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Abstract

Geothermal energy is-one of the most important ways 10 conserve enerpy. The aims of
this praject 15 10 deseribe the procedure of theoretical design of Vertical Ground loap
Source Heat pump, 10 obtain & comparisen between ordinary heat pump and geothermal
hzat pump. and to calulate the payback period for the economical feasibility study of
the geolhermal heat pump compared to chiller system lor cooling and heating load.

Local ¢limate conditions and soil properties of Hebron will be used 1o design the
geothermal  coil, and coefficient of performence for cooling and heating will be
cakulated and predicted [or the Jocal conditions available,
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Chapter One

Introduction:

1.1 Introduction

Conventional energy sources based on ail, coal, and natural pas are harmful to
environment, to economical progress, and to human life. These traditional fossil fuel-
hased energy sources are facing on increasing pressure on a hod of environmenta]
fronts, with the most seriqus challenge confronting the future use af coal being the
Kvoto Protocol greenhouse gas reduction targets. Renewable energy sources
currently supply around 15% of world’s total energy demand in 2008. The supply is
dominated by traditionzl biomass. mostly fuel wood used for cooking and heating,

sspecizlly in developing countries [1].

The potential of renewable encrgy resources s enormous as they can i principle
meet many times the world’s energy demand, Rencwable energy sources such as
small hvdropower. wind. solar. biomass, and geothermal can provide sustainable
energy services, based on the use of routinely available, indigenous resources, It is
nme for transition to renewable-based encrgy systems, taking imfo consideration the
costs of solar and wind power sysiems which have dropped substantially in the past
30 vears, and continue 1o decling, unlike the prices of oil and gas which continue to

fuctuate, in fact cach moving in opposite directions [2].

Ceothermal Energy is ane of the renewable energy resources which iz a clean low
cost energy bascd on the idea of using the ground as a heat source/sink (which is
defined as the Medium where heat is absorbed’rejected withoul changing ils
emperature) to reduce the cost of heating or cooling or for getting high temperature

Fom the earth below the crust for producing steam and thus generate elecireily.

I3




Geothermal energy in both cases is a sustainable renewable energy resource because
it reducss the energy consumed. and thus reduces the emissions and the use of the
resources, this way it is a susluinable energy resource and sustainable way of using
resonrces keeping in mind meeting our needs withoul compromising the needs of the
future generations. So it has an ceonomical dimension (reducing costs), ecological
dimension {mainlzining the enyironment, mamtaming the resources, and reduce the
emissions), Social dimension (human being health, human prosperity, and human
development) with the fact those future gencrations was taken into consideration by
acting this wav, and that is the hasis of the sustzinable econemies that are modeled

now davs in Sweden, Canada. and many couwntrizs in the warld [3].

1.2 Project Outline

The project it divided up in § chaplers; the chapters follow each other logically to get
the complete idea about the project. Chapter 1: Provides an introduction about the
sroject. Chapter 2: it talks about geothermal energy. Chapler 3; it talks about heat
sump, Chapter 4: it lalks  about geothermal heat pump, Chapter 5: design and

sakulation.

1.3 The Ohjectives and Scope

| To design and modeling a vertical loop Ground Source Heat pump.
To obtain a comparison between ordinary heat pump and geothermal heal pump.

1.!

© To find the cffect of the heat sink temperature an the performance of the heat

pump.

10 use renewable and ¢lean energy in air conditioning,




1.4 Time Schedule

Table 1.1: Project time-schedule for first semester
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Chapter Two

Geothermal Fnergy

2.1 What is Geothermal Encrgy ?

Geothermal energy is energy thal comes [rom deep nside of Earth. The woerd
geothermal comes trom the Greek words geo (meaning “earth™) and thermal
(meaning “hea™). Geothermal power is a clean, renewable cnerpy source that may

somedny provide a significant portion of the werld's energy,

At the center of Emth about 2,000 miles (6,400 kilometers) below the surface is o
very hot core, Some scientists estimate ns temperature at ahout 7600 Fahrenheit
(4200 Celsius). The center of the core is sulid. The heal from this part of the core is
powerful enough to melt rock into a hol ligquid called muagma. This molten (melled)
rock forms the outer eore. The heat from magmy rises through Barth’s mantle. The

mantle is the kyver thal surrounds the core (s¢e Figure 2.1 [5].

Temperatures in the Earth

ratures ’J‘_,..-' . Depth n

in Celsius p = kilometers

2,000

4,000 B  4.000

G000 X8 8,000

Figure 2.1: Temperature Variation with Dept




2.2 Temperature Variation with Depth

Considering that 46% of sun's enargy is absorbed by the carth a5 shown in (Figure
2.2). becauze the ground transport heat slowly and haz a high heat storage capacity,
its temperature change slowly on the order of months or even years. heat ahsorbed by

the earth during the summer eftectively gets vsed in the winter.
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Figure 2.2: Solar Energy Distribution

Along with the Eorth's structure and compositien, iregular the lemperatune
distribution within the [arth has been one of the fundamental research prohlems that
impact our understanding of the ¢volution of the Earth, The present-day temperature
dustribution inside the Earth depends on (i) the original temperature distribution
shortly afier formation, (i) the distribution and intensity of heat sources, both of




which are time-dependent, and (i) the mechanism of internal heat transfor

conduction. convection or hoth.

A thorough investization into the ground praperties of a proposed site is vital to
desipning an approprigie geothermal installation. The ground temperawre is one of
the most important factors, since i is the difference between this and the [luid
tempernture which drives the heat transfer. Al depths below 2 m, the minimum and
maximum soil temperatures occur later than the corresponding temperatures at the
surface. As depth increasas, the seasonal variation in soil lemperatures s reduced,
Above 2 m. the ground temperature is subject to radistion at the surface and is

utilized in some shallow horizontal systems (sec Figure 2.3).
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Figure 2.3: Typical Svil l'emperature Varialion




12,1 Temperature gradient

It is possible to estimate temperatares at 100 m depth by 2pplyving Fourier’s Law of
heat conduction: | 14]

-}:—k*— (2.13

where g = heat flow (Win'), k = thermal conductivity (W/mK) and dtidz =
temperature gradient (K/m). Thermal conductivity has been taken as the thermal
comduetivity of the bedrock geology (ie. the rock below the soil and superficial
deposils layers). The calculated temperature gradient has been added to the estimate
of the mean annual air temperature 10 generate the astimate of temperature 2t 100 m

depth,

The variation in the mean gradient is from (1.5 — 3°C/100m) on a regional basis,
Within an individual well, the genthermal gradient can very by up o & factor of 5 or

more, depending on the lithology in a particular depth interval.[6]

213 Earth's Structure

The Earth's structure can be approximated by 2 series of concentric spherical shells.

The large-scale fearures of the Earth’s internal structure are shown in (Figure 2.4).

The core. constituled by the lwo innermost regions, has the greatest average density,

exceeding 10* ke.m™.

18 Earth is composed of four different layers:

1. Crust: is the laver that you live on. and 7 is the most widely studied and
understood, the crust is only abour 23 miles (32 kilometers) thick under the

continenils.




d

Muntle: is much hotter and has the ability to flow.

ik

Outer Core: is so hot that the metals in it are all in the liquid swate. is composed of
the melted metals of nickel and iron.
4. Inner Core: has lemperatures and pressures 5o preal that the metads are sgueezed

together, and are forced to vibrate in place like a salid.

et

Lithosphers
[orug & uppar-
rost solad manthed

Crust 0- 1040 km

Figure 2.4: The Earlk Strueture

2.4 Sonrces of Geothermal Energy
e comes fiom the decay of radicactive nuclei with long half lives thar are
embedded within the Farth. Some energy is from residual heat left over from Carths

formation, The rest of the energy comes from meteorite impacts,

here are four types of gecthermal resources:

- Hudrothermal: when hot water or steam is formed in fractured or porous rock at

shallow to moderate depths (100m 10 4.5km) as a result of either the intrusion in

10
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the earth’s crust of mollen magma from the earth’s interior. or the deep
circulation of water through a fauh or fracture. thev are more suited for space
heating than for electricity production [7].

Geopressured: geothermal resources consist of hotl brine saturated with methane,
found in large. deep aguifers under high pressure. The water and methans is
trapped in sedimentary formations al a depth of about 3-6 km.

Hot Dry Rock: Hot dry rock (HDR) is & heawed geological formation formed in
1he same way as hydrothermal rescurces, but containing no water as the aquifers
or fractures required to conduct water to the surface are not prasent. This resourcs
5 virtually limitless and is more accessible than hvdrothermal rescurces, This
tvpe of resource can be used for both heat and for natural gas.

Magma: the largest genthermal resource. is melten rock found at depths of 3-10
&m and deeper, and therefore not easily accessible.

15 Uses of Geothermal Energy

Ceoabermal energy can be used for electricity production, for commercial, industeial,

e residential direct heating purposes, and for eflicient home heating and cooling

Swough geothermal heal pumps, the three main uses of geathermal energy are:

{ Direct Use and District Heating Svstem: which use hot water from springs ar
reservoirs near the surface,

= Eleciricity Generation: m a power plant requires water or steam at very high
emperature (300 10 700 °F). Geothermal power plants are generally built
where geothermal reservoirs are located within a mile or two of the surfaces.

11




3. Geothermal Heat Pumps: use stable ground or water temperature near the

earth's surface to contro] building temperature above ground.

2.5.1 Dhreet Use of Geothermal Energy

Hydrothermal resources of low to moderate temperature (20-130 °C) are utilized 1o

orovide direet heating for a range of applications.

Geothermal heat is used directly. without invelving @ power plant or g heat pump, for
a2 variety of applications such as space heating and cooling, food preparation, hot
spring bathing and spas (balnealopy), sgriculure. sguaculture, greenhouses, and
ndustrial processes. Uses for heating and bathing are traced hack to ancient Roman

times.

252 Geothermal Power Plants

Geothermal power plant use hydrothermal resources which have lwo common
weredienis: waler (hydre) and heat (thermal), Its require high temperature (300 1o
00 °F ), hydrothermal resources that may come ffom either dry steam wells or hot
water wells. We can use these resources by drilling wells intw the carth and piping
e steam or hol water Lo the surliave. Geothermal wells are one to two miles dsep.

There are three basic types of geothermal power plants:

L. Drv Steam Power Planls: Dry steam plants use hvdrothermal fluids that are
sraarily steam, The steam travels directly to a turbing, which drives 8 generator that
seoduces eleetricity. The steam eliminates the need w hum fossil fuels to run the
Setine (also climinating the need te transport and store fuels). These plants emint only
encess steam and very minor amounts of 2ases. Steam technology is still effective
Sl al currenily in use at The Geysers in northern California the world's largest

smeke source of geothermal power. [E]




2. Flash Stzam Power Plants: Flash steam plants are the most conmon rype of
geothermal power gensration plants in aperation today. Fluid al lemperatures gremier
than 360°F (182°C) is pumped under high pressure mto 4 (unk at the surfpce held ar a
much lower pressure, causing some of the (uid to rapidly vaporize, or "flash." The
vapor then drives a turbine, which drives a generator. IT any liquid remains in the

tank, it can be flushed again in 2 second tank Lo exiract even more energy.

3 Binary Cyvele Power Plants: This system passes moderately hot geothermal water
past & liquid, usually an organic fluid, that has a lower boiling point. The resulting
steam from the organic liquid drives the turbines, This process does not produce any
emissions and the water temperature needed for the water is lower than that needed
i the Flash Steam Plants (250-3607F).

2.5.3 Geothermsl Heat Pump

People also harness geothermal energy by using heatl-pump systems. These sysiems
ke advantage of stable temperatures beneuth Earth’s surface. No matter whal
seseon it is, a few feet underground, the temperature is about 50-60°F (10-15°C),

Heat-pump systems include three parts: what is called an Earth connection. the heat
surp itcelf, and a heat distribution system. The Earth connection is a loep of pipes
Suried in the ground near or beneath a building, A fluid circulates in the loop of
sipes. The fluid is water or a mixture of water and antifreeze. The Qluid picks up heat
Sem within Earth, The heat pump removes heat from the fluid and sends it to the
suilding. Then. pipes distribute the heat through the building. When it is warm out,
Seat-pump systems can he used backwards for coaling. The system pulls warm air
Som the building and sends it underground [8].

13
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Chapter Three

Heat Pump

2.1 Intruduction

Heat pumps are penerally more expensive ta purchase and install than other heating
sestems, but they save money in the long run in some areas because they lower the
heating hills. Despie their relatively higher initial costs. the popularity of heat pumps
= mereasing. About ene-third of all single-family homes built in the United Stares in

the last decade are heated by heat pumps.

The most common energy source for heat pumps is atmospheric air (air to- air
svstems). although warer and soil are alsce used, The major problem with air-saurce
Sestems is frosting, which oceurs in humid climates when the lempenature fislls below
2w 5°C. Ileat pumps and air conditioners have the same mechanical components.
Therelore. 1t 15 not economical to have two separate systems o meel the heating and
wooling reguirements of a building. One system can be used as a heat pump in winter
o 2n air conditioner in summer. This is accomplished by adding a reversing valve

o the ovele. [9)

=2 Basic of Heat Pump

A Semt pump is 8 devise which allows trunsport of heat from a lower lemperature
==l 10 3 higher one, by using external energy (e.g to drive a compressor). This
“wswrs i a closed-cyele process in which the working [luid is constanily underguing

% Swenge of state (evaporation, compression, condensation gnd expansion).




A heat purhp system consists of heat pumps and piping work; svstem components
include hear exchangers. hear source, heat sink. end contrals to provide offective and
energy-efficient heating and cooling eperations. HCFC-22, HFC-|34a, and HFC-
407C are the most widely usad refrigerants in heat pumps [ 1],

The thermodynamic principle behind 2 compression heat pump is the fact that a gas
becomes warmer when it is compressed into 2 smaller volume. This effect is
common experience e.g. for eyclisls when adjusting air pressure in the tires: The air

pump gets warmer in the process.

3.3 Heat Pump Operation

In a heat pump, a madium with law beiling point (“refrigeram™) is evaporated by the
ground heat, the resulting vapor (gas) is compressed (by using external energy.
typically electric power) and thus heated, and then the hot gas can supplv its heat 10
the hearing system, Still being in the high pressure part, the vapor now condenses
again to a liquid afier the useful heat has been transferred. Finally. the fluid enters
hack into the low-pressure part thraugh an expansion valve, gets very cald and can be

svaporated again to continue the cvele (see Figure 3.1).

In General. a fully hermetic compressor (piston or szeroll for extremsly quiet
operation) with built-in, internal overload prolection is used in these heal pumps.
Stainless steel Mal plate heat exchangers or other types like shell and tube or coaxial
are used for the evaporator and condenser. Other ems in the refrigerant cvele are the
sxpansion valve and possibly a sight plass accumulator and 2 {illerdrier. The
refrigeration evele (Figure 3.1) should be fully insulated against thermal [osses and

peevent condensation inside the heat pump. For beating/cooling reversible operation.




&t 1 :""( REVERSING VALVE

FLUID FROM LODOPE

REFRIGERAMT 3 : HEF R RANT
O WaTiR {-ﬂ 1O AR
HEAT : =P AT
EMCHANIER ==  EXCHANGLR
- -5
FLUAD BAaCk [3]
10 LO0FS € ﬁ <~
VERY COLD GAS Oheating) WAgk LIGUID fresting)
i LUPANSION e
VALWE

Figure 3.1: Schematic of a vapor compression heat pump

3.3.1 Heat Pump Components

I. The Compressor: draws the refrigerant from the evaporator then compresses it,

Compression adds energy to the reffigeramt by raising the pressure and
temperature fo & desired level .

T"

Heat Exchanger Coils: The Evaporator and Condenser are coils that absorb or

reject heat between two mediums of different temperature; because a heat pump

can reverse its function (cooling or heating).




!uJ

Expansion Valve: meters or regulates the flow of liquid refrigerant to the
evaparator, ulso reduce the pressure of the liguid refrigerant to enable
vaporization, and there for heat abserption, to take place in the evaparator coil.

4 The Refrigerant: is the substance which circulates through the heal pump
alternately absorbing. ransperting, and releasing hear.

!Jh

The Reversing Valve (Four Way Valve): control the direction of flow the
refrigerant in the hear pump.

£ The Accumulator : a storage vessel thut prevents cacess liquid refrigerant from
passing imo the compressor. which could cause damagpe. Lhis is especially

important during the heating cycle when all refrigerant may not evaporate after

passing through the evaperator coil.

o |
"

The plenum is an air compariment that forms part of the svstem for distributing
heated or conled air through the house. It is generally a lazge  compariment
immediately above or around the heat exchanger.

24 Tvpes of Heat Pumps

Hest pumps are oflen classified according to their heat source. The three prineipal
Swpes used i residential and light commercial healing! cocling systems are: (1) air-
sowrce heat pumps, (2) ground-source heat pumps. and (3 ) waler-source heat pumps.

