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Abbreviations

AT Temperature difference

r Density

o Thermal diffusivity

K Thermal conductivity

Q Heat transfer

COP Coefficient of performance
W Work

Cp Specific heat at constant pressure
D Diameter

S Pipe Wall thickness

Lc Loop length

Twet Water entering temperature
P Pressure

Tav Average Temperature

A Area

Tg Ground Temperature

SPBP Simple payback period
VOCs Volatile organic compounds
CFC Clorofloro carbons

HCFC Hydro chlorofluorocarbons
GWP Global worming potential
GHP Ground Source heat pump
LPG Light petroleum gas
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Abstract

Conventional energy resources are environmentally harmful unlike
renewable energy resources. At the end of the last century the world came
together to address the problems of climate change; which led to the
thinking of ways to conserve energy and reduce the emissions. The
Geothermal energy is one of the most important ways to conserve energy.
The main objectives of this research study are: To design and built
Horizontal loop Ground Source Heat pump, to obtain a comparison
between ordinary heat pump and geothermal heat pump, to find the effect
of the heat sink temperature on the performance of the heat pump, and to
find the effect of adding a solar water heater to the system in the heating
mode on the performance of the system. For this purpose a full design was
conducted for the ground horizontal loop heat pump, the system was build
and tested for heating and cooling modes before and after the heat pump
was connected to the ground. The same test was held after connection to a
solar water heater. The COP found to be around 5 to 6 for cooling, for
heating the COP was found to be between 3.5 and 4. And for solar water

heater it was 7 for a temperature difference of 5°C and more.

The payback period for the economical feasibility study of the

geothermal heat pump compared to conventional systems was 2 months if
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the comparison was between installing GSHP not a Diesel Boiler system, 6
months if the comparison was between installing GSHP or LPG boiler
system, 15 months if the comparison was between installing GSHP or
conventional heat pump. And the reduction in the emissions as calculated
for a home load of 35 kW if heated with diesel and if heated with GSHP
was 307 tons of CO, though the 25 years life cycle which would need

12320 trees more.
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Chapter One

Introduction

Conventional energy sources based on oil, coal, and natural gas are
harmful to environment, to economical progress, and to human life. These
traditional fossil fuel-based energy sources are facing an increasing
pressure on a host of environmental fronts, with the most serious challenge
confronting the future use of coal being the Kyoto Protocol greenhouse gas
reduction targets. Renewable energy sources currently supply around 15%
of world’s total energy demand in 2008 [1]. The supply is dominated by
traditional biomass, mostly fuel wood used for cooking and heating,
especially in developing countries. New renewable energy sources (solar
energy, wind energy, modern bio-energy, geothermal energy, and small
hydropower) are currently contributing in energy production in the world.
A number of scenario studies have investigated the potential contribution
of renewable Energy resources to global energy supplies, indicating that in
the second half of the 21%. century their contribution might reach 20% with

the right policies in place [1].

The potential of renewable energy resources is enormous as they can
in principle meet many times the world’s energy demand. Renewable
energy sources such as small hydropower, wind, solar, biomass, and
geothermal can provide sustainable energy services, based on the use of
routinely available, indigenous resources [2]. It is time for transition to
renewable-based energy systems, taking into consideration the costs of

solar and wind power systems which have dropped substantially in the past
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30 years, and continue to decline, unlike the prices of oil and gas which

continue to fluctuate, in fact each moving in opposite directions [2].

It is becoming very clear that the future growth of the energy sector
is primarily in the new renewable resources regime, and not in
conventional sources. In fact the financial markets starts to awake to the

future growth of renewable and other new energy technologies,

The renewable energy systems can have dramatically reduced, and
widely dispersed environmental impacts, rather than larger, more
centralized impacts of conventional systems that in some cases are serious
contributors to ambient air pollution, acid rain, and global climate change,
keeping in mind, the social, economical and environmental effects of
renewable energy system which will be an extra. And Geothermal Energy
is one of the renewable energy resources which is a clean low cost energy
based on the idea of using the ground as a heat source/sink (which is
defined as the Medium where heat is absorbed/rejected without changing
its temperature) to reduce the cost of heating or cooling or for getting high
temperature from the earth below the crust for producing steam and thus

generate electricity.

Geothermal energy in both cases is a sustainable renewable energy
resource because it reduces the energy consumed, and thus reduces the
emissions and the use of the resources, this way it is a sustainable energy
resource and sustainable way of using resources keeping in mind meeting

our needs without compromising the needs of the future generations. So it
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has an economical dimension (reducing costs), ecological dimension
(maintaining the environment, maintaining the resources, and reduce the
emissions), Social dimension (human being health, human prosperity, and
human development) with the fact those future generations was taken into
consideration by acting this way, and that is the basis of the sustainable
economies that are modeled now days in Sweden, Canada, and many
countries in the world [3]. In fact that was the basis of the Rio summit
1992, Kyoto protocol 1997, Johannesburg Summit 2002, Millennium
Summit 2005, which all was to address the problem of global warming and

change of climate.

Geothermal energy that uses the ground as a heat sink makes use of
the refrigeration cycle in which the refrigerant is pumped from the
evaporator heat exchanger forcing the refrigerant to evaporate by reducing
the pressure inside the evaporator we can bring the refrigerant vaporize at
temperatures lower than ambient temperature, and the heat that is absorbed
in the lower temperature medium is rejected into the condenser unit at high
temperature which is another heat exchanger and the refrigerant is then
condensed at the high temperature medium because it is on the high
pressure side. To bring the refrigerant to vaporize again an expansion valve
is used to reach to the lower pressure state again. If the cycle is reversed by
means of a 4-way valve the low temperature side becomes the high
temperature side and vise versa, and the refrigeration cycle is a heat pump.
Heat pumps are the most efficient known way that can be used for heating

and cooling as it has the best coefficient of performance ( which is defined
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as the energy output divided by the energy input as will be shown later),
Figure (1.1) shows the components of a refrigeration cycle and the high
and low pressure sides of the cycle. The power consumed for operating the
cycle is always lower than the amount of useful power because we use the
power for producing pressure difference not to produce heat this power is
used to make the cycle moves opposite to the conventional way i.e. from
the lower temperature side to the higher temperature side for this it is
called heat pump. Of course it has negative impacts on the environment but
it 1s much less than any source for the conservation of energy that can be

achieved [4].

REFRIGERATION CYCLE

1— EXPANSION DEVICE
~

l— CONDENSER

= <=

Air flow = =
2009 InterNACHI
Indoor N )
. \ &/
unit R =
@.o \'%:9
R,
ST
%%\

EVAPORATOR K2 Air flow
= Outdoor
COMPRESSOR Unit

Figure (1.1) Refrigeration cycle [4]

Heat pumps are normally used for decreasing or increasing the
temperature of the desired space for example from 35°C to 23°C in summer
and from 10°C to 23°C in winter as per ASHRAE standards. Then the high

temperature will surely depend on the reference temperature which will be
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the cold medium temperature, the higher the temperature of the cold
medium the higher will be the temperature of the worm medium, which
means better performance of the heat pump at the same power input, and
this is the principle of the geothermal heat pump to enhance the
environment of the evaporator ( ground temperature is higher than ambient
temperature in winter the ground is heat source) to achieve better
performance, and lower temperature for the condenser (ground temperature
is less than ambient temperature in summer then ground is heat sink) as

shown in figure (1.2) below.

Q= Qut W

Low Temperature
Surroundings
Q

Evaporator

Direction

Power input

Compressor :>

Conventional Heat flow

High Temperature
Indoor/ worm space

QI[

Condenser

Figure (1.2) Heat flow and the second law of thermodynamics for heat pump

That will increase the overall performance, reduce costs, and reduce
emissions [6]. Geothermal heat pumps are modern technology, it has been
known for several years, but since 2005 it has spread all over the world.
Figure (1.3) presents the geothermal heat pump use worldwide and for
different periods of time which take us back to the 1995 when geothermal

energy was only 14617 Tl/year but in 2005 the consumption was more
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than 87503 TJ/year which is 6.2 times more. Sweden is the most leading
country in geothermal energy, the very low temperature of the weather
there makes it difficult to use conventional heat pumps but the earth has a
constant temperature no matter what the ambient temperature is and that
why the use geothermal in melting ice in tunnels, streets and as high
quality energy for heating. USA is the second leading country in this field.

Many other countries are also using this technology now days but it is still

new.
[Flyear
Other
Canada
80,000 - Germany
Switzerdandy
60,000 - -
Norway
40,000 - ¥ Denmark
7
23,215 B China
- 14,617
20,000 J ™
0 J_ — | WSweden
1095 2000 2005

Figure (1.3) Geothermal heat pumps spread worldwide [6]
Types of Geothermal Heat Pumps:

Geothermal heat pumps use embedded heat exchangers to exchange
heat from or into the ground, and because it has no outdoor unit to

exchange heat with the ambient air is known as ground source heat pumps.

The geothermal heat pumps are divided into several types depending

on the loop design, loop orientation. Open loops and closed loops. In the
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open loops systems, water is drawn from underground or lakes and used
directly in heating or cooling the building. Closed loops use a dedicated
fluid loops that is circulated in ground or lakes to geo-exchange the energy
and this can be divided into three parts. The vertical loops the horizontal
loops and the water surface loops. In the vertical loops which are
commonly used, loops are run perpendicular to the ground surface and the
holes can be several hundreds of meters below. As shown in figure (1.4)

below.

Figure (1.4) Vertical loop geothermal heat pumps [7]

Horizontal loops run parallel to the surface and close to the surface
see figure (1.5) below. Surface water loops uses the body of water as a heat

source or sink.



Figure (1.5) Horizontal Geothermal heat pumps [7]

In this study, a combined geothermal heat pump with solar water
heater was built and tested in the new campus of An-Najah National
University; the location is north of the open court behind the college of
physical education. The selection of this site was because of the ease of
access for excavation, loading and unloading of materials, availability of
water, and electricity. The idea of the geothermal heat pump started in the
mid of the previous century. Combining solar water heater to such system
creates better environment for the evaporator which improves the
performance of the heat pump in sunny winter days. Energy utilization in
the environment is an increasing concern, and geothermal heat pump
systems also known as ground source heat pump or geo-exchange systems
are now relatively well established as means of significantly reducing
energy consumption in space conditioning of buildings. This improvement

in efficiency, however, generally comes at higher first cost, which must be
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offset by lower operating and maintenance cost as will be shown later. The
main objectives of this research study are: To design and build Horizontal
loop Ground Source Heat pump, to obtain a comparison between
conventional heat pump and geo-thermal heat pump to find the effect of the
heat sink temperature on the performance of the heat pump, and to find the
effect of adding a solar water heater to the system in the heating mode on
the performance of the system. To perform an economical analysis based
on the life cycle cost analysis for diesel boiler, Gas boiler, conventional
heat pump, and geothermal heat pump. And finally to perform an
environmental impact analysis for the gas, diesel, conventional heat pump,

and geothermal heat pump.
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Chapter Two

Literature Review
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Chapter Two

Literature Review

Technology is used to control the world, because technology is a
system to make our lives better, and knowledge of using tools and
machines to do tasks efficiently. The environment in which we live always
needs improvements for better life and better living conditions. From the
start of the life on this planet human beings tried to improve quality of
their lives. Human beings worked on air conditioning long time ago. For
example the Roman circulated water through the walls to cool them down.
Other techniques involve the use of wind towers to cool buildings during
hot season were in Persia, and in Egypt the fan was invented and used in
the middle age. In the second century Ding Huane [8](a Chinese inventor)
invented rotary fan of air conditioning manually powered, before that in
the first century, Emperor Xuanzong cooled the cool Hall built in the

imperial palace [8].

In 1758 Benjamin Franklin and John Hadley conducted an
experiment to explore the principle of evaporation as means to rapidly cool
an object. In 1820 Michael Faraday discovered that compressing and
liquefying ammonia could chill air when the liquefied ammonia was
allowed to evaporate. In 1842 John Gorrie used compressor technology to
create ice. In 1902 the first modern electric air conditioning unit was
invented by Willis Haviland Carrier .Thomas Midgley, Jr. created the first
chlorofluorocarbon gas, Freon, in 1928 [9]. Earlier in 1912 Heinrich Zoelly

invented the first ground coupled heat pump. Donald Kroeker designed the
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first commercial geothermal heat pump to heat the Common wealth
building (Portland, Oregon) and demonstrated it in 1946 [10] , but
Professor Carl Nielsen of Ohio State University built the first residential
open loop version in his home in 1948. After World War II several projects
were installed and researches were on going. But horizontal loops
researches decreases because the leaks happened underground, system
under sizing, and drying problems around pipes. The technology became
popular in Sweden as a result of the 1973 oil crisis, and has been growing
slowly in worldwide acceptance since then, and after solving problems that

appears in 1940s[10].

The development of Polyethylene pipe in 1979 greatly augmented
the heat pump’s economic viability [11]. As of 2004, there are over a
million geothermal heat pumps installed worldwide providing 12 GW of
thermal capacity [12] . Each year, about 80,000 units are installed in the

USA and 27,000 in Sweden [13].

The first concept of determining the thermal response of the ground
was presented by Mogensen [14]. He suggested a chilled heat carrier fluid
system. After that the first test rigs for thermal response tests were
developed independently at Lulea Technical University, Sweden [15] and
at Oklahoma State University, USA. They were both based on Mogensen’s
concept but they used heated carrier fluid. Demir et al. performed the
experimental verification of the heat transfer in a horizontal (parallel pipe)

ground source heat exchanger [16]. Ozgener et al. conducted an
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experimental evaluation of a vertical solar assisted ground coupled heat
pump system where the solar collector was directly installed into the
ground coupled loop, [17]. Hepbasli studied the exergetic aspects of a
ground solar heat pump system integrated with a solar domestic hot water
tank, [18]. Trillat et al. designed and built a family house in region of
Savoie, France, they evaluated these kinds of systems, [19], and a similar
study was done by Han et al. in another family house in the countryside of
Tianjin, China, [20]. Wang et al. presented a new management strategy to
improve the efficiency of these systems [21]. A model and an experiment
of a solar assisted ground coupled heat pump system with a vertical
double-spiral ground heat exchanger were done by Bi et al [22]. Allen [23]
wrote in using low enthalpy ground water for enhancing heat pumps.
Piechowski [24] solves heat and moisture transport equations for
horizontal pipes embedded in soil. He states that the soil temperature
around a pipe drops by 30—40% within a few centimeters, indicating the

influence of precise near field models.

Berdal [25] discussed the design of a process consisting of
combining the solar water collector with the vertical geothermal heat
pump. He studied the temperature decrease in ground in the long term for
small systems and made simulation beside the theoretical proof for that
decrease in ground temperature of geothermal heat pump vertical bore hole
U tube systems. Eugster and Rybach [26] conducted a series of

measurements on a 105 meter deep bore hole heat pump.
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In this study, horizontal loops were buried under ground they were
used as a heat sink\source in order to reduce the cost of digging. To
enhance the coefficient of performance in winter a solar plate collector was

used.

Solar radiation is relatively high in Palestine, the annual average
daily solar radiation intensity is about (5.4) kWh/m*-day [27], which is

mostly equal to the USA annual daily solar radiation intensity [28].

The sun shines over (2800) hours all over the year in Palestine, and
this makes our ambient relatively wormer than other areas in Europe and

North America where the ambient temperature is extremely low.

In areas with shallow ground is too cold to provide comfort directly,
but it is still warmer than the winter air. The thermal inertia of the shallow
ground retains solar energy accumulated in the summertime, and seasonal
variations in ground temperature disappear completely below 10m of
depth. That heat can be extracted with a geothermal heat pump more
efficiently than it can be generated by conventional furnaces. Heat pumps
are very efficient because they utilize the electrical power to absorb heat
from cold ambient to indoor. But geothermal heat pumps are more efficient
and economically feasible ecologically. In high temperature regions
geothermal resources, a geothermal heat pump can still provide space air
conditioning and heating. Like an air conditioner or refrigerator. A ground-
source heat pump uses the shallow ground or ground water (typically

starting at 10°C —12 °C depending on the location and several factors) as a
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source of heat, thus taking advantage of its seasonally moderate
temperatures. In contrast, an air-source heat pump draws heat from the air
(colder outside air) and thus requires more energy and vise versa in
summer and the same system can be used to circulate the cooled water
through the house for cooling in the summer months. The heat is exhausted
to the relatively cooler ground (or groundwater) rather than delivering it to
the hot outside air as an air conditioner does. As a result, the heat is
pumped across a larger temperature difference and this leads to higher
efficiency and lower energy use [29]. This technology makes geothermal
heating economically visible in any geographical location. In 2004, an
estimated million ground source heat pumps with a total capacity of 15
GW extracted 88 pJ of geothermal energy for space heating. It is estimated
that the global geothermal heat pump capacity will grow by 10% annually
[30].
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Chapter Three

Air Conditioning and Basic Thermodynamics

Thermodynamics is the science that relates the heat with the power
[31], Although this Thesis is mainly focusing on Ground Source Heat
Pumps (GSHP’s) the underlying theory and components of heat pump

systems are the same regardless of the heat source utilized.
3.1 Thermodynamics Basics

First law of thermodynamics is the law of conservation of energy
and the second law of thermodynamics is the law asserts that energy has
quality as well as quantity, and actual processes occur in the direction of

decreasing quality of energy.

This chapter will outline the fundamental principles behind heat
pump technology. Clausius stated that it is impossible to operate a cyclic
device in which the only effect is the transfer of heat from a cooler body
(T) to a hotter body (Ty,) ([The second law of thermodynamics) [32]. This
still holds true but it has been found that the addition of an energy input

can produce a net heat transfer from T, to Tj,.

The first mention of exploiting this was William Thomson [33].
Then in 1852 Lord Kelvin as part of his theory of the dissipation of energy
outlined and designed a ‘heat multiplier’ to heat a room to a higher
temperature than its surroundings using less fuel than if burned in a
furnace [34]. He had figured out the basic concept of a heat pump; a device

which transfers heat from the surroundings to a warm space in order to
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maintain that space at a higher temperature than its surroundings. The great
majority of heat pump systems work on a vapor compression cycle [35].
Although there are several different thermodynamic cycles which can
feasibly perform heat pumping, but normally heat transfer usually occurs
from a hotter body to a cooler body (until they reach equilibrium). On the
contrary it can be seen that a heat pump is moving heat in a direction it
would not normally travel. In this case it is helpful to remember that
temperature is simply a term for heat energy. The heat energy of a body
cannot be raised exempt for adding energy to it. A heat pump achieves this
in the form of work for compression. This is in correlation with the first
law of thermodynamics which states that it is always possible to convert

any given quantity of mechanical energy into its equivalent heat energy

[36].

3.2 Difference between Heat and work

Energy can transfer in a closed system in two forms heat and work.
And heat is the energy transferred between two systems because of
temperature difference. If there is no temperature difference there is no
heat transfer [37]. Thus if there is energy transfer through a system and it is
not heat it is work. The only two forms of energy interacts with a fixed
mass are heat and work. And heat transferred to a system increases the
energy of the molecules of the material and thus the internal energy of the
system. But the work is the energy interaction which is not caused by the

temperature difference between the system and its surroundings as
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mentioned. It can be a piston work, electric work shaft work. Figure (3.1)
below shows the actual vapor compression Refrigeration cycle on a

Temperature-Entropy (T-S) diagram and equipment required to create it.
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Figure (3.1): Typical Refrigeration cycle with T S Diagram [37]

This is a useful starting point for understanding the Vapor
Compression Cycle tracking the movement of a ‘working fluid’, which in
this case is a refrigerant (in liquid, vapor form), form 4-1 and 2a-2b
‘isothermal’ 1.e. constant temperature) processes are taking place. These
represent stages where heat is either extracted from a source (air, water,
ground etc) or deposited in a sink (for a heat pump this could be a
building). From 1-2 and 3-4 are ‘Adiabatic’ processes where no heat is

gained or lost although there is a temperature change. All stages in this
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process are assumed to be reversible. In reality however this is not possible
to achieve this ideal reversible cycle. Firstly difficulties are presented by
trying to compress a two phase liquid and therefore evaporation will
continue to the saturated vapor line. Secondly during the compression
stage heat will be lost due to frictional losses. Furthermore the work output
from the expander is relatively small compared to the work input during
compression (due to a smaller specific volume) and therefore it is usually

replaced by a simple throttle valve.
3.3 Efficiency and coefficient of performance

Efficiency is a main term in thermodynamics it indicates how well is
the energy is converted or transferred. Efficiency is defined as the desired
output divided by required output. And the same for coefficient of
performance which i1s used for heat pumps and refrigerators. The

coefficient of performance of any refrigerator is given by:

Qe Cooling load
COP, = X,

W compresor work

....................................................... 3.1

Where COP; is the refrigerator coefficient of performance and Q¢ is
the cooling capacity, W is the net work consumed. Carnot cycle is the most
efficient cycle ever found and the maximum theoretical performance is
given by:

1

GO e = T 3.2

- -

ic
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Where COP,. is Carnot refrigeration coefficient of performances, T,
is the absolute cold Medium temperature, T}, is the absolute hot medium

temperature, and for the heat pump

Heating Load
...................................................... 3.3

COP,, =&

w  Compresor Work

And the maximum is theoretical performance which is for Carnot

cycle is given by

COPrpe = Tz vvvevssseisnsess st 3.4
or
Th
_ 1 T T 1
COFF:pf = COR:V + l = T; B + 1 = T.,—f.-_,; = — h_ = 1 Te = C‘jphpc
Tc Tc "h%c T,

The heat pump itself is not ‘creating’ this extra heat but simply
transporting it from a large low temperature ambient source, adding the
heat produced from compression work and delivering a final amount to the
desired hotter body. The same principle can be utilized to cooling instead
of heating, and it is the basis for refrigeration and air-conditioning systems.
For cooling the refrigerant flow is reversed, i.e. the condenser acts as the
evaporator and vice versa, heat is absorbed inside the building and

deposited outside.
3.4 Changes of State

In order to understand this movement of heat a review of what

happens during a phase change (change of state) occurs is important. A
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phase change is defined as a sudden change in one or more thermodynamic
properties, i.e. specific heat capacity, and a small change in
thermodynamic variables such as temperature. Change from liquid on to
vapor is known as first order phase changes. When this occurs, energy
appears in the form of heat absorbed or released depending on the direction
of the phase change. These processes are termed endothermic if energy is
absorbed and exothermic if energy is released. This amount of energy is
fixed and typically significant [34].In the cycle shown the heat is moved by
the refrigerant between 4 and 1. In heating mode energy is absorbed into
the system within the evaporator coil (4-1), the refrigerant is changed from
a low temperature/pressure liquid and vapor mix to a low temperature/
pressure vapor through the addition of heat from the ambient source this
will occur at the saturation line, This is called isothermal heat absorption
from the outdoor in heating mode, and because of the vacuum that is
resulted before the compressor the refrigerant is forced to vaporize at low
temperature. In some cases the saturated vapor become superheated, this
will cause flow control devices to admit the correct volume of refrigerant
to the coil by means of thermostatic expansion valve on after the condenser
point 3-4. If no superheating is involved this process is complete at the
saturated vapor line (1). The vapor then flows to the compressor where it is
transformed into a high temperature, pressure vapor and discharged to the
indoor coil (condenser in heating mode). During condensation the heat
picked up during evaporation and added during compression is deposited

to the indoor heating distribution system (water, air), which is initially at a
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lower temperature, and reject heat as a result of condensation from the
refrigerant (2-3) as a matter of fact this is not possible without the forced
heat exchange that is caused by the fan that convicts the heat from the
condenser unit to the surroundings and from the evaporator unit to the
surroundings. Warm high pressure liquid leaves the indoor coil (3) and
undergoes a temperature/pressure drop by passing through the throttle
valve (3-4) it drops below the temperature of ambient heat supplied and
this drives the heat transfer during evaporation and hence the cycle repeats
itself. Heat exchangers are used to facilitate heat transfer to the evaporator
and from the Condenser and are designed depending on the load and the
temperature of the medium. The coil is usually copper with aluminum fins.
The length of the tube is a function of the heat transferred which is
calculated as a surface area. The number of fins is also determined
according to the load. The number of rows of the tubes and the fan is also a
determinant factor to the size of the heat exchanger. The medium that the
exchangers are placed in, also an important factor, because this will

increase or decrease the heat capacity of the medium.
3.5 Heat Generation by Compression

In the section above it has already been mentioned that heat is given
off during compression. The first law of thermodynamics relates to the fact
energy cannot be created or destroyed, but simply transferred from one
form to another. This is what happens in our case when the energy input in

the form of work (electricity) for compression is simply converted to heat
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energy. Because the compressor compresses the vapor molecules together
that results friction resulting heat. This is then added to the energy picked
up from the surroundings. Utilizing a liquid as the working fluid instead of
air 1s preferable since it is “closer to the isothermal conditions of taking in
and giving out heat of the ideal Carnot cycle” [33]. Air is a ‘bulky’
working medium and has higher power demands associated with larger
frictional losses. Furthermore liquids have a greater “latent heat of
vaporization” [33] than air and therefore heat pump units can be more
compact. These are some of the main reasons behind the adoption of the
vapor compression cycle for heat pumps as opposed to a reversed Joule

cycle using air as the working fluid.
3.6 Low Temperature Heat Sources

Any heat source for a heat pump must have properties that are

necessary to qualify for an ideal heat source these properties are:

1. High and stable during the heating season.

>

Abundant.

Not corrosive or polluted.

W

Have favorable thermo-physical properties.

