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Absiract

A Veriable Refrigerant Valume (VRV) is 4 new svstem in air conditioning and
refrigeration, and more reently began to be nsed widely in our country, where ther are

many companys. in the world produce thies system such as Daikin company.

This system is considerd as one of the most efficient systems compared with the well
known systems reparding speciticarions,control, installation and eost, In this project a
comprchensive analysis and application of this system in one of the main buildin gs.C-
building, in PPU is to be performed.
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Chapter One

INTRODUCTION



1.1 Introduction

The air conditioning has become one of the most imporlanl engineering
branches that directly affect human being lile. The applications of this engincering
branch reach every house and organization. Air conditioning s used in many wide
applicetions mainly in human comfort .clectronic industry and other wide

applicatioms.

The air conditioning it a branch of the thermo-mechanical engineering that is
specialized in the engineering methodology of obtaining a suituble environment as
needed. And applying this methodology on their designs and maintenance of the air

conditioning systems.

1.2 General Overview of Project

We will study and anylise the variable refregeration volume system and apply
this system in "C" buiiding in palestine polvtechnic university takeing into account
the disign considerations applied in heating and cooling systems And we will

selection the componentes of the system .

Objectives of this project can be as:

s Studying and analyzing the varinble refrigeration volume (VRV OR YRF)
syslem .

s  Comparison of VRV with other systems .

*» Applying this system to "C" building.

¢ Making a cost analysis of this system.



1.3 Importunce of project.

Air eonditioning is important in the gencral life aspects. the importance of this
project comes from the direct relution between the air conditioning engineering and

the human being life.

The air conditioning is used Lo creale sn environment of conditions need to be fit.
In this project, the importance comes from designing air conditioning system that
create more human comfort high Efficiency operation, design versatility  high

Reliability. easy Installation, convemience ,easy service and maintenance,

1.4 Budget

Table 1.1 Budget

TASK COST( NIS)
USING INTERNET 200
TRANSPORTATION 100
COPY FROM LIBRARY 30
PRINTING PAPER 300 '
TOTAL 650
i



1.5 Project Outline

The proposal composed of five chapters as follows:-

Chapter One:- Introduction

This chapter includes un overview man objectives, budget. and  the oroject

ot hne.

Chapter Two:- VRF System

This chapter includes a detailed review ,study and analysis of (VRV) system.

Chapter Three: General Design Parameters

This chapter includes the main climatic design parameters of Hebron cily, the

inside and outside conditions of "C" building . and ASHRE comiort level.
Chapter Four: Calculations
This chapter includes the calculation of the overall heat transfer cocfficients,

cooling and heating loads calculations for the building .

Chapter Five: Equipment Selection
This chapter includes the detail drawings (plans) using AutoCAD program, and

the selection of system equipment.

Chapter Six: Equipment Sclection

This chapter includes the cost of the VRV system of C building and cenclusion




1.6 Time Planning

The project plan follows the following time schedule, which includes the related

task of study and svstem omalvsis.

1.6.1 The First Semester Time Plan

Laskiweek 1 (2 245106 [7 [& [2 (101172213 [22]15]18
Collectin = e
; e
mformation ol {k
General study

about the project

suman comfort

VRV syslem

Cooling load

e e , , it

caleulation 2 @.%

Z 1 ottt

Project g | I %
documentation %j; el | SRS

Fipurc 1.1: The First Time Plan




1.6.2 The Second Semester Time Plan

Task/week
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15

16

Heating load

calenlalions

Pipes and duct

calculation

| Equipment

selection
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Project

documentation
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Figure 1.2: The sccond time plan




Chapter Two

VARIABLE REFRIGERANT
FLOW SYSTEM

VRV




2.1 Introduction

Variable refrigerant volume (VRV} systems, which were introduced in Japan
more than 20 years ago, have become popular in many countries, The lechnology
has gradually expanded its markel presence, reaching Buropean markets in 1987,
and steadily gaining markets hare throughout the world. VRV systems are used in

approximately 50% of medium sized commercial buildings (up to 6,500 nt).

VRV systems are larger in capacily, more complex versions ol the ductiess
multisplit systems, with the additional capability of connecting ducted style fan coil
units. They require many evaporators and complex oil and refrigerant management

and control system. Also, they need a separate ventilation system.

The term variable refrigerant flow refers to the ability of the system to control
the amount of refrigerant flowing to each of the evaporalors. T'his cnables the use of
many evaporators of different capacities and configurations, individualized comfort
control. simultansous heating and cooling in different zones, and heat recovery from
ane zone to another. This refrigerant {low control lied at the heart of VRV systems
and is the major technical challenge as well as the source of many of the systems

advantages.




Many HVAC professionals are familiar with ductless mini split products. A
variation of this product, often referred to as a multi split, includes multiple indoor
evaporators connected {0 & single condensing unit see figure (2-1). Ductless
products are fundamentally different from ducted systems. VRV air-conditioning
sysiem is in power air-conditioning system, by controlling the amount of circulating
refrigerant compressor and access to indoor heat exchanger retrigerant flow 1 a

timely manner to meet the requirements of indoor hot and cold load .

The main advaniage of a VRV system i its ability o respond to fluctuations in
space load conditions by allowing each individual thermostal o modulate its
corresponding electronic cxpansion valve to maintam ils space temperature set

point.

outdoor unit

? many indoor units

Figure 2.1 Distribution umils, internal and external




Figure (2-2) shows main components of VRV system that includes outdoar unit
that contains inverler compressor, heat exchanger and multiple indoor umits that

contain fan coil and electronic expansion valve.

f Ml‘iabl& control of capadity by inverter

| i 14 1| efrigeran’t ) indoor unit
ol [tol] ieb| Jie

S =

Outdoor unit i

| % Vanable Refrigerant M:nl-.sr'na by
i J  modulating the Electronic Expansion Valve '

e L R e A R U SR |.__ . e =

Figure 2,2: main components of VRV system

2.2 Refrigernnt Cycle And Components

Figure (2.3) shows the concept of Basic Reliigeration Cycle for VRV system
that includes either a two-pipe (liquid and suetion pas) or three-pipe (liquid. suction
gas, and discharge gas) configuration Using a control system, refrigerant is pumped
through pipes to individually sized configured evaporators in each space, each of
which can have its own thermostat. It's a closed-loop system so refrigerant 15
continuously circulated, VRV air conditioning systems need to use inverier
compressor to achieve the combination of compressor capacily control and

electronic expansion valve (o regulate access to indoor unit refrigerant tlow,

10
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Figure 2.3 Basic Refrigeration Cycle for VRV

