 5.2 3.31 2.96 3.66
20/01/07 14.8 12.4 9.0 3.40 3.19 3.54
21/01/07 15.7 12.8 8.9 3.42 3.19 3.60
22/01/07 18.7 9.8 3.1 3.24 2.84 3.78
23/01/07 18.0 11,1 4.5 3.32 2.92 3.74
24/01/07 19.0 13.9 6.7 3.49 3.05 3.80
25/01/07 19.0 13.7 6.6 3.48 3.05 3.80
26/01/07 18.8 11.8 5.2 3.36 2.96 3.78
27/01/07 18.8 11.3 4.6 3.33 2.93 3.78
28/01/07 16.7 10.9 5.4 3.31 2.97 3.66
29/01/07 14.2 9.6 5.5 3.23 2.98 3.51
30/01/07 15.7 9.6 4.4 3.23 2.91 3.60
31/01/07 15.4 8.9 2.0 3.19 2.77 3.58
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Table 4.17: COPhp for max., average and min. temp for Feb. range (15°C- 45°C)

(15°C- 45°C) RANGE FOR THE MONTH OF FEBUARY 2007
DATES | TMAX. | TAVG. | TMIN. | COP_AVG. | COP MIN. | COPMAX.
01/02/07 | 164 | 110 | 4.0 3.31 2.89 3.64
02/02/07 | 159 | 135 | 76 3.46 3.11 3.61
03/02/07 | 140 | 126 | 109 3.41 3.31 3.49
04/02/07 | 144 | 107 | 7.3 3.29 ~3.09 3.52
05/02/07 | 13.7 9.1 5.7 3.20 2.99 3.48
06/02/07 | 12.6 8.1 4.7 3.14 2.93 3.41
07/02/07 | 14.6 8.4 2.9 3.16 2.82 3.53
08/02/07 | 15.7 9.9 4.4 3.25 2.91 3.60
09/02/07 | 167 | 144 | 87 3.52 3.17 3.66
10/02/07 | 169 | 133 | 100 3.45 3.25 3.67
11/02/07 | 174 | 110 | 4.9 3.31 2.94 3.70
12/02/07 | 187 | 131 | 65 3.44 3.04 3.78
13/02/07 | 174 | 128 | 7.9 3.42 3.13 3.70
14/02/07 | 187 | 131 | 86 3.44 3.17 3.78
15/02/07 | 159 | 119 | 83 3.37 3.15 3.61
16/02/07 | 177 | 120 | 69 3.37 3.06 3.72
17/02/07 | 17.8 | 138 | 7.0 3.48 3.07 3.72
18/02/07 | 179 | 161 | 148 3.62 3.54 3.73
19/02/07 | 194 | 129 | 73 3.43 3.09 3.82
20/02/07 | 17.8 | 127 | 174 3.42 3.10 3.72
21/02/07 | 189 | 161 | 133 3.62 3.45 3.79
22/02/07 | 192 | 141 | 100 3.50 3.25 3.81
23/02/07 | 185 | 135 | 94 3.46 3.22 3.77
24/02/07 | 194 | 149 | 9.2 3.55 3.20 3.82
25/02/07 | 17.3 | 137 | 9.9 3.48 3.25 3.69
26/02/07 | 186 | 145 | 117 3.52 3.35 3.77
27/02/07 | 17.4 | 133 | 103 3.45 3.27 3.70
28/02/07 | 187 | 128 | 7.0 3.42 3.07 3.78
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Table 4.18: COPhp for max., average and min. temp for March. Range (15°C - 45°C)

(15°C-45°C) RANGE FOR THE MONTH OF MARCH 2007
DATES | TMAX. | TAVG. | TMIN. | COP_AVG. | COP MIN. | COP MAX.
01/03/07 19.3 14.3 10.4 3.51 3.28 3.81
02/03/07 19.8 145 10.4 3.52 3.28 3.84
03/03/07 20.7 15.2 9.8 3.57 3.24 3.90
04/03/07 20.4 14.2 8.5 3.51 - 3.16 3.88
05/03/07 20.4 154 12.8 3.58 3.42 3.88
06/03/07 19.8 14.0 11.4 3.49 3.34 3.84
07/03/07 18.5 12.0 6.7 3.37 3.05 3.77
08/03/07 19.3 12.1 5.7 3.38 2.99 3.81
09/03/07 20.8 13.8 8.2 3.48 3.14 3.90
10/03/07 20.2 13.3 6.5 3.45 3.04 3.87
11/03/07 20.0 17.6 12.2 3.71 3.39 3.86
12/03/07 21.6 15.2 9.8 3.57 3.24. 3.95
13/03/07 19.4 13.7 8.6 3.48 3.17 3.82
14/03/07 13.4 9.3 6.3 3.21 3.03 ‘ 3.46
15/03/07 12.8 7.0 3.1 3.07 2.84 3,42
16/03/07 18.2 10.8 5.4 3.30 2.97 3.75
17/03/07 16.7 12.4 6.5 3.40 3.04 3.66
18/03/07 19.6 12.7 7.3 342 3.09 3.83
19/03/07 19.7 13.8 7.1 3.48 3.08 3.84
20/03/07 18.4 14.0 8.2 3.49 3.14 3.76
21/03/07 19.9 17.0 10.5 3.68 3.28 3.85
22/03/07 20.5 15.0 8.0 3.55 3.13 3.89
23/03/07 214 18.0 16.8 3.74 3.66 3.94
24/03/07 19.4 15.0 12.4 3.55 3.40 3.82
25/03/07 20.4 14.1 7.9 3.50 3.13 3.88
26/03/07 19.4 13.1 8.4 3,44 3.16 3.82
27/03/07 20.1 13.9 8.7 3.49 3.17 3.86
28/03/07 20.6 14.1 7.7 3.50 3.11 3.89
29/03/07 19.4 14.0 8.2 3.49 3.14 3.82
30/03/07 19.6 14.3 8.1 3.51 3.14 3.83
31/03/07 19.2 14.6 10.5 3.53 3.28 3.81