241 Air-Source Heat Pumps

A2 air-source heat pump (also sometimes called an air-io-air heat pump) reliss on the

ecoor air as the heat source. Tn other words, it extracts the heat from the eutdoor air

18




and transfers it to the rooms and spaces meide Lhe struclure. & major technieal
problem associated with earlier air-source heel pumps wes that the temperature of the
swmdoor air is commionly lowest when heat requirements are highest—that is. during

the oold wintar months,

Air-source heat pumps operate most cificiently in areas where the winler
temperatures usually remain zbove 0°C. In climates where the winter temperatures
frequently drop below freecing. & backup auxiliary hearer must be used with an air-

source heat pump.

342 Ground Source Heat Pumps

A ground-source heat pump uses the constant temperature ol the carth instead of the
cutdoor air as the heat-exchange medium (thal is. the heal source or heat sink

depending on the heating or cooling cycle).

During the summer when cool interior lemperatures are required, the fluid circulating
through the indoor coil of the heat pump collects the heat from inside the structure
=nd pumps it outdoers inte a pipe system located below ground. The heat is then
st=orbed into the ground through the piping and the fluid is recirculated hack 1 the

i In the winter. the process is reversed.

The system is based on the principle of heat transfer. whereby heat is transferred
“om one object (the underground pipe) to anather ohject (the ground) through direct

comtzct (see Tigure 3.2). Ground-source heal pumps are more efficient and

seonomical Lo operale than conventional afr-source units in areas with similar heating
e cooting loads [11].
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Figure 3.2: Components of a Typical Ground-Source Heat Pump

3.4.3 Water-Source Heat Pumps

Water-source heat pumps use water for both the heat source and the heer sink. The
waler serves as a direct heal transfer medium in contrast to the heat transfer fluid
wsed in closed-lovp systems. 'The steady cocl terperature of the water oftsets the
scasonal temperature variations by serving as a reservoir of heat in the winter and as

a drain of heat in the summer.
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3.5 Operating Cycle for Air-Source Heat Pump

All heat pumps operate in a similar manner in terms of the refrigerant boiling and

condensing, pressure increasing and decreasing and the flow of refrigerant through
the svstem.

3.5.1 The Heating Cycle

The heating cycle of a heat pump begins with the eireulation of a refrizerant through
the outdvor coils.

Tnitially. the refrigerant is in a low-pressure. low-temperature liquid state. but it
soon absorbs encugh heat from the outdoor air to raise its temperature to the

boiling point. Upon reaching the boiling point, the relrigerant changes into a hot
vapor or gas [12].

This gas is then compressed by the compressor and circulated under higher
pressure and temperature through the indoor coils, where it comes into comact
with the cogler room air that circulates araund the cails, The coaler air canses the

£as to cool, condense, and return to the liquid state.

The vondensation of the refrigerant vapor releases heat to the interior of the
structure. Afler the relrigerant has retumed to a liquid state, it passes through a

special pressure-reducing deviee (an expansien valve) and then back through the
outdoor coils where the heating eyele beging all aver again.

The temperature of the room air thal originally cocled the higher-temperature
refrigerant vapar is itself increased by the process of heal transler und recirculated

throughout the room to provide the necessary heat.



3.5.2 The Canling Cycle

+ In the cooling cycle, the reversing valve causes the flow of the refrigerant ta he
reversed. As a result, the compressor pumps the refrigerant in the opposile
direction so that the cnils that heat the building or space in cold weather cool it in

warm westher (See Figure 3.3).

o In other words, the heat is extracted from the interior, cycled through the heat
pump. and then expelled cutside rhe building or spaca during the condensation of

the refrigerant (that is, its change from a gaseous to a liquid state).
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Reversing Valve
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l Bl o Wotar
Expansion Dovice

High-Pressure, Low-Pressure,
High-Temparature Liquid Low-Tamperatire Liguid

Figure 3.3: Components of an Air-source Heat Pump (Cooling Cycle)




3.5.3 The Defrost Cyvele
& Applics only 1o air-source heat pump.

Because the outdoor air is relatively conl when the heat pump is on the heating
cvele, and the outdoor coil is acting as an evaporalor, frost forms on the surface
of the coil under certain conditions of’ temperature and relative humidity. and it

must bz removed. This is accomplished by putting the heat pump through a
defrost eyele.

In the defrost cycle, the action of the heat pump is réversed at certain intervals

and returned to the conling cycle. The temperature rise of the outdoor coil is

quick because the operation of the outdeor lan stops when the system swilches
aver to the conling eyele.

The system will remain in the eooling cycle until the eail temperature has risen to
14°C. The time of the defrost ¢cyvele will vary, depending on how much frost has
collected on the coil. During this period, the indoer motor continues to operate

and blow cool air. This cald condition can be eliminated hy installing an electric
heating element.

If there is little or no frost on the coil, the defrast cyele will he correspondingly
shart (approximately 45 sceonds te | minute).

3.5.4 Add-On Ileat Pumps

An air-source beat pump can be added to new or existing gas- or oil-fired furnaces

(See Figure 3.4). This unit, typically called an add-on, dual-fuel, or hybrid heat

pump. normally operates as a conventional hemt pump. During extremely cold



weather. the refrigerant circuit is turned off and the furnace provides the reguired
space heating, These add-on heat pumps share the air distribution svstem with the
warm-air fimace, The indoor coil may be either parallel to ar in series with the
lurnace. IMowever, the firnace should never be upstream of the indocr coil i both
sysieins are operated together. Speeisl controls are available that prevent
simulancous operation of the heat pump and fumnacs in this confizuration, his

operntion raises the refrigerant condensing temperature, which could cause

eompressor failure.

In applications where the heat pump and furnace operate simultansously, the
follewing conditions must be met: (1) the firnace and heat pump indoar coil must be
arranged in parallel, or (2) the furnace combustion and flue passages must be

designed 1o avoid condensation-induced corrosion during cooling operation. [13]

Warm Air Supply Plenum

Liguid Wapour
Refrigarant Line llrrl-nllllll.lli

Figure 3.4; Add-On Heat Pump
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Chapter Four

Geothermal Heat Pump System

4.1 Overview of Ground-Souree Heat Pump Systcms

Ground-source heat pump (GSHP) systems (also referred to as geothermal heat pump
systems, carth energy systems, and Geo Exchange systems) have mceived consideroble
attention in the recem decades as an aliernative energy source for residential and
commereial space heating and cooling applications. GSHP applications are ene of three
categorics of geothermal energy resources as defined by ASHRAE (1923), These

categorics arc:

|. high-temperature (> 150 °C) electric power production.

2. intermediate- and low-temperature (<130 °C) direct-use applications.

3. (GSHP applieations (generally <32 °(7). The GSHP applicarions are distinguished fom
the others hy the fact that they nperate at relatively low temperatures,

I'he term “ground-source heat pump” has become an all-inclusive term to deseribe a
heal pump system that uses the earth, ground water, or surface waler as & heat source

and/or sink. GSIIP systems consist of three loops or cyeles as shown in (Figure 4.1).

1. The first leop s onthe load side and is either an air/water loop or a water/water loop,
depending on the application.
L. The secand loap is the refrigerant loop inside 2 water- souree heat pump.

3. The third loop in the system is the ground loop in which water or an antifreeze

solution exchanges heat with the refrigerant and the earth.




Efficiencies of GSHP systems are much greater than conventional air-sousee heat pump
systems. A higher COP (coefficient of performance) can be achieved by & GSIIP

because the source/sink earth temperature is relatively constant compared 1o air
temperatures,

Eeturn from To
Cooling Load 1 pad Side™ Cooling Load

Warmer Flaid Cooler Fhiod
Eetun Supply
I Cround-Source
Eeal Exchanger
Cycle
e

Figure 4.1: Schematic of eyeles in a GSHE system in cooling mode




4.2 Types of Ceothermal Heat Pump System

According to ASHRAE (1993) groups GSHP swvstems included into three caregories
based on the heat source/sink used. A fourth category is added here for the sake of
completeness. These catewories are: (1) ground-waler heal pump (GWHP) systems, (2)
ground-coupled heat pump (GCHI') systems, (3) surface water heat pump (SWIIP)
svstems, and (4) standing column well (SCW) svstems. Each of these is discussed in the

tollowing subsections.

4.2.1 Ground-Water Heat Pump Systems

GWHFP svstems, also referred to as open-loop systems. are the original tvpe of GSHP
svstem. GWHP systems are nat the focus of this project. so they will oenly he briefly
described here,

in GWIP systems, conventional water wells and well pumps are uzed to supply ground
watcr by 2 heat pump or directly 1o some dpplication. Corresion protection of the heat
pump may be necessary il ground water chemical quality is poor. The "used” ground
water s Lypically discharged 1o a suitable receprar, such as back w an aguifer. 1o the
uwselurated zone & Lo 8 surfacc-water body, or 10 a sewer. Design considerations
o lude: ground-water availability, ground-water chemical quality, and ground-water

enposal methed [15].

422 Ground-Coupled Heat Pump Systems

GCHP gystams, also referred to as closed-loop ground-snurce heat pump systems. Their
== advantage over their water-well predecessors 15 that they ¢liminate the problems
esociated with ground water quality and availabilily and they generally reguire much
e pumping energy than water well systems because there 15 fess elevation head 1o

SECTCOmE,




In GCHP systems. heat rejection‘extraction is accomplished by cireulatine & heat
exchange fluid through a piping system buried in the carth. This fluid is either pure
water or an antifreeze solution and is 1ypically circulated through high-density
polyethylene (HDPE) pipe installed in vertical borcholes or horizontal trenches as
shown in (Figure 4.2, Figure 4.3). These systems arc further subdivided into vertical

GCHP systems and horizontal GCHP svstems.

4.2.2.1 Vertical Ground-Coupled Tleat Pump Svstems

Vertical borehole GCHP svsiems are the primary focus of this entire rescarch.
Therefore, they are described in some detail here and their design challenges arc

explained, laying the foundation for the motivation of this study.

In vertical borshole GOCHP systems, ground hear exchanger configurations typically
consist of one W tens of horeholes each cantaining a U-shaped pipe through which the
beal exchange fluid is circulated. A number of berchule w berehole plumhing
arrangements are possibie. Typical U-tubes have a diameter in the range of (19 o 38
mm) and each borchole is typically (30.5 to 122 m) deep with a diameler ranging from
176 10 127 mm). I'ne borehole annulus iz generally backfilled with a materizl that

prevenls contamination of ground water (sz2 Figure 4.2) [4].

The advantages of the vertical GCHP are that 1t (1) requires relatively small plots of
ground, (2) is in contact with soil thet varies very little in temperature and thermal
propertics, {3) requires the smallest amount of pipe and pumping energy. and (4) can
vicld the mast efficient GCHP system performance. Disadvantages are (1) typically

Rizher cost because of expensive equipment needed o drill the borehole and (2) the

lmiled availability of contractors to perform such work.




Figure 4.2: A schematic of a vertical borehole ground-coupled heat pump system

4.2.2.2 Horizontal Ground-Couplel Heat Pump Systems

In horizantal GCHP systems, ground heat exchanger configurations typically consist of
a series of parallel pipe arrangemients laid out in dug trenches or horizonta)l boreholes
about (0.91 to 1.83 m) deep. A number of piping arrangements are possible, “Slinky™
conligurations (as in Figure 4.3) are popular and simple to install in trenches and
shallow cxeavations. In horizontal boreholes, straight pipe configurations are installed,
Typical pipes have a diameter in the range of (19 (o 38 mm) and about (121.9 0 182.9

m} of pipe is installed per won of heating and cooling capacity [ 13].

The thermal characteristics of horizental GCHP systems are similar wo those of verlical
ones. The main difference is that horizomal ground-loop heat exchangers are more
alleeted by weather and air temperature fluctuations because of their proximity to the

carth’s surface.




Figure 4.3: A schematic of'a horizontal burehole ground-coupled heat pump system
4.1.3 Surface-Water Heatl Pump Systems

The third category of GSHP systems is the surface-water heat pump (SWHP) system. A
schematic of a SWHP system is shown in (Figure 4.4), The surface-water heat
exchanger can be a closed-loop or open-loop Lvpe. Typical closed-loop confligurations
are the Slinky coil type or the loose bundle coll tvpe. In the closed-loop systems, heat
rejection‘eatraction 1s accomplished by cireulating 2 heal exchange uid through HDPE
pipe positioned 4t an adequate depth within a lake, pond, reservoilr, or other suitable

open channel.

Figure 4.4: A schematic ol a surlace-water heal pump system,




4.2.4 Standing Column Well Systems

Ihe fourth category of GSHP systems is known as & standing column well (SCW)
system. These systems are about as old as the ground-water heat pump systems, but are
recently receiving much altention. Since these are not the subject of this research. they

are only bricfly discussed here.

This type of GSHP draws water 1o a heal pump from a standing eolumn of water in a
deep well bore and returns the water to the same well. ‘| hese systems. primarily installed
= hard rock areas, use uncased boreholes with typical diameters of aboul (15.24 cm)
and depths up to (457.2 m). The uncased borehole allows the heat exchange fluid 1o be

o direct contact with the earth and sllews ground water infiliration over the entire
length of the borehole.
4.3 Heat Transfer and Ground Charncreristics

4.3.1 Heat Traunsfer

Heat may be transterred or moved [Fom one bedy W another by one of three methods:

I, Radiation: is the transfer of heat by heat rays. The arth receives heat Irom the sun
bBv radiation. Light ravs from the sun furn mto heat as they strike opaque or
transhicent materials.

< Conduction: is the flow of heat bhetween parts of a substance by melecular

vibrations, The Tlow can also be from one substance to enother substance in direct
contacl.




3. Convection: is the movement of heal rom vne place to another by way of fluid or

air. [17].
4.3.2 Ground Characteristics

The definition of geothermal energy is subject to wvariation, in same ceses it is
cansiderad to be heat below 15-20m in the ground while in others simply all ensrgy
stored as heat bencath the carth's surface. Regardless of definition this relatively
constant store-can be utilized by a heat pump for heating and coaling applications since
m winter the ground temperature will be above the average air temperature while in the

summer il is likely ta be below it (see Figure 4.5).
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Figure 4.5: Typical Ground 'emperature change around the year

The capacity of the GSHP for heating and cooling will depend on not just the size of the
sestem but also the thennal properties of the ground systemn performance is significantly
sffected by the material in which the eround heat exchanger ( loop) is laid, Faciors

which will determine performance are :




1. Subsurface temperature,

Thickness and nature of superficial deposits i.e. soil.

-

Lai

Ruock properties i.e. stratigraphy (formation) and lithology (type).
These will determine strength and conductivity,

4. Hydrological issues, depth to groundwster, seasonal variations in Groundwater
temperature. flow dirsction ete. For vertical type genthermal heat pumps “In peneral
groundwater flow improves heat exchange”, when significant flow is present, at 4-
10°C heat exchange cccurs through a duzl mechanism of conduction in the aguifer
material and convection in the groundwater itself.

Thermal conductivity and diffusivity are two parameters which need to be clarified in

arder 1w cstunate the likely subsurlaee temperatures and heal transfer characteristics,

Bascd on the classical heat conduction cquation developed by Fourier in 1822 which

considers the soil 1o be a homogeneous and isotropic conducting medium the thermal

diffusivity can be expressed in the following equation:

zep AT
oV T = = (4.1

Where T is the temperature (°K), t is time (s), and « is the thermal diffusivity ( m*/s) of
the conducting medium and defined by

X = — [4.?.:‘
Where k is the thermal conductivity (W/(m.”K), p is the density (kg/m”). And Cp is the

macs specific heat capacity (J/(kg."K). The higher the value of a the faster the
propagation of heat within the medium [ 16].




4.3.2.1 Thermal conductivity (k)

Thermal conductivity is the guantity of rate of heat transmitted per unit drea. per unil
temperature gradienl under steady state conditions. By Multiplving this facter by the
thermal gradient will give the heat flaw within the ground.

Generally rocks have higher k vaiues than soils. Variahility in the latter is explained due
to mixing of mineral and orzenic particles and their associated thermal characteristics.
Furthermore in dry soils air is trapped. and since this has a low k value, saturation will
raise the conductivity of soils; “Low conductivity soil may require as much as 50%

more collector loop than highly conductive soil” [17].

4.3.1.2 Thermal Diffusivity

Thermal diffusivity is the eround thermal conduction in relation to thermal capacity.
This links thermal conductivity, specific haat (Cp) and density (p). Density is multiplied
by specific heat is termed volumetric heat capacity. A high thermal diffusivity value is
desirable since this means the material will guickly adjust lemperature Lo that of the
surrounding enviromment since heat is conducted rapidly relative to thermal mass.