2.3 Inverter Compressor

VRV system use inverter controller that enables compressor speed to vary
according to the cooling/heating load and therefore consume only the power
necessary 1o match that load. The 50 Hz frequency of the power supply is inverted
to a higher or lower frequency according to the required capacity to heat or cool the
room. 1f a lower capacity is needed, the frequency is decreased and less energy is
used. Under partial load condilions. the encrgy efficiency is higher. If the
compressor rolates more slowly because less capacity is needed. the coil becomes
virtually oversized. Improved efficiencies can therefore be achieved than are

possible with non inverler compressors, which always run at the same speed.

11




2.4 Types Of VRV

There are two basic types of VRV muli-split systems: heat pump and heat
recovery. Heat pumps can uperate in heating of cooling mode A heat-recovery system,
by managing the refrigerant through a gas flow device, can simultancously heal and cool,
some indoor fan coil units in heating and some in cooling, depending on the

requirements of each building zone

2.4.1 Cooling Operation

Dirtrdnor elecionic sxpansion vane is filly npanad.

As to-AAopping urt smi Dwimestet-off unit, melonzed
walve ghaulc be choseed complatedy nof 1o send i
refiigerant nto indoor heal ssthanges. |

Supertealed degres conirol

zas prpe themmatar

| iquid mipe themisior

Figure 2.4: Schematic diagram for cooling operation

To maintain the cooling capacily corresponding to the capacity of evaporator and
load fluctuation, based on the pressure detected by low pressure sensor of outdoar
unit (Pe), the compressar capacity is so controlled to put the low pressure cquivalent
saturation temperatures (evaporation temperature = Te) close to targer value. In
order to maintain the superheated degres in evaporator and to distribute proper

refrigerant flow rate in spite of different loads on every indoor unit. based on the

12




temperature detecied by thermostats of liquid pipes and gas pipes, indoor electronic
expansion valve is so regulated as to pul superheated degree at evaporalor outlet
close to target value. Superheated degree equal (indoor gas pipe temperature —
indoor liquid pipe temperature).

2.4.2 Healing Operation

Suparhseled deqras coniml ]

A Ay ehopping unitand thermostai-off unil, sleckone
Scheccied decs camangion walve shoukd be reh e cosed {Eopes
| Sror S 200 pis § i e o prevert refrigerant fam toSscion
inmdoor heat aTchangar

fud # 4 #

S,k m o B o b i
I

Dparaticn — | Hlapr—

Fal il ud el &4 8

e
by

Gixt pips fhanmisios Huh presane geneg

LoW preaEure Beese |
Licpuid pipe themal=tor

Figure 2.5; Schematic diagram lor heating operation

To maintain the heating capacity against condenser capacity and load
fluctuation, based on the pressure detected by high-pressure sensor control (Pc),
compressor capacity is so controlled 1o put the high pressure equivalent saturation
temperature {condensing temperature 1'c ) close to target value. Tn order to maintain
the superheated degree in evaporator, based on the pressure detected by the low
pressure sensor (1'e) and the temperalure detected by the thermostat of suction pipe.

outdoor electronic expansion valve is so controlled as to put superheated degroc at

13




evaporator outlet close w Larget value. Superheated degree equal (outdoor suetion

pipe temperature — outdoor evaporating lemp erature).

In order to distribute proper refrigerant flow rate in spite of different loads on
every indoor unit, based on the pressure detected by the high pressure sensor of
outdoor unit (Te) and the temperature detected by the thermistor of indoor liquid
pipes, indoor electronic expansion valve is so controlied as to put subcooled degrec
a1 condenser outlet close 1o target value Subcooled degree equal (outdoor

candensing temperature — indoor liquid pipe temperalute).

2.4.2.1 Heuting And Defrost Operation

In heating mode, VR Vsystems typically must defrost like any mechanical heat
pump. using reverse cycle valves to temporanly operale the outdoor coil in covling
mode. Oil return and balance with the refrigerant circuit is managed by the
microprocessor to ensure that any oil entrained in the low side of the system 13
brought back to the high side by increasing the refrigerant velocily using a high-
frequency operation performed automatically based on hours of operation

The fan coils are constant air volume, but use variable reffigerant flow through
an electronic expansion valve. The electronic expansion valve reacls (o several
temperature-sensing devices such as return air, inlet and outlet refrigerant
temperatures. or suction pressure. The electronic expansion valve modulates to

maintain the desired set point.

14




2.4.2.2 Heal Recovery Operation

Heat recovery operation is achieved using either 3 pipes or 2 pipes (depending
on manufacturer). See figure. 2.6 and 2.7 . The 2 pipe heal recovery system has a
central branch controller with two pipes from the outdeor unit and 2 pipes to cach
indoor unit . For mixed mode operation the branch controller separates a mixiure of
saturated liquid and vapor delivered by the outdoor unmit so that cach indoor can
receive high pressure liquid or vapor. In both cases the liquid produced by indoor
units in heating mode is then used lo serve indoor units in cooling mode and

improved energy saving is possible.

Two-pipe simultaneous operation R2WR2 refrigerant circuit
Giaselalild 2ohass rergetant fom olidoor unl &
tigh pressure and |, PrESSUE givtded oo pas religeeant and s redigersnl by
decides the cormpesso Irequersy Jtes-liquid separgter In BO Corcroiler
and the mode of heat escher gar 4
anid =neiral ke amounks of Sirge /DU Cerbeder divios s=rigerart 1 222 indoor Ui
hest ssctange o /27303 I camqlarce v the opsatian made of

e | aach ndoor unit

fhajust tha rehiga-anl (s Ly empoature
Fdittrmrie oatween et and oulbst.