Similar graphs based on this range of temperatures are also plotted in other to show the

relationship between the COPhp and the dates as shown in Figures below.
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Figure 4.13: COPlip based on the daily average temperatures for the range (15°C - 45°C)
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Figure 4.14: COPhp based on the daily minimum temperatures for the range (15°C - 45°C)
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Figure 4.16: CcOPhp based on the daily minimum, average and maximum temperature

Now considering the last range of temperatures that is (15°C - 55°C) similar calculation

procedures are adopted in obtaining the given tables and the graphs as shown below.
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Table 4.19: COPhp at different temp. In the range {I5°C - 55°C)

(15°C- 55°C ) TEMPERATURE RANGEV..‘ :
SIN TEMPERATURE®C COP - AL- IPB 190 COP - AL - IPB 300
1 7 2.5 2.5
2 15 3.2 3.2
3 20 3.5 3.5
4 25 3.7 3.7
5 30 4 4
COPhp VARIATION WITH TEMPERATURE
4,5
! COP, = 0.0635T +2.1482
3,5 . y
lgé_- (R2=0,9776
2,5 .
u
2
15
1
0,5
0 5 10 15 20 25 30

SURROUNDING TEMPERATURE

Figure 4.17: COPhp variation with temperatures for the range (15°C - 55°C)

COPhp = 0.0635T + 2.1482 (4.6)

Hence from equation (4.6) respective COPhp for average, minimum and maximum daily

temperatures were determined as shown in the Table 4.20
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Table 4.20: COPhp for min., average and max. temp. for Nov. range (15°C - S$C |

(15°C - 55°C ) RANGE FOR THE MONTH OF NOVEMBER 2006
DATES | TMAX. | TAVG. | TMIN. | COP AVG. | COP MIN. | COP MAX.
01/11/06 | 20.1 174 15.3 3.25 3.12 3.42
02/11/06 | 23.0 175 12.0 3.26 291 3.61
03/11/06 | 23.8 17.7 11.3 3.27 2.87 3.66
04/11/06 | 20.0 17.6 155 3.27 3.13 3.42
05/11/06 | 15.6 13.1 8.2 2.98 - 2.67 3.14
06/11/06| 16.8 12.1 8.3 2.92 2.68 3.22
07/11/06 | 20.9 12.1 4.7 2.92 2.45 3.48
08/11/06 | 19.6 131 8.5 2.98 2.69 3.39
09/11/06 | 21.8 13.8 7.0 3.02 2.59 3.53
10/11/06| 21.5 14.8 7.6 3.09 2.63 3.51
11/11/06| 214 15.7 9.0 3.15 2.72 3.51
12/11/06| 21.6 15.7 9.0 3.15 2.72 3.52
13/11/06 | 23.3 16.6 94 3.20 2.75 3.63
14/11/06| 23.1 17.4 9.5 3.25 2.75 3.62
15/11/06| 20.6 15.9 11.7 3.16 2.89 3.46
16/11/06| 21.0 14.0 7.5 3.04 2.62 3.48
17/11/06| 23.6 14.6 5.0 3.08 2.47 3.65
18/11/06| 23.6 16.2 9.5 3.18 2.75 3.65
19/11/06| 22.4 15.6 9.2 3.14 2.73 3.57
20/11/06 | 22.1 14.3 5.2 3.06 248 3.55
21/11/06 | 213 13.7 6.4 3.02 2.55 3.50
22/11/06 | 21.0 13.6 7.1 3.01 2.60 3.48
23/11/06 | 214 13.7 6.5 3.02 2.56 3.51
24/11/06 | 23.3 13.8 6.6 3.02 2.57 3.63
25/11/06 | 24.0 14.5 4.3 3.07 242 3.67
26/11/06 | 22.7 14.4 6.0 3.06 2.53 3.59
27/11/06 | 23.8 13.4 7.0 3.00 2.59 3.66
28/11/06 | 24.6 14.6 7.5 3.08 2.62 3.71
29/11/06 | 24.8 15.6 4.8 3.14 2.45 3.72
30/11/06 | 21.4 14.3 6.2 3.06 2.54 3.51
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Table 4.21: COPhp for max., average and min. temp. for Dec. for the range (15°C - SS.C)

f (15°C - 55°C ) RANGE FOR THE MONTH OF DECEMBER 2006

i

f DATES | TMAX. | TAVG. | TMIN. | COP AVG. | COP MIN. | COP MAX.
01/12/06 | 20.2 14.1 8.6 3.04 2.69 3.43
02/12/06 | 21.4 12.8 6.5 2.96 2.56 3.51
03/12/06 | 19.0 11.3 4.6 2.87 2.44 3.35
04/12/06 | 18.0 11.2 5.7 2.86 2.51 3.29
05/12/06 | 18.8 11.7 4.5 2.89 2.43 3.34
06/12/06 | 18.2 115 5.0 2.88 2.47 3.30
07/12/06 | 19.5 11.0 5.0 2.85 2.47 3.39
08/12/06 | 19.8 11.6 5.5 2.88 2.50 3.41
09/12/06 | 17.0 11.0 5.0 2.85 2.47 3.23
10/12/06| 18.0 11.6 7.0 2.88 2.59 3.29
11/12/06| 215 12.1 7.0 2.92 2.59 3.51
12/12/06| 17.0 11.8 6.6 2.90 2.57 3.23
13/12/06| 19.0 15.0 10.0 3.10 2.78 3.35
14/12/06 | 21.0 13.2 7.4 2.99 2.62 3.48
15/12/06| 17.0 13.7 10.0 3.02 2.78 3.23
16/12/06| 18.5 115 5.5 2.88 2.50 3.32
17/12/06| 21.0 11.9 4.5 2.90 2.43 3.48
18/12/06| 20.5 12.2 6.0 2.92 2.53 3.45
19/12/06| 20.5 12.8 6.5 2.96 2.56 3.45
20/12/06 | 215 13.3 6.5 2.99 2.56 3.51
21/12/06 | 22.0 15.1 9.1 3.11 2.73 3.55
22/12/06 | 16.5 14.6 3.3 3.08 2.36 3.20
23/12/06 | 13.2 11.1 6.5 2.85 2.56 2.99
24/12/06 | 19.8 10.2 4.5 2.80 2.43 341
25/12/06 | 18.5 11.2 4.5 2.86 2.43 3.32
26/12/06 | 12.3 114 9.5 2.87 2.75 2.93
27/12/06 8.5 6.7 5.0 2.57 2.47 2.69
28/12/06 | 12.0 7.9 3.0 2.65 2.34 291
29/12/06 | 15.9 7.2 -1.0 2.61 2.08 3.16
30/12/06 | 17.0 9.8 4.0 2.77 2.40 3.23
31/12/06 | 15.1 10.4 6.0 2.81 2.53 3.11
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Table 4.22: COPhp for max., average and min. temp. for Jan. for the range (15°C - 55°C)