W

Require low investment to exploit.
6. Have a high specific heat per unit volume (so there is only a small

temperature drop during extraction). [35]

Variety different sources are available in nature from which a heat

pump can draw heat during the evaporation process in the outer heat
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exchanger. The option selected will depend on local circumstances, the
location of the building and its heat demand. The most popular heat
sources are air, water (i.e. lake, pond, and ground water) or the ground
(soil, rock). Systems have been designed to make use of all types of
different heat sources however such as exhaust air, sea water, waste water
and effluent water. There is a popular conception that 0°C, the temperature
at which water freezes, this is the limit of ‘coldness’ and therefore no heat
can be extracted at this temperature or below whether it be from the earth,
water or air. It is possible that we are conditioned to think in this way since
human body temperature needs to be maintained at 37°C and as we move
away from this value we sense discomfort and ‘coldness’. However it is
only at -273°C (absolute zero on the Kelvin temperature scale) that a
substance is devoid of all temperature and energy. Therefore the
environment can be seen to be a “surrounding cushion of useful heat that
makes the operation of a heat pump possible” [34]. So even at 0°C there
are still 273 units of useful energy in the environment. This energy stored
in the environment is low grade energy; unlike electricity for example
which is high grade energy, and for this reason we need to go through the
heat pump process because it can serve a useful purpose which is heating.
Water is a good option for a heat source if it is deep enough to prevent
temperature equalization between top and bottom of the abstraction source.
However it is clear that this will only be an option if a suitable water
source is nearby. In addition groundwater systems can be utilized which

have an ‘open loop’ configuration as described above if suitable aquifers
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are present for extraction and re-injection. In all these sources the main
thermal recharge for horizontal loop systems is provided for mainly by
solar radiation to the earth’s surface as described earlier [35]. except when
heat pumps utilize exhaust building air, waste water such as effluent or

cooling water or waste heat , this will not have recharge.
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Chapter Four

Thermal Load Calculations
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Chapter Four

Thermal Load Calculations

4.1 Introduction

The heating and cooling load calculation are the first steps of a
stronger HVAC design procedure; a full HVAC design involves more than
just the load estimate calculation. It involves correct sizing the HVAC
system, selecting HVAC equipment and designing the air distribution
system to meet the calculated loads. It begins with an accurate
understanding of the heating and cooling loads on a space [36].
Historically, energy codes did not address stringent levels of energy
efficiency, but rules of thumb were developed for HVAC sizing that
worked based on the construction of buildings at that time. As energy
codes have become more stringent since 2000 building enclosures have
become more energy efficient; however, these rules of thumb have not
changed. Full credit should be taken for improvements such as better
windows, enhanced air tightness strategies, and additional insulation [37].
It is detrimental to energy use to oversize the HVAC system, comfort,
indoor air quality, and building and equipment durability. All of these
impacts derive from the fact that the system will be “short cycling” in both
heating and cooling modes, and to reach the peak operational efficiency
and effectiveness, the HVAC system should run for as long as possible to
meet the loads. An oversized HVAC system will have both a higher initial
cost and a higher operation cost. The frequent starting and stopping of

short cycling can lead to premature failure of the equipment, limits the
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total amount of air circulating through the room, and inadequate duration
of airflow. In the cooling season in humid climates, calm cold conditions
can occur due to reduced dehumidification which caused by the short
cycling of the equipment. Because the system has to run long enough for
the coil to reach the temperature for condensation to occur and an
oversized system that short cycles may not run long enough to condense
moisture from the air sufficiently. In fact excess humidity in the

conditioned air delivered to a space may lead to mold growth in the space

[37].

According to ACCA (Air conditioning Contractors of America) the

critical inputs to load calculations and their associated risks are:

* Indoor and outdoor design conditions which includes Location, Latitude,
Elevation, and Orientation, Internal conditions (Indoor temperature and

relative humidity).

* Building Enclosure which includes Insulation levels of walls, ceilings,
and floors Window specification, Thermal conductivity , Solar Heat
Gain Coefficient (SHGC), Infiltration and ventilation levels, Interior

and exterior shading.

* Internal loads which includes, Number of occupants, Electronics, lighting

and appliances.
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4.2 Load Components

Heating and cooling load calculations are dependent on the building
location, indoor design conditions, orientation, and building construction.
The use of commercial software to calculate the heating and cooling loads

greatly simplifies the process.

4.2.1 Peak Heating and Cooling Load

The peak heating load represents the rate of heat energy lost to the
surrounding environment at design outdoor and indoor conditions, which
must be produced by the HVAC system to maintain occupants comfort.
The total estimated heat loss is a combination of the sensible heat loss
through conduction, infiltration, and ventilation loads. No credit is taken
for solar gains or internal loads in calculating the heating load because the
peak heat loss occurs at night during periods of occupant inactivity. The
peak cooling load represent the rate of heat energy gained by the house
from the surrounding environment at design conditions, which must be
removed by the HVAC system to maintain occupant comfort. The cooling

load is a combination of the sensible and latent heat gains.

4.2.2 Location — Design Conditions

The building location is described by its latitude and elevation. And
it describes the values for the outdoor design conditions such as the
elevation of the location, latitude, winter heating dry bulb temperatures,

summer cooling dry bulb temperatures and relative humidity (RH)
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information. Indoor design conditions for the cooling season design
conditions of 24°C (75 °F) 50% RH and heating season design conditions
of 21°C (70 °F) 30% RH as per ASHRAE Comfort Zone Chart. These
conditions represent the regions of the ASHRAE comfort zone where on

average, people feel most comfortable.

The ambient design conditions described by the ASHRAE tables
represent the average temperatures for a long period that will not be
exceeded more than a few hours per season, and they do not represent the

worst weather conditions ever experienced in a given location.

A right-sized system will run almost all of the time at the outdoor
design condition and proportionally less at temperatures closer to the
inside design temperatures. Designing a system using peak heating and
cooling loads based on extreme weather conditions that occur for only a

few hours per season, will result in an oversized system.

4.2.3 Building Orientation

The orientation of the building must be considered in the cooling
load calculation because of the change in solar heat gains at various times
of the day East, Southeast, South, Southwest, West, North, Northeast
Northwest are typically the orientations used for undertaking load
calculations, although the exact cardinal orientation can be used for
houses. House orientation can greatly affect the sensible heat gain on the

house depending on the ratio of windows to opaque walls and the degree of
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shading from the sun. The peak cooling load for the worst case orientation

is acceptable most often.

4.2.4 Building Components

Building construction, materials, and proper details are critical
components of the heating and cooling load calculations. The R-value
(thermal resistance) of the building foundation construction components,
wall, and roof, can be accurately calculated using the insulation levels
specified combined with the remainder of the components that make up the
construction assembly (i.e. sheathing, drywall, exterior siding materials,
roofing materials, structural framing system, etc.). The window
performance, described by the U-value (transfer coefficient) and SHGC
(solar heat gain coefficient), must be known and accurately represented by

the data input.

4.2.5 Ventilation And Infiltration

Infiltration and ventilation brings outside air into the conditioned
space, impacting the heating and cooling load. The target ventilation and
infiltration rate must be accurately represented in the data input of the load

calculation.

4.3 Refrigeration cycle

Heating ventilation and air conditioning systems always affected by
the refrigeration cycle in the control and performance. And any form of

cooling should use one of the following systems (vapor compression cycle,
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absorption, and thermo electric) but most cycles depend of the vapor
compression cycle especially in HVAC systems and industrial systems.
Figure [3.1] above shows a vapor compression cycle TS diagram. The
superheated vapor from evaporator (indoor unit in cooling) enters the
compressor which raises the pressure due to compression. This vapor
enters the condenser (outdoor unit) at high pressure and high temperature
where it rejects the heat to the surroundings. The condenser is a finned
tube made of copper to force heat rejection by means of a fan to the
surroundings. The same is for the evaporator which forces the air into the
copper tubes to heat the refrigerant making the indoor temperature

decreases as heat is absorbed from the cooled space.

In the normal air conditioner the saturated liquid vapor mixture is
heated up by absorption of heat resulted from the vacuum in the evaporator
connected to the compressor and enters the compressor as a superheated
vapor. The vapor is superheated vapor at high pressure and ready to lose
the temperature to become to equilibrium. The condenser makes this
operation easy by forced cooling of the finned tubes to allow the vapor
loses heat to a high temperature medium. This operation cools the vapor
down to saturated vapor liquid mixture then to sub cooled liquid. And the
pressure is still high to bring the pressure down an expansion valve reduces
the pressure and prepare the liquid for vaporization by spraying the liquid

into a mixture of vapor and liquid.

Although heat pumps are very useful but it has advantages and

disadvantages the advantages of the heat pumps are:
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1. Low running cost because the heat produced as a result of the

refrigeration effect is always higher than the power consumed.

2. The first cost 1s very low compared to the conventional heating

systems.

3. The carbon emissions are very low compared to the conventional

systems.

4. Instantaneous heating no warm up.

Disadvantages of heat pumps are:

1. The indoor temperature depends on the surrounding temperature the

lower the surroundings temperature the lower the performance.

2. Still have carbon emissions.

3. The heating has low humidity because no water vapor is resulted in this

operation.

4. No heat is available without electricity.

For cooling and refrigerators there is no comparison because the
only way to cool is using refrigerators that is why we used heat pumps to

compare them with conventional heating systems.

To have better cooling performance in summer and in very hot
weather cooling towers are installed and this is to increase the capacity of

the condensers to reject heat into the surrounding by means of evaporative
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cooling. This can be explained as the condenser has high temperature
water is sprayed above the condenser making it vaporizes and air is blown
to increase the evaporative capacity of water. This will reduce the
temperature of condenser as water will absorb heat from condenser to
vaporize reducing the condenser temperature, but in winter when the
performance is low particularly in cold weathers; auxiliary systems are
used for compensation extra electric heaters are placed into the evaporator,
heating coils are also used for heating as an auxiliary system. Here comes
the idea for geothermal heat pump, which was used in cold countries
without limitations in severe weather for better performance and higher
temperatures no matter of the weather coldness. In the following section
geothermal or ground source heat pumps are explained as an introduction

to the experimental work that has been conducted in this thesis.

4.4 Geothermal source theoretical back ground

Geothermal heat pump or ground source heat pump consists of the
same components of ordinary heat pump with the only difference is the
outdoor unit (condenser in cooling, and evaporator in heating), instead of
exchanging heat with the air by means of a fan and a finned tube heat
exchanger, it exchanges heat with water by means of a Heat exchanger and
a circulation pump that exchanges heat with earth or water in lake. This
can be accomplished by placing the heat exchanger in a tank that is filled
with fluid and insulated from ambient conditions. The fluid can be water or

a mixture of water and antifreeze or alcohol. Water is a very good working



37

fluid because it has high heat capacity. The larger the heat capacity of the
fluid, the higher the heat exchanges between the heat pump and the
geothermal heat exchanger, and the larger the performance of the heat
pump. The specific heat of water is 4.19 kJ/kg®°C but for air the heat
capacity is 1 kJ/kg °C. This means that for each kilogram of air heat can be
added as many as one kilojoule. But for each kilogram of water the
maximum heat that can be added is 4.19kJ which is four times, but adding
salt or antifreeze or anything to the water will decrease the heat capacity.
Water is excellent for applications that are above freezing point and below
boiling point. But in cold weathers fluids will have to withstand a
temperature below freezing point of water, in this case adding antifreeze
will be the solution and the performance will drop a little bit but the system
will not be damaged because of freezing the water in the heat exchanger,
which means that water will expand when ice is formed and damage the

heat exchanger by deformation of the cylinder of tank.

The lakes or rivers will have a temperature that is higher than
freezing point of water so in countries where temperature drops below the
freezing point water in rivers and lakes is still at above 5°C which means
better environment for the outdoor unit. If the heat exchanger is placed in
the ground the temperature is higher and it is between 10-15°C or a little
more depending on the location, the solar radiation, the conductivity of the
ground the emissivity, and the wind speed that is adjacent to the ground.

This is a constant temperature around the year.
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This explains the idea of the heat sink which means that heat will

not be accumulated to raise the temperature of the ground.

It is well known that half of the solar radiation received by the earth
is absorbed at its surface and based on that reason the ground temperature
will have seasonal variations down to a depth of around 15m. There is
more variation in the first two meters. Beyond this level however the
temperature is fairly constant and will roughly equate to the mean annual
air temperature of the region as in figure (4.1), this is due to the fact the
earth has a high thermal inertia of soil and is able to store the heat

absorbed.
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Figure (4.1) Seasonal Temperature variations reference UK [39]

After heat is extracted it is regenerated by solar irradiation,

precipitation and on a smaller scale thermal gradient in the ground.
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“Energy flowing from deeper layers upwards represents only (0.063-0.1
W/m?) and can be disregarded” however [39]. As depth increases further
there is a slow but steady increase in temperature of 2.6°C per 100m, the
mean temperature at 100m is usually between 7-15°C [40]. This is of
course subject to variation dependant on the local geology, soil conditions
and therefore two identical heat pumps may differ in performance

according to location.

The ability of the ground to dissipate the heat rejected into it
depends on three components: The Heat transferred through the earth’s
crust in the form of substance transfer, the heat conducted to earth through

rocks, and the heat stored in rocks and fluids of the earth [41].
4.5 Ground Characteristics

The definition of geothermal energy is subject to variation, in some
cases it is considered to be heat below 15-20m in the ground while in
others simply all energy stored as heat beneath the earth’s surface.
Regardless of definition this relatively constant store can be utilized by a
heat pump for heating and cooling applications since in winter the ground
temperature will be above the average air temperature while in the summer

it is likely to be below it see figure (4.2).
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Figure (4.2) Typical Ground Temperature change around the year [42]

The capacity of the GSHP for heating and cooling will depend on
not just the size of the system but also the thermal properties of the ground
system performance is significantly affected by the material in which the
ground heat exchanger ( loop) is laid. Factors which will determine

performance are [43]:
1. Subsurface temperature.
2. Thickness and nature of superficial deposits i.e. soil.

3. Rock properties i.e. stratigraphy (formation) and lithology (type).

These will determine strength and conductivity.
4. Hydrological issues, depth to groundwater, seasonal variations in

Groundwater temperature, flow direction etc for vertical type

geothermal heat pumps “In general groundwater flow improves heat
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exchange” [42], when significant flow is present, at 4-10°C heat exchange
occurs through a dual mechanism of conduction in the aquifer material and
convection in the groundwater itself. Ground source heat pumps which are
located on a site of low permeability rock, and hence low water flow, will
not benefit from convective heat transfer. Thermal conductivity and
diffusivity are two parameters which need to be clarified in order to
estimate the likely subsurface temperatures and heat transfer
characteristics. The heat transfer to the ground collector (loop) will not
only be determined by the area for exchange but also these two factors

thermal conductivity and thermal diffusivity.

Based on the classical heat conduction equation developed by
Fourier in 1822 which considers the soil to be a homogeneous and
isotropic conducting medium the thermal diffusivity can be expressed in

the following equation:

Where T is the temperature (°K), t is time (s), and a is the thermal

diffusivity (m*/s) of the conducting medium and defined by

Where k is the thermal conductivity (W/(m °K), p is the density (kg/m’)

And c, is the mass specific heat capacity (J/(kg °K).The higher the

value of a, the faster the propagation of heat within the medium [44].
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4.5.1 Thermal conductivity (K)

Thermal conductivity is the quantity of rate of heat transmitted per
unit area, per unit temperature gradient under steady state conditions. By
Multiplying this factor by the thermal gradient will give the heat flow
within the ground. When considering thermal conductivity in rocks factors
such as porosity, composition and the nature of any saturating liquids will
determine its value. Generally, the larger the extent of porosity the lower
the thermal conductivity will be; unless the rock is saturated. Thermal
conductivity can vary by a factor of two for rocks most commonly found
near the surface and even more significantly for the range of sediments
found in this area. Generally rocks have higher K values than soils.
Variability in the latter is explained due to mixing of mineral and organic
particles and their associated thermal characteristics [45]. Furthermore in
dry soils air is trapped, and since this has a low K value, saturation will
raise the conductivity of soils; “Low conductivity soil may require as much

as 50% more collector loop than highly conductive soil” as in table 4.1

[43].
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Table (4.1): Thermal Conductivity of Typical Rocks and Sediments

[43]
. Thermal conductivity
Rock Material W/ m2 °K

Low porosity sedimentary rocks (<30%)

: ) 2.2-2.6
1.e.shale, sandstone, siltstone

Quartz sandstone (5% & 30% porosity) 6.5,2.25
Igneous plutonic rocks i.e. granite, gabbro 3.0
Schist, Serpentine 2.9
Quartzite 5.5
Sand (gravel), saturated sand 0.77,2.5
Silt 1.67
Clay, saturated 1.11, 1.67
Loam 0.91
For Comparison: Water 0.6
Air 0.0252

4.5.2 Thermal Diffusivity

Thermal diffusivity is the ground thermal conduction in relation to
thermal capacity. This links thermal conductivity, specific heat (C;) and
density (r). Density is multiplied by specific heat is termed volumetric heat

capacity. The relationship is shown in the equation 4.2.

A high thermal diffusivity value is desirable since this means the
material will quickly adjust temperature to that of the surrounding
environment since heat is conducted rapidly relative to thermal mass.
Specific heat capacity (C) describes the quantity of heat required to change
unit mass of the material by unit temperature or quantity of energy that can
be dissipated or absorbed before a change in temperature. Water has a high
specific heat capacity (4190 J/kg°C) which explains how saturation will

increase the overall value for the rock soil.
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4.5.3Thermal Recharge

In ground source coupled heat pumps GSHP the hydrologic cycle
circulates water and therefore heat via pressure difference [45]. This heat
can be attributed to the atmosphere and geothermal heat flow in
proportions relative to the depth of the aquifer. For this reason there is
generally a stable temperature present in the aquifer which does not exhibit
major seasonal changes, “any deficit created by heat fluid extraction is
replenished by the (lateral) groundwater flow” [46]. As mentioned above
for all horizontal systems in heating only mode, the main thermal recharge
is provided by solar radiation falling on the earth’s surface. Therefore it is
vital to ensure the surface above the ground heat exchanger is not covered
by trees or grass. An alternative to natural recharge is to utilize forced
recharge like a solar Collectors and a GSHP, during conditions where
excess heat is present which is not required for water heating it can be
injected into the heat exchanger and thermally replenish the surrounding

ground.
4.6 Design of the Ground Source Heat Pump
4.6.1 Formulas and Concept

For estimation of the excavation size and according to ASHREA
each ton refrigeration will need 2500 ft* [232 m*] of land area to absorb the
heat rejected into the ground but this is of course depends on several things

of which, the location, the depth and size of the excavation, the time of the
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year, the soil diffusivity of heat, the heat pump design conditions, the fluid,
the pipes type and thermal properties, the flow type and velocity which is
relevant to the pump selection of flow and head, the ground water, the
percentage of water content in soil, and many other factors. All the

calculations were conducted using computer software.

For the purpose of test a % tones of refrigeration, (10000 Btu/hr)
type Electra was used with a coefficient of performance (COP of 3). All
approvals were taken for the excavation and search and the excavation was
done in an area of 15 m long, 2.5 m width and 2 m deep. To design the

loop underground several factors were taken into consideration of which:

A. The fluid used was water because it has high heat capacity as explained
before. From tables of properties of refrigerant R410a which is used in
the heat pump, it can be seen that the condenser unit rejects the heat at
75 © C in summer and absorbers heat in the vicinity of the evaporator at
2-4 ° C because the outdoor design temperature is 35 © C for cooling in
summer and 0 ° C for heating in winter. The outdoor temperature
should be less than 35° C in summer and more than 0 ° C in winter to
achieve better performance. Antifreeze should be added to the water in
case of lower temperature which is not our case. Table 4.2 below shows
several types of solutions that can be added to water to prevent freezing.

Using the formula:

Q[kW] = 1 [E] « Cp [—; -'c] «p ["f] fATLC) oo, (4.3)
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Table (4.2): Densities and Specific Heats for Various Solutions [47]

% by Mean | Freezing | Density Specific
Weight | Temp Point (kg/m’) Heat
0 (9] (kJ/°K*kg)
Pure
Water 100 25 0 999.6 4.184
13.6 25 -9.4 980.2 4.232
Methanol 10.0 30 -6.7 904.2 4.274
Solution 6.3 35 -3.9 989.0 4.296
2.0 40 -1.1 989.4 4.275
Ethylene 20.0 25 -9.4 1034.4 3.848
Glycol 14.6 30 -6.7 1024.4 3.975
Solution 8.8 35 -3.9 1017.3 4.100
2.5 40 -1.1 1002.9 4.190
Propylene 23.5 25 -9.4 1024.5 4.023
Glycol 18.3 30 -6.7 1017.3 4.065
Solution 12.9 35 -3.9 1012.5 4.107
59 40 -1.1 1005.3 4.149
Sodium 13.3 25 -9.4 1103.6 3.627
Chloride 10.1 30 -6.7 1077.2 3.688
Solution 6.4 35 -3.9 1048.4 3.847
Calcium 14.3 25 -9.4 1134.7 3.332
Chloride
. 11.3 30 -6.7 1103.6 3.499
Solution
GS4 100 -23.3 -59.4 1295.0 2.795
Diluted 80 -15.0 -40.0 1262.5 3.089
antifreeze 60 -6.67 -21.1 1175.0 3.382
Solution 40 -2.22 -11.7 1120.0 3.709
20 -1.11 -5.6 1050.0 3.989

B. Pipe Type: Pipes are either steel for vertical design, or High density
polyethylene for horizontal design, for leakage problems steel pipes are
not used. HDPE pipes are defined by their pressure ratings which can

be measured by the Standard Dimension Ratio — SDR.

It is common to use the SDR as method of rating pressure piping as
seen in the figure (4.3) where S is the thickness of the pipe and D is the

outer diameter of the pipe. Then SDR is



0
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Figure (4.3) Standard Dimension Ratio descriptions [48]

The higher the SDR the lower the thickness compared to the
diameter and the lower the pressure the pipe can withstand. This property
is not very common in the market which makes things difficult so SDR for
local pipes must be calculated and matched to the design SDR used, so the
pipe properties has been searched for this property in the local market and
compared to the universal standards. The pipes are available in the local
market. All properties for the pipe are now known such as thickness,
material, is known the thermal resistance is known Appendix (1) so the
heat conducted through pipes is now known as in tables (4.3) and table

(4.4) below.
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Table (4.3): Pipe and Tube Dimensions [49][50]

Nominal | SDR9 SDR 11 | SDR 13.5| SDR 17 | Schedule | Schedule | Copper
Diameter| OD/ID OD/ID OD/ID OD/ID 40 80 (L)
(in.) (mm) (mm) (mm) (mm) OD/ID OD/ID OD/ID
(mm) (mm) (mm)
3/4 (20| 26.7/ | 26.7/ 267/ | 2677/ | 26.7/ | 222/
mm) 20.8 21.8 23.6 20.9 18.8 19.9
1 (25 | 334/ | 334/ | 28.6/ | 334/ | 334/ | 334/ | 28.6/
mm) 26.0 27.4 24.3 29.5 26.6 24.3 26.0
11/4 422/ | 422/ | 349/ | 422/ | 422/ | 422/ | 349/
(32mm)| 32.8 34.5 29.7 37.1 35.0 32.5 32.1
1(317/25 482/ | 482/ | 41.3/ | 482/ | 482/ | 482/ | 41.3/
) 37.5 39.4 35.2 42.7 40.9 38.1 38.2
mm)
2 (50 | 603/ | 603/ | 54.0/ | 603/ | 60.3/ | 603/ | 54.0/
mm) 46.9 49.3 46.0 53.3 52.5 49.3 50.42
3 (75| 889/ | 88.9/ 889/ | 889/ | 889/ | 794/
mm) 69.1 72.6 78.5 77.9 73.7 74.8
4 (100| 1143/| 114.3/ 1143/| 1143/ | 1143 /| 104.8/
mm) 88.9 93.5 101 102 97.2 99.2
6 (150 | 168.2/] 168.2/ 168.2/| 1682/ | 168.2/
mm) | 130.8 138 148 154 146
8 (200 | 219.1/| 219.1/ 219.1/| 219.1/| 219.1/
mm) 170.4 179 193 203 194
10 (25| 273.1/| 273.1/ 273.1/| 273.1/| 273.1/
Omm) | 212.4 224 241 254 243
12 (30| 323.9/| 3239/ 3239/| 323.9/| 323.9/
0 mm) | 251.9 265 285.8 303 289
"Evaluation of Methods for Calculating Soil Thermal Conductivity,

"(http://www.gaiageo.com/
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Table (4.4): Minimum Required Flow Rate (L/min) for Non laminar
Flow Re>3000 [49]

T=-1°C T=10°C
) Nominal Diameter SDR 11 Nominal Diameter SDR
Fluid Pi .
o ipe 11 Pipe
(%o by . . 11/4 | 112 | 3/4 . 114 | 112
Weight) 3/4 in. 1in. in. in. in. 1in. in. in.
(20 (25 G | 315 | @ | & 32 | 375
mm) mm) mim) mm) | mm) mm) mm) mimn)
L% 143 | 182 | 227 | 261 |98 | 121 | 151 | 174
thanol
20%
Ethylene 9.5 11.7 14.8 170 | 6.8 8.4 10.6 11.7
Glycol
20% | 110 | 136 | 170 | 197 |76 | 95 | 117 | 132
Methanol ) ) ) ) ) ) ) )
20%
Propylene | 12.9 159 | 204 | 23.1 8.7 | 10.6 13.6 15.5
Glycol
20%
Calcium 8.6 11.0 13.6 155 | 53 7.6 8.4 9.7
Chloride
Water -- -- -- -- 4.2 5.3 6.5 7.6

C. Soil: Ground temperature is changing according to the geographical
location, the time of the year, time after being disturbed, type and the
depth in the ground. The type of soil is a determinant factor because
different soils have different thermal conductivities and different
thermal diffusivity. Moisture content affects the diffusivity and

conductivity all this is shown in table (4.5) and table (4.6)

If the heat pump capacity is known the pump flow rate can be
calculated; the recommended velocities are known for the pipes at a known
diameter and flow and thus can be adjusted for better friction values. After
sizing the pipes length and fittings needed, everything can be summed out
to find the total dynamic head lost in pipes. And the pump is approximated

to the standard available in the market.
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Table (4.5): Thermal Conductivity and Diffusivity of Sand and Clay

