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ABSTRACT

In this research a method was devised in order to estimate the maximum possible COPy,
for a heat pump water heater by employing a number of serial reversible Carnot heat
pumps. Each increases the water side temperature only by 12 which is negligible.

Also COPy, 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).SCORP 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 150 -
45@ , 158 - 55@ and 15@ - 60@ . 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 yiksek performans katsayinin
belirlenmesi igin bir hesplama ydntemi dnerilmistir. Bu yéntem her biri su tarafinda sadece
1°C’lik ihmaledilebilir bir sicaklik farki yaratan, seri olarak ¢alisan bir dizi tersinir Carnot
ISI pompasini icermektedir.

Ayrica, 1si pompas! seklinde kullanilan ters Carnot ve ideal Buhar Sikistirmali Sogutma
Cerimlerine ait COPy, degderleri, ilgi ¢alisma araliginda ¢evrimlerdeki sabit yogusma ve
buharlasma sicakliklari parametre olarak kullanilarak hesaplanip, grafiksel olarak verilmis
ve karsilastiriimistir.

Kuzey Kibris piyasasinda mevcut bir 1s1 pompasi su isitict i¢in (Aldea AL- IPB 190) lokal
kullanim kosullarindaki Sezonluk Performans Katsayisi SCOP, teorik olarak elde
edilmistir. Hesplama, sicak kullanim suyu elde etmek i¢in giines enerjisi disinda bir baska
Isitma sisteminin yaygin olarak kullanildigi Kasim — Mart aylari arasindaki bes aylik bir
periyodu baz almaktadir. Calismada Lefkosa icin Kuzey Kibris Tirk Cumhuriyeti
Meteoroloji Dairesinden temin edilmis Kasim 2006 - Mart 2007 donemine ait
meteorolojik veriler kullanilmistir. Uriine ait (¢ farkli calisma sekli icin (suyun 15°C’den
45°C’ye 1sitilmasi, suyun 15°C’den 55°C’ye isitilmasi, suyun 15°C’den 60°C’ye isitiimasi)
gunlik en dusuk, gunlik ortalama ve gunliuk en yiksek dis ortam sicakliklarinda Grinan
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 1sitici ve Aldea 1s1 pompasi kullanilarak isitiimasi
durumlarindaki elektrik tiketim maliyetleri karsilastiriimis ve sadece bu kriter gbz oniine

alinarak drdin icin bir geri 6deme siresi elde edilmistir.

Anahtar kelimeler:Isi pompasi su isitiasi; Ters Carnot ¢evirmi;lsi pompasi;COP;SCOP
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CHAPTER 1
INTRODUCTION

1.1 Introduction

Hot water supply in residential buildings, is for both public and commercial purposes
among the largest energy end uses that accounts for approximately 19-50% of the sum total
of the energy consumption of countries worldwide, for which there is a significant ability
for energy savings (Abel et al., 2015). Most of the residential water heaters (WHSs) in
usetoday are equipped with conventional 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 family 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 water from the 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.

Storage Water Heater
Hot water outlet

Pressures Went pipe

Temperaiure

reliaf valve Cold water inlet

Flue tubs/
heat exchanger

Flue baffie
Anodes rocd

Insulation

Thermostat
and gas vahsye

Gas bumer

'I:EII'I'lI:_II.J!i-tiDFI air
openings

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 system, pump is used to circulate water through the collectors
and then into the home. Hence they work better in climates that rarely freezes. On the other
hand for the active indirect circulating systems a pump circulate a non-freezing heat-
transfer fluid through the collectors and then to the heat exchanger as demonstrated in

Figure 1.1b below.

Active, Closed Loop Solar Water Heater

&
Hot water
F'Eht plata A (T T=tohouse
coall=ckor K-H'M.\,
iy [— Cold water
' - IJH supply

Antifreeze fluid in : ¥ A
callector loop only -]
Solar storage/
backup watey
heater

Double-wall
haat exchanger

Pump

Figure 1.1b: 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.



Passive, Batch Solar Water Heater

Hat water
= to house
Spigot drajn valve ‘ ‘_
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< backup water
Bypass valves Q heater

supply

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.

While a refrigerator extracts heat from inside box and disperse it into the surrounding, an
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).

1.4.1Benefits of heat pump water heaters
Heat pump water heaters serves as an alternative way of providing hot water, the heat
pump when in use, continuouslyexhausts 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 major 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 (COPy,)

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.



CHAPTER 2
SURVEY

2.1 Literature Survey

Heat pump systems offer theeconomical 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 aheat pump to be a better economical proposal, continuous efforts need
to be devoted in other toprolong 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).
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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@ ,
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 ASHPWHSs had a noticeable lower performance
than the normal solar WHSs or solar — boosted HPWHSs. The ASHPWHSs 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 552 efficiently subject to different
weather conditions all year round. Figure 2.3 shows the schematic diagram for illustration
purposes (Guoying et al., 2006).

collector/evaporator
- condenser

COMpressor

hot water

]_F

wafertank

city water

expansion valve

Figure 2.3. Schematic diagram of the experimental set- up

2.1.1A Dbrief 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
StatesArmy’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-1PB 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).
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CHAPTER 3
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 2" 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.

regquretod drpan

LSS BRI T

Figure 3.1: Refrigerator
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Here, Q. is the magnitude of heat removed from the refrigerated space at temperature T,
and Qy is the magnitude of the rejected heat to the warm space at temperature Ty, and
Whetin IS 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

Desired oubprit Cooling ef fect e]]
COP, = = geffect _ (3.1)
Regquired input Waork input Wiet in

This relation can also be in rate form by replacing , by {J, and Waetin DYWhepm.

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

device requires that

W:-wt,m = Qu- @ (3.2)
Then the relation for the COP given in equation (3.1) can also be expressed as:

@, 1

C0%n = QH_.Q.I.z Qi 0, - 1
L

(3.3)

From equation 3.3 the value for COPg 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

Desired output  Heatingeffect @y
Required input  Work input —~ W, in

COPyp = (3.4)

This relation can also be written in rate form by replacing Q,; by, and Wietin Y Wierin

Equation 3.4 can also be expressed as

Q1
COPyp = G— g = — (3.5)

2y

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 a reversed Carnot cycle shown in the Figure 3.3.