(15°C - 55°C) RANGE FOR THE MONTH OF JANUARY 2007

DATES | TMAX. | TAVG. | TMIN. | COP_AVG. | COP MIN. | COP MAX.
01/01/07 17.5 8.6 2.4 2.69 2.30 3.26
02/01/07 18.4 10.1 4.8 2.79 2.45 3.32
03/01/07 16.8 12.5 8.4 2.94 2.68 3.22
04/01/07 17.4 13.0 7.4 2.97 2.62 3.25
05/01/07 15.7 13.6 12.2 3.01 2.92 3.15
06/01/07 15.1 11.4 6.6 2.87 2.57 3.11
07/01/07 14.6 11.1 7.3 2.85 2.61 3.08
08/01/07 16.9 8.8 2.5 2.71 2.31 3.22
09/01/07 16.6 9.7 3.0 2.76 2.34 3.20
10/01/07 16.1 14.0 12.6 3.04 2.95 3.17
11/01/07 15.6 14.0 12.7 3.04 2.95 3.14
12/01/07 15.6 13.0 8.5 2.97 2.69 3.14 ¢
13/01/07 16.6 8.8 1.9 2.71 2.27 3.20
14/01/07 17.5 9.9 4.1 2.78 241 3.26
15/01/07 16.8 10.7 5.0 2.83 2.47 3.22
16/01/07 17.8 10.8 4.6 2.83 2.44 3.28
17/01/07 19.8 11.9 5.8 2.90 2.52 3.41
18/01/07 18.5 104 3.4 2.81 2.36 3.32
19/01/07 16.8 11.0 5.2 2.85 2.48 3.22
20/01/07 14.8 12.4 9.0 2.94 2.72 3.09
21/01/07 15.7 12.8 8.9 2.96 2.71 3.15
22/01/07 18.7 9.8 3.1 2.77 2.35 3.34
23/01/07 18.0 11.1 4.5 2.85 2.43 3.29
24/01/07 19.0 13.9 6.7 3.03 2.57 3.35
25/01/07 19.0 13.7 6.6 3.02 2.57 3.35
26/01/07 18.8 11.8 5.2 2.90 2.48 3.34
27/01/07 18.8 11.3 4.6 2.87 2.44 3.34
28/01/07 16.7 10.9 5.4 2.84 2.49 3.21
29/01/07 14.2 9.6 5.5 2.76 2.50 3.05
30/01/07 15.7 9.6 4.4 2.76 2.43 3.15
31/01/07 154 8.9 2.0 2.71 2.28 3.13
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Table 4.23: COPhp for max., average and min. temp. for Feb. for the range (1SoC - SSoC)

(15°C - 55°C) RANGE FOR THE MONTH OF FEBUARY 2007
DATES | TMAX. | TAVG. | TMIN. | COP_AVG. | COP MIN. | COP MAX.
01/02/07 | 16.4 1.0 | 40 2.85 2.40 3.19
02/02/07 | 15.9 135 | 76 3.01 2.63 3.16
03/02/07 | 140 126 | 109 2.95 2.84 3.04
04/02/07 | 14.4 107 | 73 2.83 2.61 3.06
05/02/07 | 137 9.1 5.7 2.73 2,51 3.02
06/02/07 | 126 8.1 4.7 2.66 2.45 2.95
07/02/07 | 146 8.4 2.9 2.68 2.33 3.08
08/02/07 | 15.7 9.9 4.4 2.78 2.43 3.15
09/02/07 | 167 144 | 87 3.06 2.70 3.21
10/02/07 | 169 133 | 100 2.99 2.78 3.22
11/02/07 | 17.4 110 | 49 2.85 2.46 3.25
12/02/07 | 187 131 | 65 2.98 2.56 3.34
13/02/07 | 174 128 | 79 2.96 2.65 3.25
14/02/07 | 187 13.1 8.6 2.98 2.69 3.34
15/02/07 | 15.9 11.9 8.3 2.90 2.68 3.16
16/02/07 | 177 120 | 69 2.91 2.59 3.27
17/02/07 | 17.8 138 | 170 3.02 2.59 3.28
18/02/07 | 17.9 161 | 148 3.17 3.09 3.28
19/02/07 | 19.4 129 | 73 2.97 2.61 3.38
20/02/07 | 17.8 127 | 74 2.95 2.62 3.28
21/02/07 | 189 161 | 133 3.17 2.99 3.35
22/02/07 | 19.2 141 | 100 3.04 2.78 3.37
23/02/07 | 185 135 | 94 3.01 2.75 3.32
24/02/07 | 19.4 149 | 92 3.09 2.73 3.38
25/02/07 | 173 137 | 99 3.02 2.78 3.25
26/02/07 | 1856 145 | 117 3.07 2.89 3.33
27/02/07 | 17.4 133 | 103 2.99 2.80 3.25
28/02/07 | 187 128 | 170 2.96 2.59 3.34
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Table 4.24: COPhp for max., average and min. temp. for March. For the range (15°C - 55°C)

