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ABSTRACT

Geothermal Heat pump is a new technology in A/C Systems in the world. The
aim of this project is to describe the procedure of design and installation of a geothermal
heatpump in PalestineHeat pump-has been changed and designed to a geothermal heat

pump system for the first time in Palestine.

Local.-climate conditions and soil properties of Jerusalem, located at the Mid of
Palestine, were used to design the geothermal coil. The coil was connected to the heat
pump, and coefficient of performance (COP cooling) and (COP heating) are to be

calculated and predicted for the local conditions available.
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Chapter One

Introduction

1.1 General Outlook of Geothermal Heat Pump

- Maintaining a-comfortable temperature inside a building can require a
significant amount of energy. Separatc heating and cooling systems are often used to
maintain the desired air temperature, and the energy required to operate these
systems generally comes from electricity, fossil fuels, or biomass. Considering that
46% of sun’s energy is absorbed by the earth as shown in Figure 1.1, another option
is to use this abundant energy to heat and cool a building. In contrast to many other
sources of heating and cooling energy which need to be transported over long

distances, Earth Energy is available on-site, and in massive quantities. [9]

SUN
1 9%
ENERGY ABSORBED BY &%
VAPOUR, OZONE, DUST, ETC. P &) ENERGY DISFERSED
IN THE ATMOSPHERE
17 %
4% i , ENERGY REFLECTED
ENERGY ABSORBED ] BY CLOUDS
BY CLOUDS
6%
ENERGY REFLECTED
BY THE EARTH 5 SURTACE
A6G%
ENERGY ABSORBED
BY THL EARTH

Figure 1.1: Solar Energy Distribution.



Because the ground transports heat slowly and has a high heat storage
capacity, its temperature changes slowly—on the order of months or even years,
depending on the depth of the measurement. As a consequence of this low thermal
conductivity. the soil can transfer some heat from the cooling season to the heating
season, heat absorbed by the earth during the summer effectively gets used in the
winter .This yearly, continuous cycle between the air and the soil temperature results

in a thermal energy potential that can be harnessed to help heat or cool a building. [9]

Another thermal characteristic of the ground is that a few meters of surface
soil insulate the earth and groundwater below, minimizing the amplitude of the
variation in soil temperature in comparison with the temperature in the air above the
ground. This thermal resistivity fluctuations further helps in shifting the heating or
cooling load to the season where it is needed. The earth is warmer than the ambient

air in the winter and cooler than the ambient air in the summer.

This warm earth and groundwater below the surface provides a free
renewable source of energy that can easily provide enough energy year-round to heat
and cool an average suburban residential home, for example. A Ground-Source Heat
Pump (GSHP) transforms this Earth Energy into useful energy to heat and cool
buildings. It provides low temperature heat by extracting it from the ground or a
body of water and provides cooling by reversing this process. Its principal
application is space heating and cooling, though many also supply hot water, such as
for domestic use. It can even be used to maintain the integrity of building
foundations in permafrost conditions; by keeping them frozen through the summer.

[]

A heat pump is used to concentrate or upgrade this free heat energy from the
ground before distributing it in a building through conventional ducts. It operates
much as a refrigerator or conventional air conditioning system in that it relies on an

external source of energy - typically electricity - to concentrate the heat and shift the



temperature. Typically. each kilowatt (kW) of electricity used to operate a GHP
system draws more than 3 kW of renewable energy from the ground. Heat pumps
typically range front 3.5 to 35 kW im cooling capacity (about 1 to 10 refrigeration
tons). and a single unit is generally sufficient for a house or a small commercial
building. For larger commercial, institutional or industrial buildings, multiple heat

pumps units will often be employed. [9]

Since a GSHP system does not directly create any combustion products and
because it draws additional free energy from the ground (See Figure 1.2). it can
actually produce more energy than it uses .Because of this, GHP efficiencies
routinely average 200 to 500% over a season. GHP systems are more efficient than
air-source heat pumps, which exchange heat with the outside air, due to the stable,
moderate temperature of the ground. They are also more efficient than conventional
heating and air-conditioning technologies, and typically have lower maintenance
costs. They require less space, especially when a liquid building loop replaces
voluminous air ducts, and are not prone to vandalism like conventional rooftop units.
Peak electricity consumption during cooling season is lower than with conventional

air-conditioning, so utility demand charges may be also reduced. [9]

For the above reasons, significant energy savings can be achieved through the
use of GSHPs in place of conventional air-conditioning systems and air-source heat
pumps .Reductions in energy consumption of 30% to 70% in the heating mode and
20% to 50% in the cooling mode can be obtained. Energy savings are even higher
when compared with combustion or electrical resistance heating systems. This
potential for significant energy savings has led to the use of GHPs in a variety of

applications.
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Figure 1.2: GHP System - The Horizontal Burial of an Earth Connection (Heat

Exchanger).

Today, GSHP systems are one of the fastest growing applications of
renewable energy in the world, with most of this growth happening in USA and
Europe, but also in other countries such as Japan and Turkey. By the end of 2004, the
worldwide installed capacity was estimated at almost 12 GWh with an annual energy
use of 20 TWh. Today, around one million GSHP system units have been installed
worldwide. and annual increases of 10% have occurred in about 30 countries over

the past 10 years. [9]

In the USA alone, over 50,000 GSHP units are sold each year, with a
majority of these for residential applications. It is estimated that a half million units
are installed, with 85% closed-loop earth connections (46% vertical, 38% horizontal)

and 15% open loop systems (groundwater) . [9]



1.2 Project Outline

The project is divided up in 5 chapters; the chapters follow each other
logically to get the complete idea about the project. Chapter 1; Provides an
introduction about the project and some historical information about the Geothermal
Heat -Pump, Chapter 2; Tt talks about normal heat pump air source heat pump.
Chapter 3; It talks about geothermal energy. Chapter 4; It talks about geothermal heat
pump system. And Chapter 5: Design and calculations.

1.3 The Objectives and Scope

.- This study deals with the modeling of vertical closed-loop, geothermal heat
pump systems. Fhe—ehallenges assoctated with the design of these systems were
discussed in the previous section. A considerable amount of research in the past
decade has been geared toward optimizing the performance of these types of systems

and this study is part of those efforts.

1.4 History of Geothermal Heat Pump

Ground source heat pump technology is the wave of the future, but
the concept isn’t new at all. In fact, Lord Kelvin developed the concept of
the heat pump in 1852. In the late 1940’s, Robert C. Webber, a cellar
inventor, was experimenting with his deep freezer. He dropped the
temperature in the freezer and touched the outlet pipe and almost burned his
hand. He realized heat was being thrown away, so he ran outlets from his
freezer to his boilers and provided his family with more hot water than they
could use! There was still wasted heat, so he piped hot water through a coil

and used a small fan to distribute heat through the house to save coal. Mr.



Webber was so pleased with the results that he decided to build a full size
heat pump to generate heat for the entire home. Mr. Webber also came up
with the idea to pump heat from underground, where the temperature doesn’t
vary much throughout the year. Copper tubing was placed in the ground and
Freon gas ran through the tubing to gather the ground heat. The gas was
condensed in the cellar, gave off its heat and forced the expanded gas to go
through the ground coil to pick up another load. Air was moved by a fan and
distributed into the home. The next year, Mr. Webber sold his old coal
furnace.

In the forties, the heat pump was known for its superior efficiency. The
efficiency was especially useful in the seventies. The Arab oil embargo awakened
conservation awareness and launched interest in energy conservation despite cheap
energy prices. That is when Dr. James Bose, professor at Oklahoma State University,
came across the heat pump concept in an old engineering text. Dr. Bose used the
ideas-to help a homeowner whose heat pump was dumping scalding water into his
pool. Dr. Bose fashioned the heat pump to circulate the water through the pipes
instead of dumping the water into the pool. This was the beginning of the new era in
geothermal systems.-Dr. Bose returned to Oklahoma State University and began to
develop his idea. Since then, Oklahoma has become the center of ground source heat
pump research and development. The International Ground Source Heat Pump
Association was formed in Oklahoma, and is based on the campus of Oklahoma

State University, where Dr. Bose severs as executive director.

1.5 Time Table

The time of the introduction to project is scheduled over 18 week; table 1.2

shows how the work scheduled over these weeks:



Table 1.1 Project time-schedule for first semester

process

T [ Week

r__.__

N

10

11

13

14

15

16

17

18

Identificati
on of the
project

Writing

chl

Writing

ch2

Writing
ch3

Writing
ch4

Writing
chS

Printing
and

finishing

The
preparatin
of
discussion
and
Printing
Project




Table 1.2 Project times- Schedule in the second semester

Week

process

Calculate
heating and |
cooling  lodes
for the balding

Design the GHP

system

Examination of
results

Writing

Documentation

Printing the
final copy of
the project

Document




1.6 Budget

The budget of the project includes printing costs and local study and survey.

The following table shows the estimated cost of each one.

Table (3.1) Budget

Fquipment . “Cost(NIS) Total (NIS)
Using the internet 100 =
Transportation 400 =

Printmg papers " 150 =

Printing the final copy of | 350 =

chapters

1000

10
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Chapter Two
Heat Pump

2.1 Introduction

If you are exploring the heating and cooling options for a new house or
looking for ways to reduce your energy bills, you may be considering a heat pump. A
heat pump can provide year-round climate control for your home by supplying heat

to it in the winter and cooling it in the summer. Some types can also provide

supplementary hot water heating.

In general, using a heat pump alone to meet all your heating needs will not be
economical. However, used in conjunction with a supplementary form of heating,
such as an oil, gas, or electric furnace, a heat pump can provide reliable and
economic heating in winter and cooling in summer. If you already have an oil or

electric heating system, installing a heat pump may be an effective way to reduce

your energy costs. [11]

Nevertheless, it is important to consider all the benefits and costs before
purchasing a heat pump. While heat pumps may have lower fuel costs in comparison
with conventional heating systems, they are more expensive to buy. It is important to
carefully weigh your anticipated fuet savings against the initial cost. It is also
important to realize that heat pumps will be most economical when used all year

round. Investing in a heat pump will make more sense if you are interested in both

summer cooling and winter heating. [11]

12



2.2 What Is A Heat Pump And How Dose It Work?

A heat pump is an electrical device that extracts heat from one place and
transfers it to another. The heat pump is not a new technology: it has been used in
Palestine and around the world for decades. Refrigerators and air conditioners are

both common examples of heat pumps. [9]

Heat pumps transfer heat by circulating a substance called a refrigerant
through a cycle of alternating evaporation and condensation (see Figure 2.1). A
compressor. pumps the refrigerant between two heat exchanger coils. In one coil, the
refrigerant is evaporated at low pressure and absorbs heat from its surroundings. The
refrigerant is then compressed en route to the other coil, where it condenses at high

pressure. At this point, it releases the heat it absorbed earlier in the cycle. [9]

Compressor

Low=-Pressure,
Low-Temperature Vapour

High-Pressure, 40
High-Temperature Vapour 48

-

1-‘-—--_1

=

Condenser Evaporator

Low=Pressure,
Low-Temperature Liquid

High-Pressure,
High-Temperature Liquid

Expansion Valve

Figure 2.1: Basic Heat Pump Cycle

Refrigerators and air conditioners are both examples of heat pumps operating

only in the cooling mode. A refrigerator is essentially an insulated box with a heat

&



pump system connected to it. The evaporator coil is located inside the box, usually in
the freezer compartment. Heat is absorbed from this location and transferred outside,
usually behind or underneath the unit where the condenser coil is located. Similarly,

an air conditioner transfers heat from inside a house to the outdoors. [9]

The air-source heat pump absorbs heat from the outdoor air in winter and

rejects heat into outdoor air in summer.
2.3 Heat Pump Components

The Refrigerant is the substance which circulates through the heat pump,

alternately absorbing, transporting, and releasing heat.

=  The Reversing Valve controls the direction of flow of the refrigerant in the

heat pump.

= A Coil is a loop, or loops, of tubing where heat transfer takes place. The

tubing may have fins to increase the surface area available for heat exchange.

=  The Evaporator is a coil in which the refrigerant absorbs heat from its
surroundings and boils to become a low temperature vapour. As the
refrigerant passes from the reversing valve to the compressor, the
accumulator collects any excess liquid that didn’t vaporize into a gas. Not all

heat pumps, however, have an accumulator.

» The Compressor squeezes the molecules of the refrigerant gas together,

increasing the temperature of the refrigerant.

= The Condenser is a coil in which the refrigerant gives off heat to its

surroundings and becomes a liquid.

14



*  The Expansion Device releases the pressure created by the compressor. This
causes the temperature to drop, and the refrigerant becomes a low-

temperature vapor/liquid mixture.

®=  The Plenum is an air compartment which forms part of the system for
distributing heated or cooled air through the house. It is generally a large

compartment immediately above the heat exchanger.

2.4 How Daoes an Air-Source Heat Pump Work?

The air-source heat pump has three cycles: the heating cycle, the cooling

cycle. and the defrost cycle.

2.4.1 The Heating Cycle

During the heating cycle, heat is extracted from outdoor air and pumped

indoors (see Figure 2.2).

= First, the liquid refrigerant passes through the expansion device, changing to
a low-pressure liquid/vapor mixture. It then goes to the outdoor coil, which
acts as the evaporator coil. The liquid refrigerant absorbs heat from the

outdoor air and boils, becoming a low-temperature vapor. [9]
= The reversing valve sends this vapor to the accumulator, which collects any
remaining liquid before the vapor passes to the compressor. The vapor is then

compressed, reducing its volume and causing it to heat up. [9]

®  Finally, the reversing valve sends the gas, which is now hot, to the indoor

coil, which acts as the condenser. The heat from the hot gas is transferred to

15



the indoor air, causing the refrigerant to condense into a liquid. This liquid

returns to the expansion device and the cycle is repeated. [9]

LowsPressure,
Low-Temperatura Vapouw

Reversing Valve High=Pressure,
] = g High=Temperatura Yapour

Rofrgeram Absorbs
| fgar from Ay

: § and Boils 10 Vapour 4

Inside Cail

Compressor

"\
‘ % Gg’ Wann inside Air
7

Rafrigeranr Rolcases
Hea! 1o Air and Reluris
6 3 { fquid State
Expansion Device
{.—

Low=Pressurn,
Low=Temperature Liquid

High=Pressure,
High=Temperature Liguid

Figure 2.2: Components of an Air-source Heat Pump (Heating Cycle)

The ability of the heat pump to transfer heat from the outside air to the house

depends on the outdoor temperature. As this temperature drops, so does the ability of
the heat pump to absorb heat (the unit’s capacity)?

At the outdoor ambient balance point temperature, the heat pump’s capacity

is equal fo the heatdess of the house. Below this outdoor ambient temperature, the

heat pump cannot supply all the heat required to keep the living space comfortable,
and supplementary heaters must be used. [12]

16



When the heat pump is operating in the heating mode without any
supplementary heat, the air leaving it will be cooler than air leaving a furnace.
Furnaces generally deliver air to the living space at between 55°C and 60°C. Heat

pumps provide air in larger quantities at about 29°C to 43°C.

2.4.2 The Cooling Cycle

The cycle described above is reversed to cool the house during the summer.

The unit takes heat out of the indoor air and dumps it outside (see Figure 2.3).

As in the heating cycle, the liquid refrigerant passes through the expansion
device, changing to a low pressure liquid/vapor mixture. It then goes to the
indoor coil, which acts as the evaporator. The liquid refrigerant absorbs heat

from the indoor air and boils, becoming a low-temperature vapor. [9]

= The reversing valve sends this vapor to the accumulator, which collects any
remaining liquid, and then to the compressor. The vapor is then compressed,

reducing its volume and causing it to heat up. [9]

= Finally, the reversing valve sends the gas, which is now hot, to the outdoor
coil, which acts as the condenser. The heat from the hot gas is transferred to
the outdoor-air causing the refrigerant to condense into a liquid. This liquid

returns to the expansion device and the cycle is repeated. [9]

17



2 ¥ High=Pressure,
gk S High=Temperature Vapour
_—

/N | Reversing Valve Low-Pressure,
. J——— = Low=Temparature Vapour

& FanE

Inside Coil

* Cool fnsila Air

Hafrigarant Absorlis
Hzat from A and
finils 1o Vapour

‘3-.‘ Aofugarant Anlpases L
7 \ Hear jo Duiside hn - B
“ \% and fglums {o B
' a tiquird State

ANNNANY

Campresser

Expansion Device

- -
: i
High-Pressure, Low=Pressure,
High=Temperature Liguid Low-Temperature Liguid

Figure2.3: Components of an Air-source Heat Pump (Cooling Cycle)

During the cooling cycle, the heat pump also dehumidifies the indoor air.
Moisture in the air passing over the indoor coil condenses on the coil’s surface and is
collected in a pan at the bottom of the coil. A condensate drain connects this pan to

the house drain.

2.4.3 The Defrost Cycle

If the outdoor temperature falls to near or below freezing when the heat pump
is operating in the heating mode, moisture in the air passing over the outside coil will
condense and freeze on it. The amount of frost build-up depends on the outdoor

temperature and the amount of moisture in the air. [11]
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This frost build-up decreases the efficiency of the coil by reducing its ability
to transfer heat to the refrigerant. At some point, the frost must be removed. To do
this, the heat pump will switch into the defrost mode. [12]

= First, the reversing valve switches the device to the cooling mode. This sends
hot gas to the outdoor coil to melt the frost. At the same time the outdoor fan,
which normally blows cold air over the coil, is shut off in order to reduce the

amount of heat needed to melt the frost. [9]

= While this is happening, the heat pump is dumping cool air into the house.
The supplementary heating system can be used to warm this air before it is
distributed throughout the house. [9]

One of two methods is used to determine when the unit goes into defrost

mode:

1- Demand-frost controls monitor airflow, refrigerant pressure, air or coil
temperature, and pressure differential across the outdoor coil to detect frost

accumulation on the outdoor coil. [9]

2- Time-temperature Defrost is started and ended by a preset interval timer or a
temperature sensor located on the outside coil. The cycle can be initiated every 30,

60, or 90 minutes depending on the climate and the design of the system. [9]

Unnecessary defrost cycles reduce the seasonal performance of the heat
pump. As a result, the demand-frost method is generally more efficient since it starts

the defrost cycle only when it is required. [11]
If the heat pump is all-electric, supplementary heat will be supplied by a

series of resistance heaters located in the main air-circulation space or plenum

downstream of the heat pump indoor coil. If the heat pump is an add-on unit (see

19



Figure 2.4). the supplementary heat will be supplied by a furnace . The furnace may
be electric. oil, natural gas, or propane. The indoor coil of the heat pump is located in

the air plenum. usually just above the furnace. [11]
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Figure 2.4: Add-On Heat Pump

2.5 Other Terms

There are several relative terms which help in more understanding and

analyzing the heating and cooling systems from among is:

=. A Btu/h, or British thermal unit per hour, A heat unit equal to the amount of

heat required to raise one pound of water one degree Fahrenheit. [8]
= Heating Degree Days are a measure of the severity of the weather. One

degree day is counted for every degree that the average daily temperature is

below the base temperature of 18°C. For example, if the average temperature
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on a particular day was 12°C, six degree days would be credited to that day.