44 Vertical Loop Concept

4.4.1 Formulas and Concept

One of the fundamental tasks in the design of a reliable GCHP system is properly sizing

the ground-coupled heat exchanger length (i.e. depth of boreholes).




The task of sizing the ground-loop heal cxchanger was accomplished using rules of
thumb {ie. 250 fet of bore Jength per ton of heating or cooling capacity) according to
ASHREA baut this is of course depends on several things of which, 1he location. the
depth and size of he excavalion, the time of the vear, the soll diffusivity of heat, the
heat pump design conditions, the fluid, the pipes type and thermal properties, the flow
tvpe and velocity which is relevant to the pump selection of flow and head. the ground

weter, the percentage of water content in soil, and many ather factors.
To desizn the loop underground several factors were taken into consideration of which:

A. The fluid used was water because it has high heat capacily. From tables of propertics
of refrigerant R410a which is used in the heat pump. it can be seen that the
condenser unit rejects the heat at 75 ° C in summer and absorbers heat in the vicinity
of the evaporaler &t 2-4 °C because the outdoor design temperature 15 335 °C for
cooling in summer and 0 °C for hearing in winter. The outdoor temperature should

be lese than 35° € in summer and miore than 0 °C in winter to achieve better

performance.

Water it excellent for applications that are shove freezing point and below heiling
poirt. But in cold weathers fluids will have to withstand a temperature below
freezing point of water, in this case adding antifreeze will be the solution and the
performance will drop a little bit but the svstem will not be damaged because of
freezing the water in the heat exchanger. Antifreeze should be added to the water in
case of lower temperature which is not our case. Table 4.1 below shows scveral

types of solutions that can be added 10 water 10 prevent freezing [18].

Using the formula:

Qlw] =m[2] « cp k:i | = 0[]« aTIoC) (4.3)




lable 4.1: Densities and Specific Heats for Various Solutions

B o by Mcan | Froczimg | : Specifie
Weight letmp | Pm.nt (ke/m) | Hegt
(C) (“C) (kJ"K*kg)

Pure Water | 100 25 0 999.6 4184

13.6 25 -0.4 080.2 4.232

Methanol 10.0 30 6.7 904.2 4274

Solution 6.3 33 = g39.0 4.255

- 20 40 EN 989.4 4275

& 20.0 25 94 | 10344 3 848

Ethylene 14.6 30 | 67 | 19244 3,975

Clyeol 2.8 35 | 3% | 10173 4.100

Solution 25 40 -1.1 10029 | 419

Propricas 235 2 -9.4 10245 4023

183 30 6.7 10173 | 4065

iyt 2 35 30 | 10125 7.107

Solution 59 40 .3 1005.3 4149

I settum 133 25 04 11036 3.627

I Chloride |61 30 8.7 [ 0772 3688

Solution 6.4 33 -3.9 1048 4 3.847

Caleinm 14.3 25 -9.4 11347 3,332

Shiside 11.3 30 -6.7 11056 3,499
Solation :

B. Pipe Type: Pipes are either steel for vertical design. or Iligh density poivethylene
for harizontal design, for leakage proklems steel pipes are not used. HDPE pipus
are defined by their pressure ratings which can be measured by lhe Standard
Dimensian Ratio —SDR [19].

It is common to use the SDR as method of ralmg pressure piping as seen in the
Figure (4.6) where S is the thickness of the pipe and D is the outer diameter of the
pipe. Then SDR is:

o _ Dloneter
i - Thickness

St = (4.4)




o
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Figure 4.6: Standard Dimension Ratio descriptions

All properties for the pipe are now known such as thickness, materinl, so the heat
conducted through pipes is now known as in Tables (4,2) [20].

Table 4.2: Minimum Required Flow Rate (Limin) for Nen Jaminar Flow Re=>3000

! T=.15C T=10°C
s Nominal Diameter SDR 11 Nominal Diameter SDR
1;“"1 Pipe 11 Pipe
(%o by r 1 1172 | 34 : 1 112
washty | SV [ 10 oy | e e | 2B ] Ga |
in. (25 | g5 | @375 | @0 | @5 in. | (375
(20 mm) | (32 | mm) |mm) | ™M) | 32 | mm)
% 43 | 182 |27 |261 |es | 1za | 151 | 174
Ethanal
20%
Ethylene | %5 | 117 | 148 [ 170 |68 | 84 | 106 | 117
Glyeel
0% 10 136 |70 | a7 |76 | 95 | 117 | 132
- Mecthanol
20%
Propylene | 129 | 159 | 204 | 230 | 87 | 106 | 136 [ 155
. Glygal
20%
Caleiom | %6 | 110 | 136 | 155 |53 | 76 8.4 9.7
__Chloride s |
. Water HE e - | = 42 53 6.5 7.6




C. Soil: Ground lemperature is changing according to the peographical location, the
ling of the vear, time after being disturbed. type and the depth in the ground. The
type of soil is a determinant factor because differemt soils have different thermal
conduclivitics and different rhermal diffusivity. Muoisturg content affects the
diffusivity and conductivity all this is shewn in table (4.3) and table (4.4) [20].

Table 4.3: Thermal Propertizs of Rocks at 25°C

| " k- All*  [k-80%*** | op | o | x/ece)
. Occurrenc | Thermal Thermal Specific : Thermal
Rock Type ¢ in Earth's |Conductivity Conductivity| Heat Demil:y Diffusiviey
Crust* (Wim.K) (Wi KD {]'kgI{I (gl ) ﬂ'l:';dﬂ}'
- Dense Rock - 3.46 - 340 | 3200 0.111
Average Rockf - 242 - 840 2800 0.089
Cﬁﬂlﬁe = {43 - 840 | 2400 | 0.073
St el 242 » 840 | 3200 | 0.078
Sohd - i3 -- 2RO 2290 0.056
H‘*“D':‘r':f;"' = 13 s 960 | 2100 | 0.036
H“E:“" - (.87 - 840 | 2000 | 0.045
L'g’;ﬁ;"' 2 0.87 = 1050 | 1600 | 0.045
’;ﬂ“ _ 0.3% = 840 | 1440 | 0.024
Dy |

* Percentape ol sedimentary rocks is higher near the surface.

== "AI" represents the conduetivity range of all samples tested.
== "80%" represents the mid-range for samples of rock




Table 4.4: Thermal Conductivity and Diffusivity of Sund and Clay Seils

‘ Soil | Dry 5% Moist 10%0 Maist 15% Mot 20% Mois!
Type |Denstly | & a k @ k a k a
egn®) | (Wi | i) | (Wi | (m¥%ay) (Wi | (e (W (mjr‘iai'ﬂ
K) e K) X)
Comse | 1900 | 2133 | 0089 | 2455 | (0bs- | 2838 |o08s- | - -
100% 0.4 012 0,11
Qand | 1600 | 1424 007 | 2126 | 0089 | 2328 [0083- {2429 | 0078
0.12 0.1 0.10 0.093
1300 | 08.19 | 00%. | 1019 | 0088 | 1021 | 0047 | 1221 | 0048 |
! | 0.12 0.00 0,063 0.083
| Fne ! 10 | 1044 | 0045 | 1004 T ogEm | 1415 | 0043 e '
Conit ' 0050 | 04 0059 | \
100% | 1600 | 0814 | 0045 | 0510 | 0037 | 1012 [ 0034 | 1014 | 0038 |
Ciay 0.054 | a5 (148 | Dos1
Tl 1300 | 0509 | 0033 | 0609 | 0033 | 07 [ 0032 [0710 | D02%
0.035 0047 | 095 | 0044 0.042

* Values indicate ranges predieted by five independent methods. k = Thermal
Conductivity, = Thermal Diffusivity, Coarse Grain= 0.073 to Smm - Fine Grain
less than 0.075mm (0.075mm = #2080 1S, Standard Sicve

A vertical GCHP (see Figure 4.7) generally consist of two small-diameter, high-

density polyethylene (HDPE) tubes placed in a vertical borehole that is subsequently
filled with a solid medium, The tubes are thermally fused at the bottom of the bore W

2 close return 1l-hend. Vertical tubes range from 20 to 40 mm nominal diameter.

Bore depths range from 13 to 180 m. depending on local drilling conditions and

available equipment. Boreholes are typically 100 1o 1530 mm in diameter for single

and double loop.
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Figure 4.7: Vertical Ground-Coupled Heat Pump Piping

To reduce thermal interference hetween individual bores, a minimum boerehole
separation distance of 6 m is recommended when loops are placed in a and pattern.
This distance mav be reduced when bores are placed in a single row. the annual
ground load is halanced (i.e.. energy released in the ground is approximately equal to
the energy extracted on an annual basis), or waler movernent or cvaporation and

subsequent recharge mitigates the elfect of heat build-up in the loop ficld [13].




4.4.2 Backfill and Grouts

The back(ill also plavs a major parl in performance. Growting 1s the mast common

material for backfill It con seal the borehole off from surface water penetration.

Standard grout actually has a poor conductivity, so the bore hole diameter should be

minimized (Approximately 57 diameter) to limit the grout's affect. Thermally

enhanead grouts have been developed 1o address this issue [21].

The following provisions are recommended for grouting (sealing) of the void space

merween the piping and borchole of & Vertical closed-loop (VCL):

1J

Lad

. Grouting is to be completed in 8 manner thal prevents the introduction of surface

or near surface contaminants into @n aguifer, the interchange of water from

different aquifers, or the loss of natural artesian pressure from an aquifer.

The void space between the VCL piping and the borehole should be grouted in a

continuous operation from bottam to lop using grout placement procedures.

A tremie pipe (grout pipe} not less than .25 inches nominal diameter should be
placed to the bottem of the borchole hefore grouting. The tremie pipe may be
used ta push the ¢losed-leop piping inta the borehole and should be retracted as
grouring proceeds.

Grout should ke pumped through the tremie pipe until the density of the grout
flowing fram the borchole at the ground surface equals the density of the grout

being pumped in.

. Grout manufacturers” produet specifications should be followed when mixing and

PUMPIng 2rout.




4.5 Tn-Sitn Thermal Conductivity Tests

Ground testing provide the designer with accuraie information on the thermal
cemductivity, With this information, the loop design can be optimized (in most cases)
and the length of piping reduced, If the hidding contractors will test bore data and
drilling cenditions on the site, this will remove some of the uncertamty and they may

a provide & price with less of a hedge in it

The test are generally connected by drilling a bere hole and adding & loop. Hot water

from portable eclectic heater is circulated as shown in Figure 4.8.

WATER TANK WITH REATING ELEMENTS
PURSGE VALVES

CONNECTIONTO
ELECTRICAL
FOWER SOURCE

{3 TR AT T Cm, e e g ey
el - et

INSULATION

1)
ACDLHSTION

TEMPERATURE INSULATION
PROBES AND PLNP
FLOW METER
44 STANDARD GROUND HEAT EXCHANGER
ORILLED TO EXFESTED LOOP DEPTH
D AT SITE
"/

Figure 4.8: Thermal Propertics Test Apparatus




We take a specilications Lo enhanice reported acvcuracy, that are include [22]:

* Test duration should be 36 to 48 hours.

s  Heatl inpul rate should be 15 10 25 W fur each foot of borehnle depth.

= The input electric power to the heater should have s standard deviation of less
than =] 5% of the average value and the peaks less than £10% of the average.

* Aller the ground loop is installed with grout, a five-day waiting period should
elapse before starting a test in low-thermal conductivity soils [k=<1.0 Btu/he-fi-
F(1.7 W/m~C)). In more conductive soils a three-day waiting period is
recommended.

* At the end of the waiting period the ground temperature should be measured by
inserting a probe inside the liquid-filled ground heat exchanger at three vertical

locations 1o get an average.
4.6 The Distribution Systems

“he efficiency of a heat pump is 2 function of the difference between the lemperature
o the source and the output temperature of the heat pump (i.e. the temperature of the
Sstnibution system). The smaller this temperature difference the higher the coefficien

o performance of the heat pump will be.
441 Space heating

CSHP systems may not be suitable for direet replacement of conventional water-
Sesed central heating systems because of the high distribution temperutures unless
Sensive measures are taken 1o improve the thermal insulation of the building. A wet
Swimior system usually operates at 60°C to 80°C and & drop in cireulating
mpcrsture by 20°C would require an increase in emitter surface of 30% to 40% 1o

wuzin the same heat orput.
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Tzble 4.5 shows the supply temperatures required for a range of domestic heating
distribution systems.

[Table 4.5: Typical delivery temperatures for various heating distribution systems

[ﬁst‘r‘lhutien gystem Delivery temperature °C
- Underfloor heating 30-45
; Low lemperature radiatars 45-35
" Conventional radiators 60-50
" Air 30-50

For new housing where high insulation levels result m low heating demand, low
temperature air distribution systems, low temperature waler-based systems or under
foor hearing are all possible options, The most efficient type of space heating to use

with a GSHP system is underfloor heating.

The thermal capacity of the distribution svstem is important, [Tt is too low the heat
sump may suffer from amificially long off periods at times of light load. This efTect
= partly dus to the presence of a restart delay (desipned to reduce wear on the
compressor by preventing rapid on/off cvcling) in the heat pump.

44.2 Space Cooling

Soat waterdo-air heat pumps are reversible so a fareed air distribution system can
sadily be adapted w provide cooling as well as heating. A reversible water-to-water
e pump coupled to an under floor distribution svstern can also be designed to
Spply spuce cooling in summer, Even with water-to-water heat pumps designed for

2 only, a limiled amuunt of “passive’ summer cooling can be provided by
use of the ground loop for example by by-passing the heat pump. and
ing fluid from the greund coil through a fan convector.
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Chapter Five

Theoretical Design And Calculations

&1 Introduclion

The designer must perform his normal tasks. such as zone-by-zone load analvsis. In
sddition, he must also specify the geothermal type, totzl bore length, minimum
separstion distance, pipe diamcter, U-bend diameter, operating parameters and
amiifreeze properties. This chaprer will provide the designer with some details on
Bow to solve these issues,

£2 Covoling Load
£2.1 Data of Project

Carrection of latitude 15 32°

A0 data and caleulation are taken in august.
T=24C

T =347

LoR
= Tour = (5.1)

Sere 1) is the room design temperarture. T, is the outdoor temperature, Ty, is the
Soor mean lemperature, DR is the daily range rempérature. [23]

= Tavimexs = Tavemin =40~ 315=85°C

T = (34— 32;5) = 29.75C
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5.2.2 Heat Gain Through Sunlit Walls

Construction of the wall:

(Stone) + (Concrete) + (Insulation) + (Plastering] see Fizurs & lable (5.1).

Caleulation of overall heat transfer coefficient (L) for external wall as tollow:

k Thickness i
Wm| m "
22 0.07 Hard Stone (1)
L.73 0.20 Concrete (2)
0.034 0.02 Palystyrenc (3)
|
0.72 (Lol | Cement plaster(4)
Outside Wall Section Table 5.1: Duside wall Component
Figure 5.1: Qutside wall section
= 1 5.2
U = - - (5.
1 Axy | rhx Ax Ax 1
(3—a ;-m) He)+ (@) + )+ (E} + (m:u—)

Where ks Thermal conductivity of stone, ke is thermal conductiviry of concreie, kp
5 thermal conductivity of cement plaster, fcl is thermal conduetivity of polysiyrene,
il i the convection coefficiem of inside air, hf,, i= the convection coefficient of
outside air.

1
('B'lﬁ) s (02'?2?} + (10'25J * [{Ehnazﬂ i (ggé) % (1&2&5]

0.96 W!m.*C
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Q=U=A«AT

(5.3)

Where A ig the area of the wall and AT is the total equivalent temperature difference.

which takes into consideration the inerzase of wall temperature due to absorption of

solar radiation. The values of AT are called cooling lead temperature differences

Sllowing equation:
U =U4+A+ [CLTD) orr

czleulated from the following equation:

(CLTD) e = (CETD + LMDk + (25,53 = T3} + (T — 294)f

Table 5.2: Ground, frst, second, and third floor (Wall)

there is no attic or roof fan:, £ = 0.75. if there 1s an attic or roof fan.

sach flaor, for details about building see Figure (A-35), and (A-36).