(15°C- 55 °C) RANGE FOR THE MONTH OF MARCH 2007

DATES | TMAX. | TAVG. | TMIN. | COP AVG. | COP_MIN. | COP MAX.
01/03/07 19.3 14.3 10.4 3.06 2.81 3.37
02/03/07 19.8 145 10.4 3.07 2.81 3.41
03/03/07 20.7 15.2 9.8 311 2.77 3.46
04/03/07 20.4 14.2 8.5 3.05 2.69 3.44
05/03/07 20.4 154 12.8 3.13 2.96 3.44
06/03/07 19.8 14.0 114 3.04 2.87 3.41
07/03/07 18.5 12.0 6.7 2.91 2.57 3.32
08/03/07 19.3 12.1 5.7 2.92 2.51 3.37
09/03/07 20.8 13.8 8.2 3.02 2.67 3.47
10/03/07 20.2 13.3 6.5 2.99 2.56 3.43
11/03/07 20.0 17.6 12.2 3.27 2.92 3.42,
12/03/07 21.6 15.2 9.8 3.11 2.77 3.52
13/03/07 19.4 13.7 8.6 3.02 2.69 3.38
14/03/07 13.4 9.3 6.3 2.74 2.55 3.00
15/03/07 12.8 7.0 3.1 2.59 2.35 2.96
16/03/07 18.2 10.8 5.4 2.83 2.49 3.30
17/03/07 16.7 12.4 6.5 2.94 2.56 3.21
18/03/07 19.6 12.7 7.3 2.95 2.61 3.39
19/03/07 | 19.7 13.8 7.1 3.02 2.60 3.40
20/03/07 18.4 14.0 8.2 3.04 2.67 3.32
21/03/07 19.9 17.0 10.5 3.23 2.81 3.41
22/03/07 20.5 15.0 8.0 3.10 2.66 3.45
23/03/07 214 18.0 16.8 3.29 3.22 3.51
24/03/07 19.4 15.0 12.4 3.10 2.94 3.38
25/03/07 20.4 141 7.9 3.04 2.65 3.44
26/03/07 19.4 13.1 8.4 2.98 2.68 3.38
27/03/07 20.1 13.9 8.7 3.03 2.70 3.42
28/03/07 20.6 14.1 7.7 3.04 2.64 3.46
29/03/07 19.4 14.0 8.2 3.04 2.67 3.38
30/03/07 19.6 14.3 8.1 3.06 2.66 3.39
31/03/07 19.2 14.6 10.5 3.08 2.81 3.37

Below are the graphs showing the relationship between the respective COPhp and the dates.
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COPhp BASED ON AVERAGE DAILY TEMPERATURE VALUES
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Figure 4.18: cophp based on average daily temperatures for the range (15°C - SS°C)

COPhp BASED ON MINIMUM  DAILY TEMPERATURE VALUES
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Figure 4.19: cophp based on minimum daily temperatures for the range (15°C - 55°C)
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COPhp BASED ON MAXIMUM  DAILY TEMPERATURE VALUES
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Figure 4.20: COPhp based on maximum daily temperatures for the range (15°C - 55°C)

COPhp BASED ON THE MAXIMUM,AVERAGE AND MINIMUM DAILY TEMPERATURES
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Figure 4.21: COPhp based on minimum, average and maximum daily temperature

4.5 Payback Analysis
The Electricity Authority of the northern Cyprus issues its bills based on a bi- monthly
basis. Charges are said to be incremental, That is to say, the cost per kWh of electricity
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consumed increases with consumption. Although northern Cyprus power stations are
fossils - fuels driven, as such there is what is called a fuel - adjustment surcharge. This is
in accordance with the prevailing cost of oil, and is passed onto customers based on a per -
kWh basis. Appendix 3.1 provide the 2016 northern Cyprus electricity bills. For our own
case we consider the minimum value i.e. IKWh is to 0.44 Turkish Lira.

Consider the one unit of the heat pump i.e. 190-liter capacity for hot water supply under
the following range of temperatures i.e. (15°C- 45°C), (15°C - 55°C) and (15°C -
60°C) respectively.

4.6 Unit with 190 Liters Capacity
The energy consumed by electrical heater and that by heat pump are calculated for each of

the range of the temperatures under this unit as shown below.

W, = mCp AT (4.7)
Where m = is the mass of water in kg (190liters ~ 190kg),
CP= specific capacity of water 4.186kJ/kg K,

tiT = is the 'cha,nge in temperature between the surrounding temperature and the
condensing temperature i.e. tiT = (45 +273)- (15 +273) = 30K

Wi =190 x 4.186 x (318 - 288)
=190 x 4.186 x 30
Wa= 23860.2 K]

And the corresponding energy consumed by the heat pump is calculated by

whyt :t\%‘b: 23%%%.2 = 6976.67k]

Similarly to calculate the energy consumed by electrical heater W2 for the range of
temperature (15°C - 55°C) it follows the same footprint with the first calculation above

i.e.
W2 =mCpliT

W2 = 190 X 4.186 X (328 - 288)
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W2 =190 X 4.186 X 40
W2 = 31813.6 k]

And the corresponding energy consumed by the heat pump for the same range of

temperatures is calculated by

W2 31813.6 = 10604.53K]
whpz =TOP= ~ 3.00

Now to calculate the energy consumed by electrical heater W3 for the range of temperature
(15°C - 60°C) it follows the same footprint with the second calculation above i.e.

Tz = (333 - 288) =45°C
Wy = MCp AT

W3 = 190 x 4.186 x 45
Ws = 35790.3 k]

And the corresponding energy consumed by the heat pump for the same range of
temperatures i.e. (15°C - 60°C) is calculated by

_ W3  35790.3 = 13818.65k]
Whps = TOP= 2.59

To compare the costs when an electric water heater is used in heating water and that when
a heat pump system is used for the same purpose and for the same period of time let us
make an analysis from the calculated values obtained for Wi, W2, W3 respectively.