The annual total is calculated by simply adding the daily totals. [9]

A Ton Refrigeration is a measure of heat pump capacity. One Ton

Refrigeration is equivalent to 3.5 kW or 12 000 Btu/h. [9]

The coefficient of performance (COP) is a measure of a heat pump’s
-efficiency. itis-determined by dividing the energy output of the heat pump by
the electrical energy needed to run the heat pump, at a specific temperature.
The higher the COP, the more efficient the heat pump. This number is

comparable to the steady-state efficiency of oil and gas-fired furnaces. [11]

The heating seasonal performance factor (HSPF) is a measure of the total
heat output in Btu of a heat pump over the entire heating season divided by
the fotal energy in watt hours it uses during that time. This number is similar
to the seasonal efficiency of a fuel-fired heating system and includes energy
for supplementary heating. Weather data characteristic of long-term climatic

conditions are used to represent the heating season. [9]

The energy efficiency ratio (EER) measures the steady state cooling
efficiency of a heat pump. It is determined by dividing the cooling capacity of
the heat pump in Btu/h by the electrical energy input in watts at a specific
temperature. The higher the EER, the more efficient the unit. [9]

The seasonal energy efficiency ratio (SEER) is a measurement of the
cooling efficiency of the heat pump over the entire cooling season. It is
determined by dividing the total cooling provided over the cooling season in
Btu by the total energy used by the heat pump during that time in watt hours.
The SEER is based on a climate with an average summer temperature of

28°C. [9]
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= The balance point is the temperature at which the amount of heating
provided by the heat pump equals the amount of heat lost from the house.
This is the point at which the heat pump meets the full heating needs of the
house. Below this point, supplementary heat is required. [11]

The economic balance point is the temperature at which the cost of heat
energy supplied by the heat pump equals the cost of heat supplied by a
supplementary heating system. [9]

2.6 Maintenance

Proper maintenance is critical to ensure that your heat pump operates
efficiently and has a long service life. You can do some of the simple maintenance
yourself, but you may also want to have a competent service contractor do an annual
inspection of your unit. The best time ta service your unit is at the end of the cooling

season, prior to the start of the next heating season.

= Filter and Coil maintenance has a dramatic impact on system performance
and service life. Dirty filters, coils, and fans reduce air flow through the
system. This reduces system performance, and can lead to compressor

damage if it continues for extended periods of time. [9]

Filters should be inspected monthly and cleaned or replaced as required by
the manufacturer’s instructions. The coils should be vacuumed or brushed clean at

regular intervals as indicated in the manufacturer’s instruction booklet, The outdoor

coil may be cleaned using a garden hose. [9]
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e The Fan should be cleaned and the fan motor should be lubricated annually
to ensure that it provides the airflow required for proper operation. The fan
speed should be checked at the same time. Incorrect pulley settings, loose fan

belts. or incorrect motor speeds can all contribute to poor performance. [9]

=  Ductwork should be inspected and cleaned as required to ensure that air
flow is not restricted by loose insulation, abnormal buildup of dust, or any

other obstacles which occasionally find their way through the grilles.

= Be sure that Vents and Registers are not blocked by furniture, carpets, or
other items that can block airflow. As noted earlier, extended periods of

inadequate airflow can lead to compressor damage.

You will need to hire a competent service contractor to do more difficult
maintenance such as checking the refrigerant level, and making electrical or

mechanical adjustments.

Service contracts are similar to those for oil and gas furnaces. But heat pumps
are more sophisticated than conventional equipment and, therefore, can have higher
average service costs. [9]

2.7 Life Expectancy and Warranties

Air-source heat pumps have a service life of between 15 and 20 years. The

compressor is the critical component of the system. [9]
Most heat pumps are covered by a one-year warranty on parts and labour, and

an additional five-year warranty on the compressor (for parts only). However,

warranties vary between manufacturers, so be sure to check the fine print.
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2.8 Operating Costs

The energy costs of a heat pump can be lower than those of other heating
systems. particularly of an electric system. However, the relative savings will depend
on whether you are currently using electricity, oil, propane, or natural gas, and on the
relative costs of different energy sources in your area. By running a heat pump, you
will use less gas or oil, but more electricity. If you live in an area where electricity is
expensive, or fuel is relatively inexpensive, your operating costs may be higher.
Depending on these factors, the payback period for investment in an air-source heat

pump could be anywhere from a few years to a decade or more. [9]

Later in this project, heating energy cost comparisons between air-source and

ground-source heat pumps.
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Chapter Three

Geothermal Energy

3.1 What Is Geothermal Energy?

The word.geothermal comes from the Greek words geo (earth) and thermal
(heat). So, geothermal energy is heat from within the earth. We can use the steam
and hot water produced inside the earth to heat buildings or generate electricity.

Geothermal energy is a renewable energy source because the water is replenished by

rainfall and the heat is continuously produced inside the earth.

3.2 How Have People Used Geothermal Energy In The Past?

- From earliest times, people have used geothermal water that flowed freely
from the earth's surface as hot springs. The oldest and most common use was, of
course, just relaxing in the comforting warm waters. But eventually, this "magic
water" was used (and still is) in other creative ways. The Romans for example, used
geothermal water to treat eye and skin disease and, at Pompeii, to heat buildings. As
early as 10,000 years ago, Native Americans used hot springs water for cooking and
medicine. For centuries the Maoris of New Zealand have cooked "geothermally,"

and, since the 1960s, France has been heating up to 200,000 homes using geothermal
water. [14]

3.3 Uses of Geothermal Energy

Some applications of geothermal energy use the earth's temperatures near the

surface, while others require drilling miles into the earth. The three main uses of

geothermal energy are:
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1) Direct Use and District Heating Systems: which use hot water from springs or
reservoirs near the surface.

2) Electricity generation: in a power plant requires water or steam at very high
temperature (300 to 700 degrees Fahrenheit). Geothermal power plants are generally
built where geothermal reservoirs are located within a mile or two of the surface.

3) Geothermal heat pumps: use stable ground or water temperatures near the earth's

surface to control building temperatures above ground.

3.3.1 Direct Use of Geothermal Energy

The direct use of-hot -water as an energy source has been happening since
ancient times. The Romans, Chinese, and Native Americans used hot mineral springs
for bathing, cooking and heating. Today, many hot springs are still used for bathing,

and many people believe the hot., mineral-rich waters have natural healing powers.

After bathing, the most common direct use of geothermal energy is for
heating buildings through district heating systems. Hot water near the earth's surface
can be piped directly into buildings and industries for heat. A district heating system
provides heat for 95 percent of the buildings in Reykjavik, Iceland. Examples of

other direct uses include: growing crops, and drying lumber, fruits, and vegetables.

3.3.2 Geothermal Power Plants

Geothermal power plants use hydrothermal resources which have two
common ingredients: water (hydro) and heat (thermal). Geothermal plants require
high temperature (300 to 700 degrees Fahrenheit) hydrothermal resources that may

come from either dry steam wells or hot water wells. We can use these resources by
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drilling wells into the earth and piping the steam or hot water to the surface.

GGeothermal wells are one to two miles deep. [15]

There are three basic types of geothermal power plants:

= Dry steam plants - use steam piped directly from a geothermal reservoir to
turn the generator turbines. The first geothermal power plant was built in

1904 in Fuseany, Italy at a place where natural steam was erupting from the
carth. [16]

.. Flash steam-plants - take high-pressure hot water from deep inside the earth
and convert it to steam to drive the generator turbines. When the steam cools,
it condenses to water and is injected back into the ground to be used over and

over again. Most geothermal power plants are flash plants. [16]

= Binary power plants - transfer the heat from geothermal hot water to another
liquid. The heat causes the second liquid to turn to steam which is used to

drive a generator turbine. [16]

3.3.3 Geothermal Heat Pumps

Animals have always known to burrow into the earth, where the temperature
is relatively stable compared to the air temperature, to get shelter from winter's cold
and summer's heat. People, too, have sought relief from bad weather in earth's caves.
Today, with geothermal heat pumps (GHP's), we take advantage of this stable earth
temperature - about 45 - 58 degrees F just a few feet below the surface - to help keep
our indoor temperatures comfortable. GHP's circulate water or other liquids through
pipes burted irra continuous loop (either horizontally or vertically) next to a building.

Depending on the weather, the system is used for heating or cooling. [14]

28



Geothermal heat pumps use the Earth's constant temperatures to heat and cool
buildings. They transfer heat from the ground (or water) into buildings in winter and

reverse the process in the summer.

Heating: Earth's heat (the difference between the earth's temperature and the colder
temperature of the air) is transferred through the buried pipes into the circulating

liquid and then transferred again into the building.

Cooling: During hot weather, the continually circulating fluid in the pipes 'picks up'

heat from the building - thus helping to cool it - and transfers it into the earth.

GHP's use very little electricity and are very easy on the environment.

In the U.S., the temperature mstde over 300,000 homes, schools and offices is
kept comfortable by these energy saving systems, and hundreds of thousands more
are used worldwide. The U.S. Environmental Protection Agency has rated GHP's as

among the most efficient of heating and cooling technologies. [15]

According to the U.S. Environmental Protection Agency (EPA), geothermal
heat pumps are the most energy-efficient, environmentally clean, and cost-effective
systems for temperature control. Although, most homes still use traditional furnaces
and air conditioners, geothermal heat pumps are becoming more popular. In recent
years, the U.S. Department of Energy along with the EPA have partnered with

industry to promote the use of geothermal heat pumps. [15]

3.4 What Parts Of The World Have Geothermal Energy?

=  For electricity and direct use: Geothermal reservoirs that are close enough
to the surface to be reached by drilling can occur in places where geologic

processes have allowed magma to rise up through the crust, near to the
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surface, or where it flows out as lava. The crust of the Earth is made up of
huge plates, which are in constant but very slow motion relative to one

another. Magma can reach near the surface in three main geologic areas:

where Earth's large oceanic and crustal plates collide and one slides beneath

another, called a subduction zone The best example of these hot regions

_ around plate margins is the Ring of Fire -- the areas bordering the Pacific

12
L]

Ocean: the South American Andes, Central America, Mexico, the Cascade
Range of the U.S. and Canada, the Aleutian Range of Alaska, the Kamchatka

Peninsula of Russia, Japan, the Philippines, Indonesia and New Zealand. [16]

spreading centers, where these plates are sliding apart, (such as Iceland, the
rift valleys of Affrica, the mid-Atlantic Ridge and the Basin and Range
Province in the U.S.). [16]

Places called hot spots-- fixed points in the mantle that continually produce
magma to the surface. Because the plate is continually moving across the hot
spot, strings-of volcanoes-are formed, such as the chain of Hawaiian Islands.
The countries currently producing the most electricity from geothermal

reservoirs are the United States, New Zealand, Italy, Iceland, Mexico, the

- Philippines, Indonesia and Japan, but geothermal energy is also being used in

many other countries. [16]

For geothermal heat pumps, use can be almost world-wide. The earth's
temperature a few feet below the ground surface is relatively constant
everywhere in the world (about 45 - 58 degrees F), while the air temperature
can change from summer to winter extremes. Unlike other kinds of
geothermal heat, shallow ground temperatures are not dependent upon
tectonic plate activity or other unique geologic processes. Thus geothermal

heat pumps can be used to help heat and cool homes anywhere.[14]
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Chapter Four

Geothermal Heat Pump System

4.1 Introduction

Geothermal heat pumps use the earth as a heat source or sink by means of a
circulating water loop. Mean earth temperatures are approximately 17.3°C in
Jerusalem City, resulting in excellent coefficients of performance. Since the heat
pump supplies both heating and cooling, only one appliance is needed to satisfy both
conditioning needs. No exterior equipment such as cooling towers or condensing
units is needed, nor is heating plants. Each heat pump unit can heat or cool at any
time, zoning is easy to accomplish and the part load performance is excellent.

Maintenance is simple and less costly than conventional fossil fuel and cooling tower

systems. [5]

Geothermal heat pumps are available from all major manufacturers and are

configured as water-to-air, water-to-water, and split equipment.

A geothermal heat pump moves heat into or out of the earth using water wells
or a network of high-density polyethylene pipes buried in horizontal trenches or

vertical boreholes.

- The pipes carry a heat transfer fluid usually comprised of water and
antifreeze, which is pumped through the ground loop and the circulated pump units
within the building. The heat transfer fluid extracts heat (heating mode) from the

earth surrounding the ground loop.
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The refrigeration system in the geothermal heat pump unit upgrades the heat,
which is then distributed throughout the building by way of ductwork or a hydronic

(hot water space heating) system. In a heat pump, the refrigeration system can also

work in reverse and provide cooling.

4.2 Benefits of Geothermal Heat Pump Systems

Geothermal heat pump systems allow for design flexibility and can be
installed in both new and retrofit situations. Because the hardware requires less space
than that needed by conventional HVAC systems, the equipment rooms can be
greatly scaled down in size, freeing space for productive use. GHP systems also

provide excellent "zone" space conditioning, allowing different parts of your home to

be heated or cooled to different temperatures.

Because GHP systems have relatively few moving parts, and because those
parts are sheltered inside a building, they are durable and highly reliable. The
underground piping often carries warranties of 25-50 years, and the heat pumps
often last 20 years or more. Since they usually have no outdoor compressors, GHPs
are not susceptible to vandalism. On the other hand, the components in the living
space are easily accessible, which increases the convenience factor and helps ensure

that the upkeep is done on a timely basis. [6]

Because they have no outside condensing units like air conditioners, there's
no concern about noise outside the home. A two-speed GHP system is so quiet inside

a house that users do not know it is operating: there are no tell-tale blasts of cold or

hot air.
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4.3 Geothermal Heat Pump System Components

A geothermal heat pump system requires the following three components to
provide healing and cooling for your building (see figure 4.1): a ground loop (buried
piping system); heat pump furnace units (inside the building); and a heating and

cooling distribution system.
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Figure 4.1: Main Components Geothermal Heat Pump System

1. An electric pump circulates a heat transfer fluid through a system of pipes, and
picks up heat from the earth (heating mode) or releases heat to it (cooling mode).

This process brings the heat transfer fluid to its required temperature as it enters the
heat pump unit to ensure the system will work as designed and achieve the desired

efficiency.

2. The heat transfer fluid is circulated through the heat pump unit where the

refrigeration system extracts or rejects heat from the fluid and delivers it to a fan coil.
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3. A distribution system is required throughout the building. In a forced air system. a
fan in the heat pump unit blows air over a fan coil and the heated or cooled air is
distributed through your ductwork to regulate the temperature in your building. In a
hydronic system, hot water is circulated through radiators or a system of in-floor

pipes to provide heat.

4.3.1 How does a Geothermal Heat Pump (GHP) system work?

A Geothermal Heat Pump system can work in heating only, cooling only and

heating/cooling configurations with providing domestic hot water as an option.

Cooling Mode Heating Mode
Supply Retumn Supply Refum
Air Rir i

Air Air

»

T R TR

Figure 4.2: Geothermal Heat Pump cycle

4.3.1.1 Heating cycle

In the heating cycle, the heat collected from the ground is transferred to the

evaporator (see Figure 2) in which refrigerant boils to become a low-temperature
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vapor. The reversing valve directs the refrigerant vapor to the compressor. The vapor
is then compressed, which reduces its volume and causes it to heat up.
And. the reversing valve directs the now-hot gas to the condenser coil, where it gives
up its heat to the distribution system which delivers the heat to the home. Having
given up its heat, the refrigerant passes through the expansion device, where ifs

temperature and pressure are dropped further before it returns to the evaporator to

begin the cycle again.

4.3.1.2 Cooling cycle

The cooling-eyele is basically the reverse of the heating cycle. The direction
of the refrigerant flow is changed by the reversing valve. The refrigerant picks up
heat from the house air and transfers it directly to the antifreeze or groundwater. The

heat is then pumped outside through the underground loop.

4.3.1.3 Domestic hot water

In some Geothermal Heat Pump systems, an additional heat exchanger.
sometimes called a "desuperheater", takes heat from the hot refrigerant after it leaves
the compressor. Water from the home's water heater is pumped through a coil ahead
of the condenser coil, in order that some of the heat that would have been dissipated
at the condenser is used to heat water. Excess heat is always available in the summer
cooling mode, and is also available in the heating mode during mild weather when
the heat pump is above the balance point and not working to full capacity. Other
Geothermal Heat Pump systems provide domestic hot water on demand: the whole

machine switches to providing domestic hot water when it is required.



4.4 Advantage and disadvantage of Geothermal Heat Pump

4.4.1 The advantage of a Geothermal Heat Pump (GHP) system over a

conventional Air Source heat pump system

A conventiomal air source heat pump system absorbs heat from the outdoor
air in winter and "dumps house" heat into outdoor air in summer. However, a
Geothermal Heat Pump system uses the earth or ground water or both as the sources
of heat in the winter. and as the "sink" for heat removed from the home in the
summer. Therefore, a Geothermal Heat Pump system would exceed a conventional

air source counterpart in respect of followings:

4.4.1.1 Durable & Reliable

A Geothermal Heat Pump is housed indoor and protected from harsh
elements and vandalism. Moreover, the earth loop, if installed properly, can be

expected to perform well for 50 years or more, and few moving parts like compressor

can last about 15 years or more.

4.4.1.2 Quiet

Because the completely self-contained, indoor equipment does not need

noisy, unsightly outside condensing unit, there's no concern about noise outside

the home



4.4.2 The advantage of a Geothermal Heat Pump (GHP) system over those

conventional heating systems such as fossil fuel furnace and electric heating

systems
4.4.2.1 Environmentally Friendly

Geothermal Heat Pump systems eliminate the combustion of fossil fuels on
site and dramatically lower the need to generate power - reducing the emission of
greenhouse gas and minimizing the environmental impact associated with

nonrenewable resource extraction.

4.4.2.2 Comfortable

_Compared with conventional heating and cooling systems, a Geothermal Heat
Pump system warms or cools air in smaller temperature rises and with a2 much more

uniform level of heat. As a result, homeowners notice a stable level of heat with no

peaks or troughs, less drafis, etc.

4.4.2.3 Safe

Because heat-pumps do not burn fossil fuels, there is no flame, no flue, no

odors and no risk of accumulations of the “silent killer”— carbon monoxide.

4.4.3 The Disadvantage of a Geothermal Heat Pump (GHP) System

The only disadvantage of a-Geothermal Heat Pump system is the high cost of

initial installation, including the cost of human resource, machine and other parts of
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the system. However, the capital cost of the installation can be offset by the energy

savings.

4.5 Types of Geothermal Heat Pump Systems

- There are four basic types of ground loop systems. Three of the horizontal,
vertical. and pond/lake are closed-loop systems. The fourth type of system is the
open=loop option. Which one of theses best depends on the climate, soil conditions.
available land, and local installation costs at the site. All of these approaches can be

used for residential and commercial building applications.

4.5.1 Closed-Loop Systems

4.5.1.1 Horizontal

This type of installation is generally most cost-effective for residential
installations, particularly for new construction where sufficient land is available (see
Fig: 4.3). It requires trenches at least four feet deep. The most common layouts either
use two pipes. one buried at six feet, and the other at four feet, or two pipes placed
side-by-side at five feet in the ground in a two-foot wide trench. The Slinky™
method of looping pipe allows more pipe in a shorter trench, which cuts down on

installation costs and makes horizontal installation possible in areas it would not be

with conventional horizontal applications.
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Figure 4.3: closed loop system Horizontal

4.5.1.2 Vertical

Targe commercial-buildings and schools often use vertical systems because the
land area required for horizontal loops would be prohibitive (see Figure 4.4).
Vertical loops are also used where the soil is too shallow for trenching, and they
minimize the disturbance to existing landscaping. For a vertical system, holes
(approximately four inches in diameter) are drilled about 20 feet apart and 100-
400 feet deep. Into these holes go two pipes that are connected at the bottom with
a U-bend to form a loop. The vertical loops are connected with horizontal pipe,

placed in trenches, and connected to the heat pump in the building.
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Figure 4.4: Closed loop system vertical

4.5.1.3 Pond/Lake

If the site has-am adequate water-body, this may be the lowest cost option (see
Figure 4.5 ). A supply line pipe is run underground from the building to the water
and coiled into circles at least eight feet under the surface to prevent freezing.
The coils should only Be placed in a water source that meets minimum volume,

depth, and quality criteria.

