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Abstract

Air conditioning systems have the major amount of energy

consumption in West Bank, with a poor and expansive amount of energy

available in West Bank, energy conservation is needed.

In this research; two air conditioning systems: Variable Refrigerant
Flow system (VRF) and Air to Water Chiller system were discussed in
order to select the system the most feasible option. An-Najah Child

Institute (ANCI) was selected to be the case study. Initially, the cooling
load for ANCI was calculated using to be equal to 60 Tons.

Energy consumption and economic analysis were performed for the
two system based on accurate design. The design of air conditioning
system includes selecting the system parts; indoor units, outdoor units,
pipes, and pumps based on the cooling load and configuration of the

building. Actual pricing based on parts quotations from manufacturing and

procuring companies were made.

The economic analysis was based on calculating present worth value

for both air conditioning systems. The present worth value for VRF system
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was found to be -158,204 $, while it was equal to -182,654.0 $. For Chiller
system. The less negative value was for VRF system, in other words, this

system is more feasible and can save more money energy.
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Chapter One

Introduction

1.1 Energy in West Bank

Energy is the power of life for many sector such as residential,
commercial and industrial sectors. In the last few years it was cleared that
the electricity needs increasing more and more since the population

increases and the increase of electrical equipment dependency.

The Palestinian (West Bank) region energy consumption according
to Palestine central bureau of statistic (PCBS 2005) was estimated to be
890 GWh/year, and this is relatively low consumption and it is considered

to be the lowest consumption in the region. [1]

Energy sector in west bank mostly depends on imported power
supply, mainly from Israel of about 88% and 3% from Jordan and Egypt.
As a result; fuel and energy costs considered to be one of the highest in the

region. [1]

HVAC systems have the major amount of energy consumption in
West Bank, according to ( PCBS 2004) ,most of West Bank households
used electricity as a main source for air conditioning. In the summer of
2004," 80.7% of families wuse electricity for air conditioning".
Expenditure in energy was estimated to be one third of the consumer
monthly budget in winter and two third of consumer monthly budget in

summer. [1]
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Palestinian energy authority (PEA) put many strategies in order to
sustain these disturbing numbers of energy consumptions. In March 2012
the cabinet of the Palestinian Authority approved a strategy specific to
energy efficiency called the national energy efficiency action plan
(NEEAP). This plan aims at reduce the energy consumption in important
sectors in Palestine thus reducing the GHG greenhouse gases emissions.
The main goal and target for this plan is to reach an amount of 384GWh
cumulative energy electrical savings between 2012 and 2020, thus ramping
up this amount of saving over the 9 year period in many west bank energy
sectors such as industrial, buildings, and water pumping. Table (1.1)
describes the PEA energy saving plan phases. [1]

Table (1.1): Target energy saving (GWh). [1]

Sector phase I phase 11 phase 111
2012-2014 | 2015-2017 | 2015-2017
Industrial 5 6 8
Buildings 38 130 195
Water pumping 0 | 1
Total 43 137 204

PEA energy saving plan targeted all sectors but the potential saving
not the same of all. Households sector have the best savings potential, on
the other hand people can't be convinced easily to use energy retrofits and
make some changes in their homes. Industrial sector may have lower
potential in energy saving, but unlike the households sector they can
respond to polices, and retrofits to save energy. Due to the nature of
industrial and services sector and the high energy consumption compared
to residential sector any small amount of energy saving will be more

effective end can save much more energy than residential sector.
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HVAC sector is the most cost effective technology category relating
to many studies that PEA made, and relating to figure (1.1) shows the

national energy savings potential by technology category.

M electrical
devices,pumps

m HVAC
B generator,power
factor, compressor

B data center

H lighting

H heat recovery

Figure (1.1): National energy savings potential by technology category [1].

National energy savings potential by technology, displayed on a
percent basis in year 2015, all these numbers was forecasted if the
recommended actions and energy audits in each technology category were
implemented. It's clear that the most cost-effective major category is
HVAC systems around of 43%, for example at a marginal cost of 19% of
the price of the energy consumed, 29GWh equivalent energy could be
saved per year in the audited facilities primarily by targeting the HVAC,

lighting, and heat recovery categories of energy efficiency actions.

Problem statement

As a conclusion, HVAC systems have the largest amount of energy

consumption thus the largest amount of energy saving possibilities at the
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same time when implementing energy saving audits or opportunities within
the system, structure, and surroundings. In the next chapters more details
will be discussed about HVAC different systems (Centralized and
Decentralizes) every system components and contents, every system energy
consumption and installation. Also the energy saving opportunities within
each centralized and decentralized air conditioning systems that could save
the maximum amount of energy including the parts efficiency improvement
or parts replacing will be discussed. In addition to many retrofits studies

that may be save energy when conducted to each system.

The next chapters also include case study that show the differences
between centralized and decentralized air conditioning systems in a
selected building (An-Najah child institute -ANCI) ,this study compares
between two air conditioning systems; Variable refrigerant flow system and
Air to water chiller system. By using HVAC software design program
cooling load for the building was calculated. At the end of the study,
comparison was made between the two different air conditioning systems
air cooled system and variable refrigerant flow system in order to know

which one is better and show more potential in energy saving.

1.2 Heating Ventilation and Air Conditioning Existing Systems at West
Bank

Air conditioning systems have many types, each type of them has its
own properties, specifications, equipment, parts, way of connection, cost

...etc.
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In general air conditioning systems can be classified into two

categories:
1- Centralized air conditioning systems
2- Decentralized air conditioning systems.

The first category which is central air conditioning systems; multiple
spaces can be served and fed from one base location that usually use chilled
water and distribute air through a wide sheet metal work (ductwork) inside

spaces to be conditioned.

In the second category Decentralized air conditioning systems the
service almost for small spaces or multiple small spaces from bases
locating within or directly near to the space. Air is cooled directly
exchanging heat from the refrigerant. Direct expansion (DX) type most

common used in this category.

Selection of most suitable air conditioning system depends on many
parameters such as thermal comfort, building architecture, spaces included,
performance and energy use, life cycle and cost. Each of these parameters
has its own influence on the selection such as the thermal comfort that
gives an indication about the internal environment of the building; whether
the people are comfortable with the temperature and humidity of the indoor
air, a number of variables interact with this comfort such as the activity
level (what are the people doing inside ?). The American Society of
Heating and Air-Conditioning Engineers (ASHRAE) standard 55-1981

gives the full description of this thermal comfort. [2]
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Building Architecture including the purpose of the building, area
classification, occupancy, type of building structure, materials and
thickness of walls and roofs, all these can influence the selection of air

conditioning category.

Spaces included or the available spaces have a big deal in selecting
air conditioning category in the way that considerable space is needed for

mechanical rooms to house or keep air conditioning equipment.

The most important parameter that influencing our choice is the cost
and energy use; because each component from our choice must use as low

energy as possible and still meet the performance requirements.

Centralized air conditioning contain a closed circle of water begins
as a chilled water generated from a chiller at one base location and
distributed to fan coil units (FCU) or air handling units (AHU) located
within building spaces, then such a fan can forces air to be heat exchange

with this chilled water to be cooled and transferred through duct work.

Figure (1.2) shows the main component of central air conditioning,
as we can see the parts are condenser, evaporator, compressor, cooling

tower, pumps, and FCU.



Condenser
Water
Pump

Cooling
Tower
Circuit

]

Chiller

Chilled
Water
Circuit

AHU Cooling Coil

Te—
I:I

Chilled
Water
Pump

Figure (1.2): Central air conditioning circle. [2]

Chilled water leaving the evaporator section toward the inlet of the

FCU to exchange heat with the air supplied by the fan.

Return water leaves the FCU again to the chiller evaporator to close
the circuit, the system energized by pump to make sure that the system
pressurized. Cooled air leaves the FCU to the indoor space through duct
work ending with a supply diffuser and return grill pull out the air inside by
return air fan again to the FCU to be cooled again there alone or with

mixed with fresh air and then cooled with the fresh air.

The condenser inside the chiller connected to a cooling tower, the
hot water leaves the condenser and forced by a pump toward the cooling
tower to reject heat there and then back again to the condenser through

piping system.
Central system category divided into three main types:

1- Central systems with Constant Air Volume (CAV) air handling units
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2- Central systems with Variable Air Volume (VAV) air handling units

3- Central systems with fan coil units (Water systems)

The difference between these types is that CAV system uses all air
with constant volume, the VAV uses air also but with variable air volume
which supplies different zones, and finally the FCU fan coil unit system
uses all water in piping system with ductless system, the water reaches the

FCU to make heat exchanging there with air.

Decentralized air conditioning system do not uses chilled water as an
intermediate cooling medium. Direct expansion (DX) one of many generic
names of Decentralized air conditioning systems that directly heat
exchanging heat with refrigerant type inside cooling coil to deliver cooling
into single room or spaces rather than building. Individual systems, floor by

floor systems, unitary systems also commonly names of this category.

Decentralized systems contains many parts that all assembled into
package, these parts are cooling coil, refrigerant coils, controllers, fans,
filters, compressor, and condenser. Heat rejection and cooling happen

inside this package.

There are plenty types of Decentralized system such as VRF
systems, packaged air conditioners, split air conditioning systems, and
window air conditioner Somehow they have the same principle of work.
We will focus in VRF air conditioning systems principles and

specifications in this research.
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VRF air conditioning system (Variable Refrigerant Flow); unique
system that can serve multiple spaces from an individual basis, it can

automatically change refrigerant flow depending on the heating/cooling

load of the building.

Figure (1.3) shows the main principle and schematic for VRF
system. First in the outdoor unit a compressor increases the refrigerant
pressure, then the condenser make the refrigerant reject heat out to reach
the expansion valve with high pressure liquid, after that the refrigerant
leaves the expansion valve with low pressure and temperature. VRF system
come in two system formats, the simple one with two pipes that makes all
the zones either in cooling or in heating mode. The other type is the heat
recovery (HR) systems that have three pipes design which gives this system
the ability to heat some zones and cool others at the same time. All this can

be done with microprocessor based electronics. [3]

Lindanagr
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Figure (1.3): VREF air conditioning schematic. [3]
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1.3 Case study: An-Najah Child Institute (ANCI)

An-Najah child institute is special place for modern teaching method
dealing with all the kids talented groups and people with special needs and
deals based on international scientific standards installed via the clinics that

provides diagnosis and assessment and rehabilitation services. [4]

An-Najah child institute located in Nablus city west-south side
beside An-Najah national university with latitude 32.2° and longitude 35.2°.
ANCI consists of four floors ground, first, second, and third floor with total

area of (1600 m?) and 3.5m high for each.

(First, second, third, and fourth floor drawings are given in Appendix

12).

Providing comfort conditions at ANCI building needs suitable air
conditioning system, so Cooling and heating loads should be considered in

all floors to set an accurate air conditioning system.
All necessary data was collected and tabulated in all building floors.

The ground floor contains 4 clinics rooms, one multisensory room,
and one intervention room with different areas, the details are listed in table

(1.2).
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Table (1.2): Ground floor details at ANCI building

Ground Floor

Space Area m’ Windows | Doors
Clinic Rooml1 14.6 2 1
Clinic Room2 15 3 1
Clinic Room3 12.25 3 1
Clinic Room4 12.25 1 1
Multisensory Room 40.4 0 1
Intervention Room 453 4 1
Waiting Room 28 4 1
Lobby 4.6 0 0

First floor contains 3 class rooms, 1 Staff room, 1 Meeting room, 1
administration room, 1 secretary and waiting area, and 1 Pantry. Every
space have its own area and details are given in Table (1.3) show below.

Table (1.3): First floor details at ANCI building

First Floor

Space Aream’ | Windows | Doors
Class1 23 4 1
Class?2 26.1 6 1
Class3 24.6 3 1
Staff Room 354 6 1
Meeting Room 21.6 3 1
Administration 17.4 3 1
Secretaryand |75 |, |

waiting area

Pantry 4.6 1 1
Lobby 63 0 0

Second floor spaces are listed in Table (1.4), Music room, LD room,
Art room, Library, Resource and service, and Pantry. All these spaces

contain persons inside.
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Table (1.4): Second floor details at ANCI building

Second Floor
Space Area m’ Windows | Doors
Music Room 23 4 1
LD Room 31.9 6 1
Art Room 31.7 3 1
Library 20.6 4 1
Resource and Service 19.4 1 1
Lobby 63 0 0
Pantry 4.6 1 1

Finally third floor that contains meeting room, 4 admin offices,
research room, and pantry with different areas and details as given in table
(1.5).

Table (1.5): Third floor details at ANCI building

Third Floor

Space Area m’ Windows Doors
Meeting Room 284 4 1
Admin Officel 19.6 1 1
Admin Office2 17.5 1 1
Admin Office3 17.5 1 1
Admin Office4 194 1 1
Research Room 16.3 4 1

Lobby 63 0 0

Pantry 4.6 | |

1.4 Cooling load

Cooling load was calculated at ANCI building using HAP 4.6 air
conditioning design program so that any air conditioning system can be
evaluated and designed including indoor units, outdoor units, piping
systems, and pumps. Cooling load variables considered at ANCI building
are spaces area, space orientation, doors detail, windows detail, partitions

detail, lighting, people occupancy, and electrical devices.
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ANCI building was divided into many spaces, every space contain
one zone or more. Every zone was covered by HAP program as figure (1.4)

shows.

Cooling load depends on many variables, so that every zone can be
unique depends on covered area, number of people inside zone, number
and areas of windows and doors, orientation of the zone and many other

variables.
HAP4.6 assumptions during cooling load calculation:
-Building weight 341.8 kg/m’ [Med].
-Latitude = 32.2°, Longitude = 35.2°.
-Summer design DB Temp = 40 c°.
-Daylight saving = [Yes].
-Avg ceiling high=3.5m
-People/Activity level = office work
-Overhead lighting = Free hanging.
-Door U-Value = 1.7 W/m’ K

-Wall Assembly: 13mm gypsum plaster + 102mm common brick + 13 mm

gypsum plaster + Air space

-Window Assembly/ Glass details: 3mm clear + 3mm clear + Air space.
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Figure (1.4): HAP 4.6 program parameters.| Appendix 11]

After making all zones details and interring them to HAP 4.6, this

software offer final report that include all details about all desired zones

and there cooling load beside the final cooling load for ANCI building

which was 60 TR, and this cooling load will be used in designing each of

the two air conditioning systems in the next chapters.

Note: HAP4.6 cooling load calculations final report available at the

appendix 11.

1.5 Objectives

The main objectives of this research:
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1- comparing between centralized and decentralized air conditioning
systems in terms of economically, energy consumption, controlling, and
zoning including chillers and variable refrigerant flow air conditioning

systems.

2- Redesigning variable refrigerant flow air conditioning system at ~ An-
Najah child institute based on cooling load and heating load calculations,
the design include outdoor units, indoor units, piping system, and duct

works.

3- Designing chilled (water to air) system at ANCI based on the same
cooling and heating loads calculations used in designing VRF air
conditioning system, this new design contains outdoor units, indoor

units, piping system, duct work, and necessary pumps.

4- Calculating the energy consumption of chiller (water to air) and also for

variable refrigerant flow system.

5- Calculating the fixed cost and running cost for both air conditioning

systems chiller (water to air) and variable refrigerant flow.

6- Comparing between both air conditioning systems chiller (water to air)

and variable refrigerant flow economically using present worth value.
Summary

West bank nowadays suffering from electricity problems. High
population creates high electrical consumption, this high consumption led

to Low voltage and high demand of electricity.
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HVAC systems have the major amount of energy consumption in
west bank, related to ( PCBS 2004) statistics most of west bank households
use electricity as a main energy source for air conditioning system. So that
any conservation on these air conditioning systems will help in decreasing

the demand of electricity. [1]

This research contain an important comparison between two local air
conditioning systems; VRF and air cooled systems. Every system has its

own properties and components that was selected.

The comparison will be made to choose the most economic system.
So that every system will be studied alone then a comparison will be made

between them based on present worth values.
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Chapter Two

Decentralized and Centralized
Air Conditioning Systems
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Chapter Two

Decentralized and Centralized Air Conditioning Syste

2.1 Decentralized Air Conditioning System Design

Decentralized systems are more efficient in low to medium
demanding, it show high efficiency at low rise buildings such as office
buildings and residences building. It is recommended when initial cost is

effective for such a project budget. [3]

These systems provide cooled air to single spaces instead of the
buildings. With many different market names such as floor by floor
systems, unitary systems, and individual systems Decentralized system
designed and manufactured as one package that includes all parts in one
envelop including fans, filters, cooling coils, refrigerant side, heating
source, controls, and condenser. Each part within this envelop is assembled

to provide specific responsibilities and specifications.

Decentralized systems have many types, and each type has its own

specifications and design. These types are:
Window air conditioner

Split air conditioning systems

Variable refrigerant flow (VRF) split system

Packaged air conditioners
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2.1.1 Window air conditioner

In window air conditioner type, all components designed and
manufactured to be inside one envelop namely the condenser, expansion
valve or coil, evaporator, compressor, and cooling coil all are enclosed

inside a single box.

As shown in figure (2.1), this unit box can be direct in a slot in the

wall or fitted in a window shelf since its flexibility in structure and design.

Ourzide Aer

Condansar
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Discharga fir

Coolad Acam fAir
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Evaparatoe

Figure (2.1): Window air conditioner type assembly. [3]

This type of decentralized system can serves cooling only where and
when needed. It is available with capacities varying within a range of about

0.5-3.0 TR.
2.1.2 Split air conditioning systems

This type basically has two parts working together to sustain the

requirement demanding. These two parts are indoor unit and outdoor unit,
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the indoor unit contains cooling coil, cooling fan, and the evaporator while

the outdoor unit has the compressor, expansion valve, and the condenser.

The outdoor unit responsible for providing cooled refrigerant to the
indoor unit through refrigerant pipes, while the indoor unit responsible for
heat exchanging between the air and the cooled refrigerant, then supplying

cooled air to the space.

As we can see in figure (2.2), outdoor unit and indoor unit connected
with each other by refrigerant pipe. This pipe distance is critical and

shouldn’t be more than 30m.

Air Handter"m
{Evaporator

Conduit

Condenser

Figure (2.2): Split air conditioner arrangement. [3]

It is very clear that this type of decentralized system easy to install so
it gives an engineer that flexibility in maintaining the architectural and

physical requirements.
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2.1.3 Variable refrigerant flow (VRF)

Modern type of decentralized air conditioning system is variable
refrigerant flow system (VRF) which is complex and efficient. It can serve
multiple indoor units connected with refrigerant piping system to a single

outdoor VRF condensing unit. [3]

Among these systems; VRF system can provide both heating and
cooling simultaneously by control system. Control system has the ability to
automatically control refrigerant flow to meet the cooling or heating load of

the spaces needs by hand held control or the use of wall mounted key pads.

Figure (2.3) shows the main principle and schematic for VRF system
first in the outdoor unit a compressor increases the refrigerant pressure,
then the condenser make the refrigerant reject heat out to reach the
expansion valve with high pressure liquid, after that the refrigerant leaves
the expansion valve with low pressure and temperature. VRF system come
in two system formats, the simple one with two pipes that makes all the
zones either in cooling or in heating mode. The other format is the heat
recovery (HR) systems that have three pipes design which gives this system
the ability to heat some zones and cool others at the same time. All this can

be done with microprocessor based electronics.



23

Figure (2.3): VRF air conditioning schematic. [3]
2.1.4 Packaged air conditioners

Packaged air conditioners most suitable for cooling capacities
arranged between split air conditioners and central air conditioning

systems. It is available in fixed rated capacities of 3, 5, 7, 10, and 15 tons.

[3]

Packaged systems contain all important parts inside one house
including compressor, cooling coil, air handling unit, and the air filter.
According to the type of the cooling system used with packaged air
conditioners it can be divided into two types: ones with air cooled

condenser and ones with water cooled condenser.

In air cooled system the outdoor unit should be kept in a place where

the atmospheric air is available to cool the condenser of the refrigeration
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system. While in water cooled system the condenser of the refrigeration
system cooled by water, so that water must be continuously available to

maintain functioning of air conditioning system.

As shown in figure (2.4) packaged system can serve two rooms or
more at the same time. Its available capacities ranging from about 5 TR up

to about 100 TR, so it is more efficient to use in large spaces or offices.

PACKAGE UNIT 7 THERMOSTAT

Figure (2.4): Packaged air conditioners installation. [3]

But it should be noted that the larger of tonnage in packaged system
the larger air flow will be, so that we will need duct work to cover all

spaces and reduce noise.

2.2 Centralized air conditioning system design

Centralized air conditioning system uses one base location to serve

single or multiple zones with cooled air, these system are most efficient in
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mid to high rise buildings that include five to seven and more floors.

Centralized systems can be divided into three categories as the following:
Central systems with Constant Air Volume (CAV) air handling units
Central systems with Variable Air Volume (VAYV) air handling units
Central systems with fan coil units (All-Water systems).

Constant air volume system (CAV) category is an all air system
which maintains comfortable temperature and humidity (comfort
conditions) in served zones by constant air volume supply and variable air

temperature.

Variable air volume system (VAV) is an all air system which can
serve multiple zones by supplying air at a constant temperature from the
base central plant to one or many VAV units in each zone. But the amount
of air flow to each zone can be adjusted to meet each zone cooling load
requirements. And this is the main advantage of this system over the
constant air volume system is the flexibility of air flow control that can

serve any number of zones within the building at the same time.

Central system with fan coil unit is an all water system with FCU
units. Outdoor unit produces chilled water to be passing through insulated
pipes then pumped to the fan coil unit (FCU) placed inside the conditioned
space, heat exchanging with air made there to produce cooled air, then
cooled air transferred to the zones and back again to the FCU to be cooled

again by cooling coils to make a close loop.
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Basically central systems design broken down into three major
subsystems: the chilled water plant, the air delivery system, and the
condenser water system (or heat rejection system). Every subsystem
responsible for a private job, as we can see in figure (2.5) we have central
system water to air divided into three subsystems shown in the figure

below.

water : 1

Figure (2.5): Centralized air conditioning system schematic. [4]

Chilled water substation begins its circle inside the chiller body
evaporator section. Pumps make the system pressurized supplying the inlet
of evaporator with water to be chilled there and then leaves the evaporator
through piping system to supply chilled water to air handling units cooling
coils to be heat exchanged with air supplied by fans. The system may have
primary and secondary chilled water pumps, primary water pump sustain
the system pressurized and ensure constant water flow through the chiller,
while the secondary water pump serve chilled water to AHUs with

quantities needed only.
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Chillers have three most common options; centrifugal compressors
(200 to 2000 TR), screw compressors (100 to 750 TR), and reciprocating
compressors (up to 200 TR). Each one has its own restrictions, properties,

and peak load efficiency.

Air delivery subsystem responsible for delivering cooled air to
spaces through duct system and registers to maintain the cooling load

standards.

In most building cases air is back again to the AHU by return air

system to be mixed with supply air with an amount to be recommended.

Return air system can be ducted returns or plenum returns. In ducted
returns air is collected from each zone using return air devices attached to
the ceiling or walls which supply air to AHU by direct duct work. Plenum
returns collect the air from all zones through return air devices as in ducted
returns to the space between drop ceiling and the real ceiling, then the air

returned to the AHU by duct work or structural channels and conduits.

Before heat exchanging air should be filtered to remove particular

matter (mold, dust, and allergens).

As any refrigeration system heat rejection must occur. Condenser
water system is responsible for this part by two option of heat rejecting:

1- water cooled 2- air cooled.