Soils [49]
Soil Dry 5% Moist 10% Moist 15% Moist 20% Moist
Type | Density k o k o k o k o
(kgfm®) | (W/m | u2iday) | (W/m | (m?fday] (W/m | (m2fday (W/m | (m*/day)
K) K) K) K)
Coarse 1900 2.1-33 0.089- 2.4-3.5 0.086- 2.8-3.8 | 0.085- - -
100% 0.14 0.12 0.11
Sand 1600 1.4-2.4 0.072- 2.1-2.6 0.089- 2.3-2.8 | 0.083- | 2.4-2.9 0.078-
0.12 0.11 0.10 0.093
1300 0.9-1.9 0.056- 1.0-1.9 0.056- 1.0-2.1 | 0.047- | 1.2-2.1 0.048-
0.12 0.10 0.093 0.083
Fine 1900 1.0-1.4 0.045- 1.0-1.4 | 0.037- 1.4-1.9 | 0.043- -
Grain 0.060 0.049 0.059
100% 1600 0.9-1.0 0.045- 0.9-1.0 | 0.037- 1.0-1.2 | 0.034- | 1.0-14 | 0.038-
Clay 0.054 0.045 0.045 0.051
1300 0.5-0.9 0.033- 0.6-0.9 | 0.033- 0.7- 0.032- | 0.7-1.0 | 0.028-
0.056 0.047 0.95 0.044 0.042
*Values indicate ranges predicted by five independent methods. k = Thermal

Conductivity, a= Thermal Diffusivity, Coarse Grain= 0.075 to Smm - Fine Grain less than
0.075mm (0.075mm = #200 U.S. Standard Sieve)

Table (4.6): Thermal Properties of Rocks at 25°C [49]

% k- All** |k -80%***| cp o (kipop)
Rock Tvpe Occurrence | Thermal o |Thermal C |Specific Delfsi Thermal
yp in Earth's | nductivity |onductivity | Heat (k gfm?)/ Diffusivity
Crust* | (WmK) | (WmK) |J/kgK) (rn/day)
Dense Rock - 3.46 - 840 3200 0.111
Average Rock -- 2.42 -- 840 2800 0.089
Dense . 1.73 - 840 | 2400 | 0.073
Concrete
Heavy Soil, - 2.42 - 840 | 3200 0.078
Saturated
Solid masonry - 1.3 - 880 2290 0.056
Heavy Soil, - 1.3 - 960 | 2100 0.056
Damp
Heavy Soil, - 0.87 - 840 | 2000 | 0.045
Dry
Light Soil, . 0.87 - 1050 | 1600 | 0.045
Damp
Light Soil, - 0.35 - 840 | 1440 0.024
Dry
Igneous Rocks
o 0
Grgllllfrt(zl)o & 2333 0.084-0.12
Granite (25% 10.4 1.9-5.1 879 2640
0
Quartz) 2.6-3.6 0.093-0.13
o 2800-
Amphibolite 42.8 1.9-4.7 2.6-3.8 3120
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% k- All** |k-80%***| cp o (kipep)
Rock Tvbe Occurrence | Thermal o |Thermal C |Specific Derfsi Thermal
yp in Earth's | nductivity |onductivity | Heat (k gfm%) Diffusivity
Crust* (W/mK) (W/mK) |(J/kgK) {m*fday)
Andesite 1.4-4.8 1.6-2.4 502 2560 | 0.10-0.16
Basalt 2.1-2.4 712-879 | 2880 (0.065-0.084
(ézzbgiai(i? 1.6:2.8 0.060-0.107
G bB US 753 2960
abbro
Rocky Mtns) 2.1-3.6 0.079-0.14
Diorites 2.1-33 2.1-2.9 920 2880 10.065-0.093
11.2
Grandiorites 2.1-3.5 879 2720 10.074-0.12
Seditmentary Rocks
Claystone 1.9-2.9
) 2720-
Dolomite 1.6-6.2 2.8-6.2 879 2300 0.10-0.21
) 2400-
Limestone 1.4-6.2 2.4-3.8 920 2300 0.093-0.13
2080-
Rock Salt 6.4 837 2160
2560-
Sandstone 1.7 2.1-3.5 1005 2720 0.065-0.11
Siltstone 1.4-2.4
Wet Shale
(25% Quartz) 1.7-3.1 0.084-0.11
Wet Shale 1.0-1.6 0.047-0.056
(No Quartz) 4.2 1.0-4.0 879 2080-
Dry ) e 2640
Shale (25% 1.4-2.4 0.065-0.093
Quartz)
Dry Shale (No 0.9-1.4 0.042-0.051
Quartz)
\Metamorphic Rocks
Gneiss 214 17-57 | 2335 | 920 | 299 0084-0.11
) 7-5. .3-3. 2300 ) )
Marble 0.9 2.1-5.5 2.1-3.3 920 2720 |0.074-0.11
Quartzite 5.2-6.9 837 2560 | 0.20-0.28
) 2720-
Schist 5.1 2.1-4.5 2.4-3.8 3200
2720-
Slate 1.6-2.6 920 2300 0.056-0.084

* Percentage of sedimentary rocks is higher near the surface.

*% "All" represents the conductivity range of all samples tested.

#*% 1"80%" represents the mid-range for samples of rock.
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4.6.2 Geothermal Design using Computer software

In the design stage calculations were done manually and using
GAIA software figure (4.4), to determine the loop length and the best
orientation of the pipes and to find out what is the effect of increasing the
depth and the width of the trench. This simplifies changing the parameters
to reduce the loop length because for a given load we can tune the pipe
properties, the fluid properties, the orientation, the trench features, and the
land type. Other factors that affect the design but cannot be tuned for a
given location are face velocity of wind, the water flow rate, the location,
the thermal conductivity, diffusivity of soil, coldest and hottest day of the
year, pipe resistance, dimension, and type, the separation distance between

loops and the layers being used see figure (4.5), figure (4.6).

CArcari

- r:l'i'-'-'-il-'lTI

= M

FLAFE A

Figure (4.4) Ground loop design software menu [S0]
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Figure (4.5) loop orientation for horizontal and vertical geothermal heat pumps
[51]

To achieve maximum contact to the ground and reduce the length
and depth the silky orientation was selected, also two loops was used at a
depth of 2 m this can be changed for different orientations as per design
literature. As in figure (4.7).Pipe diameter was selected based on the
Reynolds number and the flow which was selected to be non laminar
because Reynolds number was above 3000 and for the temperature above
10 °c as per table (4-4) above and for water applications the required water
flow is 4.2 L/min for SDR 11 tube 3/4" diameter. This can be validated as

follows.
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TH® Horizental Design Project &1 =1li= |[Is=r]

. Results ] Fluid ] Saoil ] Piping- Configuration 1 Extra kKWW ] Information T
Fined Area Mode
I oasor Total Area: 40000.0 f£°2

Wifidth : 1 1000 TE b4 Length:

Trench Lawyowt

_?__1 Mumber: 10 “{-‘1 Depth: 8.0 i
Separation: l 10.0 i wWwidth: |35_U in

Fipe Configuration in Trench

H L) ) (W) [

4 2 {=

—
1‘)“ T Loop Pitch [P1: [ 100  in
o ———
| i Diameter [D1: [ 360
A ’ ocop Diameter [O¥] ] ir

Modeiing Tinre Period

Prediction Time: J 5 Years

i e o |

Figure (4.6) Loops orientation in software [50]

The heat pump is 10000 Btu/hr which is equal to 2.91 kW then to

circulate water that can hold this amount of heat we use equation (4.3)

Quominat liw] =[] + Co % -af]-ama (4.3)

2.91 kW =m *4.19*1*10
Then

M = 0.0696 L/s which is equal to 4.19 L/min so the selection is correct.

Using equation (4.4)
D
SDR = —
S (4.4)

20 mm pipe OD =26.7mm, ID = 21.8mm
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Then

S_(DD—ID)
B 2

As shown in figure (4.3)
S=(26.7-21.8)/2 =2.45 mm.

SDR=26.7/2.45 =10.89 then SDR for our pipe is SDR 11.

The pipes were selected based on the above calculations and as per
catalogue of GOLANI pex pipes Appendix (1) and Appendix (2) the pipe

diameter was 25 mm the pipe thickness is 2.3 mm
Then
SDR =25/2.3 =10.86 or SDR 11

So pipe SDR 11, 3/4" was selected as in figure (4.8) and the flow is
turbulent then from Hazen William's formula Appendix (5) for friction loss

calculation equation below

1001.352 ) Q;.QS:

H, = 0.2083X C1l.es2 }‘d+.3555

See appendix 5 and 6 Where Hy is the friction loss in feet per 100

feet of pipe

Q 1s the volumetric flow rate in GPM

C is Hazen Williams flow factor for thermo plastic pipes ¢ =150
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d is the internal diameter of pipe in inches

Then HL = 0.1278 inch for each 100 feet or 1 meter per 100 meter of pipe

For the friction in valves and fittings table (4.7) below was used.
Then the total friction is shown in table 4.8 below:

Table (4.7) Equivalent length of straight pipes for valves and fittings in
meter obtained from [48]

Equivalent Length of Straight Pipe for Valves and Fittings (m)
Pipe Size

W4 | 38| V2| 34| 1 (114112 2 |21/2] 3 | 4
Regular 90 deg 07 (09 |11 |13 (16|20 23| 26| 28| 34 | 40
Elbows Long radius 90deg | 05 | 06 | 07 | 07 | 08 | 10 | 10 | 11|11 [ 12| 14
Regular 45 deg 01 (0202|0304 0506081101217
Line flow 02 (04 05|07 (10|14 (17| 23| 28| 37| 5.2
Branch flow 07 |11 |13 [ 16 | 2027 (30| 37|40 | 52 | 64
Retumn Bends | Regular 180 deg 07 (09 |11 |13 |16 |20 23| 26| 28| 34 | 40
Glabe G4 | 67 | 67| 73| B8 |13 | 1268165189 | 241|336
(Gate 01101020203 |03|04|05]05|06]|08
Angle 39 |46 | 46 | 46 | 52 | 55| 55| 55| 55 | 55 ] 35
Swing Check 22| 22| 2427 | 34|40 | 46| 58|67 |82 | 116
Strainer 1411512023 | 55|61 82|88 (104128

engineeringtoolbox.com

Screwed Fittings

Tees

Vales

Table (4.8): Calculated minor losses in pipes

Equivelant Total Total
length (m) | length (m) | friction (m)
pipe 100 100 1
elbow 90 5 315 3.15
steel elbow 1.6 1.6 0.016
Steel Tee 2 6 0.06
Brass coupling 8.8 35.2 0.352
Check valve 4.4 4.4 0.044
Ball valve 8.8 26.4 0.264
Strainer 2.3 2.3 0.023
flow meter 10 10 0.1
Total loses m 5.009

Fitting Quantity
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This was calculated using software as in figure (4.7) below. The
pump was selected to have 8 meters head and the corresponding pump
flow will be larger than needed because these types of pumps are used for
heating and cooling which normally has this characteristics. The effect on

the results will be discussed later in the conclusion.

1e3)

l Resuits ] Fluid ] Sod  Pipeng I Confipuration | Extra kv 1 Irmformation ]

Fipe Paramelenrs

Pipe Resistance: | 0186  h*ft*°F/Btu
Pipe Size: fLim. (2S5 mm ) |
Cuter Diarmeter: [T13z2 In

Irner Diammester: [ 108 in

Pipe Type: | sDR11 -
Flowr Type: | Turbulent - |

Check Pipe Tables

Figure (4.7) Pipes parameter menu GIGA GEO software

As for the loop it was designed to dissipate heat by means of a 4
loops in parallel of 100 m long each slinky tube. They were connected in
parallel through a manifold to a circulation pump which is used to circulate
water into the underground loops. The working fluid can be selected as
shown in figure (4.9) the working heating and cooling temperature is set
and this will calibrate the density and the specific heat automatically from

the library, the flow rate is set automatically which is 11.4 L/min as per
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recommendation for each ton of heating or cooling. Our flow was
calculated to be 4.2 L/min but the selected pump was 66 L/min so there is

no problem in the flow.

Resuits  Fiusd IS-:-H | Piping | Configuration | Extra kwe | Information |

Design Heat Pump Inlet Fluid Temperatures
CoeoikreQ: [8s.0 -F HeatirsQ: [s00 -¢

Design Sysberm Flow Rate

Fhoww Rate: | =0 O EO

Solution Properties
W Autormatic Entry Mode

Fluid Type: | Water ~]

Freezhgp-::r-t:i |"1= 0.0%a by wWeight
Specific Heat (Cpy: | Bt {°F *lbnn)
Dransity (rlbo): | 24 B3
Check Flud Tables |

Figure (4.8) Fluid parameters menu, Appendix (3) fluid properties

Soil is another parameter that affects our design from tables in
appendix 2 the temperature of the ground for local area must be selected
prior to design. The soil type, the location, the sun factor that has
something to do with the recharge, the regional swing air temperature and
the coldest and warmest day in the year all these factors must be known to
adjust the thermal conductivity and thermal diffusivity of the soil as per
the classical heat Conduction or equation 4.1. Using those formulas, all
necessary parameters are calculated using the software as described in

figure (4.9).



Lindisburbed Growund Temperature

Groumd Temperatuee: [ 520 i
Ground Temperature Corrections at Given Depth

Thermal Conductivity: | 1.3 Bty (™ =F
Theermmal Diffurshiity: Toz= =2 day

Diffushvity Calculator | Check Soi Tables

Sail Thermmal Properties

Regetimal Air Temperature Swinsg: [ 230 =F

Waher | Slamdmeer

Cobdost/AWarmest Day i vear: | 34 | 225

Cheack Swrireg Temperaturse Tabbs |

Figure (4.9) soil parameters calculations

4.6.3 Earth Connection

Closed-Loop Ground Heat Exchangers (GHEX)

This section 1s based on ASHRAE methods of calculation of heat

exchanger size and performance of geothermal heat pump horizontal and

vertical loops and also the pond heat exchangers.

4.6.4 Ground heat exchanger (GHEX) sizing

Ground heat exchanger or loops sizing is concerned mainly with the

determination of pipes Length of the heat exchanger to be laid

underground. The method used in the GSHP is adapted from IGSHPA

(International Ground-source Heat Pump Association 1988). The required

loop length based on heating requirements is denoted by L;, can be defined

by this equation as per ASHREA:
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LeopB=1) (g b+ RsFh)
Lh = qd,heat[—= ] e e (4.6)

Tg.min-Tewt.min

where COPy, is the design heating coefficient of performance of the
heat pump system, R, is the pipe thermal resistance, Ry is the soil/field
thermal resistance, Fj, is the GHEX part load factor for heating, Tg min 15 the
minimum undisturbed ground temperature, and Teytmin 1S the minimum
design entering water temperature (Tewt) at the heat pump. A similar
equation can be used to calculate the required GHEX length L. based on
cooling requirements:

Lcope-1 )
1eope—a] Rp+RsFc)

Lc = qd, cool[—<E<— Lt e e e e e e e e e et (4.7)

i L:'.'.":.m::.ﬁ.'—.-_g.rr.ax

where COPc is the design cooling coefficient of performance of the
heat pump system, F¢ is the part load factor for cooling, Tgmax 1s the
maximum undisturbed ground temperature (see equation 4.3, 4.4), and

Tewtmax 15 the maximum design entering water temperature at the heat

pump.

These two equations represent a simplification of the ones
developed by Ingersoll and presented in Kavanaugh and Rafferty [52].
Equations (4.3) and (4.4) do not take into consideration long-term thermal
imbalances that could alter the soil temperature field over a period of many
years. These thermal imbalances are generally attributable to significant
differences between the annual heat extracted from the ground and the heat

that is rejected to the ground during the cooling season. However, this
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simplification could be considered acceptable at the preliminary feasibility

evaluation stage.

There are a large number of possible configurations for horizontal

systems.

Equations (4.3) and (4.4) require the determination of pipe thermal
resistance Rp and soil field thermal resistance Rg. These are determined
from geometrical and physical considerations, as shown in IGSHPA [52].
For horizontal GHEX, the method takes into account surface effects that
have a significant influence on horizontal soil/field resistance values. Soil
resistance values are tabulated as a function of radial distance for different
kinds of soil (e.g. light soil or heavy soil, damp or dry, rock, etc.). Thermal
resistances for permafrost were extrapolated from those for regular soil,

based on soil conductivity properties.

As shown by equations (4.3) and (4.4), there are two possible heat
exchanger lengths that can be used for designing a closed-loop system. The
choice between using the cooling or heating length is left to the user in the
Energy Model as per ASHREA. This design decision has an impact on

both cost and performance of the GSHP system.

Selecting a GHX length that will not be sufficient for heating will
require an auxiliary heating system. Using a GHX length insufficient for
cooling will require a supplemental heat rejecter. The GSHP Project Model

takes into account these two possibilities when designing the geo loops.
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4.6.5Design entering water temperature (T.y)

The design of a GHX is in many ways similar to that of a
conventional heat exchanger. For a conventional heat exchanger, the inlet
and outlet temperatures are usually provided for sizing the heat exchanger.
This also applies for a GHX: the final size of the GHX is in great part
determined by the user’s requirements for the minimum or maximum
temperatures allowed at the GHX’s outlet during the course of the year.
However, the values for the maximum and minimum GHX outlet
temperatures have a fairly limited range of acceptable values. Practical
constraints, mainly from the heat pumps, tend to make this design decision

more straightforward.

For example, extended range heat pumps will usually have a 20°F (-
6.7°C) recommended minimum design entering water temperature
(Tewtmax ) and 110°F (43.3°C) recommended maximum design entering
water temperature (Tewemax )- Specific designs may go below and above
these temperatures but are not common. From a literature review [52], the
following design entering water temperature estimates were used in the

GSHP:
Minimum design entering water temperature:
Tewt,min=Tg,min—15°F . .. ... . ... (4.8)

Maximum design entering water temperature:

Tewt,max =min (Tg,max+20F,110°F)...........cccociiin.... (4.9)
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Part load factor (F)

Determining the GHX length using equations (4.3) and (4.4)
requires the evaluation of the GHX part load factor. The part load factor
(F) represents the fraction of equivalent full load hours during the design
month to the total number of hours in that month, as seen by the GHX [52].

It can be evaluated as:

B e e (4.10)

gmax

Where; q., and q..x are the average load and peak load for the month
respectively. The part load factor F is evaluated for the design cooling
month and the design heating month, typically July and January in the
Northern Hemisphere, leading to the values F¢ and Fy, used in equations 4.6

and 4.7.

4.6.6 Heat Pump System

This section presents the modeling elements associated with the heat
pump system. The calculation of these elements is necessary to finalize the
earth connection sizing of either closed-loop ground heat exchangers
GHXs. The heat pump coefficient of performance COP, and their related
capacity Q. , are evaluated first, followed by the determination of the heat

pump entering water temperature for both types of earth connection.

4.6.7 Coefficient of performance COP and capacity Q,

The coefficient of performance (COP) of a heat pump system is a

function of the entering water temperature. Tarnawski approach (1990)
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[52] correlates the COP of any heat pump to the entering water
temperature. The ground heat exchanger load and heat pump useful

capacity are linked through:

For cooling:

Qc = Qh,c = oD T, (4.11)
For heating:

COPh
Qn = Qe B g T (4.12)

where Q. is the heat pump cooling capacity at the evaporator, Q1S
the heat rejected to the GHX at the heat pump condenser in cooling mode,
Qn 1s the heat pump heating capacity at the condenser, and Qy, 1s the heat

extracted from the GHX at the heat pump evaporator in heating mode.
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Chapter Five
Experimental Work



66
Chapter Five

Experimental Work

A model for a typical horizontal geothermal heat pump for a small
room of about 15 m* was designed and built. The area where the unit was
installed was selected to be easy to dig in and near electricity and water
sources. The room was close to the open Court that has an open view to
receive the sun light most of the day. The built air-conditioner was 10000
Btu/hr Type Electra Model 10 with the condensing unit placed into a 175
liter tank of 1 mm thick made of galvanized steel and welded locally with a
dimension of 50x50x70 cm. Apparatus was equipped with circulating
pump of 150 liter/min and a head of 8 m type Wilo PH123-E single phase.
Valves, check valves, pipes and fittings are type Teami Italy. Pex pipes are

type Golani pex.

The ground loop was 400 meter of PE pipes of 20 mm diameter. The
trench excavated was 12meter long 2.5 meter wide and 2 meter depth
inside the Court which was backfilled before several years figure (5.1).
Pipes were laid in two rows and two layers with 100 cm space between
centers. The slinky loops design with a distance of 15 cm space was used

as shown in figure (5.2).

All pipes were collected to a manifold of different ends to sure
smooth circulation of the water. The heat pump consists of an indoor unit
with the fan and the coil and the control module was mounted on a wooden
board fixed on a steel cart, the compressor was mounted on the cart on a

shelf, and the condenser unit was placed in the tank. The unit is already
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tested in factory for a cop of 3 as per energy label. Temperature of the air,
supply water, temperature of refrigerant at inlet and exit of evaporator and
condenser, Ground temperature (T,), influent (T;) and effluent (T4) of
refrigerant, temperatures of the evaporator and Compressor discharge
temperature (T,) were measured by means J type thermo couple with data
logger. Pressure before and after condenser measured by means of
refrigerant pressure Burdon gages. and the kilowatts consumed were
measured using clamp multimeter. The heat pump was connected to the
ground loop, the temperature for influent (T1) and effluent (T2) and flow
rate of water (F') in the tank were measured using Multi Data S1 Zinner

Heat meter as described here in after.

Figure (5.1) Locations of the underground loops before excavation



Figure (5.2) Pipe laying in the trench.

5.1 Installation of Geothermal Heat Pump:

Pipes were assembled, laid, and tied together to form a slinky loop,
and connected to the heat pump which was ready on the cart to be installed

as in figure (5.3).



Figure (5.3) Trench after finalizing the pipes and backfilling

The heat pump was disassembled and reassembled with the geo

thermal loops with the following parts:

1. Evaporator of 10000 Btu/hr cooling/heating capacity (Model Electra 10
2010) as in figure (5.4) and Appendix (14).

Figure (5.4) Evaporator 10000 btu/hour type (Electra)
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2. Condenser of the same size type (Electra 10 ).

3. Compressor of 0.45 kW type (Copland) figure (5.5).

Figure (5.5) Condenser and compressor of Heat pump before installation

4. Copper piping and capillary tube.

5. Flow meter as in figure (5.6) below.

Figure (5.6) flow meter type RV pulse electromagnetic connected to the multi Data
S1.
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6. Multi data calculator type Zinner S1 Appendix (9) as in figure (5.7).

TEMMNER multicoe s1

Figure (5.7) Multidata S1 logger heat meter type Zinner

7. Thermocouples Type J with data logger type TM 940 see figure (5.8)

PHERMOME TN

Figure (5.8) Thermocouple reader and Data logger TM 940.

8. Circulating pump 125 watt 60L/min@5 m head Wilo figure (5.9).
and Appendix (10)



Figure (5.9) Wilo circulation pump
9. Pipes 20 mm of 450 meter Golani pex figure (5.1). Appendix (1)

10. Collectors, valves strainer check valve and plumbing staff Tiamee

Italy.

11. Galvanized steel tank 70x50x50 cm as in Figure (5.10)

i

Figure (5.10) Galvanized steel tank 70x50x50 cm.
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12.  Solar plate collector local 190x90 cm, figure (5.11)

Figure (5.11) Local Solar water Heater 190x90 cm.
5.2 Experiments
Preliminary Experiment

Experiments were carried out on cooling mode for a period of one
month; this includes calibration of the system, including the calibration of
the coefficient of performance, and testing system performance using
water as condensing agent rather than air. Data were taken for the
evaporator influent and effluent temperature, ampere, Voltage, pressure of
refrigerant, temperature of the compressor discharge and the ambient
temperature. The evaporator was the indoor unit which has the low
temperature; the condenser was the heat exchanger immersed in water and

it has the high temperature. The water is used to cool down the condenser
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which replaced the air in the outdoor units for conventional air
conditioners as in figure (5.12). On heating mode the system is reversed
via the four way reversing valve that is installed between the compressor,
the condenser, and the evaporator. The function of this valve is to use the
evaporator as a condenser and the condenser as an evaporator without the
need for moving them. In our case the system reversed for winter operation
and the evaporator was the heat exchanger that is immersed in water, and
the condenser (high temperature side) was the indoor unit. The system was
started but could not maintain working due to compressor overload
resulted from the high ambient temperature during summer. On heating
mode the indoor unit is the condenser unit which was placed in the room at
30°C. When the heat pump is on the condenser is over heated because of
the smaller size of the indoor unit and the smaller fan that rejects heat and
this overloads the compressor and the compressor shut down so the system

did not operate on heating during summer.
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5.3 Experiments of Ground loop connected system

After doing tests the system was connected to the ground loop or the
underground heat exchanger. The same data were taken again for cooling
mode because it was summer. The evaporator is the indoor unit which has
the low temperature and the condenser that is immersed in water has a high
temperature that heats up the water in the tank while the system was
connected to the ground loop as in the above case when the condenser was
not connected to the ground loop. But because of the exchange of heat
between the condenser and the ground loop the variation in temperature is

expected to be lower. Data was recorded between July and September.

Between December and January the heat pump was switched to
heating mode where again the same data was recorded. The evaporator is
the ground coupled heat exchanger in this case and the condenser is the
indoor unit. Refrigerant is getting superheated inside the evaporator
absorbing heat from the surrounding which is the getting out of the
evaporator as a result of evaporation then pumped to the condenser with the
extra friction heat through the compressor. The resulted heat is rejected

inside of the room by means of the condenser and the fan
5.3.1 Cooling Mode using the ground loops

In this stage the apparatus was connected to the underground loops
and installed in the designated room. Data was recorded for summer

season in the cooling mode with the ground loops are filled with water and
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connected to the heat pump. The influent and effluent temperatures of
water in the ground loops, the evaporator influent and effluent temperature,
the pressure of refrigerant as well, the ambient temperature, the flow, the
voltage and amperage of the compressor, and pump were all recorded and

analyzed.
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5.3.2 Heating mode using the ground loops

In this stage the heat pump was switched to heating mode using the
same pipe arrangement. In this mode the evaporator is the heat exchanger
coupled to ground loop, and the condenser is the indoor unit. The same
data was recorded for the winter season. In the same arrangement and in
the sunny winter days the solar water heater was installed and coupled to
the heat exchanger instead of the ground source as in figure (5.14). The

same data was recorded.