Closed Loop Systems
Pond/Lake

Figure 4.5: closed loop system Pond/ lake
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4.5.2 Open-Loop System

This type of systenruses well or surface body water as the heat exchange fluid that
circulates directly through the GHP system (see Figure 4.6). Once it has circulated
through the system, the water returns to the ground through the well, a recharge well.
or surface discharge. This option is obviously practical only where there is an
adequate supply of relatively clean water, and all local codes and regulations

regarding groundwater discharge are met.

| Opehrl_.;c.x_p. gystems

et 5 %5

Figure 4.6: Open loop system

In this project we have to design the vertical lope system because we haven’t large

area in Palestine.

4.6 Inside the Building

* Geothermal Heat Pump systems are a distributed system rather than a central
system.

* Energy is moved around the building efficiently with water rather than air.

The distributed nature of the Geothermal Heat Pump system contributes to its overall
efficiency. Thermal energy is primarily transported throughout the building with a
water loop. A heat pump in each space (zone) rejects or extracts heat from the loop to

maintain the desired temperature.
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Other systems circulate large volumes of air to provide space conditioning. A
central system may supply cooled air to all spaces, with individual spaces reheating
the air to maintain the desired temperature. Geothermal Heat Pump systems often
save on fan energy as they use many smaller fans to blow air through short ducts at
low pressure (e.g. typical fan energy use rate of 0.3 W/cfm). Other systems use

extensive duct systems that transport-air greater distances at a higher pressure (e.g.

energy use rate of 1.0 W/cfm).

In the schematic of a standard chiller/boiler variable air volume (VAV)
system, each room or zone can be heated or cooled independently. Cold air is
distributed throughout the building to each room. When room temperature is too

warm, a damper allows more cold air into the space.

When room temperature is too cold, the damper closes to its minimum
position. If the space is still too cold, a heating coil reheats the air supplied to the
room. When room temperature is at the desired level, some cold air is still introduced
to provide ventilation since the dampers are at the minimal position. As less air is

required in more rooms, the central fan slows to reduce the amount of energy used.

In an effort to reduce the amount of reheat at the zones, control systems often
increase the supply air temperature so the damper in at least one zone is almost fully
open. or the supply air temperature is reduced with lower outdoor temperature. The
supply air temperature reset reduces reheat energy use at the expense of additional

fan energy.

It is imperative that all the dampers operate well. Stuck dampers can drive the
entire system into using excessive amounts of both fan energy and reheat energy.
The VAV system supplies hot water to each room or zone, and provides chilled

water to each central air handler (see Figure 4.7). Cold air that is circulated
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throughout the building supplies cooling. A minimum amount of fresh air is

continuously introduced into the re-circulated air as the total air flow is reduced.
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Figure 4.7: VAV Chiller/Boiler Schematic

The Geothermal Heat Pump system is less complicated than the VAV system.
Heat pumps located in each room or zone simply heat or cool the space as needed by
conditioning the air circulated between the heat pump and the space. A fluid loop
connected to the ground heat exchanger circulates throughout the building, providing
the heat pumps with a source or sink for heat. Stopping flow through heat pumps that
are turned off, and reducing the speed of the pump, minimizes pumping energy on
the ground loop.

Fresh air is often introduced through a dedicated outdoor air system. This
system preconditions the outdoor air by recovering energy from the exhaust air
stream through a heat exchanger. A heat pump tempers the ventilation air to a neutral
condition before it is distributed to the heat pumps serving each room. Providing

ventilation air via a separate system ensures that the proper amount of fresh air is
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delivered 1o each space. There is no mixing of fresh air with re-circulated air until it

reaches the room heat pump.

This Geothermal Heat Pump air distribution system is smaller than the air
syslem in a conventional system because it contains no re-circulated air. Only the
required outdoor air-is delivered to each space. as opposed to a central VAV system
that often over-ventilates many zones. The fan energy is minimized because the air
can be delivered at lower pressure (see Figure 4.8), and there is no damper or coil to

pass through in each room.

For the most part, the space conditioning of each room is independent of
other rooms. The only common reliance is on the ground loop. Any problem with a
heat pump only affects the room it serves and cannot impact upon the performance or

energy use of the entire system.

Geoexchange System Schematic
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Figure 4.8: GHP System Schematic
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Chapter Five

Design and Calculation of a Geothermal Heat Pump

3.1 Introduction

The designer must perform their normal tasks, such as zone-by-zone load
analysis. In addition, the designer must also specify the geothermal type. total bore
length, minimum separation distance, pipe diameter, U-bend type, operating

parameters and antifreeze properties. This chapter will provide the designer with

some detail on how to solve these issues.

5.2 Cooling Load
5.2.1 Data of project:

Correction of latitude is 32

All data and calculation in august

T=24°C

Tou= 335 °C

Tom =33.5-4.25=29.25°C

Where Tin is the Room design temperature, Tou is the outdoor design temperature,

Tom is the outdoor mean temperature. [10]
5.2.2 Heat gain through Sunlit Walls

Construction of the wall:

(Stone) + (concrete) + (insulation) -+ (plastering)
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From Table (A-14) we can give Overall heat transfer coefficients (U):
U=1.2 w/m" .k
And we can caleulate the heating load (q) transfer by wall:

O'= UxAXAT (1

where A is the area of the wall and AT is the total equivalent temperature
deference, which takes into consideration the increase of wall temperature due to
absorption of solar radiation. The values of AT are called cooling load temperature
differences CLTD. The value of CLTD extracted from Table (A-2) needs to be
corrected so that the actual value is found for different cases, and hence it will be
called corrected CLTD and can be calculated from the following equation:

(CLTD) corr. = (CLTD + LM) k + (25.5 - T;) + (Tom - 29.4)f 2)

where LM is latitude correction factor, which can be obtained from Table (A-
3) for horizontal and vertical surfaces, the factor k is color adjustment factor such
that k=1.0 for dark colored roof, k=0.5 for permanently light colored roofs, k=0.65
for permanent light colour walls, and the factor f is attic or roof fan factor such that

f=1.0. if there is no attic or roof fan; £=0.75, if there is an attic or roof fan. [10]
The heat transfer rate through sunlit walls or sunlit roof is calculated from the
following equation:

0= UxAx (CLTD)cor @)

And we can show these calculations for ground and first floor in table (5.1)

and table (5.2). respectively.

The component at Ground floor and First floor in all tables are shown in

Figure (A-38) and Figure (A-39), respectively.
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Fable 5.1 Ground floor (Wall)

component | Dircction | Lm CLTD  [(CLTD)er | A(m?) | O (W) |
;'oi‘i'ic;:' Clsw oo s 4.6 66 3643 |
Office | NW 05 1 1675 1135 |228
;6'1‘}11? NE -0.5 12 8.825 9.73 [ 103.04
f‘uiﬁi— N -1.1 0 0.635 126 |96
[ Guest E 0.0 12 9.15 204 [ 224
Family E 0.0 12 9.15 11.8 | 129.56
Family S 05 9 7.525 45 40.64
Kitchen E 0.0 12 9.15 164 | 180.1
Kitchen S 0.5 9 7.525 9 81.27
Kitchen E 0.0 12 9.15 3 32.94
Kitchen S 0.5 9 7.525 8.8 79.5
BDR S 0.5 9 7.525 12 108.36
BDR W 0.0 1 2 105 [252
BDR N T 0 0.635 39 3
Path W 0.0 1 2 3.94  |9.46
Path NW -~ -0.5 1 1.675 582|117
Path W 0.0 1 2 3.94 | 9.46
Path SW 0.0 5 4.6 582 |32.13
BDR W 0.0 1 7) 75 18
BDR S 0.5 9 7.525 3.9 35.22
f e
lobby- N -L.1 0 0.635 53 4.04
f'; " odmad \,*;L'%S.'E{J 44 daale> ﬂ
‘ —,, r Palastinz m{-,;;;r.;m University
o w—-The Library  AlSH
49 24y 234 . et aBh
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Table 3.2 First floor (Wall)

cmponent | Direction  [Lm | CLTD (CLTD)eor. | A(m?) O'(W)
DR |8 05 |9 755 384 34.68
DR w 00 |1 2 78 18.72
fBDR NW 05 |1 1.675 9.85 19.8
{BDR NE 05 |12 8.825 489 51.79
ABDR N -1.1 |0 0.635 8.1 6.2
DR N 1.1 [0 0.635 13.5 10.3
DR E 0.0 |12 9.15 15.3 168
‘ath E 0.0 |12 0.15 5.4 59.3
iving E 0.0 |12 9.15 13.6 149.33
iving S 05 |9 7.525 45 40.64
iving E 0.0 |12 9.15 3.1 34.04
JDR E 0.0 |12 0.15 16 175.68
3DR S 05 |9 7.525 132 119.2
ath S 05 |9 7.525 5.4 483
IDR S 05 |9 7.525 12 108.36
IDR W 00 |1 2 13.5 324
(itchen W 0.0 |1 2 414 0.94
Citchen NW 05 |1 1.675 5.82 11.7
ath W 0.0 |1 2 414 9.94
‘ath SW 0.0 |5 46 5.82 32.13
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5.2.3 Heat Transmitted through Glass
5.2.3.1 Construction of the glass

* Single glass
* Distance=6mm

# J=5.6 W/m® Xk this value give from Table (A-4)

The total cooling load due to exposed glass area is the sum of transmission
load due to inside-outside glass surface temperature difference (heat conduction) and

heat gain due to solar energy (heat convection).

1- The Transmitted cooling load can be calculated from equation:
O'v = A(SHG)(SC)(CLF) 4

where A is the area of the Glass, (SHG) is the Solar heat gain factor and can
be extracted from Table (A-5), (SC) is the Shading coefficient and can be extracted
from-Table (A-6), and (CLF) is the Cooling load factor and can be extracted from
Table (A-7). [10]

2- The €onvicted-cooting load cambecalculated from equation:
Q'mn‘. =UA (CLTD) cor. (5)

where CLTD-is the value of the cooling load temperature difference for the

glass and can be extracted Table (A-8).

And we can show these calculations for ground and first floor in table (5.3)

and table (5.4), respectively.
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l'._\hlt.‘

5.3 Ground Toor (glass)

i A o i - o L0
W = .33_5___,,,,,“_J_‘_’_'fff‘,,__f‘f_ 103 1709|8792 | 258.82 )
NE 1.43 7.85 0.64 |445 [0.24 97.7 62.89 | 160.6
W~ (12 725 055 [117 (086 |6641 |48.72 |115.13
™ | 1.2 7.25 055 [117 086 66.41 48.72  [11513
e IR K 835 055 |691 |022 |12542 [70.14 |19556 |
~—Tg-- |15 8.35 055 |691 [0.22 125.42 | 70.14 | 195.56
i 13 8.35 035 |691 [0.22 125.42 [ 70.14 | 195.56
ERE 8.35 039 |691 |0.22 11858 [93.52 |212.1
—E 1.7 8.35 039 [691 [0.22 100.8 | 79.5 180.3
- |8 1.7 8.85 039 |350 |0.68 157.8 84.25 242.05
s 1.5 8.85 039 [350 |0.68 13923 | 70.14 | 209.37
W 1.5 835 039 |691 (053 [21424 |[70.14 |284.38
K 0.4 8.35 0.55 [691 |0.53 80.57 | 187 99.27
W 0.4 8.35 055 [691 |0.53 80.57 | 187 99.27
K 1.5 835 039 |691 |0.53 |21424 |70.14 |284.38
Table 5.4 First floor (glass)
omp. | Dire. | A(m?) ] (CLTD)corr. | SC SHG |CLF O« QO conv O ot
BDR | W 1.5 [835 0.39 691 | 053 |21424 |70.14 28438
BR [NW |15 |7.85 0.39 445 103 78.1 65.94 144.04
BDR [N 1.5 7.25 0.39 117 | 0.86 58.86 | 60.9 119.76
DR N 1.5 7.25 0.39 117 ]0.86 58.86 | 60.9 119.76
R E 1.5 |[8.35 0.39 691 |0.22 88.93 | 70.14 159.07
b E o4 835 055 |61 |022 |3344 |187  |52.14
g E 2 833 064 |601 |022 |1946 |9352 |288.12
R TE T3 835 039 691 |022 |1186 |9352 |[212.12
S T Toa R 055  [350 |068 |5236 |187  |71.06
52




s |15 [885 0.39 350  [0.68 13923 [70.14 209.37

W 15 835 039 1691 [053  |[214.24 [70.14 | 284.38

W (04 [835 039 |691 [053 |57.13 |18.7 75.83
LS (04 1835 055 | 691 [053 |80.57 |18.7 99.27 |

5.2.4 Heat gain through Ceiling (Q") and Floor (0

0'r=UAAT
AT= (Tin-Tout)

ATner= (27.5-24) = 3.5°C
Qe = U*A*CLTDcorr
U=1.261 W/m?.°C this value give from Table (A-16)
U= 1.08 W/m?®.°C-this value give from Table (A-17)
Tables (5.5) and (5.6) shown these calculations for ground and first floor.

Table 5.5 Ground Floor (Floor)

(6)

(7

Component | A(m?) U(W/m2°C) | AT(°C) O'(W)
Office 175 1.261 35 77.24
Guest 41.5 1.261 4.3 183.16
Family 36.8 1.261 3.5 162.42
Kitchen 48.6 1.261 3.5 214.5
BDR 18 1.261 3.5 79.44
Path 6.3 1.261 35 27.81
Path 6.3 1.261 3.5 27.81
BDR 13:1 1.261 3.5 57.82
Lobby 10 1.261 3.5 44,14
53
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rable 3.6 First Floor (ceiling)

{'(*u?n}a?nfn[ 1AM JUWMEC) [(CLTD)wr | O0w(W)
i'-.i't'n'iﬁ{— 137 108 16 639.36
'BDR |28 1.08 16 483.84
{!P:-n‘h 5 1.08 16 86.4
ﬁi\fing 63.2 1.08 16 1092.1

BDR 264 1.08 06 4562

ifpmh 5 1.08 16 86.4

[BDR 2LS 1.08 16 388.8

1 Kitchen 8 1.08 16 138.24

y: Path 8 1.08 16 138.24

5.2.5 Heat gain through Ventilation, Light and Door

5.2.5.1 for Ventilation (Q'v)

The amount of the outside air needed for ventilation depends on the type of

application, see Table (A-9).

5.2.5.2 for Light (@")

0"t = Pu(FuFu)(CLF)L (&

where Puiis the lamp rated power in watts, Fu is the fraction of lamps that are

in use, Fyis the ballast factor that equals to 1.2 for fluorescent lamps and 1.0 for

S ——
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ordinary lamps. and (CLF)u is the light cooling load factor. Table (A-10) gives the

light cooling load factor for two types of fixture arguments. [10]

5.2.5.3 for Door (Q')

0 =UAAT

AT= (33.5-24) =9.5°C

Tables (5.7) and (5.8) shown all these calculations for ground and first floor.

Table 5.7 Ground Floor (Door)

Comp. O'v oy O
BDR . 299 —
office --- 175 110.2
Guest -— 866 .
family - 576 -
kitchen 635 925 133
BDR - 382 -
Path 2990 107 ---
Path 2990 107 ---
lobby 212 87.8
Table 5.8 First Floor (Door)

Comp. Ov O'L oD
MBDR -— 725 133
BDR 595
Path 2957 106 mee
Living ~— 1000 133




[BDR T Jsel  J—
‘Path 2957 106
' BDR . 478 -
Kitchen 788 107 -
Path 2990 107 o

5.2.6 Heat Gain Through Occupants And Equipment

5.2.6.1 For Occupants (Q )

The Heat gain through Occupants can be calculated from equation:

0'0c=(Q’s*n*CLF) + (Q'I*n)AF

(10)

where O's is the sensible heat and can be extracted from Table (A-15), n is

the number of person, (CLF) is the cooling load factor and can be extracted from

Table (A-11), O'l is the latent heat and AF is the diversity factor and can be extracted

from Table (A-12). [10]

5.2.6.2 for Equipment (O’ cqu)

Sensible and latent heat arising from various equipment and appliances that

are installed in a conditioned space are given in Table (A-13).

Tables (5.9) and (5.10) shown all these calculations for ground and first floor.

Table 5.9 Ground Floor Equipments

Comp. Qo Q'cqu
BDR 179 T3
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office

-2
js)
n
wn
LN

Table 5.10 First Floor Equipments

290
puest 233.2
fan;ﬁy 664.95 i
kitchen 288.88 3780
BDR 179 v
path Fie L) 1465
path 119 -
lobby 263.12 -
Comp. 0 oc. Q’app
MBDR 179 1445
BDR 179 -
path 75.79 ---
living 1061.06 1425
BDR 179 ---
path 75.79 -~
{BDR 179 s
kitchen 287.88 3040
path 75.79 ---

Q'w = po*Cp* V" i#(Ti — Tour)

5.2.7 Heat gain through Infiltration

Thetheat load Q'inr, dure to infiltration is given by the following equation:



where. V1 15 the volumetric Nlow rate of infiltrated air. Cp is its specific heat
at constant pressure. and po is the density of infiltrated air.

The heat {oad due to infiltration Q'ur . when computed by using Eq. (11).
requires the estimation of po. This can be done by using the psychrometric chart if
the outside design conditions are specified. If these conditions are not specified, the
density of the infiltrated air is taken as 1.25 Kg/m?®, and its specific heat at constant

pressure as 1000 J/Kg K. If these values are substituted into Eq. (11), then

1250
= v,(T-T (12)
QII'II LBGOO J f ( i -'J)

V'r=V * Air changes per hour

where, V is the Volume of the Room, and Air changes per hour we give from
Table (A-18).

Tables (5.11) and (5.12) shown all these calculations for ground and first

floor.

Table 5.11 Ground floor (Infiltration)

Component | V(m®) Air changes per hour | AT(°C) oW
Office 52.6 2 9.5 347
Guest 124.5 3 9.5 1232.03
Family 110.3 1 9.5 363.84
Kitchen 145.7 2 9.5 961.22
BDR 54 1.5 9.5 267.2
Path 18.9 2 9.5 124.69
@ 18.9 2 9.5 124.69
' BDR 39.3 1 9.5 129.64
;Lobby 30 2 0.5 197.92
e
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Table 5.12 First floor (Infiltration)

“Component | V(m?) Air changes per hour | AT(°C) Q'(W)
WBDR —_i 11 2 95 732.3
BDR | 84 1.5 9.5 415.63
N T 2 9.5 98.96
Living | 189:5 3 9.5 1875.26
BDR 792 ! 9.5 261.25
"Path 15 2 9.5 98.96
573“[)"&_ 67.5 s 95 334
Kitchen | 24 P 95 158.33
W 24 P 95 15833

5.2.8 Total Cooling Load

5.2.8.1 Total Cooling Load of Ground Floor

Q.YOI = Q.'A:ﬂi =5 Q'Giass o Q‘mf % Q-ﬁm-r & Q-Duw e i Q'\- + Q.l : Qloc + Q‘:qu

Table (5.13) shown all these calculations for ground floor.