Water cooled units are common used in large buildings such as

hotels and airports, these units reject heat which absorbed from spaces or



28

zones to water that with the same way can reject this heat via cooling

towers or fluid coolers.

Air cooled option is the most common used in residential and light
commercial applications. Heat absorbed from spaces or zones can be

rejected to the ambient air.

2.3 Comparison between Centralized and Decentralized air

conditioning systems

Every building type has its own regulations, specifications, and
restrictions that affect Selecting HVAC system, and every HVAC system
also has its own design and properties that influence the decision of type
selected. So to make a decision and select the suitable type of HVAC
system that fit our case we should first take a look at every type and

summarize every type design, specification , properties, and limitations.

Centralized and Decentralized air conditioning systems have many
differences parameters which at the end make one better than another in

such a case, these parameters are:

Applications, usage patterns, and zoning

Control views, Structural design and costs

2.3.1 Applications, usage patterns, and zoning comparison

Central systems are used widely for completely air conditioning in

large buildings, airports, hotels, shopping malls, theaters...etc. one base
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chiller or multiple chillers can be used to offer the desired load capacity
and sometime a hybrid system is preferred which is a combination between
centralized and decentralized system in such a couple of central plant and
packaged split units that the central plant serve corridors and lobby, and the
packaged system serves individual rooms such as guests rooms, meeting

rooms.

Centralized systems like chillers are available in the market with
maximum capacity 2000 tons, so these systems are best fit with cases that

requires high usage time and consistent.

Multiple zones can be served with one central plant and can have
many different control points since every zone contain its own control
(thermostat) that provides signals to the main central plant to monitor the

flow of chilled water.

Decentralized systems are more suitable for buildings which have
unoccupied spaces at any given time to provide potential energy saving
since every single space has its own air conditioning unit that can be shut
off alone without influencing the others. Decentralized systems also
preferred in low to mid rise buildings and low to intermittent air
conditioning requirements such as small residential buildings and offices.

But for large buildings, multiple package units can cover the desire loads.

For cases of that spaces which may have expansion or addition of

more equipment, decentralized system can give the solution.
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Decentralized systems such as split units (DX) are only
recommended to serve single zone applications since split units can’t
respond to many sensors (thermostat) signals and do not provide
modulating control, every zone has its own thermostat connected with the
single base unit that’s due to the assembly of its content namely the
compressor which only works with ON — OFF response to the signals
coming from a thermostat, it can be either totally shut off or totally shut on.

For multiple zones application it is required multiple units to cover them.

Decentralized air conditioning systems are available in the market

with capacities range from 0.5 ton to 130 tons (for roof top package units).

2.3.2 Control views

Control is very important in all systems for energy saving such as
capacity control. Central systems (chilled water type) show a good capacity
control by modulating the chilled water flow rate through the cooling coils
generally within the air handling unit or the fan coil unit, so every zone
thermal load can be covered without influencing the control of any other
zones in the other hand decentralized systems that do not provide
modulating control since they have fixed coil temperature during the
cooling mode, the only control available in decentralized systems like (DX)
systems is by cycling the compressor ON and OFF depending on the sensor

(thermostat ) signals.

In air quality control, centralized systems offer high quality of air

conditioning so that it can be used for applications demanding precise
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control and sensitive for environmental conditions. In decentralized

systems the air quality less than that in central systems.

Decentralized air conditioning systems do not show that accuracy in
temperature control since there is only two positions of control ON or OFF
which makes the temperature and relative humidity swings. This might be
happened in central systems when it balanced and it won’t be hot spots in
targeted zones due to the high level of control between the base unit and

the indoor units (as an example FCUs).

In controlling fresh air and ventilation, central system gives good
control in fresh air quantities allowing for fixed or varying quantities while

decentralized system do not provide much flexibility in fresh air control.

We saw most of control views are better in centralized systems that
in decentralized systems for energy saving opportunities. But in
individualized control decentralized system are better due to capability to
offer room by room control providing heating for space that needs heat and
at the same time can provide cooling to adjacent that needs cooling without

influencing each other as clear in figure (2.6).



Figure (2.6): Individualized control in decentralized air conditioning (split type).[4]

Central systems can’t always provide individual control as flexibility
as in decentralized systems. But in (VAV) central system figure (2.7)
individual control is available by monitoring the air delivery rates to the

spaces while keeping the coils as fixed temperature.
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Figure (2.7): Individualized control in centralized air condition systems(VAV

type). [4]
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In central air conditioning systems (CAV) type also can provide
individual control by keeping the air delivery constant and altering the coils
temperature, this type not recommended due to huge quantities of energy

wasted by simultaneous cooling and heating.

2.3.3 structural design and costs

Centralized systems have huge and heavy equipment that required
large space to handle them called mechanical room that must be available

in every building used in.

Central systems should contain plumping structure and drainage
system arrangement in the mechanical rooms where air handling units or
fan coil units are located there with their cooling coils, also in plant room

where cooling water pumps available there.

In decentralized systems the situation is more simple cause of their
simplicity which is smaller in size, so there is no need for mechanical
rooms to handle the equipment and this can offer large free areas in the
building. The plumping structure also simple since most of decentralized
air conditioning systems evaporators are located inside or at the boundaries,
the plumping need to be carried out in the indoor spaces connected with the

zone drainage system itself and no need for a new special drainage line.

Capital costs for centralizes systems are much higher than
decentralized systems. Capital costs can vary depending in the type of

equipment used in the system, centrifugal chiller for example is most
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expensive then screw packaged chiller and the cheapest is reciprocating
packaged chiller, but the cost can vary depending on the size of chillers
such as centrifugal chiller under 200 tons is more expensive than

reciprocating but becomes competitive in the larger sizes.

In another way central air cooled machines are much cheaper in
capital costs than the water cooled machines about 10% - 15%, at the same
time energy or power saving will be caught (running costs), so engineers
should work out the pay pack period and make visibility studies before

selecting which system to be chosen finally.[3]

Decentralized air conditioning systems mostly have lower capital
costs than central systems paid for an equivalent custom system. These
systems have fewer materials to install and so lower installation costs that

make decentralized systems more preferable.

In engineering costs view decentralized systems also show a good
cost saving since they are standard size units readily available so that
installation is faster and simple that save time and installation operation
costs. Central systems are much higher in installation costs since equipment
and parts are heavy lifting and larger in size that make them require more
costs for handling facility at site. Also central systems ductwork, piping

system, insulation, and false ceiling give extra engineering costs.

For maintenance cost, central air conditioning systems can take

much expensive and time consuming than decentralized air conditioning
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systems. All these costs depend on the type used and the capacity also, so

costs vary in values and time.

Maintenance can be done directly in occupied spaces in most
decentralized systems while it can be done within mechanical rooms or

outdoors in central systems.

2.4 Energy Saving Opportunities in Centralized Air Conditioning

Systems

Institutional and commercial organizations concentrate in energy
efficiency nowadays to catch as much amount of energy saved as they can

which lead for electricity saving thus money saving.

Managers in most projects looking for opportunities that may do this
savings and recommended strongly to those whose responsible about
structural and designs to do the best they can to maintain the most efficient

behavior with less electricity consumption.

Since energy saving became a top priority in most projects, engineers
concentrations have to be on finding more and best opportunities in energy
saving within the projects related to heating ventilation and air conditioning
systems (HVAC) including, boilers, chillers, and air handling units
components since air conditioning makes as much as 60% of the total

consumption of a building in a season.

In centralized air conditioning systems there is a big chance of

energy saving, since they are used widely and with huge cooling or heating
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capacities. By the nature of these systems components and the big sizes any
saving amount even its small will play a good role and will be more

effective than decentralized air conditioning systems.

Energy saving opportunities in centralized air conditioning systems
can be within the equipment (Internal opportunities category) or the
surrounding (External opportunities category). Every category has its own

cost and reliability and dependency.

The first step of energy saving is making an energy audit by plan the
work, then work the plan. Such a plan need some data collection before
going forward such as equipment logs, weather data, and structural data

within the building.

Working the plan might be starting with opportunities easy to apply

and with less cost going to more complex opportunities with more cost.

As air temperature increases the electricity consumption in air
conditioning increases substantially. In addition to this process the cooling
of air conditioning units decreases the same will happen if the air
temperature decreases in winter season, this lead to consume more
electricity also and heating of air conditioning units increases substantially.
With this two cases engineers have to find the opportunities that can faces

this increasing in electricity consumption.
Some of those opportunities are as following:

1- Variable air volume system and constant air volume system
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2- Scheduling

3- regular motors, high efficient motors and variable frequency drives

Most of centralized air conditioning systems have issues with energy
consumption that call for energy conservation and energy saving
opportunities to solve these issues. Allot of these issues are within the
design of the system or selection and equipment's installed, these
opportunities are classified as internal energy saving opportunities and we

will introduce and discuss some of most important of them.

2.4.1 Variable air volume system and constant air volume system

The first internal energy saving opportunity that could save energy
within the air central air conditioning systems is that when we have such a
system of constant air volume (CAV) designed to be serving out building.
It's recommended to replace this current design with a new one that called
variable air volume (VAV) when our case suitable for both systems

according to reference [1].

Figure (2.8), and figure (2.9) show a schematic plans of CAV and

VAV distribution within a multiple zones.
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Figure (2.8): Schematic plan of CAV distribution within a multiple zones.
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Figure (2.9): Schematic plan of VAV distribution within a multiple zones.

The two plans show the same case that include two zones one is west
and the other is east direction, with the same load and air flow and with
different peak time, they are connected with CAV system once and with

VAV once again.
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In the 1st case with CAV connection the east room contains
thermostat inside while the west room doesn’t. when the system goes on
and start pumping cooled air toward the two rooms through duct work
system, at time 9 A.M and around this time the east room needs the big
load while the west room doesn’t , that means the west room will reach its
design temperature ( assume 24° C). At the same time the east room still
recelving more cooling air, this mean that the system will remain ON and
pushing more and more cooled air toward two rooms till east room reached

its design temperature.

As a result; when east room reach its design temperature, the west
room temperature will be lower than the design temperature due to of non-
stopping cooling so that all these cooling are waste, and become an extra

load for the system that consume and cost an addition energy to the system.

This issue can be avoided by using VAV air conditioning system
which can serve the two rooms individually without wasting extra energy.
With the same case at 9 A.M the east room will reach its design
temperature while the west one doesn’t, but unlike the CAV system, VAV
system will shut off the cooling toward the west room by a mean of (servo
motor and damper system). When the thermostat send such a signal to the
VAV system that the desire temperature was reached, the servo will make
the damper to partially close so that decreasing the amount of cooled air

delivered to the room.
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As a result; VAV system conserve energy and prevent wasting
energy when the desire temperature reached and save money. These
systems are easy to install and cost less. In addition VAV systems can save

as much as 30% in energy costs comparing to other conventional systems.

2.4.2 Scheduling

Most buildings that contain an air conditioning system it will shut on
the system at the first moment it start working or occupied with people. So

energy consumption starts till the last moment of that working day.

In our case study An-Najah child institute building, the working

hours schedule is as following:

7 AM: Cleaners and guards

8 AM —11:30 AM: Employees, officers, and students

11:30 AM — 12:30 PM: Break

12:30 PM — 3 PM: Employees, officers, and students

When designing an air conditioning system especially in centralized
air conditioning systems like chillers it is better to keep in mind the above
working schedule distribution to have an accurate cooling and heating
loads as a result and so sizing of the air conditioning system equipment's.
Figure (2.10) and figure (2.11) describes schedule of people used in
calculating and designing the air conditioning system via designing

program HAP 4.6. [1]
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Figure (2.11): People schedule profile description using HAP 4.6 program.

Figure (2.10) give working hours distribution Vs the load
distribution relating to the building working hours table. It is clear that the
load between 7AM till 8AM have about 15% of total capacity, while
between 8AM till 11:30 AM the capacity is 100%, and between 11:30 and
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12:30 there is only about 10% cooling capacity of full load, and finally at
12:30 till the end of that working day the system will work with full load

capacity 100%.

This schedule will huge amount of energy cause of the rest intervals
that could be in many hours with less load capacity and for sure will
increase the life time of the system equipment's. Also if we applied this
schedule to ventilation design we will harvest another energy saving since
ventilation causes an extra cooling load to the system and make the system

consume more energy to cooling that air coming from outside.

Relating to figure (2.11) the people schedule can be more accurate
and be applied to the days of the week or the days of the months and so on.
This strategy saves more and more energy since the cooling load will
decreases as we exclude many hours and 2 days a week from our cooling
load calculations. So that the system equipment's will be smaller and cost
less money as a capital cost and cost less in running cost as an electricity

bill during the months.

2.4.3 Regular motors, high efficient motors and variable frequency

drives

The highest energy consumers in both residential and commercial
sectors are motor-driven components. In residential sector HVAC
applications represent around 63% of motor driven energy use, and

refrigeration represents around 28% .In commercial sector, the HVAC and
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refrigeration categories together represent 93% of motor driven energy use,
while electric motor-driven systems and their components in appliances
and equipment account for more than 25% of the primary consumption in

both commercial and residential sectors [4].

This huge energy consumption of motors used in air conditioning
systems (fan motors and compressor motors) can be reduced by using high
efficient motors instead of regular motors or by installing variable
frequency drives VSD especially in variable load applications plus other
non- energy benefits such as reducing the noise and the ability to reach
higher rotational speeds. These retrofits have capital costs first and that the
major problem, but nowadays and regarding to new semiconductors and
electronics modern technologies the high efficient motors costs decayed

and the payback period became more realistic and feasible.

The International Electro technical commission (IEC) has published
an international standard that defines three distinct energy efficiency
classes for single speed and three phase motors (IE1, IE2 ,IE3) figure
(2.13) related to reference [3], IE1 with standard efficiency, IE2 with high
efficiency and IE3 with premium efficiency. Figure (2.12) show conclude
these standards with their capital cost, maintenance cost, and energy cost
with two cases, one with 8000 operating hours per year and the other one

with 2000 operating hours per year.[5]
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Figure (2.12): Three different motor classes' energy analyzing with 8000 and 2000
operating hours per year graphs. [5]

According to table (2.1) we can see the potential of energy saving
between three motor standard types, when using motor type IE2 the
payback period will be about 7 months in 8000 operating hour's case.
While in 2000 operating hours case we will get our investment by energy
saving within 3 years. We can also use equations below to calculate energy
saving:

1

AP saving = Pout(( ) — (y_Z)) ... Eq(2.1)

1
y1
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Table (2.1): Motors specification and their energy efficiency potential.

[6]
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Energy saving not excluded only in improvement of motor

efficiencies, it is also can be achieved by using variable frequency drives

VFDs especially on those systems which spend the majority of their

operational life at a part load.

VFDs used to control the speed of an HVAC fan or pump motor

(like a throttle on a car) depending on the demand. VFDs can make the fans

or motors work under 100% full load when the system don’t need a full

load demand while the regular fans and pumps without VFDs can only

working with 100% load or 100% off load, so that VFDs can conserve

energy and save money.
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VFDs adjusting the frequency to control and change the speed of a
fan or motor, typical frequency adjustment range can vary from 10-60 Hz.
At the same time they system has VFDs it is recommended to have also a
Bypass to keep the system running when VFDs interrupted or under

servicing.

VFDs can save energy as much as 30-70% when it's connected to

fans and motors (centrifugal fans and pumps only). [6]

2.5 Energy saving opportunities in Decentralized air conditioning

systems

Decentralized air conditioning systems have many shapes and
structures differ from those in centralized air conditioning systems thus
they differ when using energy saving opportunities. So when using such
energy saving opportunities we should go deeply and understand the
system structure and principles to use the suitable opportunities for suitable

system and gain more energy conservation.

Many researches were done for energy saving among these air
conditioning systems, some effective and some are not and others under

study.

In this section we will introduce some of these opportunities that
might be best fit or somehow effective. These opportunities are as

following:

1— Components shading
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2— Evaporative cooling

3— Cleaning air conditioning system filters

2.5.1 Component Shading

Decentralized air conditioning systems specially split air
conditioners contain an outside box that include compressor and condenser
unit within, condenser component is responsible for heat dropping the heat
coming from inside spaces toward outside air surrounding (heat
exchanger), in different words it dropping hot air to hotter air. As we know
natural air moves from cold to hot, so the heat will moves from hot to
hotter naturally. Figure (2.13) shows outside box that contain condenser

unit within.

Figure (2.13): Outside box split unit
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As we can see the air flow in this outside unit is vertical, and
sometimes the air flow may be horizontally and this is an important note in
this case when using shading to keep the outdoor unit away from the direct

sunlight.

Shading can reduce the direct solar gain toward condenser body so
that its efficiency will improve and capability of dropping hot air to
surrounding will increases, and that can make the return air temperature
deceases. Since the temperature difference became less between the return
air and inside space air, cooling capacity will be reduced and energy

consumption also reduced.

This energy saving opportunity is sensitive to the shading structure
we used, it should be noted the direction of the fan exhaust first and the
structure of the shading in the other side. Figure (2.8) showing the perfect

shading structure in an outdoor unit.

Figure (2.14): Shading structure in outdoor split unit. [7]
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Related to the previous figure (2.14) the suitable and perfect shading
should not interrupt the air flow between the fan and the air surrounding
(heat exchanging), and it should not be totally closed so air still circulates

around.

This shading strategy is more effective in long time term to gain
more saving and be feasible for about 10% energy saving to install relating

to study done by FSEC [7]
2.5.2 Evaporative cooling

Evaporative cooling is similar to our bodies sweating, when skin
sense of hot condition it sweat and producing liquid water to be changed
into vapor water, this process keep make our skin rejecting heat by the
evaporation of the liquid water produced, this phase changing from liquid
to vapor need heat to be done, so heat will be rejected from our skins and
that the main principle of evaporative cooling. Figure (2.15) describes the

evaporative cooling schematic.

Water T, COOL
Distributor N . REFRESHING

HOT DRY
AlR

Water Beservair

Figure (2.15): Evaporative cooling schematic. [7]
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Evaporative cooling is most feasible in system with dry conditions it
used a water distributer to spread the water into the condenser body to
make the tiny water droplets evaporates taking heat out to the surrounding,
so the temperature of the air decrease and thus increases the cooling

capacity.

This opportunity make air conditioning system more efficient and

save energy. We can use this strategy in centralized air conditioning.
2.5.3 Cleaning air conditioning system filters

Filters very important in air conditioning systems to keep the air
inside spaces with high quality and meet the standards ASHRAE. The
return air line should contain filters since the air inside contain many

harmful particles and must be removed before recycling. [1]

Almost these filters got blocked due to the accumulation of harmful

particles within and make the air hard to pass through.

Figure (2.16) shows a split unit filter.

Figure (2.16): Split unit filter. [7]
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Air conditioning system filters blockage is almost a serious problem
because it reduced the air quality inside spaces and can spread many
diseases and illnesses. Addition to that filters blockage can increases the
consumption of energy since the air will be hard to circulate cause

increasing in pressure.

In decentralized ducted air conditioning systems almost there is a
blower which is the heart of the system that is responsible for pulling out
the air from spaces to the ducts to be conditioned again in AHU, the blower
is powered by an electronically commutated motor (ECM) that controlling
the speed depending on varying conditions, and sometimes connected to
permanent split capacitor (PSC) which is not as ECM (not a variable speed

motor).

When the filter gets too dirty and somehow blocked the blower will
fight against an extra pressure above the maximum (typically 0.5 inches of
water column iwc). In this case high pressure will make the ECM motor
will ramp up in an attempt to maintain proper air flow and fight against
high pressure and make it dissipating more heat thus more cooling load
causing an extra energy consumption also causing damage on the motor in

long term and loss in efficiency.

Figure (2.17) shows two different filters, one is clean and other in
dirty. Changing air conditioning filters constantly will save energy as much

as 20- 30%. [7]



(A

Figure (2.17): Two air conditioning filters one is clean and other is dirty.. [7]
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Chapter Three

Variable Refrigerant Flow (VRF) Design for ANCI
Variable refrigerant flow system is a modern air conditioning system
that use refrigerant as the cooling and heating medium, VRF system

consists of outdoor units, indoor units, and piping system.

Compressed refrigerant lift the outdoor unit through pipes to reach
indoor units and have heat exchanging there with air. No ducts for this type

of air conditioning.

3.1 Selection and Design of Variable Refrigerant Flow (VRF) System

Components

All components selection based on Toshiba air conditioning

catalogues. As in appendix 1, and appendix 2.
- Selection of outdoor units

Outdoor units was divided into two parts, one for ground floor, and

first floor and the other one for second floor and third floor.

With total area of 550 m” for ground and first floors, the outdoor unit

selected was 42HP with code name of (MMY-AP4216HT8P-E)

The second floor and third floor with total area of 380 m?, the outdoor unit

selected with capacity of 32HP with code name of (MMY-AP3216HT8P-

E)
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- Selection of Indoor units

Indoor units was selected to cover target zones in all floors as

following:

Ground and first floor contain 17 indoor units, 3 are ducted models

and 14 wall mounted models. As in Table (3.1)

Second and third floors contains 16 indoor units. Two are ducted

models and 14 are wall mounted models. As in Table (3.2)

Table (3.1): Ground and first floors indoor unit specifications.

e Capacity (TolalSansithe) (kW]
& Foam Code  FanSpeed  Mosde Ratesd Comrected Required
WD API3G5EHF-E 40HP High m 1 Iizﬂ;]ﬂ-ﬂ 55:;:}55
WIN-APISEEEHP-E BOHE High m IE.{II;I-'I;; 75 13 T;..;gcﬁ
WIND-APOSEEEHF-E & OHF High m IE.{II;'I;I] ] 13 ?;.:: H
MMI-AFD1SIH LTHP High :‘:"'3 45:“-;]-211 35;-92-:.54
WNE-APTIEIH L THR High m d.il;:l:im 3?35.:5?:.
WIS AFDISIH L. 7THR High m 6-5;11':::;?0 3??;25?3
MM AFDT5IH LTHP High m 45‘_0-1:%2‘" 3?61;5
WNVE-APDIEIH 1 THE High m -!.5;'::':].20 333:.;2::-
WNE-APDTEIH 3 HE High m T'-.?;Z:i?] i.ﬁ::.:j.::.
MMIAFDIEH 20HP High :‘:"'3 ﬁﬁ?ﬂ +T;a-::l3~3
WE-APTTRRH 3 IHE High m T'-'liéll'}::]‘:l] l.ﬁfufl.:;“
WE-APDIEIH 3 HE High m i.ﬁél:-t;::].'?l:l 13‘-._:.;33.:5
MVICEPOTEIH 20HP High m iﬁ‘iﬂ 4511-:1‘12
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Table (3.2): Second and third floors indoor unit specifications.

Unit Mame  Capacily Capacly {Tobal Sersabie) [KW]

& Foom Cinde Fan Speed  Mode Raiad Comecied Hamqumed
P[RR BHP-E A0HP High m -1I3213m “}5::‘2?5&
MMD-AFPIEEEHP-E LOHF High m I-ﬁm 54:.;355
— e e Tmotme u
Poltalic- AP 55 i THR High m -.-3;:-::'3: ]_5:.;:'?
M. AT 534 1. 7HE High m *5;";:.3:' 1.:;'.'.;105
P AP 3 1.7HP High m 455:-;:'3:- 1_?;;1
PP 55 1.7HP High m t':';:-::la:- ]'I':;%m
MK APT 53+ 1.7HF High m *?;:IE' 1*3;:.;12.53
M. AT 534 1. 7HF High m *5:";:.3:' 1.5]3;1;1
PASIK-BPU1 A5 > (HP High m 55;:-33:"5!:- .:5;;“
Pl AP 23 ZOHF High m 5?::.5':- -1,5;5.'5-3?4-:
M- AP0 B3 ZOHP High m 5?:;.5:' -1.*5:.;3045
Pl - A A 5H 7 HEP High m 56;:-333*3-:- a_-_:;?.gs.a

- Piping length calculations

Ground and first floors piping lengths and diameters are given in
table (3.3).