CLTD. The value of CLTD taken ffom Table (A-2) needs 1o be eorreeted and can be

(5.4)

Where 1.M is latitude correction [actor, which can be oblained from Table (A-3) for
horizontal and vertical surfaces, the factor k is color adjustment factor such thar
k=1 for dark colored roof, k = 0.5 for permanently light colored roofs, & = 0.65
for permanent light colar walls, and the factor s altic [n eter such that f = 1,0f

The hear transfer rate through sunlit walls or sunlit roof is calculated form the

(3.3)

And we can show these calculations for ground floor. first, second, and third floar in

Tahle (5.2), means we have the same combination of internal, and external walls for

Component | Direction | LM CLTD |(CLTD)um. | Alm) Qw3
8DR1 N -1.1 ] 1.135 10.04 11.39
BDR] W 0.0 1 2.3 Q08 2487
Buthl N =1.1 i 1.135 3.7 6.34
Ff_"'"_'_"“_‘“'" T TR —
49 b 15;_.I‘r‘}..1.}'-'-" FhaS Tl Bad SN
: % ;1. Baol e st "I-‘:;”:J‘ Linivaitadly
! '!f_ih?-‘ I.'i..'-ﬂr';' m' -—---:




_Component | Direction ML | (CLTDgerr. | Al aw)
Bath] E 0.0 j 0.63 TS 12.37
BDR2 W | 0.0 1 25 005 24.87
BDR3 W 0.0 1 2.5 9.95 24.87
BDR3 5 0.3 D 4.025 11.08 100
__Erﬁlh."'; 5 0.5 3 5.025 4.7 FT
Bath? E 0.0 12 5.635 6.9 66,58
Lobby 3 .5 9 o025 6.51 ) ISE.H
Kitchen W 0.0 1 25 v 18.75
Kitchen & 0.5 B 8.025 058 750 |
| Kitchen L 0.0 12 u_65 9 88 95.34 |
Rining E 0.0 12 8.4 6.2 60.8 |
Selon. | 8 0.5 s - 8025 24 19.26
Salon E 0 12 9,64 11.38 109.8 |
Salon M -1.1 ] 1.135 B3R g.51]

£2.3 Heut Gain Through Ceiling (@) and Floor (Q;)

Qs = Uptgpr * A= AT

Q..H' = Uf_’! * .14. r {E:L‘FD] AT

= (TEH.I: = Tin:l
B = 27.5°C
e — 275 =24 =35 °C




Ugew = 2.328 W /m*. °C this value taken lrom Table (A-13)
U= 1.08 W/m?2 °C this value taken from Table (A-16)

Tahles (5.3) shows these caleulations fur ground and third floor because there is ne

grovund or ceiling for first, and second floor.

Table 5.3: Ground and Third floor (Floor, Ceiling)

Component A (m) (e (W | (CETD) e | Joc (W) |
BDR 1 19.6 1538.7 16 338.7
Barhl | 9.23 7837 6 13984
BDR2 17.6 | 1434 16 | 30413

~ BDR3 184 150 6 317.95
Bathl 3.91 31.86 i6 67.56
Lobby 21.45 174.8 14 370.63

Kitchen 19,8 161.3 16 342.14
Dining 11.05 50 16 190.94
Salon 20 163 16 345.6
Bath3 3 244 16 51.84

£24 Heat Transmilted Throngh Glass

5£2.4.1 Construction of the glass
Selection data:

+ Daouble glase

* Regular douhle

o U, =32 W/m?°C his value taken from Table (A-3)
The tota] cooling load due {0 exposed glass area is the sum of transmission load due

= inside-outside glass surface iemperature difference (heat conduction) and heat gain
Sus o solar enerzy (heal convection).



i~ The Transmitted cooling lord can be caiculated from cquation:
(e = A(SHG)WSC)CLF) (5.8)

Where A b5 the arca of the glass, (SHG) is the solar heat gain factor and can be taken
Fom Table (A-5). (8C) is the cooling load factor and ean be taken from Tahle (A-6),
WCLF) is the cooling load factor and can be taken from Table (A-7) [33].

2= The Convective cooling load can be calculated from equation:

Cosne = U s A= (CLTD) pry, (5.9)

Where CLTD is the value of the coaling load temperature difference for the
2lass and can be taken from Table (A-2).

Tabke (5.4) shows these calculations for ground. first, second. and third floor arc the

w25 follows:

Tl 5.4: Ground, First. Second, and Third Noor (Glass)

|
E8ep. | Direction | A(m™) | (CLTD)ie | SHG | SC | CLF | @r | O | Qv

| N 3 Ee L 117 | 631 | GBS | 15350 T44 | 22835 .
22D 883 | 691 | 031 | 0.53 | 420.25 | 63.72 | 483.97
045 .73 117 | 051 | 086 | 1231 | 1116 3436

225 B85 691 | 51 | 053 | 42025 | 63,72 48397

225 8.85 691 | 051 | 053 | 22025 | 6372 | 48397
3 9.33 350 | 031 | 0.68 | 36414 | 89.76 | 4539
0.45 935 350 | 051 | 0.68 | 364.14 | 13.46 | 3776
%25 9,33 350 | 031 | 068 | 36414 | 67.32 | 43146

5:15 9.35 350 | 051 | 0.68 | 36414 | 9435 | 4584

£7




Comp. | Direction | A(m®) | (CLID).,, | SHG | SC | CLF | @, | Qun | Qo
Kitchen E b 7 §.85 651 BT | R2Z | 24422 | §9.21 | 33343
Salon E 115 B85 691 051 | 022 | 244 22| 8821 | 333.43
Salon N 315 T75 12 0451 | 0:8& | 16164 TRI2.| 23676
- Baths N 0.45 7.75 117 | 051 | 0.86 | 23.1 | 116 | 34.26

5.2.5 Heat Gain Through Ventilation, Light, and Door
5.2.5.1 For Ventilation (Q,,,.)

The amount of the outside air needed for ventilation depends on the tvpe of
application, see Table (A-9).

£.2.52 For Light f@r.rgm}

Qg = P=A+(CLF)y, (5.10)
Where P, is the lamp rated power in walls, A is the area of room, (CLF), is the

light conling load factor. Tahle (A-10) gives the light coaling load factor for two
types of fixture arguments, [23]

£2.5.3 For Door (@ z00/)
0 = UAAT
U =7 W/m?2.°Cthis value taken from Table (A-1¥)

& =34 — 24 =10°C

Tuble (5.5) shows these calculations for ground. first, second. and third floor are the

saoe s follows:




Table 3.5: Each Floor (Wemilation, [ight. Door)

Component Qians (W) f:.'ugn: (W)
BOR1 — | 405.7
| Bath1 1620 84 '
BDR2 — 285 |
' BDR3 = 381
[ Bath2 1620 S
- Lebby _ 444
Kitchen | 370 434
Dining ' i 228
Salon _— 414
Bathi 1 54E 5

5.2.6 Heat Gain Through Qccupants and Equipment

5.1.6.1 For Equipment {Q,quqa}

Scosible and latenr heat erising from various equipment und appliences that are

wstalled ina conditioned space are given in Table {A-13).

£2.62 For Oceupants (Qceup)

he heat gain through Oecupants can be caleulated from equation:
Sy =4 @+ CLE, o+ 020, (5.1

Where @, is the scnsible heat and can be taken fram Table (A-14), n is the number
of persen, CLE, .y is the cooling load factor and can be taken from Table (A-11),
@ is the latent heat. [23]




Tahie (3.6) shows all these calculations for ground, 1%, 2", und 3™ [oor.

Table 3.6: Each Floor (Equipment, Cccupants)

= Component aniﬁ(“v} 'jvcnu;rf.w}
BDR! 245 2674
Bathl 1463 86
BDR2 G995 252
BDR3 G50 238
Bath2 1063 B
Labhy 250 68T

L Kitchen 3190 344

| Dining — 514
Salon — 258
Bath3 — 4]

5.2.7 Heat Gain Through Infiltration (@)
The cooling load due 1o infiltration is given by the {ollowing equation:
Quy = p *Cp o Vp o (T — T (5.12)

Where V; is the volumetric flow rate of infiliration air. €, is the speeific heat at
constant pressure, and g is the density ol infiliration air. [23]

 the density of air which is 1.25 keg/m’, und its specific heal al constant pressute
S0 kg K are substituted eq. (5,12, then

.‘.c" u (:-;x) F i}‘* (Tin — Toue) (5.13)

= 34—-24=10°C

=V = Air changes per hour




Where V is the velume of the room. and Air changes per hour is given in Table
{A-17).
Table (5.7) shows all these ealeulations for ground, 1%, 2% and 3" floor.

Tablc £.7: Each Floar (Infiltration)

e

Companent Vim') Air Change'hour Qing (W)

BDR1 8.8 15 306,25

Bath! S8 | 183.3

BDR2 55.2 } 15 287.5

BRI 11.73 2 81.2 |
Balh2 64.35 2 446,53

Lobby 3835 ol 412.5
Kitchen | 33.15 2 230.3

Dining i) 2 4167

Salon 9 | 3 93,7 5
Batli3 | 12.75 3 133

528 Total Cooling Load
£2.8.1 Total Cooling Load of Ground Flnor

%.:n:! == 'qu!l o GE!::.?.—' T Qfﬂuur - 'j:'nf + ’f'.’d,anr + @tl + {ji + l:?!qr.r. + t:l.'l-c {5 14}
Table (5.8) shows all these calculations for ground foor.

Table 5.8 Ground Floor Toral

L Compunernt ons (W) Qiarenl W) D:oparl W) |

BDR] 25184 232 2780.4 i
Bathl 31394.6 32 3626,0
BDR2 267647 64 273RAT

23189 a4 25429




 Component Qeans(W) Qratent W) Qrararl W)
Bath? 3808 32 3840
Lobby 25886 96 26846
| Kiichen 5282 630 5912
Dining 1378.8 120 1498.8
] Salon 1BR31 o 1R%3.1
| Bath3 1774 12 1806 ,
Sum 28026.3 1342 20368 3 |

£.2.8.2 Total Cooling Luad of First and Second Floor

aTotuI £ Qwurl -+ é'ﬂler_ss + alnf 5 ':jdr'?nr . - Qv + Q{ +'Qa’-¢;u =+ Qnr ':5-]5]
Table (5.9) shows all these caleulations for first floor. and the same total for second
floor.

Tahle 5.9: Firet Floor Total

_ Componemt Qsenst W) Qraren{W) Grorat(W)

] BIR1 | 2358.60 272 2630.66
Bathl ' 3819.1 : 32 33517
HIIR2 ' 35311 64 2505.1
BIIR3 | 23684 64 24224
Bath2 1776 32 /08
Lobby 24188 46 25148
Kitchen 5120.7 B30 S750.7
Dining 1288.8 120 1408.8
Salon 1720 ] — 7
Rath’ 1749.6 32 1781.6
Sum 26851.66 2819386




5.2.8.3 Total Cooling Load of Third Floor

Gi“u:n! = Gwa!l + [j-:.h:ss + Q:iz: + fji'n.j i ':jtlf_mr + If:"‘t; T 'ji + Qmu - Qn: {5*1"5}
Table {5.10) shows all these caleulations for third luor.

Table 5.10: Third Floor Total

Component Psens(W) Caren(W) Qsararl W)
BDRI] 26974 272 2850.4
Bathl 3679 a2 3711
BIORZ 2833 64 2809

BDRS 26868 &4 2750.8
Bath2 AR53.5 32 3875.5
Lobhy Z789.5 94 2885.5
Kitchen 54628 i 830 £092.8
Dining 1479.7 120 13997
Salon MGG —— 2065.6
Bath? 1801 .4 _ 32 | 833.4
St . 2934172 1343 F0HR2.T2

':‘::r Cooling ﬂf Building = Qtnu o1 +Qrﬂa + @mta + thi
= 203583 4+ Z8193.66 + 2R193.06 + 30682.72
= 11643834 W

Q:D! BESFE”- -ﬂ‘f Bulldmg = 11&43334 o i

= 12BUBZ.17 W




5.3 Heating load
5.3.1 Heat Loss Through Walls

We can calculate the heat loss through walls by:
0,qn = UAAT (5.17)

Where I/ is the over heal transfer coefficicnts (D.96W/m".°C) which is calculated in
equation (3.2), A is the area of the wall and AT is the wial temperature difference .
AT = (T = Tout)
Where T}, is the room design temperature (24°C) and T, is the outdoor design
temperature (4°C).
AT = 24 —4 = 20°C
Table (5.11) thoves all these calculations for ground, 1%, 2™ and 3" floor.

Table 5.11: Ground, 1T, 2™ and 3° floor (Wall)

Compenent Direction Area (m°) O (W)
BDRI1 W 9.95 159
RDR2 W 995 199
BDR3 W 9.95 | 199
BDR3 5 L1.08 236
Bath2 S L7 94
Bath2 E 6.0 138
Lobby S 651 130.2
Kitchen W 7.5 150

Kitchen S 0.58 191.6
Kitchen E B.EX 197.6
Dinning B 1.46 28.2

Salon E 11.38 2176
Salon N R.38 1676
Bath3 N Fo2 B4
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| Compaonent Direclion Area (n7) 0 (W)

| Lobby N 5.82 116.4

| Bathl N 4.7 24

| BDR1 N 10.04 200.8

| Salon s 2.4 48

| Bath E T 150

| Bath3 W 7.5 150
5.3.2 Heat Loss Through Glass
The total heating load due to exposed gless area is:
Qurass = UAAT (5.18)

Where 1] is the overall heat transfer coefficients (3.2 W /m?=. °C)
AT = 24— 4= 20%
Table (5.12) shows all these caleulations for ground, 1%, 2™, and 3™ foor.

Table 5.12: Ground. 1% 2™, and 3™ Noor (Glass)

Component Diraction Arei (m°) 0(W)
BDRI W 2.05 131.2

BDR2 W 203 1312

BDR3 W 203 131.2

BDR3 S 272 174.08
Bath2 S .4 25.6

Lubby 5 “ok L N — 131.2

Kitchen g 3.02 193.28

Kitchen E 3.02 193.28

Salon E 3.02 193.28

. Salon N 3.02 | 16328
Bath3 N 0.4 256
Bl N 0.4 156

BDRI N 232 174.08

6




5.3.3 Heat Loss Through Floor and Ceiling

Qr=Ur=A+AT; (5.19)

oo = Uge t A% AT (5.20)

":"Tf = [Tiﬂ."Taul:]
=10
AT, =24-10=14°C

& = —Tai)

=24-10=14°C
U, = 2.32BW/m?. °C this value taken from Table (A-15)
U, = 1.08 W/m"°C this value taken fram Table (A-16)

Tahle (5.13) shows these calculation for ground and third floor because there is no

sround ar ceiling for first, and second floor.

Lable 5.13: Ground and Third floor (Floor, Ceiling)

Component Arca (m’) @ oo (W) Qceiiing (W)
BDR1 196 456.3 423.36
Bathl 4.25 98.94 91.8
BDR2 17.6 409.73 380.16
BDR3 18.4 428.35 397.44
Bath2 3.91 91,03 84.45
Lobhy 21.45 499.35 463.32
Kitchen 188 460.94 427.68
Dining 11.05 257.24 238.68
Salon 20 465.6 2
Bath3 3 69.84 | 648 |




5.3.4 Heat Loss Through Infiltration

The heat loed due to infiltration is given by the following equation:
Qint = (5g) * ¥y = (Tin = Tous) (5.21)
AT =24 — 4 =20°C

Ve =V = dir changes per hour

Table (3.14) shows all these caleulations for ground. 17, 2™ and 3™ floor.

Tahle 5.14: Ground, 1%, 2™, and 3 floor (Infiltration)

| Component Py | AirChangelowr | AT°C Qi (W)

| BDR] 588 | 15 20 6123

| Bathl 1275 'r 3 20 265.6

| BDR2 52.8 ] 20 366.64

|  BDR3 552 | 1.5 20 574.96
Bath? 173 | 2 20 1629 |

_ Lobby 6435 2 20 | 3% |

_ Kitchen 50.4 2 20 82454
Dining 33.15 2 20 460.38
Salon 60 2 20 §33.28
Bath3 9 3 20 187.48

535 Heat Lozs Through Door

Qesor = UALT (5.22)

8 =7 W /m#="C Lhis value taken Irom Table (A-18)
N = 24— 4 =20°

Tanle 15.15) shows these calewlations (or ground, first, seeond, and third Ooor are the
smme a3 follows:




Table 5.15; Each Floor (Doar)

| Corcinen Dirsction | A (i) | . O
Lobby s 2.02 283.5
Dining. E 2.7 | 378
Iarbsbyy N 24 | 336
BDRI N | 2.02 | 283.5

5.3.6 Total Meating Load

£.3.6.1 Total Heating Loud of Ground Floor

Qrocat = Qua + Qetass + Crioor + iy + Cuour (5.23)
Table (5.16) shows all these calculations for ground [oor.

Table 5.16: Ground Floor Total

= Component -1 Qeoear (W)

3 BDRI 205738

] Bath 634.14

BOR2 I 106.57
Bath3 1743.6
Bath? 51153
Lobby 2276.25
Kitchen 2211.64
Dining 1124.82
Salon 2128.64
Bath3 456 92
Sum 14291.3
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5.3.6.2 Total Heating Load of First Floor

Qroent = Quan +Qrass + @in_r + Qo (5.24)

Table (5.17) shows all these calculations for first floor, and the same total tor second
flocr.