Table 3.13 Ground floor total

Ty [OSW) [ OUW) [ QW)
office 165628 | 1604 | 1816.68
uest Sis 923 |31 |
family ﬁ 193525 | 214.26 2149.51
Tichen [ 6669.35 T8843T | 755366 |
BDR e 6 1537.95

e D S —— I UR—————
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4S89 301 (491072

;*ﬁlili .

b | 343933 2683 346615
BOR | 161606 | 182 | 1798.06
obby | 711.82 [972 809.02 |
S \L_35535ﬁ-§4 2081.01 | 27606.85

5.2.8.2 Total Cooling Load of First Floor

Ql()[z' Q-unﬂ '5‘-(__).'@1&&5 en Q.inl‘ + Q.Cciling 4 Q-Dmr 5 Q.v + Q.i + Q.oc < Q‘cqu (14)

Table (5.14) shown all these calculations first floor.

Table 5.14 First floor total

i Comp. O's(W) | OuW) | QOtot(W)
'MIBDR 4251.03 | 282 4533.03
'BDR 2068.6 |62 2130.6
path 340877 |26.82 | 3435.59
living 6392.31 | 706.24 | 7098.55
BDR 1902.45 | 62 1964.45
' path 3417.19 |26.82 | 3444.01
 BDR 195231 | 62 201431
i kitchen 3669.66 | 947.26 | 4616.92
’Lri 3583.88 | 26.82 | 3610.7
 Sum 30646.2 | 2201.96 | 32848.16
S
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(' Cooling of Building = Q" + Q'wn + Q' tace
;J‘ca.-.- =+ Qwi
— =4598.1 + 25.54
=4623.64 W
0 el Cooling of Building = 27606.85 + 32848.16 + 4623.64
=65078.65 W
() design of couling = 65078.65 + (0.1¥65078.65)

=71586.515' W

5.3 Heating load

5.3.1 Heat loss through Walls

We can calculate the heat loss through Walls by:
Q‘\\all = UAAT (15)

Where U is overall heat transfer coefficients, A is the area of the wall and AT
is the total equivalent temperature deference.

AT = (TI = Tuu[)

Where Tin is the Room design temperature (24°C) and Tou is the outdoor
design temperature (4°C).
AT = (24 — (4))
=20°C

Tables (5.15) and (5.16) shown all these calculations for ground and first floor.
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Table 5.15 Ground floor (Wall)

“Component | Direction

A(m?)

U(W/m2.°C)

| ATCC)  [O(W)
iit"t'fiéﬂa— ! SW 6.6 1.2 20 158.4
Office | NW 11.35 12 20 272.4
Office NE 9.73 12 20 233.5
1 Guest N 12.6 12 30 3004
Guest E 20.4 12 20 489.6
Family E 11.8 12 20 28322
Family | S 45 12 20 108
Kitchen B 16.4 1.2 20 393.6
Kitchen S 9 1.2 20 216
"Kitchen E 3 12 20 72
Kitchen £ = 8.8 ) 20 2112
BDR S 12 12 20 288
BDR W 10.5 12 20 252
BDR N 3.9 12 20 93.6
Path W 3.94 12 20 94.6
Path NW 5.82 12 20 139.7
Path W 3.94 12 20 94.6
Path SW 5.82 12 20 139.7
BDR W 7.5 12 20 180
BDR S 13.9 12 20 93.6
lobby N 53 12 20 127.2
Table 5. 16 First fleer (Wall)
i Component | Direction A(m?) U(W/m2.°C) | AT(°C) (W)
| MBDR S 3.84 1.2 20 922
'MBDR W 738 12 20 187.2
i MBDR NW 9.85 1.2 20 236.4
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BORNE 489 12 30 1174
"MBDR TN 8.1 1.2 20 194.4
R N |33 12 20 324
spR | E 15.3 1.2 20 367.2
Pan | E 5.4 1.2 20 129.6
Tiving | E 13.6 12 20 3264
TLiving S 4.5 1.2 20 108
Mg |E 3.1 12 20 74.4
BDR | E 16 12 20 384
BDR  |S 13.2 12 20 316.8
Pab |S 54 12 20 129.6
BDR S 12 2 20 288
BDR W 135 ) 20 324
Kichen | W 4.14 12 20 99.4
Kichen | NW. _ 5.82 1.2 20 139.7
Path W 4.14 1.2 20 99 4
Path SW 5.82 12 20 139.7

5.3.2 Heat loss through Glass

The total Heating load due to exposed glass area is:

Q- Glass=UAAT

Where U is overall heat transfer coefficients, A is the area of the Glass and

AT is the total equivalent temperature deference.[9]

AT={Ti = Toel)
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Where linis the Room design temperature (24°C) and Tow is the outdoor
Jesign temperature (4™CJ.
AT=(24—-(4)
=20°C

Tables (5.17) and (5.18) shown all these calculations for ground and first floor.

Table 5.17 Ground floor (glass)

rc—&h-ponem Direction A(m?) U(W/m2.°C) | AT(°C) 0 (W)
Ofiee | NW- 2 56 20 224
Office | NE 1.43 5.6 20 160.2
Guest N 24 5.6 20 268.8
Guest E 4.5 5.6 20 504

| Family E 2 5.6 20 224
Kitchen E 17 5.6 20 190.4
Kitchen S - | B 5.6 20 190.4
' BDR S 1.5 5.6 20 168
BDR W 1.5 5.6 20 168
Path W 0.4 5.6 20 44.8
Path W 0.4 5.6 20 44.8
BDR W 1:5 5.6 20 168
Table 5.18 First floor (glass)

1 Component | Direction A(m?) U(W/m2.°C) | AT(°C) o(W)
| MBDR W 1.3 5.6 20 168
MBDR NW L5 5.6 20 168

' MBDR N 1.5 5.6 20 168

| BDR N Lo 5.6 20 168

| BDR E 1.5 50 20 168

} Path E 0.4 5.6 20 448
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" T =

ing g 2 5.6 20 224
ok |E |2 5.6 20 224
> E 0.4 5.6 20 448
R |8 15 5.6 20 168
"BDR W 1.5 5.6 20 168
Kitchen W 0.4 5.6 20 14.8
Lpim W 0.4 5.6 20 44.8

5.3.3 Heat Loss through Infiltration

The heat load Q'inr, due to infiltration is given by the following equation:
Q'inf — pu*Cp*V'a*(Ti — Tout) (] 7)

where. V'r is the volumetric flow rate of infiltrated air, Cp is its specific heat

at constant pressure, and pe is the density of infiltrated air.[9]

The heat load due to infiltration Q'inr , when computed by using Eq. (17),
requires the estimation of po. This can be done by using the psychrometric chart if
the outside desigm conditions are specified. If these conditions are not specified, the
density of the infiltrated air is taken as 1.25 Kg/m?®, and its specific heat at constant
pressure as 1000 J/Kg K. If these values are substituted into Eq. (17), then

1250 (18)
O;=|—=W:T -T
f (3600] j( f rJ)

V'i=V * Air changes per hour
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where, V is the Volume of the Room. and Air changes per hour we give from

rable (A~ 18).[9]

| abes (5.19) and (3.28) shown all these caleulations for ground and first floor.

Table 3.19 Ground {loor (Infiltration)

[Cemponent | V(m?) Air changes per hour | AT(°C) O (W)

Office 52.6 2 20 730.6

"Guest 124.5 3 20 2593.8

Family | 1103 1 20 766

|

“Kitchen 145.7 2 20 2023.6

"BDR 54 1.5 20 562.5

Path 189 2 20 262.5

Path 18.9 > 20 2625

BDR 39.3 1 20 273

} Lobby 30 2 20 416.7

Table 5.20 First floor (Infiltration)

| Component | V(m?®) Air changes per hour | AT(°C) o(W)
MBDR 111 2 20 1541.7
BDR 84 1.5 20 875
Path 15 2 20 208.3

Living 189.5 3 20 3947.9
BDR 79.2 1 20 550
Path 15 2 20 208.3
BDR 67.5 1.5 20 703.2
Kitchen 24 2 20 3333

Path |24 2 20 333.3

—_—

66




< 1.4 Heal loss through Floor

(e = UAAT (19)
AT = (T~ Tow)

- (24-10)

=14 °C

U= 1261 W/m?.°C this value give from Table (A-16).

[ables (5.21) shown all these calculations for ground floor,

Table 5.21 Ground Floor (Floor)

mponent A(m?) U(W/m2°C) | AT(°C) 0 (W)

“Office 17.5 1.261 14 309
Guest 415 1.261 14 732.6
Family 36.8 1.261 14 649.7
Kitchen 48.6 1.261 14 858
BDR 18 1261 14 317.8
Path 6.3 1261 14 1112
Path 6.3 1.261 14 1112
BDR 13.1 1.261 14 2313
Lobby 10 1.261 14 176.5

5.3.5 Heat Loss through Ceiling

O'ceine = UAAT (20)
AT =(Ti - Touw)

=(24-4)

=20°C
U=1.08 W/m2.°C this valuegive from Table (A-17).
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[ables (5.22) shown all these calculations for first floor,

22 First Floor (ceiling)

fable 3.

i’(_j—(_a;b'mwm | A(m?) U(W/m2.°C) | AT(°C) O (W)

i"ﬁBDR 37 1.08 20 799.2

'BDR 28 1.08 20 604.8

e
Path 3 1.08 20 108
Living 63.2 1.08 20 1365.1
BDR 26.4 1.08 20 570.2

ath 5 1.08 20 108
BDR 225 1.08 20 486
Kitchen 8 1.08 20 172.8
Path 8 1.08 20 172.8

5.3.6 Heat Loss through Door

Q'sec= UAAT
AT=20°C

we give U from Table (A-17), value of U depended on Door type.
Tables (5.23) and-¢5:24) shown all these calculations for ground and first floor.

Table 5.23 Ground floor (Door)

Component- + A{m?) Y(W/m2°C) | AT(°C) o(W)
Office ) 5.8 20 232
—
Kitchen 2 4 20 280
{ Lobby 28 33 20 184.8
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5 24 First Floor (Door)

T‘]]‘!C
'V('mﬁ_]u'mcm | A(m?) Ut\\’/iﬂzf’-(‘j_ AI("()— I
wBbR 12 |7 |
Living [ e

| 280

OW)

280

5.3.7 Total Heating Load

53,7.1 Total Heating Load of Ground Floor

()lﬂi = Q-\va“ -+ Q'UH'ISS + Q.inf e Q‘ﬂoor + QlDODr

Tables (5.25) shown all these calculations for ground floor.

Table 5.25 Ground floor (O tot)

| Comp. O'tot(W)
~office 232011

i

| guest 4891.2

| family 2030.9

' kitchen 4435.2
'BDR 1850
|

' path 652.8

[

‘ path 652.8
DR 946

| S

lobby 905.2
Ih-—.__

| Sum 18683.2
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7.2 Total Heating Load of First Floor

X3

()Idl = (-}'“_1[1 o g)'(_‘l]‘i\ T Q).m] + Q‘l-‘.,h"g + Q.DIMT

Fables (5.26) shown all these calculations for first floor.

Table 5.26 Iirst Floor (Q'tot)

“Comp. O'tot(W)
MBDR 39525
"BDR 2507
“path 490.7
Tiving 6325.8
BDR 2045
path 490.7
BDR 21372
1 kitchen 790
path 790
Iﬁm 19528.9

0’ heat of Building = Qo1 + Q'toz + O face
Qree=0'ga + O wal
=966+ 255.36
=1221.36 W
(' heat of Building = 18683.2 + 19528.9 + 1221.36
=39433.46 W
Q' wsien of beatmg = 39433.46 + (0.1*39433.46)
=43376.81 W
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5.4 Duct Design

5.4.1 Warm and Cool Air Quantities

The calculated heat load and cool load for a given space must be met by

introduction sufficient amount of warm and cool air into that space, according to the
following relation.[9]

0,=pC,V(I,-T) (24)

where Qs is the room sensible heat or cool load, p and Cp are the density and
specific heat of the air, respectively. V is the volumetric flow rate of the air, Ts and Ti

are the temperature of the supply air and the temperature of the inside air,
respectively.[9]

1.23Kg / m’®

" =1.012KJ / Kg.K
= 240C

sociine = 14°C
=57°C

S R~
1

~N N~
I

s heating

Q. ouime = 60.79568 KW
O, teanme = 43.37681 KW

>V cooling = 4.88’"3 /.5'

= V"c:mng = 1.056"73 /15

The highest air flow rate is used for sizing duct system.
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5.4.2 Duct sizing

The relation between round duct diameter d, rate of air flow V, pressure drop

per unit length (AP/EL), and velocity v, are presented in figure (A-37).

These figures are usually used to find duct diameters required for any flow of

air quantities. The duct diameter can also be calculated from the relation:
V:%dz*v (25)

Four different methods are used to size ducts:
1- The Veloctty-method.
2- The Equal Pressure Drop Method.
3- Balanced pressure Drop Method.
4- Static Pressure Regain Method.

The calculation of total pressure drop AP, from fan to any air outlet diffuser
is easier when the Equal Pressure Drop Method of duct sizing is used as compared
with the velocity method. For this reason, the equal pressure drop method is the most
common method used for duct sizing.[9]

By using table (A-20):
Vmain duct = 5 /8 _
By using equation (25):
Amain dut = 1.115m

Fronr figure (A-37):-
AP/EL =0.21 Pa/m

In tables (5.27) and (5.28) show all calculations of the Duct sizing for ground

and first floor.
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The Line and components for Ground floor in all tables are shown in Figure
(A-40) and Figure (A-38), respectively.

Table 5.27 Ground floor (Duct sizing)

— ‘,.—._..-..-L.,_-e-.t_.,-n--m-‘
e Bl
RPESRN LTS Rt 1

Tine & Qs ] AP/EL v d
component | KW m?/s Pa/m m/s cm
A—B 6.025 0.484 021 2.87 46.3
B—C 1.476 0.119 0.21 1.97 27.74
A—D 21.813 1.752 0.21 3.9 75.6
D—E 15.143 1.216 0.21 3.67 65
E—F 10.896 0.875 0.21 3.3 58.12
F—G 7.4231 0.6 0.21 3.04 50.14
G—H 6.712 0.54 0.21 2.865 49
H—lI 3.272 0.263 0.21 2.5 36.6
-] 1.656 0.133 0.21 2 29.1
Office 1.65628 0.133 0.21 pd 29.1
Guest 3.4729 0.28 0.21 2.6 37.5
Family 425 0.3411 0.21 2.58 41
Kitchen 6.66935 0.5356 0.21 29 48.5
BDR 1.47595 0.1185 0.21 1.97 27.74
Path 4.5489 0.365 0.21 2.636 42
Path 3.43933 0.276 0.21 2.435 38
BDR 1.61606 0.13 0.21 1.97 29
Lobby 0.71182 0.0572 0.21 1.6 21.34

The Line and components for First floor in all tables are shown in Figure (A-

41) and Figure (A-39), respectively.
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Table 5.28 First floor (Duct sizing)

Tine & Qs \Y AP/EL v d
Component | KW m’/s Pa/m m/s cm
A—A' 32.958 2.65 0.21 4.4 87.6
A—B' 5.622 0.452 0.21 2.77 46.3
B—C' 1.952 0.175 0.21 2.1 27.74
A—D' 27.336 2.2 0.21 4.1 75.6
D'—E' 23.92 1.92 0.21 4.04 65
E—F 22.016 1.77 0.21 3.95 58.12

T—G' 13.312 1.07 0.21 3.49 50.14
G'—H 9.903 0.795 0.21 3.25 49
H—-T 7.835 0.63 0.21 Sl 36.6
[=] 3.584 0.288 0.21 2.6 29
MBDR 4.251 0.34 0.21 2.58 41
BDR 2.07 0.1662 0.21 2.133 81.5
Path 3.408 0.274 0.21 2.435 38
Living 8.704 0.7 0.21 3.15 53.2

0.2752 0.21 2.436 38.1
BDR 1.902 0.153 0.21 2.09 30.5
Path 3.417 0.2745 0.21 2.435 38
BDR 1.952 0.157 0.21 2.1 30.86
Kitchen 3.67 0.3 0.21 2.52 39
Path 3.583 0.288 0.21 2.6 378
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5.4.3 Non-Circular Duects

Most of the used ducts in the air systems are rectangular or non-circular. This
is due to the shape of residences and living spaces. If the diameter of circular ducts is
calculated from Eq(25) or obtained from table (A-22), then the table (A-21) gives the
cquivalents-of rectangular ducts for equal pressure drop and equal flow rate, tables
(5.29) and (5.30) show the equivalent of rectangular ducts.[9]

Table 5.29 Ground floor (Non-Circular Ducts)

Line& d H W
Component | mm mm mm
Mainduct | 1115 800 1400
A—B 463 400 500
B—C 277.4 225 300
A—D 756 400 1400
D—E 650 400 1000
E—F 581.2 400 800
F—G 490 400 500
G—H 366 400 500
H—I 291 250 500
[ 501.4. 250 300
Office 291 250 300
Guest 375 300 400
Family 410 400 400
Kitchen 485 400 500
BDR 2774 225 300
Path 420 400 400
Path 380 250 500
'BDR  [290 250 300
—
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W 213.4 200 200
[
Table 5.30 First floor (Non-Circular Ducts)
Line& d H W
Component | mm mm mm
A—A | 876 500 1400
ASB 456 300 600
G 308.6 275 300
A—D' 826.77 450 1400
D'—E 790 450 1200
E'—F 7385 450 1200
FoG 625 400 900
G'—H 558.2 400 700
H-T 508.8 400 600
['—]' 375 300 400
MBDR 410 400 400
BDR 315 300 300
Path 380 250 500
Living 532 400 600
381 250 500
BDR 305 200 400
Path 380 250 500
BDR 308.6 275 300
Kitchen 390 .. 225 600
Path 375 300 400
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< 4.4 Supply Air Ceiling Diffuser
From tables (A-23) and (A-24) we are give the information of Supply Air
Ceiling Diffuser, tables (5.31) and (5.32) show the information of Supply Air Ceiling

piffuser (see figures (A-42) & (A-43)).

Table 5.31 Ground floor (Diffuser)

Component | V AP Size Type of CFM
m3/s inw.g in*in Diff.
Office 0.133 0.067 9*12 4RCD 300
Guest 0.28 0.067 12%18 4RCD 600
Family 0.3411 0.019 24*24 4SCD 800
"Kitchen 0.5356 0.039 24%24 4SCD 1200
BDR 0.1185 0.1 9%9 4SCD 280
Path 0.365 0.019 24+24 4SCD 800
Path 0.276 0.019 2121 4SCD 612
BDR 0.13 0.067 9%12 4RCD 300
Lobby 0.0572 0.1 6%6 4SCD 125

Table 5.32 First floor (Diffuser)

Component | V AP Size Type of CFM
m’/s inw.g in*in Diff.
@ 0.34 0.019 24%24 4SCD 800
BDR 0.1662 0.067 12%12 4SCD 400
Path 0.274 0.019 21%21 4SCD 612
Living 0.4248 0.067 18%18 4SCD 900
Living 0.2752 0.019 21%21 4SCD 612
BDR 0.153 0.1 9*15 4RCD 375
Path 0.2745 0.019 21%21 4SCD 612
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'U 1 57 0 1 (FTQ_“H._—i 4RCI) = 37—5—— —a

03 0.039 15%21 4RCD 1657 11
|
J

BDR
|

e

_f'ﬁ'u?]?en

0.288 0.067 1218 | 4RCD 612

5.4.5 Design of Return Ducts

The design of return ducts are based on using the above described methods.
Usually, equal pressure drop method is used. For the return duct system, air flows
through the branches into the main duct and back to the fan. Tables (5.33) and (5.34)
show all calculations of the Return Duct for ground and first floor.[9]

The Line and components for Ground floor in all tables are shown in Figure (A-44)

and Figure (A-38), respectively.