Table (3.3): Ground and first floors piping system quantities

(5 f25 | 13 M
%" B | l B
% 45 | | 45
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Second and third floors piping lengths and diameters as shown in
table (3.4).

Table (3.4): Second and third floors piping system quantities.

Pine iemetar Gas side () Discharge side m] Liouidside (m) ~Total Langth m
W 0 I W W
L ! I f fi
b & I f 4
W R ) f U
i ﬂ u [ i
() 16 I [ fé
I’ I I [ fi
i} [ ) ! i

- Indoor units distribution for ground floor

8 indoor units were distributed in all targeted zones at ground floor,

as figure (3.1) gives, there are 8 indoor units distributed as following:
1- Wall mounted 4.50 kW (Clinicl- 14.60 m?)
2- Wall mounted 4.50 kW (Clinic 2- 15.00 m?)
3- Wall mounted 4.50 kW (Clinic 3- 12.25 m?)
4- Wall mounted 4.50 kW (Clinic 4- 12.25 m?)

5- Wall mounted 5.60 kW (Intervention north- 45.30 m®)
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6- Wall mounted 5.60 kW (Intervention east- 45.30 m?)
7- Ducted unit 16.00 kW (Lobby west)

8- Ducted unit 16.00 kW (Lobby east )

- Indoor units distribution for first floor

9 indoor units were distributed in all targeted zones at first floor, as

we can see in figure (3.2) there are 9 indoor units distributed as following:
1- Wall mounted 6.30 kW (secrtarial- 16.00 m®)

2- Wall mounted 6.30 kW (administration- 17.40 m?)

3- Wall mounted 6.30 kW (Offic1- 20.00 m?)

4- Wall mounted 5.00 kW (Offic2 west — 38.00 m®)

5- Wall mounted 5.00 kW (Offic2 north- 38.00 m?)

6- Wall mounted 8.00 kW (Class 1- 23.00 m?)

7- Wall mounted 8.00 kW (Class 2- 23.00 m?)

8- Wall mounted 8.00 kW (Class 3- 23.00 m?)

9- Ducted unit 12.50 kW (Lobby)
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Figure (3.1): Ground floor indoor units distribution



60

TR TR
Momr wn mni
A 0 |EJ 1

1510 FEM |

A =
|
uls

E}-f’ﬂl S

AR LR ] § - BTG
TR P
p' S
=t
0 4!
L
8
by
ML AT 4 In
TN AR N L
] {y
@1
L | In h
P bl LR
Cm s — — w-
| ¥4 | o i AR L0
@:I— [EI'— i L i
WA A - il
SR T —tp——
WELIRTI ] A
Y R

WA AT 17
i

Figure (3.2): First floor indoor units distribution
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- Indoor units distribution for second floor

8 indoor units were distributed in all targeted zones at ground floor,
as can be see in figure (3.3) there are 8 indoor units distributed as

following:

1- Wall mounted 4.00 kW (Resource and Service- 10.0 m?)
2- Wall mounted 6.30 kW (Library- 20.60 m*?)

3- Wall mounted 5.00 kW (Art room north- 31.70 m?)

4- Wall mounted 5.00 kW (Art room west- 31.70 m?)

5- Wall mounted 5.00 kW (LD-room west- 31.90 m?)

6- Wall mounted 5.00 kW (LD-room north- 31.90 m?)

7- Wall mounted 6.30 kW (Music room- 23.00 m?)

8- Ducted unit 12.50 kW (Lobby).

- Indoor units distribution for third floor

9 indoor units were distributed in all targeted zones at first floor, as

we can see in figure (3.4) there are 9 indoor units distributed as following:
1- Wall mounted 6.30 kW (Research room- 16.30 m?)
2- Wall mounted 6.30 kW (Admin officel- 19.60 m®)

3- Wall mounted 6.30 kW (Admin office2- 17.50 m®)
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4- Wall mounted 6.30 kW (Admin office3- 17.50 m?)
5- Wall mounted 6.30 kW (Admin office4- 19.40 m®)
6- Wall mounted 5.00 kW (Meeting room north- 28.40 m?)
7- Wall mounted 5.00 kW (Meeting room west- 28.40 m®)

8- Ducted unit 12.50 kW (Lobby).
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Figure (3.3): Second floor indoor unit's distribution.
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3.2 Electrical Consumption in VRF system

(Cooling Mode)

Ground and First floors:

Electrical consumption depends on number of outdoor units capacity,

and also depend on number of indoor units and capacity.

Ground floor and first floor contain 1 outdoor unit with 103.70 kW
cooling capacity beside of 17 indoor units all contains electrical fans that

consume variable Kilo Watts as shown in table (3.5).

According to manufacturer catalogue the outdoor unit used to serve
ground and first floors is (MMY-AP4216HT8P-E) power input during

cooling mode equals to 40.50 kW. (Appendix1)
Outdoor unit power consumption = 40.50 kW.

Related to manufacturer catalogue for indoor units distributed in both
ground and first floors Table (3.5), the power input for all indoor units (1x
0.172 +2x 0.198 + 5x 0.043 + 6 x 0.043 +3x 0.05 = 1.191 kW.

Table (3.5): GF-1* floors indoor unit's catalogue.

Model name Description Quantit
WMD-AP036REHP-E 4 0HP Standard Concaaled Duct 1
WND-APDSEEEHP-E B 0HP Standard Concealed Duet J
WMK-APD153H 1,THP High Wal Slandard (Series 3) §
WMK-APD 1834 2.0HP High Wall Standard (Series 3) b
MIMK-AR243H 2 5HP High Wal Standard (Senes 3) i
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Electrical consumption (GF + 1* floor) = 1.19 kW
ESEER =17.13
Using equation (1)

Annual energy consumption = over all electrical consumption X

Total operation hours per year ...Eq (3.1)

With an assumption of operating hours per year (summer) = 700

hours

Annual energy consumption (1* + GF indoor units) = 1.19 kW X
700 hrs = 833 kWh

Second and Third floors indoor units

Second and third floor contain 1 outdoor unit with 79.30 kW
capacity, and also 16 indoor units all contains electrical fans that consume

variable kW as shown in table (3.6).

According to manufacturer catalogue the outdoor unit used to serve
ground and first floors (MMY-AP3216HT8P-E) the power input in cooling
mode equal to 28.60 kW. (Appendix 1)

Outdoor 32HP unit power consumption = 28.60 kW

Related to manufacturer catalogue for indoor units distributed in both

second and third floors Table (3.6).
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The power input for all indoor units related to appendix (2)

2 indoor units x 0.172 kW + 1 indoor unit x 0.021kW + 6 indoor units x
0.043 kW + 7 indoor unitsx 0.043 kW =
0.924 kW

Table (3.6): 2" and 3" floors indoor units' catalogue.

Model name Description Quanti

MMC-ARO36EEHP-E 4 0P Standard Concealad Ducl 4

MhK-AROT23H 1.28HP High Wal Standard Seres 3 i

MAK-AR0153H 1.THP High Wall Standard {Senes 3) b

MHk-APD1E3H 2.0HP High Wall Standard (Serles 3) li
ESEER =7.59

With an assumption of operating hours per year (summer) = 700

hours

Applying equation (3.1): Annual energy consumption (2" and 3™
indoor units) = 0.924 kW X 700 Hrs = 646 kWh

- Annual overall energy consumption of indoor units (Cooling) = GF-1*
energy consumption (Cooling mode) + 2™ — 3™ energy consumption

(Cooling mode) ... Eq(3.2)

= 833 + 646 = 1479 kWh/Year.
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Chapter Four

Air to Water Chiller System
(Air Cooled)
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Chapter Four

Air to Water Chiller System (Air Cooled)

4.1 Air to Water Chiller Design

Chiller air to water air conditioning system or in other name (Air
cooled liquid chillers ACLC), consists of many important parts: outdoor
units, indoor units, water pumps, ductworks, and water pipes network.
Every part integrates the other, and every part design should complete the

other.
- Air to Water Chiller outdoor and indoor unit selection
- Selection of outdoor units

All components here selected based on TRANE air conditioning

manufacturer catalogues. (Appendix 5)

The cooling load in the studied area is = 213 kW = 60 TOR and
relating to TRANE catalogues; one unit was selected to cover four floors at

ANCI building as shown in figure (4.1).
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Table (4.1): Air cooled outdoor unit specification

IIﬁI!!'a PL-5- 50Tt - CGAFLED

Eranrey Condensar A Tempratirs (Dngrea F)

T 1) £ K 1154
LNT  Parcan Capacity Eydiem Capadity Eyiksm Capacity  Eyakm Capaity  Systam Clgactty Syt
[egFl Gieol (hors] ®W EER (o) WKW EER (hrs) WKW EER (Goow KW EER (o KW EER
A B F; AW By EI B0 OTT J/4 BT BE M3 ETI OBE A2 ME 47
& ¥ #HF M3 U7 WE W4 B4 T4 O R2Z OTI OED O OBE &1 Wy M3 L2
d oW 44 RE N8 W WA B2 nd BA TH B NE 67 MA M2 O]
& W K4 ML M4 &I W3 0% &4 B4 BE BT I T 4#0 B OGS

0 B2 W6 Rl PO 0T B7O@3 B &b T Th fR RD 6]
£ 0 B2 Mz nwl ME &7 nb RE @0 W Re T &1 5 B0 68
4 0 B4 =2 M0 =5 B3 113 6 e&T Q7 EE 7D &) 403 BB IS
00 g M W e ®RT md KE 0 a8 B M2 BL M2 Wl T2
0 86 W4 Nl 6 |0 i e 4 a8 M4 M6 BE B0 ME T2
@ 0 BB &0 flE &7 BT ME B M: W2 %3 M4 &7 H9 B4 T4
00 680 ME nE ME M4 o BT a4 B T2 B MA OB TH
&5 0 78 e03 a7 T4 ee1 128 D TR M0 &3 B2 95 G083 B4 A
O -1 N -7 SO I N v N 1T I 1 - - i

Total area to be air conditioned and served in ground, first, second,
and third floors at ANCI building = 786 m*?, and total cooling load = 60
TOR. By assuming the design leaving chilled water temperature is 44° F,
and the entering condenser air temperature is 75° F; one air cooled liquid
chiller was chosen with code number of CGAF-C60 with full capacity of
61.40 Tons (the shaded row in table (4.1)).

- Selection of Indoor units

Based on cooling load in every space, Indoor units were selected to
cover all spaces in each of ANCI building floors with two types of indoor
units; one is ducted indoor unit, and the other is decorative high wall indoor

unit.
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Related to TRANE catalogues (Appendix 6 and 7) for indoor units;

HWCF -50 Hz series was chosen for decorative high wall, and HFCA

series was chosen for ducted indoor units. Based on assumptions that the

entering water temperature (EWT) in decorative wall mounted indoor type

is 45° F and the entering water temperature of ducted indoor type is 41° F

Tables (4.2), (4.3), (4.4), and figure (4.5) contain all indoor units in

each floor with their specifications. We can easily define every indoor unit

in each space of all floors.

Table (4.2): Ground floor indoor units detail.

Ground
Floor
. Indoor
. indoor | total Indoor e e
Area Load indoor . . unit air
Space 2 . units load unit
m kW | unit type 4 KW codett flow
CFM
Clinic Room1 14.60 4.20 | decorative 1 420 | HWCF06 600
Clinic Room2 15.00 4.20 | decorative 1 420 | HWCF06 600
Clinic Room3 12.25 4.20 | decorative 1 420 | HWCF06 600
Clinic Room4 12.25 4.20 | decorative 1 420 | HWCF06 600
Multisensory | 4 4 | 16,50 | ductable | 1 | 16.50 | HFCA14 | 1400
Room
Intervention |~ 45 35 | 420 | decorative | 2 | 840 | HWCFI0| 2000
Room
Waiting Room | 28.00 | 16.50 | ductable 1 16.50 | HFCA14 1400
Lobby 4.60 0 ductable 0 0 - -
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Table (4.3): First floor indoor units detail.

First
Floor
Indoor
Area | Load indoor indoor total Indqor unit air
Space 2 . . load unit
m kW | unit type | units # KW codett flow
CFM
Classl 23.00 | 6.62 | decorative 1 6.62 | HWCFO08 800
Class2 26.00 7.70 | decorative 1 7.70 | HWCF10 1000
Class3 24.60 | 7.20 | decorative 1 7.20 | HWCFO08 800
Staff Room | 35.40 | 10.60 | decorative 1 10.60 | HWCF12 1200
Meeting | 5y 66 | 570 | decorative | 1 570 | HWCF08 | 800
Room
Adm(l)‘;s”a“ 17.40 | 5.10 | decorative | 1 510 | HWCF06 | 600
Secretsry
and waiting | 17.5 5.80 | decorative 1 5.80 | HWCFO08 800
area
Pantry 4.60 0 ductable 0 0 - -
Lobby 63.00 | 12.50 | ductable 1 12.50 | HFCA12 1200
Table (4.4): Second floor indoor units detail.
Second
Floor
Area | Load indoor indoor total Indqor Infloo-r
Space m? KW | unit tvoe | units # load unit unit air
yp kW code# | flow CFM
Music .
23..00 | 6.20 | decorative 1 6.20 HWCFO08 800
Room
LD 1 3190 | 9.50 | decorative | 1 9.50 | HWCF12 | 1200
Room
Art 31.70 9.50 | decorative 1 9.50 | HWCF12 1200
Room
Library 20.60 | 6.00 | decorative 1 6.00 | HWCFO08 800
Resource
and 19.40 2.90 | decorative 1 2.90 HWCFO03 300
Service
Lobby 63.00 | 12.50 | ductable 1 12.50 | HFCAI12 1200
Pantry 4.60 0 ductable 1 0 - -
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Table (4.5): Third floor indoor units detail.

Third
Floor
Indoor
Area | Load Indoor Indoor Total Indqor unit air
Space 2 . . load unit
m kW | unit type | units # KW dett flow
coae CFM
Meeting | 16 10 | 830 | decorative ] 830 | HWCF10 | 1000
Room
Admin | o0 | 570 | decorative ] 5770 | HWCEO08 | 800
Officel
Admin |5 o0 | 510 | Gecorative 1 5.10 | HWCF06 | 600
Office2
Admin 15 50| 510 | Gecorative ] 5.10 | HWCF06 | 600
Office3
Admin |10 40| 570 | decorative ] 570 | HWCF08 | 800
Office4
Research | c 201 480 | decorative 1 4.80 | HWCF06 | 600
Room
Lobby | 63.00 | 12.50 | ductable ] 12.50 | HFCA12 | 1200
Pantry 4.60 0 ductable 0 0 - -

- Indoor units distribution

Indoor units distribution should covering all zones so that every zone

reach its comfort condition.

Drawings given in figures (4.1, 4.2, 4.3, and 4.4) give a full
description for all indoor units distribution and connection, in addition to

pipes network and



B e B

Figlife (4.1): Ground floor Air cooled indoor unit's distribution.
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Figure (4.2): First floor Air cooled indoor unit's distribution
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Figure (4.3): Second floor Air cooled indoor units distribution
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-Riser and Pumps selection

Secondary pump (Variable volume) for circulating chilled water

through indoor units is operating with variable speed according to cooling

load.

To select secondary pump, total head was calculated as following:

Table (4.6): Secondary pump total head calculations.

Description Flow Equivalent Head loss Total head
(gpm) length m

3" elbow 138 4 0.031 0.248
4"X3" REDUCER 2 0.031 0.124
3" straight pipe 5 0.031 0.310
tee 3"x2"x3" 2 0.031 0.124
21/2" straight pipe 4 0.08 0.640
tee 21/2"x2"x21/2" 2 0.08 0.320
21/2" straight pipe 4 0.04 0.320
tee 21/2"x2"x21/2" 2 0.04 0.160
2" straight pipe 4 0.035 0.280
2" elbow 2.5 0.035 0.175
2" straight pipe 1.5 0.035 0.105
2" tee 1 0.035 0.070
2" straight pipe 3.5 0.02 0.140
tee 2"x11/4"x2" 2 0.02 0.080
2" straight pipe 1 0.02 0.040
2" 45 elbow 1 0.02 0.040
2" straight pipe 5 0.02 0.200
tee 11/4"x3/4"x11/4" 1 0.02 0.040
straight pipe 11/4" 3.5 0.02 0.140
tee 11/4"x3/4"x11/4" 1 0.02 0.040
11/4"X1" REDUCER 1 0.02 0.040
reducer 11/4"x1" 1 0.02 0.040
1" straight pipe 3 0.02 0.120
tee 1"x3/4"x1" 1 0.02 0.040
3/4" straight 2.5 0.02 0.100
3/4" elbow 1 0.02 0.040
tee 3/4" 1 0.02 0.040
3/4" gate valve 8 0.02 0.320
3/4" strainer 3 0.02 0.120
3/4" drv valve 3 0.02 0.120
3/4" union 1 0.02 0.040
3/4" motorised valve 3 0.02 0.120
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We can see at figure (4.6) every section of chilled water pipe line has
its own equivalent length, for example we got (Tee 3"x2"x3") installed on
primary pump pipe line. Equivalent length for this Tee is (2), with head
loos equal to 0.031. [12]

Total Pump Head = Equivalent length X Head loss ...Eq (4.1)

Total head (Tee 4"x3"x4")=2x0.031 x2=10.124 m.

And so on we got Total head for all secondary pump pipe lines equal

to 4.736.

By adding Factor of Safety of 15%, residual pressure (5m), and drop
during FCU's (1.5m)

Total Head (Secondary pump) = 12.2 m

Note: fittings equivalent length table available within the Index.

To calculate the flow rate of secondary pump; each of building floors
indoors units water flow rate was calculated, then accumulated sum was

found.
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Table (4.7): Ground and First floors indoor units' water flow rate.
Ground First Floor
Floor
Indoor | Indoor Indoor | Indoor
Indoor unit unit Indoor unit unit
Space unit air air Space unit air air
code# flow flow code# flow flow
CFM | CFM CFM | CFM
Clinic HWCF06 | 600 | 3.63 Class] HWCFO0S | 800 | 4.84
Rooml
Clinic HWCF06 | 600 3.63 Class2 HWCF10 | 1000 | 6.10
Room2
Clinic HWCF06 | 600 | 3.63 Class3 HWCFO0S | 800 | 4.84
Room3
Clinic HWCF06 | 600 3.63 | Staff Room | HWCF12 | 1200 | 7.3
Room4
Multisensory | yyreaja | 1400 | 1220 | MeUng | pyweros | 800 | 4.84
Room Room
Im‘ggf)ﬁlon HWCF10 | 2000 | 6.10 | Adminstration | HWCF06 | 600 | 3.63
Waiting | ypeatg | 1400 | 1200 | Secretsryand | pwiepae |og00 | 4.84
Room waiting area
Lobby - - - Pantry - - -
- - - - Lobby HFCAI2 | 1200 | 10.93
Total 0 6600 | 51.12 total 0 7200 | 47.25
Table (4.8): Second and Third floors indoor units water flow rate.
Second Third
Floor Floor
Indoor Indqor Indoor | Wate
Indoor o . unit Indoor o .
. unit air . . unit air | r flow
Space unit air Space | unit code
codett flow flow 4 flow rate
CFM | e CFM | GPM
Music | pwweros | 800 484 | Meeting | pwerio | 1000 | 6.10
Room Room
LD Room | HWCF12 | 1200 | 723 | Admin | pwerpos | 800 | 4.84
Officel
ArtRoom | HWCF12 | 1200 | 723 | Admin |\ pweros | 600 | 3.63
Office2
Library | HWCFOS | 800 | 484 | 2dmin | yweros | 600 | 3.63
Office3
Resource Admin
and HWCF03 | 300 1.83 HWCF08 | 800 4.84
; Office4
Service
Lobby | HFCAI2 | 1200 | 10.93 Rlisemh HWCF06 | 600 | 3.63
oom
Pantry - - - Lobby | HFCAI2 | 1200 | 10.93
- - - - Pantry - - -
total 0 5500 36.9 Total 0 5600 | 37.6
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Table (4.7) shows ground and first floors indoor units' water flow
rate, while table (4.8) shows second and third floors indoor units water

flow rate.

Ground floor water flow rate = 51.00 GPM

First floor water flow rate = 47.00 GPM

Second floor water flow rate = 37.00 GPM

Third floor water flow rate = 37.00 GPM

Total water flow rate = Ground floor water flow rate + First floor water

flow rate + Second floor water flow rate + Third floor water flow rate =

51.00 +47.00 + 37.00 + 37.00 = 173.00 GPM.

Primary pump (constant volume) for circulating chilled water

through outdoor unit is operating with constant speed within chiller loop.

To select primary pump, total head was calculated as following:



82
Table (4.9): Primary pump total head calculations

Description Flow | Equivalent | Head | Total
(GPM) length loss head m

4" flexible connector 172.8 67 0.0015 | 0.201

straight pipe 172.8 12 0.0015 | 0.036

tee 4"x3"x4" 172.8 7 0.0015 | 0.021

tee 4"x3"x4" 172.8 7 0.0015 | 0.021

elbow 4" 172.8 3.5 0.0015 | 0.011

elbow 4" 172.8 3.5 0.0015 | 0.011

4" CHILLER STRAINER 172.8 20 0.0015 | 0.060

4" BUTTER FLY valve 172.8 40 0.0015 | 0.120

4" BUTTER FLY valve 172.8 40 0.0015 | 0.120

4" DRV 172.8 40 0.0015 | 0.120

PUMP VALVE 172.8 40 0.0015 | 0.120

PUMP STRAINER 172.8 20 0.0015 | 0.060

PUMP FLEXIBLE CONN 172.8 70 0.0015 | 0.210

PUMP STRAINER 172.8 20 0.0015 | 0.060

DROP DURING CHILLER | 172.8 2.700

According to Table (4.9), Total fittings head =3.9 m

By adding Factor of Safety of 15%, and residual pressure (5 m).

Total Head (primary pump) = 9.5 m

Note: fittings equivalent length table available within the Index.

Primary pump water flow rate equal to the sum of (GF, 1%, 2", 3™)

floors water flow rate.

Primary pump water flow rate = 172.8 GPM.

Figure (4.6) shows both primary and secondary pumps installation

over the roof and also shows the design data.



83

Both primary and secondary pumps were selected based on two

parameters (Flow 'GPM', Head 'm'):

Primary pump: Flow = 172 GPM, Head = 95 m

Secondary pump: Flow = 172 GPM, Head = 12.2 m
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These data were sent to the available pumps market in West bank,
and we got the best offer from KSB Company sales engineer as shown in

figure (4.7) for primary pumps, and figure (4.8) for secondary pumps.

1- 2x Inline primary pumps with actual flow rate = 43.31 m’/h, actual Head

= 14.65m, and serial number = 065-065-250-GG.

2- 2x Inline secondary pumps with actual flow rate = 39.41 m’/h, actual

Head = 9.22m, and serial number = 065-065-160-GG.

Note: official request available at the appendix. (Appendix 7)

Data sheet Primary pump

kse L.