5 s .
\ ¥
= w_&m.!ﬂ&-?. - : ;
] ELETl A } J Wi i Swimmi
— - e g el 0 RE
| L

L = e Heillin z=gas rringrrmnt
otier 4 [ esing W iy | BN Coregelein e

NFEL MWEpSW MFREIG| EpAC)

Figure 2.6 Two pipe heal recovery system
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The three pipe heat recovery system has a liquid line, a hot gas line and a suction
line from the outdoor unit. Each indoor unit is branched ofl' from the 3 pipes using
solenoid valves. An indvor unit requiring cooling will open its liguid line and

suction line valves and act as an cvaporator. An indoor unil requiring heating will

open its hot gas and liquid line valves and will act as a condenser.

=\
=\

Gyl Meeted
—— s
— i G i

—— U b G

Figure 2.7 pipe heat recovery system
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2.5 Features

2.5.1 High-Performance VRV System For Cold Climate

VRV system’s energy efficiency is higher than that of normal duct svstems. The
VRV cssentially eliminate duct losses, which arc often estimated to be between
10% ~20% of total airflow in a ducted system VRV systems typically include two or
three compressors. This approach yields high part-load efficiency, which translates
into high seasonal energy efficiency, because HVAC systems typically spend most
of their operating hours in the range of 40% to 80% of maximum capacily. For
buildings requiring simultaneous heating and cooling, heat recovery VRV systems
can be used These systems circulate refrigerant between zones, wansterring heat

from indoar units of zones being cooled to those of zones being heated.

The most sophisticated VRV syslems can have indoor units, served by & single
outdoor unit, in both heating and cooling modes simultaneously. This mixed mode
aperation leads 1o energy savings as both ends of the thermodynamic cycle are
delivering usetul heat exchange T a system has a cooling COP (Coellicient of
Performance) ol 3, and a heating COP of 4, then heat recovery operation could yield
a COP as high as 7. 1t should be noted thal this perfect balance of heating and
cooling demand is unlikely to oceur for many hours each vear, bul whenever mixed
mode is used enerzy is saved. In mixed mode the encrgy consumption is dictated by
the larger demand, heating or cooling, and the lesser demand, cooling or heating is
delivered free. Units are now available to deliver the heal removed from space
cooling into hot water for space heating, domestic hot water or leisure applications,

s0 that mixed mode is utilized for more of the year.

17




2.5.2 Operation Range

VRV can be Installation in extreme temperature conditions is possible due
to an increase in operational range cooling mode can be operared from - -
15°C to 46°C and heating mode can be operated [rom -20°C to 21°C see
figure 2.8 below.

Coofing

Cutdear Dutdoar
temperaturs temperature

(FCWE) (DB

i 15 Z0 25 30 (PCDE)
Indoor temparaturs

Range for pull down aperation

b
0 15 20 25 -3 | EWE)
Indeor temperaturs

Figute 2.8 Operation Range

2.5.3 Low Noise Mode

Two low noise modes can be selected automatically by quiel priority setting and
capacily priority setting depending on the usage environment and outside
temperature load. Reductions in outdoor unit sound pressure levels have been

achicved via

e redesianed fan blades and inlet bell mouth

e a new high efficiency aero spiral fan with backward curved blade tips that

reduce air lurbulence and pressure loss.




o the redesiened bell mouth air inlet fitted with gude vanes at the intake that

also reduces air turbulence around the blades

Using the latest technology, sound pressure levels down to 47 dB(A) in cooling
(3 HP) are achieved The sound pressurc levels therefore up to 3 dB(A) lower than
those of standard fixed speed models.

2.5.4 Precision Refrigerant Flow Contral

Precision and Smooth refrigerant flow control is achieved by using a DC Inverter
control in cenjunction with individual indoor uml electromic expansion valve
control. This allows for a high precision comfortable temperature control of £0.5°C
Figure 2.9 shows the deference berween inverter air condition and Traditional air
condition , inverter air condition use P1 controller (proportional and integral ) that
response to the temperature of the air deviating from the setpoint. the proportional
and imtegral control signals ocour simultangously The proportional component
provides a relativelv fast response to the deviation from the setpoint. The integral
component is used to drive the controlled variable back toward the setpoint
gliminating the offset characteristic of proportional control. The two signals are
additive.

15




Inverter Air conditioners

Quick reach of set temperature

\ K‘ Low temp. variation

e — Temp. varistion
Rpon—y
ﬂmf—_ - __,...1.?—'-—_ __Jl--rtﬂ-;l_-___ m‘li:‘:-:

Compressar Siatys

Figure 29 Inverter air conditioners

2.5.5 Individual Air Conditioning Control

The desired temperature conditiogs of each room are met due to Lhe

Individual
thermostat contral of each indoor unit see Figure 2.10

Figure 2.10: Individual Air Conditioning Control

20




1.5.6 Continuous Operation During Maintenance

Non-stop operation When servicing a specific indoor untt, maintenance
can be perlormed even without turning off the other indoor units figure 211

Figure 2 11 : Continuous operation scheme

2,57 Space saving

The VRV system allows you to use the available space more efficiently. Instead

of having to incorporate a machine room in to your huilding plans, you can use this

space for other purposes, such as a garage.

2.6 General Design Consideration

2.6.1 User Requirements

The user primarily needs space conditioning for occupant comfort. Cooling,
dehumidification. and air circulation often meet those needs, although heating
humidification, and ventilation are also required in many applications. Compenents
other than the base outdoor and indoor onmits may need to be installed for
VR Vsystems to satisty all requirements.




2.6.2 Diversity And Zoning

The complete specification of a VRV system requires careful planning. Fach
indoor section is selected based on the greater of the heating or cooling loads in the
area it serves. In cold climates where the VRV gystem is used as the primary source
for heating, some of the indoor sections will need to be sized based on heating

requirements.