After taking all data the calculations were rechecked and charts were
prepared and all the behaviors for the four modes were compared to the

conventional heat pump a/c units and the results are presented in chapter 6.
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Chapter Six

Results and discussion
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Chapter Six

Results and discussion

6.1 Preliminary Experiment

In this test the condenser unit which is the outdoor unit was installed
inside the prefabricated tank with the dimensions 70x50x50 cm made of
Galvanized steel as described before. The tank was insulated and the
piping was welded and arranged from the compressor to the condenser and
from the evaporator to the compressor to the four ways reversing valve and
the condenser and the expansion capillary tube. The tank was filled with
water. For the ground loop tests at later stage the system final connection
was connected to ground and solar collector as shown in figure (6.1). The
pressures and temperatures of the refrigerant were recorded for the
evaporator (P, Ty, P,, T,) and for condenser, (P, T3, P4, T,), water flow
rate at the heat exchanger to ground loop, temperature at inlet and outlet of
the heat exchanger (Ts,T¢) and the power consumption for both the
compressor and pump. All this readings were recorded with respect to

time.

In preliminary test the unit was operated at cooling mode i.e.; the
evaporator unit is the indoor unit. The temperature of water in the tank (Ts)
and the temperature of evaporator inlet (T3), and outlet (T,;) were plotted
against time as in figure (6.2). As the unit operates the discharge line
which is the condenser inlet gets hot as a result of the heat absorbed from
the evaporator and the friction between the molecules of the refrigerant

vapor this makes the refrigerant heated up to 75 °C. The refrigerant used is



83

R410a which has exactly 75 °C discharge temperature when compressed at
364 psig or nearly 25 bars as shown in table 6.1 below, the pressure
measured P; of the refrigerant out of the compressor at the inlet of the
evaporator was also in line with the table (6.1) below.

Table (6.1): Theoretical Air Conditioner Performance Comparison for
different refrigerants [53]

Assuming 110F(43c) |Condenser, 45F(7.2) Evaporator, S5F (-150)‘
Subcooling, 15F(-9.4 ¢) Superheat

R-22 R-407C R-410A
Compression Ratio 2.66 2.83 2.62
Compressor Discharge 171F 167F 166F( 75 ¢)
Temperature
Compressor Discharge : . :
Pressure 226 psig 241 psig 364 psig (25 bar)
Temperature Glide OF OF OF (-17.7¢)

When the unit was started up the temperature of the evaporator was
cooled down to -5°C then the temperature started to reach equilibrium
around zero Celsius. The evaporator outlet temperature started to cool
down from around ambient down to reach around 12°C which is the
cooling coil temperature that should be achieved to cool down the space to
23°C, which was 12°C less than the outdoor dry bulb temperature. The
water temperature increased from 26°C to steady state temperature at
30°C. The water temperature did not exceed 37°C because the load is
higher than the installed unit capacity which is 3/4" Ton refrigeration or
10000 btu/hr or in SI units 2.6 kW, for the ground loop the load is the heat
rejected in the condenser which is the heat absorbed from the evaporator
added to the compressor work, this is equal to the heat capacity of water

mass available in the tank less the heat losses through the tank to the
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surrounding which is negligible as the tank was insulated and can be
assumed to be adiabatic system at this point the load is equal to the
capacity which is defined as the energy produced by the heat pump to raise
the temperature of the load which is water. The energy that has to be
dissipated in the ground loop can be calculated by multiplying the water
mass in the tank by the specific heat of water by the temperature difference
of water between the initial state and the final state which was 5°C divided
by the time period between the initial and final state which was 2.6kW, and
this was exactly the capacity of the heat pump 2.6kW. Appendix 4 shows
the P-h diagram for R 410 a refrigerant and the temperatures and pressures
for the cycle knowing the amount of the refrigerant flow and subtracting
the enthalpy of the condenser outlet from the inlet the heat rejected can be
calculated, This was the plan but as the refrigerant flow meter was not
available the heat rejected was assumed to be the same between the

condenser and water and the tank was insulated.

The condenser inlet maximum temperature was 75°C. Evaporator air
supplied temperature was 12°C out Applying Carnot COP formula then

maximum COP refrigeration

0P,y = ——, COPy = (273+12)/ (75-12) = 4.5, But the

£ —_— I
h

calculated COP from the data taken was

COF;, = ?h =mepdl _ SR =3.34 but the rated

T

W W 220 volt=1.63Ampre=85=3600s

cop from appendix 14 was 3.22 at cooling which means the water cooled

case has better COP. The same test was done for several days as plotted in
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the figure (6.1), figure (6.2) figure (6.3), figure (6.4), and figure (6.5) for
different days. The compressor work is the work done by the compressor
and this was calculated by multiplying the voltage and the current and the
power factor and this was also plotted against time as in figure (6.6), and
figure (6.7). the work stated at 0.28 kW and grows up till 0.375 kW and
continue at the same level for an hour then starts to increase again to reach
0.465 kW and stops increasing at this value and this can be explained as
the temperature of the water around the condenser reaches a value of 30°C
and the driving force for heat transfer becomes very small the condenser
cannot add heat to the water and this will over load the compressor to
compensate the difficulty of rejecting heat to the water. Power is almost
24% higher to compensate the difficulty in heat rejection. The same jump
in work of the compressor happened in 13-6-2011 when at 11:20 but lower
temperature and hour earlier for the same reason the compressor is over
loaded by the condenser higher temperature because the condenser is not
loosing heat to the surrounding and the temperature builds up making

things difficult for the compressor that requires more work.



$19) Axeuruip.ad [10Z-9-71 PAIEP IPOJA SUI[00D
uo dwind jedy jo danmjerddwd ], Judnyyjd pue judnpjul Jojerodesr “ue) JIISUIPUOd IY) ul uoneLIeA danyesddurd) Jdjepn (1°9) dandiyg

- a4 a4 a4 - —a a . a2 2 - — - - 2 2 2 _4 _sx 2 -2 -2 -2 - 2 2 2 2 2 = 4 & A A A . A Ay o

OoT-
R
= S — - .V MV B A & V- v
N Y Y Y > o > o v o - o - o - oV
o
S
oT
[ ._I_I_ITT_I_I_LH_U_ITLHTII_I_I_ITT.TmmmmMH_HI.I.I.l
— | st (O ml1)aesun
o
AD O]) Jeaul
(=]
- 0C ~A® o])Jeaul
(=]
AD 1]1) Jeaul]
s¢ D ML e
NoZ DA Ol —F3-
AV AN AN A W A W WL L A A WA A v
IS DA ZY VV VVVVVVVVVV ﬁ os
VvV VvV V'V vV V'V \'4 \Y4 DA Il @
S€

D _9unjeaadal

C€TO0C-9-¢T 2w yiim 1nQO pue ul
10jeaodeny ‘aajepn JO uonelaey ainjeaadwa]

98



110Z-9-€1 pajep 3unsd) uo dwind jeay Jo danyesddwd I, yudangjyd pue yudnpjul Jojerodeaq ‘uoneriea danjerdduwd) 19)epp (7°9) 2In3L|

JEE G (UL U (. (U (U O I (e  — —

oD D0 O 0 90 900000000 VOO OO OO oo oo d
LLOOC..C...V.«VSCU-/VZLLOOC._C._.V.VCOCOZZLLOw
Ol ©O G1 © O © 1 © O1 © U1 © O © 1 © O1 © U1 © O © U1 © o1 o &1 @
ST-
m OT-
_UI_U..Um
"IN TR TR TN TR TR SN TN SN TR TR SR SN SN SHN TR SR U S SN TR TN SN T SN TR T 0
S
oT
DML P
St DA 0l —o—
IND L e
O wom
00000 }é-m
‘ii
o€
S€ =4
Jnjeaadwoa |

sawn yum

1Nno pue ulojeiodeny ‘a3aje N\ Jo uoneuen ainyesdadwa] 29¢

qwe] TTO0Z-9-€T 23ea

L8



110Z-9-%1 pajep 3unsd) uo dwnd jeay Jo anmyesddwd I, yudangjd pue yudanpjul Jojerodeaq ‘uonerrea danjerdduwd) 19)ep) (€°9) 2In3L|

)

4440101? Q60000 -0
- ARV

0 IR gy

-
n
0 3
T )00, —[—
Mowm
:
YN
0€
§I y
65 297 due]
U1} 1M 310 PU Ul Jojeiodeng J31em O UOTeLIen BInjeawa] TI0e947 3l

88



1102-9-S1 pajep Sunsd) uo dund jeay Jo judanpyyd pue judnpjur Joyerodead “I3jeam Jo uoneriea danesddwa I, (p°9) 21n31g

R N L G QL U L U O G QU QT QU QT G WL G G G N
QARRARAROPXWONNNNT T T 700000000 K0®
2 ORW20RNANW_LORW2AQOPRPRWYW_2ORMNW2OOPW_2AOPAW
QOO UuOoOUOoOUOoOUOUMOUOUOUOULOUIOUILO 1O

E«lalﬁﬂhﬂﬂﬂl«lﬂhl«l«\a\fﬂr{

3WI3 Y3IM 30 pue ui Jojesodens
‘19)eM JO Uoljelie\ ainjesadway

&)
D
=

&)
]
o

'—

0T

(@)
=

0¢

aanjeiadwaj

0¢
ov

09

110¢-9-9T @1ed

68




(1107°9°71)own YIsm uonduwnsuod 1amod a0ssdadwo)) (S:9) 3an3ig

VY AN AN AN AN AN AN A AT LR S LS QY QY QY QY Y Y
O WA A A A A A )
0
(@)
H.om
L®)
70 @
7))
o
mod
:
70 o
o
p G0
T102-9-2T‘(M) )d

06



(1107°9°€1) awn *sAa uonduwnsuod 1amod ao0ssdoadwo)) (9°9) 3angi|

9:05
9:10
9:15
920
925
930
935
940
945
950
955
10:00
10:05
10:10
10:15
1020
1025
1030
1035
1040
1045
10:50
1055
11:00
11:05
11:10
11:15
1120

compresor power

o
i

o
o

o
w

o
~

o
U

TT02-9-€T(MY )d

16



92

The heat which is added to the water in the tank can be calculated

using the following formula

Qc=mCp AT | where m is the mass of water, cp is the water
specific heat at constant pressure of pump; AT is the temperature rise for

water in the tank.

Multiplying power consumed by time period between the start and
the end of the experiment to convert the average power into energy which
is the area under the power time curve, and dividing the heat by that result

the COP is determined.

COP, =3£,Q4-Q=W

T
L

But Q, was 3666250 Joules, w = 1098000 joule

2568250

1092000

Then Q. = 2568250 Joules COPF, = = 2.34 or COPh= COPr+1

COPy,, 1s known as calculated in page 91
Copp =3.34
Cop,=2.34+1=3.34

It is very clear that the heat pump performs better in the water
medium than it performs in the air medium in heating mode because water
has higher heat capacity and higher heat transfer coefficient. By definition

the heat transferred through a medium is:
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() = UAAT, where q is the heat transferred in kW, A is the area of
the medium in m*, and AT is the temperature difference between the inside

and the outside of this medium.

Then the heat transfer coefficient in terms of area is

Q
< =UA
AT

For water cooled condenser AT =( Tout-Tin)= 5 °C between tank

inlet and outlet, and Q= 2.6 kW the capacity of the unit then,

UA:“'Sﬁ = UA = 052 kW /°C
For air cooled condenser the same equation was applied taking into
consideration the difference between the average temperature of inlet and

outlet of the condenser and the ambient temperature

The condenser inlet is 75°C and the outlet is 35°C, and the air

temperature 30°C then Using the log mean

ATa — ATD

In ﬂ
ATb

LMTD

AT,=75-30=45, ATy=35-30=5

-

LMTD =LMTD = *—‘; — 1829 °C

2.6 kW

(18.29°C)

=0.142 kW/°C

Then, UA =

Which is less than that for water cooled condenser which means less

heat is transferred in air than in water cooled condenser and that is the
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reason for better performance especially in severe conditions where the
ambient temperature is very high or very low, so that the heat exchangers
are unable to exchange heat to or from the ambient. From figure (6.1) it
can be noticed that the heat is accumulating and this is because there is no
circulation for the water. And thus the condenser unit face difficulties to
reject heat into water after several hours causing the power consumed by

the compressor to be higher in this case.

The temperature of the discharge line out of the compressor and
before entering the condenser is given by T discharge in figure (6.7) below
the water temperature is also shown in the blue plot T,, the difference
between the temperature of water and compressor discharge is the same for

all the time as shown in figure (6.7) below.
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The maximum condenser inlet temperature during this test was 65
°C. The minimum temperature for evaporator inlet was -5°C. Compared to
the data obtained from table (6.1). The testing data was acceptable based
on the fact that the room temperature was 26°C while the condenser
temperature is expected to be less and also the evaporator temperature is

also lower than the table because of the same reason.

The pressure of the refrigerant which is R410a is 364 psi which is

the same values we got in our tests. A test is shown in Appendix 15.

6.2 Cooling Mode GSHP

In cooling mode the System was connected to the ground loop
which was prepared before four months to neglect the effect of excavation
and installation and reach equilibrium. The recorded data was taken as
shown in appendix 8. Data was taken for several days in August and
September. The room temperature was almost 26°C. The temperatures of
water entering and leaving the ground source heat exchanger were
recorded as a function of time. The temperatures of the refrigerant entering
and leaving the evaporator were also recorded. The ground temperature
was in average 17 °C, the water flow through the ground heat exchanger

was recorded.

Figure (6.8) shows the temperature difference between inlet and

outlet of ground loop versus time in a sample data for cooling mode.
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The temperature difference was very small and almost zero between
ground heat exchanger inlet and outlet at the beginning of the operation
and it starts to increase slowly. The difference was 7°C and was obtained
after 2 hours and it is constant. This is the steady state when the load is
balanced by the work done by the system and the system is capable to
remove the heat from the surroundings at a constant rate. Same data were

plotted in figures (6.9), (6.10), (6.11) for different dates.
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Figure (6.12) below shows the behavior of the coefficient of
performance of the heat pump neglecting the work of the circulating pump
and calculating the work of the circulating pump the COP increases
gradually for around two hours then stops at the highest value of 3.3 and
remain constant at a steady state, because the COP is defined as the useful
power divided by the consumed power, the consumed power by the
compressor starts at a value of around 300 watt, the pump work is constant
at 125 watt, The energy transferred per unit time from the evaporator to the
condenser increases gradually first of all because the refrigerant needs a
cretin time to complete the cycle, another reason is that the energy
transferred by the heat pump is a function of time as the time passes the
temperature of water surrounding the condenser increases and the energy
accumulates and builds up. This means the heat absorbed in the evaporator
which is a function of the time divided by the work consumed will most
likely behave the same. To be more precise the heat from evaporator was
not measured for technical reasons it was calculated from the main

equation that defines the

COPr = & = L, therefore the heat rejected in the condenser

v o,
is the summation of the heat absorbed in the evaporator and the work done
by the compressor. Add to that the work done by the pump then the

geothermal can be found as per the following curve. See appendices 15.

The same data for different days were plotted in figure (6.13), figure
(6.14), and figure (6.15).
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The geothermal COP is defined as the useful output divided by the

total input including the pump and the compressor as shown below:

COPr, geo = Qe , COPh,geo = 2 An

W comp+Wpump W comp+Wpump

average cop of 5 for geothermal heat pump was obtained and 6.5 can be
considered when the power consumed by the pump was neglected, this
drop in performance is due to power consumed by the pump which is close
to 25% of the power consumed by the heat pump. The used pump is a
standard pump which is usually used for circulating high flow rates of
water and the smallest available one in the market, in other words the
pump is oversized. If a well designed pump is used with a flow 0.167 1/s
flow and with the same head, the needed power could be 110 watt less
which is negligible compared to compressor power it presents 3% of the
power, which means the COP of the geothermal heat pump will be around
6. Compared to the COP tested, which means efficient to use the

geothermal heat pump and that was for the following reasons:

1- Water has a large specific heat which is four times that for air thus the
heat capacity is larger and this can improve the rejected heat so
improves the heat absorbed for the same power input, and this

improves the performance.

2- The ground temperature which is at least 15°C degrees less than the
ambient temperature improves the heat rejection rate the geothermal
heat pump into the ground thus higher Q; and higher Q. for same

power input.
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3- As the ambient temperature increases more investment is needed in
the heat pump for better heat transfer this means that larger units
should be used for the same room in different outdoor conditions.
Which is not the case for geothermal heat pump as ground
temperature is almost the same for different areas unlike the weather.
For instance Jericho has an ambient temperature for design of 46 °C
but Nablus, and other west bank cities have 35°C which is 10°C
degrees that is greater investment is needed and more consumption for

the same output.
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Figure (6.15) shows the plot of heat absorbed, heat rejected, and total
power consumed by the compressor and the pump with time, using the
cooling mode with geothermal loop. It is obvious that as the system starts
both heat absorbed and rejected are the same. This was because the
compressor work against the refrigerant molecules did not heat them up at
the beginning yet after an hour of operation, the heat difference increases
due to friction losses. The work increases then after half an hour it reaches
to equilibrium and it is the same. The difference between the power
consumed and the power gained through this process is very large and
worth the investigation as there is no such equipment that can produce

more power than consumed and any process should involve losses.
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Again calculating the heat transfer coefficient for the cooling mode
but for the ground loop, the average temperature between the inlet and the

outlet of the ground loop on 24-8-2011 at the steady state was
ATa—ATb

pAla
"AThH

LMTD =

ATa = 33.5°C—-17°C= 16.5°C
ATb = 26°C—17°C=9°C

LMTD =2222=12.5°C

In

-]

2.6 kW

Then, UA = = 0.2 kW/ °C

19 = 8

L - |

Which is higher than that for air, but less than that for water, and this
makes sense as liquid has the best contact with heat exchanger than air and
solids. But buried pipes have larger surface area (32.7 m?, 400 m of 26 mm
diameter) pipes than the area for immersed condenser in the preliminary

experiments and this resulted high performance.
6.3 Heating Mode

Heating mode experiment was conducted between December and
January. The heating was performed using the reversed cycle where the
evaporator was used as a condenser and the condenser as an evaporator
using a revering valve. Tests were conducted at an ambient temperature of

around 10 °C the results are tabulated in Appendix 15.
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The room temperature was 22 °C in average during the experiments.
The temperatures of water entering and leaving the ground source heat
exchanger were recorded with time. The temperature of the refrigerant
entering and leaving the condenser was also recorded the temperature of
the ground was in average 17 °C the flow rate of water through the ground

heat exchanger was recorded. The power consumed was also recorded.

Figure (6.16) shows the temperature difference versus the time in a

sample data for heating mode.
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The temperature difference between the ground source heat
exchanger inlet and outlet was 0.5 °C at start then it starts to increase for
half an hour sharply to reach 2.5 °C, and then the increase was 0.5 °C for a
period of four hours. The increase stops after that point and the difference
is fixed due to balance in the system and the quantity of heat absorbed is
constantly rejected to ground. The reason that the temperature difference is
small is that the flow rate of the circulation pump is high the less the flow
the better the geo-exchange is. The steady state value of temperature

difference was 3°C. Similar results are\shown in figure (6.17) and figure

(6.18) below.
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Figure (6.19) below shows the relation between the heat pump
coefficient of performance and time, the coefficient of performance
increases with time due to temperature difference Increases which
increases the heat absorbed and improves the performance. The transient
state was one hour and in this hour the performance increased from zero to
six. The performance increases slightly in its steady state to reach a
maximum of eight after six hours of operation. Similar results were
tabulated in appendices 15 heating mode and shown in figure (6.20), and

figure (6.21).
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The work of the heat pump is the same as the work of the cooling
mode, but the useful energy which is heat in this experiment is larger
because of the energy added by the compressor is vital and added to the
energy absorbed and they are summed and delivered to the space. A plot of
the energy consumed by compressor and the useful energy and the
absorbed energy are shown in figure (6.22) below. The pump consumed
power is again constant and 125 watt which was included in the COP
calculations and is negligible in the plot because the useful power is thirty

tow times the pump power.
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Calculating the heat transfer coefficient will be the same for heating
mode, the average temperature between the inlet and the outlet of the

ground loop on 24-8-2011 at the steady state was

ATa—ATbh
pAla
"AThH

LMTD =

ATb =14°C—-12.39°C=1.61°C
ATa = 16.25°C—14°C = 2.25°C

LMTD ==~ 92°C

T 1E1

2.6 kW

(1,92 2C)

Then, UA = =1.35kW/°C

Which is the highest for all tests, and this makes sense as the ground
loop has water as a working fluid and the refrigerant is in liquid state in the
condenser so the heat transfer coefficient was higher has high, another
reason is that in the condensation state of the refrigerant the heat transfer

coefficient is higher.

6.4 Combined flat plate solar collector and heat pump

experiment

Finally a flat solar water collector was connected to the heat pump
as described in figure (5.14) and the same data were recorded. The test was
performed during February. The system was disconnected from the ground
and connected to solar water collector with a standard dimensions 190x90

cm and 9 steel columns with polyurethane insulation. The temperature
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difference, COP versus time was plotted as shown in figure (results were

shown in figure (6.23).

Calculating the heat transfer coefficient will be the same for heating
mode, the average temperature between the inlet and the outlet of the
ground loop on 24-8-2011 at the steady state was

ATa—ATh
pAla
"AThH

LMTD =

ATbh =14°C—-12.39°C=1.61°C
ATa = 16.25°C—14°C = 2.25°C

LMTD =222 92eC

m=

161

2.6 kW

= 1.35kW/°C

Then, UA =

Which is the highest for all tests, and this makes sense as the ground
loop has water as a working fluid and the refrigerant is in liquid state in the
condenser so the heat transfer coefficient was higher has high, another
reason is that in the condensation state of the refrigerant the heat transfer

coefficient is higher.
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From the figure (6.23) the temperature difference was 5 °C between
inlet and of the solar collector which was due to high flow rate, and drops
with time which will drop the COP due to less heat absorbed and lower
quality of heat available. This means the solar heater is not capable of
heating up the evaporator faster which will drop the performance. To

calculate the needed area of SWH:

Q=V *C,*AT, m' = volume flow rate of the installed pump, r is the
density of water, C, =4190 W/kg°C, AT is the temperature difference

needed for maximum COP.

At 5 °C temperature difference the performance was 9, the lower
temperature difference means lower Q, and thus lower performance, and
the opposite is quite right the higher the temperature difference the higher

the performance achieved.
Q=11/sx1kg/lx4190 x 5=21 kW

In winter the Solar intensity drops to 3 kWhr/m” day and assuming

the Sun shines for 2 hours per day, then

21 kW= (3 kWhr/m’ day) x(1/2hours / day )x Area(m®)

A=21/1.5= 14 m’, Each SWH is 1.9 mx 0.9 m = 1.71 m’
Then the total SWh needed are 14/1.71 = 8 numbers

In fact the limited budget prevents adding more collectors to achieve

higher temperature difference. A storage tank can be added with a
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circulating pump or a four way valve with a sensor and a controller. When
the water temperature inside the storage tank becomes higher than the
temperature of the ground the controller actuates the valve to close at the
ground loop and opens at the solar system and the heat pump becomes
more efficient and more economical. When there is no sun the temperature
of the water inside the tank becomes lower and when it is lower than

ground temperature it reverse the system to the ground loop.
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Chapter Seven

Economical Analysis of
Geothermal Heat Pump
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Chapter Seven

Economical Analysis of Geothermal Heat Pump

Geothermal energy is a renewable energy resource that encourages
conservation of natural resources. According to the United States
Environmental Protection Agency, geo-exchange systems save energy in
30-70 percent in heating costs, and 20-50 percent in cooling costs,
compared to conventional systems [53]. Geo-exchange systems require
much less maintenance than conventional systems thus save money. In

addition to being highly reliable they are built to last for decades.
7.1 Benefits of using geothermal (ground source) heat pump

Ground source heat pumps add numerous benefits to energy
conservation, by increasing the energy efficiency of heating and cooling
systems by 2-3 times, and as a result decreasing the costs to heat houses in
the winter and cool it in the summer by the same two to three times. An
example can be taken as a home with a geothermal heating system say the
temperature outside is near zero degrees Celsius, which is the freezing
point for water, temperature below earth’s freeze-depth is constant, at
about 12-13°C, and a house has to be heated up to about 22°C. Therefore
the temperature of outside air needs to be rise by 22°C. If the geothermal
energy is add up into the mixture, the “starting temperature” will be 13°C.
So now we need to increase the air temperature by only 8°C, instead of
22°C. That is actually over 60% increase of efficiency. Geothermal heat
pump has no condenser fan and no defrost cycle is needed, no need to

reverse the cycle to melt the accumulated ice on the outdoor coil in heating
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mode. So this consumed power for fan and defrost is reserved [54].
According to the InterNACHI Residential Standards of Practice [53], for a
small heat pump of the model built the estimated defrosts per day is 2
minutes out of an hour of operation is needed. For an operation of 12 hours
we need an extra 24 minutes for defrost which is 3.5% of the consumption.
This is a significant reservation for an around a year operation because
there is no need for a defrost cycle which will never be reached. In the first
cost the outdoor coil can be designed for less material and thus reduce in
the cost of fins and pipes and fan together with the sensors and controls
which will be replaced by the cost of the pump and the heat exchanger
coupled to the ground. The only extra cost is the cost of pipes buried and
the excavation and back filling which is any way part of the excavation
costs for building a new home. While doing the excavation for the new
home, extra depth should be reach for baring the pipes. Then the
foundation is done. After finishing the building the pipes are connected to

the geothermal heat pump.
7.2 Cost of geothermal heat pump

Although they are efficient and cost effective geothermal heating
and cooling systems are not so “popular”, because of the high first cost of
geothermal heating systems. From manufacturers of US geothermal heat
pump systems the average vertical geothermal heating and cooling system
for an average home will end up of about $30,000 [55]. And heat pump,
while not the most expensive item on the total price list for a geothermal

heating system, excavation certainly costs a lot, and adds significant chunk
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to the geothermal price tag. The most costly item in the system is the
excavation and the loops used. But horizontal heat exchangers are less
expensive and very useful for houses but not for buildings because of the
land use. Horizontal heat exchangers are less expensive because the
deepness that must be achieved is very low compared to the hundreds of
meters that must be achieved in the vertical loop design. Special tools that
are so expensive must be used in this case. Special tools for pipe
installations, and special pipes and fittings that are costly should be used;
unlike the horizontal loop design the excavation is achievable in normal
excavators and not more than few meters below the finish level. The pipes
used are the same pipes that are used in normal sanitary and heating system
which are polyethylene pipes. The pipes are cheap and available and have
a very high life time. This makes things less expensive for the horizontal
loops. The estimated cost for a horizontal geothermal heat pump local
assembled will be around 8500 US§$ based on the cost of material as per

the installed unit.