WARM medium
Al I.'hrll

p 2

4 T 3

Condenner

i

| Evaporsior
Ly

7

OOLLY mcdauml
mi;

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

Heat is absorbed isothermally by the refrigerant from the low- temperature source at T, in
the amount of (};, (process 1-2), is compressed isentropically to state 3 in which
temperature rises toT,; (process 2 — 3), heat is rejected isothermally to high — temperature
sink at Ty in an amount of {J;; (process 3 - 4), and is isentropically expanded to state 1

temperature drops to T, (process 4 —1).

From Clausius theorem and inequality,

T,
& = 32 (3.6)
QL TL
Therefore, the Coefficient of performance of Carnot refrigerators and Carnot heat pumps

respectively can be defined as

1
Ty
TL_ 1

CGFR,ﬂuTmJE = (37)
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1
T
1— L TH

EDFHF,EL:THHE = (38)

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 Ty, falls or T} 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=0B:- 24 (3.9
Process 2 — 3 is the constant pressure heat rejection in a condenser.

Gy = Oz - O3 (3.10)
Process 3 — 4 throttling in an expansion device.

g5 = O, (3.11)

Process 4 — 1 is the constant pressure heat absorption in the evaporator.

G, =By - B (3.12)
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In an ideal vapor- compression refrigeration cycle, at state 1 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 — 1 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.

T

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 internally 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).

QJ 1 - 4
COP, = ~— = 3.13
. M’:wt,m 2 - 2y ( )

-
COP,p = G _ %~ B (3.14)

I"'lrrm-'t,r'n 2 - 1
Where,

B, = B, atpoint1and B3 = B at point 3.
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CHAPTER 4
CALCULATIONS

4.1 Estimating the Maximum Possible COPy,, for 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 Ty is to be changing continuously, as such this is a method devised in
order estimate the maximum possible COPy,. 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, I'H,

Figure 4.1: Heat pumps series connection.

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

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

The COPvalue is calculated by:
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2
COP, = Fmmy Ty
TH1 THz

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

N N
COP,, = -

l=1 1/COP o1 Ta= T, / Tai

WhereCOF,, COP,,and COFP,, represents the Coefficient of performance of the heat pump

for the first stage, second stage, for individual COP composing the cycle and N- stages

respectively.

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

as shown in Table 4.1

Table 4.1: Parameters considered

Carnot heat pump one will transfer limited amount of heat, therefore Ty there will only be

affected as small amount such as 1B in our case, and we still consider this as a constant

valuei.e. AT = 10 .

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.

20

PARAMETERS (@]
Air reservoir temperature T 7
Water reservoir temperature | Ty 60

Initial temperature for the
tank Ti 15
Final temperature of the
tank Tt 60
Change in the temperature | T¢«T; | 45
Stage Number 45
AT= (between Trand T;) 1




Table 4.2: Individual COPy, and overall COPy

COP for | COPforN
Stageno. | T [K] | Tu[K] | Ti[K] | T¢[K] | each cycle stage
1 280 289 288 289 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 COPy, with respect to Ty and the number of stages, the

graphs of individual COPy, and the overall COPy, against number of stages and that

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

shown below.

CGFHHmHnulz

Also the ranges of temperature for both Ty and T are respectively given below.

Tyrange: 208 — 6003

T, range: 5@ — 150
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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Figure4.4: Graph of COPpagainst T
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T=284

290 295 300 305 310 315 320 325 330

Figure 4.5: COPy,, variation with Ty

4.3 Determination of COPy, for Ideal Vapor Compression Refrigeration Cycle
In orderto determine the COPy, for an ideal vapor compression refrigeration cycle,
consider the use of equation 3.14 given below

QH 2 - 3
COP,, = -
Wnet,r'n 2 - I

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

402 with different condenser temperatures.

Assumptions

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

e Compression process is isentropic

e Irreversibility within the evaporator, condenser and compressor are ignored

e 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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AtT; = 4B, B, = E,= 249.53 k] g and Sy = S;= S, = 0.9169 k]

g kgk

Also from Appendix 1.2, superheated Refrigerant 134a vapor tables,
At P = 10bar, T = 39.390, B, =?

But at T =408, 5= 09066 ) kgk and @ = 268.68 )

kg

kj kj

Alsoat T = 508, § = 0.9428 kgk, 2= 280.19

kg

Now to get B, at T = 39.390 . we interpolate between the enthalpies and the entropies
betweenT. = 408 and T. = 508 . From Appendix 2.

Hence 0.9066 — 268.68
0.9169 - @,

0.9428 — 280.19

0.9169 - 0.9066 ;- 268.68
0.9428 - 0.9066 280.19 - 268.68

0.0103 _ B2 - 268.68
0.0362 11.51

0.118553 = 0.0362 @; - 268.68
3.2749 = @, - 268.68

g, = 271.9549 %/ -

Then from Appendix 1.3, saturated refrigerant 134a (liquid- vapor) pressure table

At P = 10bar,B; = £, = 105.29" -

Therefore,

271.9549 - 105.29  166.6649

COFy;, = = =
AP T 271.9549 - 249.53 ~  22.4249

7.432
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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 COPp,
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:

e T
Te-Tp Ty- T,

COPy, =

(39.39 + 273) 31239
39.39 + 273 - (4+ 273)  35.39

COP,, = = 8.827

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 COPy, for IVCRC and that of RCC.

Te=T | Ty =Tc S, =S, COPy,p
S/N | (°c) (°c) P(Bar) | hKj/kg | Ki/kg.K | h, Kjikg | hsKi/kg | were COPyrec