Once all indoor sections are sized, the outdoor unil is selected based on the load
profile of the facility see table 2.1, The combined cooling capacity of the indoor
sections can malch, exceed, or be lower than the capacity of the outdoor section
connected to them. An engincer can specily an outdoor unit with a capacity that
canstitutes anywhere between 70% and 130% of the combined indoor units
capacities. The design engineer must review the load profile for the building <o that
each outdoor section is sized based on the peak load ot all the indoor sections at any
given time. Adding up the peak load for each indoor unit and using that total
mumber to size the outdoor unit likely will result in an unnecessarily oversized

outdoor section

Although an oversized outdoor unit in @ VRV system is capable of operating at
lower capacily, avoid over sizing unless it is required for a particular project due to
an anticipated fiture expansion or other criteria Also, when indoor sections are
greatly aversized. the modulation function of the expansion valve iz reduced or
entirely lost. Most manufacturers oller selection software to help simplify the

optimization process for the system's components.
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Table 2.1 Sizing Example

Peak cooling load for Zone 1 3 lon

Peak cooling load for Zone 2 2.5 ton

Peak couling load for Zone 3 4 ton

Zomos peak load=3+2.5+4 %5 ton

Avyuilable sizes for autdoor unit 7.5 ton and 10 ton

' Sclection: Unless additional indoor unils arc planned for the future, sclect a 10 ton

autdaor seolion,

2.6.3 Installation

In deciding if 8 VRV syslem is feasible for a particular project, the designer
should consider building characteristics, cooling and heating load requirements;
peak occurrence, simullaneous heating and cooling requirements: fresh air needs .
electrical and accessibility requirements for all system components; minimum and
maximum outdoor temperatures; sustainability; and acoustic characteristics. The
physical size of the outdoor section of a typical VRV is sumewhat larger than that
of a conventional vondensing unit, with a height up to 6 & (1.8 m) excluding
suppurts. The chosen location should have enough space o wccommodate the

condensing unit(s) and any clearance requirements necessary for proper operation

2.6.4 Refrigerant Piping Design

Building geometry must be studied carefully so that refrigerant piping lines are
properly designed. The system should not be considered if the expected pipe lengths
or height difference exceed those listed in the manufacturer’s catalog, Tn buildinps
where several outdoor locations are available for the installation of the outdoor units,
such as roof, and ground floor, each condensing section should be placed as close as

possible 1o the indoor units it serves. Although manufacturers routinely increase the

23




maximumn allowable refrigerant pipe run, the longer the lengths of refrigerant pipes,
the more expensive the initial and operaling costs. For most VRV units, see figure
212

Ouidoor : Header
mit separation 7

. tube
13—~

LE

Indoor
il

“Indoor
umit

Figure 2.12 : Maximum Allowable Distances and Piping Lengths

Maximum height ditference betwesn:

1-Outdoor unit and indoor unit - 50m [L1]

2, Indoor unit and indoor unit - 15m |L2]

3. R.B. unit and R B_unit : 15m [[.8]

4. R.B. unit and indoor unit : 3m [L9]

Maximum piping length

1. From outdoor uml Lo {irst separation tube : 70m [1.3]

2. From outdoor unit Lo last indoor unit : 100m [L3+L4+1L5+1.6]

3. From header or separation tube to indoor unit : 40m [L6], [L7]
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Total piping length © 200m (Liguid pipe length), Figure 2,13 show sizing of pipe
that depende on load in indoor unite.

Piping layout of VRF type svstem

T Sequaratian
Ui labiwit tirhie
wud |

Inilacr | [ighimsr |hiu-ur [ruirn:l
i il |_omidi | unid

02 13 04 Q=

Figure 2 13 - Sizing Piping
Size of P| . Depends on total capacity of Q14+0Q2+03
Size of P2 : Depends on Ltotal capacity of Q44Q5-+-06

Size of P3 . Depends on capacity of Q4

2.6.5 Maintenance Considerations

Duectless VRV indoor units have some considerations in reference to maintenance:
¢ Draining condensate water from the indoor and outdoor units
e Changing air filters
* Repairs

e (Cleaning

[ase of maintenance depends on the relative position of the indoor and outdoor
units and the room to ensure access for changing fillers, repairing, and cleaning, The
installer must make sure there is enough slope to drain condensate water generated
by both the indaor and outdeor units. Depending on the location where the indoar
unit is installed, il may be necessary to install a pump so that water drains properly.
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2.6.7 Sustainability

VRV systems feature higher cfficicncics in comparison o conventional heat
pump units. Less power is consumed by heat-recovery VRVsystems at part load,
which is due to the vanable speed dnven compressors and fans al outdoor sections.
The designer should consider other factors to increase the sysiem efficiency and
sustainability. Again, sizing should be carefully evaluatad,

Environmentally friendly refrigerants such as R-410A should be specified. Relving
on the heat pump ¢ycle for heating, in lieu of electric resistance heat, should be
considered, depending on vutdoor air conditions and building heating loads. This is
beeause significant heating capacitics are available al low ambient temperalures
(e.g., the heating capacity available at 5°F (= 15°C) can be up 1o 70% of the heating
capacity available at 60°F (16°C), depending on the particular design of the VRV

svatcm).

2.6.8 Advantages And Disadvantages Of VRY

VYRV systems have many advanlages over more raditional ITVAC units, The
advantages and disadvantages for a VRV system, when compared 1o a chilled

system, are presented in Table 2.2,

Table 2.2 : advantages and disadvantages for a VRV system

b

ftem | Description Variable Refrigerant Flow AC | Chilled Water AC System
System
[ Human Comfort Partial — nw humidity control, | Good  true sir condilioning
not o goad air distrihution ‘
3 Process cooling, heating, R_l.-'l'l_ﬂ[}p.ﬁﬂﬂlﬂt - no humidil ¥y Good - May by desigmed for any |
umidification and cantral, not se good air gondition !
dehumidification distribution '
3 Interral Air Quality Partial — needs a auxiliary air Good — may be designed for anv
make-up system and special conditinn, I
filters Drcts nead 1o be cleanable
M et work 18 oo