To evaluate the geothermal heat pump an economical analysis must
be conducted between each of the systems available for this reason a load
of 35 kW which is a normal home load to be a basis. The power
consumption for each kW of electricity is 0.55 New Israeli Shekels. For
diesel 6.75 NIS per liter which is equivalent to 8.375 NIS per kilogram as
per the average diesel cost for 2012 [55]. Each kilogram of gas has a cost

of 5 NIS pumped by the company at the whole sale price.
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The normal heat pump as per manufacturer has a performance of 3

but a performance of 3.5 has been assumed for more conservative results.

The consumption is 10 kW. Table 7.1 below shows a comparison for each

of the conventional systems using diesel and LPG , and the conventional

heat pump system compared to the GHP.

Table (7.1) Economical simple pay pack period for some conventional
systems and heat pumps compared to geothermal heat pump system.

Conv. Diesel LPG heatin
Method H.P GSHP heating system °
Rating 35kW | 35kW 35 kW 35 kW
Consumption 10 5.8 5 3.35
Unit kWh kWh kg kg
Annual Operating | 4551 | 4501, 450 h 450 h
hours
running cost
rate*(NIS) 0.55 0.55 8.375%** 5
Initial cost (NIS) 20000 33000 30000 30000
: 2475 1435.5 19687.5 :
annual running cost Nis Nis NIS 7537.5 Nis
Annual saving of 18252
using each system vs 1040 NIS NIS 6102
GSHP
Extra Invest. in
GSHP or HP ,diesel, 13,000 NIS 3,000 NIs 3,000NIS
LPG.
SPBP years 1.3 year(15 0.165(2 0.49(6
(Invest)/Saving Months) Months) Months)

*The rate of electricity was 0.55 Nis as per the electricity bill ,** Diesel cost per liter is
converted to cost per Kilogram [56]

Appendix (10), Appendix (11), Appendix (12), Appendix (13),

Appendix (14) for data of each system
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7.3 Engineering economy for geothermal heat pumps

"Engineering economy is defined as: determining the economic
factors and the economic criteria utilized when one or more alternatives are
considered for selection" [55]. Now it is known that money makes money
and this brings to our attention the term the time value of money which
means that the money that are borrowed today has a different value
tomorrow and this has something to do with the cost of opportunity or
opportunity cost which means that the cost of any investment measured in
terms of the value of the next best alternative that is not chosen. Or it is the
sacrifice related to the second best choice available to someone, or group,
which has picked among several choices [57]. Then when choosing among
any alternative we should choose the best profit or the less loss, and that
what was done in this study a comparison of some alternatives to heat a
house using different systems and calculating the best alternative using the

present worth method.

To understand this comparison a rate of return of 10% was assumed.
In finance, rate of return (ROR) is the ratio of money gained or lost for an
investment compared to the amount of money invested. The (ROR) is
usually expressed as a percentage. Investments usually generate cash flow

to the investors to overcome the investor for the time value of money.

Except for rare periods of significant deflation where the opposite
may be true, The rate of return idea came from that money in cash is worth

less today than it was yesterday, and worth more today than it will be worth
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tomorrow. The main factors that determine the rate of return at which they
are willing to invest money include estimates of future inflation rates,
estimates regarding the risk related to investment, whether the money is

wanted to be available or not [58].

To find the feasibility of the systems the present worth method was
used using a rate of return 10% and a life time of 15 years for all systems
which is the average life time of any mechanical system, and assuming a
selvage value of 2000 Nis each. Table 8.2 shows the present worth for each
system, as a comparison basis for all systems. The less the negative value

the best the alternative as shown in the cash flow for all system below.

2000
0 NIS T
LPG system cash flow !
\ A A 20
20000 7738
NIS NIS

PW p=-20,000-7738*(P/A, i10% .n 15)T72000(P/F, i10% .n15)
=-20000-7738*7.6061+2000*0.2394= -78377.
PW picser= -33000-19888*(P/A, i10% . n 15)72000(P/F, i10% .1 15)
=-33000-151270+479=-183791
PW 4,=-30000-1636*(P/A, i10%, n 15)T72000(P/F, i10% , n 15)= -44965

PW convhp -30000-3675*(P/A, i10% ,n 15)+2000(P/F, i10% ,n 15)= -57473
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Table (7.2) Economical study for systems available in market and the
feasibility of each system compared to ground source heat pumps for
heating season and using 35 kW system as per table 7.1

] LPG Diesel Conventiona
Heating Method heating heating GHP 1 H.P
First cost (Nis) 20000 33000 30000 30000
Annual running 7538 19688 1436 2475
cost (Nis)
Maintenance
cost(Nis) 200 200 1000 1000
Salvage value 2000 2000 2000 2000
(Nis)
Interest rate (Nis) 10% 10% 10% 10%
Life time(years) 10 10 10 10
-
PWENISIS 1 ge377 | 183791 | -44965 57473
years

*P.W is the present worth value for the system.

As the least negative value is -44965 for geothermal heat pump then

it is the best alternative to be used for heating.
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7.4 How to Make Heat Pumps Even Better
7.4.1Variable Flow

Heat pumps move energy rejected to the ambient through water with
a pump. In the most basic control arrangement, the circulating pumps
operate all the time and can quickly add significant consumption of energy.
For this reason, ASHRAE Standard 90.1-2001, Energy Standard for
Buildings except Low-rise Residential Buildings, requires that any heat
pump system with more than a 10 horsepower pump be variable flow, and
that each heat pump have a two position isolating valve that closes when
the compressor is not operating. It is estimated that switching to variable
flow compressors reduces the annual pump work by 72%. Heat pumps are
normally on off controlled when the temperature inside the room reaches
above the set point it stops and a delay timer is actuated to prevent starting
of compressor before the refrigerant is completely at equilibrium, when the
temperature drops below the set point by 1 degree and the timer permits,
the compressor starts pumping the refrigerant from the evaporator to the
condenser. This can be enhanced to reduce the consumption of the
compressor depending on the load and preventing failure of pump due to
frequent starts and stops by using a variable speed controller. This means
modifying the speed of the compressor depending on the load. The
controller is a modulating type. And it varies the frequency of the current
according to a formula and this modifies the speed and thus reduces the

power consumed as electrical power is proportional to mechanical power.
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The lower the speed the lower the mechanical power which is the torque
times the speed. When the heat pump is large, several compressors are used
and they are summed as modules. The main module is the modulating
compressor which is quarter of the load. The remainder starts after the first
compressor reaches the maximum capacity. When reached the second
quarter starts and the variable compressor slows down to minimum. When
load increases the variable compressor increases capacity to meet the load
until it reaches the maximum again another quarter starts and the variable is
back to minimum. This improves the performance of the geothermal heat

pump but for sure has higher first cost.

The pump also can be controlled to reduce the power. It can be
connected to a control panel that switches the pump on when the water
temperature is high in summer or low in winter, ie. When there is a demand
for circulation. When there is no demand for circulation the control panel
stops the pump. In our case, and for heating mode connected to the solar
heater. If solar radiation is available a sensor placed inside the solar heater
feels the water temperature if the temperature is higher than the ground
temperature the control then opens a valve installed on the solar system and
shuts the ground source loop. Water with temperature that easily reaches 30
°C can pass to the system and thus the performance is boosted to the
maximum. The heat pump will start at a higher temperature rather than the

geothermal loop (12°C to 15°C) or the ambient (normally around zero).
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7.4.2 Ventilation System Enhancements

When clean air is a matter, the cool air in summer or hot air in winter
has to be thrown away and replaced by fresh air, and then the ventilation
load is a significant part of the load. By using energy recovery (such as
enthalpy wheels or plate heat exchangers), the ventilation operating cost
can be dramatically reduced. This will depend on the quantity of air
replaced and the outdoor and indoor conditions. As per ASHREA the

payback is usually around 2 years.
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Chapter Eight

Environmental Impact Analysis
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Chapter Eight

Environmental Impact Analysis

8.1 Energy and Environment

The conversion of energy from one form to another will for sure
affect environment, and the air we breathe, and thus the study of energy is
not complete without considering its impact on the environment. Fossil
fuels such as coal, oil, and natural gas have been powering the industrial
development and the amenities of modern life that the world enjoys since

the 1700s, but this has not been without any undesirable side effects.

From the soil we farm and the water we drink to the air we breathe,
the environment has been paying a heavy toll for it. Pollutants emitted
during the combustion of fossil fuels are responsible for smog, acid rain,
global warming and climate change. The environmental pollution has
reached such high levels that it became a serious threat to vegetation, wild
life, and human health. Air pollution has been the cause of numerous

health problems including asthma and cancer [59].

Hydrocarbons (HC), nitrogen oxides (NO,), and carbon Monoxide
(CO) are large components of volatile organic compounds' (VOCs)
emissions, and the two terms are generally used interchangeably for motor
vehicle emissions. A significant portion of the VOC or HC emissions are
caused by the evaporation of fuels during refueling or spillage during spit
back or by evaporation from gas tanks with faulty caps that do not close

tightly. The solvents, propellants, and household cleaning products that
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contain benzene, butane, or other HC products are also significant sources

of HC emissions.

The increase of environmental pollution at alarming rates and the
rising awareness of its dangers made it necessary to control it by
legislation and international treaties [60]. Children are most susceptible to
the damages caused by air pollutants since their organs are still developing.
They are also exposed to more pollution since they are more active, and
thus they breathe faster. People with heart and lung problems, especially
those with asthma, are most affected by air pollutants. This becomes

apparent when the air pollution levels in their neighborhoods rise to high

levels [60].

8.2 Ozone and Smog

The dark yellow or brown haze that builds up in a large stagnant air
mass, and hangs over populated areas on calm hot summer days. Smog is
made up mostly of ground-level ozone (O5), but it also contains numerous
other chemicals, including carbon monoxide (CO), particulate matter such
as soot and dust, volatile organic compounds (VOCs) such as benzene,
butane, and other hydrocarbons. The harmful ground-level ozone should
not be confused with the useful ozone layer high in the stratosphere that
protects the earth from the sun’s harmful ultraviolet rays. Ozone at ground

level is a pollutant with several adverse health effects as in figure (8.1).



Figure (8.1) Smog and pollution [61] Climate Change 2001: Impacts

The primary source of both nitrogen oxides and hydrocarbons is the
Motor vehicles. Hydrocarbons and nitrogen oxides react in the presence of
sunlight on hot calm days to form ground-level ozone, which is the
primary component of smog. The smog formation usually peaks in late
afternoons when the temperatures are highest and there is plenty of

sunlight.

Although ground-level smog and ozone form in urban areas with
heavy traffic or industry, the prevailing winds can transport them several
hundred miles to other cities. This shows that pollution knows of no

boundaries, and it is a global problem.

Ozone irritates eyes and damages the air sacs in the lungs where
oxygen and carbon dioxide are exchanged, causing eventual hardening of

this soft and spongy tissue. It also causes shortness of breath, wheezing,
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fatigue, Headaches, and nausea, and aggravates respiratory problems such

as asthma [62].

Every exposure to ozone does a little damage to the lungs, just like
cigarette smoke, eventually reducing the individual’s lung capacity.
Staying indoors and minimizing physical activity during heavy smog

minimizes damage.

Ozone also harms vegetation by damaging leaf tissues. To improve
the air quality in areas with the worst ozone problems, reformulated
gasoline (RFQG) that contains at least 2 percent oxygen was introduced
[62]. The use of RFG has resulted in significant reduction in the emission
of ozone and other pollutants, and its use is mandatory in many smog-

prone arcas.

The other serious pollutant in smog is carbon monoxide, which is a
colorless, odorless, poisonous gas. It is mostly emitted by motor vehicles,
and it can build to dangerous levels in areas with heavy congested traffic.
It deprives the body’s organs from getting enough oxygen by binding with
the red blood cells that would otherwise carry oxygen. At low levels,
carbon monoxide decreases the amount of oxygen supplied to the brain and
other organs and muscles, slows body reactions and reflexes, and impairs

judgment [60].

It poses a serious threat to people with heart disease because of the

Fragile condition of the circulatory system and to fetuses because of the
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oxygen needs of the developing brain. At high levels, it can be fatal, as
evidenced by numerous deaths caused by cars that are warmed up in closed

garages or by exhaust gases leaking into the cars.

Smog also contains suspended particulate matter such as dust and
soot emitted by vehicles and industrial facilities. Such particles irritate the
eyes and the lungs since they may carry compounds such as acids and

metals.
8.3 Acid Rain

Fossil fuels are mixtures of various chemicals, including small
amounts of sulfur. The sulfur in the fuel reacts with oxygen to form sulfur
dioxide (SO,), which is an air pollutant. The main source of SO, is the

electric power plants that burn high-sulfur coal.

The sulfur oxides and nitric oxides react with water vapor and other
Chemicals high in the atmosphere in the presence of sunlight to form
sulfuric and nitric acids see figure (8.2). The acids formed usually dissolve
in the suspended water droplets in clouds or fog. These acid-laden droplets,
which can be as acidic as lemon juice, are washed from the air on to the
soil by rain or snow. This is known as acid rain. The soil is capable of
neutralizing a certain amount of acid, but the amounts produced by the
power plants using inexpensive high-sulfur coal has exceeded this
capability, and as a result many lakes and rivers in industrial areas will be
affected. Forests in those areas also experience a slow death due to

absorbing the acids through their leaves, needles, and roots. Even marble
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structures deteriorate due to acid rain. The magnitude of the problem was
not recognized until the early 1970s, and serious measures have been taken
since then to reduce the sulfur dioxide emissions drastically by installing

scrubbers in plants and by de-sulfurizing coal before combustion.

Gaseous Particulate
FPollutants in Pollutants in
Almosphere Atmosphere

SOURCES Pollutants in

Cloud Water
and
Precipitation

Dry Deposition

=
=
=
=
=
&5
=
—

WOC

=
D

Wet
Daposifion

Natlural RECEPTORS

Figure (8.2) Acid Rain Phenomena [63]
8.4 The Greenhouse Effect

Global Warming and Climate Change the greenhouse effect
experienced on earth. When the surface of the earth, which warms up
during the day as a result of the absorption of solar energy, cools down at
night by radiating part of its energy into deep space as infrared radiation.
Carbon dioxide (CO,), water vapor, and trace amounts of some other gases

such as methane and nitrogen

Oxides act like a blanket and keep the earth warm at night by
blocking the heat radiated from the earth. Therefore, they are called

“greenhouse gases,” with CO, being the primary component. Water vapor
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1s usually taken out of this list since it comes down as rain or snow as part
of the water cycle and human activities in producing water (such as the
burning of Fossil fuels) do not make much difference on its concentration
in the atmosphere (which is mostly due to evaporation from rivers, lakes,
oceans, etc.). CO, is different, however, in that people’s activities do make

a difference in CO, concentration in the atmosphere figure (9.3).

The greenhouse effect makes life on earth possible by keeping the
carth warm (about 30°C warmer). However, excessive amounts of these
gases disturb the delicate balance by trapping too much energy, which
causes the average temperature of the earth to rise and the climate at some
localities to change. These undesirable consequences of the greenhouse

effect are referred to as global warming or global climate change.

The Greenhouse effect

Some solar radiation is Some of the infrared
pl radia!wn passesﬂ-lraugh

e v B BT =

i ,'J_. Snnwoiﬂ'lelail‘aﬂradiahunm
i ST T, N ahaotbed‘apdre—enﬁtwdb]rlm
Solar radiation passes through e e gmenhause gas molecules. The
the clear aimosphere. Ko 3 Ao direct effect is the wnrmmg of the
Incoming solar radiation: o R ewm‘uaurieeeandmetmmm. y
343 Wat per m? 3 o=t '

Sounces: Ohanagsn university college in Conad, Depatmen oF peograghy, Lntersty of Oufted, sibinl of pedgraghy; Uniled Siales B nmilal Protection Agency (EPA), Washingian
1995, The ecienca al chirsss change, sontribulion of working groua 1 Lo the secnd dssassment ragon of e intergovemmental panel cn climale changs, LIVER and WO, Cambridge university press, 1986

Figure (8.3) Green house phenomena [64]
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The global change in climate is due to the excessive use of fossil
fuels in electric power generation, buildings, transportation, and

manufacturing, and it has been an important concern in recent decades.

The absorption of solar energy during the day heats the earth up;
when it is night earth cools down by radiating part of its energy into deep
space as infrared radiation. When we have green house gases they act as
glass layer. The infra red radiation cannot cross the glass layer or the green
house gases because it has a low frequency; this keeps the earth wormer
during day and night. If there is no green house gases the earth will radiate
the absorbed energy back to the space keeping it cold. The energy will not
accumulate [65]. The earth effective temperature which is defined as the
temperature of a blackbody that would emit the same amount of radiation
taking 30% of the received radiation as reflection radiation then the
temperature of the earth after radiating the absorbed temperature will be
about —18°C without the atmosphere which is about 33°C below the actual
surface temperature of about 14°C [67] ,[68], but if the percentage of the
green house gases is higher than the natural and allowed amount the
temperature will rise and this is defined as the global warming. The current
concentration of CO,; in the atmospheres is about 360 ppm (0.36 percent).
This is 20 percent higher than the level a century ago, and it is projected to
increase to over 700 ppm by the year 2100 [66]. Under normal conditions,
vegetation consumes CO, and releases O, during the photosynthesis
process, and thus keeps the CO, concentration in the atmosphere in check.

A mature, growing tree consumes about 12 kg of CO, a year and exhales
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enough oxygen to support a family of four. However, deforestation and the
huge increase in the CO, production in recent decades disturbed this

balance.

In a 1995 report, the world’s leading climate scientists concluded
that the earth has already warmed about 0.5°C during the last century, and
they estimate that the earth’s temperature will rise another 2°C by the year
2100 [69]. A rise of this magnitude is feared to cause severe changes in
weather patterns with storms and heavy rains and flooding at some parts
and drought in others, major floods due to the melting of ice at the poles,
loss of wetlands and coastal areas due to rising sea levels, variations in
water supply, changes in the ecosystem due to the inability of some animal
and plant species to adjust to the changes, increases in epidemic diseases
due to the warmer temperatures, and adverse side effects on human health

and socioeconomic conditions in some areas.

The seriousness of these threats has moved the United Nations to
establish a committee on climate change. A world summit in 1992 in Rio
de Janeiro, Brazil, attracted world attention to the problem [69]. The
agreement prepared by the committee in 1992 to control greenhouse gas
emissions was signed by 162 nations. In the 1997 meeting in Kyoto
(Japan), the world’s industrialized countries adopted the Kyoto protocol
and committed to reduce their CO, and other greenhouse gas emissions by
5 percent below the 1990 levels by 2008 to 2012. This can be done by

increasing conservation efforts and improving conversion efficiencies,
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while meeting new energy demands by the use of renewable energy (such
as hydroelectric, solar, wind, and geothermal energy) rather than by fossil

fuels.

8.5 Energy use facts and figures

It is not a secret that world demand of energy has raised from 10%
to 111% per capita between the years 1990 to 2008. The Middle East is a
part of the world and a part of this growth. 79% was the growth in the
energy demand per capita in Middle East in the same period and 170%
growth in use as per IEA (International Energy Association). These facts
are because of the fast urbanization in the last few 20 years in the rural
areas. As seen in Europe and the United States the percentage is reasonable
because of increase in population. But the demand is higher than the
population growth in the developing countries because of the fact that
people is now affected by globalization and open market so people are
improving their quality of life and seeks more energy. Table (8.1) below
shows the behavior of the world towards energy use, and the relation

between energy consumption and population growth.
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Table (8.1)Regional energy use (kWh/capita & TWh) and growth
between 1990-2008 (%) [70] and [71]

kWh/capita Population (million) Energy use (1,000 TWh)
1990 2008 | Growth | 1990 | 2008 | Growth | 1990 | 2008 | Growth
USA 89,021 | 87,216 | —2% | 250 | 305 22% | 223 | 26.6 | 20%
EU-27 | 40,240 | 40,821 1% 473 | 499 5% 19.0 | 204 7%
MElggtle 19,422 | 34,774 | 79% | 132 | 199 | 51% | 26 | 69 | 170%
China 8,839 | 18,608 | 111% | 1,141 | 1,333 | 17 % 10.1 | 24.8 | 146 %
Latin 1 yy 581 | 14421 | 28% | 355 | 462 | 30% | 40 | 67 | 66%
America
Africa 7,094 7,792 10 % 634 | 984 55 % 4.5 7.7 70 %
India 4,419 6,280 42 % 850 | 1,140 | 34 % 3.8 7.2 91 %
Others* | 25,217 | 23,871 nd 1,430 | 1,766 | 23 % | 36.1 | 42.2 17 %
WTThrflzd 19,422 | 21,283 | 10% | 5,265 | 6,688 | 27% | 102.3 | 1423 | 39%
Source: IEA/OECD, Population OECD/World Bank
Energy use = kWh/capita* Mrd. capita (population) = 1000 TWh
Others: Mathematically calculated, includes e.g. countries in Asia and Australia. The use of
energy varies between the “other countries”: E.g. in Australia, Japan or Canada energy is
used more per capita than in Bangladesh or Burma.

According to IEA (International Energy Association) heating and
cooling counts 31% of the total energy consumption in the United States as
in figure (8.4) and this is one third of the total household consumption. This
is always the same for most of the developed and growing countries now
days except for poor countries, which means one third of emissions are due
to the heating and cooling in house hold applications, adding industry and

commerce this value will increase to 42%.
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It 1s estimated that each person in USA generates 2.3 tones of CO,
per capita per year while a healthy tree will absorb 25 kilogram of CO, per
year [73].

For Heating and cooling in USA they will probably need 9.4 Million
trees, and for each person in the USA a 92 tree is needed. If we take the
regional consumption in Middle East 34,774 kWh this will produce 1.39
tons of CO, per capita per year based on the consumption of 2008, and this
will need 55 trees per capita, which is almost 60% of the trees needed for

an American citizen.

If geothermal heat pumps are utilized the consumption will be
reduced by at least 30% which will reduce the CO, by the same 30% of
0.417 tone reduction. Then the trees needed per capita in Middle East are

39 trees compared to 92 trees per capita in USA.

8.6 Carbon footprint Life cycle assessment

A carbon footprint is defined as "the total set of greenhouse gases
(GHG) emissions caused by an organization, event, product or person [74]
However, calculating a carbon footprint which conforms to this definition
is often impracticable due to the large amount of data required, which is
often time consuming to obtain. A more practicable definition has been

suggested, which is gaining acceptance within the field:

"A measure of the total amount of Carbone dioxide(CO,) and

Methane(CH,4) emissions of a defined population, system or activity,
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considering all relevant sources, sinks and storage within the spatial and
temporal boundary of the population, system or activity of interest.
Calculated as carbon dioxide equivalent (CO,.) using the relevant 100-year

Global worming potential (GWP100)."[75]

Greenhouse gases can be emitted through transport, land clearance,
and the production and consumption of food, fuels, manufactured goods,
materials, wood, roads, buildings, and services. For simplicity of reporting,
it is often expressed in terms of the amount of carbon dioxide, or its
equivalent of other GHGs, emitted. The name of the carbon footprint
originates from ecological footprint, which was developed by Wackernagel
and Rees at the end of the last century. The carbon footprint is a subset of

the ecological footprint and of the more comprehensive Life Cycle

Assessment (LCA) [76].

An individual's, nations, or organizations carbon footprint can be
measured by undertaking a GHG emissions assessment. Once the size of a
carbon footprint is known, a strategy can be devised to reduce it, e.g. by
technological developments, better process and product management,
changed Green Public or Private Procurement (GPP), carbon capture,
consumption strategies, and others [77]. Table 8.2 below shows the carbon
foot print for each of the energy sources as will be used for calculations for

foot print of each system compared in the examples used in our study.
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Table (8.2) Carbon footprint for different energy sources [78]

Conversion to CO,, (gross CV basis)
Energy source* Units Kg CO,. per unit
Grid electricity kWh 0.5246
Natural gas kWh 0.1836
kWh 0.2147
LPG liters 1.4918
Gas oil kWh 0.26744
liters 3.0595
Fuel oil kWh 0.2674
tones 3228
Burnine oil kWh 0.2468
& tones 3165
Diesel kWh 0.2517
liters 2.6676
kWh 0.2407
Petrol liters 23117
: kWh 0.3325
Industrial coal P— 7333
kWh 0.039
Wood pellets p— 1830

Then for each kWh we spend we have 0.5246 kg CO, and for each
diesel liter we burn we have 0.2517 kg CO, using the above table for a
comparison of conventional heat pump, geothermal heat pump, diesel

heating system, and LPG heating system as in table (8.3) below
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Table (8.3) Calculation of Several heating systems and their emissions
and corresponding number of trees needed for reduction of the

emissions

Conv Diesel LPG
Method GHP heating* heating
H.P*
system system*
Rating 35kW | 35kW 35 kW 35 kW
Consumption 10 5.8 5 3.35
Unit kWh kWhr kg kg
CO, emission rate per| 53 | (55 333 0.75
unit generated
Total tone CO,
emission per 900 hr| 5.48 2.71 14.99 2.26
operation/ year
Average efficiency as 300% 700% 60% 0%
per appendex 11
Life time (years) 25 25 15(25) 15(25)
Life time CO, (tone) 136.89 | 67.86 |224.78(375) | 33.92(56.5)
number of pine trees
needed for the life| 5,476 2,714 15,000 2,260
cycle for each system

Figure (8.5) shows the efficiency of different systems used and the
resulted energy conservation due to the increase of the efficiency which

will reduce the running cost and the emissions as seen in figure (8.6), figure

(8.7).
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Figure (8.5) Efficiency of several heating systems
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Figure (8.6) CO2 Production for various heating systems including GSHP system.