4 39.39 10 249.53 | 0.9169 | 271.9549 | 105.29 | 7.432 | 8.827

4 46.32 12 249.53 | 0.9196 |275.6842 | 115.76 |6.115 | 7.545

4 52.43 14 294.53 | 0.9169 |278.8769 | 125.26 |5.234 |6.719

4 57.92 16 294.53 | 0.9196 |281.584 |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
1 20.1 20.2 17.5 16.4 19.3
2 23.0 21.4 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 19.4
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 21.4
24 23.3 19.8 19.0 19.4 19.4
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 21.4 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 March
1 17.4 14.1 8.6 11.0 14.3
2 17.5 12.8 10.1 13.5 14.5
3 17.7 11.3 12.5 12.6 15.2
4 17.6 11.2 13.0 10.7 14.2
5 13.1 11.7 13.6 9.1 154
6 12.1 11.5 11.4 8.1 14.0
7 12.1 11.0 11.1 8.4 12.0
8 13.1 11.6 8.8 9.9 12.1
9 13.8 11.0 9.7 14.4 13.8
10 14.8 11.6 14.0 13.3 13.3
11 15.7 12.1 14.0 11.0 17.6
12 15.7 11.8 13.0 13.1 15.2
13 16.6 15.0 8.8 12.8 13.7
14 17.4 13.2 9.9 13.1 9.3
15 15.9 13.7 10.7 11.9 7.0
16 14.0 11.5 10.8 12.0 10.8
17 14.6 11.9 11.9 13.8 12.4
18 16.2 12.2 10.4 16.1 12.7
19 15.6 12.8 11.0 12.9 13.8
20 14.3 13.3 12.4 12.7 14.0
21 13.7 15.1 12.8 16.1 17.0
22 13.6 14.6 9.8 14.1 15.0
23 13.7 11.1 11.1 13.5 18.0
24 13.8 10.2 13.9 14.9 15.0
25 14.5 11.2 13.7 13.7 14.1
26 14.4 114 11.8 14.5 13.1
27 13.4 6.7 11.3 13.3 13.9
28 14.6 7.9 10.9 12.8 14.1
29 15.6 7.2 9.6 14.0
30 14.3 9.8 9.6 14.3
31 10.4 8.9 14.6
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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 4.7 114
7 4.7 5.0 7.3 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 12.7 4.9 12.2
12 9.0 6.6 8.5 6.5 9.8
13 9.4 10.0 1.9 7.9 8.6
14 9.5 7.4 4.1 8.6 6.3
15 11.7 10.0 5.0 8.3 3.1
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 7.3 7.1
20 5.2 6.5 9.0 7.4 8.2
21 6.4 9.1 8.9 13.3 10.5
22 7.1 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 7.7
29 4.8 -1.0 55 8.2
30 6.2 4.0 4.4 8.1
31 6.0 2.0 10.5
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Representing the weather data graphically gives the figure below.

TEMPERATURE

TEMPERATURE VARIATION BETWEEN NOVEMBER AND MARCH (2006/2007) NIKOSIA
30,0

25,0

20,0

15,0

10,0

5,0

DATES

ETMAX. mTAVG. mTMIN.

Figure 4.6: Temperature Variation between November and March (2006/2007) Nicosia
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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: COPy,, for different temperatures for range (158 - 60°C)

(15 -60@ ) TEMPERATURE RANGE

SIN Temperature °C COP-AL-1PB190 | COP-AL -1PB 300
1 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 COPy, against the surrounding temperatures is plotted.

CoP

3,5

2,5

1,5

0,5

COP,, = 0.0603(T) + 1.8206

COP,,, VARIATION WITH TEMPERATURE

5 10

COP,, = 0.0603T + 1.8206

R*=0,991

15 20

SURROUNDING TEMPERATURE

25 30

Figure 4.7: COPy,, 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 COPy, as shown in Table 4.9
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Table 4.8: COPy, for maximum, average and minimum temperatures for November

(15@ —60 @ ) 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 | 23.0 175 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 17.6 155 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 | 21.5 14.8 7.6 2.71 2.28 3.12
11/11/06 | 214 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 | 21.4 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: COPy, for maximum, average and minimum temperatures for December

(150 -602 ) RANGE FOR THE MONTH OF DECEMBER 2006

DATES | TMAX. | TAVG. | TMIN. | COP AVG. | COP MIN. | COP MAX.
01/12/06 20.2 141 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 2.24 291
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 15.0 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 2.65 242 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
20/12/06 215 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 12.3 114 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: COPy, for maximum, average and minimum temperatures for January

(158 -608 ) RANGE FOR THE MONTH OF JANUARY 2007

DATES | TMAX. | TAVG. | TMIN. | COP AVG. | COP MIN. | COPMAX.
01/01/07 | 175 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 | 16.8 125 8.4 2.57 2.33 2.83
04/01/07 | 174 13.0 74 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 11.1 7.3 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 | 19.8 11.9 5.8 2.54 2.17 3.01
18/01/07 | 18.5 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 3.1 241 2.01 2.95
23/01/07 | 18.0 111 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 2.97
26/01/07 | 18.8 11.8 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 | 154 8.9 2.0 2.36 1.94 2.75
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Table 4.11: COPy, for maximum, average and minimum temperatures for February

(158 -608 ) 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 4.4 242 2.09 2.77
09/02/07 | 16.7 144 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 | 174 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 74 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 | 185 13.5 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 | 174 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: COPy, for maximum, average and minimum temperatures for March

(1508 -602 ) 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 2.68 2.45 2.98
02/03/07 | 19.8 145 10.4 2.69 2.45 3.01
03/03/07 | 20.7 15.2 9.8 2.74 241 3.07
04/03/07 | 20.4 14.2 8.5 2.68 2.33 3.05
05/03/07 | 20.4 154 12.8 2.75 2.59 3.05
06/03/07 | 19.8 14.0 114 2.66 2.51 3.01
07/03/07 | 18.5 12.0 6.7 2.54 2.22 2.94
08/03/07 | 19.3 12.1 5.7 2.55 2.16 2.98
09/03/07 | 20.8 13.8 8.2 2.65 2.32 3.07
10/03/07 | 20.2 13.3 6.5 2.62 2.21 3.04
11/03/07 | 20.0 17.6 12.2 2.88 2.56 3.03
12/03/07 | 21.6 15.2 9.8 2.74 241 3.12
13/03/07 | 19.4 13.7 8.6 2.65 2.34 2.99
14/03/07 | 13.4 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 | 18.2 10.8 5.4 2.47 2.15 2.92
17/03/07 | 16.7 12.4 6.5 2.57 2.21 2.83
18/03/07 | 19.6 12.7 7.3 2.59 2.26 3.00
19/03/07 | 19.7 13.8 7.1 2.65 2.25 3.01
20/03/07 | 18.4 14.0 8.2 2.66 2.32 2.93
21/03/07 | 19.9 17.0 10.5 2.85 2.45 3.02
22/03/07 | 20.5 15.0 8.0 2.73 2.30 3.06
23/03/07 | 21.4 18.0 16.8 2.91 2.83 3.11
24/03/07 | 19.4 15.0 12.4 2.73 2.57 2.99
25/03/07 | 20.4 14.1 7.9 2.67 2.30 3.05
26/03/07 | 19.4 13.1 8.4 2.61 2.33 2.99
27/03/07 | 20.1 13.9 8.7 2.66 2.35 3.03
28/03/07 | 20.6 14.1 7.7 2.67 2.28 3.06
29/03/07 | 19.4 14.0 8.2 2.66 2.32 2.99
30/03/07 | 19.6 143 8.1 2.68 2.31 3.00
31/03/07 | 19.2 14.6 10.5 2.70 2.45 2.98