ks

[nitial Cost

Simlar

Similar

and long refrigerant lines —
Avceptable

3 Operational Cost Lirtle higher atfull load 1.25 [ At full load 1.18 KW/len
kWoion |
] Conling capacity Good performamee until 100 m | Dislance 15 only a matter of
equivalent length pumps” selection and operational
Poor performance shove 100 m | power consumption
equivalent length
T Increasing covling capacity | Not 50 easy, il muy be necessary | [t could be done by changing the
o change the refrigerant lines | control valves and or the coils.
and the condensing unit Chiller plant docsn't change or
chilled water pipes
§  Operation &t parlial load CGood performance and control | Good performance and contral
= Customer or lenant contral | Good - full control No control on the operaticnal and
on the aperational cost Very impartant MAINENERCE cost
10 | Compatibility with Partial. It is necessiry to solve | Fully compatile
standards, guidas and the compatibilities issue during
tegulations the: design
4 Leng distance pipes Lip 1 100 m is OK, more there | No problem.
15 & cooling capacily reduction
up to 73%
12 Refrigerant management Difficult i depends on the Concentrate in a single
design of the system for equipment easy and simple -
menitoring, identification end | Geod
repair
13 |Customer operation Easy and simple - Good | Not so clear to customer -
Very imporian) Acceptable
12 [ Malfunetion Possibility To many parls and compenents | More reliable, just & few pans

and equipment — Good

Operutivnal life expectation | Up to 15 years - Acceptahb:

Up 1023 years — Good

Mo probiem - Good

16 | Maintcnance Depends on the design. access
may be s problem
17 | Sales strategy [T is necessary (o verity, the say

what the castomer would like to

listen, but not all is rue

To much engineering stuff,
difficult for the costumer to

unfersiand
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Chapter Three

GENERAL DESIGN

PARAMETER




3.1 Infroduction

In this chapter we will determine the general design paramelers necessury for
the design process, these parameters are divided into two categories:
i the general outside condition. Such as the wind velocily, the average
relative humidity, the outside temperature, the ground mean
temperature.

% Inside design parameters that satisfy human comfort .

3.2 The General Outside Design Parameters

Building located in Hebron, at longitude 35.1 degree east. latitude of 31.5
degree north. And the elevation is 1010 m from the sea level.
{see table 3.1)

Table 3-1 Chimate information to the station

Station Name Hebron
Longitude 35.1 TFast
Latitude 31.5 North

Height abave sea level 1010 m

3.2.1 Dry Bulb Temperature:

The lirst outside design parameter is the temperatore, for the Hebron its
locared in climate area of the West Bank, And the temperature records for the

region at which the refrigeration station located is in the figure below.
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Temperature °C,
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Figure 3-1: Temperarure chart

As shown in this record. The maximum temperature is about 28 C. and the

minimun temperature 3 C, the maximum temperature that is gained last for about 4

months. By laking in consideration the high temperature waves that happens in this

region which may reach 34 C, we will consider 35 C as an outside design

temperature,

And the maximum and minfmum values [or the temperature in the operating

months which are shown in Table 3-2, illustrating the design lemperature above.

Table 3.2 max. and min. DB. temperature in Hebron

meointh Jan. | Feb. | Mar. [ Apr | May. | Jun. [Jul | Aug [Sep. | Oct. | Mov | Dec.
Moun Max. Temp(c’) [ 102 [ 103 | 146 | 196 [ 236 [ 350 | 272 | 272 | 260 232 | 175 | 120 |
Mean Min, Temp{c ) | #0 |#7 |65 |99 [132 | 158 | 170 | 170 [ 159 [ a0 |63 <6
| Absclute Max. Terp e ) | 214 | 210 | 23.6 | 326 | 40 | 335 | 280 | 354 [ 6 [3i6 51 o0
Absoloee MinTemp &) |01 [-3.0 [ 05 10 |65 100 | 138 [ 126 [ 120 T80 (20 |04

The temperature of the pround is over the valued design temperature by about 8
degree centigrade. And so the ground design temperature will be considered to be

43 °C.
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3.2.2 Relative Humidity:

Second parameter is the oulside relative humidity. The relative humidity

records in Tlebron is shown in figure 3-2:

relative humadity %

I I . I I |
T Average monthly relative humidity %

& —

' ' i |

I Lk

\-\ J—;!L- e e
i ;

=1
I

|

!

Y

[

lan.  Feb. Mar. Apr. May. Jun, Jul. Aug. Sep. Oct. Nov. Dec

Tigure 3-2: Outside relative humidity char

The maximum relative humidity is in February, and the minimum is about
May. The relative humidity alfects on two components; the ventilation system, and

the condensation unit. So the design relative humidity is 50%.

For the ventilation system, the outside relative humidiry, when the relative
humidity of the entering air increases, this will cause an increase in the relative
humidity in the building . that will alTect on hurman comfort . In addition, the heat
rejection [rom the ventilation air increnses, this causes an increase in the cooling

load, This occurs in February. Which has the maximum relative humidity.

And for the condenser, the most eritical relarive humidity is the minimum
relative humidity, Which occurs in May, i.c. specilic volume increase, and so the
enthalpy will increase, because the heat capacity of an air stream at these
circumstances will have Jess heat capacity, Recording to the psychometrie chat of

air at the atmospheric pressure af that height,




3.2-3 Wind Velocity

The third outside parameter is the outside wind velocity. That as shown in the

fieure below. Shows the wind velocity all around the year for Hehron area.

wind veloeity mis

Averape monthlv wind velocity mi's
ES : [
i ‘-_""*"'—'-E—--—vh Voo

"hf"

Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. MNov. Dec.

Figure 3-3: Wind velocity chart

The wind velocity ranges from 2.5 m/s to 4.8 m/sec. the wind velocity effects
by two ways. Increasing the valuc of the outsider convection heat transfer
coelTicient. Which in tumn increases the heat gain to the building . And also

affeeting on the heat rejection from the condensarion unil.

3.3 The General Inside Design Parameters

3.3.1 Comfort Chart

The ASHRE comfort chart of figure (3.4) indicate the acceptable zones of
selecting the inside operative lemperature and the inside relative humidity for winter

heating summer cooling and year-round air conditioning application.