Table 5.17: First Floor Total

3 Component Qrozat (W)
BDR 1601.8
Bath 5352 B
BDR2 596.84
Rath3 1315.25
Bath? £20 5
Lobby 1776.9

, Kitchen 1750.67

I ~ Diding i 867.58

i Salon 1663.04

1 Bath3 427.08
Sum 11079.1

=.36.3 Total Heating Load of Third Floor

‘iﬂtm? e Qwa!i +- 'ﬂﬁiuss + QI'.'I'f.+ Qdi}ﬂ]" + Qren (3.23)

T2 (5.18) shows all these calculations {or third loor,

5.18: Third Floor Total

Companent Quarar (W)
BDRI 202444
Bath 627
BDR2 1077
Bath3 1712.7
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Component L Qg (W)

Bath2 = 504.95

Lobby 2240.22

Kitchen 217835

Dining 110626

Ralon | 2095.04

1 Bath3 401.88
Sum 14057.8

Osor heat of Building = Ifg_r-:-r:. + +Quors + Qepes + Orora
= 142915+ 11079.1 + 110
= 50507.5 W

O..; Design of Ruilding = 50507.5 + 1.1

=55558.25 W

.4 Duct Design

41 Warm and Cool Air Quantities

calculated heating load and cacling lead for a give
ing relation, [23]

=pC V(T —T)

0s

Ve
pcp':Ts -T:)

79.1 + 140578

n space must be met by
ing sufficient amount of warm and ool air into that space, according 1o the

. is the roam sensible heat or cool heat, p and €, are the density and specific
of the air, respectively, ¥ is the volumetrie Ouw rate of the air, T, and T, are the
of the supply air and the temperature of the inside room air, respectively.




o=145 kg/m?

Cp =101 K] kg K

Ti=24°C

T, heating = 95 °C

T.-:u_-uuung =140

Ge cooting = 116438 kW

O beuring = S0.6075 kW

- F’mﬂ;w =922 m®/s Used todesign the duct
= Vohaaring = 1.53 m3/s

I'he highest air flow rate is used for sizin 2 duct system.
3.4.2 Duct Sizing

The relation beteen round duct diemeter d, rate of air flow V. pressure drop per unit
length (AP/EL), and velocily v, are presented in Figure (A-33),
These figures are usually used to find the duct diameter required for any flow of zir

quantities. The duct dismeter can &lso be caleulated from the relation:

A i
= gda * Y (5*2-?}

Four different methods are used 1o size ducts:
. The Assumed Velocity Method,
2. The Equal Pressure Drop Methad.
1. Balanced Pressure Drop Method.
4,

Static Pressure Regain Method.

Sy using Lhe assumed velocily method to size the duct from fan 1o diffuser and from

return grille to fan, the velocity is assumed in main duct and branches related 1o
Table (A-19) as foliows:




Pesiin disct = 5 T/S
Poranch — (2-2103.5) m/s
Sv using eguation (3.26)
Bcinduc: = 1.532m

from Figure (A-27):

LP/El'= 0,16 Pafm

54.2.1 Nop=-Circular Ducts

Most of the used duets in the air svsterns are rectangular or non-circular. This is due
% the shape of residences and living spaces. if the diameter of circular ducts is
cskulated from eq. (5.27), then the Table (A-20) gives the equivalent of rectangular

Sucts for equal pressure drop and equal flow rate.

= Table (5.19), (5.200, and (3.21) show all calculations of the supply duct sizing with
son-cirenler duet for ground, first, and third floor. where the second floor have the

mme duct size because it have the same load [23].

The line and components for sround floor, 17, 2™ and 3™ are the same design

Secause of symmetry (repeated) in building shows in Figure (A-37),

Tanle 5.19: Supply duct for Ground flaor with non-circuler size

AP/EL d
Pa'm {m)

0.263

0,283
0236

0.309
0.242

0217




Line & ¥ AF/FI y d
_Component | mi/fs Pa/m (mysec) m)
G-H 0.879 (.248 0,363
H-1 0.411 0.172 01,457
11-) 0.411 0.257 0.418
J-K 0.292 (.334 0.352
SDRI {.221 0.253 0.333
Bath 1 0.270 0223 0.371
BDR2 {.1 70 (.207 (.264
BDR3 {.204 .266 0322 300
Bath 2 {.275 0.219 0377 300
Lobby {.213 (1.25% (.329 300
Kitchen {1.411 172 | (1457 350
Dining 0.119 (1.372 0.246 200
__ Salon {.149 (1323

0.276 250
Bath 3 0.143 | 0331 0.270 250

LK
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Table 3.20: Supply duct for First & second floor with non-circular size

Line & g APSEL PR |1 .
Component | m?/s Pa/in (misee) | (m) HHigh
AR 2.229 0.263 4.5 0.794 400
L B.C 1.429 0.287 45 0.739 | 400
C-D’ 1.7365 | 0.258 4 0.725 400
D-E’ 06945 | 0287 5 0.502 400
P E-F 0.489 0.243 0.455 400
D-G 1.042 .24 3. 0.615 400
G-H' G843 | 0255 | 3. 0.554 400
. HT 0.455 0.162 . 0.481 350
H-I 0.388 0.28 0.406 330
I-K 0277 | 0343 _ 0.343 | 300
BDR] 01.208 0.262 : 0.325 300
Bath 1 0.281 281 2. 0.37 300

BDR2 0.2055 0.264 | ; _B.323




BDR3 | 01926 | 0.275 2.5 0.312 00 00
BathZ | 03 0.209 2.5 0,391 300 400
Lobhy 0199 | 027 2.3 0.318 300 300
Kichen | 0455 | 0.162 25 0,481 350 550
Dining | 0.111 | 0388 2.5 0.238 250 200
Salon 0.136 | 0.342 2.5 0.263 250 250

_ Bath3 0.141 | 0334 2.5 0268 | 250 | 250

Table 5.21: Supply duct for third floor with non-circular size

Line & ¥ AP/EL v d _ _
3 ; : High Width
Component | m3/s Pa/m {m‘sec) {m)
ARy 25068 | 0.139 5 0798 400 1450
- A 2.1998 | 0265 | 45 0.788 400 1400
gD 19828 | 0.283 4.5 0,749 400 1230
D"-E" 0.8377 0.356 4 0.516 400 550
B 0529 0339 3.5 0.438 400 400
DG 1.145 0.294 4 0.603 400 750
G-H" 0.917 0.242 3.5 (.577 | 400 700
HI" | 0482 0.245 3 0452 400 450
Hegm 0.4351 0.261 3 043 400 400
K" 0.3085 0.323 3 (.362 350 150
. BDRI 235 | 9243 2.5 0.346 300 300
Baih | 0.2939 0.212 2.5 0.387 350 | 330
0.3088 | 0.203 2.5 0.396 350 350
0.217 0.256 2.5 0332 300 300
0.307 0.206 2.5 01.395 350 350
by | 0228 0,248 35 | 034 200 300
Lachen 0.482 0.136 25 0.493 350 600
i 01266 | 0.357 2, 0.254 250 250
01635 0,305 2.5 0.288 250 250
0.145 0.328 25 0271 250 230




5.4.3 Supply Air Ceiling Diffuser

Figure (A-39) & (A-40)). [13]

Tabie 53.22: Ground floor Diffuser

From Table (A-22) we are give the information of supply air cciling diffuser, Tables
(3.22), (5.23). and (5.24) shows the information of supply air ¢eiling diffuser (sce

V AP Size Tvpe of
! i m3/s Inw.g in*in Difluser i
BDR | 0.221 0.l 12%12 4SNOD 500
Bath 1 0.270 0.14 12512 SNOD | 600
BDR2 0.17 0.067 12¢12 | 4s8%0D | 400
BDR3 0,204 0.1 12%12 4$NOD 450
Bath 2 0.279 0.14 12¢12 4SNUD 500
Lobby 0.213 0.1 12%]2 4SNOD 500
Kitchen 0,468 . 18*18 4SNOD 1125
Dining 0.11% (.1 09 ASNOD 280
Salen | 0.149 0.039 12%]2 4SNOD 300
. Bath3 0.143 0.039 12*12 4SNOD 300
Tahle 5.23: First and secand floor Dilfuser
4 Size 15
| B ot m/s lnﬂ'::,g . in*in Dll;g:er S
~ BDR| 0.208 0.1 12712 45NOD so0
bathi | 0,281 0.067 15%15 4SNOD 624
~ BDRZ 0.205 0.100 12*12 4SNOD | 500
. BDEG 0.192 0.067 12%12 45N0D 100
T a2 0300 | 0039 18718 | 4SNOD 675
Labby 0.199 0.1 [2*12 4SNOD 500
~ Wilchen 0.455 0.1 (8% 18 ASNOD 1125
" Dming | 0.011 01 | 99 2SNOD 280
Salon 0.126 0.039 12%12 4SNOD 500
| Bai3 0141 0.030 12*12 1SNOD 300
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Table 5.24: Third floor Diffuser

14 AP N2 Type

Component m? /s Inw.g Diffuser
BDRI 0.233 0| 4SNOD
bathl 0.294 0.067 | 4SNOD
BDR2 0.309 0.039 4SNOD
BDR2 0.217 0. 4SNOD
bath2 0.307 g1, 4SNOD
I obby 0,228 o1 | 4SNOD
Kitchen 0.482 0.1 4SNOD
Dining 0.126 0,039 4SNOD
Salon 0.163 0,067 4SNOD
Bath3 0.143 0,039 4SNOD

=.4.4 Design of Return Ducts

“he design of return ducts are based on using the gbove described methods. By using
e sssumed velncity method, For the return duct system, zir flows through the
Seanches into the main duet and back to the fan. 23]

“eble (5.25), (5.26), and (5.27) show all caleulations of the return duct with non-
cwcular size for 19, 2™, and 3™ flaar, where the second floor have the same duct size

Secause it have the sume load.

"% line and components for ground floor, 1% 2™, and 3% are the same desion

Secause of symmetry (repeated) in building shows in Figure (A-38).




Table 5.25: Return duct for Ground floor with non-vircular size

Line & v AP/EL v 0 B |
Component s Pu'm {m'sec) (m)
12 0.491 0.244 3 0.456 | 400 450
4.3 0.483 0.246 3 0.452 | 400 | 450
32 0653 | 03 | 35 0487 | 400 | 500
2:5 1.144 0.213 3.5 0.645 | 400 | 900
5.6 1.357 0.267 4 0.657 | 400 | toon
7-6 0.292 0.686 4 0.304 | 300 | 250
5-8 1649 | 0237 4 0.724 | 400 | 1200
L 89 1.768 0,305 4.5 0707 | 400 | 1150 |
9-10 2236 0.343 5 0734 | 400 | 1300
BDR 0.221 0.254 2.8 0.335 | 300 | 300
Bath | 0.270 0.225 25 | 0370 | 300 | 400
BDRZ 0.170 0.3 2.5 02904 | 300 | 300
BDR3 0.204 0.267 2.5 0322 | a6 | 300
Rath 2 0.279 0.22 25 0377 | 200 | 400
Lubby 0213 0.25 25 0329 | 300 | 300
_ Kitchen 0411 0.173 25 0457 | 350 | so0
Dining 0.119 0.374 25 0346 | 250 | 200 |
___ Salon 0.149 0.325 2.5 0275 | 250 | 250
Bath 3 0.143 0.334 25 0269 | 250 | 2sp

“anle 5.26: Relurn duct for First and second [Toor wilth non-circular size

Line & v AP/EL v | ST

L omponent me/s Pa/m {m'sec) (m) wi
P 1o 0489 0.243 3 0.455 | 400 | 450
- 0.4926 0.242 3 (457 400 430
37 [.6981 0.286 i35 0.504 400 500
R o 1.187 0,207 1.5 0.657 | 400 | 950
5-p' 1.386 {262 - 1.664 4400 1000

T-8' 0277 0.705 4 0.267 200 250




Line & i AP/EL | v 0 I
Componenr m/s Pa/m (rn/sec) (mi
6-8' 1663 0.234 4 0.727 | 400 | 1200
gy 1774 0.302 4.3 0.708 | 400 | 1130
_oni 223 0.342 5 0.753 | 400 | 1300 |
__ BDRI 0,208 0.262 2.5 0325 | 3 300
Bath 1 0.281 0.218 2.5 0378 | 300 | 400
BDR2 0.205 0.264 25 0325 | 300 | 300
'BDR3 0,192 (.275 25 0312 | 300 | 300
Bath 2 0.300 0.209 2.5 0391 | 300 | 400
Lohby 0.199 0.27 2.5 0.318 | 300 | 300
Kitchen 0.455 0,162 2.5 | 0481 | 350 550 |
Dinirg 0.111 0.388 25 0237 | 250 | 200
___ Salon 0.136 0.342 2.5 0263 | 250 | 250
Bath 3 0141 0,334 23 0.268 | 250 | 250 |
fable 5.27; Return duct for Third floor with nen-circular sire
Ly { AP/EL i o High | Width
- Component m? /s PPa‘m (my'sec) (m)
k1o 0.530 0.233 3 0474 | 400 | 450 |
g 0.524 0.234 3 0.47] 400 | 450
< s 0.833 0.36 4 0515 | 400 | s3p
Mg 1.363 0.226 4 0.658 | 400 | 950
R segm 1.599 0.324 4.3 0.672 | 400 | 1000
g 0.308 0.476 3.5 0334 | 300 | 350
R sy 1900 0.292 1 0.733 | 400 | 1200
B smor 2.027 .28 43 0.757 400 | 1300 |
L gy 2.507 0.321 5 0.798 | 400 | 1450
" BDRI (.235 0,243 2.5 0346 | 300 | 300
" Bath] 0.294 0.212 28 | 0387 | 380 | 330
. BDR2 0.309 0.207 25 0396 | 350 | asg
BDR3 217 0.257 23 332 | 300 | 300
Rath 2 0.307 0,208 25 0395 | 350 | 350
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Line & v | ap/EL v d , .
. Hich | Width
Component | m'/s Paim (msec) {m)
Lobby | (228 0.25 2.5 (.34 00 | 300
__ Kitchen 0.482 0.157 25 0495 | 350 | g00
Dining 0.126 0.36 2.5 0254 | 250 | 250
Salon 0.164 0.307 2.5 0288 | 250 | 250 |
Bath 3 0145 | p.a3] 2.5 0271 | 250 | 250 |

5.4.5 Return Air Grille

from Table (A-23) we take the information ol return air grille, Table (3.28), (3.29).
end (5.30) show the information of Return Air Grille.