Below are the graphs showing the relationship between respective COPy,, and the days of
the months.
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COP,,, BASED ON DAILY AVERAGE TEMPERATURE VALUES
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Figure 4.8: COPy,, based on the daily average temperatures

COP,,, BASED ON DAILY MINIMUM TEMPERATURE VALUES
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Figure 4.9: COPy,, based on the daily minimum temperatures
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Figure 4.11: COPy, based on the maximum, average and minimum temperature
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Figure 4.10: COPy,, based on the daily maximum temperatures
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If we consider another range of temperature i.e. ( 158 - 45@ ) 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: COPy, for different temperatures for range (152 - 450 )

(153 -450 ) TEMPERATURE RANGE
COP - AL- IPB COP-AL-1PB
S/N TEMPERATURE 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

COP,, VARIATION WITH TEMPERATURE

45 COP,, = 0.0604T + 2.6482
4
3,5
o3
S 2,5

o

2
1,5
1
0,5
0

0 5 10 15 20 25 30

TEMPERATURE

Figure 4.12: COPy,, variation with temperatures for the range (158 - 450 )

COPy, = 0.0604T + 2.6482 (4.5)

With equation (4.5) COF,, was determined as shown in Table 4.15
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Table 4.14: COPy, for maximum, average and minimum temp for Nov. range (158 - 458 )

(15@ -45@ ) RANGE FOR THE MONTH OF NOVEMBER 2006
DATES TMAX. | TAVG. | TMIN. | COP AVG. | COP MIN. | COP MAX.
01/11/06 20.1 17.4 15.3 3.70 3.57 3.86
02/11/06 23.0 175 12.0 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 17.6 155 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 19.6 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
11/11/06 214 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 21.0 14.0 7.5 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 3.51 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 14.5 4.3 3.52 291 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 7.5 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: COPy, for max., average and min. temp for Dec. Range (158 - 458 )

(158 - 450

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 3.50 3.17 3.87
02/12/06 21.4 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
11/12/06 215 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 21.5 13.3 6.5 3.45 3.04 3.95
21/12/06 22.0 15.1 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 13.2 111 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 18.5 11.2 4.5 3.32 2.92 3.77
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 1.2 -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: COPy, for maximum, average and minimum temp for Jan. range (152 - 458 )

(150 - 458 ) RANGE FOR THE MONTH OF JANUARY 2007

DATES | TMAX. | TAVG. | TMIN. | COP AVG. | COP MIN. | COP MAX.
01/01/07 175 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 16.8 125 8.4 3.40 3.16 3.66
04/01/07 174 13.0 74 3.43 3.10 3.70
05/01/07 15.7 13.6 12.2 3.47 3.39 3.60
06/01/07 15.1 114 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 11.9 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 18.0 111 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 3.23 291 3.60
31/01/07 154 8.9 2.0 3.19 2.77 3.58
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Table 4.17: COPy, for max., average and min. temp for Feb.range (158 - 458 )

(158 - 450

RANGE FOR THE MONTH OF FEBUARY 2007

DATES TMAX. | TAVG. | TMIN. | COP AVG. | COP MIN. | COPMAX.
01/02/07 16.4 11.0 4.0 3.31 2.89 3.64
02/02/07 15.9 135 7.6 3.46 3.11 3.61
03/02/07 14.0 12.6 10.9 3.41 3.31 3.49
04/02/07 14.4 10.7 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 16.7 14.4 8.7 3.52 3.17 3.66
10/02/07 16.9 13.3 10.0 3.45 3.25 3.67
11/02/07 17.4 11.0 4.9 3.31 2.94 3.70
12/02/07 18.7 13.1 6.5 3.44 3.04 3.78
13/02/07 17.4 12.8 7.9 3.42 3.13 3.70
14/02/07 18.7 13.1 8.6 3.44 3.17 3.78
15/02/07 15.9 11.9 8.3 3.37 3.15 3.61
16/02/07 17.7 12.0 6.9 3.37 3.06 3.72
17/02/07 17.8 13.8 7.0 3.48 3.07 3.72
18/02/07 17.9 16.1 14.8 3.62 3.54 3.73
19/02/07 194 12.9 7.3 3.43 3.09 3.82
20/02/07 17.8 12.7 7.4 3.42 3.10 3.72
21/02/07 18.9 16.1 13.3 3.62 3.45 3.79
22/02/07 19.2 141 10.0 3.50 3.25 3.81
23/02/07 18.5 135 9.4 3.46 3.22 3.77
24/02/07 19.4 14.9 9.2 3.55 3.20 3.82
25/02/07 17.3 13.7 9.9 3.48 3.25 3.69
26/02/07 18.6 145 11.7 3.52 3.35 3.77
27/02/07 17.4 13.3 10.3 3.45 3.27 3.70
28/02/07 18.7 12.8 7.0 3.42 3.07 3.78
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Table 4.18: COPy, for max., average and min. temp for March. Range (158 - 450 )

(150 -45@ ) 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 14.5 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 14.0 114 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 3.42 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
26/03/07 194 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 20.6 141 7.7 3.50 3.11 3.89
29/03/07 194 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 COPy,, and the dates as shown in Figures below.
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COP,, BASED ON DAILY AVERAGE TEMPERATURE VALUES
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Figure 4.13: COPy, based on the daily average temperatures for the range (15°C - 45°C)

COP,,, BASED ON DAILY MINIMUM TEMPERATURES VALUES
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Figure 4.14: COPy,, based on the daily minimum temperatures for the range (15°C - 45°C)
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COPy,, BASED ON DAILY MAXIMUM TEMPERATURE VALUES
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Figure 4.15: COPy, based on the daily maximum temperatures for the range (158 - 452 )