Now consider them one after the other to see how much it will cost for either the electric
water heater or the heat pump water heater system.

But Wai= 23860.2 k] which equal to 6.633 kWh. Also from Appendix 3.1 1kWh =
0.44TL i.e. for each kilowatt hour of electricity consumed.

Therefore,
6.633kWh X 0.44TL = 2.9186TL Per day.

Therefore, if we consider heating water for 5months, with 30days in each of the months,

we have a total of 150days hence,

150 x 2.9186TL = 437.79TL Per year with electrical heater.
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Now consider the use of heat pump to do the same job and assuming the unit is to be run
once daily for 5months period, noting that the calculated SCOP for the range of
temperature (15°C - 45°C) is 3.42

Then,

437.79TLj342 =128.0ITL Peryearwithheatpump

So the benefits of using the heat pump over the electrical heater to heat the water is given

below
437.79TL - 128.0ITL = 309.78TL

This simply means that the system has to be run for about 19 years for it to pay back for

the unit price which is approximately 5927TL.

Also W2 = 31813.6 k] which equal to 8.844 kwh. and from Appendix 3.1, 1kWh =

0.44TL i.e. for each kilowatt hour of electricity consumed.
Therefore

8.844kWh x 0.44TL = 3.891TL Per day with electrical heater
Therefore, 5Smonths with 30days in each of the months, we have a total of 150days.
Hence,

150 X 3.891TL =583.72TL Per year with electrical heater

Now for heat pump to do the same job and for a Smonths period, note that the SCOP
obtained for the range of temperature (15°C - 55°C) is 3.00

Then,
583.72TLj300 = 194.57TL Per year with heat pump

So the benefits of using the heat pump over the electrical heater is given below
583.72TL -194.57TL = 389.ISTL

This means that the system has to be run for about 15 years for it to pay back for the unit

price which is approximately 5927TL.
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Similarly Ws = 35790.3 k] which equal to 9.95 kwh. Also from Appendix 3.1, 1kWh =

0.44TL i.e. for each kilowatt hour of electricity consumed.
Therefore,
9.95kWh X 0.44TL = 4.378TL Per day.

Therefore, for 5months period assuming 30days in each of the months, we have a total of
150 days then,

150 x 4.378TL = 656.7TL Per year with electrical heater

With heat pump and for 5months period, recall that the SCOP for the range of temperature
(15°C- 60 °C) is 2.59

Then,

656.7TLj259 = 253.55TL Peryearwithheatpump

So the benefits of using the heat pump over the electrical heater is given below
656.7TL - 253.55TL =403.15TL

Meaning that the system has to be run for about 14.5 years for it to pay back for the unit

price which is approximately 5927TL.

For heat pump to do the same job and assuming the unit to work for a 5Smonths duration,
with the SCOP obtained for this range of temperature (15°C - 45°C) is 3.42

Then,
695.24TL/3.42 = 202.12TL Per year with heat pump

So the benefits of using the heat pump over the electrical heater is given below
695.24TL - 202.12TL = 489.12TL

This simply means that the system has to be run for about 12 years for it to pay back for

the unit price which is approximately 5927TL.

59




S

CHAPTERS
RESUL TS AND DISCUSSION

5.1 Results
Table 5.1 gives a tabular result of the method suggested for estimating the maximum
possible COPhp by employing a number of cycles of heat pumps connected in series in an

N- stages, notice that TH is to be changing continuously while maintaining a constant TL.

Table 5.1: Summary table for overall COPhp and individual COPhp

Staze number TL[KJ Tu[KJ COP for each cycle COP for N- stage
1 280 289 32,11 32,11
2 280 290 29.00 30.48
3 280 291 26.45 29.01
4 280 292 24.33 27.68
5 280 293 22.54 26.47
6 280 294 21.00 25.37
7 280 295 19.67 24.36
8 280 296 18.50 23.43
9 280 297 17.47 22.58
10 280 298 16.56 21.78
1 280 299 15.74 21.05
12 280 300 15.00 20.36
13 280 301 14.33 19.73
14 280 302 13.73 19.13
15 280 303 13.17 18.57
16 280 304 12.67 18.04
17 280 305 12.20 17.55
18 280 306 11.77 17.08
19 280 307 11.37 16.64
20 280 308 11.00 16.23
21" 280 309 10.66 15.83
22 280 310 10.33 15.46
23 280 311 10.03 15.10
24 280 312 9.75 14.77
25 280 313 9.48 14.44
26 280 314 9.24 14.14
27 280 315 9.00 13.84
28 280 316 8.78 13.56
29 280 317 8.57 13.30
30 280 318 8.37 13.04
31 280 319 8.18 12.80
32 280 320 8.00 12.56
33 280 321 7.83 12.33
34 280 322 7.67 12.12
35 280 323 7.51 11.91
36 280 324 7.36 11.71
37 280 325 7.22 11.52
38 280 326 7.09 11.33
39 280 327 6.96 11.15
40 280 328 6.83 10.98
4 280 329 6.71 10.81
42 280 330 6.60 10.65
43 280 331 6.49 10.49
44 280 332 6.38 10.34
45 280 333 6.28 10.19
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Based on the assumptions used here, the difference between the final and the initial water
tank temperature is 45°C and since we consider the value of IIT to be equal to 1°C, then we
have 45 number of heat pumps to be connected in N- stages.