The inside operative temperature and the ordinate is the inside humidity ratio

or the dew temperature . the acceptable operalive temperature values and the nside
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humidity ratio are considered as standaurd comfort zones for summer operation .
winter operation or year - round application , as indicated on fig {3.4) it can be
ohserved that the mininum operating temperature for comfort winter is 20 C

( 68 F ) db temperature when the inside relative humidity i« S0 % thus , the comfort
zones fig 3.4 set the limits of both the operative in side temperature and the inside
relative humidity of inside air for these zones .one can see from these zones thal as

the relative humidity increnses the aperative inside temperature must decrease to
keep a desired comfortable environment.

ol ﬁ/ ;///
i o N4 E
g L] |
g::-/ i mmu( “E
2 E

a0 25 70 75 B as 90
OPERATIVE TEMPERATUNE, *F

Figure 3.4 comfort zones of operative temperature and relative humidity

for winter and smmmer

The inside design conditions refer to temperature, humidity, air speed and

cleanliness of inside air that will induce comfort o occupants of the space at

minimum energy consumption. There are several factors that control of selection of

the inside design conditions and expenditure of energy to maintain those conditions
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The outside design condition, The period of occupancy of the conditional space, the

level of activity of the occupants in conditional space. And The type of building und

s use,
Usually the range of lemperature diffcrence between inside and outside is 12 C
the relative humidity range from the conditioned space varies from 30% - 60% , a

dry environment will he falt when (he relative humidity falls below 30%. and
sickness will be felt at relarive humidity above 60%.

The Indore air speed is not designed as a parameter for comfort as long as it
moves the treated air to the desired corners and edges of the spaces. However, it is
desirable to keep it within the range of (.1 to 0.35 m/s for comfon.

In this project will consider the inside design conditions as:

For winter:

Dry bulb temperature Td =22 ¢
Relative humidity RH = 50 &

Far summer:

The dry hulb temperature Td = 22 ¢
Relative humidity RIT = 50%




Chapter Four

COOLING AND HEATING
CALCULATIONS
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4.1 Introduction

The cooling load of a building consists of the following components:

1- heat gain transmitted through building stricter such as walls, floor and ceiling that
are adjacent to unconditioned spaces. That heal transmitted is by temperature

difference that exists on hoth sides of structures.
2-heat gain due to solar effect which includes:

a) solar radiation transmitted through the glass and absorbed by inside surface and

furniture.

b} solar radiation absorbed by walls, glass windows, glass doors, and roofs that are

exposed Lo solar radiation,

J) sensible and latent heat gain brought into the space as o result of infiltration of air
through windows and doors.

4)scasible heat produced in space by lights. appliances, motors and pther

miscellancous heat gains.

5) latent beat produced fram cooking, hot baths, or any other moisture producing

equipment

6} sensible and latent heat produced by ocenpants,

The quantity of heal transmitted throngh the walls, daors, floor, and rool of
space per unit of time is the [unction of three factors whose relationship is cxpressed

in the following equation :

Q =UAAT (4.1)
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Where Q: the rate of heat transferred in wall (W),
L: the overal] coefficient of heat transmission in Wim?2, £,

A the outsides surface area of the wall (m*).

AT : total equivalent temperature difference (€7) .

But AT which takes into consideration the increase of wall temperature due to
absorption of solar radiation, so AT is called corrected cooling load temperature

differences CLTD g py

4.2 Overall heat transfer coelficients of 'C' building

A Wall could be made of several number of layers as shown in Figure 4.1

X1 52 A3

Inside Air Ti — Oulside Air To

Figure 4.1 :heat tzansfer through composite material

Overall heat transfer coefficients ( U7 ) is identified in the following equation:

1 1
ST S B S (3.2)

T TATRE Y3t Row
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Where;

-2 h i Convection coefficient (surface Condustance) of

= h oy ¢ Convection coefficient (surface conductance) of

inside wall, floor, or ceiling.

putside wall, floor, or rool.

=» X : Thickness of constructing material.

= K : Thermal cenductivity of material (see Table A-17 in appendix A)

Overall heat transfer coefficient for walls, roofs, gliass, and floors calculuted and

tabulated as follows:

note: all construction of walls are shown in section plan in appendix (B-1)

Table 4.1 The construction of building

Thickness

Element Construction B U W/mt.c
(m) "=k

Stone 0.05 022

External walls Concrete (.20 B 333
plaster 0.015 0.0107
Plaster 0.0107 0.0107

Internal walls hrick 0.1 0.11 2.9
plaster 0.005 0.0107
coramie tiles (.05 0.045
plaster 0.02 0.0142

Intemal roof CONCIcte 031 0.177 1.05

sanid 0.15 0.5

plaster 0.005 00035
Plasicr 0.003 0.0035
Concrete (.31 0.177

Exlernzl roof | Slop concrere 0.10 0.057 237
waler memb, (.01 0.0071
sereed (r.02 0.026
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olass 0.002 00018
glass air 0,006 0.24 235
glass 0.002 0.0018
ceramie tiles 0.05 0.045
conerele 0.10 0.057
sand 0,15 0.5
MNoor plaster 0.02 0.014 0.97
compact soil 0.2 (1133
damp coursc (3,10 0.07
concrete 0.10 (1057

4.3 Corrected cooling load temperature differences CLTD

The CLTD walues vary with hour of the day and it is function of enviranmental
conditions and building parameters. The CLTD tables are derived from computer

solutions using the transfer function method.

The vulue of CLTD extructed from (Tahle A-8 in appendix A) needs to he corrected
sn that the actual value is (ound for different cases. and hence it will be called

corrected CLTD and can be calculated from the following equation:

CLTDgorr = (CLTD + LM)k + (25.5 = T,) + (Toyy — 29.4)f (4.3)

Where LM is latitude correction factor, which is obtained from (Table A-1 in
appendix A) for horizontal and vertical surfaces. The factor k is colour adjustment
factor such that k = 1.0 for dark colored roof, and k = 0.5 for permanently light

colonrad roofs.