COP,,, BASED ON MAXIMUM, AVERAGE AND MINIMUM TEMPERATURE VALUES
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Figure 4.16: COPy,, based on the daily minimum, average and maximum temperature

Now considering the last range of temperatures that is (158 - 558 ) similar calculation

procedures are adopted in obtaining the given tables and the graphs as shown below.
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Table 4.19: COPy, at different temp. In the range (158 - 55@ )

(15 -558 ) TEMPERATURE RANGE

S/IN TEMPERATURE-C | COP-AL-IPB190 | COP-AL -1PB 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
45
N COP,,=0.0635T +2.1482 o™
315 ................
P R S 12 S
n._% ......... R2=0,977
£2,5
o
2
1,5
1
0,5
0
0 5 10 15 20 25 30

SURROUNDING TEMPERATURE

Figure 4.17: COPy,, variation with temperatures for the range (158 - 558 )

COP,, = 0.0635T + 2.1482 (4.6)

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

temperatures were determined as shown in the Table 4.20
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Table 4.20: COPy, for min., average and max. temp. for Nov. range (158 - 558 )

(158 -55@ ) 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 13.1 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 | 215 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 9.4 3.20 2.75 3.63
14/11/06 | 23.1 174 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 | 22.1 143 5.2 3.06 2.48 3.55
21/11/06 | 21.3 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 | 21.4 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 | 24.0 145 4.3 3.07 2.42 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 | 21.4 143 6.2 3.06 2.54 3.51
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Table 4.21: COPy, for max., average and min. temp. for Dec. for the range (158 - 558 )

(158 -55@ ) 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 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 | 195 11.0 5.0 2.85 2.47 3.39
08/12/06 | 19.8 11.6 5.5 2.88 2.50 341
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 | 21.5 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 3.41
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: COPy, for max., average and min. temp. for Jan. for the range (158 - 558 )

(150 -55@ ) RANGE FOR THE MONTH OF JANUARY 2007

DATES | TMAX. | TAVG. | TMIN. | COP AVG. | COP MIN. | COP MAX.
01/01/07 | 175 8.6 2.4 2.69 2.30 3.26
02/01/07 | 184 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 | 174 13.0 74 2.97 2.62 3.25
05/01/07 | 15.7 13.6 12.2 3.01 2.92 3.15
06/01/07 | 15.1 114 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 2.52 341
18/01/07 | 18.5 10.4 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 | 18.0 111 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: COPy, for max., average and min. temp. for Feb. for the range (152 - 558 )

(15[ -55@ ) 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 2.85 2.40 3.19
02/02/07 15.9 135 7.6 3.01 2.63 3.16
03/02/07 14.0 12.6 10.9 2.95 2.84 3.04
04/02/07 144 10.7 7.3 2.83 2.61 3.06
05/02/07 13.7 9.1 5.7 2.73 2.51 3.02
06/02/07 12.6 8.1 4.7 2.66 2.45 2.95
07/02/07 14.6 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 16.7 14.4 8.7 3.06 2.70 3.21
10/02/07 16.9 13.3 10.0 2.99 2.78 3.22
11/02/07 174 11.0 4.9 2.85 2.46 3.25
12/02/07 18.7 13.1 6.5 2.98 2.56 3.34
13/02/07 17.4 12.8 7.9 2.96 2.65 3.25
14/02/07 18.7 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 17.7 12.0 6.9 291 2.59 3.27
17/02/07 17.8 13.8 7.0 3.02 2.59 3.28
18/02/07 17.9 16.1 14.8 3.17 3.09 3.28
19/02/07 19.4 12.9 7.3 2.97 2.61 3.38
20/02/07 17.8 12.7 7.4 2.95 2.62 3.28
21/02/07 18.9 16.1 13.3 3.17 2.99 3.35
22/02/07 19.2 141 10.0 3.04 2.78 3.37
23/02/07 18.5 135 9.4 3.01 2.75 3.32
24/02/07 194 14.9 9.2 3.09 2.73 3.38
25/02/07 17.3 13.7 9.9 3.02 2.78 3.25
26/02/07 18.6 145 11.7 3.07 2.89 3.33
27/02/07 17.4 13.3 10.3 2.99 2.80 3.25
28/02/07 18.7 12.8 7.0 2.96 2.59 3.34
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Table 4.24: COPy, for max., average and min. temp. for March. For the range (158 - 558 )

(15[ -55@) 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 3.11 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 6.7 291 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 2.81 341
22/03/07 | 20.5 15.0 8.0 3.10 2.66 3.45
23/03/07 | 21.4 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 14.1 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 | 19.6 143 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 COPy, and the dates.
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COP,,, BASED ON AVERAGE DAILY TEMPERATURE VALUES
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Figure 4.18: COPy, based on average daily temperatures for the range (15°C = 55°C )
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Figure 4.19: COPy, based on minimum daily temperatures for the range {(15°C — 55°C )
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Figure 4.20: COPy,, based on maximum daily temperatures for the range (158 - 55@ )
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Figure 4.21: COPy,, based on minimum, average and maximum daily temperature

4.5 Payback Analysis

28.03.07

28.03.07

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. 1kWh 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. 158 - 45@ , 158 - 558 and 150 -
600 respectively.

4.6 Unit with 190L.iters 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,

AT = is the change in temperature between the surrounding temperature and the
condensing temperature i.e. AT = (45 +273) — (15 +273) = 30K

W, = 190 x 4.186 x 318 - 288
= 190 x 4.186 x 30
W, = 23860.2 kJ

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

W, _ 23860.2
COP  3.42

Wi, = = 6976.67k]

Similarly to calculate the energy consumed by electrical heater W, for the range of

temperature 158 - 55@ it follows the same footprint with the first calculation above i.e.
WE = me AT
W, =190 x 4.186 x 328 - 288

W; =190x 4.186 x 40
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W, = 31813.6 kJ

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

temperatures is calculated by

W, 318136
COP  3.00

Wiy, = = 10604.53k/

Now to calculate the energy consumed by electrical heater 15 for the range of temperature

158 - 60@ it follows the same footprint with the second calculation above i.e.
AT, = 333 - 288 = 450
W5 = MCp AT
W5 = 190 x 4.186 x 45
W, = 35790.3 kJ

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

temperatures i.e. 158 - 60 is calculated by

W5  35790.3
COP 259

Wips = = 13818.65k/

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 W,, W5, W; 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 W, = 23860.2 kJ which equal to 6.633 kWM. Also from Appendix 3.1 1kW@=
0.44TL i.e. for each kilowatt hour of electricity consumed.