Customer item no.:

Communication dated:
Doc. no.:
Quantity: 1

ETL 065-065-160 GG AV65D200154 BKSBIE3
Inline pump

Qperating data
Requested flow rate

Requested developed head
Pumped medium

40.00 m*h
9.50 m
niifreeze on ethylene glycol
base, inhbited, closed
system, e.g. Antifrogen N or
similar products
Cooling water with artifreeze-
concentration 30% (pH >=
7.5)
Mot contzining chemizal and
mechanical substancas which
affect the materials

Ambient air temperature 20.0 °C
Fluid temperature 20.0 °C
Fluid density 1040 kg/im?
Fluid viscosity 222 mmifs
Suction pressure max. 0.00 bar.g
Mass flow rate 11.39 kgis
Max. power on curve 1.70 KW
Min. allow. flow for continuous 6.97 m¥h
stable operation

Shutoff head 11.29 m

Mumber: ES 5044013
Item no.: 100

Data: 30/04/2C17
Page: 1/5

Version no.: 1

Actual flow rate 39.41 m¥h
Actual developed head 9.22m
Efficiency T77%
MEI {Minimurm Efficiency = 0.70
Index)

Power absorbed 1.33 kKW
Pump speed of rotation 1451 nppm
NPSH required 1.46m
Permissible operating 16.00 bar.g
pressure

Discharge press. 0.94 bar.g
Min. allow. mass flow for 2.01kg's
continuous stable operation

Max. allow. mass flow 21.45 kg's

Design Single system 1 x 100 %
Tolerances to IS0 9906
Class 3B; below 10 kW acc.
to paragraph 4.4.2

Figure (4.7): Primary pump specification. [Appendix 8]
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Data sheet

Secondary pump KSB b
]

Customer item no.:

Communication dated: MNumber: ES 5044007

Doc. no.: Iterm no.: 100

Quantity: 1 Date: 30/04/2017
Page: 1/5

ETL 065-065-250 GG AV66D200304 EKSBIE3 Version no.: 1

Inline pump

Operating data
Requested flow rate 40.00 m*'h Actual flow rate 43.31 m*h
Requested developed head 12 50 rm Actual developed head 1465 m
Pumped medium ntifreeze on ethylene glycol Efficiency T3.0%
base, inhibiled, closed MEI {(Minimum Efficiency =070
system, e.g Antifrogen N or Index)
similar products Power absorbed 2.46 KW
Cooling waler with antifreeze- Pump speed of rotation 1451 rpm
concentration 30% (pH >= MPSH required 1.87m
7.5) Permissible operating 16.00 barg
Mot containing chemical and pressure
mechanical substances which

affect the materials

Ambient air termperature 20.0 °C

Fluid temperature 20.0 °C

Fluid density 1040 kgfm?

Fluid viscosity 2.22 mm's Discharge press. 1.49 bar.g

Suction pressure mas. 0.00 bar.g Min. allow. mass flow for 2.28 kg's

Mass flow rate 12.51 kgis continuous stable operation

Max. power on curve 3.00 kW Max. allow. mass flow 20.96 kg/s

Min_ allow. flow for continucus  7.89 m3/h Design Single systermn 1 x 100 %
stable operation Tolerances to |1SO 9906
Shutoff head 18.48 m Class 3B; below 10 KW acc.

to paragraph 4.4.2

Figure (4.8): Secondary pump specification. [Appendix 9]
4.2 Air to water chiller system Electrical consumption

Outdoor unit, indoor units, and both primary and secondary pumps
are the main components that consume the large amount of electricity in air

cooled system.

The main component within the outdoor unit system that consumes
the most amount of energy is the compressor, but indoor units fans
consumes the largest amount, while in the primary and secondary pumps

the impellers need the most energy input when it converted to torque.
- Outdoor units

Relating to manufacturer catalogue for outdoor unit CGAF-C60; one
outdoor unit was chosen as shown in figure (4.1), the electrical

consumption equal to 6. , an equal to 13. endix
ption equal to 56.8 kW, and EER equal to 13. (Appendix 5)



87

* Assuming that operating hours per yvear = 700 hours [ 8 hours/day X 22

days/month X 4 months /year |

By applying equation (1) Annual energy consumption = over all

electrical consumption X Total operation hours per year ...Eq(3.1)

Annual energy consumption = 56.8 kW X 700 hrs = 39760 kWh

- Indoor units

Indoor units distributed inside ANCI floors are divided into two

types; one is ductable type, and the others are decorative type.

Figure (4.9) shows full electrical description for ducted indoor units
from the main manufacturer catalogue. While figure (4.10) shows full
electrical description for decorative type based on Trane manufacturer

catalogue.
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% JR———

Performance Dara

Coolimg Capacity {Exanmuple)

| Sooling Capacity - kW | Cooling Rows -3 | SH - Sensible Cocling Capacity. kW |
EAT - 26.0°CF 60.0°% | Motor Frequency - S0HZ | WPD - Waner Pressure Drop, M |
ESE -0 Fa | _TH - Toral Cooling Capacity, KW | WWre - Wiater Flow Rate, LI & |
™y 1 Entering Water Temperaiure
Modsl | Airflow """[,-:;';'
[CME) SH SH WD SH TH WPD
i 2.88 5.74 2.52 385 4.03
03 S08 2 } 2.53 1.77 2.30 3 1.1E
2.82 1 2.32 0.80 2.08 i) 0.4
481 2 232 16,83 354 5 11.80
o 678 245 7. 397 531 352 =z 360
408 320 363 223 3= 3 1.45
532 o938 =78 700 =32 & =08
] 1018 4 B8 3.04 233 27 3.85 5 1.48
439 1.28 3.90 0.88 348 ] 0.54
6B T 17.88 a.23 1233 5.55 T.BS ERET
] 6.28 T 5.80 569 218 5.08 6,63 2.37%
581 28 2.48 519 1.72 262 545 1.12
52 1.07 2 ET 750 354 ATl oS40 253
a -1=-] 7.60 .55 1.52 a.T7 1.07 5.98 T.53 070
6.68 EE 0.57 5.85 0.38 5.12 515 0.20
10.34 6.58 1.32 8.05 9.30 8.03 a.2a 71 223
2 2035 o481 (I 258 .40 1.82 ] 2 121
543 [(EL 1.02 748 088 a6 042
1118 1.43 1415 10.06 T1.51 .93 g1
= pee ] 10.30 o7r =23 N 332 a.0= 229
035 OL2E FRL a1 140 713 EE
Spec. Input Power
Model D2 [e3 [ 08 ] = 15
Nominal Airiiow [CMH] S09 678 1018 1357 156G 20349 z
TrpuL Power (Waks)
Hi-Static Motor =1 110 138 180 218 250 i
Mormal Moter T3 a2 114 132 182 185 2
*Awailalble with 115WVE0HEz, Z20WS0HE, or 220WEDHE
Cpticns:
= Heat Capacity Typs
= Hot Water 1Row (KW} 1] 371 405 16 .01 T.o4 a8
EWT=55"C; EAT=21"C: WFR=0.21'S {Hot Water EWT must be below 80°C)
« Electric Shasthed Elamant 1.0 1.5 2 El as a a
Awailsble with high tempersture cutout (Electric heater starts when the T is below 27°C)
* Plenum/Fikers Rsturm sir plenuwm with fikars weshable foam or shuminum

Moie: It reserves the right to change design and spechicaton without notics .

© Arrertcw Stechard ne 2000 HFCA-PRCoan-EN

Figure (4.9): Trane Electrical details for ducted indoor units HFCA. (Appendix 5)

General Data HFCE 50 Hz

Product Specification
MODEL HFCEQ4 HFCEOG HFCE0R HFCELD HFCEL2 HFCEL4 HFCELG HFCELR HFCE20
Rated - Volts/Ph/Hz 220-240/1/50 220-240/1/50 220-240/1/50 220-240/1/50 220-240/1/50 220-240/1/50 220-240/1/50 220-240/1/50 220-240/1/50
System Data
Nominal Airflow cfm 400 600 800 1,000 1,200 1,400 1,600 1,800 2,000
Caoling Capacity Bru/h 12,000 18,000 24,000 30,000 36,000 42,000 48,000 54,000 60,000
Water Inlet Connection Size in 5/8 58 58 58 58 34 34 4 4
Water Qutlet Connection Sze i 58 58 58 58 58 4 4 EL] /8
\Water Connection Size Brazed Brazed Brazed Brazed Brazed Brazed Brazed Brazed Brazed
INDOORCOIL
Fin Type Conugate
Fins per inch®
3-Row cail 12 12 15 18 18 14 14 14 14
4-Row col 14 15 16 15 15 16 16 16 16
Drain Connection Size in 1/2 12 0 12 1/2 1/2 1/2 12 1/2
N
Fan Type Double Inlet Centrifugal Forward Curved Fan

Mo. used 2 2 2 2 2 2 2 2 2

Motor Pawer W 13 ] 5 162 186 94 4 5 45

Oty x (RLA/LRA) 1x(0.200.35)  1x(049/071)  1x(056/069)  1x(136231)  1x(135241)  1x(333/508)  1x(333/508)  1x(043/698)  1x(0.43/6.98)
DIMENSTON (HxWiD)

Uncrated wih plenum (Net) mm J65xB24x510  MBxM0x510 7B x1i17x510  00x1087x608  300x 1240608 433x1,095x740 433k 1095740 433x12Bx670 433 x 1248 x670
WEIGHT
Fow Uncrated (Net) kg % ] * 2 % F] ] 3] L)
4-Row Unerated (Het) kg 7 2 38 4 '] 57 57 [ [

Figure (4.10): Trane Electrical details for Decorative indoor units HFCE.
[Appendix7]
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Table (4.10): Ground floor indoor units with electrical specification.

Ground
Floor
Indoor
. indoor | total | Indoor unit Water Motor
Area Load indoor . . . flow
Space m? KW | unit tvpe units | load unit air rate | POVer
M # kW code# flow GPM Watt
CFM
Clinic 1460 | 420 | decorative | 1 420 | HFCE06 | 600 | 3.63 47
Rooml
Clinic 1500 | 420 | decorative | 1 420 | HFCE06 | 600 | 3.63 47
Room2
Clinic 1555 | 420 | decorative | 1 420 | HFCE06 | 600 | 3.63 47
Room3
Clinic .
12.25 4.20 | decorative 1 420 | HFCEO06 600 3.63 47
Room4
2 £
£ 2 | 4040 |16.50| ductable 1 16.50 | HECA14 | 1400 | 1220 | 317
=T~
= 35
gE
c 2 | 4530 | 420 | decorative | 2 840 | HFCE10 | 2000 | 1220 | 162
=l
\gﬁﬁg 28.00 | 16.50 | ductable ] 16.50 | HECA14 | 1400 | 1220 | 317
Lobby | 4.60 0 | ductable 0 0 - - - -
Total | 172.40 | 54 58.20 0 7200 | 51.12 | 984
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Table (4.11): First floor indoor units with electrical specification.

First
Floor
Indoor
. . total Indoor unit Water Motor
Area Load indoor indoor . . flow
Space m? KW unit tvpe | units # load unit air rate power
yp kW code# flow GPM Watt
CFM
Classl 23.00 6.62 | decorative 1 6.62 HFCEOS8 800 4.84 59
Class2 26.10 7.70 | decorative 1 7.70 HFCE10 1000 6.10 162
Class3 24.60 7.20 | decorative 1 7.20 HFCEOS8 800 4.84 59
Statf 35.40 10.60 | decorative 1 10.60 | HFCEI12 1200 7.23 186
Room
Meeting | ) 60 | 570 | decorative | 1 570 | HFCE0S | 800 | 4.84 59
Room
.SQ g
g % 17.40 5.10 | decorative 1 5.10 HFCEO6 600 3.63 47
2
> &
g8 5
g g g 17.50 | 5.80 | decorative 1 5.80 | HFCEO08 800 4.84 59
o -
4 g
Pantry 4.60 0 ductable 0 0 - - - -
Lobby 63 12.5 ductable 1 12.5 HFCA12 1200 10.93 250
total 233.2 61.22 61.22 0 7200 47.25 881
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Table (4.12): Second floor indoor units with electrical specification.

Second
Floor
Indoor
Load | ind it indoor | total Indoor unit ViV]ater Motor
Space Area m’ ko‘; m (t)or unt units load unit air otw power
ype # KW codett flow (r;‘mfl Watt
CFM
Music |3 00 | 620 | decorative | 1 | 6.20 | HFCEOS | 800 | 4.84 | 59
Room
LD 31.90 9.50 | decorative 1 9.50 | HFCE12 | 1200 | 7.23 186
Room
Art 31.70 9.50 | decorative 1 9.50 | HFCE12 | 1200 | 7.23 186
Room
Library | 20.60 | 6.00 | decorative 1 6.00 | HFCEO8 | 800 | 4.84 | 59
Resource
and 19.40 2.90 | decorative 1 2.90 | HFCEO3 300 1.83 13
Service
Lobby 63.00 | 12.50 | ductable 1 12.50 | HFCA12 | 1200 | 10.93 | 250
Pantry 4.60 0 ductable 1 0 - - - -
total 194.2 46.6 46.6 0 5500 | 36.9 753
Table (4.13): Third floor indoor units with electrical specification.
Third
Floor
Indoor
. Water
Area | Load Indoor Indoor Total Indqor m.“t flow Maotor
Space m’ kKW | unit type | units # load unit arr rate | POV
yp kW code# flow GPM Watt
CFM
Meeting | ¢ 40 | 830 | decorative | 1 8.30 | HECEI0 | 1000 | 6.10 | 162
Room
Admin -\ g 66 | 570 | decorative | 1 570 | HFCEOS | 800 | 484 | 59
Officel
Admin | 10 50 | 510 | decorative | 1 5.10 | HFCE06 | 600 | 3.63 47
Office2
Admin |15 50 1 510 | decorative | 1 5.10 | HFCE06 | 600 | 3.63 47
Office3
Admin |6 40| 570 | decorative | 1 570 | HFCEOS | 800 | 4.84 59
Office4
Research | 050 1 480 | decorative | 1 4.80 | HFCE06 | 600 | 3.63 47
Room
Lobby 63.00 | 12.50 | ductable 1 12.50 | HFCA12 1200 10.93 250
Pantry 4.60 0 ductable 0 0 - - - -
Total 186.30 | 47.20 47.20 0 5600 37.60 671




92

Indoor unit's electrical consumption for all floors was calculated

Related to tables (4.9, 10, 11, and 4.12) as following:

Total electrical consumption at ANCI for Indoor units = GF
electrical consumption + 1% electrical consumption + 2™ electrical
consumption + 3™ electrical consumption = 984 + 881 + 753 + 671 = 3289

Watts

* Assuming that operating hours per year = 700 hours [ 8 hours/day

X 22 days/month X 4 months /year ]|

By applying equation (1) Annual energy consumption = over all

electrical consumption X Total operation hours per year ...Eq(3.1)

Annual energy consumption (Indoor units) = 3.289 kW X 700 Hrs =
2302 kWh

-Pumps (Primary and secondary)

Related to KSB official offer for both primary and secondary pumps
shown in figure (4.7), and figure (4.8). Appendix (Appendix 8)

The electrical consumption as the following:

1- Inline primary pump (065-065-250-GG) with electrical consumption =
1.33 kW.

2-Inline secondary pump (065-065-160-GG) with electrical consumption =
2.46 kW.
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* Assuming that operating hours per year = 700 hours [ 8 hours/day

X 22 days/month X 4 months /year ]|

By applying equation (1) Annual energy consumption = over all

electrical consumption X Total operation hours per year ...Eq(3.1)

Annual energy consumption (Primary pump) = 1.33 kW X 700 Hrs
=931 kWh

Annual energy consumption (Secondary pump) = 2.46 kW X 700
Hrs =1722 kWh

- Primary and Secondary pumps:

Total power consumed (Primary plus secondary)= 1.33 + 2.46 = 3.79 kW

* Assuming that operating hours per yvear = 700 hours [ 8 hours/day

X 22 days/month X 4 months /vyear ]

By applying equation (3.1) Annual energy consumption = over all

electrical consumption X Total operation hours per year ...Eq(3.1)

Annual energy consumption (Primary plus secondary pumps)

=3.79 X 700 = 2653 kWh
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Chapter Five

Economic comparison
between VRF and Air
to water chiller system
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Chapter Five

Economic comparison between VRF
and Air to water chiller system

5.1 VRF economical part

In this section all system parts economically studied, Indoor units,

outdoor units, piping system, ducts, and monitoring system.

Every system part has its own capital cost and there is some parts

which time depending have running cost.

Economical study was carried out along 20 years, and all prices

according to manufacturer official prices (Toshiba). (Appendix 1)

- Capital costs of outdoor units for VRF system

GF and 1% Floors served by one outdoor unit of 42HP heat pump

capacity with capital cost =22370 §.

2" and 3™ floors served by one outdoor unit of 32HP heat pump

capacity with capital cost = 19740 $.

- Running cost of outdoor units for VRF system

- Considering that the electrical cost of 1 kWh (grid supplied) = 0.17 $
(3 Phase).

42HP heat pump in summer power input (40.50) kW

32HP heat pump in summer power input (28.60) kW
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according to the assumption of operating hours = 700 hours.
Overall energy consumption by 42HP and 32HP outdoor unit during the
year = 28350 + 20020= 48370 kWh/year.

And a total running cost of = 48370 X 0.6 = 29022 NIS/year = 8292

$/vear

- Capital cost of indoor units for VRF system

Related to figure (3.5) and figure (3.6), we got 33 indoor units at
ANCI building and referring to the official offer for VRF indoor unit price,
the total capital cost for 33 indoor wunits equal = 36214 8.

Note: Official offer for indoor unit price available within the (Appendix 2).

- Running cost of indoor units for VRF system

GF and 1% floors indoor units power consumption = (1x 0.172 + 2x

0.198 +5x0.043 +6x0.043 +3 x0.05=1.191 kW)

GF and 1% floors indoor units energy consumption= power
consumption kW X operation hours per year = 1.191 X 700 = 833.00
kWh/year

By applying equation (3.3):

Running cost of GF and 1* floors indoor units = Energy consumption

per year X unit price of kWh =833.7 X 0.6/3.5 = 142 $/year.
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2" and 3™ floors indoor units power consumption = (2 x 0.172 + 1 x

0.021 +6x0.043 +7x 0.043) = 0.924 kW.
By applying equation (3.3):

d d . . .
2" and 3 floors indoor units energy consumption= power

consumption kW X operation hours per year = 0.924 X 700 = 646.8

kWh/year.

Running cost of 3™ and 2™ floors indoor units = Energy consumption

per year X unit price of kWh =646.00 X 0.60 = 112 $/year .

Total capital cost of (VRF- 42HP and 32HP heat pumps) =
22370+ 19740 =42110 §.

- Total capital cost for (VRF 33 indoor units) equal = 36214 $.
- Total running cost of (VRF Out door units) per year = 8292 $/year

- Total running cost of ( VRF Indoor units) per year =142 + 112 =

254 $/year

-Piping network capital cost for VRF system:

The pipes used at ANCI building network was made of isolated
copper, the pipes network was designed to cover all zones and serving all

desired spaces.

Table (5.1) shows the full description of pipes network at ANCI

building project with all pipes dimension and capital costs.\
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Table (5.1): Pipes network dimensions and capital costs.

Pipe Diameter Total Unit Price Total unit
inch Lenghth m $/m lenghth price $
1/4" 50.50 1.50 75.75
3/8" 50.50 2.30 119.00
1/2" 72.00 3.00 219.00
5/8" 60.50 4.40 268.00
3/4" 18.50 5.80 108.00
7/8" 36.50 8.30 303.00
11/8" 24.00 8.30 199.00
13/8" 16.50 11.10 183.00
15/8" 24.00 14.70 353.00

Every pipe branch has its own dimensions in inches, the capital cost
of pipes is depending on the dimension of the pipe section so that every
pipe diameter has its own capital cost as clear in table (5.1).

[Based on local market prices 2017]
Total capital cost of pipes network =) (Ln X Pn) ... Eq (5.1)
Where:
n: Pipe diameter
Ln: Total length of pipe diameter n
Pn: Unit price of pipe diameter n
By applying equation (5.1):
Total capital cost of pipes network = 1830 §.

Table (5.2) shows all VRF system capital and running costs for all

system parts.
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VREF system
Part name Fixed cost $ Running cost $
Outdoor units 42110 8292
Indoor units 36114 254
Piping system 1830 0
Total 80054 8564

The total Capital Cost of VRF parts = 80054 §.
The total running cost of VRF parts = 8564 §.
- Degree Days Method (DD)

- Using Degree Days method (DD) to find the real operating hours for the
air conditioning system = Average summer months temperatures — (System

temperature on-off) =28.09 — 18.3 =9.79 C° [Appendix 13]

Energy consumption E (By degree days method)= Pyling X 8
hours/day X DD° X C, / T; - T, ... Eq(5.2) [16].

Where: Pcooiing = Air conditioning system power consumption kw

Cv: Correction factor =0.77 [16]
T;: Desire inside temperature, T,: Desire outside temperature

E = 712 kW X 8h/day X 24Day/month X 9.79 X 0.77/ (35-24) =

37473 kwh /summer season

Running cost according to DD method = 37473 kWh X 0.17$/kWh=
6424 $/season
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5.2 Chiller air to water system economical part

Economical part was studied for all air cooled parts, and the study
covered both capital costs and running costs for every part in air cooled

system such as outdoor unit, indoor units.

Every system part has its own capital cost and there is some parts

which is time depending have running cost.

Economical study was carried out along 20 years, and all prices

according to manufacturer official prices (Daikin). (Appendix 10)

Dear Sir,

Please find attached our offer for the supply of Air - Conditioning units as follows:

“sp

Total Price; Description Price (JD) "._-('_"':‘ = t, \ i
EWYQ-F Chiller 63357 « U7 (% \f
2-Pipe Flexi FWL (wall \ ceilling) Unit 14 q )93
{Decorative) 19880 i ,
2-Pipe Flexi FWR (wall \ ceiling) Unit /2 g0l
(Decorative) 9072 L
2-Pipe Ducted Unit FWD (Horizontal \ 13530 . HE
Vertical Concealed) High Static : i L' —
Total 105848 | 79,397
jre X
Brand: DAIKIN alfldot e

Figure (5.1): Air cooled system quotation for indoor and outdoor units.
[Appendix 10]

- Capital costs of Outdoor units for Air cooled system

GF, 1™ ,2™ and 3™ Floors served by one outdoor unit of 61.4 Tons

capacity, and relating to figure(4.13) the capital cost =47518 $
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- Running costs of Outdoor units for Air cooled system

- Considering that the electrical cost of 1 kWh (grid supplied) = 0.6 NIS (3
Phase).

- With an assumption of 700 hours operation time (8h/day — 22 day/month

4months/year)
61.4 Tons Chiller power input (56.8 ) kWh, and EER equal to 13.
By assuming that operating hours per year = 700 hours

By applying equation (3.1) Annual energy consumption = over all

electrical consumption X Total operation hours per year ...Eq(3.1)
Annual energy consumption = 56.8 kW X 700 Hrs = 39760 kWh

Running cost of 61.4 Tons outdoor unit per year = overall energy

consumption kWh/year X 1 kWh cost ... Eq(3.3)
39760 X 0.6/3.5 = 6816 $/year

- Capital costs of indoor units for Air cooled system

Related to tables (5.3,5.4,5.5, 5.6), we got 30 indoor units at ANCI
building spreading air into spaces, referring to the official offer for indoor
unit quotation, the total capital cost for 30 indoor units equal = 41906 $ = (

31870 8$.