The evaporator temperature was kept constant while varying the condenser temperatures as
seenin the Table 5.1 above

The COPhp for both individual cycles of heat pumps and that of the overall stages of the

heat pumps were determined and were shown graphically.
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' 289

-y Overall COP « - - Individual cycle

Figure 5.1: Comparism between individual COPhp and the overall COPhp with TH

And it is shown clearly in Figure 5.1 that employing number of heat pumps in an N-stages
improves the COPhpvalue much higher than if the heat pumps were not. This shows that
employing more cycles of heat pumps gives a more precise value ofthe COPhp,

As shown in the Figure 5.2, is a comparism between the COPhp of a vapor compression
refrigeration cycle and that of the Reversed Carnot cycle. At different condenser

temperatures and the evaporator temperature been constant.
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Figure 5.2: Comparism between COPhp for IVCRC and RCC

The COPhp for the reversed Carnot cycle is always greater than that of the vapor
compression refrigeration cycle because it is completely reversible cycle. Additionally the
COPhp here is a function of the evaporator temperature and the condenser temperature and
hence the COPhp increases sharply with evaporator temperatures, especially at high
condenser temperatures, and it reduces as the condenser temperature increases but the
effect tends to be marginal at low evaporator temperatures.

Although to build and operate reversed Carnot cycle in reality is impossible due to the
difficulties inthe compression of liquid-vapor at the compressor in which the reciprocating
compressors especially high speed ones easily get damaged with the present ofliquid in the
vapor, and also the expansion process i.e. using turbine to extract work during the
isentropic expansion of liquid refrigerant which is uneconomical and affect the blades of
the turbine. But still the reversed Carnot cycle set the highest theoretical COPhp and is used
as reference against which the real cycles are compared.

Table 5.2: Rated COPlip and Cal.SCOP

RATED COP 3.60
MIN. SCOP 3.09
AVG. SCOP 3.42
MAX. SCOP 3.77
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As shown in the Table 5.2 are the rated COPhp for a specific unit of heat pump for the
range of temperature of (15°C - 45°C) as declared by the manufacturer at a particuran
surrounding temperature of 15°C, and the calculated SCOP that was obtained from oun

previous calculations with several different temperatures as shown in Figure 5.3 below

4,00

3,50

3,00

2,50

2,00

=o°

1,50

1,00

0,50

0,00

RATED COP MIN. SCOP AVG.SCOP MAX. SCOP

Figure 5.3: Rated COPhp and calculated SCOP

The above chart is comparing the rated COPhp and the calculated SCOP for the given range ;
of temperature as stated above. o
It is obvious that the surrounding temperature plays a significant role towards these results. ,
The SCOP for the minimum and the average daily temperatures are less than that of thél |
rated COP, and the SCOP for the maximum daily temperatures is higher than the rated
COP, all this variations are as a result of the surrounding temperatures i.e. which for both';
the minimum and the average daily temperatures are mostly less than 15°C . which affect
the SCOP value for this two categories of temperatures hence given a value less than that :« .
of the rated COPhp which is declared with 15°C surrounding temperature. k
Furthermore, for the maximum daily temperatures that are higher than 15°C provides,anf‘f't
SCOP greater than the rated COPhp simply due to the temperature difference i.e. nmAfumrﬁf ,
daily temperatures are greater than 15°C . ’
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Hence the higher the surrounding temperature the higher the COPhp and as well the SCOP

and the more efficient the heat pump will be, as well the less running cost of the unit will

be and vise-versa.

5.2 Payback outcome

Table 5.3: Water heating cost per year

Energy
consumed Energy Cost per | Cost per
with consumed | year with | year with | Benefits of
electrical | with Heat | Electrical Heat using Heat | Payback
Range heater (W) [pump(Wh)| heater Pump Pump period
15°C - 45°C | 23860.2kJ | 6976.7kJ | 437.79TL | 128.0ITL | 309.78TL 19years
15°C- 55°C | 31813.6kJ | 10604.5kJ| 583.72TL | 194.57TL | 389.15TL 15years
15°C-60°C | 35790.3kJ | 13813.6kJ| 656.70TL | 253.55TL | 403.15TL 14.5years

It is seen clearly that for each category and at different ranges of temperature the cost per
year for heating water with electrical heater is much higher almost three times more than
that when a heat pump is used, as such using the heat pump to heat the water provides so
much benefits as provided in Table 5.3 above.

Although the payback period seems to be much longer especially in the case of the first
and second i.e. 19yearsand 15years and even though it could be possible to run the unit for
even more than such a years especially with proper installation, since a refrigerator last
for several years operating without failing, and that the heat pump works as a refrigerator
but in reversed which follow almost the same footprint with the refrigerator.

Additionally, with the new versions of heat pumps that have a better controls that are more
robust than the old versions, it could be economically wise employing the use of the heat
pump for heating water and possibly space conditioning since most of the people that uses
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heat pumps, used it for both purposes, and with heat pumps used in homes for either water
heating or for both including space conditioning.
The environment is less polluted since the air is continually extracted and been used by the

heat pump to generate the heat that will be used in heating water or space condition.
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CHAPTERG
CONCLUSION

6.1 Conclusions

Heat pump water heating system is an essential energy saving mechanism that save a lot of
energy and cost as compared to electric resistance water heater that consumes more than
three times the energy used by the heat pump systems as the unit COPhp is declared to be
3.6.

A method was suggested in other to estimate the maximum possible COPhp of a heat pump
water heaters by employing a number of series connection of heat pumps in an N-stage,
since using the reversed Carnot cycle as a heat pump to heat water have difficulties,
therefore TH has to be changing continuously so as to heat the water to the required
temperature.

Reversed Carnot cycle operating as a Carnot heat pump is used in determining the
coefficient of performance of a heat pump and compared with that of the vapor
compression refrigeration cycle and was found to have a higher COPhp,

Seasonal coefficient of performance SCOP was determined by the Northern Cyprus
meteorological data for Nicosia 2006/2007 based on the daily maximum, average and
minimum temperatures and compared with that of the specified unit as declared by the
manufacturer, which shows that the surrounding temperature has a significant effect
towards the COPhp value, the higher it becomes the more precise the COPhp and as well the
SCOP and vise- versa.