Therefore,
6.633kWHR 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 5Smonths period, noting that the calculated SCOP for the range of
temperature 150 - 450  is3.42

Then,

437.79TL 349 = 128.01TL Per year with heat pump

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

below
437.79TL - 128.01TL = 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.

AlsoW, = 31813.6 k] which equal to 8.844 kWp.and from Appendix 3.1, 1kWn =

0.44TL i.e. for each kilowatt hour of electricity consumed.
Therefore
8.844kWn x 0.44TL = 3.891TL Per day witBl electrical Peater
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 5months period, note that the SCOP
obtained for the range of temperature 158 - 558  i53.00

Then,
583.72TL 300 = 194.57TL Peryear with heat pump

So the benefits of using the heat pump over the electrical heater is given below
583.72TL - 194.57TL = 389.15TL

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 5927T1L.
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SimilarlyW; = 35790.3 kJ which equal to 9.95 kWp. Also from Appendix 3.1, 1kW® =

0.44TL i.e. for each kilowatt hour of electricity consumed.
Therefore,
9.95kWnR x 0.44TL = 4.378TL.  Perday.

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 witl electrical Beater

With heat pump and for 5Smonths period, recall that the SCOP for the range of temperature
158 - 60 is 2.59

Then,
656.7TL 259 = 253.55TL Per year with heat pump

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 5927T1L.

For heat pump to do the same job and assuming the unit to work for a 5months duration,
with the SCOP obtained for this range of temperature 150 - 450  is 3.42

Then,
695.24TL 347 = 202.12TL Per year wit® Beat 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.
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CHAPTER 5
RESULTS AND DISCUSSION

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

N- stages, notice that Tyis to be changing continuously while maintaining a constant T

Table 5.1: Summary table foroverall COPy, and individual COPy,

Stage number T [K] Ty [K] COP for each cycle COP for N- stage
1 280 289 32.11 3211
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
11 280 299 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 1191
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
41 280 329 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 452 and since we consider the value of AT to be equal to 1@ , 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
seen in the Table 5.1 above

The COPy, for both individual cycles of heat pumps and that of the overall stages of the
heat pumps were determined and were shown graphically.

35,00
<
30,00 \\
25,00 =
’ \\

a 20,00
S 15,00 e SRREE
10,00 i = S
5,00
0,00
289 293 297 301 305 309 313 317 321 325 329 333
TH [K]
——4— Qverall COP Individual cycle

Figure 5.1: Comparism between individual COPy, and the overall COPy, with Ty

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

As shown in the Figure 5.2, is a comparism between the COPy, of a vapor compression
refrigeration cycle and that of the Reversed Carnot cycle. At different condenser
temperatures and the evaporator temperature been constant.

61



10

COP,
~

\ —+—VCRC

6 S~ RCC

35 40 45 50 55 60

Th

Figure 5.2: Comparism betweenCOPy,, for IVCRC and RCC

The COPy, for the reversed Carnot cycle is always greater than that of the vapor
compression refrigeration cycle because it is completely reversible cycle. Additionally the
COPyy, here is a function of the evaporator temperature and the condenser temperature and
hence the COPy, 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 in the compression of liquid-vapor at the compressor in which the reciprocating
compressors especially high speed ones easily get damaged with the present of liquid 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 COPy,, and is used
as reference against which the real cycles are compared.

Table 5.2: Rated COPy, 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 COPy, for a specific unit of heat pump for the
range of temperature of (152 - 45@) as declared by the manufacturer at a particular
surrounding temperature of 15@ , and the calculated SCOP that was obtained from our

previous calculations with several different temperaturesas shown in Figure 5.3 below

4,00

3,50

3,00

2,50

2,00

scop

1,50

1,00

0,50

0,00

RATED COP MIN. SCOP AVG. SCOP MAX. SCOP

Figure 5.3: Rated COPy, and calculated SCOP

The abovechart is comparing the rated COPy, and the calculated SCOP for the given range
of temperature as stated above.

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 the
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 152 which affect
the SCOP value for this two categories of temperatures hence given a value less than that
of the rated COPy,, which is declared with 158 surrounding temperature.

Furthermore, for the maximum daily temperatures that are higher than 152 provides an
SCOP greater than the rated COPy, simply due to the temperature difference i.e. maximum

daily temperatures are greater than 1501 .
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Hence the higher the surrounding temperature the higher the COPy, 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
Energy consume
consumed d with Cost per | Cost per
with Heat year with | year with | Benefits of
electrical | pump(W | Electrical Heat using Heat | Payback
Range heater (W) h) heater Pump Pump period
158 - 45@ 23860.2kJ | 6976.7kJ | 437.79TL | 128.01TL | 309.78TL 19years
10604.5k
150 - 558 | 31813.6kJ J 583.72TL | 194.57TL | 389.15TL 15years
13813.6k
158 - 608 | 35790.3 kJ J 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. 19years and 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
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pump for heating water and possibly space conditioning since most of the people that uses
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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CHAPTER 6
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 COPy,, is declared to be
3.6.

A method was suggested in other to estimate the maximum possible COPy, 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 Tyhas 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 COPyy,

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 COPy, value, the higher it becomes the more precise the COPyp 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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APPENDIX 1
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 134a vapor table