If the roof constraction details are not specified or the construction is different from
lhat specilied in (Table A-% in appendix A), approximale cooling load temperature
diffcrences can be obtained from (Table A-13 in appendix A) . This simplified table

gives the CLTD for cunlit roofs of light. mediurn and heavy constructions.
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temperature where Ty is the room or inside design temperature, C . On the other
hand, the temperature difference (T, ,-29.4) is a correclion factor for outdoor Mean

remperature Top. Tt 18 related to the onrdoor design temperature T, according the

relation:

4.3.1 CLTD correct for all walls and roof in Building

= [T;—u:u -

The temperature difference (25.2-T)) is a correction value for indoor design

CLID comected for walls and roof ealeulated and tabulatad as follows:

TBLE4-2 CLID. LM value and CLTD,

wall | CLTD LM CLYD
N 8 0.5 13.35
NE 11 .5 14.85
E 14 0.0 16.1
SE 13 0.5 15.35
S 11 -1.6 13.8
SW 14 -0.5 15.85
W 15 0.0 16.6
| NW 12 0.5 15.35
roof 16 {35 25.6

4.3-2 CLTD Correct For Glass in Building.

The maxinmm cooling loud temperature ditferences (CLTD) for convection haat

gain for glass windows occur 2t 15:00 hours iz 8 °C. From( Table A-13 in appendix

A).
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Table 4-3.

When substitute vilue of LM and CL'I'D in equation of CLTD,,,, and record in

Table 4-3 CLTD, ,,, and LM for glass

slass LM CLTD CLTDegsr
N 0.5 B 16.15
NE 0.5 g 16.15
E 0.0 8 15.7
SE 0.5 8 15.3
g 1.6 5 14.4
SW 0.3 8 15.3
W 0.0 B 15.7
NW 0.5 8 16.15




4.4 Sample load Calculations

Figure below show classroom in second floor.

7.96

Y Wl

EE ‘Wall

[ LA ——1] =

130+ ep3n 1,20 ]

C202
33 students

e

Figure 4.2 C202 Room
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4.4.1 Cooling load Calculations For (C202 Room,

4.4.1.1 Cooling load From Sunlit Walls And Roof

Direct and diffuse solar radiation that is absorbed by walls and roofs in raising
the lemperature of these surfaces . Amount of radiation absorbed by walls and roofs
depends wpon time ol day .building orientation types of wall construction and
presence of the shading .The quantity of heat transmitred through the walls, doors,
floor, and rool of space per unit of time is the function of three factors whose

relationship is expressed in the following equation:
Qwarr = UACLTD, . (4.4)
The beight of ona floor equal 10 3.24 m
Aswwan = (8.02 % 3.24) — 3(1.5x 1.30) = 19 m?
Asewan = (B8 x 3.24) — 3(15 x 1.30) = 18.7 m*
Asw giass = 3(1.5 x 1.30) = 5.85 m*
Agg glass = 3(1.5 % 1.30) = 5.85 m*
Overall heat transfer coefficient values for walls, roofs, [loors (from tshle 4.1)
CLTD values from table (4.2)
Qe waii = 19 %335 %1585 = 1008.8 W
@sgwun =187 % 3,35 x 1535 = 961.6 W
Qroop = 58 X 2.37 x 25.6 = 3519 W
Qs glass = 5-B5 % 235 % 153 = 210 W
Qsp grass = 585 X 235 X 15.3 = 210 W

Total load of room C202 rom walls and ronf = 59004 W
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4.4.1.2 Transmitted Heat Gain Through The Glass

Solar radiation which falls on glass has three components which are

(1) Transmitted component! It represents the larpest component, which is
transmitted directly into the interior of the building or the spuce. This
component represents about 42 to 87% of incident solar radiation, depending
on the glass transmissibility value.

(2) Absorbed component: This component is absorbed by the glass itself and
raises its lemperature. About 5 to 505 of solar radiation it absorbed by the
glass, depending on the absorptive value of the glass,

(3) Reflected component: This component is reflected hy glass to the outside of

the building. About 8% of the solar energy is reflected back by he glass .

Tf a certain building has a large area of exposed clear glass then solar radiation
is considered a large part of the cooling load. The total cooling load duc to expased
glass area is the sum of wansmission lomd due o inside-outside glass surface
temperature dilference (leat conduction) and heat gain due 1o solar energy (heat
radiation and convection). The amount of solar radiation that can be transmitted
through glass depends upon the following laclors:

|- Type of glass (Single, double or insulating glass) and availability of inside
shading. (Such as venetian blinds, construction overhangs, wing walls, efc.).

2- Hour of the day, day of the month, and month of the vear.
3 Orientation of glass arca.North, Northeast, East orientation, ete.)
4- Solar radiation intensity and solar incident angle.

3- Latitude angle of the location.




#.4.1.2.1 Transmission Heat Gain

Heat gain due to solar transmission through glass windows and glass doars is
estimated by using Appendix A-10 to A- L1 where the [ollowing factors are selected:

a) Solar Heat Gain Factor (SHG):

This factor represents the amount of solar encrgy that would be received by fMoor
[urniture and the inside walls of the room and can be extractad from (Table A-9 in
appendix A)

b} Shading Coefficient (SC):

It accounts for different shading cffects of the slass wall or window and can be
catracted Irom (Tahle A-10 in appendix A) for a single and double glass withour
inside shading or from (Table A-11 in appendix A) for single and double glass | as
well as, for insulating plass with internal shading (venetian blinds, curtains. drapes,
roller shades, etc.) The shading coefficient, SC is defined as the ratio of solar heat
gain of glass window of the pace to the solar heat gain of double strength glass,

¢} Cooling load Factor (CLF):

This represent the effect of the intemnal walls, {loor, and furnitre on the
instantaneous cooling Inad, and can be extracted from (Table A-19 in appendix A)
tor glass without interior shading or (rom (Tahle A-20 in appendix A) for glass with
nterior shading, It accounts for the variation of SHG facltor with time, mass
capacily of the structwre and the internal shading. The transmitted cooling load is
calculated as (vllows:

Qtr = A(SHG) (SCICLE) (4.5)

The values of the factors SHG{Table A-9 in appendix A), SC(Table A-11 in
appendix A), CLE(Table A-20 in appendix A)
I:,En- EW plai = 585{4?3}{'}5 l] (GSEI:} = 790'W

Qur s gass = 585(473)(0.51)(0.53) = 748 W



4.4.1.3 Cooling load Due To Infiltration

Infiltration is the leakage of oulside air through cracks or clearunces around the
windows and doors. Tt provides fresh outside air needed for living comfort and
healthr. The amount of this infiltration air depend mainly on the tightness of the
windows und doors and on the outside wind speed and its direction or the pressure

difference between Lhe outside and inside of the room.