After discount made by the manufacturer sales engineer).

Note: Official offer for indoor unit price available within (Appendix10).
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Table (5.3): Ground floor indoor units with electrical specification and
unit prices for air to water chiller system.

Ground
Floor
Indoor
. . Indoor unit | Motor | Unit Total
indoor indoor . . . .
Space unit tvoe | units # unit air power | Price | Price
P code# flow Watt $ $
CFM
Clinic Room1 | decorative 1 HFCEO6 600 47 916 916
Clinic Room2 | decorative 1 HFCEO06 600 47 916 916
Clinic Room3 | decorative 1 HFCEO06 600 47 916 916
Clinic Room4 | decorative 1 HFCEO6 600 47 916 916
Multisensory | 4/ table 1 | HFCA14| 1400 | 317 | 2706 | 2706
Room
Intervention | 4o ative | 2 | HFCE10 | 1000 | 162 | 916 | 1832
Room
Waiting ductable 1 | HFCAl4| 1400 | 317 | 2706 | 2706
Room
Lobby ductable 0 - - - - -
Total 0 6200 984 9992 | 10908

Table (5.4): First floor indoor units with electrical specification and

unit prices for air to water chiller system.

First Floor
Indoor
. indoor | Indoor unit | Motor | Unit | Total
indoor . . . . .
Space unit type units unit air power | Price | Price
# codett flow | Watt $ $
CFM
Classl decorative 1 HFCEOS8 | 800 59 1234 1234
Class2 decorative 1 HFCE10 | 1000 162 1392 1392
Class3 decorative 1 HFCEOS8 | 800 59 1234 1234
Staff Room | decorative 1 HFCE12 | 1200 186 1512 1512
Meeting Room | decorative 1 HFCEO8 800 59 1234 1234
Adminstration | decorative 1 HFCEO06 600 47 1234 1234
Secretsry and | ;o rative| 1 | HFCE08 | 800 59 | 1234 | 1234
wailting area
Pantry ductable 0 - - - - -
Lobby ductable 1 HFCA12 | 1200 250 2706 | 2706
total 0 7200 881 11780 | 11780
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Table (5.5): Second floor indoor units with electrical specification and
unit prices for air to water chiller system.

Second Floor
. . Indoor Infloo.r Motor | Unit | Total
indoor indoor . unit air . .
Space . . unit power | Price | Price
unit type | units # code# flow Watt $ $
CFM
Music Room decorative 1 HFCEOS 800 59 1234 | 1234
LD Room decorative 1 HFCE12 1200 186 1512 | 1512
Art Room decorative 1 HFCE12 1200 186 1512 | 1512
Library decorative 1 HFCEO8 800 59 1234 | 1234
Resourceand | 4o tive | 1 | HFCEO3 | 300 13 | 752 | 752
Service
Lobby ductable 1 HFCA12 1200 250 | 2706 | 2706
Pantry ductable 1 - - - - -
total 0 5500 753 8950 | 8950

Table (5.6): Third floor indoor units with electrical specification and
unit prices for air to water chiller system.

Third
Floor
Indoor Infioo.r Motor | Unit | Total
Indoor | Indoor . unit air . .
Space . . unit power | Price | Price
unit type | units # codet flow Watt $ $
CFM
Meeting | 4 orative| 1 | HFCE10| 1000 | 162 | 1392 | 1392
Room
Admin | 4o Cative| 1 | HFCE0S | 800 59 | 1234 | 1234
Officel
Admin | 4 orative | 1 | HFCE06 | 600 | 47 | 1234 | 1234
Office2
Admin | 4o Cative| 1 | HFCE06 | 600 47 | 1234 | 1234
Office3
Admin .
Officed decorative 1 HFCEOS8 800 59 1234 | 1234
Research | 4 orative HFCEO6 | 600 | 47 | 1234 | 1234
Room
Lobby ductable HFCA12 | 1200 250 2706 | 2706
Pantry ductable - - - - -
Total 0 5600 671 10268 | 10268
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- Running costs of Indoor units for Air cooled system

Total power consumption by Indoor units at ANCI = GF power
consumption + 1% power consumption + 2" power consumption + 3™

power consumption = 984 + 881 + 753 + 671 = 3289 Watts

*With an assumption of operating hours per yvear = 700 hours

8 hours/day X 22 days/month X 4 months/year

By applying equation (3.1) Annual energy consumption = over all

electrical consumption X Total operation hours per year ...Eq(3.1)
Annual energy consumption = 3.289 KW X 700 Hrs = 2302 kWh
By applying equation (3.3):

Running cost of GF, 1%, 2" and 3™ floors indoor units = Energy

consumption per year X unit price of kWh =2302 X 0.6 = 394 $/year.

- Capital cost for Air cooled system pumps

Air cooled system got two pump lines, one is primary with two
pieces in parallel and the other line is secondary with two pieces in parallel
also. So the capital cost was taken for all pumps in air cooled system, four

pumps, two are online, and the others are standby.

Related to figure (5.2), primary and secondary pumps capital cost

was calculated as the following:
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Capital cost for two primary pumps = 7400 $

Capital cost for two primary pumps = 9240 $

Running cost for primary pump was calculated based on one pump
only since the other primary pump will be offline and doesn’t absorb

energy.

Related to KSB official offer for both primary and secondary pumps
shown in figure (4.11), and figure (4.12). The electrical consumption as the

following:

1- Inline primary pump (065-065-250-GG) with electrical consumption =
1.33 kW.

2-Inline secondary pump (065-065-160-GG) with electrical consumption =
2.46 kW.

- Assuming that the operating hours per year = 700 hours
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Consignee: eng. Ameer Khaleel

Customer: PWA Refno. : 26 -2017

Address: Ramallah — West Bank Cumrency: EURD VA.T: not include
Phone : 0552854808 Payment: 80% in advance 20% after delivery

Email : eng.ameer.psi@gmail com Validity: 30 days

ltems# Description GTY | UnitPPrice | Line Total

ETL 065-065-250 GG AVEED200304 EKSBIE3

Inline pump
1 2 4520 9240
Actual fiow rate 43.31 m¥h
Actual developed head 14.85 m
ETL 0&5-085-160 GG AVEED 200154 BKSBIE3
Infine pump
2 2 3700 7400

Actual flow rate 38.417 m¥h
Actual developed head 8.22 m

B e

We hope our offer meets your kind approval and we look forward to hear from you
soon, should you require any additional information/clarification, kindly do not
hesitate to contact us.

Figure (5.2): Primary and secondary pumps official quotation. [Appendix 11]

By applying equation (3.1) Annual energy consumption = over all

electrical consumption X Total operation hours per year ...Eq(3.1)

Annual energy consumption (Primary pump) = 1.33KW X 700 Hrs =

931 kWh

Annual energy consumption (Secondary pump) = 2.46 kW X 700
Hrs = 1722 kWh

- Primary and Secondary pumps:

Total power consumed (Primary plus secondary)= 1.33 + 2.46 =

3.79 kW
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Assuming that the operating hours per year = 700 hours

By applying equation (3.1) Annual energy consumption = over all

electrical consumption X Total operation hours per year ...Eq(3.1)

Annual energy consumption (Primary and secondary) = 3.79 X 700
=2653 kWh

By applying equation (3.3):

Running cost of Primary and secondary pumps (online pumps only)
= Energy consumption per year X unit price of kWh =2653
X 0.6/3.5 = 455 $/year.

- Duct work capital cost for Air cooled system:

Ducts was designed to cover all zones with different dimensions

spreading cooled air all over desired spaces.

Isolated rectangular duct was chosen in ANCI building project, and
all duct branches quantities was measured in order to find to capital cost.
Table (5.7) shows the full description of all rectangular dimensions and

COStS.
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Table (5.7): Duct work dimension and costs all over ANCI building.

Duct size Duct area = {(H+W)x2}L | Unit
I;{I]E)M aty Width | Height | Length | Surface Area ‘ Price
(mm) | (mm) | (mm) (m®) type | 8

1 3 350 300 5000 19.50 isolated | 594
2 3 250 250 5000 15.00 isolated | 457
3 3 500 300 5500 26.40 isolated | 805
4 3 350 300 8500 33.15 isolated | 1011
5 3 500 300 2000 9.60 isolated | 292
6 2 350 200 10000 22.00 isolated | 671
7 2 250 200 4000 7.20 isolated | 219
8 1 500 300 3500 5.60 isolated | 170
9 1 350 200 5000 5.50 isolated | 167
10 2 250 200 7000 12.60 isolated | 384
11 1 600 350 5000 9.50 isolated | 289
12 1 300 200 7000 7.00 isolated | 213
13 1 350 300 7500 9.75 isolated | 297
14 1 350 200 9000 9.90 isolated | 301

Related to table (5.7) the area of duct was calculated using equation

Duct area = [ ( High + Width) x 2] x Length ... Eq (5.3).

The cost of 1 m® area of isolated duct = 30.5 $. [Based on local

market prices 2017]

Total capital cost of isolated ducts = Total area of isolated duct

m” X price of 1 $/m” of isolated duct ... Eq (5.4).
All unit prices was calculated and then the summation was found.
Total duct work capital cost = 5877 §.

Table (5.8) shows all Air cooled system capital and running costs for

all system parts.
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Air cooled
system

Part name Fixed cost $ Running cost $
Outdoor units 47518 6816
Indoor units 31870 394

Duct work 5877 0

Pumps 16640 455
Total 101905 7665

The total Capital Cost of VRF parts = 101905 $.
The total running cost of VRF parts = 7665 §$.
-Degree Days Method (DD)

- Using Degree Days method (DD) to find the real operating hours for the
air conditioning system = Average summer months temperatures — (system

temperature on-off) =28.09 — 18.3 =9.79 C° [Appendix 13]

Energy consumption E ( Degree Days Method)= Pcooting X 8
hours/day X DD° X C, / T; - T, ...Eq(5.2) [16]

Where: P oiing = Alr conditioning system power consumption kw
Cv: Correction factor =0.77 [16]

T;: Desire inside temperature, T,: Desire outside temperature

E = 63.87 kw X 8h/day X 24Day/month X 9.79 X 0.77/ (35-24) = 33615

kwh /summer season

Running cost according to DD method = 37473 kWh X 0.17$/kWh=
5714 $/season
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5.3 Economical comparison between VRF and Air cooled air systems

using Degree Days Method (DD coing)-

Based on all calculations performed in previous chapters, the final
comparison between the two air conditioning systems (VRF, Air cooled) be

based on the economical calculations (Present worth PW).

Economic analysis were done in order to use them in present worth
calculation. Capital cost, running cost, selvage cost, and maintenance cost

for every system were calculated as following:

- Capital costs were calculated in previous chapters for both systems, and

the same was done for running cost.
- Running costs related to Degree Days (DD¢,oiing) method were taken.

- Selvage value was taken in both air conditioning systems as a fixed

percentage for every system capital cost, this percentage equal 6%.
Selvage value = Capital Cost X 0.06 ... Eq(5.4)
Selvage value ") = 101905 X 0.06 = 6114 $.

Selvage value V*") = 80054 X 0.06 = 4803 $.

- Maintenance cost was taken as 5% percentage for every system fixed cost

as following:
Maintenance cost = Fixed cost X 0.05 ...Eq(5.6)

Maintenance cost 47D = 101905 X 0.05 = 5095 .
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Maintenance cost V* = 80054 X 0.05 = 4002 $.

In order to calculate the present worth PW for both air conditioning
systems discussed, cash flow should be designed first. By using an interest
rate of 10% and a life time of 15 years which is the average life time of any
mechanical system. Figure (5.3) and figure (5.4) shows the cash flow for

air cooled and VREF air conditioning system.

VRFE Cosh Flow $ 4803

$| 400
$ 6424

s 80024

Figure (5.3): VRF air conditioning system cash flow.

ANir Cooled Cash Flow # olld

$| oD
+ 5714

$ 101905

Figure (5.4): Air Cooled air conditioning system cash flow.
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Present Worth (PW) = -Capital Cost —[ ( Maintenance cost +

Running cost) X ( P/A, i, n)] + [ Salvage value X (P/F,i,n)]... Eq(5.7)

The factors (P/F and P/A) was found relating to reference [14].

Also available in (Appendix 12).

PWI( VRF system) — ~ 80054 — (4002+ 6424) X (P/A’ 10% , 15) 7.606 +
4803 X (P/F, 10% , 15) **** = - 158,204 $

PW, (air Cooled system) = - 101905 — (5095 + 5714 ) X ( P/A, 10% , 15)
7606 4+ 6114 (P/F, 10%, 15)%%%* = -182.654 $

Present worth for both air conditioning systems was done using
equation (5.3) and using Degree Days (DD¢oling) method, it is clear that the
present worth PW for Air Cooled is less than PW for VRF system. And by
the rule of present worth formula " less negative is more feasible". So that
the VRF air conditioning system is more feasible than the Air cooled

system proofed by present worth economical test. [13]
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Chapter Six

Conclusion and
Recommendation
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Chapter Six

Conclusion and Recommendation

6.1 Conclusion

This research main objective was making a full comparison between
two air conditioning systems at an educational building ANCI (An-Najah
child institute), one of these systems was VRF (Variable refrigerant flow)
and the other was Chiller Air to water (Air cooled). Full design was made
for both systems including outdoor units, indoor units, piping network, and
duct work based on cooling load for ANCI building. The comparison was
made based on electrical consumption for every system component, and
economically based on present worth value for each air conditioning
system to find which is more feasible and can conserve more energy than
the other to choose it as the suitable air conditioning system at ANCI

building.

The design of VRF and Air cooled systems were made based on 60
TR cooling load at ANCI building calculated by air conditioning program
HAP 4.6. VRF system consists of two outdoor units; one was 42HP and the
other was 32HP to serve all zones. While Air cooled system consists of one

outdoor unit with 61 TR.

For the VRF system 33 indoor units were selected, where the number
of indoor units was 30 units for the air cooled system. Some of the air
cooled indoor units were ducted, and the others were high wall mounted.

Every type got its own description and so its energy consumption. As a



115

result; the seasonal energy consumption for those which belongs to VRF
was (1480 kWh) while for Air cooled system was (2302 kWh) based on an
assumption of 700 working hours, and it is clear that the amount of energy
consumption by indoor units in Air cooled system is larger than VRF
system. Figure (6.1) shows a simple comparison between two air
conditioning systems VRF and Air cooled by their main components. As
we can see the amount of energy consumed by Air cooled system
components is larger and there is an extra source of energy consumption
within this system which is the chilled water pumps (Primary and
Secondary pump), that add an additional amount of energy consumption to

Air Cooled system.

60000

QOutdoor units 50000

Outdoor s
40000

B VRF Energy consumption kwh

30000
M Air cooled Energy consumption
kwh
20000

R R 10000
indoor units

Pumps 0 0 indoor units
|| I e 0
4 3 2 1

Figure (6.1): Energy consumption comparison between VRF and Air cooled air
conditioning systems.

More energy consumption means more cost, relating to figure (6.1)
the outdoor unit of VRF system consumes more energy than Air cooled

system and that means VRF outdoor system will pay much more money
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than Air cooled system for electricity per year. As a result the total annual
energy consumption by all mechanical and electrical components including
outdoor units, indoor units, and pumps in VRF system = (49850
kWh/year), while in Air cooled system = (44715 kWh/year) based on an
assumption of 700 working hours. Figure (6.2) shows the fixed costs for
indoor units, outdoor units, piping network, duct work, and pumps for both
air conditioning systems (VRF and Air cooled). The total fixed cost of VRF
system equal (80054 $), and the total fixed cost of Air cooled system is
equal (101905 $). It is clear that the fixed cost of Air cooled system more

than VRF system with around (21851 §) difference.

50000

oor units 45000
40000
Indooru 35000
30000
25000
B VRF Fixed cost $ PUMpS 20000
M Air Cooled Fixed cost $ 15000
Duct work 10000

iping 5000

- 0
3

2 1

Fixed cost S

Figure (6.2): VRF and Air Cooled system components fixed costs.

Figure (6.3) shows both air conditioning systems components
running costs. For outdoor units installed to Air cooled system the running
cost was (6626 $) while the running cost for outdoor units installed to

VRF was (8061 $). Indoor units running cost for Air cooled system equal
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to (1381 $), and for VRF system was (247 $). Finally the pumps which is
exclusive for Air cooled system, the running cost was about (1591 §$) all

results depending on an assumption of 700 working hours.

9000
8061
8000

Outdoor 7000
6000
vr
@
5000 9
00
k=
4000 =
® VRF Running cost $ E
3000
H Air cooled Running cost $
Pumps 1381 2000
. 1000
0 0 or units
| 0
4 3 2 1
® VRF Running cost $ 0 247 8061
M Air cooled Running cost $ 1591 0 1381 6626

Axis Title

Figure (6.3): VRF and Air cooled system components running costs.

Based on Degree Days (DD,qoiing) method; the results show that the
total running cost of Air cooled system equal to (5714 $), and for VRF
system equal to (6424 $).

Total fixed cost and total running cost for Air cooled system are
much higher than VRF system. In order to find which one is more feasible;

present worth value was calculated for both air conditioning systems.

Present worth value for VRF air conditioning system equal (-158204
$) based on DD;ojine method, and for Air cooled air conditioning system

equal to (-182654 §) relating to equation (5.3) and based on DD, yoling
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equation (5.2). Since PW( yrr system) 1S less negative than PW; (air cooled system)
this means that the VRF system is more feasible than Air cooled system to

install and use this system at ANCI building to cover all desired spaces.

Present Worth (PW) = -Capital Cost —[ ( Maintenance cost +

Running cost) X ( P/A, i, n)] + [ Salvage value X (P/F,1,n)] ... Eq(5.6)

The factors (P/F and P/A) was found relating to reference [14]. Also

available in the Appendix (C).

PW i vRF sysiem) = - 80054 — (4002+6424) X (P/A, 10% , 15) 79 +
4803 X (P/F, 10% , 15) "*** = - 158,204 §

PW, (Air Cooled system) = - 101905 — (5095 + 5714 ) X ( P/A, 10% , 15)
7606 4+ 6114 (P/F, 10%, 15)%%%* = -182.654 $

6.2 Recommendation

Although this research got many applicable and accurate results and
conclusions, it might be more accurate and better and can be improved.
There a lot of suggestions and recommendations can be performed to
improve the results and were not possible to perform and accomplish

during one year of work within this research.

Using better and stronger software for air conditioning design like
(Revit), this program can do heating and cooling loads easily, and can do
all mechanical calculations on building plans with two dimensions and

three dimensions. Selection of outdoor units and indoor units can easily
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accomplished by Revit, because this program offer many international
manufacturers and brands for every air conditioning system components.
Finally this program can do all piping and ducts networks easily and

accurately and by this way we can save a lot of time and money too.

For future work, one can make some energy conservation to both air
conditioning systems (VRF, Air cooled), as mentioned in the first two
chapters shading one of many ways to conserve energy and save energy
and money. Another way for energy saving is scheduling as mentioned in
chapter two. It is recommended to be added to research calculations and
find results after energy saving, and after that find the net between the

result before saving and results after saving.
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Appendix (1)

VREF outdoor unit catalogues
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Tus H ' Bﬁ Leading Inmowation 33

Toshiba Design/ | ||| - Project Equipment List
Tulkarm-Health Care Center Equipment List

g
g
g
g
®

Model name Desc
MWY-AFITIEHTIF-E IIHF SMMSE 1
MMT-APSIIEHTEF-E 42HP SMMSe 1

5
g
S
&

4

Model name Descrphio

BMD-APTIEEEHP-E 4 0HF Siandard Concealed Duct 3
MMD-AFISSEEHP-E £.0HF Standard Concealed Duct 2
MMF-APTZ3H 1.25HF High Wall 3sandand [Seres 3| 1
MME-APITEIH 1.7HP High \&al Standard (Series 3] 11
MME-AFTTEIH 20HF High Wall Standar (Jariss 3] 3
MME-APLZS3IH Z.5HF High Wall Siandard (2eries 3 3
Y joints

Model name Descriptio 0
REM-BYEEE ¥ Joint 1o
REM-BYIISE ¥ Joint 12
REM-BYZOISE ¥ Jobrt T
REM-BYIOSE ¥ Joint 2
REM-ETZLE Dufdooe Linit Bramch K Z
Accessories

Model name Descriptio r
REC-AMTIIE Adain Wirsd RC 13

Central Control Devices

Mode! name Descriptio Cruanti
EME-CMIZEOTLE Compilant Manager 1.0
Piping Length

Pipe Diamet g i

1 =} (1] oF 505
" ¥ o 435 50ES
4 435 ] =S 72
W 435 i 17 &OE
: o o 155 185
W 5 1] 13 215
™" m 1] o n
1% 155 o o 158

Fraject Tukar-Health Cae Cenler Registered To: A-Bader Heating & Air-Conditionieg Co. v1.0.0.83 Rew: Fage 3 of 55
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Model Mame

RINY-API2TEHTHP-E

Cooling (kW)

Rated Corrected

e S, High Heasng 120 523
BEMK-AFT123H 5P H o z -
o Heasng 400 =
SRl s 7 Cocilng 4sn220 183277
kil % o Heasng Eo0 37
R s s Caoailng 450320 183278
Heasng £o0 37
Caociing AaE0320 IRITTT
MME-APTTSIH 1.7HF High i S Fiat
Cociing aE03z0 191253
MME-APTTSIH 1.7THF High ST, o LR
Cociing aE03z0 19123
MME-APTTSIH 1.7HF High ST, S L
Caoiing aE0320 1g3TTT
MME-APTTSIH 1.7HF High ¥ e e
Coniing 560350 48T
MME-APT1EIH 20HF High
Heatng B3 ER-=
MME-APT1EIH 20HF High = = o
o Heazng E.30 ER=)
MME-APT1EIH 20HF High = = ras
o Heazng E.30 470
MME-APT1EIH 20HF High 55 = s
o Heazng E.30 472
Fraject Tulam-Heaith Cane Captitegistersd Too AFBader Heating & Ar-CondSioning B8 0089 Ry Fage 10l 55

TOS H I BA Leading Innowvation >33

. ——
Toshiba Design/ | || | - System Details

Indoor Units

Unit Mame G
Model Mame & Room
MME-APD183H 20MF
MME-APD183H 2oMF
MME-APT183H 204F

Code Fan Speed Mode

High

High

High

Coding
Heagng
Coiing
Heafng
Coiing
He

Rated
SE03ED
£.30
SE03 S0
E.30
SEN3ED
E£.30

otal/Sensible
it mp‘f:c]pired
4BSE 44
4.63
4.7B/3 39
488
453348
473
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IESI""B“A N Toshiba Design - Outdoor Unit Details
ading Innovation - »
3rd-2nd_Floors

MMY-AP3216HTEP-E
Mame: Name:
Modei: MAF 160E6HTERPE Model MAF1EDEHTEF-E
Elevadon: 0 Elevation: 0

]
%"2Im ®"ZIm
& %ezm
"im 1%"2m
REM-ET24E
We1m

Header outdoor unit accessories Electrical Information
Biot 1 Bummary: 3IH AC 320-400~4 15V SOHz
Biot 2 Voitage-
Biot 3 Freguency:
Biot4 Fhase
Biot 5

Froject Tukam-Heaith Care Center Registered To:  ArBader Heating & Air-Condbioning Co. vi.0.0.85 Rewv:







" .
- W

Tsiha Design /|| RS- tem Details

Capacity Fota!:*se:sihm ]