Table 5.33 Ground floor (Return Duct)

Line & Qs Vv AP/EL v d
Component | KW m?/s Pa/m m/s cm
1-2 1.656 0.133 0.21 2 29.1
23 3.272 0.263 0.21 2.5 36.6
3-10 6.711 0.54 0.21 2.865 49
45 4.549 0.364 0.21 2.635 42
3—6 6.025 0.484 0.21 2.87 46.3

657 12.694 1.02 0.21 336 622
7-8 16.94 1.36 0.21 3.75 68

f:i__ 20.413 1.64 0.21 3.82 74
910 21.125 1.697 0.21 3.843 75
10~main | 60,7957 4.88 0.21 5 g bB
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ofee 165628 T0.33 o2t [z (200 |
bt | 34729 0.28 0.21 26 (315 |
;r—ﬁ;n"ﬁ}.”"f']fzs 0.3411 021  |2s8 Y (R
Cichen | 666935 0.5356 0.21 79 Y .
BDR 147595 | 0.1185 0.21 1.97 27.74

I Path 15489 | 0365 021 2.636 2

Path 3.43933 0276 0.21 7435 33

BDR 1.61606 0.13 0.2] 1.97 29

Lobby 0.71182 | 0.0572 0.21 16 2134

The Line and components for First floor in all tables are shown in Figure (A-45) and

Figure (A-39), respectively.

Table 5.34 First floor (Return Duct)

Line & Qs V AP/EL v d
Component | KW-- m’/s Pa/m m/s cm
1'=2' 4.251 0.341 0.21 2.58 41
210" 7.835 0.63 0.21 3.1 50.88
34 3.67 0.295 0.21 2.52 38.8
i—>5' 5.62231 0.452 0.21 277 45.6
56 9.04 0.726 0.21 3.172 54
6'>7' 10.942 0.879 0.21 3.3 58.12
78 19.646 1.578 0.21 3577 73
§—9' 23.055 1.852 0.21 4 76.8
910 25.124 2.05 0.21 4.02 80
1010 32.958 2.65 0.21 4.4 87.6
MBDR 4.251 0.34 0.21 2.58 41
BDR 207 0.1662 | 0.21 2.133 31.5
Path 3.408 0.274 0.21 2.435 38
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Living 8.704 0.2752 (021 " Tad3¢ T3l
0.7 0.21 315|532 |

i’gﬁﬁ“”‘*"i.t)oz 0.153 021 209 305

ath 3.417 0.2745 0.21 2.435 38 1

DR | 1952 0.157 0.21 2.1 30.86

Kitchen 3.67 0.3 0.21 2.52 39

Path 3.583 0.288 0.21 26 37.5

5.4.6 Non-Circular Return Ducts

Tables (5.35) and (5.36) show the equivalents rectangular ducts of the return ducts.

Table 5.35 Ground floor (Non-Circular Return Ducts)

Line& d H W
Component | mm mm mm
1-2 291 250 300
23 366 250 500
3510 490 400 500
43 420 400 400
5—6 463 400 500
6—7 622 400 900
-8 680 450 900
§—9 740 450 1200
910 750 450 1200
0~main | 1115 800 1400
Office 291 250 300
Guest 375 300 400
80



e 410 400 400

Fohen | 485 400 500
GoR | 2774 225 300
b | 420 400 400

= 380 250 500

lBDR 290 250 300

Tobby 213.4 200 200

-

Table 5.36 First floor (Non-Circular Return Ducts)

Line& d H W
Component | mm mm mm
152 410 400 400
7510 508.8 400 600
T4 388 350 400
7=5 456 350 500
556 540 400 700
67 581.2 400 800
T8 730 400 1200
] 768 450 1200
9510 200 450 1400
0>10 | 876 500 1400
MBDR 410 400 400
BDR 315 300 300
Path- 380--- 250 500
Living 532 400 600
381 250 500
BDR 305 200 400
Path 380 250 500
& 308.6 275 300
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100

“jitchen

path

5 4,7 Return Air Grille

from table (A-25) we are give the information of Return Air Grille, table

75

(5.37) and (5.38) show the information of Return Air Grille.

Tuble 5.37 Ground floor (Grille)

Component | V AP Size CFM |
m?/s inw.g in*in |

“Office 0.133 0.029 10¥12 283 ]
et 0.28 0.056 1216 638
ety 0.3411 0.041 16*16 732

Kitchen 0.5356 0.041 20%20 1500
'BDR 0.1185 0.029 10%12 283
Path 0.365 0.056 1616 854
Path 0.276 0.056 10%20 665

'BDR 0.13 0.029 10%12 283
Tobby 0.0572 0.029 8+8 150

Table 5.38 First floor (Grille) L
}F(‘mencm Vv AP Size CFM l‘
i m'/s in w.g in*in

'MBDR 033 0.041 16%16 732

BDR 0.1662 0.041 12*12 408

e 0.056 10*20 665
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» Tn?ffa_mg 0.056 14%20 935 |
,Jﬁf"f 0.2752 0.056 10%20 665 |
EBDR 0.153 0.041 8*16 362
'@’m’f 0.2745 0.056 10%20 665
t"gﬁr{//’ 0.157 0.041 10%12 339
Wﬁ 0.018 24%8 364

i 0.288 0.056 12¥16 638

|

55 Fan Selection

The fan is an essential and important component of any summer air

conditioning and winter warm air heating systems. It is used to circulate the air
through ducts and branches.[9]

From table (A-26) selected model CM96 with air CFM = 11000

The fan pressure rise APran, is expressed as
APfin = APduct + APfitt + APadiftuser + APcoil + APfitter + APfan, infet + APfan, exit + APdyn.
APauct = APsupply air, duct + APreturn air, duct
APsupply air, duct = APBasement —1' + APfit
APBasement =4 = 0.21*3 = 0.63 Pa

APA o pr = 0.21*(3+1.5+6) =2.205 Pa
APy gy = 0.21%(0.96+1.5+6) = 1.777 Pa
APy op =021 *(1.82+1.5+6) = 1.96 Pa
APe = 0,21%(1.941.6+1 5+6)=2.31Pa
AP g = 0.21%(4.7+1.5+6) = 2.562 Pa
8Pe Ly =91 *(4.12+1.5+6) = 2.44 Pa
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I 21*%(1.18+7.14+6+1.5+6+1.9) =5 Pa
jPl = 021%(291+1.5+6) = 2.2 Pa
& APsinply awa=21.1Pa
;p,emm gir. duct = APBasement —3* + APfin
1—10=0.21%3=0.63 Pa
APIO—10' = 0.21%(3+1.5+6)=2.205 Pa
APIO—9' = 0.21%(2.48+1.5+6)=2.1 Pa
APy — = 0.21%(0.6+1.5+6) = 1.701 Pa
APg~7 = 0.21%(3.15+3+1.5+6) = 2.87 Pa
AP7—6 = 0.21%(7.02+1.5+6) = 3.05 Pa
APé —5' = 0.21%(2.4+2.73+3+1.5+6) = 3.28 Pa
APs -4 = 0.21*(2.14+1.5+3+1.5+6) = 2.97 Pa
APy —3=021*%(3.91+1.5+6) = 2.4 Pa
¥ APretmn air, duet = 21,206 Pa
APasn. = (v/1.29)*

APBasemen

=(5/1.29)

=]5Pa
APdgifiuser =17 Pa ...
APgri = 4.5 Pa

APeait, APfiter, APfan, inlet and, APfan, exit given from figure (A-27) and table (A-28).

APwil = 54.55 Pa
APfiler = 35.9 Pa

APfun, inter = 80 Pa
APan.exit = 60 Pa

APin=21.1421.206+15+17+4.5+54.55+35.0+80+60
=309.256 Pa

Po;pe’. = VAP
n
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3.88 *309.256
BB~ UveenT
powe’ =7 0.9%1000
=1.7KW

5,6 Summer Air Conditioning and Winter Warm Air Heating Systems

561 Summer Air Conditioning and Winter Warm Air Heating System

Selection

we select VWV System from Petra company since:

|. Less Power consumption of the system due to the thermal storage tank and
capacity control modulating water valves.

2. Flexibility in installation with no limitation on the distance between the
indoor and outdoor units.

3. Very efficient in high-rise buildings.

4. Safe system, since water is used inside the building as the cooling fluid. The
refrigerant is only used in the outdoor units.

5. Spare parts are available in any A/C workshop.

o

. -Constant speed-compressors are used. Frequency invertors is not used in this
system.,

7. Noservice-omcompressors are required.

- No oil return problems.

o oo

- Works up to 55°C ambient temperature.

10. The initial cost of this system is less than the Chiller and Boiler system.
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<62 Gelection Model

rotal cooling load =71.6 KW

g we select RWC Model 310 from Petra company table(A-29),
Cost {]ft]}iS model = 62400 NIS

5,6.2.1 General Data

Cooling capacity [KW] = 84.3

Heating capacity [KW] =79.8
Compressor: Hermetically sealed Scroll
Number of Compressors: 2

Refrigerant: R-22

Water connection size = 2.5 in

Number of Fans = 2

Air flow rate [L/s] = 12384

5.6.2.2 Electrical Data

Power supply : 380/420 Volt.
3Ph

50 HZ |
Total [KW] = 25,6 ]
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PR &

(nual Power Consumption
H b
» "1

nsumption = (load [KW]/COP) * No. of month per year * No. of

ygaual POWET oo
' day per month * No. of hour per day * Price of

electricity 7

ual Power Consumption for Cooling = ( 71.586515/3.293)*5*30*16*0.6
Ann

=31305.6 NIS
COPsocling = 84.3/25.6
=3.293
snnual Power Consumption for Heating = (43.37681/3.12)*5*30*16*0.6
=20020.1 NIS

COPhcating = 798/256
=3.12

5.7Ground Temperature

-~ Undisturbed -greund temperature is best obtained from local water well logs
and geological surveys. The undisturbed ground temperature will remain constant
throughout the year-below 20 ft. Above 20 ft., the ground temperature will change
with the season. Table (A-1) Ground Temperatures has the ground temperatures for

many locations around the world. [6]
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a8 Materisl |
y completed Goo Source oanth loop tystew widl coscint of the hont pusmp
spenent, & soties of buried pipes entside the building, antifivere and water siution
o 0 cimlat! (RITD 10 ranster the fluid to and from the casii boep. The bost prng
qond With a0 cutth loep miudl be capable of epevating ¢fficently and prvivide &
samiriadle ouipul temperatiire with inlet earth loop temperatures down 1o .}'i"!". Fhws
anderground mpe bunied outside must be exther a bagh demsity podybutybene o high
gonsity polyethylene mamifactured for carth loop applications asd tested by the | {
american Nociety for Testing and Materials ( ASTM) standaeds for such wage. This
ope of pipe has been in service by both the gas and electric utilities for FORNY YeRrs ?
aud has an estimated life span of over 200 years and normally carries SO yens
warrantics {8].
59 Loop Fabrication Practices
5.9.1 Heat Fusion :
Heat fusion is the process in which plastic pipe materials are aligned, cleaned
or wrmmed, heated to their melting point, brought together, and allowed o0 cool 10
famn. For reliability, all underground piping joints must be thermally fused rather
then mechanically coupled. r
I Heat fusion joining results in a joint which is stronger than the pipe itself.
= The connection or joint is all plastic, eliminating corrosion problems.
. Industry standards (ASTM, Plastics Pipe Institute (PP1}) recommend thenmal
fusion for proper joining. \
]
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5 9.2 Methods of Heat Fusion

5.9.2.1 Socket Fusion Joining

In the socket fusion method. the two pipe ends are joined by fusing each pipe

end to a socket fitting. This requires two heat fusion procedures for each joint.

5.9.2.2 Butt Fusion

The butt fusion procedure is where the two pipe ends are simultaneously
heated to a plastic state by a heater plate and brought together to form the heat-fused
joint. A single heat fusion process is required to form the joint between the two
plastic pipe ends. “The butt-fuston process is performed by using specially designed
machines which provide for securely holding the two pieces to be fused, aligning
them, trimming and squaring their ends, heating the surfaces to be joined with a

heater plate, and butting them together while they remain in a plastic state which

produces a double rollback head. [6]

5.10 Antifreeze Solutions

5.10.1 Water

Water is the least expensive and most readily available circulating fluid.
Water has a relatively low viscosity and high thermal conductivity which can yield

low frictional pressure drops and high heat transfers coefficients.
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The purity and softness of the water are important. The presence of

impurities, as fons or dissolved solids, can play a sipnificant role in scale build-up,
peat exchanger foulmg, and pump maintenance and life in open systems. This would

not be a major concern in a closed earth loop system.

Water would nermally be the chosen earth loop circulating fluid if it were not
for its following two disadvantages:

1. Water has a relatively high freezing point of 32°F,
2. Water expands upon freezing. -

These two disadvantages eliminate water from being the chosen earth loop

circulating fluid in northern climates. A fluid with a lower freezing point must be
chosen.

Table 5.39 states pure water density, viscosity, and thermal conductivity at

various temperatures. Water’s specific heat can be taken to be 1.000 Btw/(Ibm.°F).

[6]

Table 5.39 Pure Water Physical Properties

Temp Density Viscosity Thermal/Conductivity
(°F) (Ib/gal) (centipoises) (Btu/hr.ft.°F)
32 8.344 1.789 0.327

) 8.344 1.550 0332

50 8.339 1.310 0.338

60 8.334 1.200 0.344

70 8.338 0.979 0.349
h‘*———__;

80 8311 0.860 0.355
Loy o =

9 2.303 0.764 0.360

100 8.287 0.682 0.364
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8.267

0.616

Note: Specific heat = 1.000 Btu/lbm . °F

5,10.2 Methyl Alcohol (Methanol)

Methyl alcohol, sometimes referred 1o as a methanol has been widely used as

an antifreeze. Methanol in water offers low cost, low corrosively,

drops and relatively high heat transfer coefficients, Methanol, however, presents the
disadvantages of high volatility,

has a flash point of 5

Table 5.40 Methanol Solution Physical Properties

0.368

low viscosity, and
good thermal conductivity. Methanol water offers relatively low frictional pressure

high flammability, and high toxicity. Pure methanol

4°F to 60°F. Table 5.40 gives pertinent data for methanol waters
at 25°F, 30°F, 35°F, and 40°F. [6]

[Mean Temperature | 25 30 35 40
(°F)
Freezing Point 15 20 25 30
(°F)
Weight % Methanol | 13.6 10.0 6.3 2.0
Methanol Mass (1) | 131.6 92.7 56.1 17.0
(Ibm)
Methanol  Volume | 19.41 13.63 8.29 253
(2)
(gal)

mravity 0.813 0.815 0.811 0.807
(3G y59)

Density 8.180 7.546 8.254 8.257
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R NOTE: (1 ) Pounds mass ofpurc methanol needed per lﬂﬂ‘mllom of | pure water,

(2) Gallons of pure methanol needed per 100 gallons of pure water.

5.10.3 Propylene Glycol

Propylene glycol, which is- nentoxic, can offer low corrosively and low

volatility, and presents a low flammability hazard. However, propylene glycol yields

more viscous solutions.

- A reasonable Jower timit threshold would be a maximum 25% mixture by
volume and operating above 25°F. Lower operating temperatures and/or higher
concentrations of propylene glycol are not economical when the energy required
pumping the fluid- and maintaining turbulent flow under those conditions is
considered. In order to obtain good heat transfer within the buried pipe system the

calculated Reynolds number should not fall below 2500. Table 5.41 gives pertinent

propylene glyeol properties at 25°F, 30°F, 35°F, and 40°F, [6]

i ]
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< 4] Propylene Glycol Solution Physical Properties
e ’

o 25 30 35 40
ﬁm »
¢
| W 15 20 25 30
(°F)
W 23.5 18.3 12.9 5.9
W 256 187 124 52
)
| W 29.9 22.0 14.7 6.2
(@)
Speific  Gravity | 1.025 1.018 1.013 1.006 T
(8G¥59)
mgal) 8.55 8.49 8.45 8.39
| Specific Heat 0.96 0.97 0.98 0.99
 |(Bulbm °F)
| { Viscosity 53 (44 4.0 3.7
é (Centipoise)
Thermal 0.225 0.236 0.25 0.275
éConducu'vity
;(Btu’hr.ﬁ °F)
NOTE: (1) Pounds mass of pure Glycol needed per 100 gallons of pure water.
| (2) Gallons of pure Glycol needed per 100 gallons of pure water.

{\M\h;
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5.11 Earth Connection - Closed-Loop Ground Heat Exchangers (GHX)

This section introduces the procedure (o estimate the size and the

performance of closed-loop ground heat exchangers (GHXs). Since this estimation
also requires the calculation of elements that specifically belong to the heat pump

system.| 7]

5.11.1 Vertical Loop Design

5.11.1.1 Ground Testing

Ground testing provides the designer with accurate information on the
thermal conductivity. With this information, the loop design can be optimized (in
most cases) and the length of piping reduced. If the bidding contractors will test bore
data and drilling conditions on the site, this will remove some of the uncertainty and

they may provide a price with less of a hedge in it.[13]

The tests are generally conducted by drilling a bore hole and adding a loop.
Hot water from a portable electric heater is circulated as shown in (Figure 5.1). A
data fog is run ever 48-hours and the energy absorbed by the ground is measured.