157

number of trees needed for each system
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Figure (8.7) Quantity of Pine trees needed for treatment of polluted air to reach
normal levels
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Chapter Nine

Conclusion and Recommendations

Conclusion

The main objectives of this research were to design and built
Horizontal loop Ground Source Heat pump, to obtain a comparison
between ordinary heat pump and geothermal heat pump, to find the effect
of the heat sink temperature on the performance of the heat pump, and to
find the effect of adding a solar water heater to the system in the heating
mode on the performance of the system. As a first step a thorough study
was done to the system that was studied and tested during the development
and building of the geothermal heat pumps. The history of the geothermal
heat pumps, their types, advantages, and uses of each type were studied. A
manual calculation was conducted. The GIGA software (trial version) was
used to check the design and manual calculations. The system was built
and tested. The tests including operating the system on cooling, heating,

and finally assisting the heat pump by using the solar plate collector.

The results show that during the preliminary experiments and using
water cooled condenser rather than air cooled condenser, the coefficient of
performance improves by 0.34, while the maximum COP achieved by
factory for the same unit before building the system was 3.2 this means an
improve of 3.7 % in the performance has been achieved. The Heat transfer
coefficient for a unit area was 0.52 kW/°C, for water cooled condenser and
0.142 kW/°C, for air cooled condenser in the preliminary experiments this

means better heat transfer of the water cooled condenser.
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On cooling mode using the geothermal loops the performance
improves by 2 to be 5 using the pump and the compressor power consumed
in the calculated COP, and neglecting the pump power, the COP of the
heat pump will reach 6.5-7 in most cases. This is almost double the
performance of the same air conditioner using air cooled condenser. The
COP drops using the pump, because the pump was overdue as described
before and that was a result of the fact that the required flow was lower
than available flow. The designed flow was not a standard flow, because
the flow is something that is determined by the capacity of the heating
system and the normal heating load will be around 30 kW which needs 4.3
m’/hour for cooling, and 1.4 m’/hr for heating. This was a test has a small
load 2.6 kW which needs a special pump that is 10% of the available
circulating pumps, which was not available. In larger application the same
pump can be used and this will distribute the consumed power of the pump
on larger load. Larger heat transferred for same power of the pump which
will result higher COP. The heat transfer coefficient was 0.2 kW/°C for
cooling using ground heat exchanger. Which is higher than that for air, but
less than that for water, and this makes sense as liquid has the best contact

with heat exchanger than air and solids.

In heating mode the COP achieved for heat pump was 4-4.5 and for
geothermal was around 3.2-3.5, which was the same for the normal heat
pump as per factory test, using lower power pump higher performance can
be achieved. The advantage of the geothermal heat pump on the ordinary

heat pump is that ordinary heat pump actually cannot work on the
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conditions that are around zero unlike geothermal heat pump which will
provide the same performance. For better performance a solar plate
collector was installed to achieve higher temperatures and thus reduce the
power consumed. The higher COP was 23 and the lower COP was 6 which
were very high. The high value of COP was due to the flow of heat from
high temperature region which is the solar water heater to lower
temperature region which is the evaporator. And this will add the high
temperature from SWH to the temperature achieved by the compression of
the refrigerant. Water is heated to reach 30-35°C and passed to the
evaporator at which the water temperature is around 12°C. The medium is
better for boiling the refrigerant faster and has less work done by the
compressor to achieve the supply conditioned air to the surroundings. A
total number of 8 SWH are needed for constant performance of the Solar
heat pump plus storage tank and another pump and control system. This
extra investment is too high and unnecessary because the heat can be
extracted from ground for less investment. The efficiency is better for
water than for air because the heat capacity is higher for the same mass of
water than of air, and the ground has higher temperature than that of air at
cold regions and lower temperature than air for hot regions. In other words
air is available everywhere, ground is not always available but it has better
efficiency for heat exchange, water is less available but it has the best
efficiency for heat exchange of both ground and air. And this can be

illustrated in figure (9.1).
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Efficiency
Availability

Waste  Ground Ground Air
Heat Water Energy

Figure (9.1): Efficiency and Availability of heat sinks

So air is the most available but less efficient and lower cost, ground
is more efficient but less available especially for high rise building, water

is the most efficient way for heat exchange but it is the least available.

Ground source heat pumps have a lot of benefits that can be

summarized by:

e Very high coefficient of performance.

e Very low power consumption 0.55 Nis per kW.

¢ Instant heating and cooling.

e No fuel 1s needed.

e No direct emissions.

e Low noise.

e Small space is needed.
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e No explosions or flames or other risks.
e No toxic materials.

e Ozone friendly.

e Very low pay back period.

e Low emissions for electricity because some of it is produced by fossil
fuels. But if connected to wind turbines or hydro power it has

negligible CO, emissions.
e Long life cycle 15-20 years.
e Low maintainace cost.
e No chimney, no fuel tank no boilers room no large piping network.
e No defrost cycle.

Geothermal heat pumps reduces the cost of cooling by 20-50% and
for heating 30-70% adding solar water heater will increase the
performance more and thus reduce the costs. Because has no defrost cycle
3.5% reduction in power consumption can be considered. A horizontal
ground source heat pump is estimated to cost around 8500 USS$ for 35 kW
systems which is a little higher than the conventional systems, the running
cost is estimated to be 382$ per year for 10 hours operation in winter only
and double the value in booth seasons. The payback period for installing
the system is 11 years but taking the extra investment installing the

Geothermal heat pump instead of conventional systems will be 1.6 years
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payback period for shifting from conventional heat pumps to geothermal, 2
months for shifting from diesel boiler system to geothermal heat pump and
6 months for shifting from gas boiler systems to geothermal heat pump on
winter operation alone. By comparing all above mentioned systems using
the present worth method at a rate of return of 10% and for equal life of 20
years the investment will gain 9562 § using geothermal and gaining 712 §
for conventional heat pump but it is losing for diesel and LPG systems.
Geothermal heat pump can be improved by variable speed compressors
and variable speed fans. It can be provided with electricity that is clean and
has no emissions if produced from renewable energy resources. As per
ASHRAE for units with 10 HP or more variable speed control should be
installed and this will save 72% of energy consumed, also heat recovery
from exhaust air before entry of fresh air to system will reduce a good
amount of energy needed to cool fresh air. For heating systems solar
collectors can be installed to enhance the medium and boost the
performance and can be coupled to the ground or directly to the heat

exchanger.

From economical point of view GSHP has 2 years of payback period
or less as per ASHRAE. In USA 32% of the residential electricity is used
for heating and cooling, 7.3% for refrigeration. This value will need 9.4
million trees of pine per year to absorb CO, In USA and 92 trees of pine
per capita per year, In Middle East 55 trees per capita per year will be
needed based on 2008 statistics. A comparison of the amount of CO,
reduction between using diesel boiler system and GSHP was 157 tons of

CO, which would need 6277 trees of pine to reduce the emissions.
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Recommendations

In this chapter and after targeting the objectives assigned earlier,
some items can be suggested as ideas for future researches and that were
not possible to accomplish during the period of one year of work and
experiments, the insufficient funds available to do more experiments and
buy more measuring devices that are modern and quite expensive, and that
can produce more accurate results and more clear picture about this
modern renewable and clean source\ sink of heat that can save large
amounts of money. And the fact that our closed market which makes
things difficult to find equipment like refrigerant flow meter device,
Superheat and sub cooling measuring device... etc, Difficulty to have
access to the testing area at night and after duty period. Some of the tests

that are recommended to be held in the future by other scholars are:

e Measuring the flow rate of the refrigerant and calculating the actual
heat absorbed and rejected at the evaporator and condenser from the
enthalpy difference at both inlet and outlet of the evaporator and
condenser. As the pressure and temperature was measured at those
points. This flow meter was not available in the local market and quite

expensive.

e Testing the performance of the system at night by installing a data
logger for measuring all data in different periods of time and for

longer watching of COP during the season.
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e Testing the performance of the system by adding more solar water
heaters and a storage tank and finding out the maximum performance
using control circuit that opens and closes the heat pump upon the

need for heat and the availability of hot water from solar energy.

e Testing different soils and the conductivity and diffusivity of those

soils and enhancing the performance by mixing different soils.

e Modeling the system on a Mathematical model and finding the effects

of different changes in working fluid, soil, solar recharge of earth.

e Combining Cooling tours for cooling together with solar heaters in

winter.

e Combining absorption cycle with the GSHP to achieve peter

performance and less electricity consumption during cooling.

These were some ideas for future researches and to improves the
model that was built to share in the improvement of the clean energy and
conservation of energy systems used in Palestine and makes the society
more sustainable and self established economically by reducing the needs
for the conventional heat resources and the dependency on fossil fuel, to
have better availability of heating resources for every citizen in a clean
cheap way, to keep our limited resources as long as possible taking into
considerations the needs of the future generations of having the

opportunity to meet their needs.
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Horizontal Ground source heat pumps are less expensive than
vertical ground source heat pumps, they have high performance and lower
pay back periods because they have lower first costs as there is no special
tools no deep excavations are needed. They are good for our areas because
of the rock type of our area and the fact that our buildings are not high so
the loops can be integrated below the foundation. HGSHP has low
emissions low running cost. So it is the best choice for shifting from

conventional system to clean systems.
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Pex Pipes Characteristics
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Introduction

PEXGOL pipes are produced by Golan Plastic Produds, an industrial enterprise owned by Kibbutz Shaar Hagolan.
(Golan Plastic Products, started in 1950 as an extrusion plant and today it is one of fhe biggest plastic products
producers in fhe building seciorin Israel. In 1975 Golan Plastic Products started manufactuning hot water pipes
made of polysthyene crosslinked by the Peroxide high pressure process. These pipes, sold under the name of
PEXGOL, ara now well-known for their quality and relisbility in Isresl as well as on the inlemaonal market.

In 1881 Golan started manufaduring PEX-c pipes crossinked by imadiation (slecton beam).

In 18087 Golan started manufaduring a new multilayer pips, sold under the nams of MULTYGOL. This pipe is

3 Pex pips minforced by aluminum.

1. Pex-a Matenal properties

‘Worldwide approvals.

Comparison with othér plastic pipes.
Paxgol pipes - usages and applications.
Pexgol Pex-a dimensions and pressure ratings.
Pexgol - municipal water supply pipelines.
Industial PEXGOL pipslines .
Transportation of Pexgol pipas.

Flow charts for full flow conditions.
Watar hammer.

Vamum or suction pipalines.

Abrasion resistance.

Underground insiallation.

Above ground installation.

Horzontally supporied Paxgol pipelines.
PEXGOL pipes on bridges.

Bending radis in Pexgol pipes.
Flanged ooupler for PEXGOL pipes.
Flarad Ends.

Branch-off Saddles.

Instaflation of Branch-off Saddies.

Instructions for pressure tests.
Repair Instructions. FOR TECHNICAL INFORMATIO
Chemical resistance tbles. PLEASE CALL:

Golan Plastic Products "Contacts™. ENG. YOS| BAR

R&D MANAGER
+ 072 - 46677652
+ 072 - 523864012
yosibar @golan-plastic.com

MRS. SARIT CHOHEN

CUSTOMER SUPPORT

+ 972 - 46677604

+ 472 - 523864024

sarit@golan-plastic.com

‘Wheneas (he products shown in is catalogue Blusirate and deacn be the curment state of hieir development, Golan resenves the ngnt
at sl times fo make such technical alterabons a3 it shall see i to ds products. Although every care has been taken in be preparaton
of e information, specfications and other dats included in this catsiogue, we cannol nuls outnadvertent ermors or omissions.

Purchasers should ke inte socount poasible devistions or vanationa which will not substs nially &iminish the functonaity or
perormancs of the products and in many cases designed io improve de same.

i e B Sl R
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IJ Kibbutz Shasr-Hagolan15 145 |srael. Tel +0F2-4-667TT432 Fax +072-4-86TT451
GOLAN PLASTIC PRODUCTS Lid Wb site: www.pexgol.com E-mail: golandfoian-plastic com
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PEAGOL Pex-a Material Properties

PEXGOL CROSSLINKED PE.

The uniqus Pexgol Pex-a pipes ane produced from special HMW-HOPE RESING.
The crossiinking s performed duning the production process, resuiting in

irrene rede chemical links between adjacent P.E. chains.

The crossiinked PE. 15 athemao-elsstic matenal wih & 30 molecular structure,
hanvang very hegh dimenssonal stabity at hegh temperatures.

The erosalinking prooesa renders the pipe improved mechanical properties such as:

1. R==stEnce 0 comoson snd pressuns st high Emperatures.
2. BExceplional high sbrasion resistance.

3. Buperh chemical resistance.

4. Excelient longevity 2t high emperatures,

CROSSLINKING METHOD
Pencide | Cemical) crosslinking Pex-a

- Standard to
Mechanical Properties Value Unit  hich tested
Dy 334 kgim?
Tensile srang® (2l 2000} X268 W DM 534585
t 100G g-13 Wi
L
Ekmngaon & bresk {8 201C) 330-550 % DIN 53455
(= 100%C) 500-700 Kl
bgacistengh fat 200C) No falure Kl DiN 53453
{at-1001C) S Tabue P
Mo e abearption (2l 220 0. .
Coeficient of Ficfon on sbesl 008 -0 Nm
Buface anengy Mxdi g xday
Cipgen perme {2 40IC) for i wilh <01 AT
oxygen barrier coatng
Resstnoe o ulaviokd ight ays (U,
Thes: ane b B
A, White plpe: non-resstant lo sunbght (L)
B. Brack pipe: ressstant o sunight |
Thermal Properties Value Unit
Sendos lamperatie range Ad+110 c
Coefcent of Bnear expansion (& 201C) 1 dxinA mIc
Coeficent o Inea expansion @1 100C) 2 D5x10 mmfiC
Safenng Brpeaire +133 i
Speciic heat 23 H.MegIC
Coafficient of fharmal conduchly 0435 WG DM 4728
Electrical Properties 0
Speclic infemnal resistance (a1 200C) 10 am E
Dielckic constant (31 201C) 23 E b
Do i los Bacior {al 20CI50HE) ix10-2 L 3
Faphim valiage @l 201C) &0-a0 K o
[ .
o
™
=
8
i s
I Kibbutz Shasr-Hegoan15145 srael. Tl +O72-4-56TT432, Faot: +07T24-86TT451

GOLAN PLASTIC PRODUCTS Lid. ‘Web ste: www. peoigol.com E-mail: gotang@golan- plastic.com
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pEﬁG@L Pex-c Material Properties

PEXGOL CROSSLINKED PE.

The unigue Pexgo Pex-o-C pipes are produced from special HMW-HOFE RESING.
The crossiinkng s performed in & statle of e art E-beam acoslersior afer

fhe production process, resuiting in imeversibls cross- links betwes n 2d) scent

FE. chaing.

The croasinksd PE. 15 & thermo-etastic matenal with a 3-0 molecular studure,
having very high dimensional stabiity &t high temperatures.

The croaslinking process renders the pips improved mechanical properties such as:

1. Resstance 10 comosion and pressure st hugh temperatures,
2. Expeptonal high abraskon resistance.

3. Superh chemical resistance.

4. Excedlant iongevity st high Eemperatures.

CROSSLINKING METHOD
E-beam crosslinkng Pex-c.
Standard
Mechanical Properties Value Unit  hich tes E
Density 5 Kghm? DM 53428
Tensle strengh ia!Zﬂ LH] 2326 T DN 53455
2 1001C) 13 it
W
Ekmgaion & heeak {al 20IC) 350-550 : DIN 53455
{al 100G 500700 it
Iirgzact s¥en g fa 208C) e Tl bl DIN 53453
{at-1001C) Ho Eslum Fulire
Moishipe absorpSon fat 200 001 '”9.”']
Cosficient of fddion anstesl 00801
Soutuca iy Mx1i “mmﬁ
Oiygen pemectly (w4010 bor e it <1 i DiN 4726
axygen badhs om
R anes fo ulinadols Bghl rays (LWL
Thesre are o Iy pas:
A White pipe: on-nesEtn! bm!%ﬂh‘
B. Back pipe: mastan lo sunfght |
Thermal Properties Value Unit
Sarvios Empeming range 140+110 c
Coeflcant of Bnear expransion (2 2010 1 dxiH FRkTAC
Coeflcent of Enear epansion (2 1001C) 2 054 AT
Solening Emparaue 133 L
Specil: heat 23 AL
Coaficen] of Brarmal conductihity 035 Wil DIN 4725
Electrical Properties Value Unit
Bpecific inemal msistance (& 20C) 1= o (73]
Dielectie constant fal 200C) 54 o
Diseciric: loks Eaciar (a1 200C50Hz) 1x10-2 g E
FRugitire witage (2 2IC) G0-a0 K fmamy 2_
2
o
5 ©
T
| S
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PEXGOL Worldwide Approvals

AENOR
Spanich standard Suddautsches Kunststol-Zantrum
Insttute Approval Amtiich anarkannta Prufanstalt fur Kunstsiofie
A0 GERMANY
. Fi h Standard Institut
Eﬂffﬂﬂf i:rfgl:u}dlng.ﬁ;pm:aht G ‘h Daut&aﬁur‘u‘an_amduaﬁas—mdﬂmﬁamw
fincl. drinking water approval) Dvﬁw eV (ingl. drnking water approval)
TUV Technischer Uberwachungs-Verain Bayarn
Portugese Slandard institute FERe Oxygen Parmeabiiity Approval
Approvals MUNCHEY

(incl. drinking water approval)

Danish Technical Institute for Building
Purposes Approval ® Canadian Standard Approval
AR (incl. drinking water approval)

Finnish Standard [nstitute
Approvals T Uruguay Standard Instikite
{incl. drinking water approval) Approvals
MNorway Stndard Instituta A
tdl o
{incl. drinking water approval) . “aneazuelan Standard
MINIITHEID DIH FOMERTD

Institute Approval

K .
./’ RE
. Holland Standard \_"m._.r. Ruszsian Standard
u e

Institute Approval Institute Appraval
H®
wd'r"lh Paland Standard NS F. Amarica Standard Food Approval

Institute Approval For Drnking Water
NAF &l

China Standard

Amarican National Standard
Institute Approval

Institute Approval

|sraeli Standard Institute
| Standard Mark Approval
acconding to lsrael S5td 1519
art 1)

American Mational Standard
Institule Appraval

o
/ . Ireland Standard
" Intemational 1SO 9001 Approval - ol i s B
W .

- "% - nternational k' Duteh Standard
I .".t: 4 Ne cantificatin network “a Institute Approval

. Partner far progress

i R
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Comparison with other Plasfic Pipes

PEXGOL pipes are produced from a special type of polyethylene. This is a high density polyethylans
{HDPE) with a very high moleular weight.

During producton the rew matenal is pressed under high pressures and femparatures and in the
presanoe of a special catalyst. While the pipes are being extruded the matenal oosslinks,

resulting in an unbreaksble (chemical) oross-connection belwean the adjacent long malacules of

the polyethylana. As a result of the crosslinking, a 3-dimensional network is formed and the pipa

can be considered as one enomiously big molecule.

The combinafon of a specialraw matensl of a vary high molecular weight and the crosslinking
process isel, resultin a spacial pipe having several imporant qualties:

* Comosion registance
* Excallant medhanical resistance
* Unigue chemical resistance
*Very low Fichon cosfigent
(C=155 in Hazen-Williams Fomula)
* Excellent abrasion rmastanca
* Very good resistance to haat
* Excellant longevity
* Mo longitudinal crack formation ar otherstress cracks
* Low creaep
* o stone sediments dus to pipe smoothness

These properties provide many advantages compared
to normal pipes (which are not crosslinked):

1. High working pressures,
2. High waorking temperature {up to 110C and abovea).
3. Excellert durability in harsh comosive sumounding condifions:
- indusirial
- sEBwage
- se8 water
- mmosve ground
4. Immunity against impraper pipe laying procedures.
5. Low head losses enabling considerable saving.

Regular polyathyiens pipes are fimited to a working temerature of up to 40)C (according to 150 Standard 4427).
They are also very sensifive to scratches resulfing from careless handiing during transportaton and

laying of the pipes. In noncrosshinked pipes (such as PE, PF or PB), cracks may appear after a few years.

These stress cracks ocour a5 a result of the intemal pressure orexiemal stresses such as pipe banding or stone
impragnations {as a result of poor sand bedding). This phanomena s also known as 5.C.G.: Slow Crack

Growth. The sensitivity to stress cracking is a matenial property, commaon for non-orossfinked pipe matenals.

E.C.G. does not appear with crosslinked PE pipes due to the 3-dimensional crosslinked structure of PEXNGOL pipes,
which totally blocks tha growth of these cracks, The excellent resistance of PEXGOL pipes b Slow Crack

Growth makes it an ideal choice for industnal piping, gas transporation, chemical and regular sewage
transportation. For that reason it is possible o lay PEXGOL pipes in frenchas withoul sand badding!
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Pexgol pipes - uses and applications

Domesfic water supply ines

Pexgol pipes are the perfect plastic piping system for cantal
heafing systems and sanitary pipes (hot and cold waler pipes).
The Paxgal pipes are ofien used in the “Pipe-in-pipe” configuration.

Swit and Elegant Installation

The simpligty of the system - a pipa within a pips - means quick, easy
installation in less than half the ime needed fo install any ather system.

The quality of Instaliaion

Pexgal is an excellant system for hot and cold water, It is completely
impenious to mtemat and extemal comosion and prevents the builldup
of stone sadiments.

Domestic pipelines run through the mo st expensive areas of the apariment:
the kichen, bathroom and toilets. The Pexgol system prevents the need to
break tiles, walls and flooring. Repainng the system is periormed simply by
pulling out tha Pexgol pipe fromits conduit pipe, allowing easy and comveniant
sccess to every part of the system, and easy einsertion of the new pipa.

Hot water, always dear..

With Pesegol, you'll s=a the difference - a clear siream of water - quality of life!
Dromestic water supply sysiems made of Pexgol pipes have been and are being
nstafed in domestic housing, hotets and office buildings in lsrael and all over the worldl

For more information, please ask for "Pexgol - instrudions for insfalfation of
8 Reszidential Wafer Supply Sysem”

Municgpal stes! water supply fines are attacked by comosion due to the following reasons:

* Poor water quality with increasing chiorine content.
* Comosive environment
* Unprofessional faulty installatons

Thanks to fheir unique resistance against cormsion in any of the above conditions,
Pexgol pipes may be installed anywhere and will operate without leaking. Mo need
for repair ar replacement

Large confinuous lengths of Pexgol pipes may be supplied on drums, thus minimizing
the need for connections.

Each pips connedion, even the best one, is a waak spol

Pexgal pipes have been laid in municipal water supply lines in vanous countries as well
&s in lrael. Settlements in the Arava region in the southem part of Isres] consider the
Pexgol pipe o be their only choical

The reason for this is simpla:

No failures in Munigpal water supply dunng the fast 20 years!
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Pexgol pipes - uses and applications

Today the Pexgol pipe is without doubt the leading pipe in municipal supply finss in lerasl and is used in the following
applications:

hain pipe lines.

Secondary pipe finas in the building areas.

Inlet connections in buildings and fire extinguishing pipalines.

A computernzed catslogue for design of Pexgaol water ines may be obined upon request from the Pexgal markesing Dapt.

Pezxgol piping's has bean used in pressunzed sewer lines. Dus o its excellent chemical and sbrasion resistance
Pexgol pipe, is not vulnerable to the H25 gasses which may develop and attack the cement inner coating of the
stesl pipings very smooth surface of the Pexgol pipes prevents scale sediments.

Pexgol pipes have also been l=id in gravity sewer lines and saa out &1 lines.

Riser mains for Boreholes

Ona of tha most recent Pexgol pipe applications is for pumping water fom boreholes (3t a depth of over 200m) by
means of a confinuous Pexgol pipe with a submersible pump and maotor.

The Pexgol pipe with its excellent sbrasion resistance and chamical resistance is an ideal conduit for 3 wide range
of industrial applications where conventional pipes would be unsatisfadory due to fhe abrasives of convaying
dumies or because of winerability to chemical attack of sohutions and adds - Pexgol pipes present a successiul
and cost-affective solution.

The indusinal apphications of Pexgol pipes include:;

- handiing slumes [gypsum; sand; salt; phosphates; sis; potash, ect).

- handiing vanous chemicals.

- handiing industrisl wastes.

Lizf of projedts is available from our zales depardment or af our infarnsd e,

Pexgol pipes for Natural Gas Transportation

Pexxgol pipe shows an excellent durability for natural gas and L P.G. This plastc ppe wil
without doubt b in the near future one of the leading pipes in municipal gas supply ines.
Ona of its outstanding advantages is:

NO SAND BEDDING REQUIRED!

|J Kinbutz Shasr-Hagolani5 1456 lsrest, Teb +0T24-56TT432, Fan +0T2-4-6677451
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Pex-a

PEAGOL

Dimensions and Pressure Ratings
Pexgol ppes are produced according to the DIN Standards 16892/16893 and the Israeli Standard 1519 Part 1.

These Standards show the working pressures of Pexgol pipes at vanious temperatures.

The working pressuras for PEXGOL pipe are
datarminad by the following equation:

The values of o changs with the temperature as follows:

ik R Temp.{k) 20| 60| =5
Pe Zape 22 ol o (kglon) 76| 48] 12
Whana: Motes:

P = Madmum warking pressura (kgicm®)

@ =Long term strength at the design
tempearatura {}igﬁ'l’]

0 = Outside diamater {mm)

t = Wall thickness (mm)
5 =150 4065 sanes 5
SDR (Standard Dimensions Ratio) = T=2£+ 1

PEXGOL PIPE CLASS 10" (SDR 16.2 $7.6)

‘Whkiing pressures: 10 bar & 200C , 4 bar & 951 |, 6 bar for gas

The design stress o s caloulated with
a safaty facter of 1.25, according to
OIM 168932000 Tabla 4.

Pexgol pipes m?he ordered with
oxygen barrier (EVOH) coating In
different colors (red, yelow ete.)