Rated Required
Caaling S0 484343
MMI-APT183H 10F High
Heasng 6.30 451
Caooling TADMED EAEMIY
MMK-API243H 25HF High g g.00 74
Caooling TADMED EAZME
MMK-API243H 25HF High g £.00 573
Cooling TADMED E0EM 1S
MME-API243H 24P High

HeaZng B.00 Ev2
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Toshiba Design PHOTOS
RS G B g R S — gt
e e — — 1 T 1 -
AR e Bt E . Lo e gas
—+— — — l==
= [ = = ]
— 1+ [
— 11— 1 HH
B b s E_E = gt
| == s
Grawm TBSHIH“
sramsg
A
Customer: Emng Hamzah Shehadeh
TOSH IBA Project: Tulkarm-Healkth Care Center B o
" Revision: ¥
Leading Innovation ¥ | geterence: TVRE M
Type: Outdoor Unit | Date: ZHHT
H m I Model: MMY-AP321EHTEPE | Scale: none

Unit:

Page:
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WY AP381 EHTER-E

Marma Heat pump AP TEHTER-E MWY-AP341EHTER-E MMY-APIEIEHTAP-E
Meoal Combinalon et Ty WRETGOE 1O E [ T AT WA COGGH B E | W WA o0ER TEP S |
i | TR WEIGOEHTARE | WA IGIERTAPE | MMY-MAREOEHTSRE | WO AR TBOERTEFE |
Chuidoor unt byps Trverier uni Frveter unil Inveriar Uit Tnvarter unit
Coaing capacly 1) [T ] 854 [ 1065
Heasng capanty |1} [ (K] 106 0 1130 1140
Capacly rangs HP £ 34 36 38
Fower supply TH- GOz L0V R0 15W 1 T S0Hz SO0V SA0-15v) TH= 50z 4000 JE0-4 15| - Bz 200V JAEA15V)
Vakage range ("2 e Ay 343 34z 42 342
E hgtirmearm W A58 458 450 [
Rureing cument A 4.8 +5.3 452 K]
Cazking Proveet input [ L 28.9 36 wa
EER BTN ENL] EE] ] TE
e i [ pE— A 03 a3 ) 7
Heafting Povesr Input [ 258 270 99 3040
COP. A 288 352 X EE]
| Sxarting cument Iy Sah Star Saft Zran e Blan Sal Start
Waght I'ﬁ-m 7] 00+ 300 371+ 300 371+ 300 377 3
Coltir Silky ahace Biky APade e Eilky Ahase
{Munsel 1Y8 50.8) [Prursal 173,50 5 [Mursall 178,50 5} {Mansel TYES0 &)
Comaressar |T¥n= Hermetic twin otary compressar | Henmetic twin rlary compeessar {Hermetic win iy compressar win fotary compresson
[ctar cutpart (1] EExd + B8 [T TExd = BEAD G0z + 58K
Fan Fropelis ! fan Propalar fan Frapelr e Fropelfa lan
Fae unkt Mater autput [T0] 10 +14 20 + 10 20 + 1D 20 =10
AT wolume P 12600+ 12600 37300+ 12600 17800+ 12800 18500+ 12600
Max. extemal static pressurs Fa a0 an 0 an
Hegemqer_r Finned sibe Firned fube= Frmed (Lbs Finned fune
Fdame 104 R 104 4104 R 104
Fivigelan | [Feat cures [ 718 118 I8 + 118 ERENIE] [ERENEE
High-pressure swich Pa OFF3.2 ON4 18 OFF32 0N 18 OFF32 ONd4158 OFF-323 OM4 18
Profectun cemoss. {*3) [} (3} "3
.\ MCA (4 A 118 [X] BT 5
CET ISy e WL ] A B0 [ o 0.0
P Tyee Brasng Trarra Braong Erarrg
Dinrraber [ K] 348 413 413
Type Flare Flars Flars Flars
Pring conmactions | Liquid L;rme — e T =3 ]
T Flars Fars Flame Flara
Balarce E?:”—:Em = =T CE £ L]
Max. number of connecied indoor s (1] B4 (] ]
Cooal oA B 545 B45 B4 5
Bl e ire el Hm: T &4 B %] 3]
Coaing A E40 840 B4.5 BAS
oot povne el Taairg A @A B0 55 5
" Coaln Sdtoded LTI hwat0 EXEEE
R i I-eemr;:‘l.‘q g'ﬂg 250t 158 250t 15 % IR0 188 ELITEEL)

Hoke
(1] Raed candilions

(*4] Sulec wirn slow base on the
WIS, © Minirwm Cicul Amps

Cogbng - Indeer 27 cegC Dry Bulb /19 cegC Wel Bulb , Quidoor 35 degC Ory Bulb
Hieartirg | Indiooe 30 degC Ory Bulb, Dubdoar T degC Diry Bulb ¢ & degC WelBub:
Basad on equivalent piping lengih of ¥ 5m and pping herghl diference of Gm

("2} Vollage rangs - Unils are sulable for use an electics? systems whers vaksge supplied 1o unit terminal s nol below o abowe Bisted mage limis.
(*3) Discharge tamp. sensor/ Suclion femp. sensor § High-pressune sensor | Losspressune seneor / Compresscr case. fermostat | PC board fuss

larger vabie of MCA

(M2} MDCF | Masimum Quscument PralechanAmps)
("8} Low ambiant hanting (-20dsgC or less} for extended pariods of me is not sliowed
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Appendix (2)

VREF indoor units catalogues

Testiba Design | | ||

SPECIFICATIONS

Ganceabid Duct Type (8 sariis]
TN | AP | W1 | R | i | MR | AT | M | O | AP | i
!““"""‘ bl M et P rqlnf-]lll |r|luu$l|m!|l|1nln
Il'l..-r:?-luq::.!.n:ll- W :.".l.:!ll |.l '|.'|.|.'..Jl'|j..1lll -ll i'lli '||i'.=h. l::"'l:l.:lllllll: Il|||'|l|||-li|' ||::
LI TS O T D)l T T B 0 R ) O i Y
| P TERELE ] [TT] [T TR L [E]
e |1-:"'|. i | an L] LE L1 | L L gl
e pmerm .-ﬂ“ e bz = .
| A 1TE 1] [E 1 | G e
P a1 : lesigdll  pmiAM LT L] mnm [iWonaEns|  roam
| A v e e
" k. m
[T 1T i m | mr [ m
| [ - L]
|"-'r--=r 1s f | ¥ | .
il g L il LA
| AR g T Freiyrrerm rar
T (e L
n\l-'ll‘:'El' [ 2] 1“-"'! Wil il TRTETY i iR E E ik R
| (— Wi = I [
[ Hiasl i
FHIn 4 1] & [
b o]
m"‘ = 0l T T
iﬂl-l o . AR
|r-'- ey ITEE
| [F it ] - (1] J =1 [ L]
[Comarny | il - wa | 1
L]
Do ]
| o P iy i
|:=n-n::.- | :'_:' | ot 1] | iiE | win i
Ko

1] Pt oo Onang e 37 g Oyl gl e Do, (oo 24 -Beg Oy il
Hewy . ircioar 71 g Cry Bkt Dhvitoe 7 g Ly B (el ol Bty
Farpd g ey ooy oy o 7 B o st e Bl it o
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Toshiba Design |

PHOTOS

; . Customer: Eng.Hamzah Shehadeh
To S H I BA Project: Tulkarm-Health Care Center - AL BADER
" . Revision: R S iy
Leading Innovation 2> | porence: T-VRE_M
Type:  High Wall Standard (Series 3) [ Date: 21T

Model:

MMK-APD12aH | Scale

Unit:

Page:

none

T
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Caviing 1130050 BEETES
MAMD-ART IEEHF-E 4.0HF High
Heasng 12 B33
Cacilng 16.00411.50 137410085
MO A pi n: Heatng 48.00 1287
Cacilng 16.00411.50 13.54/10.30
R A = Ak 2 Heatng 48.00 1253
Cacilng 450330 353284
MME-API153H 1.74F High o S i
MME-APT153H 1.7HP High ! ey Sl
Heatng 500 358
LR e — . Caciing sspzon ITRETE
i : o He=asing 500 1zs
MME-AFD153H 1.THP H o et S
& I He=ating 50 =8
LI — . Caciing 450730 383277
e ; s He=ating 5.0 iz7
| ——— . Caciing 550350 4.800340
e 1 s He=asing E.30 4.0
Caiing 56050 4780338
MAME-APT1E3H 20HF High
Heafing B3 4=
Caciing SE0EED 4837342
MAME-APT1E3H 20HF High e i T
Caciing SEDEED 483348
MME-APD1E3IH 20HF High e e e
Caciing SE0/EED 4837343
MME-APD1E3IH 20HF High i = —t
Froject Tukamrr-Health Cane Cantftegistersd To: AFBader Heating & Alr-CondSoning Sd.0.0.83 Rev: Fage 21 of 55

£ kg B
- — — - - - e

Toshiba Design/ | || - System Details

Indoor Uinits
Unit Mame Capacity
Model Name & Room Code Fan Speed  Mode Ratr
Cocéing 5.E0/330 484343
MME-APT183H IOHP High
Heaung £.30 451
L " . " Coxding 710420 E.15M423
s o Heatng B.00 =74
L= " _— " Coxding 710420 BAZM21
o ! Heatng 500 £73
Coding 7020 E.D8M.12
MME-API243H R High

Healing 8.00 cr2
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Toshiba Design )q”u

PHOTOS

TOBHIBA == | ...
Leading Innovation % | poer — o) L. Mt
Type: Standard Concealed Duct | Date: IMMT
b Model: MMD-AP03GEBHP-E | Scale none
Unit: 3
Page:
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Appendix (3)
VRF piping system

Fiping Length

W ! [ i il
3 i [ K !
L ik [ I il
i 0 [ 1 b5
W ik [ I} 45
I il [ [ 1
I’ o 0 I i




138

Appendix (4)

VRF system official offers

$ algll Adl jau

NIS aalgl Jiall jeu

iiall

1.927777778

5.5

Vg Jgiaa pulad

2.361111111

8.9

FIA ol Jyma culad

3.055555556

11

VY panl Jyima (ulad

4.444444444

16

oA payl Jgima ulas

5.833333333

21

/¢ gan) Jyjma pulad

8.333333333

30

VIA G Joira alas

8.333333333

30

\,\f:"‘h u.u'ﬁ..l EJFLA

1. 11111

40

VLPIA Galas B ) gl

14.72222222

53

V.ol A alad B pula

TOSHIBA-VRF-Heat Pump System

Jl.u.l - . - i
] 8 d_agl) i gl A gill
ol
19740 19740 1 Tashiba ¥RF Heat Pump 32 hp Outdoor Unit T-MMY-MAPIZIGHTEP-E
22370 22370 1 Tashiba VRF Heat Pump 42 hp Outdoar Unit T-MMY-MAPA2Z1EHTEP-E
Concealed Ducted-Type Indoor Unit 11.2 KW
1365 3 T-MMD-APO3668HP-E
093 €/ 12.5 KW HC
Concealed Ducted-Type Indoor Unit 16.0 KW
2556 1478 z £/ 180 KW HE T-MMD-APOSE68HRP-E
‘Wall Mounted-Type Indoor Unit 3.6 KW CCYf
958 958 1 1.5 KW HE T-MME-APDI1ZIH
Wall Mounted-Type Indoor Unit 4.5 KW CCYf
11330 1030 11 5.0 KW HE T-MME-APDLZ3H
‘Wall Mounted-Type Indoor Unit 5.6 KW CCf
13650 1050 13 6.0 KW HC T-MME-APDLEIH
Wall Mounted-Type Indoor Unit 7.1 KW CC/
3225 1075 3 £.0 KW HE T-MME-AP0Z43H
Central Smart Ma |optional t highl
2700 2700 1 e em nag=r aptienzl]. but highly T-BMS-SM1280ETLE
recommended for the fadlity
al0o24 Frasnall
-1 dgln Slla i

Al Ll o it Ay o ¥ gl sl et 1

A 5 o o e il o gl e ] 2

gty Sy clapgS g pa amibplly Lol 380 Tlalt el Jlascll 3
gt ol Aol by o550 pa aloiW 2o 0] 2gel pones Walf allaall o) et oe] jlnudiy 4

EyaSia gt Parl B gl gl

Aoy T A | Lot ol 5
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Appendix (5)

Air cooled outdoor unit's catalogues

% *

Air-Cooled
Liquid Chillers

10 to 60Tons

April 2004 CG-PRCO07-EN
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Glgo (sl KW fER ﬂzne-s E‘F [ER mﬁ:::’ r iR (b EEﬂ (ool KW [ER
B 41 8 B ORD OIT O Oy & N O A U 4
dodgE A3 0T B M4 OBMOT4 &2 T OED G &I 29 W i
}E g0 6 0b W 8RB ok B TH B NE OO B4 WA
l]
l]
[
l]
l]
[
l]
[
|

e M0 P4 ED NI 00 &4 &4 BE AT W OTY M0 B G
e @b ol MEoar oW D@3 W& Th 6h B2

e M ul WP oeDonb RO OW0OWOBE ™ bo4F B8
B4 EE 0 ED OEI M ORE 67 O PO &) M3 BTN

b @1 our BEoRDond BE OB WOk M N2 W72

ff 4wl 06 B0 nE NE @ B MW ORE B ME T
Bl @0 6 & 67 ME WP M2 oW OEI O & 2} R4

B0 M6 ub Wb BT BT Mo B T R ME KD
Wi W7 Omé et B ®D M3 OMD &1 M1 05 e B f

e - - L EEE




141

Electrical
Data - 50 HZ

TbleED = Boctrcal Data

LWy Wotor Ui
Modd  Nameglate ~ Voitage Ma Fuee oo Dol __ Compressor (Eal Fans [Ea
Tow  Mumber  Vohage  Raage MCA S Bl Oy R4 (RA Oy KW FlA
0 CGAGRD ModtReld A48 A i - 11 i m n

B (AR JWE3 MMB oM WM W
LTI A |

0 COAED B MMB M I
dE0G  TTHEE M 1% 1

TosRdl T
EUL 1

5o
Bl

0%
i
im0
i W

2 1
(G MR W W 6 - 1 B WS 2 08 W
N CGE WA M 4 B0 % 2 W M 2 tE
R THE M R B 1 mom 1w
5 OOWGE MR M B W 0 2 A MM 3 (B
MR MM B W M 1 R m § 0K 1
DO WE M B B ® 2 B W 4 (B W
MR THE BB R 1 R M 4 W
0 W mm W o % % 4 m W 4 (U
MR MM M 8 % 4 moomo4 k1

! 5

: 5

d 5

d 5

Mol

1 MACA: Winham Cieait. Ampiy s 5% of ha g comprassar AL, pus 0GR, of the ot campocaiors LA, plus e s ofth cundiar f LA, sy ot
Iy ot o1 1 AP o more

2. Wi Fues S 236% of th et compresor ALA, pls 1005 of the ohar campressarial FLA, phsthe sum of e coevlenasr fm FLA, plus any other oo rafe af 1
ANP 44 M

3 Roeomimanded Dual e Fu 52 50% o th gt comgraasar LA, plus 00 o th ctir camgisia s LA, plusth s of i condiesie fin FLA, ey
i o rae at  AMP r more

4 BLA; Ratein socercace il L standae 14636

%, Ll et i Tk prucaden

4, Conirol wincyinseperaticeal sontrol only, D nt incluce svaparaiar hae g

1. Al it e acroms e etating, Comprasmars il v o simuanaously

&, O DASV1, 5 AMP [obsi providad povies SOnnection I edreed 0 aoadte T Vapena il e
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General Data

Babe G111 - Cianiral Dty - 0-80Tovi L

M Mm A Tt 2T T Ot 1) T

Wosdel Humber CLAlM  CGAIR CREFCE  COARCIL  CGEFCHD  COARL4D CGAEFCHD CGAFCED
Compremer D

LI0Y Bl Sl Bl 0] ol firal Bl 0]
Doty 1 F; i 1 1 | [} i
el . DT LM [T b i ¥ 114 1§ il e 16
By djidiabii

Komiral S (Tom n ik 0 e/ ki & i ]
WalEr Enaraps Capaity Habondd it 14 ) ) 1) i i L
Win. Flaw R |GPM) i 114 i # || L il n
Wi, o Bt (PR B bl I ) L] i L] Al

a i Sun-0p - 0 ] i ™ i ™ W
Condemm

Kimiral 3 Tond) fi i i i " Ll 1 il
Humbar ol Cabe 1 F; 1 | 1 1 i |
(il e o, I Hith Bl Ml Hilvea® Bl Bl B Pl
Mureber of Aown 1 1 i 1 i 1 i i

B ocanior i g, Ininad | TR fik i H Wil 1M Bt 40 4 L1
Lidilifise Fair

Cuomiity 1 i i 1 L 4 4 [
Chamenar (inihas i I I i . i M A
W {Total] (RF NEE 5 20, k1 o [ R 08
Hirrirgd APRY il ik i {idll Ha {9d) & {idl)
Tip Speed (FoWin| ] MED  TOHD mi T 1 T mi
Mot KR (63 il 12 10 i i ik i i
Oriva Ty diraci Dired  Dienci Ciraci Dienci Ciraz Dienci Ciraci
Winimum Ouedear Ak Tenpsrmurs Pemaniis
i Wi o Sl

Sandard Ambient Czniral Unil 'F| 5 i0 i # F i I |
St Avbwnt wheod Cod s I'F) 68 1] db & = Ll 3 &)
Low Ambi: Dpden (R b 0 b | [ | [ |
Lorw Arnbieni Comiol i o D™ 11 1 L 1l L] [ L] 10
Ganeral Unin

Umicaad Bl MRE 1S W (N W) PGS LN NS
K. 2l Inclaparedani Exirg. Circuin 1 i 1 1 1 i i i
Rafrigoron Chaad i, RENG it kb s &b B T 14 @i Thil
Cil Charze [FiaksCirculi] 4.1 i ELS 1.1 1 1] al b

L e L e L e R e )
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Appendix (6)

Air cooled indoor unit's catalogues (Concealed type)

Chilled Water Fan Coil Units
Concealed Type 400-2,000 CFM
HFCE Series 50 Hz

@ Ingersoll Rand.
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Appendix (7)

Air cooled indoor unit's catalogues (Ducted type)

éﬁﬁw

v .l

- Chilled Water Fan Coil Unit

Model:HFCA
Size 03-14
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© e

The Best Choice for Comfort

B The Best Results B The Best System

— Gufet Comdort — Design for hidden comibet In home,
« Siope ool avold ar fow perpendicular difice or shop. HFCA 15 easlly instafied
Impact n 3 false cefing or doset, HFCA s
= Low noise pammanent spifl capachior the ideal soiuon for new or
« Metal Tan whes! both stafcally and
dynarmically balanced
«Treaded connection, malch up duct
coifars and keyholes T hangers
sharien installation Tme
~ QUK dedlvery hedps mest tohd
[rsiaiaton sahemudes Fan Assemily
— Latest Perfection T
fin diesign.
Filie
[Dplign
I,
Il
]
Il
Il
L
Eleciric Heater
ol
Coil Hewdd Support Cption)
Diraln Pan
‘Wabar Valve
{Cmton) Left End Panel
& Sererican et e, 201 2

B The Best Fit

— Seven sizes to mest capacity
resquirements whis minkmizing the
=z fan col nesded

— one unit provides. iotal comiort
requirements: both cooling and
heatng

— Low helght Of jusi 250mm on all sizes
means no ciMcity In fitting fght
celing applicatons

Reliability
Trane's history of Innovation and technology
leadership fed o quaity producs making
Trane a leader in the air condbioning
markets workwite. Tranes commitment to
cuEtmers needs for qualky, eMslency and
reliaiity i evigent from the angast chiler o
emallest fan ook,

HECAPTCI - EN
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% TRANE

Performance Data

Cooling Capacity [Example)

‘Cooilng Capacty : kW

Cooling Rows - 3

SH - Senelbie Coolng Capachy, KW

EAT - 26.0°CY 60.0%

Wiolor Frequency - S0FZ

WD “Waler Prassure Drop, M

ESP:.DFa

TH - Total Cooling Capachy, KW

WIFR. - Waler Flow Rale, L/ 5

Morminall o Entering Watsr Tempsraturs
Wodal | Adrfow o sFC TC 'C
icwe | © sH | ™H [wrr [ weo | sH TH [wrR [weo [ sH [ ™ [ wre [ wep

a0 | 319 | 547 | 041 | 760 | 286 | 443 | 035 | 574 | 254 | 365 | 029 | 403

03 | soe | 50 | 208 | 455 | 0@ | 247 | 259 | 378 | D48 | 17 | 230 | 30z | 094 | 148
70 | 262 | 385 | 013 | 102 | 232 | 310 | &1 | D63 | 206 | 230 | 006 | 044
30 | 481 | 781 | oe&2 | 2193 | 432 | 672 | 053 | 1663 | 304 | 557 | 044 | 1180

| &7 | 50 45 [ 7o2 [ o3 [ 7 307 | 567 | 023 | 53 | 3&r | 47 033 | 360
70 | 408 | 613 | 021 | 320 | 363 | 502 | A7 | 223 | 322 | 387 | 044 | 145
30 | 532 | 556 | oea | 038 | 473 | T D53 | 706 | 424 | 605 | 048 | 456

D5 | 1018 | 50 | 486 | 785 | 036 | 304 | 433 | o7 | D0 | 247 | 365 | 508 | 024 | 146
70 | 435 | 641 | oz [ 126 [ 300 [ 546 | 048 | 0B85 | 346 | 300 | 044 | as4
30 | 692 | 1115 | 089 | 1758 | 623 | 955 | D76 | 1333 | 555 | 768 | 063 | 9.3

D3 | 1357 | 50 | 636 | oo0 | 047 | 560 | 569 | B4 | D39 | 495 | 506 | 663 | o3z | 261
70 | 581 | 855 | 029 | 248 | 519 | 697 | D24 | i72 | 462 | 548 | 049 | 1az
30 | 842 | 1348 | 107 | 487 | 75 | 1150 | 0o1 | 364 | 671 | 940 | 075 | 253

10 | 18%6 | 50 | 750 | 1160 | 055 | 182 | 677 | 682 | 045 | 107 | 58 | 765 | 036 | 000
70 | 666 | 927 | 032 | 057 | 585 | 715 | D24 | 036 | 542 | 545 | 048 | 090
30 | 1034 | 656 | 132 | BD5 | 53a | 1414 | 112 | 603 | 826 | 1160 | 08z | 232

12 | 2086 | 50 | 941 | 1441 | 083 | 285 | BA40 | 1193 | 0.7 | 182 | 746 | 953 | 045 | 121
70 ERET R EEEE 55 | D23 | 068 | 6E2 | 745 | 025 | 04%
30 | 1119 | 1782 | 143 | 1415 | 1006 | 1506 | 124 | 1151 | 883 | 1345 | 105 | a2

14 | 2386 | 50 | 1030 | 1640 | 077 | 423 | 247 | 1367 | DE5 | 332 | 804 | 1109 | 053 | 224
70 | 035 | 1408 | 028 | 215 | B2l | 1149 | 0.8 | 143 | 7.3 | 889 | 020 | 084

Specd Input Power

Iidel 03 [T 05 7] 10 12 14

Momina Alriow [CMH) 509 78 1013 1357 1696 2035 2366

Tt Fower (Ve

H-5iatic Motor 85 110 133 160 213 250 7

Mormal Moter T3 a2 114 132 162 195 26

Avalable wiln 115WEIHE, 220WIS0HE, or 20VISIHE

Cplions:

* Heat Capadity Typs

* Hod Watter 1Row [BW) 256 3T 485 6.16 B9 754 926

* Blacic Sheathed Element

¥ PlenumiFilters

ElNT=55'C; EAT=21"C; WFR=D0.3L'S (Hot Waber ENT must be below 60'C)

1D

1.5

2

3

o

33

4

Auzilabie with high temperature culout [Electic healer stars when he T s beiow 2750
Retum air plenum wih Hers-washabie foam of Suminum

Mote: It reserves the right bo change design and specification without notice.