Table 5.28: Ground floar [Grille)

U AP Size Type of

Compunent m; e Inw.g in*in (:'r.:lt i
BDRI 0.221 0.022 12#12 7145H 540
_ buathl 0,270 0.016 12%16 7145H 620
BDR2 0.170 0.010 12212 721451 | 380
BDR3 0.204 0.016 13*12 7145H 450
harh? 0.279 0.016 12¥18 71454 683
Lobby 0.213 0.016 12212 714511 450

_ Kitchen 0.468 0.022 14420 7145H 1110
Dinina 0.119 0.022 12%6 7145H 252

__ Salen 0149 0.022 10*10 7145H 360
Balh3 0143 | o022 10%10 7145H 366
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Tahle 3.29: Firee and second foor (Grille)

opuren | ¥ | 2] S T e [
DRI 0.208 0.016 12¢12" 7145H 450
bathl 0.281 0.010 12716" 7145H 496
BDR2 0.205 0.016 12%]2" 714517 450

. BDRS 0.192 0.016 125120 7145H 150 |

™= 0.300 0.016 128167 7145H 620

. Lobhy 0.199 0016 | 12¢12* | 7145H 450 |
Kilchen 0455 | 0016 16%20" 7145H 1050
Dining 0111 0.022 124" 7145H 252
Saon | 0.136 0.016 1o* 10" 7145H 305
Bath3 | 0141 0,016 10* 10" 7145H 305
~2ble 3.30: Third floor (Grille)

; o |

 BORI 0.235 0.022 12412" 7145H 540
bathi 0.294 0.016 14#14" 7145H 620
8DR2 0.308 0.022 14714 714511 744

- BDR3 0217 0.016 12412" 714511 450

D bathy 0.307 0,022 J414" 745H | 744 |

" Lobhy 0.228 0.022 124127 7145H 540

© itchen 0.482 0.016 1424 714511 1050

B Divine 0.126 0.016 10°10" | 7145H 308
Salon 0.163 0.022 10*10" 7145H 360
Balh3 0,145 0.016 10%10" 7458 | 305




5.3 Fan Selection

Ihe fan is an essential and important companent of any summer air conditioning and
winter warm air heating systems. It is used to circulate the air through ducls and
branches.[25

From Table (A-24) selected model AHU 200 with air CFM = 20000,

The fan pressure rise Ap g, is enpressed as
-5Pfa'|_' 5P-::u:: 35 -'ijl':tt_ rijd:'i’f;;:r"’ AP oy = AP ﬁ||.¢r_"—"‘Pf'l'l.iI|.lﬂ+ AP fn exat" ﬁPd}m
JPd:lcr = tﬁPs.qm]f-"-"“"F Ielum

"meppiynﬂ duce = "EFAHR'"I-I_ ":'-Eﬂr:fng

AP, =016+ (375+15+6) = 1.8 Pa

AP 4 =016-(375+1546)=18Pa
APy = 016+ (3.754+15+6)=1.8Pa
AP = 0139~ (081 + 1.5+ 6) = 1.155 Pa
AP = 0.266%(0.52+1.5+6)=2.125 Pa

AP -5 = 0283 (3.9 +15+6) = 3.22 Pa
2Py o= 0294 % (356 + 1.5 + 6) = 3.25 Pa
APy = 0292+ (251+ 1.5+ 6) =242 Pg
SPp- = 0261 %(L72+4 154 6) = 2.4 Pa
APy = 0323~ (352 +15+6) =355 Pa
AP pans = 0.328(1.141.5 +6) = 282 Pa
-'!lpﬁppfy air duet = 2634 Pa

“Feurnduce = AP10 - 4

BP0 = 016+ (375 +1546) = 1.8 Pa
= 016+ (375+15+6)=18Fa
=P iy = 016+ (375 +15+6) = 1.8 Pa
Fpae = 0321+ (36 4+ 1.5+6) = 3.56 P




AP ~= 028+(373+15+6)=314Pq
APy v = 0292+ (1844 15<6) =272 Pa
AP ;v = 0324+ (3.12 4+ 1,5+ 6) = 3.44 Pa
AP v= 0226+ (576 + 1.5+ 6) = 2.99 Pa
AP~ = 036+ (06+1.5+6)=291Pa
AP v = 0234 = (434 + 15+ 6) = .77 Pa
AP onws = 0257+ (3.0441546)=27Pa
AP criri duce = 29.63 Fa

2

AP —(Vz— 5)—15?
Sftniie == 1.29) —(m =acd

SPsirraser =17 Pa

AP = 4.5 Pa

2Pl » APsiiter » APr inter + APan gurier » given from Table (A-25),

APy = 0328 inof H20 =817 Pa

S = 06Binof H20 = 169.4 Pa

“Feninle = 80 Pa

“Fnauriet = 60 Pa

SR S258 2927 1 154 17+ 45 - 817+ 1694+ 80 + 60 = 483,57 Pa

Power= o (5.28)

a

9,22 w 482.67

Power = “09-1000 - £95 kW

=8 Summer Air Conditioning and Winter Warm Air Heating System
*&.1 Traditional Air Conditioning System (Chiller) Selection:

e select Variable Water Volume System (VWV) from Peira company since:




The system offers largs savings in encrey and initial cosis. The sysicm may be
used in multi-story buildings, office complexes, hotels, or any other tvpa of project
where high-energy savings are required. The system s comprised of air-cooled
walcer chillers (cooling + heating), indoor units with three way valves. & control
package, pumps, expansion lanks. storage tanks, water piping and integrated

complete system contral,

2.6.2 Selection model

Total cooling Toad = 128.1kW
S0 we select RWC Model 330 from Petra company Table (A-26).
Cost of this model = 135000 NIS

3621 General Data

Looling capacity = 129.4 Jiif

Heating capacity = 121.5 kW
Compressor: Hermetically Sealed Scroll
Samber of Compressor: 4

Refriperant: R-22

W ater connection size = 3 in

Number of faing = 2

A flow rate = 14805 I/s

56.22 Electrical Data
Sower supply = 380/420 volt

3Frase, 50Hz

~otal Consumption Power = 37460




5.6.3 Annual power consumption

Annual Power Consumption = (Laad [kW|[/COP)+No.of menih per year # Nool day

per month*XNo. of hour per day*Price of

electricity (3.249)
129.4
COF ity = 37 = 3.497
A 0 (i
{:UPFEHLIE_Q = _3?_—;' 3.284
: : 128:1
\nnual Power Consumption for Cooling = (ﬁﬁ) + 5230« 16+ 061
= 336284 NIS
’ . SE.E6
Annusl Power Consumption for Heating = (ﬁ) * 5% 30 =16 «0.61
= 247685 NIS

“otal Annual Power Consumption = 78397 NiS

=7 Earth Connection ~ Closed loop Ground Heat Exchangers (GHX)

s section introduces the procedure to estimate the size and the performance of
“osed-loop ground heat exchangers (GHXs). Since this estimarion also requires the
~ulation of clements that specitically belang to the eat pump svstem.

* 71 Vertical Heat Exchanger length Desien

0 find the required vertical heat exchanger Tength of bore, it takes the following

=stion for heating:|13]
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T ‘?a.*Rga+[':fh*QIh}*be+PLFm*‘E@a"'ﬂg'd*lpsc)
= g

E "+f.wﬂ {_53(}}
And takes the following equation for coaling:[13]
- qﬂ“'Rga“‘{cfc”'fEc]*be+PLFm'*Rgm+Rgd*Fsc} .
e == Y R (3.31)
M el A IS
r 23 g

Where L. is the length of bore required for cooling (mj, Ly is the bore regired for
seating (m), g, net annual average hear ransfer to the ground (kW), Cpy heat pump
comection factor for heating, Cp. heat pump correction factor for coaling, qp building
Sesign healing load (KW). g building design cooling load (kW), Ry thermel
ssistivity of bare, Ry effective thermal resistivity of the ground annual pulse
o KkW). Ry effective thermal resistivity of the ground monthly pulse (m- KW,
% effactive thermal resistivity of the ground daily pulse, PLI, part-load factor
Swmng design monmth, F.. short-circuit heat loss factor, t, undisturbed ground
mperature ("C), 1, temperaturs penalty for interference of adjacent bores 5 0 =
“uid temperature at hest pump inler (°C), and two lquid temperature at heat pump
stiel(°C) [13].

79 use these equations, the net annual heat transfer to the ground, g,. needs to be
“=culated. The net annual heat transfer to the ground is given by the follawing
SSuation;

Creqy EFLhours ¢+ CrngpE¥Lhours ¢
B 760

(5.32)

&1




Where 8760 is the number of hours per year, EFLhours, is the equivalent full-load
bours far cooling, and EFLhours; is the equivalent full-load hours for heating.

The heat pump correction factors, Cr: and Cpy are taken Fom Table {A-28) and
everything is plugeed into the above equation for net annual heat transfer,

Ce=12

Cp=028

Qi —=128082.17 kW = 437327.09 Bu
Fin =22.058 kW = 189698 679 Bry
EFL hours .= 2400 h

EFL hours ;,= 2400 h

_ (1.2+397568.93=2400) + (0.8+189698.67+2400)
9a = 8760

= 185356.56 Bru/h

he program curréntly uses g length caleulation thar invalves & single value for the
sround resistivity, This neglects long-term heat chenges in the soil that may arise
sver the life of the system. By using severa] values, which are based on three
Sifferent pulses. a more accurate calculation for the length of hore can be found that
s mto account the long-term temperature changes of the soil. These resistivity
values are labeled R {annual).R,, (monthly), and Ria{daily). To svlve for these,
sskeulate T, or the length of each pulse, for the three different time intervals:

= = 3630 (10 years); T1= 3680 (1 month); 1, = 3680.25 (6 howrs) [13].

Then the following cquations are used (o solve for Fourier number for each of the

Pulses:

gl




B = ‘dz (533)
4[’1} ='Tx J
| F A dz (_5:3"'}3
4at
for =~ (5.35)

Where @ is thermal diffusivity, and d is diameter of pipe.[24]
Lsing the values of Fy find the G values associated with cach of these Fourier values
¥ ound form a logarithmic fit of Figure (A-31):]26]

C = 0.0769 La(F0) + 0.0901 (5.36)

“mally, to solve for the thermal msistivity{ﬂga, Ryme and Ry ). use the equations:

Gy — G
R, =1 (5.37)
kﬂ
Gy — &
B = -‘T—j (5.38)
g
G
B =" (5.39)
kg

e kegthe thermal conductivity of earth,
& = 0.8 f'/day

L = L19Btu/h froF

* =32 mm= 0.105 ft

e = 11575
gl = .7884
2 = 04196




Bpa = 03 (h [t.°F/Bru)
Ao = 03099 (h ft.°F /Btu)
R ga = 0.3526 (h ft.5F/Beu)

Next, u specific type of pipe needs to be assumed for use in the heat exchanger. A
sammonly used pipe for this purpose is 22mm diameter polyethylene tube (SDR11).

Lavanaugh cites the work of Remund and Paul (1997), and their uss ol a method of
solving for thermal resistivity of bore, Rpthe equation;
Ry = Ry; + Ry (5.40)
Where Ryy is the back il resistivity, and Rythermal resistivity ol pipe.
Ry =0.7h ft.°FBm
Ra = 0.075 h °F/Btu
Ry =0.7+0.075 = 0.775 h {1 °F/Biu

Next, the short-vircuit heat Joss factor Fs: . which is the heat lost between adjacent
=125 in the same borehole,

Fsc= 1.03

“ow the part load factor can be taken from the equation;

. laad ~ Hours DaysOceupiad PerMonth
pLs, = | ) ) G4
Peakload + 24k DaysPerMenth
116438+« 16 27
P‘I —— i e T L — i
" = Togosz - 24 "3 ~ U528

* o7 vertical installation, it is assumed that the ground temperature Ly . is equal to the

wean of the winter and summer aversge temperatures.
% = 17.33°C = 63.2°F
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Water inlet temperature is suggested 10 be 20 to 3 denrees higher than ¢, in cooling,
and 10 to 20 degress lower than ty in heating (both in *F). [23]

Lwie = 29°C= 84.2°F

fwoe = 32227°C = 90°F

b = 11°C = 52°F

Lann= 88 =47 84 °F

Fmally, the temperature penalty due to bores alleling one ancther t, , see Table (A-
29) can be used to estimate this valus. Interpelation can be done with values not
exactly matching the charr,

f, =2.6°C = 36.68°F

With all efthese velues determined. equations (5.30), gnd (5.3 1} can be used 1o solve
“or the bore length required for heating and conling,

;. 185356.56=0.314(0.8=159658.6567 )+ [0.775+0.528-0.30994.0.3526-1, 03]
“h CETSET

3ELE|H+T—63.2
Lo==""- 1089833 ft = 3322.66m

| —1B5356.56-0.31+(1.2+437327.00)+(0.775+0.528+0.3095+0.3526+1.03)

< 3aﬁﬂ+i‘-'—?’i—53,z

-EE L:;f‘:_;ﬂ = 12225786 ft = 3727.01 m

¢ depend in design bore length on L becaose L, is larger than L, .

sember of Bores = _BWE il L
deep of pach Bore

Member of Bores = 222201 — 39,01 =39 gures

R4




Length of Heat exchanger (polyethviene pipe) = 2 * |, e = 454.02 m

5.7.2 Circulation Pump Selection

‘0 select the pump must he know the friction loss in pipes and the friction loss in
cuil of'heat pump, so we use the Table (A-30) 1o caleulate the friction in pipes. and
#s¢ the Table (A-28) 1o know the value of [riction in heat pump coil ;

Toal Equivalent Length of Pipe = 745402 « 1.5
=11181.3m
Tske the pressure drop in pipe is 6 kPa/100m.

Sriction loss in pipes = 11181.3 » % = 670.9 kPa

Frction loss in heat pumip coil = 23.2 ft. of water = 69.35 kPy
Aad the wotal frietion loss= 670.9 + 69,35 = 740.25 kPa

“=0 the required flow rate in heat pump coil to achieve the required smount of heat
&= 50 gpm see Tahle (A-27) .

Ses=d on the water flow rate and the fiiction loss in pipes we selected the Lype of
“amp TPE Series 1000 from Grundlvss Company see Figure (A-32).

“ "3 Water Volume in the Heat Exchanger

e water amount in ground hear exchanger can be calculated from the following
—lon
=

Wer 3tk (5.42)




Where 4 is the cross section area of pipe (M), L is the length of pipe (m). d is the
diameter of pipe.
We should Lake that require flow rate in SDR11T is 11 Ifmin per Ton Refrigeration
trom Ground Loep Design Software. [24]

We have 2 different diameter start from geothermal heat pump 1o borehole in
cifferent length see Figure ( A-43) then the caleulation as follaw:

4, =32mm.d, =375 mni,d: = 50mm ,dy = 75 mm

Ly =7525m. [, = 140 m . Ly=196m. L, =34 m

m={0.032)*

v, = {4 } * 7525 = 6.05m?
+(0.0375)%

Vs mf—(T——"}—i 140 = 0,154 m?

_ 2 +{0.05)°

¥ = * 196 = 0.385 m?
* [0.075)2
V. = H——f—4—}-u 34 =0015m3

Total water volume in heat exchanger = 6,03 + 0,152 + 0.3B5 + 0.015
= G604 1m?

574 Geothermal Heat pump Selection

W& select heating and conling heat pump model WRA-420 from Daikin-Mc¢Quay sce
Fable (A-27) and (A-28).

5741 Selection Model
“oal Cooling Load = 128.1 kW = 437008 BTU
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Total Hearing Load = 55.56 kW = 189698.7 BT/

5.7.4.2 General Data

Cooling capacity = 443177BTU /h = 129.9 kW
Heating capacity = 491495bfy /h = 144,05 1y
Number of Compressor seroll type= 2
Sefrigerant: R-410a

Water Connection = 3 in pipe

Water Flow Rate = 90 apm

3.7.4.3 Fleetrical Dara

fower Supply = 380V, 3PH, 500z

Toral consumption for caoling= 19,838 kW
Total constmption for heating= 30.141 kW

5.7.5 Cost of Geathermal Heat Pump Equipment

Cost of Heat Pump = 32400 § = 118260 NI§
Cost of Pipe = 7455 v 3.65 = 27211 N/$

Lostof Drilling = 37 < 1000 « 3.65
= 135050 NIS

“ost of Centrifugal Pump = 2000 $ = 7200 NS

“the Initial cost for Geothermal heat pump = 118260 + 27211 + 135050 + 7300
= 207821 NIS
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5.7.6 Annual power Consy mption for Heat Pump

129.9
19.838 ~
144,05
30,141

{:.{}PEUHLE?E = 6!5

Eﬂpnfutmg = ‘I‘?S

m
&5

= Z8B52.1 NiIS/year

Annual Power Consumption for Cooling = (:I ) =5=30+16 0,61

5556

Annuz| Power Consum prion For Healing = ( e

)*5*30*1&*0.16
= 170167 NIS /vear

3.8 System Comparison and Payhack Period

‘nitial cost difference between rwo svstem
= (initiaf cost of GHP) — (initil cost of Traditional system)
= 287821 - 135000 = 152821 NIS

Annual Power Consumption difference between two system
= Annual Power C. of Traditional S, — Annual Power C. of GHP
= 78397 — 45868.8 = 325282 NiIS/vear

5= number of years necessary 10 offset the cosl difference usad simple Payhack
method:
Initial cozt difference
Annuzl Power Consumption difference

_lszga1
T 325283 T Years

Fayback Period =

B8




Conclusiun

The initial cost of Gesthermal hear pump system is very high hut it can retun the
mitial cost after several vears, cepend that on load of building. tvpe of ground
praperties, and other reasons. in thic preject the payback period s not exceed the
ypical perind of geathermal heat pump system (3-6 vears), s0 we recommend apply

iLin an individual buildings because i sufficient,

Reeommendation

. We recommend applied (his project in Residential and commercial building in
“alestine, despite his high cost, hecause the Polestinian suffering from = lack in

clectrical eneryy, and this reduces the pOWer consuniption.

= We recommend this technology to teach at Palestine polytechnic unmiversity, given
“he importance of this technology.