TABLE A-12

(Continted)
i o i 4 z . : i
. mike Wik Wik  Wikge&  omifkg  Mfkg  Wfw W W
P = 8.0 bar = D.B0 MPa o= %.0ba = 0.90 MPa
i VS IARG (au = 35.53°()
SEl.  LNIS4T | ZEATR | JALS | DOBOEG 00335 | 24588 | 25618 | 0.90t4
40 00288 | 25213 | 275.66 | 00374 002325 | 280,32 | a7Fnas | 0020
S0 0.02846 | 26162 | 284,37 | 07N C.02472 | 260.09 | 23234 | 0.5566
a0  0,02002 | 37104 | 294,98 1.3034 02600 | 269,72 | 2931 | 0.9897
70 0033 | 23045 | 30550 | 10345 C.O27I8 | 279.30 | 30394 | 1.0M4
A0 0.03268 | 2R9RZ [ 11600 | 10847 C.O2RS1 | 188 37 | 462 | o063
a0 0.093393 | 29937 | 2457 13940 Q.OZ9B0 | 298,46 | 32928 | Lusw
160 D039 | 3089 | 33008 1ELF .03095% | 308,11 33504 1109
W D.03542 | 31IBST | 47H 1.1508 0.03207 | 377,82 | 34668 | 1392
120 Q.03762 | 32831 | 328240 11784 003316 | 33762 | 6747 | 167D
130 0.03681 | 33014 | 36319 | 12045 0,03423 | 33752 | 36833 | 1943
140 0.03%97 | 34E0% | 38007 | 1237 0.03529 | 347.51 | 37927 | =2
150 004113 | 35815 | 39105 17584 .03GAT | 35741 | T9017 TTE
160 004377 | 36837 | 40214 | 13843 0.03734 | 367.82 | 4D1.54 | 12738
170 004340 | 37861 | 41333 13008 0L03838 | 3784 | AM268 | L2292
180 0.0%452 | 36907 | 4Z4.63 | 1.9391 0.03939 | 386,57 | 424.01| 13245
gy o e
- (hu=3839" ooy Tt = UGIQ

san 002020 | 245777 | 28707 | 00043 0,063 | 25103 | 27099 | 0,902
40 002029 | 24835 | 268.68 | 29046

500 002171 | 25B.48 | 28009 | 09478 0072 | 25998 | 27552 | 0.9164
60 002301 | 26835 | 9136 | NOTER 001835 | 265,42 | 28744 | DoBs37
7O 002423 | IFBAT | 30232 | 10083 0.01947 | 27580 | 208068 | D.OD2E8
B0 0.0253& | 28781 | MI20 | 10405 002081 | 8562 | 3024 | Loig?
o0 0.02649 | 29753 | 32401 1.0707 Q.02950 [ 295,59 | 3132 | 10503
100 0.02755 | 307.27 | 314.87 13000 002244 | 305,54 | 391247 | 1LOBO4
1 0.02E5E | 317.06 | F45.65 1. 1286 002335 | 315.500 | 34352 11094
120 002555 | 376,93 | 356,52 | 11567 U423 | 323491 | 35058 | LTI
130 003058 | 33688 | 35746 1. 1847 002508 | 335.58 | 36568 | 1640
140  0.03154 | 346,92 | ITB.4E 1.211 002592 | 345.73 | 37683 | 11533
150 ©.03350 | 35706 | 3wo56 | 1.237% 002674 | 355.55 | 388.04 | 1,220
160 €.03344 | 36731 | 400.74 | 1.2636 00i75a | 166,37 | 39933 | 12463
70 ©0.03436 | 37756 | 412,01 | 1,285 QuUasig | 3reE9 | &10000 | 12024
1§00 0.03528 | 386,12 | 423.40 1.3149 0.0:912 | 38721 | 43206 12980
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R-134%2

Table 1.3:Properties of saturated refrigerant 134a (liquid — vapor) pressure table

S48 Tables in 51 Units

TABLE A-Tl
e iani | Preperlies of Saturated Refrigerant 134a (Liqu'd-Vaper): Pressure Table
Specilit Valums Intainal Enerigy Erthalpy
L . S, S SSSE, &
Sod, Sal, S, Sal Zal. LEIH
Priess. Teem . Ligjmicd Vg Liguil Yapan Ligjuibal EvaL Yepuoi
ar I ry ¥ 0" i [ by hy hy N
(s 1Y 3707 D707 0.3 347 206,73 4.4% 22037 24,72
o =313 0784 02306 10 41 209,46 10,47 FALAT 225,39
Lo —26.43 D.T258 0T 16,33 JE 16,29 N5 Cé 33135
1.2 =323 0733 LR Fifrs 214,50 2132 2154 233,85
1.4 —1B,80 07381 0.1395 2366 | XGS2 2577 210,37 336,04
L& -15.62 0.7435 0.1230 1265 | TIR3Z TR | S0EW FERS )
(E:| -12.73 0.F4ES 09098 3133 2194 FhAG 20,2¢ 23/.M
X} =10.08 07532 0,003 36,60 | X1l 3580 | J040E 24130
R =557 O.FETE N.0F4 42.7F rRe.0OT 4295 20105 r4h09%
23 133 | A7é57 | 00?0 4898 | 33638 5339 | 0813 | 5S]
iz 248 oA 00632 53,06 22843 533" 195, 4% Fid.bb
ie 564 0.783% 0.0564 57.54 13228 57.82 19376 250.58
50 253 07508 o.a508 51EE FELAT 5200 w032 252,32
5.0 157 0EO%e ooacs Ta.53 23500 7113 TE& T4 256.07
5.0 Z1.58 OEWS 0030 TRRE 13874 7R4R e 5015
ra 16,71 0.HIJE 0.03e2 Be 1w 26742 §5.78 [FRRIE IE0,EL
Bo nn 0.Bad4 C.0253 9275 14378 #a2 Y IS
2 3353 08578 C.0226 879 14588 RGE 1eéb63 b6 1E
1o 1334 D855 C.o203 | 0a4s2 ZATEF | 10529 608 267,97
120 6,332 0.B51E 0.MER 469 A51.03 s e 15523  ¥70.09
.G 5243 0915 g.oap | 13398 25304 125,76 TAETE 73,40
6.0 57892 | 08392 | .21 T3RST | 25400 | 13402 | 1L | 27D
8c 2.9 L2631 G025 14 o 27 BE Ta2 2 LT 8 Ereuy
oo G745 7878 00095 14802 13341 153.9% 12795 27794
30 7759 10562 0.0060 6548 25LE4 | 16813 06 PRy
0.0 #4223 Ll 0.0053 181,88 | 26210 13590 gan | raao

v = [lable ﬂll‘l‘]‘.’1ﬂn:L]
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APPENDIX 2
ALDEA HEAT PUMP TECHNICAL SPECIFICATIONS

Figure 2.1:Aldea Heat Pump

ALDEA HAVADAN SUYA ISI POMFASI

IS| POMFALI BOYLER
AL-IPB 190
AL-IPB 300
KULLANIM KILAVUZU

Y SERKON I

Eballzi Wel i biil aguihk o o

Muodel (mim: P x¥) o Gig Kaynapm
AL-IPB 190 D538 1640 D471 10 220~2£0-1ph-30He
AL-IPE 300 pgal=1 820 124150 220-LA0-1ph-hIHZ
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Table 2.1:AL - IPB 190 technical specification