PEXGOL PIPE CLASS "15" (SDR 11 85)

Wrking pressures: 15 bar at 201C , 6 bar a133C , 9bar for gas

0.D. wall thickness waight .0 wall thickness waight
[mm) {mirm) (keym) {mm) {mim) (kgim)
B3 318 or: 18 20 004
15 a7 101 20 20 o
a0 50 147 25 23 016
110 B8 XL a2 29 026
128 77 281 40 AT 042
140 BT 155 50 48 D65
180 a8 e 83 58 1.03
il 194 FEE] 75 6.8 1.44
g 1.4 a1 a0 B2 209
250 15.5 1130 110 100 in
il 173 1442 125 1.4 403
15 9.5 1791 140 127 5.02
355 Fan ] BAET 160 14.6 660
400 247 SRAT 200 181 1023
450 TH JE48 5 204 1247
500 04 4505 250 w1 18.05
00 254 2010
PEXGOL PIPE CLASS “12" (SDR 13.6 56.3) :;: E:g g::
Warking pressures: 12 bar a1 200G, Shar & 95!C , 7.5 b Tor gas =& 450 50.0 6216
0D, | wal fickness Wt e B
{mim ] [mm) (kg'm) PEXGOL PIPE CLASS “24" (SDRT.4 53.2)
& a7 .85 Waeking pressures: 24 bar of 2000 10 bar at 3510 | 15 ber fox gas
i e e 0D | wal bickness|  weight
110 8.1 185 {mim) (mm} kgim)
435 ¢ s o 12 FI] 008
140 10.3 415 18 2z 0.1
160 14 543 an 18 g%
20 147 47 25 45 023
225 16.6 10.75 a2 44 0.38
250 184 1142 40 5.5 0.5
280 204 16.60 50 i3 a2
315 n3 2004 63 b6 1.45
m .1 i 75 103 207
o 123 247
400 m4 3188
450 g i 110 151 445
500 w7 52 g8 125 - 174 573
: 140 = 192 A
*Available on spacial ordar 160 H3 2.4
200 na 14,85
=5 3.8 18.50

Othar pipa dimansions (accomrding to page 5.1)
arg also available.

12\
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Pex-c Dimensions and Pressure Ratings

Pexgol pipes ane produced according to the DIN Standards 1689216853 and the |sraeli Standard 1519 Part 1.
These Standards show the working pressures of Pexgol pipes at vanous temperatures.

Tha working pressuras for PEXGOL pipe are The values of @ change with tha temperatum as follows:
detarminad by the following aquation:
2at 2ai a Tainindic) 20 80 s
Pzl grpe SOl oy 4 e 76 | 48 | 2
Dt SDR-1 s o kgl
WJ'_H;:; . e Motes:
P= Maximum working pressure (kg/c) The design strass o is calculated with
= Lang tarm strangth at tha dasign a safety factor of 1.25, according to
temperature (kg/cn) DIN 16893-2000 Table 4.
D = Dutside diamater (mm)
t = Wall thickness {mm)
5= |30 4065 sanes
SDR (Standard Dimensions Ratio) = %=25+ 1
Plaasa nola |
1. Pexgal Pax-c pipes are avallabla in various colors:
Matiral, Black, Red, Blus k.
2. The pipes may be orderad with oxygen bamiar
[EVOH) costing.
PEXGOL PIPE CLASS “19" (SDR 9 54) PEXGOL PIPE CLASS “24" (SDRT.4 53.2)
Whiking pressures: 19 bara 200C, 8 bar  853C , 1.5 bar for gas Whrking peessurés: 24 ar o 200C |, 10 bar a1 951C |, 15 bar lor gas
0D. wall fhickness waight 0.0 wall hicknass waight
(mmj} (mm) (kg/m) (mm) (mm) {kgim)
’o 1.0 an2 10 18 005
105 125 004 13 18 o8
160 18 ooa 12 28 0.08
16.0 20 009 id Fai] o.a7
17.0 D 008 18 25 010
18.0 20 a0 16 23 o
Puxgol “INCH” pipas [dass 18} - Producad according to ASTM FETS ;: i: EE
BT (127} 1.78 406 i) 1] [IRF]
1127 (15.88) 178 008
50" [19.05) 212 ot
T (22T 247 w15
7]
PEXGOL PIPE CLASS "15" (SDR 11 §5) E."
==
Warking préssiures: 15 ar at20C , Ghar 21 932C , 9 bar for gas I:'Eu
oD wall thickness waght P
{mmj (mm} [kgim) i
12 11 oo =
18 1.5 oo g
F. i 1.8 on E
20 20 0.1
2 23 016 o
Pug ol IRISH “INCH plpes E
112" (14.63) 170 T ©
34" (20.98) 215 013 n
1" {2733 10 o =
o
(73]
e
i £
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Municipal water supply pipelines

Pexgol Crosslinked polyethylene pipes for Municipal Supply lines

Auxiliary page for Pipeline Designer.

1. Crossdinked polysthylena (Peogol), UV Sibilized (black)
pipa, class 10 (SOR 16.2jor class 15 (SDR 1) or class
12{50R 13.6) (depanding on the temparature and design
prassure) is suitable for municipal supply lines.

2, The pipe is supplied on cods that &t into slandard & or 12'
containers. Total coil length depends on the pipe diameter,
see page " Transportation of Pexgol pipes™

3. The pipe should be connecied only by fitings approved by
Galan and according 1o Golan's specifications.
4. The pipe should be connecled by an authonz=d contrador.
4.1 Fipe conneciion is normally executed oulside the tranch,
4,2 See appendix “Recommendatons for Pexgol
pipe connechons”.
5. Laying the pipe in the trench should be done acoording to
“Installation instructions for Pexgol Pipas in trenches™.

5.1 Pexgol pipes may be laid in trenchas with no sand bedding.
The trenchas may be backfilled using the onginal matenal
from the irench

6. Pressure tést should be made acconding to the page
“Instructions for pressuns testing of Pexgol pipes™,

6.1 After having camied out the pressure 4 in the presence of
Golan's representative, a cerificate will be submitted confim-
ing that the test has been camied out propary.

7. Itis possible to make side outlets from Pexgol pipe in diameters
of up to half of the leading pipe's diameter, using Branchoff
saddies The saddles are made from brass, stainless seel or
plastic. (Ses pages meferning to Pexgol saddles and their
Imstailation instrudtions)

8. Itis recommendad to design the fine with as few connections as
possibde. For this purposs it is recommended fo consult Golan's
field sarvice department.

Appendix: Recommendations for Pexgol pipe
connections

1. Plasson's Mechanical connections (including saddles).
1.1 Available up to 160mm diameaisr.
1.2 Can be usad for class 10, 12 or 15 up to a temperature of GIIC.

1.3 For pipe classes 12 and 15 it is recommended o use Plasson’s

“sanas 1687 .

| Hibbute Shasr-Hepolan 15145 larsel. Teb +072-4-GET7432, Fax: +072-4-68TT451
Webr site; ww, peaigod.com
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2. Electrofusion couplers (inciuding saddies).
2.1 Availabile up to S00mm diametar.
2.2 Use only products which ame approved by Golan.

2.3 The working pressures of the couplers ame the same as for
class 15 Pexgol pipe at temperatures between 201C and &0IC.

2.4 For higher temparatures pleass consult Golan's field service
department.

2.5 Addibonal couplers prepared for electrofusion welding can be
ordered (T-branches, elbows atc).

3. DZR brass fitings Hela GP

3.1 Availsble from 32mm to 160mm including male straight
conneciors, Tee's, albows and Branch saddles.

3.2 Hela GP fittings can be used for all Empeature and pressure
range aliowed for Pexgaol pipes.

4. Stainless steal saddles

4.1 Available from 110mm up to S00mm outside diameler

4.2 The saddles are avaiable efher with flanged orthreaded
outlat

4.3 The meaxamum outlel diamster is up to half the main pipa’s
diameter.

4.4 Stainless steal branch-off saddles can be used for all temp-
erature and pressure ranges allowed for Pexgol pipes.

4.5 Saddies with in\emal rubber coating including the flange can
be ordered in case corrosive materials are used, which stainless
sheal fittings would not withstand.

5. Golan's Flanged Couplers
5.1 Available from &3mm b S00mm outside diameter.

5.2 All couplers comply with 434 150 standard, soms
of them comiply with othar standards a5 well,

5.3 Golan's flanged couplars can ba usad for the sams
temperature and pressure rangs allowed for Paxgaol
pipes.

Flease ask for our publications on murnicipal
pipsiing installations.
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Industrial Pexgol Pipelines

1. Pipe Class Selection According To:

1.1 Desgn Temperature,

-

2
A

‘Wiorking Preasuns,

Influence of the chemical resistance of Pexgol pipe on
permitted working pressunes (3ee’chemical resatane
tabie of Pexgol pipes”).

2. Design Temperature Definiion Rules:

21

—a

Buned Pipes: scoonting to the emparstune of e

lagguid flowing Hnough the pipe.

22 Esxposed pipes: Design temperature should be calcul
ated by sdding 2000 o the manmum ambient temperstune
2.0, & design temperaturs of B0IC for max. ambient Bm-
perature of 401C).

Altematiely socording 1o 1he lemperaturs of the igusd
ficwwing throwgh the pipe (if it is higher than G0IC).

3. Pipes Under Vacuum Conditions

Knimum pipe dass shoukd be class 15, {see page N2 1)L

4. Selection of Fittings for Pexgol Pipes

41 O
may be used.
The instailation instructaons pubiahed by Pexgol Pipes
Service Dept. state senics limitations (f esiating) for
aach typs of fttng.
Special frpoint camps should be wsed &5 befors
and afier the fillings, ses page 15
Incase of any queatons, pleass contad Pexgo! Pipss
Service Depantment.

5. GP Flanged Couplings:
51 Avsiabde from 63mm (with 2° flange) o S00mm
(wath 30" flanga).
AN couplings comply with ASA 150 fiange standard.
Flanged coupings may be ussd throughout a8 the rangs
of alloweabde working temperatures and pressunes for
Pexgaol Pipes

Special Topoint damps should be used as before

and after the fittings, se= page 15,

23

g
:
;52
3
¢
i
:
g

2

4.3
4.4

52
53

54,

6.

Electrofusion Couplers (indiding saddies).
e Tiilindgs - Sonnnien o i B Suppher Calaog.

‘Waorking pressunes for etecirofuson fttings are compatible
with ciass 15 Pexgo! Pipes af iemperatures up o 401C
For higher temparatures please consul the senice
depariment of Pesgol Pipes.

Addiional fittngs (such as T, transstion eic) ready for
elecrofuson weiding may be specally andened.

7. Stainless Steel Saddles.

6.3
6.4
6.5

7.1 Avadable for Pexgol Pipes from 110mm up o 500mm.
Fianged or threaded outiets (intemal thread).

Mase mum ouliet dameter - up to hall of the pipe's owlsice
amater.

Imcase of comosne liguids for which stainless steel s not
regiatant, the saddies may be ondersd wih 2 apecisl
rubber coating over the fange and neck

Etaintess stesl sacdies may be wsed froughout i ihs
range of allowable workng e mperatures and pregsunes for
Pexgol pipes.

1.3
T4

1.5

Hinbutz Shasr-Hapolan15145 |sreel. Teb +072--687TT432, Fa: +872-4-66T7451
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8. “Plasson” Mechanical Fittings (incl Saddies).

Auvailabie up to 160mm .
May be wsed for classes 10, 12 or 15 Pexgol pipss
up o BOIC.
For pipe classes 12 or 15 Plasson fittings of “senes 187
should preferably b used in diamaters up fo 63mm.
Specal fixpoint clamps showld be used &5 befors

and after the fttings, see page 15.

9. Pexgol Pipes with Flared Ends.

8949 Pexgol pipes up o 160mm, in lengths scoonding to e
tabée 51 parag. B may be ondensd with fared ends
and metal fanges.

92  Langerdameter Pexgol pipes (up 1o 500mm) may be
ordered in &y fength up bo 11.5 meters (io fit into
4" containers ) with one or tow flared ends.

Flared enda may conned two Pexgnl pipes or 8

Pexool pipe o & fittng.

There s no nesd for an sddibone gasket.

The fanges may be suppied according o the industnal

standard ASA 150, Other flanges may be avalable on

SpeCial orens.

A flared end connecton may be used fnoughout il

1he range of aliowable working temperatures and

pressures for Pexgol pipes.

Prefabncated Pexgal elbows with flared enda are

also avallabie,

Epecial fixpoint d amps shouid be used a3 befors

and afer the flarsd ends, see page 15

10. Pre-fabricated Pexgol Elbows

10,1 Prefaoncated slbows may be ordersd up o diameters
of S0 0mm.

10.2 The standsnd banding radius 5 approximatsdy
R=300R R=150 .

10.3 The eibows may be ondered wilh plain ends, for edher
flanged coupdings or e lectrodusion fttnga.

10.4 Elbows with flared ends can also be ondensd.

10.5 A fared end connection may be used throwghout sl
the range of aliowabls working temperatures and
pregsures for Pexgod pipes.

10.6 Specaal fopoint damps should be used 23 before

and afier the fiered ends, see page 15,

11. Influence of Temperature changes on Pexgol

111 Pexgol Pipes placed above e ground or over
bricges, tend 10 gel longer when lamperaturs risss
{ anaking phenomenon)andwill get shorer 23 fhe
temperaturs goes down.

[Foupoints o guiding damps may be used for
restraining he elongation of e pipe (mamly dus
1o aectnedc congideraliong ).

Thiers 2 no need o protect e pipe iBeil against
thermal siresses, &s hey e sbsorbed by 1he pps.
Mo nesd forinstallabon of “sxpansion points” or

93

a4
95

1.2

1.3
4

OMEQAT.
Special fpoint damps ahould be used as befions
and afier the filtings, see page 15.

12 Pexgol plpes above the ground

121 Pexgol pipes can be placed on a ground which s
free from rocks or aharp stones.
12,2 Thereis no nesed for special bedding!

1.5

0
@
L=
£
=]
X
14}
o
™
5
®
<]
B
=

E-mail: gotani@gotan- plastic.com
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Transportation of Pexgol pipes

Supplying Pexgol pipes to the installation site.

The Pexgol pipe's flexibility and its memory effectis one of its outstandng features,
enabling the pipe to return toits original diameter after trans portation on relatively smal
drums or in coils. As a result we can supply longer continuous lengths as

compared to any other pipe:

1. Coils
From diamater 25mm o 180mm Pexgal pipes may be orderad in standand coils
of 50m ar 100 metars.
Longer pipe lengths may be ordered in coils acoording to customer's specifications.
ses tabie below for details.

2. Pipes with Flared Ends
Pipes with a diametar of up to 160mm with two flared ends may be ordered in cols

in lengths sccording to the table. Pexgol pipssin larger diametars up to 500mm with or without Flared ends
may be ordered in a maximum length of 11.5m (o fit inio standared 40° containers)

Pexgol pipes in coils
5 coils in 20ft container  (external coil diameter: 2.20m.  Width of coil: 1m)

Pipe  Wall length Total langth in 20ft
dia. thickness of each coil container
22 a0 6500m 32 500m
25 23 5000m 25,000m
25 35 5000m 25 000m
28 it SEARhT 20,000m
3z 28 3000m 15,000m
32 44 3000m 15000m
40 arF 2000m 10,000m
40 a5 2000m 10.000m
&0 46 1200m 6,000m
50 63 T0m 6000m
&3 47 B0m 4 000m
63 5B B0m 4 000m
63 BB BlOm 4.000m
75 46 Hm 2 500m
75 56 510m 2 500m
75 68 500m 2 500m %
75 103 500m 2500m a
a0 56 300m 1.500m =
80 6.7 350m 1,750m —
a0 82 350m 1,750m %
80 123 350m_ 1750m x
110 81 T40m 700m @
10 100 210m 1,050m o
g 154 H0m 1,050m S
125 114 120m 600m c
40 127 75m_ 375m_ k=
*160 148 62m 310m ﬁ
*160 218 80m 400m +
* Available by special order, even with greater length. E_
yl May be supplied on drums - sccording to customer's specifications. h
I =
|J Kibbutzr Shaar-Hagolan 15145 [srasl. Tel +072-4-8677432, Fax: +072-4-88T7451 E

GOLAN PLASTIC PRODUCTS Lid. Wab ste; www. peoigol.com E-mail: gotandootan- plastic.com




193

Flow chart for full low conditions

Class 15 (SDR 11)
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Discharge rate m*/hr
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Appendix (2)

Pip Properties

Application Guide AG 31-008 1)
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Appendix (3)

Antifreeze Properties

Apphcation Guide AG 31-008
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Appenix (4)

P-H diagram R410-a

BTU/Iby

Enthalpy (

Pressure (sial
Ew s = = Cw w - o >

Suva: 410A (R-4108)
Frassure- ety Dikgram

(Enghsh it

o0 f DuPont*

1000
800

L

ferscl) smssaag

Enthalpy (BTUIh)

Adapted from DuPont company web site (Fluor chemicals properties )
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Appendix (5)

Hazen- Wiliams Formula

EQUATION TERMINOLOGY

The following terms are nsed in the equations conimmed witlin Appendix I mnd Appendix IV of
this report:

C Hazen-Wilhams Flow Coefficient
D Inside diameter of pipe in feet
i Inside diameter of pipe i incles

A Diarey-Wesbach Friction Factor
B Gravitational acceleration, generally accepred as bemg 32.2 feer per second per
w20

HL  Head loss i feet of water

L Length of pipe mn foet

I Manmng Flow Coefficient

i Wohonetic fow rate in cubic feel per second

q Wolumetric flow rare mgallons per tnmte

R Huitranlic radins m feet (the ratio of flow area 1o wetted perimeter)

Ry T_I]l: F.;;-'uc&lds Number (a dimensionfess munber relating flow, diameter, and thud
Viscosity)

5 Slope of hydranlic grade line m feet per foot

¥ Average thow velocity m feet per second

it Kinemaric fuid viscosiny in feel - feer per second



FORMS OF THE HAZEN-WILLIAMS FORMULA

Velocity:

F=1318CR"™ g0

P =053000 LIIHSI:IH

Flow:

0 =1666CR 5™
(= 0432007 5%
0= 00006276 =8"

Head Loss:

]'_.'I.E

H.I[ — ﬂ.'f'l:l'ﬁ:.x W
I.'I..SJ

-HI- = :‘m .(W

_ ~LES
HI.=:*-‘|55‘W

143

HL = 0.00556 x - 0

.J.‘HR-d a7

L

I:-l. E‘SD-'IEF

F=01150478 574

g =TRTCRW M
g =193.9CD* ¥ 5"
g =0.281C4 454

41500 G'F
HL=W

6336107 xg'®
= C: ﬂR-I-i:'

_5.8616x107" < ¢""

HL

HL

E\-I E-Dl.tf

]G--I'?xf_f]“
HL=W
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Appendix (6)

Approximate Friction Loss in Thermal pipe Fittings

APPROXIMATE FRICTION LOSS IN
THERMOPLASTIC PIPE FITTINGS

Type of Fitting

(in feet of pipe)

Equivalent Length of Pipe (in feet)

Tee, flow through main

Tee. flow through branch

90° Elbow, molded. R=1.5D
90° Elbow, mitered. R=1.5D
60° Elbow. mitered. R = 1.5
45° Elbow. molded. R=1.5D
45° Elbow, mitered. R=1.5D
30° Elbow, mitered. R=1.5D
Insert Couplings

Male-Female Insert Adapters

20D
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Appendix (7)

Intrest Rate Tables

Compound Interest
Tables

Values of Interest Factors When N Equals Infinity

Single Payment

Uniform Payment Senes
(F/P.i, @) =00 (A/F,i, o0) =
(P/F.i,o0)=0 (A/P. i, o0)

Arnthmetic Gradient Senes (F/A.i, o0) =00
A/G. i, o0) 1/i

i (P/A. i, o0) 1/i
P/G, i, 00) = I /¥
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578 COMPOUND INTEREST TABLES

10% Compound Interest Factors 10%

Single Payment Uniform Payment Series Arithmetic Gradient

Compound  Present  Sinking Capita Compound  Present  Gradient  Gradient

Amount Worth Fund Recovery Amount Worth Uniform Present

Factor Factor Factor Factor Factor Factor Series Worth

Find F Find P Find A Find A Find F Find P Find A Find P

Given P GivenF  Given F Given P Given A GivnA  GiwvenG  GivenG
» FIP PIF AJF AP F/A PIA AJG PIG »

1 1.100 5091 1.0000 1.1000 1.000 0.909 0 0 1
2 1210 1264 A762 5762 2100 LT3 0476 0826 2
3 1331 7513 3021 A021 illo 2457 0937 239 3
E 1464 £530 2155 3155 4641 1170 1381 4378 4
§ 1611 L2009 1638 2638 6105 imi 1810 6862 5
o 1Lm 3645 1296 2296 1.716 4155 1224 9684 o
7 1.949 5132 1054 2054 5.457 4 868 1622 12763 7
5 2144 AGLS 0874 JA874 11.436 5335 3.004 16029 b
9 2358 A1 0736 1736 13.579 57% 1an 19421 9
1L} 2554 J85S 0627 1627 15.937 6145 1725 ped | 1L}
1] 2853 3508 0580 1540 18531 6.495 4.064 26396 1]
12 3138 3186 0468 1468 21384 6814 4388 2901 12
13 3452 2897 0408 1408 usn 1.1 4659 1nn 13
4 Am 2633 ms? 1357 21975 1367 4996 36801 14
15 4an 2% mis 1315 iLm 7.606 519 40.152 15
16 4595 2176 mmn 1278 356% T84 5549 4416 16
n 5054 1978 ma A7 40.545 .02 5.807 46582 n
15 5560 1799 019 1219 45599 8201 6053 49640 18
9 6116 1635 0195 1195 51189 83465 6286 52583 19
2 6728 1486 0175 J178 51.275 514 6.508 55407 0
2 7.400 1351 0156 1156 64.003 5649 6719 K110 u
2 £140 1228 0180 1140 71.400 8m 6519 60689 n
n 8954 A7 0126 1126 7954 8853 7.108 61,146 n
u 9850 1015 on A3 88497 8985 7258 65481 u
25 10535 0 0102 102 98347 .01 7458 67696 25
% 11918 0539 00916 1092 105.182 9.161 1619 69.794 %
n 13.110 0763 00826 1083 121.100 2297 1770 nm n
23 14421 0693 00745 1075 134210 9.307 1914 T3650 -}
2 15863 0630 00673 1067 148631 9370 8049 75415 »
L 17449 0573 00608 1061 164 454 9427 8176 T.0Mm »
k]| 19.194 0521 00550 10ss 181.944 5479 8296 TR640 n
L) 21114 D474 00497 1050 200.138 9.526 5409 $0.108 n
n D28 0431 00450 81.486 n
M 25548 0391 00407 2m M
35 2102 0356 00369 0987 k)
0 452%9 0221 00226 88953 n
45 72891 0137 1% 92454 45
50 . A 889 5
55 96,562 55
o) 97.701 )
I 98471 65
™ 98987 b
75 9332 L]
= 99561 L]
» 9512 %
9% b.b 9%
10 9.920 100
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Prefix | Symbol(s) | Power of 10 | Power of 2
yocto- |y 107" --
zepto- | z 107" --
atto- a 107" --
femto- | f 10" --
pico- |p 1027 --
nano- |n 1077 --
micro- | [ 10°° --
milli- | m 107" --
centi- |c 1077 --
deci- |d 10" --
(none) | -- 10° 20
deka- | D 10" --
hecto- | h 10°” --
kilo- |korK |10’ 210
mega- | M 10° 2%
giga- |G 10° 20
tera- T 10" 2%
peta- | P 10" 20
exa- |E 10" 2%
zetta- | Z 107" 2"
yotta- | Y 10" 2%

* Not generally used to express data speed

*% k = 10° and K =2
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Appendix (8)

Fittings used in building the model

#ss wall plate elbow Brass elbow with screw
CODE SIZE CODE SIZE
50-3130 1/2*(16mm 50-3131 1/2°(16mm
e brass angle Double brass angle
20° with screw base 180° with screw
| CODE SIZE (Inch) | copE SIZE (Inch) |
50-3135 1/2°X 16mm 50-3138 1/2°X 16mm
male strength Brass female strength
nipple nipple
I CODE SIZE ] | CODE SIZE ‘
50-3140 1/2°(16mm 50-3150 1/2°(16mm) |
50-3141 3/4°(16mm 50-3151 3/4"(16mm
50-3142 1/2°(20mm 50-3152 1/2°(20mmi)
50-3143 3/4°(20mm| 50-3153 3/4°(20mm
50-3144 3/4°(25mm 50-3154 3/4°(25mm)
50-3145 17(25mm) | 50-3155 1" (25mm
50-3146 1" (32mm 50-3156 1"(32mm) |
50-3147 1° (20mm| 50:3157 1Hi20mm) |
ble straight Brass tee with
‘mipple three nuts
| SIZE (inch) | copEe 1

50-3172 25-
50-3175 Reducer 16-20-16
50-3176 Reducer 20-16-20
50-3177 Reducer 20-25-20
50-3178 Reducer 25-
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grass check valve
)-IMT

(plastic cOre
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Galvanized nipple - 1/2° Galvanized nipple - 3/4° Galvanized nipp
(M-M) (M-M) (M-M)
CODE Longlem) CODE Long(cm) CODEM. N Long
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Apendix (9)

Multidata S1 Catalgue

Heat computer

Zenner Zahler is once again at the forefront of technology with the development of the multidata $1
heat computer. Employing the latest generation microprocessors and innovative measuring techniques
has resulted in a system with accuracy, measurement stability and functionality unprecedented in the
history of heat computer development. Volumetric measuring units for heat meters with both reed pulser
outputs or high-frequency electronic outpuls can be used together with either P1-500 or Pt-100
lemperature sensors.

multidata S1

As one of the first heal computers, multidata 51 has already been given approval in compliance
with European Standard EN 1434 (22.55/98.02)

The multi-functional multidata 51 can of course work together with all sizes of
volumetric measuring units.

Operating failures and faulls are detected automatically and can be shown on the
register with the date it occurred. its duration and the: type of fault

A non-volatile memory backs up all determinalive data at regular intervals in

order 1o ensure that & cannot be lost. In addition, all devices have an optical
interface for on-site data acquisition along with programming of the most
essential parameters

Apart from the volumetric measuring unit. with all standard devices it is
possible to connect two additional pulse output meters, e.g. a cold and
hot waler meter, whose consumption both appears on the register and
can also be determined via the remote read-out systems.

The additional connections however have a multiple function, Le. they
can be programmed not only as inputs but also as outputs, 5o that they
function as remote meter outputs for energy and volume, for instance.