* We recommend government to motivate the owners of companies and enterprises
=se GHI' in the process of uir conditioning and refrigeration, this is because it

s=duces the power consumption,
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Appendix A

Table A-1 Ground Temperatures

Table A-2 caoling load temperature differences for calculating cooling load from
sunlit roofs

Fable A-3 Latitude correction factor (I.M) for latitnde and month applicd to
walls and roof, north latitudes

Table A-4 Overall heat transfer coefficient for windows, W/m>.°C

Table A-5 solar heat gain factor (SHG) Wim® | for 4 latitude angle of 32°

Table A-6 Shading coefficient (SC), for single, double and insulting glass without
interivr shading

Table A-7 Cooling load factors for olass without interior shading, north latitudes
Table A-8 cooling load temperature differences for glass convection

Table A-9 outdoor sir requirement for ventilution

Table A-10 Cooling load factors for lighting

Table A-11 sensible heat Cooling load factors fur peaple

Fable A-12 Cooling loud factors for occupants

Fable A-13 Cooling load factors for cquipment

Table A-14 Heat gain from occupants in watl person

Table A-15 Overall heat transfer cocfficients Uw . for basement walls below
srade (W/mP.°C)

Table A-16 overall heat rransfer coefficients for typical ceiling constructions,
®m’, G, for R =0.03 m?, Ciw

“able A-17 Air change per hours in residences and commercial application

“able A-18 Overall hear transfer coefficients for wood and steel doors, W/m?.°C
“able A-19 Recommended and maximum air veloeities for warm and cool air

=etems

Table A-20 Cireular equivalents of rectangular ducts for equal friction and
=pacity

“a8le A-21 Equivalent length L, of various [ittings

Tablc A-22 Model 4SNOD four-way throw square diffusers

#8le A-213 Fixed blade Return Air Grille Models 7145H

“abie A-24 Air Handling Unit




Table A-25 "PAII" Static pressure drop

Table A-26 Chiller RWC Model 530 from Petra company

Table A-27 Heat pump performance data cooling part Inad WRA-420
Tauble A-28 Heat pump performance data heating part load WRA-420
Table A-29 long-Term change in ground filed Temperature

lable A-30 High density polvethylene pressure drops.”1 1/4 in *
Figure A-31 F0 vs. G for a cylindrical heat source

Figure A-32 Performance curves for TPE Series 1000 Grundfoss pump
Figure A-33 Pressure drop (AP/EL), for air in galvanized steel ducts, based on
round duct diameter

Figure A-34 Elevation

Figure A-35 Ground floor planc

Figure A-36 First floor plane repeated

Figure A-37 First floor duct line repeated

Figure A-38 First floor return duct linc repeated

Figure A-39 Ground floor duct and air supply

Figure A-40 Third floor duet and air supply repeated

Figure A-41 Ground floor return duct

Fgure A-42 Third Avor return duct

Fizure A-43 Ground floor plane and GHP lines

Figure A-44 GHP lines section
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Table A-1 Ground Temperatures
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Table A-2 cooling load temperature differences for calew lating cooling load from
sunlit roofs
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Table A-3 Latitude correction factor (LM) for Jatitude and month applied to walls and
roaf, north katitudes
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Lable A-4 Overall heat ransfer cosficisnt for windows, W/m=.oC

= T

Material Double Glass, Smm air
Typzand Single Glass = __g2p

Frames <05 B.5-50 250 |[<0.§f 0.5-50 >50
Wood 13 43 50 1 23 15 2.7
Alicinums 5.0 5.6 6.7 L 34 a8
Stast 0 .« 56 5.7 3.0 3.2 3.5
PYC 18 43 50 2.3 2.5 27

Table A3 solar heat gain factor (SHG) Wim? . for a latitude angle of 32¢

= - &g e -

ST W L Wy

Mooty Jan. Feb. Mar, ApT. May Jun, Jui. A‘Ll__:_. Sep. Qct. Nay, Dee,
N .85 100 134120 139 126 117 10¢ g3 % 6o
SNE/NNW | 35 85 17 252 350 385 3sp 249 10 83 76 g
NE/NW L 205 338 48! 536 555 527 gas azs 159 9 g
CEE/WNW UIN 470 ST 631 'sss g 643 515 546 451 338 ses

=W 552 640 716.716 634 47% g 691 67 15 46 51
SE/WSW 122 75¢ 748 g9y 823 396 612 563 718 738 0 08E
=/SW 788 782 715.590 489 439 493 571 6EB 78 1713 97g .

SEESW : 9 70 6ls 45°:3 ie2 s0s 429 396 JI6 778 - 795
TI6 897 555 363 233 189 237 350 S0 g7 767 795
—Slwoatal | 355 685 795 85% 874 871 8s1 m3s 710 672 552 498
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Table A-6 Shading coefficient (SC), for single, double and insulting glass without
migrior shading
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T'able A-7 Cooling loed factors for glass without interior shading, north latiudes
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054 0,13 G.I2 010 0,10 012 0,15 G17 0:20 0,23 2.23 0.5 6.28 1.28 0.51 0.28 24§

041 2.09 C.07 0.06 0.05 0.07 0,14 624 016 (.38 058 0.60 .72 0.94 9.7 LE7 059
Jozeprd narfl 0l 0ix 006 A% 017 045 252 050 0 44 DAY (.68 0.5 D56
;L'l.‘!".f S1E0IS 04013 015 020 028 036 045 052 0.57 .82 D54 .63 0.5E 0051

TABLE 814 Caofrg Load facdavs CLF) for pizss windows il inlerior shading, North afiade. '
Feubtbraticn Soler Time, & ; s

13 o3 4§06 4. k3 SN IR i 5 M N
.02 0.07.0.0% 0.08 LOT 073 Q.66 065 GT3 -u,au‘i'nu 059 0.89.0.86 C.82 0.75 O
o5 003 D02 (02 B.03.0.84 77 0.8 Q4L £37 037 037 036 035 031 038 033 .
603 0.02 0.0 0.8 BA2 256 076 0.7 455 037 £.79 027 026 024 022 030 4§
b.a3 0.62 002 ¢00 £5 £.75 0.0 475 0.52 0917028 034 032 290 018 D15
083 .03 J.02 EI.EI,E‘.DI £47 02 ED l.?ﬁr l:l.ﬁ’fl'ﬂ_ll H_iT I:Lu 07z 420 017 04,
0.03 6.0 202 807 G4l 067 G7) LED 072 054 434 027 024 821 £.13 15"
03 000 000 B0 A0 030 0577074 LB1 .79 0.68 049 033 0328 045 023 01
n0d QO GO .05 D02 0.2 033 0.5¢ O3 0.8 D1 D 054 033 32 027 022
005 0% BO) 009 MO WO DOE 0323 L36 0.SF 05 083 00 .85 050 035 027
2.05 004 C.O4 0.O) DOF 005 014 0.8 72 037 043 0,63 O7E C.B4 DBD 0.66 045
205 005 D4 B4 003 Q0T BI1 024 616 T35 .22 0LI6 055 0I5 087 25 050
BOS OGS 004 DM 103 007 010 013 @14 n.l.s 017 8.2) 044 054 075 0.55 ATE
0.05 OGS 004 004 .03 005 0.09 001 €13 015 GI6 @17 @31 052 472 062 OB
005 008 004 0.0) 205 007 0.10 LIz 134 0,06 017 1% 127 D43 085 0.83 084,
£0% 008 O6d a0 105 007 4N iR 117 6m Mﬂ)ﬂ.l] 023 630 052 673 ﬂ-ﬂ
C.05 0.0f D04 003 305 0.1 017 623 026 030033 B33 £3¢ 03 0.9F £.41 LI
HOLIZ, 0.06 0.35 0.4 004 105 002 037 0.44 .59 072 0.51 0.65 .85 O.F1 0.71 (.58 04z




Tahle A-8 cooling load temperature differences for olags convection

_ _ e e e o g i G,
Salzr : T it R
Tie S - ﬁ_? § 91t 12131415151?1“91511-213’314

f

a{gﬂ'lu-f-f-l-r-lq114531'35.1?“3:11

Table A-9 entdoor air requirement for ventilation

" | Maximum | Veatistion At
: L ; Occupasey Per Reonirements

Application [ 100 m* L/s/Person | T/e/m!
Cfficens - ) ] ' .
Qffice spacs 1 7 10.0 - 2.5.100
Reception ateas 60 B0 1575
Telecomm, Certers | 60 - 10.0 -
Conlerace rooms 50 10.0 -
Fublic spapers
Corridorg - = 0.45
Public rstrooms 100 5.0 —
Locker and dressing rooms 50 7.5-11.5 5325
dmoking Iaenge m 30.0 —
Elevatary . 7.5 5.00
Lanerdries: . s
Commersial lsundyy o .|, BO° -
Commercial dry cleaner e 15.0 —
Coiz-operated lanndres . 20. 80 —
Caln cperated dry cleaner 0 8.0 —
Fopd and bevercge serpicwry | o
Hlinicg rooms 70 10.0 s —
Cafeteria 100 104 -~
HBary o [ o150 - -
Kitchens 20 8.0 —
Gareges, serviee stutions: ; .
Enddosed parking garge —  15L/s/car 7.50
AU repaif rooms - — 150 ,
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Tahle A-10 Cooling load factors for lighting

Number of hours
afferlights are
tnmed On
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Table A-12 Cooling load factors for oee UpAnts

Applicados - Drivesaity Facrar
T e ey Lights Peozle
ari . - o
Feriphesal : ‘;;;l:flﬂ: with plawing wrea =f 2095507 0.75-0.81 a:,h;s,;_
Teas L] E =
0% eaing ¢ Flodemaswiimten | 090100 | 05403
APATEMENSs and bots] badis Y £
Public sesms in beatels - 530055 | aeas
e 091,00 | D408
Depmaiinerit s Al :
- m : mLEnTarke : 0.570-1.00 | 0.8 p
o -
Iable A-13 Cooling load factors for equipment
Wil Hood | With Hood
= Appliances | Sencible - Talent - Total | AllScesible
» Eieir dryerd (Blowes type} 575 130 235 —
Halr dryers (Eelmet fype} ! 550 104 a50 —
Caffee brewer (eduntdenl]) 235 &5 280 -]
Catfee browes {jas). 420 210 700 415
Wrier heoler 1,135 335 | 465 —
Caffee wm !l civical) 1,075 340 1428 440
Coffes ura (gas) o460 825 2,085 45, -
De=p &t Sryee (electeieal) 823 1,039 7,750 730, :
Desp fex fryer (g23) LOBD =00 4,160 830
Toasier 1,055 i1k " LTl &0
Domcstls ge aven * 143 12040 1.R3D s —-
Haoasting oyrn 500 220 80 —_
Fﬁl‘rﬁ wirmer {pus) O L 400 17350 400
* Sgp bodler 335 ¢ 20 555 —
Fiving soiddle j2800 7200 o 4,150
Eltplste | 1550 1,060 2510 780
Reen rign, rrmr:rlmsth L — 56 o]
Stacilizer 15C 350 542 _—
Labgsatory bitroes : 470 11p 0 —
Smell copy maciine 1,760 — 1,760 —
Lezpe eapy maching 355 - -_ 3315 | —
Motorss
400-2,000 W {1100 — 1100 -
2,000-15 000 W | 2430 - 2,430 —
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lable A-14 Heat gain from occupants in watt person

T'ntal

_ Wertod ek | Adjecios™| Srpefilel Cazea
Typizel Dismipatiom |  Haar | Seny Hrar,
Lrye efAcdiy | Applicstlon AdalsMa'e | Digsipatos W w

" Beatod ut il Thaater:

GEEred; Yery
Bighz woH:

¥ !
ardve offce
work

Standiep, lighs
. worls ealldng
Welldng, seaded
Siiating, -
walking Y “
sipwiy 1=T.0
Selemipsy weosk 1EE.8
Ligtheask : .
work 23L.0 ThD
Jinall-Tars
Maderwie work | aseply 2510 33.0 Er0
Moderae '
daecng Diipre halls IS0 231 0 Bg
Walling 5215 * ; -
mfs Factory 2E6.D 2350 | 1078
Howlling Lk
(maslicipant) Tawliog alley 4z8.5 4140 | 1650 8.0
Fleevy werk Fociory . 4305 L1403 | 3AR.0 2454
] i‘i“-"'-rihe.:ﬂﬂ;udnl ir bmerd mn the pacenrages ol mien, woenen and chiides= for the & pofication

i 2ble A-15 Qverall heat transfer eoefficients Uw , for basement walls below crade
IW/n®.°C).

i Ty, Wi C |

DephBalaw | - Tnslutins B asistanse, m' "C/W
Gende (m) RS 143 1145
0.0-0.3 0.86y 0.528 0.350
0.3-0.6 D.659 : 0335
0.6-0.9 0.534 0388 0.am
0913 0.449 - 0173
1.21.5 pame . Dasp
15138 5 0327
LEZ.1 ; 0.210




Fable A-16 overall heat transfer coefficients lor typical eciling constructions, Win®,
C.for Ry=0.03 m* , /W

il o i T v
; K, :
Mo, Coptruction el Thdaess Laye '
Asphalt Mie 0028 202

Concrete 0032 Yim -
Iryulation YOETE Afim
% Reaforesd Conaetz 0034 103m |

LY

s RS
'-=*: BL2) l._l"':l N EENT ll'_ -]
et o 3 3 2

- e —
e A

Cement Block 0147 214m T
Pleatsr MJ? J.02m ~
7=0.88
Asphait B , 0028 0.02mg
Lonseate GOz (p05m
. Insulation . DSt M0Zm
{3 Reioforced Concrete 0034 0.06m
Comentdlock 0189 0.I8m
Flaster .o oLy pEZm
U= 108
Asphalt Mix 0028 L02m
Concrete 026 L08m
&) Tamuiados . Djsg ©oAm
Reinforced Conorete 0057 0.l0m
Flasmr Ry 00Zm
=100 ‘ _ - .
Taefde Surfac: O 1 B ' — (I
[4:3 Metal Tath , opE3 0o2Zm (@
Afr Gap - 4184 1dm &
Matal Ceiling Susptnsion — « — © .'
Coaromred Mzl Deck  — - &
" ConeremSiab 0029 005m. @
Insuktiza 0500 002m O
T Ruileup sosfmng 0psi  adim (D
Cuiside Surfees ., 0030 2 — ) B £ G5 1ED
=10




Toble A-17 Air change per hours in residences and commereial application

R i Sl o
) ' No, of Air
s {hanpe per
Tron of Rovm or Bullding Hour
Honms with no windinvs or sxterior dotms 0s
Heome with windows or extésor Joos a2 one side oaly 10
Rnams with windows of exeerior doors on two tiies L5
Rooms with windows ox exteriors doors on thoes sides 2.0
Entrancs halls il 1050
Factoriss, mmchine Sops i L5
Rrereation modms, azeombly roams, grmasium 1.5
Homes, spariments, offices 1.0:28
Classrozms, dindng roame, lounges. Bespital rooms, Kitchens,
“launitries, balbvores; bathrooms i0
Stores, public buisdings ' 1020
Telets, puditorium ¥ . L -

{1} For rooms with wiathsr stnipped windaws or storm meih, wat 203 of these valaes,

Table A-18 Overall heat ransfer cuefficients for wood and steel doors. Wim® °C

P Without  With Woed | Wi Bt

Doar Tyge ; Stomn Door  Storm Daor Storm Doer
2 mm-woad ' 38 1.9 22
35 rum-wood o B L9
-Il'ﬂm-'l'lﬂ:l-.nll P28 Ly 1.3
43 mm-wood e Y 1.5 llt '
50 mm-wood Ak 1.4 1'1
#lumimum T 10 - 1 -
Sheal - e O i,
ol e yq : i
. Fiber cppa ’ - 33 - -
Palysyyrenccore 27 -— 4
Pobrurethane core - 23 i :
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Table A-19 Recommended and maximum air velacities for warin and caol air svilems

FADLE U5 N A st wese s e —
T =

3 Reiddence Publle Imdrsmivizl | | Deddense Fulbliz . Iﬂdl!"!l!li B 1
- Tescriptios  Pulidings  Buldinge Buildingr | Bulldlags Buildiage Buildings
Coutzids air 25 2% 25 |- &0 45 6.0
lutske : 4
F = 3L 3B
Heasiag crily 2.3 2.z 10 15
Cuan:EiE: 23 3 Ap 15 3. 35
TFan suckion " 4.0 50 4.5 5.0 o

i )
©OEDED 65100 k0120 8.5 7.3-11.0 E.5-14.0
h?i:hwi:::: igji.i 5085 g.0:5.0 4.0-0.0 55-0.0 5110

Tranch duets 30 1045 4.05.0 3550 _ 4D65. 5080

Branchrisers 2.5 3015 40 3240 404D 3.0E0

Table A-20 Circular equivalents of rectangular ducts (or equal fiiction and capacity,

Lompmi ul Viug ﬁrdmhi i), m—
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Length Oy Side of Hywtangudsr Daer ), ram &
tgih 10 B1ee p2eE QAN pam (SBG  pabe I'Jli-_l INI lm!lﬂilﬂl-ﬂﬂl_lmlllﬂ SEM . Tod T ZRON 390
R Ciremlnn Dt Diasetr, wmm
fHR Ul
(100 11dn. 1303 1
AL N L T
LT G E T | L
L L e B R P O e
TS0 1132 1M0M HEE RS3 THRL TRID
LI E O TR R e T T i T
I700 1508 L4MN O IRER (62D QR JTAS (R0 pREE
TR AL HSOTSM (66T TR IR LSS HOTD JaeE
L, Lo L KT T e O i T T T T
J0h LIE1 ehe l6s0 1TE3 [ O0RRR IURE M4 2093 2000
000 1358 pedD ATI9 1TNE jERS po3 19g M- 222
b LS L L S T T L e T R T T e
2 6z ITI0 ITSE 1R BT 20MD JoRE &Y maw) N
N JRES 1AL T 1000 1486 NG 253E 1AM L %W
E | S e T T T T
200 175 JRON 1NMA 1GEO MRl 3Ul9 333 3T e agm
20 ITH MR TR0 T QTR HE DN 546 2R3 HSEINM LTI I3 1R N 0T
00 [T K% loel NN 231 33 was M4t Sas deqm MM 2N I ImED Zm) k9 3006 A
2008 1RGO HhmE Q902 300D 2007 2280 200 2406 24RO IR MOL SARD TR WO st g) 306l M IS 3bw
Tahie hsed o 1, - 130 F g, 1 "Lengh adfacr sids of sectimgitr dud s T
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Table A-21 Equivalent length L, of various fittings,

mmum_;m;; 4
L

Fitting : m

45® Raund ¢fho 1.5

i 90° Four pieces ¢lbow 3.0

Gradual it 6.0

43" Round Tee:
Main run 1.5
Branch 11.0

- 90° Round Tee: '
Mainrun 1.5
Branch | 15.0
90" Rectangilar elbo 5.0

.ﬁ.bmptmmdm:?mﬁimw
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Table A-22 Madel 48NOD four-way thraw syuars diffusers.