FAocie! AL_-IFB 120
Coahg i ran Fhasnan i F-wiluz
CLAE v (AT Sk 5 e 1 2307 Az
Gikiz suve sicakhdn 1 Warszylar 559C 38 T 70N
Ciliz kawnad [ 1-270 ™ 240-50
D=oolama bayuu L 180
K.apasta KN 1h .U
Hasing Herorm. kztsays (FK) VR 3.5 1.
2k Akam A 34 13.0
Ortam sicaxig! o 30 TE
Ebatlar (D=} i y] PhGE=1540
Unite Amkelaj W 1=0) mim ©7 51715380
Metforif ag rik ke 4110
Surutiu seviyes| dB A A1
So atucu tipl fmikian ke R134310.05
Jnf) atur tasanmi MPg 2613
basinci
M Lasamrm hasan MPH 01k~ 1.0
Ko lipi FiEhnik pHnksime waih
i s [T D02 F | vak, oliomaatk DUz 22Zme, 33 0 yuk
Sislem mrumass korumasi sicakh §l. cbe ik kagagina korg koruma
Havra akisi (hitre a'ekl ) M £y D T
hgdel FJ125G1C-4DZ0E
Tip M
Marka Ok CC
lsapesite Btush 4740
Wi s Cing ) 0515
Momirzl akir (BLA) M 232
KERYIrvar Amp (LA A 5
Termal Eamyiien 174
R el e HF ol
Sogdutacu vag m 4
Wodel YOKA2-EA
[ E ] waling
(e w 24
Hiz ridak. ADMETRIERD
N Wl sueh R
= Ovenfik s IP#d
Cinig W 2
Cike W L]
Homiral akir fit CcA12
Kapaaitir YF
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Table 2.2: AL — IPB 300 technical specifications

Mudz] AL-PB 302
U akzma moo EEOnom Eisine
Calswz otam siczk g s 745 0743
CEg sUvu scakii g i Varazylan 550, 0FC T G
Ui kawnad I'h-%-112 1-220 " 240-50
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“apacita [ Ju 3
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Shetizr (D=H) mm Mi300: 1,220
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Mabtoni't =ik k 125450
Gl swvippsi dELA) 12
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Sialu ks TCo, TCG2, FT valfi, 190 m 3tk buz chzme a51m yik
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H.aua ke m5ast 6 B T Lty )
Wiode] RE2Z3GROC
I Lo
Maikd Guarigebiou Miksubishi elech
Aapacits Bursoat Lnla
Tordi k fia
Euripiesin Murninal akmy (RLAY A L
W rclor Amp (LRA) n a
Termal koruvucu 115
Fpazinar ] 30
ATANEK KURIsL W oo
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MiohC] YUK EH
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Table 2.3:AL — IPB 300 technical specifications

ALDEA lsi Pompas Teknik Bl Kitazi-1S| PORMPALI BOYLER
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Figure 2.2: AL — IPB 190 COP/ Ambient temperature chart

Model: AL-IPB 190

7 -5 2 7 15 20 25 30 32 35 40 45
Ambient temp('C)

Figure 2.3:AL — IPB 300 COP/ Ambient temperature Chart

Modsl: AL-IFE 300
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APPENDIX 3
ELECTRICTY CONSUMPTION RATES

Table 3.1:Electricity bill per kilowatt hour for Nicosia 2016

KKTC ELEKTRIK KURUMU
01 Nisan 2016 TARIHINDEN ITIBAREN UYGULAMADA OLAN TARIFE OCRETLERI
B @inli -ﬂﬁlﬂl‘ﬂiﬂlm kL mmw"m

Yeni Vani
Tarite Kod ve Tarife lsmi Eski Maktu Ccreter | Maktu u‘;ﬂ"“"”m W\ TOKETIM OCRETLER: E541
Oeratier *
| Gagici Akm Tzrifesi Har kWi igin 0,98
!*H Cogici Akem Terilasi || 0,07
102 konut Taritsi (#k 250 Kws 1695 16.85 12.00 | Her k'Ws icin 0.25
102 konut Taritesi (- 250 Kws | 1685 1695 12,00|Her k¥ igin 0,44
102 Menut Tanm@s) { 257-500 Ks ] 1685 1695 12,00 Far ks icin 0,48
| - TE Kws | 16,85 1605 15,00 |Fieer kW' gin 0,52
102 konut Tarifasi (751 Kwe Greri) 16,85 16,85 12,00]Her kWS igin 0,54
| [Tek far 1817] 1817 Fir kW icin
Gk fez 3150 31,50 |
Tieari Torifa [Har 0sa 7.00 7,00 |1.Diim 0,40
I lign |2.Dtim 0,39
HEM% [Tk fa 18,17 1817 Fhor kW igin 0,40
1ok fez 31,50 31.50
04 Erdis:n Tasile THar VA 7,00 7.00 T1.Chim 0,40 048] 00
i 12 Diim 0,38 0.70%
EX &0 [afite Ip!r KA 450 350 1.0 40 0,48
I ign .Diim 0,19 038 o
Iﬁ Turizm Tarile Tk faz 1817 18,17 Har K¥¥s igan 0,40 048] 0,005
ok fez 3150] 3150
(103 Turizm Tarile [Har KVA 7,00 7.00 [1.0lim 0,40] (1]
lign 2. Dlim o,99] u,_ml
i3 Su Matorlani Tek faz 1817 1817 Har kW icin 040 048] 030%|
ok e 31,50 31,50 l
12 Sckak Igiklar 045 0435 333
- |
12 Savunma Tarifesl HerkWsign | 0.45] U-‘a‘ﬂ_-i.ﬂ!i
13 Deviet Datelan Taifes! [Tek 12 18,17 18,17 HerkWsighh | 056 0,56 u.xm]
| ke fer 31,50 a150 [ |
Hiibs- Tak Rilg) lglam Eirierl 01 Migan 3016

* Fatwra talebinde bulunen tiketicier Igin alnacsk makis Goret
* Falura talebince bulurmayan Siketiciler Igin anacak nakiu doret

https://www.kibtek.com/tarifeler
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