© Arraricen Standerd Inc. 2N

4

LA

o -EN
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Appendix (8)

Air Cooled Primary Pump Catalogues

Data sheet

Customer item no.:
Communication dated:
Doc. no.:

Quantity: 1

ETL 065-065-160 GG AVEED200154 BKSEIE3

Inline pump

Operating data
Requested flow rate

Requested developed head
Pumped medium

Ambient air temperature
Fluid temperature
Fluid density

Fluid viscosity

Suction pressure max.

Mass flow rate

Max. power on cure

Min. allows. flow for continuous
stable operation

Shutoff head

Design
Pump standard

40.00 m*h

850 m

Antifreeze on ethylene glycol
base, inhibited, closed
system. e.g. Antifrogen M or
simiar products

Cooling water with antifreeze-
concentration 30% (pH ==
T.5)

Mot contaning chemical and
mechanical substances which
affect the materials

200°C

200°C

1040 kgim®

222 mm¥s
0.00 bar.g
11.39 kg's
1.70 kW
.87 m¥h

11.20m

Without

Caution: The face-to-face dimension of suction to dischange
can be different to the previows generation of Etaline.

Design

Omnentation

Suction nominal dia
Suction nominal pressure
Suction position

Suction flange drilled
according to standard
Discharge nominal dia.
Discharge norminal pressure
Discharge position
Discharge flange drilled
according to standard
Shaft seal

Manufacturer

Typs

Close-coupled inine
Vertical

DM 85

PN 18

1807 [down)
EM1092-2

DN 85

PN 16

top (0%/380°)
EN1092-2

Single acting mechanical seal
Burgmann
MG13GE

KSB ll.

Number: ES 5044013
ltem no.: 100
Daate: 30042017

Page:1/5

erslon no: 1
Acheal flow rate 3041 m%h
Actual developed head 8922 m
Efficiency 7T %
MEI (Minimum Efficiency 20.70
Index)
Power absorbed 1.33 kW
Pump speed of rotation 1451 rpm
MNP5H required 146 m
Pemmissible operating 16.00 bar.g
pressure
Discharge press. 0.84 bar.g
Min. allow. mass flow for 201 kg's
continuous stable operation
Max. allow. mass flow 2145 kg's

Design

Material code
Shaft seal code

Sealing plan

Seal chamber design

Contact guard

Wear ring

Impeller diameter

Free passage size
Direction of rotation from
drive

Silicon free pump assemibly
Beanng bracket construction
Bearing bracket size
Bearing type

Lubrication type

Color

Single system 1 x 100 %
Tolerances to 150 2006
Class 3B; below 10 KW acc.

to paragraph 4.4.2

QTOQTEGG

lili]

Single-acting mechanical seal
with vented chamber (A-type
casing cover, taper bore)
Conical seal chamber [A-type
Cover)

With

Casing wear ring

174.0 mm

11.6 mm

Clockwise

fes
Close-coupled
25

Anti-friction bearings
Grease
Vemmilion (RAL 302)
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Performance curve

ksB L.

Customer item mo.:

Communication dated: Number: ES 5044013
Doc. no.: ltem no.2 100
Quantity: 1 Date: 30/04/2017
Page: 3/5
ETL 0&5-065-160 GG AVEED200154 BKSBIE3 Wemslon ne. 1
Inline pump
Iﬁl’lr
L .
1w P =
3 W
i Im] H-H-H' et
[ = B
¥ & ey T e
i —+LL
T re— I M
0 10 [m¥n] 20 0 @ slu 80 T 80
’_,.-"
4 =
E L
T | _,-—""-'
£ 2 SN e E——— e
0 10 [m¥h] 20 50 @ &0 80 £ a0
_,—u——__'__ _|-_ B e — ]
= _,_.--'"'-F = T
i ] =
a =
E o
»
0 10 [m¥n] 20 30 @ &0 80 £ a0
18 -
3 [E#] _.__._+_-—~'__'_ i
¥ 18 —= T
3 e
& |
e [
[ 10 [m¥n] 20 0 @0 &0 &0 T 80
Flow
Curve data
Speed of rotation 1451 pm Efficiency Tr.7 %
Fluid density 1040 kg'm® MEI {Mmnimamn Efficiency z0.70
Viscosity 222 mms ndex)
Flow rate 30.41 m¥h Power absorbed 1.33 kW
Requested flow rate 40.00 m*h NPSH required 148 m
Taotal developed head 222m Curve number K 1150.454731
Requested developed head 2.50m Effective impeller diameter  174.0 mm
Acceptance standard Tolerances to 150 BB0E

Class 3B; below 10 kKW
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Connection plan

Customer item mo.:
Communication dated:

Doc. no.:
Cluantity: 1

ETL 065-065-160 GG AVEED200154 BKSEBIE3
Inlime pump

ksB L.

Number: ES 5044013
ltem no 2100

Date: 307042017
Page: 5/5

Werslon nou 1
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Appendix (9)

Air Cooled Secondary Pump Catalogues

Data sheet

Customer item no.:
Communication dated:
Doc. no.:

Quantity: 1

ETL 0&5-065-250 GG AVEED200304 BKSEIE3

Inline pump

Operating data

Requested flow rate
Requested developed head
Pumped medium

Ambient ar temperature
Fluid temperature
Fluid density

Fluid viscosity

Suchion pressure max.

Mass flow rate

Max. power on carve

Min. allow. flow for conBinuous
stable operation

Shatoff head

Design

Pump standard

Design

Ornentation

Suction nominal dia.
Suction nominal pressure
Suction position

Suction flange drilled
according to standard
Discharge nominal dia.
Discharge norminal pressure
Discharge position
Discharge flange drilled
according to standard
Shaft seal

Manufacturer

Type

Material code

40.00 m*%h

12.50 m

Antifreeze on ethylene glycol
base. inhibited, closed
system, e.g. Antifrogen N or
similar products

Cooling water with antifreeze-
concentration 30% (pH ==
T.5)

Mot containing chemical and
mechanical substances which
affect the materials

200+C

200+C

1040 kg/m*

222 mm's
0.00 bar.g
12.51 kgls
3.00 kW
7.88 m¥h

1848 m

Without
Close-coupled ndine
Vertical

DM 85

PH 16

1807 (down)
EMN1082-2

DN 85
PN 16

top (0%/280°)
EN1092-2

Single acting mechanical seal
Burgmann

MG13GE6

QTQTEGG

KSB l!-

MNumber: ES 5044007
ltem no.: 100
Drate: 3VD4/2017

Fage:1/5

Version no: 1
Acheal flow rate 43.31 m'h
Actual developed head 14.65 m
Efficiency T30%
MEI (Minimum Efficiency 20.70
Index)
Power absorbed 246 kW
Pump speed of rotation 1451 rpm
NP5H required 18T m
Pemmissible operating 16.00 bar.g
pressure
Discharge press. 140 bar.g
Min. allow. mass flow for 22Bkg's
continuous stable operation
Mazx. allow. mass flow 2088 kgls

Design

Shaft seal code
Sealing plan

Seal chamber design

Contact guard

Wear ring

Impeller diameter

Free passage size
Direction of rotation from
drive

Silicon free pump assemibly
Bearning bracket construction
Bearing bracket size
Beanng type

Lubsication type

Color

Single system 1 x 100 %
Tolerances to 150 2006
Class 3B; below 10 KW acc

to paragraph 4.4.2

lili]

Single-acting mechanical seal
with vented chamber [A-type
casing cover, taper bore)
Conical seal chamber (A-type
COVET)

With

Casing wear ring

223.0 mm

10,0 mm

Clockwise

fes

Close-coupled

25

Anti-friction bearings
Grease

Vermilion (RAL 2002)
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Performance curve

kss O.

Customer itemn mo.:

Communication dated: Mumber: ES 5044007
Doc. no.: ltemn no.:100
Cluantity: 1 Diate: 307042017
Page: 3/ 5
ETL 065-065-250 GG AVEED200304 BKSEBIE} Werslon no. 1
Inline pump
_ﬁ'r\lr
——

T oz i - =S —

2 e _J_‘I____—_ L B S .

3 I amin _____\_\_"——_ _ = T T

i T el L i!_-'-\-‘_ Il T AR

; R EEEE==t SR RS

. 1% = = — Tk AT L —

=== S0 O L
]
[ 10 im0 0 4 £ 80 0 =
4 1= i
d__.o-"'

Fom =

= g -

- —

[ 10 im0 0 4 £ 80 0 =

=T
]
=
i
B P&l
]
0 10 [mh] 20 0 40 -] B0 kL =
2.5
] JI B e o I
; A
s 20 —— ==
—
ol
0.5
0 1% m 20 30 41 ] BO 0 =
Flow
Curve data
Speed of rotation 1451 om Efficiency 73.0 %
Fluid density 1040 kg'm® MEI {Minimaem Efficiency 2070
Viscosity 2.22 mms ndex)
Flow rate 43.21 m%h Fower absorbed 248 KW
Requested flow rate 40.00 m¥h MPSH required 1.87m
Total developed head 1485 m Curve number K 1150.454/33
Requested developed head 12.50m Effective impeller diameter  223.0 mm
Acceptance standard Tolerances to 150 0008

Class 3B: below 10 kW
acc. to paragraph 4.4.2
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Installation plan

Customer item no.:
Communication dated:
Doc. no.:

Quantity: 1

ETL 065-065-250 GG AVG6D200304 BKSBIE3
Inline pump

196

Drawing is not to scale

Motor
Mobor manufacturer KSB-Maotor
Maobor size 100L
Muobor power 3100 kw
Number of poles 4
Speed of rotation 1451 rpmi

Position of terminal box 0" same orientation

Viewed from the drive

Connect pipes without stress or strain!

r100

KSB b.

Number: ES 5044007
ltem no.:100

Date: 3000472017
Fage: 4 /5

Version noc 1

Ly

e 23]

Connections

Suction nominal size DM
Discharge nominal size DN2
Mominal pressure suct.
Rated pressure disch

Weight net
Pumg
Motor
Total

S0

Dimensions in mm

DM 85/ EN1082-2
DM 85/ EN1082-2
PN 16
PN 16

43 kg

kg
77 kg

For auxiliary connections see
separate drawing.
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Appendix (10)

Air Cooled Official Offers Catalogues

Dear Sir,

Please find attached our offer for the supply of Air - Conditioning units as follows:

Mota: Al ynit

8 are withoul coniraller

."4’_,)_0 :
) (2 1€
Total Price: Description Price (JD) ‘::rf‘"‘il_\ S
EWYQ-F Chiller 63357 » {7, 5\F
2-Pipe Flexi FWL (wall \ ceilling) Unit 1 919
{Decorative) 19890 L‘
2-Pipe Flexi FWR {wall \ ceiling} Unit 9072 £, 30 *f
(Decorative) "
2-Pipe Ducted Unit FWD (Horizontal \ o {4
Vertical Concealed) High Static 13530 5 "E’_L it
Total 105848 |+ 79,397 W
P o i (7
Brand: DAIKIN algldot e
Flaxi (weall | cailing )
2-Pipa Flaxl pwall | cailing) Unit {Decorativa)
Haating | Haating | Cooling | Cowoling Unit Prace | Tedal Prico
e w1 | canng | ews | remg | U™ ueso (5D
FWLOIDTN o e 1560 ] 024 1 TEa 753
FUWLOMOTH (FEE I R k] “1zd 4 | BEd EFqT
P CI S 57I
[FAioacTH FEE L BT 15 5 LFEL] g |
[P aiT Zh A5 FILEE] (KL % 4% Fl [ETF 784
Lotnl 13454
Mota: AN uniks are without © rHlEr
2-Fips Flaxi (wall | ceiling) Unit {Decoratival
Fealing | Heabing | Coches | Cooling Unit Prica | Talal Prics
i [ mum |H.::| T Guanisy LSO LB
o 1118 i H.08 224 ] 1512 T
Tesdal T
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Cicted High Static

2-Pipe Ducted Unil {Hortzontal | Verlical Concealed)] High Static

3 Healing | Hisating | Coemng | Cooling | oo Unit Price | Tolal Price
i) | (Keanh) | (Hw {Ten| {UBD] {UB0]
[Faeen: 44570 | M4s4 | 1640 =] 3 FrEs R
Tatal 13530

Mote! All BRits are wilhoul Contralbs
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Appendix (11)

Cooling load final report using HAP 4.6

Project Mame: Child institute

Air System Sizing Summary for AHU1 FF

i o

hir System Information
Ajr System Name ..
Equipment Class
Air System Type .

. AHUM FF
CW AHU
.. VAV

Sizing Calculation Information
Zone and Space Sizing Method:

Zone CFM
Space CFM .

Peak zone sensible load
Individual peak space loads

Central Cooling Coil Sizing Data

Total coil loed .
Total coil load .
Sensible coil load ...
Coil CFM gt Sep 1500 .
Max block CFM at Oct 1500
Sum of peak zone CFM .
Sensible hest ratic
f&Ton ...
BT (hr-F7)
Vigter flow @ 10.0 °F rize

Preheat Coil Sizing Data

Mace coil load
Coil CFM at Des Hig
Maz coil CFM .
Vister flow @ 20.0 °F drop

Supply Fan Sizing Data

Actual maxe CFM st Oct 1500
Standard CFM
Actual e CEMTER 6.63

Qutdoor Ventilation Air Data
Design sirflow CFM
CPMME e

Tens
MBH
MBH
CFM
CFM
CFM

gpm

MBH
CFM
CFM
gpm

CFM
CFM
CFMft2

CFM
CFM2

Number of zones
Floor Area
Location .

- 17330
Amman, Jordan

‘Calculstion Months ... Jan to Dec
Sizing Data ... ... Calculated
Load occurs at . Sep 1500

L1027 1636
_TFA7599
8417512

OADB/WB ...
Entering DB/ WB ..
Leaving DB / WB
Coill ADP ...
Bypass Factor .
Resulting RH ...
DCesign supply temp.
Zomne T-stat Check .
Max zone temperature deviation

Load occurs st
Ent. DB / Lvg DB

... Des Htg
.37 150.0

Fan motor BHP
Fan motor KW ..
Famstatic ...

CFM/person _.

ft2

F
F
°F
F

F
oK
*F

EHP
kW
inwg

CFM/person
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Alr Syatem Information

Ar Systam Nama . AHU1 FF Mumbar of zonas | T
Equinment Ciass . EW AHU Floor Aren . 17280 ¥
Alr Eysbemn Type - . WAN Loscafion . Amman, Jordan
Sizing Calkcutation Information
ZFons and Epass Elzing Mathod:
Zom= TFM ... ... Poak rone sansikle load Cakulaton Months . Jan to Deg
Epace CFM .. Individuzal paak cpace loads Blzing Dok ... Calzulated
Zone Slzing Deta
Maximium D=cign Minimum Tima Wiaximum Zone
Coaling Alr| Al af Heating Floor
dancible Flow Flow Feak Load Arsa Zons)
Zone Mama [MEH] [CFM] [CFM] Load MEH] 1t CFMAE
Zone 1 EE £03 FF] Jan 1500 EX 1573 TE5
Zone T EH] 1ELE EH Jul 1500 I3 I E 75
Zone B 1525 ES Ot 1500 EE FEF] EER
Zone + TR ] I0EE ER Mowv 1500 I IELE F.BEI
Zone 5 Exf] 1ETT ¢§| Fan 1500 FEl FEFE] B
Zone & 47 F] 3 Jan 1500 23 IERE] 1.:‘|
Zone T B 307 55| Ot 1500 TE IED =07]
Zone Terminal 3zing Data
Rehaat Zons Zona
Rshaat call Hig Hig Milxing
Call Watsr Call Waber Ecx Fan
Load gpm Load gem Alrflow
Zone Mama [MEH]| @ 200 °F IMEH] @ 200 °F TPl
Zone 1 TE EEH 0.0 0.00 ]
Zone T I F a0 0.00 T
Zone iE 0.5 0.0 0.00 ]
Zone + I F 0.0 0.00 ]
Zone 5 . [F 0.0 0.00 ]
Zone & . [F 0.0 0.00 ]
Zone T 5E 058 0.0 0.00 [
Space Loads and Alrflows
C-ooling Timin| Alr] Heading Floor]
Zone Hama ) Aancile o Flow| Load Areal Bp=DB
dpaos Mame WAult. MEH] Load TN IMEH] 1#) CFMAE
Zone 1
FF Adminswrabion oce 1 35| Jun 1500] ERE] ER] IR 55|
Zone 2
FE Ciassi M 1 B aul 15:|E| 13-'.§| 73 24.‘-.E| ?.ail
Zone 3
FF Class i 1 EEE Tt 1500 13LE| 3.5'| b.EI EER
Tone 4 _| _|
FFClassZ E 1 #11|  Mow 1500 I0EE 2] 25+.§| T EB|
Zane 5 _|
FF Meeing room 1 370 Jum 1500 17T FEl 115 =07
Ione &
FE secateray and wekn 1 L7 Jun 1500 40| FF EERE]
Toane T | |
FF siaff room 1 50.5] oot 1500 3075 LB 3510 207
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DESIGN COOLING DESIGN HEATING
COOLING DATA AT Sep 1500 HEATING DATA AT DES HTG
COOLINGOA DB /WB 1027 °F [ 62.6 °F HEATING OADE/WE 23.0°F/275°F

Sensiblel Latent Sensible| Latent
ZOME LOADS Details (BTUMr)| {BTUMr)| Details (BTU/hr)| {BTWhr)|
Window & Skylight Solar Loads 405 ft2 17405 - 405 fi2 - -
Wall Transmission 1456 @2 G47E - 1456 f2 12144 -
Roof Transmission o 0| - o 1] -
Window Transmission 405 it 2531 - 405 fi* 5842 -
Skylight Transmission o 0| - o 1] -
Dioor Loads o 0 - o 1] -
Floor Transmission o 0| - o 1] -
Partitions piiieh 0 - 2880 f2 a -
Ceiling 1633 2325 - 1833 fi* a -
Crverhead Lighting 4025 W) T2 - a ] -
Task Lighting 2340W SBZ3 - a 0 -
Electric Equipment 57190 W| 171428 - 1] a -
People 4 5180, 4084 o a [u]
Infiltration - 0 [u] - a [u]
Miscellansous - 409 409 - 1] 0
Safety Factor 0% ¢ 0% 0 [u] 0% a [u]
== Total Zone Loads - 221661 4453 - 206387 L]
Zane Conditioning - 215438 4403 - T115 0
Plenum Wall Load 13% 1226 - 1] a -
Plenum Roof Load T0% 0 - i} 1] -
Plenum Lighting Lo=d 30% 4120 - a 1] -
Return Fan Load 10520 CFM 0 - 288 CFM a -
Wentilation Load 282 CFM T30z -4129 282 CFM QRS a
Supply Fan Load 10520 CFM 5128 - 288 CFM -1810 -
Space Fan Coil Fans - 0| - - 1] -
Druct Heat Gain / Loss 2% 4433 - 2% 414 -
== Total System Loads - 23ET09 364 - 25786 1]
Ceantral Cooling Coi - 23ET0E ) - i) 0
Prehesat Caoil - 0| - - 4823 -
Terminzl Rehest Ceils - 0 - - 21163 -
=# Total Conditioning - 28T 1] - 25786 1]

Key:

Positive values are clg loads
MNegative values are htg loads

Positive values are hig loads
Negative values are clg loads
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Zone T DESIGN COULNG DESIGN HEATING |

COOLING DATA AT Jun 1500 HEATING DATA AT DES HTG

COOLING CADE/WE  104.1 °F/ 65.0 °F HEATINGOADB/WB 33.0°F/27.5°F

OCCUPIED T-STAT 73.0 °F OCCUPIED T-5TAT T0.0 °F

Sensible Latent Sensible Latent

ZONE LOADS Details (BTUhr) {BTWhr) Details [BTWhr) {BTWhr})
‘Window & Skyfight Solar Loads 30fe 1236 - 30 - -
W Transmission BT 2T - JET il -
Roof Transmission OfF [i] - ofF i -
Windowe Transrrission a0 £34 - a0 [ifk] -
Sleylight Transmission OfF 1] - ofr i -
Dioor Loads OfF 1] - ofr i -
Floor Transrrission O 1] - [y i -
Fartitions 306 fF [i] - 06 fF i -
[Caling Tar e 1] - Tar e i -
Cwerhead Lighting 4350 758 - [i] i
Task Lighting Trdd 4330 - 1] i -
Electric Eguipment 200'W ;o] - 1] i -
Peopls 2 304 240 [1] i il
[Trfiliration B i ] - i ]
Miscallaneous - [iE] ] - i i)
‘Eafety Facior 0l 1] ] [ i ]
== Total Zone Loads - 5H06) 308 M35 1]
Zone 2 DESIGN COOLING DESIGN HEATING

COOLNG DATA AT Jul T300 HEATING DATA AT DESHTG

COOLING OADB/WE  105.1 °F/63.0 °F HEATING OADB/WB 33.0°F/27.5°F

OCCUPIED T-STAT T3.0 °F OCCUPIED T-5TAT T0.0 °F

Sensible Latent Bensible Latent

ZONE LOADS Details (BTUhr) {BTWhr) Details [BTUihr) {BTWhr)
‘Window & Skylight Solar Loads 60 1880 - 60 - -
VB Transmission 20/ il - 20/ el -
Roof Transmission OfF 1] - ofr i -
‘Window Transrrission 60 g0z - 60 1266 -
Skylight Transmission O 1] - O ] -
Dioor Loads 0ff 1] - ofF i -
Flear Transmission O 1] - O ] -
Fartitions 450 fF 1] - 450 fF i -
[C=ling IR 1] - 0T i -
COwerhead Lighting 575 W 1002 - [1] i
Task Lighting 100 W] 248 - [1] i -
Electnic Eguipment TOSED B[] - 1] i -
Peopls 4 gav 450 [i] i O
[Trifration - O ] - i ]
Miscallaneous - [iE] [i] - i O
‘Eafety Facior el 1] ] [ i ]
== Total Zone Loads - 36350 L] Z264 1]
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Zone 3 DESIGN COOLING DESIGN HEATING

COOLING DATA AT Oct 1500 HEATING DATA AT DES HTG

COOLING DA DE/WB 381°Fi61.0°F HEATINGOADEB/WE 23.0°F/27.5°F

OCCUPIED T-5TAT 75.0 °F OCCUPIED T-5TAT 70.0 °F

Sensible Latent Sensible Latent

ZOME LOADS Details (BTUihr) {BTU/r) Details (BTUihr) {BTU/r)
Window & Skylight Solar Loads 80 fi H43T] - 80 fi - -
\Wall Transmission 245 f2 277 - 245 f2 2041 -
Roof Transmission ofi? 0 - ofi2 0 -
\Window Transmission ooft2 e - goft2 18G5 -
Slkylight Transmission o ) - o2 0 -
Door Loads ofi2 0 - ofi? 0 -
Floor Transmission ofi2 0 - ofi? 0 -
Parfitions 366 2 0 - 366 2 0 -
Cailing 233 2 0 - 233 2 0 -
Orwerhead Lighfing 540 W 841 - a 0|
Task Lighting 100 Wi 244 - a 0 -
Electric Equipment 720 W) 29135 - a 0 -
FPeople 4 807 430 a 0 a
Infiliration - 0 a - 0 a
Miscellaneous - & 83 - 0 [u]
Safety Factor 0% 7 D% 0 a 0% 0 a
== Total Zone Loads - 3B309| 549 - 3940 0
Zone 4 DESIGN COOLING DESIGN HEATING