a
—
= a3
i
NEKSOE |NECR VELOCITY : .
Ak Frul ¥ N 4w 5m EiM) i LI itk
Tor! Mrarsrs ni (L] Ly n 14 | 4 ]
VX et ot % | w | m | w
CFM sacd aide—g |3 1% hL u 5
Ak =15
Thiow eack side.2 23 LE L7 13 1=
LB £ Tetal CFM (2 Ini i e
CFM exck side.y b | 42 B4 L]
M= Thruw eack z|de.a 2 18 i pAl|
IFXIT  |Totsl CFM Xé M b1, L]
CFM ach gide .y b1 i, 128 158
Ak=5 Threw 23ch sjde-a rE | - ) 60l bR
Fxi= Twtal CFM 2 i TRE L")
CFM vech sideag 3 11T s | 55
A=1 | Throw exch side-a 15 45 T RER
WXIE [ Towd CFM L | s
CFM pmek sife.s Jia p- 11 bl
AL =LE [ Theow gack pide.a it L | e
H X" Tonal CFM (22 (530
CFM eack sbde.a ¥ w
AL =13 |Throw esck side.g (K] ] -3
HXY | Tenl CFM @ | e
CFM each side.g imn o
Ak=2 Throw cpch pides i1
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Table A-23 Fixed Blade Beturn Air Grille Models 7145H.
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Dl B8 A | Fisior |VP 01 | Aoz | o8 ) e | ove | w2 | ost | 0 | 090 | e
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Table A-24 Air Handling 1nit.

Inlet Water Temp. 43°F- Coils are of & Fins/inch

T [
s |
[ SOFM arM FT
I n e | s [ zoenn | wio [ ear N aanssT e | sus | im || swenn | sammr | 1as air
pree 1 [T I onen | 3000 | 900 | 1eme || meeTie e ) 1M | ds || eeves? | amurd| e | opnr
(1] L4 s | e | sra Al 1] it | @ | raa iem P37V | TN | vsaa a0
!__ &_ﬂﬂ inotey T8 N3 | Sezser t)
™ | m aawon | wmaree | wo | wen |[essean] bt | vine | a2z |[ reane sasgns | team | ear
— | 4 aouee || 4r2em 98 | w4z || Tearnd | semdrs | wass | suv |0 ewsids | arrme | ters ]
= L xﬂ‘ 1% HE.I_ LM 2N | STy | 180 L& {] I | ©1aMm | Jead IJJ_|
[ » mml Rl ] 1M !lm 4318 | s R3r || 1asmot | amisn | i 1282
™ o | 3ooes | averae | 1038 | voms || esoun Jew | siwe | red H weosee | wrwes | wan | moe |
] L] Thee | soamen | mae | yaup ) wemese | wamemn | s M BRS | BANR) | wwTe "y |
i " Sioeon | daddee | wsen | iz || tecetoe| ermee g 37 TeX000 | foGand | 3med had
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(L) Joes [ eiprae | vane | eiwa | sormece| vmease | 2149 | wmas | tseoes| meaves R | Tam
™ SEae | sagem | vra ta (] wiseoo | EIDEAE | fpue 1T oG | e3zes | P0p nn
7 4 acons || 020000 | sresme | ttwe | 1am |m|- Wsed | med | ar |l weoetos| womemn | sies | i
L1 o0l | =raon | 1508 1§ secoson | BitEse | 240 B0 || see0000 | emasre | fvae 1142
| T 1ﬂ& s man || viiooss | szrres | 3230 | v |

LT

< AFR: Air flow rate (SCFM). SCFM: Standard vatus of Asr Flow Raic at ses level. where
- Air Demsity= 1.2 ke ' (6075 J5it"y
- Elevation= Zera (Sid))

- D& [y bulb - WH Wet bulb
SCAP Sensible cooling capacity (MBH - LUAP: Total capacity (MBH)
< WTR: Water flow eate (U S gollons per minutc) - WPD: Water peessure drop (Fect of H.0)

For afher conditions pleass refer to the neurcst Petra sales office
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Table A-23 "PAH" Static pressure drop.

| Inch Thick Insulation
Width Depth Height

Static Pressure Drap

of waie

1 JiMuxing Bos Module=1 inch Flat Filter LI70[339] _ 750(20.5]  [370[539

1 J195% Bag Filter Module+Mediz L70/53.9]  730{29.5]  1370[339) (.68

3 Cooling ' Heating Module I370[53.9]  300(19.7]  1370539]

4 4 Rows Coolig ' Hesting Coil - = - {.233

5 Forwand Cupved Fan Module 1370[53.9] 1450[57.11  1370[334) 0,08

6 J|Petra 8 Fan L : v

Eitr.-rnal Stt Pressure 0.5
“ressure Drop Through Coils 318 cail pipe
Rawe Pressure Drop (lich OF Water |

Adgpdiicld e T 3 7 3 ; 7
e | oo | wet [ oy [ wet [ ooy [ et [ ory | et | ony | wer | oy | wet | iy | we
etk | ROR TR [WOST | WOVE W05 | 0008 | 018 BATE TAR] A | I8 SN (AT
4 1003|003 | 0.060 | 0.071 [ 0038 | 108 | 0421 | 0.18 0446 488 ) 0172 | 0.005 ] 0.290 | 0.7
456 L 0b36 | 6.0a3 [ 0,078 | 0.067 [ 0110 | 0431 | 6.947 [ 0.176 ] 0479 0281 | 0341 02521 0382 | 0.3%
S0 Ju.o4d | 0052 | 06w | 0404 | 8730 | 0,956 0475 0.HE| 0215 0277 | 6.45 | 0,308 | 0358 | 6403
-_ 0.051 | 0.067 | 0.102 | 0.922 | 0154 [ 0.104 | 0.206 | 0.945 | 0.355 | 0,338 6.500 0.356 | 0398 | 0475 |

00 B.055 | 0074 § 0.9 | 6142 | 0.178 | 6273 | 0.290 | 0.985 [ 0,267 | 0.992 | 0.590 [ .41 | 0.464 | 025 |




Fable A-26 Chiller RWC Model 530 from Petra company.

ik ™ 3 PH R

Moy T Gl Siec

misliing Uhgn Haed Do Sl V'rdar Treming
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0, i LaEfrirwanry ] ] j L - T =1 4
Grade 0F (1l 1T T Foalan
b Cha | T T ERE TN T T b v T om
: = - DA BT ey
N CH Loy I ]
Kt porwn K-
[ toatnd Erpatiian Viley |
o Chrvaie ] i ! | I 3 4
[Cuodvwser , = Lopper Titwd Alumingim Fi
s Fer fmch Il ¥
Kaws Il []
FrivAr all o0 | uw )] o [ 5w § s [Laww [ 250 avow [ s ] aam
ot Frm Pepelor
o (0 Fans ]
AT Flow e
—TTR T i
Nobe;

" Data Abave Are Blased Un Water IN/OUT - 55745 % /7F
™ For Power Supply Vollage Refer To Eectrical Data Tabies

Elecirical Data Table.

ARD-420.1/50 |

HWE L 2I0A 0 4 T 2 22 § oas W o | 225 [ 20
BKG/360 3 Y 160 2 22 55 Tk tas I a2e

_ AR0-430/ 54y 3 35 ] > 11 3 97 f 125 || 12
RWCaT fl  swaen Kl ED 2 A ERE ETE e
ARV 1 18 s z 22 | s» FaN T T

B BN 20240 2 2 bag : 11 1 B | azs | o1s

BWC SW pEN B 4 i 155 1 e 45 a1 22 | 34
507360 A JnJusl 2 Faafss Basr]rof te0

Legend:

KWz Mormsnal Outpet Power (i Kilo Wait)

RLA: Rated Lond Ampere

FLA: Full Load Ampere

MO Maxisim Overcureent Prolectien
MIDS: Non-Fusad Mam Discomneer Suitcls

LRA: Locked Botor Amperc
MOA: Minimum Ulrcuit Ampseity
CFEM: Corglenser Fan Moo
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Table A-27 Heat pump performance data cooling part load WRA-420,

Heat ot Source
g Wit LAT
Saurce Lasd o el
B T = e - = i 410056 | 130681 515 |
5 "“,ﬁ = 376503 | 415498 | 15108 | &1 |
- [N }E- LT LR 513
-z = i 519 | a2 | 1334s 515
ol i = = P ‘g’n 467432 | 13541 | 537 |
& < T Tai. 1 | &% 13600 | 533
= = 0 i 3)%_43%%; 13,766 | 44a
a0 7 ] 157 A R el
= 2 g 'Jaai 417550 | 463575 | 14,004 B
75 ALy 1 i ETT AT e =
el . T a1 84| 145 | 510
5 ] 1ﬁ? % 'Sh% 14917 | &g
= — - i 7 o I 15,184 el
. o o 22 | asspea | 1m0 | &1
- 2 23 = 3&%@ 480,303 | 15433 614
75 a5 167 | 4093 ool g | e
i (85 -+ -.19 o - %ﬁ 511,873 | 1570 (51
?hi i 35 am,458 | 519078 | 1560 | 628
&8 3 3 75
s 5423 =
1657|3929 | afase] 1.4
’ 5 . 749 | 439.80s | 15450 | ey
- -2 u.‘a '1};% IS | 363 563 | 15688 | %1__
- = 15,720 ]
BElEs== 2 =0 0 i iR
TR 7 : L
- ;;. ] 1y 14 L‘i;{ 50l 1% : S . E
5 Y e - .-&E"::m 21 | 16700 | 805
= T ;ﬂfcl!,: 104 | 1808 | a1t
z o 393 51| 413,068 | 19007 | @iz
i i £ 2 N 2 387672 | 411080 | 19330 El8
% = v 43317 | 19289 | E15
- x ‘:_: ﬁj 355030 | 210736 | 19352 7:;
% - 3 19 78,
g — o & :@:'ﬁ%‘ :35;;;: 15 2
5 o4 N 5 | 964,355 | 19.561 704 |
BEsEc: == T
W | 410407 | 257, 3 .
o 7 < 418806 | haza3 | 19538 | 3
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Table A-28 Heat pump performance data heating part load WRA-420 and correction
fagtor.

Eauten Heat of
- we - v | T
Wt | eem Ewr | om | w1 | wen Brum
i 1030 167 | SH50r | J0imem | 27.006 r
" 90 | wood | 235 | S01Am0 | 3oz | 26851 1 5o
100 78 1128 167 | &i3n P20 | HEe: | e
. % 1oy | 913 [376.295 | roosa | o1 |
m B3 1338 Bh)  Jafechy | R4 ane | 3185 i) &
by ] 590 [ FEE] % L6580 | 13400 (3]
7% 1021 147 A58 | a1 7 [T
| W 1o | a2 e | “,‘Aﬂﬂ—_hﬁ% 612
P 75 Va8 1T Taterm [ 385 05 | g |
P %0 | vios |~ 737 | @07A0% | 304163 | 36181 | #ié
110 i3 tﬂ; 167 | &5 :ﬁ ;r;mi_ _};,m :il
0 1 %g 1335 | 3ipr0
. 105 % %7 B arskst | 26819 | 1%
P T o |31 [sheee |ansas | s | 3si
80 100 i 1153 | veF 1S705# | asiGie | sumas | 12
i 1122 FEF] (71 ssb e | 1941 Frd
R S 1250 167 »ﬁﬁr‘;u A31,539 | 333580 | 7
(=] - 1% 121t 213 1561908 | staaio | S| 7ES |
= 57 167 | SWLSH |S047a7 | a7 sl | Ay |
b [ W01 1" 330 [o0s0 | o078 | 26657 | 740
p—_— 190 i 1154 167 | 5832 i 0434 26
i %0 1 1129 212 | antsri | 2000 745
we |1 1352 7 | 5n A7 | 33074 o3 W
|. | ) 1y 1 33 |w LN OO
Moty
Heating Dty in BOLD = Fresse podector of fre st bop | regurad

e

EWT = Enfeninig waler heengerature. °F

TP w G alows pow rrenile Bems

WEL = Walur pressurn 90op, i of watsr
Bt = Blu pef hoc o heal branades

LAY = Lewdng waler emporaiure, F

A 200 = bmved oh 100% wisder ae [he baat bavier Sud
FDDEy CaCACily COlBcton Kchory based on T peréent nidlhesss rinkae

o rot gadaci urds b LH0F heanong waler Sorconatune for T koo i The
w-mmnmmw
Lot - werler ioog sareng the air hande of beiining devee
Socend . bel feyedlon waler laog) gantherinal or BoberTawer kg

healing IrocE of biow £0°F kv e koad in the coolng mode

Cooling EER Cr: ___ Heating COP Cen

11 131 ' 3.0 0.75

13 1.36 i3 0.77

i 15 1.23 4.0 0.8
17 1.2 4.5 0.82




Table A-2% [.ong-Term change in pround filed Temperature.

Equivatent Full Borr Temperature Base Bore
1ol Howirs Separation, PFemalty, Length, mikW
Heatimg Cooling m K {refrigeration)
1 DUV EDO 46 Neglighle 66
LO0H g 46 26 195

bl I3 178
SO0 1000 45 4.2 23

il 23 197

46 Tl ! I
S0 1 50m) fnl a3 a0

T 10 104

+0 Wist gdbvizable
£ 20040 ) 58 2

1.6 L H | 218

Corrcetion Factors for €Hher Grid Paiterns
~ 1x10gnd  2+10gnd  3xfprid 20 % 20 grid
C =036 Cp= 045 Ly=033 = 1.14

Table A-30 High density polyethylenc pressure drops.”] 1/4 in "

) Flovms Yelocity Frasmuee Drap
fr?el fiessl  (US goim) (e (el FFaitm) (e 0r100m) (2 OO (R DT O0N)
1364 (W E 21 0 +35 0 4 1041 106 0.046 0108
1 4E-4 0ua a2 0.745 D45 1178 120 el Ly o3z
1.654 .15 24 o165 0.8 1317 134 0 0sH 0.134
1.8 ne | & 1185 o&s 1dsy (B C.054 0143
e S B 50 SIS b M Y e 1em 6673 o 1E8
1.8E4 018 28 &8/ o 1797 163 0679 0183
1BE4 .18 ag o.197 086 A2 04 0028 0z
STE4 0z 32 o3 = 2157 220 nnes (%=
3 UEd o3 48 0.3 102 4437 452 0,176 044
40E4 D4 B3 0.4z TEE 7355 rha n 23 OS5
&0E-d =l Fe [ o L ores 1190 048 11
G.OE-4 k] 95 0ez 30 14578 1527 CER 183
7 OE-4 oF¥ | 111 @73 id 12€38 1 0.E? 20
B.OE.4 oe 127 o= 27 Z4E51 2514 1.09 i5
S0E4 g9 4.3 0o It | o 318 1.38 a3z
L.ooio i 158 104 34 3EE7E arro 1E3 e
0.0011 [ 174 114 as 44741 4567 190 48
ooz 12 120 1.25 a1 s1927 5203 23 52
0,003 13 3 1.35 54 GE3AE E107 26 [
0.oon4 1.4 2 145 @ 2B =2t 7082 ai 7.
0004 1.5 24 1.58 51 FEI63 frew ] 7a
0 oo4e 1.6 25 1.66 56 BE771 BEAR 3a 83
O O01# 2 27 LT 58 5755 Bota 43 150
=ep ] 18 z9 187 g1 1C8EE 1156 49 112
0 orig 1.9 = 197 65 nere 11810 E2 1ne
0 nGED .0 =2 24 6.2 125417 13T 57 13.2
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Figure A-31 T0 vs. G for a evlindrical heat source,
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Figure A-32 Performance curves for TPE Serizs 1000 Grandfoss pump.
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Figure A-33 Pressure drop (AP/EL), for air in palvanized steel ducts, based on round
duct diameter,
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