From this, the conductivity and diffusivity can be calculated.[14]
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PURGE VALVES ELECTRICAL

e FEN e S anERa g

I —

% § e 340083 S ) ST L ST T

INSULATICN

ViR THTRATRY DAY

o

TEMPERATURE
FROZES AND FUMP
FLOW METER
% STANDARD GROUND HEAT EXCHANGER
~- ORILLED TO EXPECTED LOOF DERTH
- AT SITE
./

Figure 5.1: Field Testing Apparatus

511.1.2 Vertical Heat Exchanger Length

CONNECTION TO
POWER SOURCE

ACQLISITION

To find the required vertical heat exchanger length of bore length takes the

following equation for heating;:

[h = q"RL’ﬂ +(Cﬂr quh X‘Rh 53 PLFngm i Rgd'Eu:)

tw.‘ +[wn
tp +-2 ¥ g

g

And takes the following equation for cooling:

I, ‘MXR" +PLF, R, +Rngs..~)
Iw.f +[wn —t

&

t}) +
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where L is the length of bore required for cooling, Lnis the bore required for
peating, ga net annual average heat transfer to the ground. Cm heat pump correction
factor for heating, Cre heat pump correction factor for cooling, gm building design
peating load, g building design cooling load, Rs thermal resistivity of bore. Rga
effective thermal resistivity of the ground, annual pulse, Rem effective thermal
resistivity of the gronnd, monthly pulse, Rea effective thermal resistivity of the
ground, daily pulse, PLFn part load factor during design month, Fsc short-circuit heat
|oss factor, g undisturbed ground temperature, 7, temperature penalty for interference

of adjacent bores, fwi liquid temperature at heat pump inlet, and #vo liquid temperature
at heat pump outlet.[15]

. To use these equations, the net annual heat transfer to the ground, ga, needs to

be calculated. The net annual heat transfer to the ground is given by the following

equation:

C.q.EFLhours . +C wduEFLhours ,
8760 (30)

qu =

where 8760 is the number of hours per year, EFLhours. is the equivalent full-

load hours for cooling, and EFLhourss is the equivalent full-load hours for heating,

The heat pump correction factors, Cf-and Cp, are taken from table (A-30) and

everything is plugged into the above equation for net annual heat transfer.
Cfc =12

Cn=10.8
g =71.586515 KW, = 244426.85466 Btu/h

9h=4337681 KW = 148106.90568 Btwh
EFLhours. = 2400 b

EFLhours;, = 2400 h
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(1.2 * 244426 85466 * 2400) + (0.8* 148106.90568 * 2400)

4 = 8760
qu=112821.3 Buw/h

The program currently uses a length calculation that involves a single value
for the ground resistivity. This neglects long-term heat changes in the soil that may
arise over the life-of the system. By using several values, which are based on three
different pulses, a more accurate calculation for the length of bore can be found that
takes into account the long-term temperature changes of the soil. These resistivity
values are labeled Res (annual), Rgm (monthly), and Red (daily). To solve for these,
calculate t,0r the length of each pulse, for the three different time intervals:
1/=3650 (10 yrs. ); T2= 3680 ( 1 month ); tr= 3680.25 ( 6 hours g

Then the following equations are used to solve for the Fourier number for each of the

pulses:

4a(z, —1))
o= — 48 (3D
da(r, -1,)
n= #‘ (32)
dar
_ S
Fﬂf - d2

(33)

Where o is thermal diffusivity, and d is diameter of pipe.[16]

Using the values of F» find the G value associated with each of these Fourier values

if found from a logarithmic fit of figure (A-35):

34
G =0.0769Ln(F, )+ 0.0901 i

Finally, to solve for the thermal resistivity (Rea, Rgn, and Red), use the equations:
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fo ™k, (35)

R..yrf kg (36)
-— Gz

Rgd == -]?”_ (37)

where K¢ thermal conduetivity of earth.[16]
a=0.8 ft*/day

ke=1.19 Btuw/h ft °F

d=0.105 ft

=G, =1.1575

G, =0.7884

G, =0.4196
Ra=0.31h ft “F/Btu
Rem = 0.3099 h ft °F/Btu
Red = 0.3526 h ft “F/Btu

Next, a specific type of pipe needs to be assumed for use in the heat

exchanger. A commonly used pipe for this purpose is 32 mm diameter polyethylene
tube (SDR-11).

Kavanaugh cites the work of Remund and Paul (1997), and their use of a

method of solving for thermal resistivity of bore, Rv. The equation:
Ro =R+ Rp (38)

Where Roris the backfill resistivity, and Rp thermal resistivity of pipe.
Re=0.7 h °F f /Btu

Re=0.075 h °F ft /Bty

Ro=0.7+0.075 = 0.775 h °F ft /Btu
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Next the short-circuit heat loss factor. Fie, which is the heat lost between
adjacent pipes in the same borehole.

Fse = 1.03

Now the part load factor can be taken from the equation:

Load x Hours DaysOccupi edPerMonth (39)
PLFM = X

Peakload x 24h DaysPerMon th

o _[_65.079x16 ><(2_7_
PLEn =\ 71586515 %24 ) ¥ 31

PLF, =0.528

For vertical installation, it is assumed that the ground temperature, tg, is equal

to the mean of the winter and summer average temperatures.
t=17.33°C
=63.2°F

Water inlet temperature is suggested to be 20 to 30 degrees higher than tg in

cooling, and 10 to 20 degrees lower than te in heating (both temperatures in
Fahrenheit).[15]

twic=29 °C
=842 °F
tvin=11°C
=22 °F
twoc=3222 °C
=90 °F
Wwoh=8811 °C
=47.86 °F
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Finally, the temperature penalty due to bores affecting one another, tp, sec
table (A-31) can be used to estimate this value. Interpolation can be done with values
not exactly matching the chart.
tp=2.6"C

=36.68 'F

With all of these values determined, equations 1 and 2 can be used to solve

for the bore length required for heating and cooling.

_ (112821.3%0.31)+ (0.8 x148106.90568 )(0.775 + (0.528 x 0.3099) + (0.3526 x 1.03))

h
36.68 + 52*#& —63.2

L,=8082.8567 fi
L, =2463.65m

L (112821.3x0.31)+ (1.2 x 24442685466 )(0.775 + (0.528 x 0.3099)+(0.3526 x1.03))

s B0

L, = 6880.32 ft
L, =2097.122m

We depend in design bore length on Ln because Lh is larger than Le.

Number of Bores = (Bare length) / (deep of each Bore)
=2463.65/100
=24.6365 =25 Bores

Length of heat exchanger (polyethylene Pipe) = 2*Lh

=2%2463.65
=49273 m
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5.11.1.3 Pump Selection

To select the pump must be know the friction loss in pipe and coil of heat
pump, SO We use the table (A-32) to calculate the friction in pipe, and use the table
(A-33) to know the value of friction in coil, and must be know Pump flow:

Total Equivalent Length of pipe = 4927.3 # 1.5
=7390.95 m

Friction loss in Pipe = 446.431 KPa

Friction loss in heat-pump coil = 30.8 KPa

Total friction loss = 446.431 + 30.8

= 477231 KPa
Pump flow = 8.5 L/s

From Grundfoss company we are determine the type of Pump:

Pump type is: Grundfoss TPE Serles 1000 (see figure (A-30)).

5.11.1.4 Selection Geothermal Heat Pump

we select EKW Chiller type from WFI Global company, because satisfied the

following specification of Project; weather, load, system.....ect.

5.11.1.4.1 Selection Model

Total cooling Joad = 71.6 KW
Tota heating load = 43.4 KW
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So we select Heating and Cooling Part Load Model EKW130 from WFI
Global company see tables (A-33) and (A-34).

5.11.1.4.2 General Data

Coaling capacity [KW] = 74.1
Heating capacity [KW] = 80.8
Number of compressor: 2
Refrigerant: R-410a

Water Floe rate = 8.5 L/s

5.11.1.4.3 Electrical Data

Power supply : 380-Volt !
3Ph |
= - 50HZ
Total for cooling [KW] =12.9
Total for heating [KW] = 17.4

5.11.2 Cost of Geothermal Heat Pump Equipment

cost of heat Pump = 33500 $
= 130650 NIS
costof Pipe =2463.65 * 2 * 3.7
=18231.01 NIS
©0st of Ground test = 1500 $
= 5850 NIS
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cost of drilling = 25 * 1500 *3.9
= 146250 NIS
cost of Pump = 27000 NIS
So the Initial cost for Geothermal heat Pump = 130650 + 18231.01 + 5850 + 146250
+27000
= 327981 NIS

5.11.3 Annual Power consumption

Annual- Power Censumption for Cooling = ( 71.58651 5/5.8)*5*30%16*0.6

=17773.2 NIS
COPreooting = 5.8 (see-table (A-33))

Annual Power Consumption for Heating = ( 43.37681/4.6)*5*30%16%0.6

=13578.83 NIS
COPheating = 4.6 (see table (A-34))

3.12 System Comparison

Initial cost difference between two system = (initial cost of GHP) — (initial cost of
Traditional system)
=327981 - 62400
=265581 NIS
(Annual Power Consumption(APC) = (APC of Traditional system) — (APC of
GHP)
difference hetween two system)
= 51325.7-31352 i
=19973.7 NIS K|
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So the number of years necessary to offset the cost difference between the

two typcS:
No. of year = (265581/19973.7)

=13.3 Years
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Conclusion

The initial cost of Geothermal heat pump system is very high but it can return

the initial cost after several years, depend that on load of building, type of ground

properlies. and other reasons.

Recommendation

1. we recommend applied this project in residential and commercial building in
Palestine, despite his high cost, because the Palestinian suffering from a lack
in electrical energy, and this reduces the power consumption.

2. we recommend this technology to teach at Palestine Polytechnic university,

~- Given the importance of this technology.

3. we recommend that the government is educating the owners of companies

and enterprises use GHP in the process of conditioning and refrigeration, this

is because it reduces the power consumption.
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Appendix A

Table A-1 Ground Temperatures

Table A-2 Cooling load temperature differences for calculating cooling loade

from sunlit roofs

Table A-3 CLTD correction for latitude and month applied to walls and roofs,
porth latitudes

Table A-4 Overall heat transfer coefficient for windos, W/m?.°C
Table A-5 Solar heat gain factor (SHG), W/m?, for a latitude angle of 32°

Table A-6 Shading coefficient (SC), for single, double and insulting glass

without interior shading

Table A-7 Colling load factors for glass without interior shading, north latitudes

Table A-8 Colling load temperature differences for glass convection
Table A-9 Outdoor air requirements for ventilation

Table A-10 Cooling load factors for lighting

Table A-11 Sensible heat cooling load factors for people

Table A-12 Cooling load factors for lighting

Table A-13 Cooling load factors for lighting

Table A-14 Overall heat transfer coefficients for typical wall constructions,
W/m?, °C for Re = 0.03 m2.°C/W

Table A-15 Heat gain from occupants in watt person

Table A-16 Overallheat transfer coefficients Uw, for basement walls below
grade (W/mz.“C).

Table A-17 Overallheat transfer coefficients for typical ceilling constructions,
Wim.*C, for Ro = 0.03 m*."C/W

Table A-18 Air change per hours in residences and commerical application

Table A-19  Qverallheat transfer coefficients for wood and steel doors, W/m."C.
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Table A-20
5}'5“3!!15-

Table A-21
capﬂCit}"

Table A-22
Table A-23
Table A-24
Table A-25

Table A-26

Recommended and maximum air velocities for warm and cool air

Circular equivalents of rectangular ducts for equal friction and

Equivalent length Le, of various fittings.
Model 4SCD four-way throw square diffuser.

Model 4RCD way throw rectangular diffuser.
Return Air Grille.

Air Handling Unit.

Figure A-27 CM unit filters pressure drop chart.

Table A-28
Table A-29
Table A-30
Table A-31
Table A-32
Table A-33

Table A-34

CM unit pressure drop table.

Outdoor unit-RWC General data.

Heat pump correction factors.

Long-Term Change in Ground Ficld Temperature
Long-Term Change in Ground Field Temperature
Performance data cooling part load EKW130

Performance data heating part load EKW130

Figure A-35 F0 vs. G for a cylindrical heat source

Figure A-36 Performance curves for Grundfoss pump

Figure A-37 Pressure drop (AP/EL), for air in galvanized steel ducts, based on

round duct diameter

Figure A-38 Elevations

Figure A-39 Ground Floor Components

Figure A-40 First Floor Components

Figure A-41 Ground Floor Duct Line

Figure A-42 First Floor Duct Line

Figure A-43 Ground Floor Diffuser

Figure A-44 First Floor Line Diffuser
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Figure A-45 Ground Floor Return Line

Figure A-46 First Floor Return Line
Figure A-47 Sections

Figure A-48 Basement Floor Plan & line GHP
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Table A-4 Overall heat transfer coefficient for windos, W/m2°C
Table A2 — =2 W' O

\Iﬂlcriﬁl \\.ind SI‘E{’(! {:];/ 5)

‘ as - pris= S > e
Type wid single (ilass i Double Glass

Frames = w0320 05500 %35 2057 ps s 0 <5g

= —— B O

Woad 38 4.3 5.0 Z.3 )€ b
Alrinzem 5.0 3.6 6.7 A0 33 ;
St 5.0 5.0 6.7 3.0 39 %
PrC 3.8 1.3 5.0 2.3 25 a
p— N . o ——

Table A-5 Solar heat gain factor (SHG). W/m?. for a latitude angle of 32°

Month Jan. Feb. Mar. Apr, May Jun. Jul. Ang. Sep. Oct. Nov. Dec.
N 85 101 114 120 139 126 117 104 8§ 76 49
NNE/NNW | 76 85 117 252 350 385 350 249 110 8% 6 a9
NE/NW 1205 338 481 536 555 527 445 335 joo o 69
ENE/WNW | 331 470 577 631 636 656 643 415 3546 431 335 285
E/W 532 647 716 716 694 075 678 691 678 615 544 5114
ESE/WSW | 722 764 748 091 628 396 612 463 716 T3 710 8%
SE/SW /86 782 716 390 480 439 473 571 688 734 773 776
SSE/SSW 788 732 615 445 213 262 305 42% 3596 710 776 7os
§ 776 697 553 3863 233 189 227 350 540 678 767 795
_Horizopral 23 685 795 3855 874 871 86! $36 770 2. 552 908
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Table A-6__ Shading cocfficient (SC). for single. double 4nd insulting glass without
adin

erior SNECLEE

Shading Coefficient, W/m® K
B=227 | he=l3d

T!'PE Of Glass

0.84 1.00 1.00

Clear 3
) (.78 (.04 (3.93
i0 0.72 0.20 0.92
‘ 12 0.67 037 (.88
H{:‘Ef absorbrng 3 065‘- 053 085
é 0.4 0.69 0.73
10 0.33 0.460 0.64
(.53

0.90
— 0.83
0.20-0.40

chular
Plare
Reflective

Ciear

tHeat absorbing’
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Tabl

AT Colling load factors for glass without Interior shading.
e

north latitudes

Building l Solar Time, b
f::;n Comsructionf 1 2 3 4 5§ 6 7 B 9 15 p 12 13 1‘4““1—5“; 12
—_—
N M |\-.;;so;3n_1: 0.10.0.00 .09 0.09 010 0.11 632 013 0.14 0119 0.2 58
H 014 C130120.N 010051 ¢120130.14 014 015 036021 0,20 {54
L 012 0000 QOS 003 200 0.07 00D 016012 013 & IS0170.26 050033 &6
WNW M [0.150.130.01 010 0.08 0.0% ¢ 10 6.1 H120.41 014215017024 035 0.47 055
H ': 14033012811 010C11 012013014 0.15016 0,17 6,18 0,25 0 34 046 053
|
L (011009008 0.06 0.05 .05 005 0.1 0 12 0.14 116 0,17 €19 0,23 0 33 .o 059
- AL 0149.22C.11 0.09 0.08 2.09 0.10 0.11 013 0.14 0.06 0,47 (.15 0.2} 030 0.23 8 &1
’ H 914012011030 010 C.10 012 0.13 0,15 0.16 .18 0,18 0,10 3 2 22030041 050
L 012009005 006005007011 0.120.18022 025027029 0300.33044 037
NNW M E‘-S"‘SOH010!“1.03"10012‘UliﬂiFD”lOZEO:éQZ?!).lEGJ!Oi"—'U.iZ
H G1¢0.130.120.210.100.12 015 0.17 0.20 023 0.25 5,28 0.2 025 0 3 (.38 0.42
I C.11 009 C.07 0.06 0.05 0.07 .14 0.24 0.14 5,48 038086 0720740530€67050
HORIZ. M Cle 014012011011 011 D16 0.24 0,13 5.43 0.52 0.39 0.64 0.67 066 .62 .56
H 017016 0.150.34 0.13 0.15 0.20 .28 0 14 045052 0.35 0,62 0.64 ©62 0.58 031
Cooling Load faciars (CLF) for 9lass windaws with interior shading, Norn latitugz
Fenestration Solar Time, 4
Facing 1 2 3 4 S 6 7 8 9 10 11 12 13 14 15 16 13
N 0.05 207 0.0¢ 0.06 0.07 0.73 0.66 0.65 0.73 D50 D.BS DEZ 0.82 086 D82 0.75 0.78
NKNE 0.C3 003 Q.02 0.02 0.03 0.64 D77 0.6 0.42 037 0.37 037 036 035 0.32 026 023
NE 0.03 0.02 002 0.02 .02 056 0.76 0.74 0.58 027 029 027 026 023 022 0.26 0.16
ENE 0.03 2.02 0.02 002 0.02 052 0.76 0B8C 071 0.52 .31 0.2e 0.24 0.22 0.20 (.18 15
E 0.03 .02 0.02 0.02 0.02 0.47 0.72 0.80 0.76 0.42 0.41 0.27 $2¢ 022 020 017 014
ESE 0.03 .07 0.02 0.02 0.02 041 0.67 0.79 0.80 0.72 054 032 227 024 021 015 0.135
SE é(} 03 0.03 0.02 0.02 002 0.30 0.570.74 0.81 072 D68 0.4 033 028 025 022 018
SSE 0.04 0.03 0.03 0.03 0.02 0.12 0.3! 054 0.72 0.81 0B! 0.71 0.54 038 0,72 027 0.32
s 0.0+ 0.0 0.03 0.03 0.03 0.09 0.16 023 0.38 0.35 9.75 083 0.50 0.68 050 0.33 0.27
SSwW 0.C5 602 0.04 003 003 0.09 D.14 0.18 0.22 (27 043 063 0.78 0.84 D80 068 048
swW YOS (L3 T4 0.0 003 0.07 001 D14 0.16 0.9 0.22 038 059 0.73 0.62 081 G ¢
WSW  |0.05 c.os 0.04 004 0.03 0.07 0.10 0.2 0.14 0.16 0.17.0.23 0.44 .64 D75 0.85 0.75
W 003 G03 0.0¢ 0.0% 0.03 0.02 0.09 0.11 0.313 0.i5 0.16 017 0.31 053 .72 0.82 051
WKW 10.05 €05 004 0.03 0.03 0.07 0.10 0.1 0.14 016 0.17 0.1§ 0.22 043 065 080 08¢
Nw 0.05 604 004 0.03 0.03 0.07 0.11 0.14 017 0.1 0.20 021 022 £.30 052 0.75 0.52
NNW 10,05 0.05 .04 0.05 0.03 011 0.7 0.22 (.26 030 032 033 034 032 039 081 CH:
ﬂon& 0.05 004 0.04 003 0.12 0.27 0.44 0.59 0.72 081 083 Q.65 G5l U7 05§ 042

Table A8 Colling load temperature differences for glass convection
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Table A-9__Outdoor air requirements for ventilation
Table A-9 O

i p Maximum
\ : L A Outdoor Air Reguire
A Qccupancy Per il
Application o 100 m* L/s/Person |  Lrs/m?
L‘":I 1 !
oﬂ-wﬂ’ﬁﬁ* ' x 7 10.0 2y T
R&CI“'U“ area | 60 8.0 -
Teleco mm. Centers 60 10.0 _ : _2
® onivmcccrwn“ 0 10.0 — ;
eI, TR LR R s 18 buss = d ey - PP PR 3
3
[‘imo mﬂ lounpe :
}_h Wil
[LJ i .r‘.ﬁ- 53 i *
(_onnnucml laundr)_ 1 |
lComm crcial dJ} L]LHDCI 1
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Com np\.ramd dr\’ clcanq RS i
4-— J\ - ;‘.
§
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fikc)
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Table A-10 Cooling load factors for lightin
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Table A-11

X, teeemet Jug
o exibeg o ik s srasr and o
Ter suppéy dur 1eg o through e ooty with the 1o &

e fovwres and tmegh e ceilieg spae

A e

Sensible heat cooling load factors for people

Hours afrer cach
eniry into space

Toral hours in space

2 . 6 S 10

12

i
\
| R
S

‘.) ST
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i

el

4
b

{10471 066, (067, 13067, 0,097

0.49: =049 -, 050 -i.05Lk " _ 053,
(055059 . 060 . 06}, 062
0.13 o
010 027
008 021
007, 616"
0.06 *_5l0,14%:
0.05 .. 0.J1%
0.04 010
004 008
003 007
0.03°770.06 ©
0.02. % ~0.06
Q.02 .. 0.05
0.02 004
002 004