Finally, the cost of heating water per year with heat pump and that with electrical heater
were analyzed, and it was clearly seen that using the heat pump provide additional benefits
of saving costs as it is much lesser as compared to the electrical heater costs. Even though
the payback period is a bit longer, but with proper installation and maintenance the unit

could run for even more years.
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APPENDIXI
THEMODYNAMICS  TABLES

Table 1.1: Properties of saturated refrigerant 134a (liquid- vapor) temperature table
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Table 1.2 Properties of superheated refrigerant 134avapor table
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Table 1.3: Properties of saturated refrigerant 134a (liquid - vapor) pressure table

944 Tables In S| Units

Properlies of Saturated Refrigerant 134a (LIqufd-Vapor): Pressure Table
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7.0 672 po0dMl | 00292 | 8619 | 141A2 | 8tk78 | L7W7 | 26185 | 0.3242 | 0.9080 7.0
8.0 31.33 | 0.8454 0.02$5 9275 | Ui3.78 -1 93,42 | 17073 | 26415 0.3459 | 0.9066 8.0
9.0 35.53 0.8576 omu; 98.79 | 245.88 ‘| 9956 166.62 | 266.18 | 0.36$6 | 0,9054 9.0
m.o 39.39 | ().-8695 | 00202 | 104:42 | 24707 “|.10521> | 162.68 | 26797 | 0.3838 | 09043 | 100
12.0 46.32 0.55Za- | :0.0166 | fin.69 | 2S10) }:-11576 | 15523 | 27099 | 04164 | 0.9023 12.0
14.0 52113 | - 0.9159 0.0140 | 123.98 | 537411 12526 | 148.14 | 27).40 | 0.4453 | 0S0:03 § IO
16.0 $7.92 1. 0.9:392 | 0.0m | NISI | 256,00 | 134,01 | 1411 27$)3 | 04714 | 0,8982 | .16.0
1S.0 62,91 0.9631 0.0105 140.t9 §: 25?{8&' : ‘142',2‘2 1)4.60 276.83 0.4954 Q.89.69 | 18,()
110.0 6719 | 09878 | 0.00-9) | 148:02 - ‘258,41 | 1499 | 127.95 21794 | 05178 | 0.8934. | 200
250" 77.59 1 10562 | 0.0069 | 165.48 [ 261841 16-12 111.06°§ 279,17 | Q!S687 | 0.885,) '§ 25.0
300 {8622 | 1.1416 | 00651 181,88 | 26216 ]-1s5:30 | . 9271 | 27801 | 0,61S6 | 08735 | 300
I wen =9
i

§ ;;,x,}ﬁé v{;ahiaya&w}}’ﬂnﬂb, g
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APPENDIX2
ALDEA HEAT PUMP TECHNICAL SPECIFICATIONS

Figure 2.1: Aldea Heat pump

[ e _—
ALDEA HAVADAN SUYAISI POMPASI
ISIPOMPALIBOYLER e
AL- IPB 190

AL-IPB300

KULLANIM KILAVUZU -—--

Ebatlar Net/ briitagirit

Model B -
(mm: DxvI (kg) Glic Kaynag!
ALPBI £1568x1640 941110 220-240V-1 ph-50Hz
AL-IPBI%0 ¢1650x1,920 1231150 220--240V-1 ph-50Hz
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Table 2.1: AL- IPB 190 technical specification
Model
Callisrna rnodu i AL-LPS 190
= . z Ekonomi E-isitici
Calisma o:tam, sicakligi I v 43
Cikis suyu s:icaklig,| < . -30- 43
GG kaynag) — Varsayilan 55"€,38¢c - [/[I0
Depolama boyutu L 1'220'19340'50
Kapasite KW 15 300
Su isitma Pe,nfomi. katsayisu' (PK) | fimiiNV 36 1'00
Mak. akim A 32 -
Ortani sicakJig! = . 13.0
_ -30- 43
o Ebatlar (DxH) mm (J568X1620
e Ambalaj (WxH:.0) mm 675x1715><690
Net/briit agiiiik K -
Gurdltd seviyesi dB(gA) 941110
Sogutucu tipi /miictarn kg 41
Sogutucu fasanrni R134af0.95
basinci MPa 2611.2
Depo tasarmn . liasmcl
MPa
KismatipJ 0.15-10
Elekli'oniik genlesme vath
Sistem korumasi TCO1, TCO02, PTvalli,otoniatik  buzgdzm,e, asin yik
konumasisicaklg. . elektrik kacagina karsi koruma
Hava: akisi (filtre: elekli) T ST8E0TTT
Model
Tis ° PJ125G1C-4DZDE
Marka g;lrg:
Kapasie Buu/h 4740
Kompresor Giris kw 0515
Nominal akini (RLA) A 237
KilitU rotor Amp (LRA) A - ,'15
Termal koruyucu 55
Kapasilor HF =
Sogutucu -yag mi 200
:A/'kaeal VDK12-6A
Ili
Girig W wezéng
Hiz
ridak. 900/8151680
Fan motor Yalitim sinifi B
Giineriliksinifi XA
Girig W 28
Cikis W 5
Nominal akim A 012
Kapasitor F 1 >
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Table 2.2: AL- IPB 300 technical specifications

Model AL-IPB 300
OGCalisrnamodu ; Ekoiriomi E-1sitici
Calisma oitam,i sicakligi : o -r43 30- 43
Cikis suyu sicakligi € Varsayllan 55°C,38'Q; - 60+C
GiiC kaynag Ph-V-Hz 1-220 -240-50
Depolamaebadi L 300
Kapasite k 3.00 3.00
Su Isitma Peiforinans katsayisi {PK) iMilkwW 3.60 1.00
Maks. akini A 6.5 13.0
Ortani sicakigi © -30-43
Eballar (Dxf-1) mm (1)650)(1,920
Oni~ Ambalaj{Vi/x4:-0) mm 7501'2,150%780
Net/tirilt agirlik k 123/150
Guraltu seviyesi dB{A} 48
Sogutucu tipi/miktari k R134a/1.2
Sogutucu tasarim basinci MPa 3.0/1.2
Depo tasarim basinci MPa 1
Kisma tipi Elektrikli genlesme valfi
sistem korumas! KorumaSiSIGaI, eleKIK Kagag A ) Koruml
Hava akimi nisisaa.l 4141355/312
Model RB233GRDC
Tip Doner
Marka Guangzhou Mitsubishi electric
Kapasite aluisaat 9500
Girdi k 0.9
Kompresor Nominal akint {RLA} A 41
Kilitli rotor Amp {LRA) A 30
Termal koruyucu 115
Kapasilor Il 30
Krank kutusu w 25
Sogutucu yag m 440
Model YDK30-6R
Marka welling
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Table 2.3: AL-IPB 300 technical specifications