COOLING DATA AT Nov 1500 HEATING DATA AT DES HTG

COOLING OADE/WEB 30.7°Fi5B2°F HEATINGOADE/WE 23.0°Fr27.5°F

OCCUPIED T-5TAT 75.0 °F QOCCUPIED T-5TAT 70.0 °F

Sensible Latent Sensible Latent

Z0OME LOADS Details (BTUihr) {BTU/hr) Details (BTUihr) {BTU/r)
Window & Skylight Solar Loads. 80 fi* H206] - 80 fi* - -
\Wall Transmission g2 227 - g2t a5 -
Roof Transmission ofi? 0 - ofi2 0 -
\Window Transmission 602 409 - g0 f2 12856) -
Skyfight Transmissiomn o ] - o 0 -
Door Loads ofi2 0 - ofi? 0 -
Floor Transmission ofi2 0 - ofi? 0 -
Parfitions 477 2 0 - 477 2 0 -
Cailing 2051 0 - 205 2 0 -
Crwerhead Lighfing 515 W 1071 - a 0 -
Task Lighting 100 W 244 - a 0| -
Eleciric Equipment 11070 W 33123 - a 0 -
People 4 807 420 a 0 a]
Infiliration - 0 a] - 0 a]
Miscellansous - B8 (-] - 0 0
Safety Factor 0% 7 D% 0 a 0% 0 a
== Total Zone Loads - A1110| 549 - 1950 0
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Zone 5 DESIGN COOLING DESIGN HEATING

COOLING DATA AT Jun 1500 HEATING DATA AT DES HTG

COOLING OA DB/WE 1041 °F /850 °F HEATINGOADEBI/WE 23.0°F/2T5°F

OCCUPIED T-5TAT 75.0 °F OCCUPIED T-STAT 70.0 °F

Sensible| Latent Sensible| Latent,

ZONE LOADS Details (BTUihr) {BTWhr) Details (BTUhr)| {BTU/hr)|
Window & Skylight Solar Loads 45 ft2 1825 - 45 ft2 - -
Wall Transmission 136 #2 828 - 136 f2 1133 -
Roof Transmission o 1) - ot 0 -
Window Transmission 45 #= a51 - 45 fi2 b4a -
Skylight Transmission ot ) - ot 0 -
Cioor Loads o 1) - ot 0 -
Floor Transmission 0 1] - 0 f 0 -
Partitions 407 #2 o - 407 f2 0 -
Ceiling 233 fi2 2325 - 232 fi2 0 -
Creerhead Lighting 5400 841 - a 0
Task Lighting 100 W 248 - a 0 -
Electric Equipment B720 W 20135 - 1] 0 -
People =} 11 T21 Ju] 0 [u]
Infiltraticn - 1] [u] - 0 [u]
Miscellansous - o a] - 0 [u]
Safety Factor 0%/ 0% o a] 0% 0 [u]
== Total Zone Loads - 36968 T2 - 2082 0
Zone 6 DESIGN COOLING DESIGN HEATING

COOLING DATA AT Jun 1500 HEATING DATA AT DES HTG

COOLING OA DB/WE 1041 °F / 66.0 °F HEATINGOADBIWE 23.0°F/2756°F

COCCUPIED T-5TAT 75.0 °F OCCUPIED T-5TAT 70.0 °F

Sensible Latent Sensible| Latent
ZONE LOADS Details (BTUihr) {BTWhr) Details (BTUhr)| {BTU/hr)|
Window & Skylight Solar Loads 302 8E3) - a0 - -
Wall Transmission 185 2 837 - 185 ft2 1545 -
Roof Transmission o o - o 0 -
Window Transmission 302 434 - a0 833 -
Skyfight Transmission o ) - o 0 -
Cioor Loads o 1) - ot 0 -
Floor Transmission 0 1] - 0 f 0 -
Partitions 425 2 o - 425 f2 0 -
Ceiling 187 #2 o - 187 f# 0 -
Creerhead Lighting 438 W TS5 - a 0 -
Task Lighting 100 W 2448 - a 0 -
Electric Equipment 200 W 800 - a 0 -
Peaple G 1 T21 1] 0 [u]
Infiltration - o a] - 0 [u]
Miscallan=ous - B3| B3 - 0 O
Safety Factor 0%/ 0% 1] [u] 0% 0 [u]
e
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Fone T DESIGN COOLING DESIGN HEATING
COOLING DATA AT Oct 1500 HEATING DATA AT DES HTG
COOLINGOADEB/WB 9B1°F/61.0°F HEATINGOADEB/WE 33.0°F/2T5°F
QOCCUPIED T-5TAT 75.0 °F QCCUPIED T-5TAT 70.0 °F
Sensible Latent Sensible Latent
FONE LOADS Details (BTU/hr) {BTU/hr) Details (BTUWhr) {BTUW/hr)
Window & Skylight Solar Loads g0 fit2 7184 - g0 fit2 - -
Wall Transmission 352 fiz 1559 - 352 fiz 2038 -
Roof Transmission of a - o o -
Window Transmission a0 ft2 oo - a0 ft2 1825 -
Skylight Transmission o 0 - o ) -
Dwoor Loads Ot 0 - ot 1) -
Floor Transmission ot ] - o ] -
Parfitions 288 fi2 a - 288 fi= 1] -
Ceiling 281 f2 a - 281 f2 1] -
Oreerhead Lighting 2B W 1542 - a ) -
Task Lighting 100 W 249 - a ) -
Electric Equipment 15230 W) 47780 - Ju] o -
People ] 1214 BE1 Ju] o a
Infiliration - a [u] - 1] [u]
Miscellaneous - o] g3 - 1] [u]
Safety Factor 0% 7 0% a [u] 0% 1] [u]
== Total Zone Loads - 60562 1029 - 4837 0
nstitute 08
TABELE 1.1.A. COMPOMENT LOADS FOR SPACE " FF Administration office " INZONE " Zone 1"
DESIGN COOLING DESIGN HEATING
COOLING DATA AT Jun 1500 HEATING DATA AT DES HTG
COOLINGOADE/WE 1041 °F/85.0°F HEATINGOADE/WE 23.0°F/2T.5°F
OCCUPIED T-5TAT 75.0 °F OCCUPIED T-5STAT 70.0 °F
Sensible Latent Sensible Latent
SPACE LOADS Details {BTWhr) {BTWhr) Details ({BTU/hr) {BTU/hr)
Window & Skylight Solar Loads 302 1286 - 302 - -
Wiall Transmission 336 fi2 2127 - 336 fi2 2802 -
Roof Transmission Ot ] - 02 0 -
Window Transmission 30 f2 434 - 30 2 633 -
Skylight Transmission ot ] - o ] -
Dwoor Losds Ot 1) - ot 0 -
Floor Tramsmi=ssion Ot 1) - ot 0 -
Partition= 386G ft2 o - 386 fi2 a -
Ceiling 187 f2 o - 187 #2 a -
Creerhead Lighting 435 W TEE - a 0
Task Lighting 1740 W) 4330 - a 0 -
Electric Equipment 200°W 800 - a 0 -
Peaple 2 04 240 a a a]
Infiltration - 1] [u] - a [u]
Miscellansous - 65 (5] - 0 0
Safety Factor 0% 7 D% o o 0% a a
== Total Zone Loads - 9906/ 308 - 3435 0
TABLE 1.1.E. ENVELOPE LOADS FOR SPACE " FF Administration office " IN ZONE ™ Zone 1"
COOLING COOLING| HEATING
Area) U-Value Shade TRANS SOLAR TRANS
(fi%)| (BTUNhr-fE-"F)) Coeff (BTU/hr) (BTU/hr) {BTU/hr)
NE EXPOSURE
WALL 338 0.225 - 2127 - 2802
AMMDCAY 1 30 0.570 0827, 434 1285 633
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Appendix (12)

Compound interest table

10% Compound Interest Factors 104940
Single Payment Uniform Payment Series Arithmetic Gradient
Compound Present Sinking Capital Compound Present Gradient Gradient
Amount Worth Fund Recovery Amount Worth Uniform Present
Factor Factor Factor Factor Factor Factor Series Worth
Find F Find P Find A Find A Find F Find P Find A Find P
Given P Given F Given F Given P Given A Given A Given G Given G
n F/P PiF AF AlP FiA P/A ASG P/G n
1 1.104 RL1 1000 1_FON 1.0 (905 a 0 1
2 1210 JB264 AT62 ST62 2,100 L.736 0.476 (LE26 2
3 1.331 7513 3021 Anzl 3310 2ART 0.937 2329 3
4 1464 SHE30 2155 3155 4.641 ER i} I.381 4.378 4
5 1411 S620H 1638 2638 6.105 3.791 LEID i) 5
[ 1.772 S6d5 12946 2296 T.7i6 4 355 X334 GRS 6
T 1.949 5132 a4 2054 9487 4864 2622 12763 7T
] 2144 ABBS AT AET4 11436 5.335 3004 16,029 B
9 2353 A241 736 1736 13.579 5.759 3372 19.421 9
10 2.594 3855 627 1627 15.937 6. 143 3.725 22891 10
11 1853 3505 0540 15400 18.531 6H.495 4064 26.396 11
1z 3134 3186 {68 RE 21.384 HEl4 4388 20 91 12
13 3452 2E9T (H0E 1408 24.523 7.103 4.699 33.377 13
14 3T 2633 0357 1357 27.975 7.367 4.996 F6uB01 14
15 4177 2394 M315 1315 31772 T .60 5279 40,152 15
16 4.595 2176 AITE E278 35.930 T.E24 5.549 43416 16
17 5.054 L1978 A247 1247 40545 £.022 5.807 A65H2 17
18 5.560 1799 0219 E219 45.599 E.201 6053 49640 18
19 6116 1635 0195 185 51.159 B.365 6.286 52.583 19
20 6.728 1486 175 175 57.275 E.514 6.508 53.407 20
1 T.A400 1351 156 1156 64.003 E.64%9 6719 SH110 21
22 B 140 L1228 i E D140 TL403 8772 G919 GOLGEY 22
13 2954 117 126 1126 T9.543 H.EE3 T.108 63,146 13
24 9850 1S 113 A113 ER.497 B985 T.288 h5.481 4
25 10.835 0623 A2 1102 98.347 2.077 TASE 67606 15
26 11.918 DE39 0916 oe2 109,182 9.161 74019 69.794 16
IT 13110 L0763 ANE26G _HIE3 121100 9.237 T.770 TLTIT 27
28 14.421 683 A0T45 1075 134.210 9307 714 T3.650 I8
29 15.863 630 AT 3 HeT 148.631 2,370 B.049 75.415 9
30 17.44% 573 JIDE0E 106l [64.494 9427 E.176 T77.077 30
31 19.194 0521 A0550 1055 [81.944 9479 B.296 TH.640 3l
32 21.114 474 D487 B i) 201.138 9.526 B.409 BOL108 32
3 23235 1431 A450 S 137.352 9569 B515 B14E6 33
3 25.548 0391 0407 i 245477 Q609 615 BLTIT 34
35 28.102 356 A0369 1037 271.0025 9644 709 B3.987 33
40 45.259 0221 0226 023 442.593 927719 2096 BH.953 0
45 72891 0137 00139 NLE T18.905 .63 9.374 92,454 45
50 117.391 JAMIE52 MBS R I 163.% 9915 9.570 D3.889 S0
55 189059 0529 JN53 s 1 BB D047 9.708 U562 55
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Appendix (13)

Hourly data report for Nablus city

Hourly Data Report
From date: 01/01/2015 To Date: 31/12/2015

Station Name: NAB00003 Nablus .:Latitude: 3213 N Ilougimde: 35 15 E ;. ( Elv. 570 )
Element Name: Dry bulb temp. 7c
Month: 06/2015
~Jme| 3 6 9 12 15 18 71 Avg | Min | Max
Day ™.
01 16.8 163 19.0 25.0 26.0 21.0 18.6 18.0 201 16.3 26.0
02 177 18.0 19.0 245 26.0 243 205 17.6 21.0 176 26.0
03 172 16.0 225 265 28.6 240 20.0 17.8 216 16.0 286
04 172 164 21.0 25.0 258 24.0 18.0 16.8 203 16.4 258
03 16.4 16.0 18.6 230 230 20.0 15.0 15.0 193 16.0 230
06 16.0 148 23.0 244 257 2212 20.0 18.2 203 148 257
07 17.3 17.0 215 270 28.0 257 212 208 223 17.0 280
08 193 182 270 320 340 353 30.0 26.5 278 18.2 353
09 25.0 233 26.5 275 299 26.0 212 15.6 49 19.6 259
10 19.0 186 20.4 240 257 220 18.5 18.6 21.0 18.6 257
11 18.0 17.8 200 24.0 245 23.7 154 18.0 207 178 2435
12 17.0 153 226 252 26.8 232 18.0 172 207 153 26.8
13 17.0 16.7 182 232 27.0 23.0 15.8 18.6 20.6 16.7 27.0
14 18.7 17.6 21.0 245 24.6 23.6 20.0 18.5 21.1 17.6 246
15 18.0 183 200 26.0 217 238 20.0 15.2 216 18.0 277
16 154 180 218 285 298 257 228 231.0 235 18.0 258
17 207 20.1 27.0 304 312 28.0 25.0 23.5 257 20.1 312
18 22.0 200 286 315 325 2812 243 2318 26.2 200 3235
19 239 21.7 289 286 29.0 46 213 206 248 20.6 296
20 197 192 70.0 230 159 PER] 720 190 116 150 | 259
21 19.0 18.7 240 263 251 230 18.7 152 219 18.7 263
22 18.0 182 4.0 256 26.8 238 20.0 15.2 220 18.0 26.8
23 187 1.0 19.2 264 28.0 23.6 20.0 19.0 216 180 | 280
24 18.8 1835 23.0 24.0 258 234 21.0 18.6 216 18.5 258
25 176 17.2 20.8 242 26.4 232 20.0 15.0 211 17.2 264
26 18.8 19.0 224 242 272 243 21.0 204 212 18.8 272
27 200 18.7 26.0 282 31.1 30.0 26.0 25.5 258 187 311
28 234 21.0 230 246 26.0 46 20.6 19.7 129 18.7 26.0
29 18.7 18.1 233 252 26.4 247 20.6 15.0 220 18.1 264
3 154 178 230 240 26.0 240 202 152 216 17.8 26.0
Avg 189 182 226 26.0 274 246 21.0 18.7
Min 16.0 148 18.6 230 230 20.0 18.0 168
Max 230 233 289 320 34.0 353 30.0 265
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From date: 01/01/2015 To Date: 31/12/2015

tation Mame: NABQ000O3 Nablus (;f_,atimde: 3213 N TI_&ugide: 35 15 E -__\,' f;E]v- 570

ement Name: Dry bulb temp. 7c

Momth: 072015

H‘H—.,IH‘]ID.E 1] 3 & g 12 18 21 ;%."."g M]II I‘-IEI

Day ™

—
h

-1

-[|1 181 17.8 210 6.8 282 22.0 20.0 227 178 0.2

02 20.0 128 230 258 ;BT 120 208 133 128 BT

03 20.0 12.0 244 6.0 80 214 19.6 231 12.0 180

1.8 18.7 128 181 B3

[
[
L

04 185 181 32 6.5

o

05 128 188 253 282 47 227 255 188 326

SRR

o0& 3.0 21.7 282 ils 210 259 21.0 315

o7 129 1.1 210 263 21.0 198 225 121 27.

L

08 192 18.7 230 263 22.0 210 2312 18.7 184

(=]

-1

7| ] ) Y
b I bl Bl B
' '

09 20.0 19.0 270 190 218 20.2 146 12.0 315

-1

[
=]
| L

10 124 121 210 180 21.2 204 230 121

[ RS ey DY Y BN DAY B OR) R WRY RUCSCY By PRV Ry Y B

= ST QT (=) N T - S I I
=
)
=%

i B

11 20.0 203 230 260 23.0 220 236 20.0

=]
=l
=

12 1.0 20.2 250 263 231 20.2

13 220 275 8D 6.0 114 212 245 112
14 11 20.5 240 186 00 6.6 232 220 144 0.5
15 1.0 20.0 253 180 00 7. 42 215 247 20.0

16 21.7 20.0 244 274 254 20.0

17 228 208 244 ils 24.0 228 258 20.8

18 2265 220 250 300 25.0 240 259 22.0

19 2265 205 258 ilo 243 217 150 205

24.2 222 255 204

20 21.5 204 26.0 293

=1

21 212 208 260 295 244 217 154 20.8

17 218 222 26.0 30.0 249 232 26.1 21.3

bl Bl W Bl e Bt Bd B

25.6 222 267 20.6

23 218 20045 282 32.0

==
wal du| =

21.0 19.6
280 240

Min EN] I7e L0
Max 783 738 350

(] [T TSTY (Y IV (Y Y Y (R R (Y Y (Y (Y (Y (Y Y (Y Y (Y O
ol | o e w| ] ] | ] o | G| W] | ] ] ] =] G n

[F] QTS [T PP IV BT IR ITY NP IO (Y VTR (Y Y (TR () I I

L

24 1.7 248 72 322 58 1 6.3 260 183 ] B
75 82 740 3] 337 33 i) 5.6 ] 387 Rk 37
7 133 733 pr 04 0.6 T. 36 734 755 733 06
77 1.7 215 232 772 0.2 7 722 217 734 15 0.2
28 12 208 240 28.6 0.0 7 4.2 242 740 08 2.0
79 33 733 70 E5] i1 5 GEX: 733 773 EEN] i1
30 09 703 70 E5] 50 1 5.0 758 s 03 50
31 4.3 238 280 350 57 1 6.6 247 8.8 EEX] 57
Ave 21.4 207 250 0.2 ] 237 22
.

(=
ol
(==

i
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From date:

Hourly Data Eeport
01/01/72015 ToDate: 31/12/2015

Station Name: NABOOO03 Nablus (;f_atimde: 3213 N YI_&ug:imde: 33 13 E __:| (E]r.

Element Name: Dry bulb temp. Tc

LA

A

Month: 03/2015

T~ Tme| g 3 6 9 12 15 18 21 Avg | Min | Max

Day ™.
0l 25.0 231 302 350 355 316 290 97 231
02 258 25.0 320 330 305 383 319 332 25.0
03 207 282 290 350 36.5 342 26.7 312 26.7
04 49 244 288 340 36.2 314 26.0 291 244
05 242 240 274 332 325 208 245 277 24.0
& 24.0 23.0 264 00 305 28.6 234 263 23.0
a7 225 218 300 330 354 334 27.2 9.0 218
08 255 245 346 357 373 32T 243 301 245
09 243 229 264 310 31.0 26.6 23.7 263 229
10 231 227 254 9.5 300 28.7 23.7 26 X7
11 231 23.0 254 300 31.6 27.0 235 261 23.0
12 232 226 240 230 318 27.2 235 256 226
13 23.0 225 245 04 300 285 228 256 225
14 224 255 302 324 274 231 6.0 223
15 225 .7 254 312 350 300 26.3 274 21.7
16 250 2 320 350 37.0 347 30.2 312 232
17 301 7.2 313 350 3590 34 254 307 254
1% 25.0 2 276 325 330 300 244 78 242
19 24.0 234 26.0 300 315 206 23.7 26.7 234 31
20 232 228 26.0 300 320 25.2 235 265 228 320
31 33 75 =0 T8 03 EX] T8 | 54 | 25 | 303
77 773 T8 pEF] SER] E5] EX] [0 | 33 | 218 | 320
3 773 0 730 785 04 93 53 | 155 | o | 304
4 8 7338 TR 70 303 314 18 | 152 | 218 | 303
25 222 21.7 238 6.0 28.6 23.6 222 243 21.7 28.6
6 214 21.0 250 90 320 248 235 255 21.0 320
27 2246 227 255 300 312 242 231 8.0 226 31
28 228 234 256 315 320 274 24.0 235 263 228 320
9 23.0 21.4 255 310 319 28.0 243 235 261 21.4 319
30 228 222 244 283 0.1 26.6 242 23.2 2532 222 0.1
31 223 21.6 244 284 04 283 244 233 254 21.4 04
‘-5\1';9: 238 231 6.7 31.0 327 205 258 246
Win 214 21.0 134 26.0 28.6 26.5 234 218
Max | 301 | |2 | 386 | 380 | 385 | 383 | 343 | 529
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From date:

Hourly Data Report

01/012015 To Date: 31/12/2015

Station Wame: NABOQOO03 Nablus (;f_atimde: 213N

Element Name: Dry bulb temp. 7c

YI_ ongitude:

Lad
ol

A5 E ) (Ew
AN

LA

A

Month: 092015

T~ Tme| g 3 6 9 12 15 18 2 Avg | Min | Max
Day ™.
01 X5 221 244 284 288 280 247 234 253 21 288
02 23.0 220 254 00 328 282 234 229 261 220 328
03 222 218 250 300 332 278 248 24.0 261 218 332
04 231 225 254 230 303 26.8 222 21.8 250 218 303
05 216 21.2 250 180 o 26.2 231 224 247 212 0o
& 223 220 230 284 06 26.6 23.0 229 247 220 06
a7 234 233 250 9.5 320 288 25.3 26.2 26.7 233 320
08 207 30.0 08 310 330 325 31.7 327 313 207
09 2910 26.1 205 338 358 200 278 282 90 26.1 358
10 284 26.7 206 350 36.5 318 30.0 274 307 26.7 36.5
11 251 244 302 352 36.0 30.7 27.0 287 97 244 36.0
12 260 242 7.0 302 358 310 26.3 255 283 242 358
13 25.0 234 260 108 328 284 25.0 242 2460 234 328
14 232 228 260 00 320 287 248 23.0 263 228 320
15 233 231 245 300 31.0 200 25.6 25.0 26.4 231 31.0
16 244 238 255 300 31.0 26.7 24.0 227 8.0 2.7 31.0
17 208 204 285 9.5 320 26.8 23.7 228 253 20.4 320
1% 213 21.4 258 278 03 277 224 220 247 21.3 03
19 20.8 128 267 108 322 28.0 25.7 264 262 128 322
20 26.0 233 200 330 33.0 200 26.5 243 280 233
1 233 23.0 240 26.4 7.7 26.6 222 214 243 214 217
2 128 187 240 04 305 200 25.1 225 40 18.7 305
3 20.7 220 3000 354 4.3 208 25.0 234 263 20.7 354
24 2246 218 300 330 333 28.5 249 244 73 218 333
25 222 241 254 06 302 302 234 23.0 26.4 22 302
18 214 21.0 72 180 4 26.8 220 21.0 248 21.0 4
7 205 20.0 250 230 08 24.6 21.7 21.0 238 20.0 08
28 203 128 245 230 303 246 223 21.7 230 128 303
9 213 21.1 245 6.0 7R 256 224 213 238 21.1 7R
30 202 125 240 278 300 27.5 248 235 246 125 300
‘-5,_1';9: 231 225 264 300 314 282 247 240
Min 128 187 230 26.0 24.3 24.8 21.7 21.0
Max | 287 | 300 | 302 | 334 | 365 | 325 | 317 | 27
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