0.0i 0.0

0.71 072
076 076
079 Q.80

SO 0820

v 0,264 N 0,843V

021 0,38 "
Di§ 020
0.15 0325
013 021

"0 L 0.08] s

% 0110, 533.0,0 54

0080 013
0.07- 012
0.06  0.10
Qos 0.09

0.72 .74
0.77
0.80
0.85 "
0.87
0.59
042
0.34
028
0.23
0.20 .
017
015
013

B0

083084
0860,
. 0.5

055, 0,
0645 g

0.55
079
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(.89
0.9]
0.62
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Table A-12 Cooling load factors for lighting
Table A-12

— ' Div L‘Hi!] Tactor
—
\pplication |_Lisbts | Peogle
vy ! Adie vog 2 g
"""rmrhuﬂa,rugfof |fcs‘.mh£!.mr xlcaol' L"‘a—.% “:j DI008S 18-

Ca'c _-,-Mc of o'hcct anid pt:.;\hcral arc&s#.- 11!1 lc<$ r".m Fif e _.ﬂ_CQ 1.00

SAb@rinCe Tade £ =
«Q ri:':.nfj. kALY T 5. ) B v i
Apartintats al 1A hote! bedrooms 1 005D !
- ). f 0]
Public tooms 10 hotels i 0.53:1.00
Depastirent Soics and superarkets | 0.92.1.00 1

Table A-13  Cooling load factors for lighting

Satia-en

- |
” o
B Withont Hood 4
i
i e _q_._mph.um _ 1 _Be m:blc Latent Toral J
i u::»n‘“ uf‘o"u 1'- v ] o675 120 795 | i
M doyels (Helmet tvpe) NES0C C -100 630 | L
Coflie lgewer.Leletiioal 225 65 280 S
Coffee Drever (pas poy 490 .- 2]0 700 j
Water heawes . 1,136 335 1,465 ' !
Cofiee mn (electtical) - 1,075 330 1.42.\“'" i
Coflee urn (eas) ) 60 625 2,083 i '
Deep fat frver {electricaly  iulzz 820 1,930 2,750 {
Deep fay iTyer (o) 103 R 2 2,080 2,080 4,100 ‘
Toaste: Lk 1,055 2 7057 .1.780% i
Domestic gi€ sven 2,430 1200 3,630
Im’hum- oven 300° .- 320 520 . {
Food warmer (pas) 4o _1.55 400 . 1950 } ]
Eog: boiler 335 220 5585 ! 1
Frying ondaie 13,600 7,200 20,800
Hu!pl Ate JE0 1,060 2,610
Neon sign, ;m eter ley pl"l _ 36 s S6
-uu!wo TP 190 350 640
Laboratory burner 1 470 120 ¢ 690
\mml copy machine 1,760 . — 1,760
Parge Copy mnchine 3.515 - 3,515
'IU!I‘!]’I‘ . %
400-2, 000 W 1,100 .~ 1,100 if:
—— 2,000-13,600 W 2,430 e AT 13
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Bmc’_&w',___e_@ﬂﬂmnﬁer coefficients for tvpical waj constructions, W/m?2

nC for RG = 0-03_ m2.°C/w
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Table A-15_Heat gain from occupants in watt person
i
ot B L
§oo :
Z
|
i L€ 5 3
{17 1
1 H
Y
| s _
'i
a i
Table A-16 Overallheat transfer coefficients Uw. for basement walls below grade i
W/m2.°C). 1
|
?
U, (W/ni*.*C)
|
24 Insulatjon Resistance (m*.*C/ W) i
de im)ie 7| Uninsulated | 0.715 1.430 2.145 1
| 2328 0.863 0528 0,380 ’.
1.261 0,659 0.449 0.333
0.£80 0.534 0.386 0.301
0.676 0.449 0,341 0.273
0.545 0.332 0.301 0.25
0,449 0.341 0.273 0227 :
0.392 0.307 0.250 0.210 ]
‘\__“—.—-___
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Table A-17_Overallheat transfer coefficients for tvp

Mr Ro = 0.03 m2."C/W ical ceilling constructions.

Koy Thickness  Layer

§ Corstueton  aeny
i Asphalt Mix 0.028 00im @
H Conczrete 0.02¢ 0.05m {2
Insulation 0750 0€03m £
Reiwforced Concrete 0.034 003 m Q) U
Cement Block 0147 0.14m ®
Plaster 0.0i17 002m {8
- U=10.88
~ Asphalt Mix 0.028 0.02m
L Concrete 0.029 0.05m
- Insulation 0.500 0,02m
. Reinforced Concrete 0,034 0.06m 6'
. Cemient Block D.i8¢ 0.18m
. Plaster 0.017 0.02m 7
- U=1.08 : -4
© Asphalt Mix 0.028 0.02m :g -
' Concrete 0.029 0,05m
) Insulation 0.730  0.03m
Reirforced Concrete  0.057  0.10m 8
Plaster 0.017 0.02m i
[r=1.00 ﬁ
$
Inside Surface 0.110 — i
Meial Lath 0083 002m ;
Air Gap 0.164 0.10m {
| Meza) Ceiling Suspension — — ;

: Corrugated Metal Deck Ji= -

HOHEOOOEO

Concrete Siab 0,029 0.0Zm 3
Insulation 0.500  0.02m i
buit-up rocfing p.058 0.0lm {
Outside Surface 0.030 - ) 1
7= 1.03 ’
--_—‘—-_
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Table A-18 Air change per hours in residences and commerical application
-"""F-—.—-—i

pre &0 ARSI Bk .
a ; ir Chanyes pe
o T{DL} r :_.y'L".

Lind of Room 0t Tuilding

]{(}cms v

Rooms witl

4ih 00 WIEOWE U7 exreror dooss
y wiadows of extenior doers o5 one side only
<ndows or extenor doars on hwo sides

Rooms tthe w ;
1 with windows or exteniers doors on three sides
Reon :

Entranct halls

Factories, machine shops
oms, assemliy rooms, gymnasium

Recreation (@
Homes, apartinents, offices

(Classrooms, dining moms, lounges, wtlets, hospital rooms,
yitchens Jaundnz:, ballrooms, bathroems

Stores, pubhc putldings

S e il

Toulets, auditonum

— b,

R A i i

Table A-19 Overallheat transfer coefficients for wood and steel doors, W/m2.°C.

e e L L

With Meqal

Without = With Wood

Door T i y ‘j'
: or Type Stom Door  Storm Door  Storm Dogr }%
25 mm-wood 3.6 1.7 2.7 L
=, : = i
35 mm-wood =31 3 1.6 1.9 |
40 mm-woond 28 1.5 18 i
45 mm-wood 2,7 ]‘5 1-; {
50 mm-wood ; 24 1.4 ]'? |
Aluminum 7.0 ' . |
Steel 5.8 = |
Stzelyoirh: ' B ;‘
Fiber care 13 — J
Polystyrene core 27 - | *
Polvure h . _ :. |
YUretnane core 23 —_ == Il'
Table A-20) Recommended and maximum air velocities for warm and cool air
S StCIIlS.
Recommended Yelodty (m/s) S gty 057°)
Residence  Public  Indostrial | Residence  Public }"d_us,m:u
Descriprion Buildings Duildings Buildings | Duildings Tuildings Duildings | : 4
Outside ais intke 25 25 25 4.0 43 b |
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21 _Circular equivalents of rectangular ggglg_@ml friction and capacity.,
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Table A-22 Equivalent length Le. of various fittin s,
a

Fitting

45° Round elbow

90° Four pieces elhow
Gradua! reduction
45‘::!{01‘4'??(1 Ti‘é’

Main run

Branch
50° Bound Tee

Main run

Branch
9°Rectangular elpow
Ai):upt :‘ound‘cc.)mraction ar - “ .. ‘ !
Opansion S0 Y
W ol

STy ity B Ty
FSRRIS LA -
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Table A-23 Model 4SCD four-way throw square diffuser.

¥
. @ 5
’\’:T\rf!f* D 200 | 300 | 400 500 | 600 | 700 | 860 | 900
TOTAL PRESSURE 019 ‘039 .0(‘7 .10 .14 .I‘) .24 -30
6x6" TOTAL CFM Rl 73 100 125 130 173 200 235
CFM cach side - a 13 19 25 3 8 14 30 57
AR=0.13 Throw each side - a 23 3-5 7 -9 &11 713 &1 9-17
09" TOTAL CFM 112 16¢ 24 280 336 i s 30
CFM eachside - a 28 32 36 70 $4 98 112 126
AK=028 Throw eachside - 3 2.3 3.3 48 10 612 14 iz 918
EEE TOTALCFM 00 300 30 300 800 700 £00 500
CPM cach side - 1 50 75 100 125 130 173 200 225
AK=03 Throw each side—a | 24 a7 39 611 -1 $-16 1018 11-21
[REYRS TOTALCFM 312 468 624 780 034 1082 1248 1404
CFM each side ~ 78 117 156 139 233 73 312 331
AK=079 Throw eachside —a 3.5 4-8 310 713 8168 1(-19 i1 12-24
187%18" TOTAL CFM 230 675 a0 1123 1330 15373 1800 2025
CFM each side—a 113 169 235 281 bR 394 435 507
AK=0.13 Throw cachside - 3.5 4-8 510 7-13 0.17 10-20 12-24 13-26
273 TOTAL CFM 612 918 173 133 1836 R L) 248 RIR]
CFM each side - 153 229 308 382 439 335 612 589
Ak= 154 Throw each side -2 3 4-8 611 7-13 9.18 1.0] 1523 14-28
24Tx24 TOTAL CFM 500 1200 1600 2000 2400 2800 3200 3600
CFM tach side - a 200 30 400 300 600 00 SO0 S00 -
AK=2 Throw eqchside —a 3-8 59 12 14 10:19 | 1122 | 1326 1330
125

AR

-

o Ny

e SRS IR

0

s e

J%s ke ey o
R & Bt SR T, 4




A-24 Model 4RCD way throw rectangular diffuser.
Table A== — Fr e
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-WK_E]]J-_ Nk ;-1[’*.:.'(1‘.1\ 290 200 AN R RO 1] 550 7
A s |
— TOTAL PRTSSTRE A1y 03y Y N NE] L] RE] ) ‘;
5 i _ﬁ‘i‘:. FALTTM i 113 N R E R 338 é
IMexhaid-a o 38 p) 45 33 £3 120 113
AK=018 CIMeacksid - b 15 19 bt 32 31 3 2 56 {
Throw cachside - 4 Codl I B B [T IO B TR B P ‘
Threw cach side - b 12 | 35 | 34 | 35| 36 | |o 40 !
el TOTAL (1M 124 16 v S0 HE £y 230 1
CPMexhside- a 37 35 75 Bl 2| o | 150 | :es 1
AK=0.15 CFMeach side - b Bl R |38 |2 |9 |9l :
Throw cachside - 2 2 | 43 SOV ERL | | s | 27 | nae |
Theow cach side - b 1 35 134 | 35 | 35 | a3 |ar-lTes f
ViR TOTAL CT ™ 50 0s8 | 301300 55 =6 T30 3 |
[¥\exhddisa Lo e | 1 | s | e | nae {
AR=0R (P sacksids - b i3] 19 X ] x| % | s 4
Theow cachside -7 -3 L7 0L &N | | oes | € | e 3
Tire cach ke ~ b 1-2 -3 -4 i3 5-: 4 A7 42 l
ety TOTAL LTV Lo | 25130 3% [ | 55 &0 T 63
CFMewhsico-a 62 | & [ 12 [ 36| s | 2 | 250 | 2mp 1
4K=07 (PMeachside - b 13 18 3 31 38 L ap )
Throw cachsd -z =51 #7 | 80 g1 |z | 216 | 238 |1 3
Threm each sick: - b 2 | 23 24 | M 23| 26 | 27| a3 |
SN TOTAT LI I~ | 503 3T | S | o3 Tl | 0 | % {
CiMexhado- 3 oL MY L 1s6 | e | o2 | o |00 | 338 !
AK=0.42 M eackaide - b 13 12 23 n it 1) 4 50
Throw each side - 2 S| £7 | 510 | S22 | oerr | 1ets | 1L
Throw cachside - b 1-2 3 i3 - *3 L4 EX] 47 b
P RES {OTAL TN pBIY b X RSy 07 00 T (200
CPMexchside- g STl UL | ov s | o] o5 | 323 | i
A¥=05 CIM cacksids -1 3 18 26 3 332 45 a2 8 !
Throw each sids —a N I S L E ST I ST B ST BTRT EPRS)
Throw cach ade - b 12 | 33 | 23 | 29| 55 |35 | 36 | a7
TRy TUiAL CFM 5 Rt I I I I ST T
Gl exchsigo- 3 37 ) 8L g | 12 | 16 | 1 | 2
AK=01% CPM cachside - B 8 42 3¢ | s es | na| s
Treew cachsidy - g Rl 6 | =0 el | s | £33 | a1 | g
Throw cach sids - b 23 | +35 | 28 | 3e |61 | &2 | sae | ek
G TOTAL (1M 1BE | 28T 737 | 40 | 56 | & | 350 | 522
CiMexchside -1 64 3 122 |16 | 198 | 20 | 253 | 205
AK=0.17 CFMeachside - b 28 32 % % 4 o | 2| 2
Throw cachside -3 LS S N ST IS L RS ERN B T3 B EST N R
Three cachside ~b s i +3 =3 6-11 12 3-15 | &17
IETER TOIAL (1M 25| 338 | 350 | & | 55 | %8 [ 0 [ 103
ChMexchside-a &3 127 15 21 R 208 33? 380
AK=0.57 CPMaachsids - b R BT O - S I O e
Throw cach ide - 2 351 &5 | &0 | &2 | oz | &17 | e® | 1w
Lo Throw cach side - b 22 | 26 | 47 | s¢ | &n |73 | 718 | gas
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‘ MODEL dRCD CONT.
@n, Neck !\Tl‘.l.lucn 200 200 4w £00 603 i) 560 o«
— TOTAL VRTSSTRE Y KU RN R[] AL T3 i | 7
—TT TOTAL TR o) 2% 3l £5% i T re T !
(FM ek side - 2 o8 | oess | g | gee | 3 | TP TEEOTOL
i i = ta2 =2 158 2 360 £13 435
A= ) CiMfeach side - k ., 22 ff ‘_'C. 24 <% 112 =5
Thres cachade - 1 3.3 £ 517 13 £.18 9.1'; jn.:" .28
Tewetahnu-b [ 3 } 55 | 87 | 58 | af |20 | 5oF £16
S WAL LT SN +24 0 21 20 B0 [ 15% | 39
Chhleackaide - 2 123 187 0 31 374 &3¢ 88 560
AR=0T6 CIMeackvide - b 3 i 51 &4 -75_ S-; ];:,2 113
Thoow cachide - 2 35 +§ §11 i3 £16 | 1018 | 1321 | 1222
Threw cazk side - b 3 33 43 43 310 &1 =13 <12
T SULAL TN I 573 S0 | a2 B3 L EEN BTV OONN I 005
(P eachside - & 75 112 150 185 215 263 300 1€
AR=05% | UPMeackside - % % 75 10 123 159 175 200 | 2§
Throw each dide - 2 35 LR | A | s | oerr | 10 |k
Tieow each side - b 2.2 =7 3.6 il %13 15 &17 | i5-10
127918° TUTALCTM 300 237 0 ) 55 050 T | 15590
CPM cachside - a 100 50 | 200 s0 | e | 36 | s | s
AR=076 | CPMeachside - b ) Sl W0 | 135 | 150 |1 [ 200 | 2 !
Theow cathaade- a 3-5 L &1 14 316 | 1010 i-22 | 13-2% !
Threw eack <ide - b 3.5 ] e - O S H S R ST TS 1
FENE TOTAL T M 356 ERE W 1757 [ 159 | 135 [ 150 [ 153 !
CiNeackside - 2 123 188 150 313 373 42 500 330
AR=D88 CiMeack sid: - b 3] 7 120 a3 139 73 2 | 220
Thoow exchside - 2 33 -t $-12 $:3 £is 11-21 12-24 | 13-25
Tirow each side - >3 ~7 3-8 $-11 ~-12 &5 &1 | 1630
12524 TUTALCEM Lo 6o £10 1040 126 1350 ) 1802
CInleack side — 2 156 225 30 378 23 §25 509 673
AR=18 ChNeackside - & bt 73 130 125 155 173 2 233
Throm ¢achside - 47 =10 7-13 EL6 | 112 | 1122 23 [ 1528
Tirow pack side- b >3 7 3-8 il w13 E15 &18 | 1622
[ERVES oAl CTM 30 & U v53 1123 1513 e [I8E
CIM cackside - 2 111 145 219 27 20 384 238 <48 {
AR=095 (Ifeachside -t 77 iz 13 193 23 25 312 25 ]
Throw oach ids - a 33 =& &11 °-id &16 14-18 | 1122 | 13-25 i
Trrow eack side - b -5 =7 5-10 13 £13 &7 10-20 | J1-22 |
12731 AL CTA 258 03 e TS5 1335 1335 jte 1983 1
CIM cacksidz - 5 1= 21 a2 333 322 463 563 630 j
AR=31 CPMicachside - b B 118 156 183 235 23 i 33535 1
Throw cach vde - a 3-5 e 12 513 18 1-21 | 1224 | 1427 _
Trrow cackside- b 33 +§ 510 i3 &13 &13 10-20 | 12.33 ! ;
(R RN B IS | 20 ¥30 ) D00 1230 1) IR BT )0 :
Cinteackside -2 175 15 323 SEH 318 sag 803 6 1
AK=126 (INeachside - b 77 116 153 122 232 371 513 320 3
Throw cach sido— 2 47 10 | 215 | 818 | 3018 | 1R | 1338 | 1529
Threw cack side- b 35 £ | 510 | %1 | 13| 218 | et |13
1§21 TUTAL M 5335 TEo 1048 1210 1372 1834 2008 | 2383
CEN eachside - 2 150 i 220 e 8 523 i) 4
AK=1.32 Neacksid: - b 113 1E 225 L3 138 384 233 508
T ol -l 3 | #8 | & | 5[ os16 | i | ntn | s
- Theow cach side - b 33 7 10 12 =14 aj? i€ | 3123
187 32" TOTALCEM [ R 1209 1300 1840 2100 2400 27
CIMeachside - 2 123 S 356 453 2 5-’-{ =2 £22
AR=18 CPMeackside - b A I O R BN I B I
Throw zachsidz - a 5-§ e 12 313 &17 10-20 -5 | 13-25
. - i 0 ..-?. 5‘16 SLIS l‘:L: 1:“‘3
T Ticow cachside~b 3-4 +3 10 £ =
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Table A-25 Retumn Air Grille.
Table A-25
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Table A-26 Air Handling Unit.