ALDFA Is| Pompasi Teknik El Kitabi-ISI POMPALI BOYLER

Fan motor ﬁlrdl w 68
1z
ridak. 620/530/465
Yalilimsuufi 5
Guvenliksinifi o
Nomioal Akim A 03
Kapasilor '
HF 2.5
Dfzisayisi 3
Tup arahgi(a}x dizi araligi
b) mm 22x:19.05
Kanat mesafesi mm 15
Buharlagtiricibobini Kanattipi (kod) Hidrofilik alﬁminyum
Tlpln dis ¢api ve tipi
p s cap p mm 8
. i¢ Vida dsi
Bobin uzun. X yiksek. mm 480-5<852
Devre sayIsl : 7
Su girisi borusu mm DN20
Su borusu hatti Su ¢ikis borusu mm DN20
Drenaj borusu mm DNJ0
PT valf mafsali mm
Isi esanjoru DN20
- Bdlicl duvartipi 1si esan)or
Su girisi borusu mm DNZO
Su ¢ikisi borusu mm
Glnes IsisI esanjoru IsI esanjorl DN20
- Paslanmazgelik SUS316L
Dim.x Uzunluk mm 7%10000
Mali:. basing MPa X
E-Isitici T 07
Sicaksu randimani 3
- : meisaat 0.086
Yikleme Miktart 20740740A P .
es 21/47/147

Acikiamala.r:

1. TISI<Dttilari:Oif sitad<ji(, 15.1:2"G3 (DBIWS),gris *u~ sical<ligl. 15'C, ¢ikis SU~\] sl0<l<lig1.45'C

2~ Sart:am-etirind gelis~f'mel{icin dedistirifebiir. !fittenfaim ieinas 1na bakmuz.

76




Figure 22: AL- IPB 190 COP | Ambient temperature chart

Model: ﬁI\L‘cI'PB,‘ 190

k'~ ~~ I
II :. TS RRTE R e : gesy R e
s'5
~ .
]
o 3

=%.9 @ W 16 20 B6 B0 B2 85 40 4B
Ambient temp('C)

Figure 23: AL- IPB 300 COP | Ambient temperature Chart

Model: AL-IPB 300
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APPEND1X3
ELECTRICTY CONSUMPTION RATES

Table 3.1: Electricity bill per kilowatt hour for Nicosia 2016

KKTC ELEKTRIK KURUMU )
01 Nhiim 2018 TARIHINDIEN iTIBAREN UYGULAMADAOLAN TARIFE:UGREN.ERI

Bu tarihl e duisiklc ya

Bu tasibll uvgularmada satace ma
PRI A e

X ' ’ Yeni
T-anlre Kod ve Tarife ismi Esli Makfu Ocfetler | stalus | V3% M| ToKeTI ORETLIER I ESKi] Tatil&. | artisoram
Gereliag » | V0 Ocnillers 1
B Biagicl Alam Taries] , —|Her EWs ign 88| 08|  O00%
14 Gagici Ak Taritesi | 067 087
0 korut Tartes! ik 250 Kws igin] Yioksw 6,95 16,85 4200 Hier kWs igin 0,25 0,20
02 konut Tarifest [0- 200 Kws ) 635 1685 12,00} Her kiWs igin o4al 0401
fos! | 251500 IBBE| 18,65 12.00|Hor kNS i 0,48 0,45
501-7850 1685 1605 12 00| Her kWS iein 0fz Dy
1685 16,85 12,00 Her kil irin 054] 052
Tek laz 1817 847 Fier ks ipin bAB, D0
iCokfer {3150 31,50 ;
04 Ticar Tarle [Her VA 7.00 7.01;1 [4. Gilim o0 o4  000%
ligin |2.Dilim 038 029 n,»urmj
(5 Endastr Tante Tek Tz 18,17] 16,17 Fier ks igin BAD] 04D 0.00%)
e fgok faz 30,801 A1.S0
08 Endiist] Tanie Her KA, 7,00 7,00 1 Dilim 048] 040/ {005
Igin 2. Diling 638 038 mun%i
3}
'jms 18} TEQotIstti TariiL Fiar KVA 3,50 350 1 Dl 040]  G4D] ;e
igin 2.Difim 0,39 0.395 &.un%j*ﬁ
t07 TurLrii, tar.mi Tek faz 18,17 16,17 Fier ki icn GAGL 040  o00%)
i Iookter [ 31,50 31,50 ;
]LOBTL] lilzmtiirHe Ikiar VA 7,00 7.00 11, Bilim 0,40 040] 000w
[ figin 12 Gilim 0380 039 D.00%)
~ ] f
|59 Su Motorlari Tak faz 18,17 18,17 Hier ks igin 0,40 040]  0.00%)
i ok faz 21,50 21,50
m Sokak isklan
12 Savunma Tarifes! Hor ks igin |
13 Deviel Dairelen Taritesi ‘ ek iz (NN Hez kil igin
Gok faz 31,501 alsp
“=Kib-TH BITGTTik i Brim: 01 M 2016

" Fatura dalolinde bulenen tiketielor igis almassk widiIMiltr.p,t
= Faturs tatebinde Bubsrmayen fketiehey iglsn nlmicik minitiu uimit

https://www.kibtek.com/tarifeler
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