Due 1o its integrated clock with calendar, specified reading date (S.R.D.) data is also no problem
fior our mu ta 51 Energy and volume along with the volumes of the additional meters are written into
the memory on a date specified by the user, year after year, and can be read or transferred remotely via the
SRD. menu.

In order to remove the requirement (o take readings on a specific date, we have integrated a previous-
month memory in standard models. Consumption is stored on the first of each month. In this way, up to
21 previous-month values can be called up on the register with the accompanying data,

A detailed performance specification is available on request in English (order no.: 98W 003)

multidata N1 § [ g0 |  The net version for industrial use:

| m{o interface module

The specially developed industrial version of the
multidata N1, an innovative module design
offering a wide range of possibilities, e.g. 230 V
mains supply and connection 1o practically all
bus systems. 6 connectors in both PGS and
PGT sizes are available. A versatile range of

5

Moreover, the multidata N1 has adopted the mo-
dern technology and the technical database from
its successful predecessor,

For more information, please turn to the specia
“multidata N1” prospectus.

Ce

Approvals

along with approvals outside the EU
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Appendix (10)

Circulating Pump Used in Geothermal heat pump

LG WATER PUMPS

HOT WATER CIRCULATION v

B o

el w

& .

® USE © FEATURES

Maost suitable for hot water circulation and - In-line type

heating system for | schools, hospitals - Motor built with thermal protector for safety.
and factories and apartment complexes. - No leakage of water with a specialized design.

- Suitable to handle hot water not exceeding 80,

Model  Power Input  Total Head(m) Qmax.  Flange

source
PH021E 1 50006) 2 32 gy
TPHONE | 20V | oyn1g =
PrroaZE . SoHz o012 s N T
“PHO3M . 1® 30003 1 [ 25 | 250) -
PHOAIM 220V P
PrroaaM_ 6oHz | 012 45 80 30-14)

Model  Power Input  Total Head(m) Qmax.  Flange
source ) (shutoff)  (£/min) (mm(*))
PHIOIE . . 200(0.26) 45 120 400-1R2)
-123 {03 C 1 2)
i:zi; gy 2903) T 5 T 180 ¢ 500)
T TR ORI
PH-400E . 800(1.06) 155 320
PH-101M p 240032 125
PH-202M 390(0.52) b 215
PH-431M SOHz X
PHASIM 620(0.82) 1 340

Model Power Input  Total Head(m) Qmax.  Flange
source  (W(HP)  (shutoff) (¢/min) (mm(*))

TPNAOOIE_ 39 _5000.70) g5 200 4(-12)
PN-S002E_ 220V . 760(1.00) = 440 502)
TPINGS02E_ 50Hz - 1300(1.80 9 790 65@-12)
" PN-4001 3®  850(1.10)_ o 330 400-172)
PN-5002 220V 1300(1.73) 530 502)
PIN6503___ 60Hz ~22003.00) i3 %60 652-172)
(S0Hz ] 4 [60Hz ]

=== =g P Z === N
g, i § O g, \ g o N
* \\ , N = ¥ ]II\.\ \
. -A\. ) N ‘4 =0 : N
\ \ DS .
" Ol S i " ot i
: 1PHO21E 1LPH-101E 3PH-251EPH-252E  1.PH-036M 1.PH-101M
' 2 PH-O41E/PH-042E 2PH-123E 4PHAOOE 2 PH-O43M/PH-044M 2.PH-202M

3 PH-431MPH-432M
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Appendix (11)

LPG Boiler Data Sheet

Sheet

= s
CALORECLIMA
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Technical data

ALMA 24 MB 28 MB 14 MBS 18 MBS 32 MBS
W TOP W TOP W TOP W TOP W TOP
Qutput min. kW 10,43 12,2 10,5 12,16 14
max. kW 134 27,24 13,92 278 1.9
min.  kealh 8.970 10.492 9.030 10.458 12.040
max.  kealh 20.124 23.426 20.571 23.908 27.434
Input max. kW 26 30,2 26 30,45 M5
max.  keal'h 22.360 25972 21.360 26.187 19.670
Efficiency at 100% % 90 90,2 92 91,2 9.5
[Energy efficiency rating (EEC 92/42) R gx X X L2
Efficiency at 30% flow % 86,8 869 86,7 88,9 88,9
Shell loss % 16 25 0,85 1,6 0,85
gnition E Electre E
Heating circuit pressure max._bar 3 3 3 3 3
Heating circuit expansion tank ! BB 8% 8 8 8
Heating temp. adjustmenc range  °C 35/80 35/80 B0 3500 3580
Methane gas pressure (G20) mbar 20 20 20 20 T
id 31)  mbar 7 7 7 29137 29/37
Hot water ic 35/60 35/60 35/60 —35/60 35/60
Hot water supply AT30C___max. 112 13 114 133 152
_Peak flow in first |0 minutes 157 172 157 _n 192
Water-heater capacity 50 50 50 50 50
Hot water circuit pressure max,  bar 8 8 8 8 8
Hot water circuit expansion tank 1 2 2 2 2 2
Heating return -] A 2 ¥
Cold water inlet @ 2 EM_ = 'H_ % ﬁ
“Hot water outlet ] 12 1 17" 17" [
Gas connector [-] E7 ﬁ E N 34" EL
Total absorbed electrical power W 120 HE 150 153 160
Power supply v, 230/50 230/50 23050 230/50 230/50
Weight kg 70 70 75 75 76
“Packaging mm.. 640x980x480 _ 640x980x480 _ 640x980x4B0__ 640x980x480 _ 640x980x480
Typeof gas
M IP X4D IP X4D IP X4D P X4D IP X4D
LPG version also available . . . . .
Circulator characteristics
a7 5 6
o e == ;
500 5
400 -cu |
300 ] ﬁ 1
200 -
Ly I » b [ |

300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 0 250 500 750 1000 1250 1500 1750 2000 2250
¥ h
ALMA 14 ALMA 28 - ALMA 32
080
"0-‘ . C .
=
28 MBS W Tc 132 222 1
32 MBS W Top * [E}] m sl TJ
*  Flue connector: concentric or double outlet +
* Airintake @ 80 | " TR R 1,

i Mesurements for
ALMA MBS
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Appendix (12)

Diesel Boiler Data Sheet

L] L
4 ."I r
' CALORECLIMA ™




cod ClI4UK Mc Par
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Technical da

EXA boilers ¥

EXA 27 32 40 50 60 70
306 49 46,5 58.1 698 BlA 933
26316 30014 39990 49.966 60028 70004 80238
34 386 51,4 64,1 772 8.7 1032
29240 33196 44204 55126 66392 77.142 88751
904 ; 906 904 907
91 92,08 . 9223 917 9225
1,16 T O - Y 0.69
4 4 4 4
080  0/80 0/80 080
14 |
18 24
0.1 0.1 0.13
3 3 4
1= WA e s
KA KA A KA

7 7, T /A 7
z}ﬁf_ﬁil__,_ﬂﬁﬁﬁ TS0 30/50_ 130/50

80 105 105 130 155
SP0cSN2 ST 000 SO Yoei020 STTNOcIERD STOTHICED STeI20 5P SP0 0 20

3

Loss on the casing 2

_Heating circuit pressure _

Water content

AP water circuit (AT 10°C)
AP fumes circuit

Heating supply (al)

Heating return (al)

Boller drain (a3)
_Hains supply

‘Waeight

Packaging

S|§95@’.ii—dix:ux.g

EXA boiler with PAC S heater

EXA 20 27 17

PAC § heater 80 120 80 120 120
Peak delivery over first 10 minutes |. 135 210 140 215 220
Conti supply (AT 30°C) 1A 665 655 816 900 1000
Reset time (AT 30°C) _ min._ 7 85 65 8 75

Coil inlet temperature 85°C; coil outlet temperature 70°C; hot water inlet temperature Te 10°C: hot water outlet temperature Tu 40°C:
storage temperature §0°C

Peak delivery: this is the delivery that the heater is able to provide over the first 10 minutes of output. until 2 minimum water outflow
remperature of 25°C is reached

Reser this it the time neceisary o raie the emperature of the water in the or from 10°C to 40°C (AT=30°C)

CALORECLIMA
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Appendix (13)

Burner Data Sheet For Diesel Boiler

ECO 3 IR 5 5R ] 12
Heat input kgh 14 1.2 15 6 3 4
3 3 5 5 85 73
Heat output kw 16,6 14,2 296 308 356 474
kW 356 356 59,3 59.3 100.8 866
keal/h 14.300 12200 25.500 26.500 30.600 40.800
kcallh 30.600 30.600 51.000 51.000 86.700 74.500
Toul sbiorbed power_W ) %0 0 400 B ]
Motor 2800 rpm w 100 100 100 100 0 100
Preheater Rl iE 110 - 110 - -
_Weight kg 10.5 107 13 10,8 13 125
_Packaging mm. 450x340x310 | 550x280x370 | 450x340x310
Pawer supply 230V - 50 Hz
Fuel Light oll - Max. viscosity at 20°C: | 5" = 6¢5t = 41 sec.R|

mbar PA
2,5 =250

o
i
1

Combustion chamber pressure
L

o
1

&
>

ECO3-3R-5-5R-712 ECO8
D 2H
A B c min. max E @F [=1] min, max I
ECO3-3R 250 215 320 - 90 160 80 a5 135 160 M8
ECO5-5R 280 247 342 - 90 195 80 85 135 160 M8
ECO @ 230 285 465 60 120 m 89 95 90 140 M8
ECO2 280 247 410 40 140 195 0 95 135 160 M8
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Appendix (14)

Air Conditioner Data

- Cooling

Heating

Cop cooling
Cop heating

i |y |

.-. el

r.H:rh_n{n
BT
AT P RS

=T v e T
AT THEN
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Appendix (15)

Data taken during tests

Testing mood

Date: 12/06/2011

Location : welding Lab

T room= 26

Water ( 70 cmx50cmx30cm)

Cooling

Time P ev. In(ps|Pev out(Psi) |TievC ToevC [TwC I(A) V(V) [P(kw)
10:01 550 550 -5.9 20.2 26 1.63| 220| 0.2869
10:03 350 350 -3.4 22.9 26 1.67| 220| 0.2939
10:05 400 380 -4.2 22.3 26 1.75] 220| 0.308
10:07 400 380 2.4 21.3 26 1.77] 220| 0.3115
10:08 400 380 -1 20.8 27 1.82] 220| 0.3203
10:10 400 380 -0.7 20.4 30 1.84| 220| 0.3238
10:11 400 390 -1.2 19.1 27 1.87] 220| 0.3291
10:12 400 390 -0.5 17.8 30 1.9] 220] 0.3344
10:15 400 390 -0.7 16.9 29 1.89] 220]| 0.3326
10:20 400 390 -0.9 15.8 28 1.92|] 220]| 0.3379
10:25 400 390 -1 15.5 29 1.94] 220| 0.3414
10:30 400 390 -2 15.3 29 1.9] 220] 0.3344
10:35 400 390 -2 15.1 29 1.91 220| 0.3362
10:40 400 390 -2 14.9 29 1.93| 220]| 0.3397
10:45 400 390 -1.05 14.7 29 1.95] 220| 0.3432
10:50 400 390 -1.08 14.5 29 1.98| 220]| 0.3485
10:55 400 390 -1 14.3 29 1.98| 220| 0.3485
11:00 400 390 -1 14.1 29 1.98| 220]| 0.3485
11:05 400 390 -1 13.9 29 2.01 220| 0.3538|
11:10 400 390 -1 13.7 29 2.01 220 0.3538|
11:15 400 390 -1 13.5 29 2.03|] 220| 0.3573
11:20 400 390 -1 13.3 29 2.03| 220| 0.3573
11:25 400 390 -1.05 13.1 29 2.05| 220| 0.3608
11:30 400 390 -1.08 12.9 29 2.1 220| 0.3714
11:35 400 390 -1 12.7 30.05 2.1 220| 0.3714
11:40 400 390 -1 12.5 30 2.1 220| 0.3714
11:45 400 390 -1 12.5 30 2.1 220| 0.3714
11:50 400 390 -1 12.5 30.08 2.1 220| 0.4642
11:55 400 390 -1 12.5 30 2.1 220| 0.4642
12:00 400 390 -1 12.5 30 2.1 220| 0.4642
12:05 400 390 -1 12.5 30 2.1 220| 0.4642
12:10 400 390 -1 12.3 30 2.1 220| 0.4642
12:15 400 390 -1 12.2 30.08 2.1 220| 0.4642
12:20 400 390 -1 12.3 30.08 2.1 220| 0.4642
12:25 400 390 -1 12.3 30 2.1 220| 0.4642
12:30 400 390 -1.05 12.3 30 2.1 220| 0.4642
12:35 400 390 -1.08 12.3 29 2.1 220| 0.4642
12:40 400 390 -1 12.3 29.5 2.1 220| 0.4642
12:45 400 390 -1 12.3 30 2.1 220 0.4642
12:50 400 390 -1 12.3 30 2.1 220| 0.4642
12:55 400 390 -1 12.3 30 2.1 220 0.4642
13:00 400 390 -1 12.3 30 2.1 220| 0.4642
13:05 400 390 -1 12.3 30.08 2.1 220| 0.4642
13:10 400 390 -1.05 12.3 30 2.1 220| 0.4642
13:15 400 390 -1.08 12.3 29 2.1 220| 0.4642
13:20 400 390 -1 12.3 30 2.1 220| 0.4642
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Date: 13/06/2011 Table () Location : welding Lab

T room= 26

Water ( 70 cmx50cmx30cm)

Cooling

Time P ev. In(ps|Pevout(Psi) [TievC [ToevC |TwC I(A) V(V) [P(kw)
9:05 550 550 -2.5 18.5 24.4 1.63| 220( 0.2869
9:10 350 350 -2.5 23.9 24.4 1.67| 220( 0.2939
9:15 400 380 -4.3 23 25.4 1.75( 220 0.308
9:20 400 380 9 22.7 25 1.77)  220| 0.3115
9:25 400 380 -10.3 22.6 25.2 1.82| 220 0.3203
9:30 400 380 -7 22.1 26.5 1.84| 220| 0.3238
9:35 400 390 -1.2 22.2 26.6 1.87 220{ 0.3291
9:40 400 390 -6.5 21.9 27 1.9 220| 0.3344
9:45 400 390 -6.3 21.7 27.8 1.89] 220| 0.3326
9:50 400 390 -5.9 21.2 27.9 1.92| 220 0.3379
9:55 400 390 -5.9 21 28.2 1.94] 220| 0.3414
10:00 400 390 -5.3 20.1 28.8 1.9 220| 0.3344
10:05 400 390 5.2 19.6 29.1 1.91| 220( 0.3362
10:10 400 390 -5.1 18.4 28.9 1.93| 220( 0.3397
10:15 400 390 5.2 18.5 28.7 1.95| 220( 0.3432
10:20 400 390 5.2 19 28.5 1.98| 220| 0.3485
10:25 400 390 5.2 19.2 28.3 1.98| 220( 0.3485
10:30 400 390 -5.2 18.8 28.1 1.98| 220( 0.3485
10:35 400 390 -5.2 18.6 27.9 2.01] 220] 0.3538
10:40 400 390 -5.1 18.6 21.7 2.01] 220] 0.3538
10:45 400 390 5 18.7 27.5 2.03| 220] 0.3573
10:50 400 390 5.2 18.4 27.3 2.03] 220] 0.3573
10:55 400 390 -5.1 18.3 271 2.05| 220| 0.3608
11:00 400 390 5 18.3 26.9 211 220| 0.3714
11:05 400 390 -5.3 18.4 26.7 211 220| 0.3714
11:10 400 390 -5.3 18.4 26.5 211 220| 0.3714
11:15 400 390 -5.2 18.4 26.5 211 220| 0.3714
11:20 400 390 -5.1 18.4 26.5 2.11| 220| 0.4642
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Date: 14/06/2011 Table () Location : welding Lab

T room= 25

Water ( 70 cmx50cmx30cm)

Cooling

Time P ev. In(ps|Pev out(Psi) |TievC  |ToevC [TwC I(A) V(V) |P(kw)
8:00 550 550 -2.5 18.5 24.4 1.63| 220{ 0.2869
8:15 350 350 -2.5 23.9 24.4 1.67| 220{ 0.2939
8:30 400 380 4.3 23 25.4 1.75( 220 0.308
8:45 400 380 -9 22.7 25 1.77|  220{ 0.3115
9:00 400 380 -10.3 22.6 25.2 1.82| 220{ 0.3203
9:15 400 380 -7 22.1 26.5 1.84| 220{ 0.3238
9:30 400 390 -1.2 22.2 26.6 1.87|  220{ 0.3291
9:45 400 390 -6.5 21.9 27 1.9 220| 0.3344
10:00 400 390 -6.3 21.7 21.8 1.89| 220{ 0.3326
10:15 400 390 -5.9 21.2 21.9 1.92| 220{ 0.3379
10:30 400 390 -5.9 21 28.2 1.94| 220{ 0.3414
10:45 400 390 -5.3 20.1 28.8 1.9 220| 0.3344
11:00 400 390 -5.2 19.6 29.1 1.91|  220{ 0.3362
11:15 400 390 -5.1 18.4 28.9 1.93| 220{ 0.3397
11:30 400 390 -5.2 18.5 28.7 1.95 220{ 0.3432
11:45 400 390 -5.2 19 28.5 1.98| 220{ 0.3485
12:00 400 390 -5.2 19.2 28.3 1.98| 220{ 0.3485
12:15 400 390 -5.2 18.8 28.1 1.98| 220{ 0.3485
12:30 400 390 -5.2 18.6 21.9 2.011 220 0.3538
12:45 400 390 -5.1 18.6 21.7 2.011 220 0.3538
13:00 400 390 -5 18.7 21.5 2.03| 220 0.3573
13:15 400 390 -5.2 18.4 21.3 2.03| 220 0.3573
13:30 400 390 -5.1 18.3 211 2.05] 220 0.3608
13:45 400 390 -5 18.3 26.9 2.1 220( 0.3714
14:00 400 390 -5.3 18.4 26.7 2.1 220( 0.3714
14:15 400 390 -5.3 18.4 26.5 2.1 220( 0.3714
14:30 400 390 -5.2 18.4 26.5 2.1 220( 0.3714
14:45 400 390 -5.1 18.4 26.5 211 220 0.4642
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Date: 15/06/2011 Table () Location : welding Lab

T room= 27

Water ( 70 cmx50cmx30cm)

Cooling

Time P ev. In(ps|Pevout(Psi) [TievC [ToevC |[TwC I(A) V(V) [P(kw)
8:30 550 550 2.5 18.5 24.4 1.63[ 220| 0.2869
8:45 350 350 2.5 23.9 24.4 1.67( 220 0.2939
9:00 400 380 -4.3 23 254 1.75( 220 0.308
9:15 400 380 -9 22.7 25 1.77( 220| 0.3115
9:30 400 380 -10.3 22.6 25.2 1.82| 220( 0.3203
9:45 400 380 -7 221 26.5 1.84| 220| 0.3238
10:00 400 390 -1.2 22.2 26.6 1.87| 220| 0.3291
10:15 400 390 6.5 21.9 27 1.9 220( 0.3344
10:30 400 390 6.3 21.7 27.8 1.89[ 220| 0.3326
10:45 400 390 5.9 21.2 27.9 1.92( 220( 0.3379
11:00 400 390 5.9 21 28.2 1.94( 220| 0.3414
11:15 400 390 5.3 201 28.8 1.9] 220| 0.3344
11:30 400 390 5.2 19.6 291 1.91| 220| 0.3362
11:45 400 390 -5.1 18.4 28.9 1.93| 220( 0.3397
12:00 400 390 5.2 18.5 28.7 1.95[ 220| 0.3432
12:15 400 390 5.2 19 28.5 1.98| 220| 0.3485
12:30 400 390 5.2 19.2 28.3 1.98| 220| 0.3485
12:45 400 390 5.2 18.8 28.1 1.98| 220| 0.3485
13:00 400 390 5.2 18.6 27.9 2.01| 220| 0.3538
13:15 400 390 -5.1 18.6 21.7 2.01| 220| 0.3538
13:30 400 390 -5 18.7 275 2.03| 220| 0.3573
13:45 400 390 5.2 18.4 27.3 2.03| 220| 0.3573
14:00 400 390 -5.1 18.3 271 2.05| 220| 0.3608
14:15 400 390 -5 18.3 26.9 211 220| 0.3714
14:30 400 390 5.3 18.4 26.7 211 220| 0.3714
14:45 400 390 5.3 18.4 26.5 2.11| 220| 0.3714
15:00 400 390 5.2 18.4 26.5 2.11| 220| 0.3714
15:15 400 390 5.1 18.4 26.5 2.11| 220| 0.4642
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Date: 16/06/2011 Table () Location : welding Lab

T room= 27

Water ( 70 cmx50cmx30cm)

Cooling

Time P ev. In(ps|Pevout(Psi) [TievC |ToevC |TwC I(A) V(V) [P(kw)
8:30 550 550 2.5 18.5 24.4 1.56 222| 0.2771
8:45 350 350 2.5 23.9 24.4 1.67] 220 0.2939
9:00 400 380 4.3 23 254 1.75] 220 0.308
9:15 400 380 -5.9 21 28.2 1.94( 220| 0.3414
9:30 400 380 -5.3 20.1 28.8 1.9 220| 0.3344
9:45 400 380 5.2 19.6 29.1 1.91] 220( 0.3362
10:00 400 380 -5.1 18.4 28.9 1.93| 220| 0.3397
10:15 400 380 5.2 18.5 28.7 1.95| 220| 0.3432
10:30 400 380 -5.2 19 28.5 1.98[ 220| 0.3485
10:45 400 380 -5.2 19.2 28.3 1.98[ 220| 0.3485
11:00 400 380 5.2 18.8 28.1 1.98] 220( 0.3485
11:15 400 380 -5.2 18.6 27.9 2.01| 220| 0.3538
11:30 400 380 -5.1 18.6 21.7 2.01| 220| 0.3538
11:45 400 380 -5 18.7 27.5 2.03| 220| 0.3573
12:00 400 380 5.2 18.4 27.3 2.03| 220| 0.3573
12:15 400 380 -5.1 18.3 271 2.05| 220| 0.3608
12:30 400 380 -5 18.3 26.9 2.11| 220| 0.3714
12:45 400 380 -5.3 18.4 26.7 211 220| 0.3714
13:00 400 380 5.3 18.4 26.5 211 220| 0.3714
13:15 400 380 5.2 18.4 26.5 211 220| 0.3714

04/07/2011|H water 28 cm

Time Pin ev Pout ev Tin ev Toev Tw T4 comp |l v
9:00 18 18 20.4 18.5 24.4 13 0 220
9:05 21 22 -2.5 23.9 24.4 20.7( 1.63 220
9:10 25 25 4.3 23 25 351 1.67 220
9:15 30 30 -9 22.7 25.2 59.5| 1.75 220
9:20 33 33 -10.3 22.6 25.5 64.2| 1.77 220
9:25 35 35 -7 221 26.5 74.8| 1.82 220
9:30 39 39 -7.2 22.2 26.6 771 1.84 220
9:35 40 40 6.3 21.9 27 84.5| 1.9 220
9:40 40 40 6.3 21.7 27.8 88.3] 1.89 220
9:45 40 40 -5.9 20.1 28.2 93.8| 1.94 220
9:50 40 40 -5.3 19.6 28.8 95.7( 1.9 220
9:55 40 40 -5.2 18.4 29.1 97.2| 1.9 220
10:00 40 40 -5.2 17.9 29.2 97.9] 1.93 220

05/07/2011
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Time Tin ev Toev T3w T4 comp |Pinev  [Poutev
10:25 2.1 19.3 26 36.5 7 77 29 220 0.8
10:35 3.1 18 28.3 49.8 7 71 29 220 0.8
10:40 5.3 14.9 30.3 58.3 7.1 77 29 220 0.8
10:45 8.6 1.1 32.6 61.9 71 74 29| 216| 0.8
10:50 11.2 11.3 33.7 62.5 71 71 29 216( 0.8
10:55 1.1 1.1 35.1 64.2 71 71 2.91 216( 0.8
11:00 9.7 11.5 38 66.2 71 71 292 216| 0.8
11:10 10.6 11.3 41 66.5 71 71 297 216| 0.8
11:15 10.3 11.3 42.1 66.3 71 71 3.07f 216| 0.8
11:20 10.3 1.7 44.3 65.9 71 7.1 3.15 216( 0.8
11:25 11.3 12.3 45.7 66.6 7.1 71 3.22 216| 0.8
11:30 11.5 11.5 46.9 67.3 71 7.05| 3.23] 216| 0.8
11:32 1.7 12.5 47.2 67.3 7.1 71 3.23] 216| 0.8
11:35 11.8 12.5 48.6 67.8 71 71 3.33] 216| 0.8
11:37 11.6 13.3 50.1 68.1 71 71 3.38 216| 0.8
11:45 12.5 12.5 52.5 68.3 7.1 7] 3.48[ 216| 0.8
12:13 1.1 14.8 61.8 74.8 71 7 4/ 216( 0.8
12:16 10 15 63.2 75.1 71 71 411 216( 0.8
15238.61
07/07/2011|Tin ev Toev T3w T4 comp [Pinev |Poutev

0:00 26.2 271 27.2 27.3 14 14 3| 214/ 0.8
1:05 37.5 50 27.2 26.6 14 14| 4.58| 214| 0.8
1:10 45.5 54.6 27.3 26.4 14 14| 4.6 214/ 0.8
1:15 52 58 27.3 245 14 14| 4.89] 214]| 0.8

0.8
1:18 3.6 18.7 271.2 54 7 71 212 214{ 0.8
1:20 7.5 19.5 28.1 57 71 7] 225 214( 038
1:25 7.8 16.3 30.5 59.9 71 74 237 214| 0.8
1:30 9.1 13.8 32.5 62.3 7.1 7| 245 214[ 0.8
1:33 8.8 14 34.4 63.4 7.1 7] 254 214/ 0.8
1:43 9.6 14.2 37.6 64.6 7.1 7] 2.66| 214 0.8
1:46 10.1 14.6 38.6 65.3 7.1 741 272 214 0.8
1:50 10 14.5 39.5 65.7 71 70 2771  214[ 0.8
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