Inlet Water Temp. 45F - Coils are of 10 Fin/Inch

o i 4Ry e :
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) . M [ MEm | w1 A
,‘_-—-"‘—_.__7 ry
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> | &8 T 13y BN 5 e w N abet e TS L i
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e g e \ [T N L [ 0 T - A Y ¥
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) = g 1 s . Grec 1et Y '3 . = 1973 T =T ) '-’
ni &y < 1 [F0 o g i Ty Iy \ I 53 Y =l &
- o7 » ~ Mt =. wd 3T N e - T 7 R :l
roy ] ) A = F5) B ; Lk [ G B 13> !
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Y EE | T | L i Hiiy 1% ) 4ns i1 3 1 1
N - e A 1 5 ey 1% L] 1ras? Yite ” q
I E Y [F PO 80y NI T KE N B s ;
| Wy 2o sl | 15, F - YY) 122t ~t7, 3.7 1) e i
o T B W IS et < ez [T ST e ) rE=) 5K v oTee 5
s TS ; i K Jidnn | =T oo P A | Ve 3
v | e D | wan s ) L Bhte | AN [ Ze
s | & [N o | oy A i) Ll 145 ki | vy £53€ 44
3 | e a0 113 Tl bt 13 o b ] 32 45. L) FE=T) AS 1 A
31 & v DN BEOE 23 XY L) A Bale) N -t Mg Mii2 [EET) L]
x| W FXIT] s | s ) el [ ool 18802 2310 A% | &l 1321 Hae

Note:
AFR: Air Flow Rate [CEM) Sen. CAP: Sensible Cooling Capacity {MBIT) §
Tot. CAP: Total Capacity |MBIT! WTR: Water Flow Rate {U. §. Gallons per minute|
WPD: Water Pressure Drop {leet of water)

For other conditions, please refer 1o the nearest PETRA Sales Office.
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Figure A-27 CM unit filters pressure %

The filter area is the same as the coil area

1" Filter Pressure Drop Chan ~

0.25

o
b
<

Q.15

/

010 e

0.05 /

Air Pressure Drop [Inch of Water]

|r’)
©
S

150 250 350 as0 530 630

Face Velocity [FFM)

" This is the nominal flat filter

Table A-28 CM unit pressure drop table.

Face +No.of - No.of Fins Per Inch R 1
Yelocity |- i : I | TR B | EETP | T | T
“ _ s ?__q
3 D11C 0.134 "0,)56 0.155 C.156 §
1 0,147 0.169 0.210 0.229 0ZI6G i
Dy G 0211 0256 0:21 || oa0 0230 4
- 8 0.282 0.240 p.ase J - 0400 0,103 g
= 3 0,121 0.156 01382 Q207 oza ] 3
5 R RERR) 0242 0.276 0310 {
Wet 3 0,257 0.201 0.240 RETE C.2d5

3 0,236 0.4QC 0.465 0. 52Y O, 543
— ez | | i —
2 C

[ — [ — =
0120 0160 0.187 0.1%6 AE |

.
ot e M

3 0.175 0.202 0.249 0.219 o5,
ey 6 0.254 0.307 0.462 0.562 R
8 0.333 0.408 0,467 0.480 o153
=y
00— NEE | e | E 0.247 0.276
P 0.210 0.249 0,280 0.430 R
i S 0,503 0.302 Saly 0472 0 5tG
3 =15
3

0,403 0431 0353 0.633
Q154 [ Q220 LS
=5

olofo|
1} 1 5]

01 1

3 0.20G 0.3 UEREAN | IEFRE Fo2

Dry ¢ 0300 0.233 Q428 0428 Q460

n RECH 0382 0.551 0.566 C.570

330 H 0,184 021y 0,258 Q.20 0.323
4 0216 0292 0,389 0 387 0AS1

Wet a ) 3?:5 0427 g 05115 0 554 G133

m o47n 0.567 0.658 Q740 Q 840
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Table A-29 Outdoor unit-RWC General data.

Ceoling capseiry |EW 1~ : T
Meating capscin [RWV]© i T | T N T 1wy | evy
[Power szpply = s
(‘empressor = HerSan2a v waed prrg
Na.of Cotiprenson B 1 | g T i e T )
Coaler Seel pr b
Nai ] socloms
Brlrzorer TR
Lentrol Lxpeer rome alve
Relraoresom uny s 2 3 | ] T s I 3
W ier conpection size linch| > ] 3 =
Ceadensee Lerpes bbes. Aseapar oo,
) s per iy 273 =
Iiw z
Facesrmatar] sl I EES T I vl e T T3
Cotdenerr fan B Pl op
No ol oo 4 F]
Alr Daw rate |L2S] H o I | | T T T
Dimeasions (mm)
Lizphvi) 220 =2%h 128- 234 223 i 2511 ETH] I
Wity W) 1337 1197 1397 1397 1334 1397 1275 }723
Hepheil1d 420 [0 1717 1727 1224 1557 |24 {514
Uperalion weishi (Approximstely) Ihel] 694 L 3] M3 € 1015 L 1108 133y 15%9 144
wvev (AL m AN 47 48 I £7 57 47 ax 4%
Sownd pressure Jnnd LL:EY] A0 - T . = = = . = =

* Coaling data are based on Water INOUT - 12.8/7.2°C/"C and
' Heaung dat are based on Warer IN/OUT: 29.4735°C/

** For power supply voltage reier o electrical data wable
*7" Sound Pressure data for the units are measured according to B8] 3744

35°C ambient
‘Cand 7.2°C ambient

e ——
ELECTRICAL DATA TABLE

o ) L]
Y o UL
Ry
23 220220V 2.4 22 33
30 1713530117 2.8 G 15
an 37 1 15
47 1.4 13 0
AS 4.7 13 20
— \ [ 0
6 f f 1‘:1 0
105 x4 29 40
— 1
12K 4 21 45
— |
160 13.% 34 &0
210 380:329V 17, 10 60
260 3N 187 3) 90
——] o = =
310 50Kz ,-._: fi 25 l.
351) z53 [ W)
390) 376 ‘ 90
K 37, ]
430 137 Pi 90
LA .
470 4.2 G0 11
230 37 7] 110
X80 43 105 125
630 $5.4 120 150

e
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Table A-30 Heat pump correction factors,

Cooling EER |C Heating Cs,
COP
19 1.31 3.0 0.75
13 1.26 3.5 0.77
16 1.23 4.0 0.8
17 T 4.5 0.82

Table A-31 Long-Term Change in Ground Field Temperature

Equivalent Full Bore Temperature Base Bore
Load Hours Separation. Penalr, Length, m kYW
Heating'Cooling n K (refrigeration)
10007200 16 Neglizible 16.6 3
10001000 46 28 103 i
6.1 13 17.8 '
3001009 446 42 225 !
6.1 22 19.7
4.8 7.1 200
3001300 6.1 37 20
6 19 194
EX Not advisable ;
072000 6.1 58 274 i
7.6 31 21.8 H
Correction Enctors for Other Grid Pacterns
Ix10gdd  2x10gnd 53 erid 20 x 20 grid ‘
C,=036 C,=045 C=0.75 Cr=114 i
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Table A-32 Long-Term Change in Ground Field Temperature

(s
{ 354
1.4E-4
1 554
1654
17E4
1 8B4
19E-4
20E-4
30E-4
40E4
5 0E-4
B DE-4
7054
B.OE-4
8.0F-4
0.0010
0.0011
0.0012
00013
D00
00015

Flow
{ier's)
013
014
D15
016
017
018
018
02
03
04
05
06
07
08
09
1.0
1.1
1.2
13
14
15

(US gpm)
21
22
24
25
27
29
3D
32
48
B3
79
85
1.1
127
143
159
174
19.0
21
2
24

(m's)
0135
0146
0155
0186
0477
0187
0197
021
031
042
0a2
062
0.73
0.83
0.94

10

1.14
1.25
1.35

145

156

Velociy

(i)
0.4
0.4
051
053
058
06t
065
068

10

&

133

1%
17
20
24
27
31
34
3B
4
44
48

(Pe!100em)
1041
1178
1317
1453
1847
1757
2002
2157
4437
739
10785
14575
1928
24851
31193
36976

T

51027
59386
B9454

7623

Frezsure Drop

(mmH;,m 00m)
16
120
134
143
163

183
24
2|
452
754
{als1]
1527
2514
a1
3
4582

BI0T

7

(psi100)
0045
02
003
0054
0073
00w
0.0a8
0095
01%
033
043
06a
087
1.09
1.38
163
158
23
26

31

<.

EE

[feH Cr 10

5106
012
0134
0143
0188
01E3
02
022
045
075
I
153
20
25
32
28
46
52
6.1
71
716




Table A-33 Performance data cooling part load EKW130

Load Flow Source 6 8 Lis Source 8.5 L's
ELT | EST | Flow | PD Cooling PD Cooling D
“C c s kPa | LLT TC kW HR | COP | LST | wPa | LLT TC kY HA | COP | LST | kPa
106 6B 235 -32 €5 88 642 5.8 ied | 221 -2 ] 98 654 60 1Me | k7
a5 MHe ) ze 578 9B 67.7 59 124 221 28] z84 X 880 61 120 | 327
14 21 eB 233 -3Q0 508 121 631 42 234 | 207 30 13| 118 | 832 43 228 | 3C8
85 i) 26 | 22 122 | 624 43 234 | 207 | 26 | 527 | 119 | 515 44 23C | 308
no 5 €8 235 ) 27 | 424 | sa6 | s 39 a4 | 19z 27| 427 | 143 | swo0 31 339 | 292
BS5 | 344 | -24 | 254 | 147 | 601 | a1 | 244 192 24 | 459 | 143 | 602 | 32 | 340 | 292
10.0 68 22.1 72 TEQ i08 | s28 7.3 132 | 221 72 786 | 105 891 75 128 | 327
85 327 1.7 798| 108 | @07 T 133 ] 224 77 0.7 | 105 | 91.2 77 126 | 327
100 | 211 €8 221 T4 7 131 -ZH:] 55 242 7 74 722 128 B3 56 226 | X8
85 327 79 735 | 132 | 857 56 242 | 207 79 741 128 | 870 58 236 | 308
a2 68 221 77 646 | 157 | 8O3 41 <R 192 T 651 153 | 804 43 345 | 282
a5 327 81 662 157 | 818 42 332 | 192 81 E6R | 153 | 821 4.4 346 | 202
- [-¥-] 0.7 176 | &80 11,7 [ 1087 | 84 140 | 221 175 | 287 | 114 | 1101 26 132 | 327
85 308 | 182 | 1004)] 118 | 1:21} B85S 1] 221 182 | 1013] 145 | 1127 88 123 | 327
511 593 68 207 1786 918 141 11060 65 249 | 207 178 | 825 138 | 1063] 67 42| 308
B5 D8 ) 184 | 541 142 | 1083] €6 250 | 207 ] 184 | %29 | 139 | 1088| sa 243 | 308
a2 68 20.7 | 18.1 E3 6 163 | 1004 53 33.8 19.2 181 845 16.1 {1007 | 352 351 282
85 308 ) 186 | €50 | 166 | 1025| 52 359 | 192 | 126 | 867 | 182 | 1029| 54 52 | 282
100 68 192 § 280 | 1163 426 | 1239]| 92 47 | 224 280 | 117.2| 123 | 1204 95 13.7 | 327
85 292 | 28.8 | 1141 127 [+2:8] 94 148 | 221 287 | j20.2| 123 | 1328| o7 138 | 327
22| 211 6.8 19.2 | 282 | 1106| 151 | 125.7| 7. 257 | 207 | 282 | 1114| 128 | 1262| 73 2428 | 308
BS 232 ) 289 | 1133 152 | 1285] 7.4 258 | 207 | 289 | 1143 148 | 1202| 77 249 | 3048
ana 68 182 | 285 | 1023] 174 | 1197| 5.9 €6 | 192 | 285 | 1030( 170 | 1201 ] &0 7| 292
85 232 | 292 | 10428 175 | 1223| B.0 366 | 192 | 232 | 1057 171 | 1228| &2 w/E | 292

134




Table A-34 Performance data heating part lJoad EKW130

Load Fiow Source €8 Lis Source &5 Lis
ELY EST || Fiow PD Heating PO heanng ¥D
C < Lis hFa | LLT HC kw ME | COP| LST | xPa | LLT [ S kW HE | COP| LST | xPa
A Gt 2d 17.8 | €57 e | 48 [ ) -3 2% eC | &2 127 | &%8 L2 27 34
8€ AN 4 175 | €74 "ne | e €1 -3.2 235 175 < 19.7 | 572 £3 -2L M4
az o8 a1 163 Tas 1.4 €31 es 22 28 142 &1 111 L= X [% 26 25
5 | B pave | ven| e | Bde| €7 | 21 | 228 17e| 7o | 1nz | ess| 60 | 25 | 335
iea | wo (¥ ] 214 | 185 | g2¢ | 18| OB 78 T4 | 2 26| E32 | 1re ]| 727 7 7R -3 |
ES ne 188 4 & 119 | 727 7 T4 =21 120 | Bst 117 ]| 78 73 79 328
158 ce 214 188 | 93¢ | 23| 7.7 73 127 | 214 e | 7 | 120 | TRE 75 A3 ]| N8
L ] e 182 | §22 | Zs | Ter T 127 | 214 162 | a0 | 121 | 808 | 77 132 | 18
21y 6e | 214 | 191 | 67 | 28 | B39 7.6 e | 267 181 | 674 | 125 | e4§ 7 a7 | 30s
8.5 318 | 124 | s21 wze | w2 77 180 | 207 12¢ | ~000| 1268 | &7.2 ec 85| X8
£ ce 200 260 | €38 | 135 | =02 &7 2% | 235 | 285 2| 13z gnn 49 2€ | M4
85 301 86 | €52 135 | 512 45 -39 235 ) 286 | €59 | 132 | EZ7 50 -ZE€ | M4
il £a | 2co | 283 | Tze | 39 | SEE 3ip z 2 s3] 723 | 13¢ | 557 | S5 27 | s
b2 31 zZeB T4¢ 40 | BB 53 a3 2e Q) 28| T2 137 | &0 8 55 27 g
267 o cB 2CT | %6 e c 44 | E5E S6 76 2.1 %0 | 16 141 cre $8 &9 Re
as 301 § 2¢1 | 83Cc | 145 | &85 57 75 | 221 281 | €32 ]| 142 | €3£ | B9 | 28
" &e 200 | 2¢9 | 23a | 4E | T35 58 | 129 | 214 2e9 | e8| 145 | 746 | 61 4] NS
e B.S 3C1 | 253 | €€ | 14§ | EC &1 125 | 214 252 | 512 | 14€ | TEA | E2 12.3 18
- €8 | 200 301 | #2C | 152 | T2E | €2 18z | 207 30 | S57 | 156 | BLT | B4 88 | 203
€5 | so1 | zes| e7a| 52| 8318 | €3 183 | 2c7 ) 285 | s62 | 151 | B3 £5 | 47| 38
&8 1EG | <00 | €17 17.0 | 447 2B -27 235 s0C | €22 | 156 | &3E - 24 324
- 83 283 ] 266 | €32 | 71| 50 ST | 28 | 225 256 | cas | 187 | &7 58 | 25 | 334
L8 186 | aca | 7023 | 1Fe | 26| 20 25 | 228 202 | 7CE | 17 s39 | 4 29 | =as
= 25 | 283 ) 289 | 720 | 1TE | 46| 41 25 | 2= 289 | 727 TA| E3@ | 223 2ap | At
ce 16 | &6 | 7B2 | 177 | Lo a2 7B | =1 o | TRT| 172 614 | C£ B2 | 228
S R s | 283 21| 201 | re| 622 45 77| 221 1| ecB | AT ess | 46 | e2 | 328
68 126 | eco | es2 | B | 72 | &7 131 | 21¢f 209 | esa3 | 177 | €82 | 249 | 1aE | E
=8 ES 2ea | eca | €78 | 22 | 22 2 137 | 212 2C3 | e&2 | 172 | 724 %92 125 | s
68 | 1e6 ] 2v1 | §+.7 | 5 | 732 | 50 ms | 22 211 | eza | 1ac | 742 | 51 10D | NS
e Es | 223 )] 205 | 536 | 86 | 7E2 | &1 184 | 207 405 | a7 | 151 | TE&e [ B2 | 183 | XS
€8 173 510 | 521 | 212 | 578 | 2B 26 | 2as ) 510 | =95 | zoe | 2&E7 | 29 | -22 | 344
b BESs | 25 ] =06 | €05 | 214 | 32 28 25| 2as ] sc7 | €14 | 20 | 221 29 | -2 344
ce 173 | 513 | €L4 25 | M4y 21 28 228 513 | TE2 | 210 | 45§ 32 1 R
S 5z | res | sca | €ecc | 227 | d2e | 32 28 | 228 ) 5CcO | €27 | 212 75 22 an 335
&8 1w7al svs | 73| zi8 | 1G] 24 £ 221 s16 | 7A9 | 21| 527 | 38 a5 | 328
e e 65 | 2es | 511 | 752 | zv9 | 532 | 34 a1 221 511 | 759 | 214 | =45 | 235 es 3258
£8 173 | s1.B2 | e o | 58.C 2.6 135 212 ] 518 | ece | 215 | €22 | 38 | 128 | NnB
b 2z | 2es | s13 | e2e | 220 | s2e| 37 | 134 | 21aferzjeeT 2t €| 38 | t35) N8B
£L 175 520 | 2c3 | == | &40 asg 1886 | 207 52¢ | B7D | 21.7 | €52 | 40 192 | 338
e ES 265 | 514 | es&a | 2228 | €61 490 w7y | 207 515 | e8| 218 | 678 21 "2 | X8
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Figure A-35 FO vs. G for a cylindrical heat source
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Figure A-36 Performance curves for Grundfoss pump }
TPE Serles 1000 !
H[m] {
}:0- r
EG: '
l

i
|

i
!
1

136




Bt L s e S TT T R Y A TR e s

7 oo e - e

: ey
T =
i =
et g
ol )
3 g .
n. o ‘MI.UI.
2 < ol IR
: L0 g !
= C..M..’.
o - I
mw m Y.L
=
3 sls,
-m ?_ﬂ,
= 21
=
2
s o <] N
= 6% . B
| =
s Mmoo v ™~
m < TJ 3 -
r.m - ~ u
_ <, 5 B
3 o [ 5 ~ b
E W \\__Il_ 8 Jc
A ol L_A = [
3 e 3
= - - [F4]
el o AR
o [« ) A I Q
5 ol -
o O, O
=4 \ e
3 E A =
Z ol 114
2 L4 cor R T N b
: i :
=] moge .
| B g o[l |
<l 2 Tt 8
< § 5 111
2 S = s
2 w : :
T\ o



. T LT e T TR

iR - e i

vete b s ,h.-n.u.) 3
St e P R

.m.w n.... @ U T

. e A y o ) = 4 . m
= 1 A ) = . B TR i S, v =
: .x.-_;m’f /H .\fxﬂ ..1.‘ 1ﬂw rﬂﬁ.;.; ..HJ " i 2

s - ) ., - " 1 3 -~ f=]

}..

r

ll!r-l\; —,

h B .
e , - o [«
2 .v;l. .r A =B g Mo G

§ 6§10

cQ
(12}
—

3

15 2

FRICTION LQOSS, PFa PFER m

06 0B |

n3ios

o

/EV 0N %\B ok

) WA J., & LA f.‘ Q a
,..\\..r.l..ln_l..n\,-_..-...lﬂ r_t..r,..\. - LLLL.. s J.; -, . iy —— \ IV. b
LU TR P N DR 7 7_\/4*‘% 7 < T, /_ /_ &
g < S SN Lo L I~ i 1N i 5
& - i
. = g% o w O @ w
B2 SEITROUR v O e S et



Figure A-38
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Figure A-40
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