The methods are used to estimate the volumetric flow rate of infiltration nto air
conditioning spaces are the air change method (ACH) and the crack miethod .

The air change method assumes that the air volume in a space is replaced by

butside air at certain number of time per hour .can be used the following equation:-
Qe p = mih, — hy) (4.6)
Where m : mass flow rate of air kg/s
hp: Enathalpy of infiltration air at out temperatuge and oulside relative humidity .
hi: Enthalpy of infiltration air at inside temperature and inside relative humidity.

Where b, . v, h; are obtained from psychrometric chart at mside and outside

design conditions as follows:
h,: 91 Kj/Kg dry air

v, = 0.903 m?/Kg dry air
h; = 45.5 Kj/Kg dry air

v = 0.B46 m¥ /Kg dry air

hp —hy =91 — 455 = 45.5 k]/kg dry air
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h= pV @.7)

o @ density of infiltration air.

V¥: volumetric flow rate of infiltrarion air .

= hs =11kg/m?
PSS Fang - v

V = (number of air change /hour) % volum of space

The height of one floor cqual 1o 3.24 m

Volume of room C202 = 766%7.537%3.24 =187.5 m*
Number of air change pet hour equal 2 (from Appendix A-7)
V= (2/3600) x 187.5 = 0.104 m®/s

m= 0104+11=0.1144 ka/s

Qrp = 0.1144 = 45,5 = 5.2 kW

4,4.1.4 Cooling load Due To Ventilation

A venlilation air that mixes with room retum air before flowing over the

cooling cool. Can be caleulation be the following equation -
Quen = thlhe — Iy {4.9)

s mass low rate of ventilation air kg/s .

h,: Enthalpy of infiltration air at out temperature and out relative humidity .

hy: Enthalpy of infilieation air at inside temperature and mside relative

humidity,
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Where h, . v,,, h; are obtained from psychrometric chart at inside and outside desien

conditions as [ollows:

hy: 91 k] /kg dry air

Vo = 0.903 m® fkg dry air

h; = 45.5 ki/kg dry air

v, = 0.846 m? kg dry air

h,—h; =91 —45.5 = 455 kj/kg dry air

e ;
h=—
Uﬂ

I«}:mlumctric flow rate of ventilation air .

v, specific volume at T, and @, .

V' = number of person Xoutside air requircments for mechanical ventilation

outside air requirements for mechanical ventilation is 3 x 1072 m* /s per person

(Table A-6 in appendix A)

number of person in room C202 equal 33 student.

V=33 %3 x10"% = 0.099 m3/s

¥, at out side temperature and oul side relative humidity egual 0.9 (psycumetric

chart)

. 0099
m= TEE 011 keg/s

Upon = 0.11 % 45,5 = 5 kW
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4.4.1.5 Cooling load Due To Equipment

Scnsible and latenmt loads ansing [rom various eguipment(lights, people,
computer...etc) and appliances that arc installed in a conditioned space are given in
Table 3.8. The indicated heat dissipation rates from such equipment and appliances
should be included when the cooling load is estimated. Care must be tuken when
considering such dissipation rates ag all sensible or latent or partly sensible and

partly latent,

4.4.1.5.1 Cooling lvad Due To lights

Can be calculation by the following equation:-

@, = N x P x CLF x Diversity Factor (4.10)
Where:

N: number of lighls.

P: rated power 40 W,

CIF: the light cooling load factor from (Table A-20 in appendix A)
Diversity factor :0.4 for light from (Table A-14 in appendix A)
number of lights in room C202 equal 24 light

CLF =0.36

Q, =24X40 % D36 04 =138 W

8y T, = "‘.\
kit Sl Sasle
'5-_ B slian Paiptoelaln SHivorsity
I.Tr S |-_l '||1II-

SrerteE sl Tiie Libroty  daaefll
ARG - seas ’EJ&L?? | BTl TON,
':'I‘ﬂ:!- ...................................... it ;’.'

S —n -
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4.4.1.5.2 Cooling load Due To Computers

Each computer produces heat equal to 100 W

Number of computers in C202 room is one so the load from it is 100 W,

4.4.1.6 Total Cooling load Due To Equipment
'?Elqu!pm.:mts' = @y + () compurer.

'?eiquipmant,g =138+ 100 = ZSBW

4.4.1.7 Cooling load Due To Occupants

Can be calculation be the following equation:-

Qo totar = Qsanstvte + Quuren:

Qratent = LHG X No, of people = Diversity factar

Qsensisie = SHG % No. of peaple x CLF x Diversity factor

Where:

LHG : Heat gain latent = 57 W (Table A-4 in appendix A),

SHG : Heal gain sensible =71.5 W (Table A-4 in appendix A).

Diversily factor from Appendix A-14

CLF: cooling load factor (T'able A-20) in appendix A) .
Quatens = 57 X 33 % 0.5 =907.5 W

Qsensible = 718 X33 X072 x 0.5 = 7722 W

Qeotar = 75+ 7722 = 1680 W
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4.4.1.8 Total Cooling load

Total conling load can be ealeulation be the following equation:«

thm — Qwarm + Q,gluss + Qinr iicracion + @t-‘f'ﬁ titatinm + Qﬁtfmrfmmts + Q PoCUPaATES

4.4.2 Heating load calculations for C202 Room.

4.4.2.1 Meat Gain Through Sunlit Walls , Glass And Roof

@ =UAAT (4.13)

Where @: the rate of heal transferred in wartt (W),
U: the overall coefficient of heat transmission in Wim?. ¢
A: the outsides surface area of the wall (m?).

AT ; total equivalent temperature difference (c”) .

Dawwarr =19% 335 x18 = 1145 W
Gezwan = 187 x 335 x 1B= 1127 W

Qropp = 58 X 2.37 x 18 = 2474 W
stgmsq =R w28k 18 = 24T W
Qsp glass = 585 X 2.35 X 13 =247 W

Total 1oad of room C202 from walls and rool = 3240 W
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4.4.2.2 Heat Gain Duc To Infeltration

@i p = mlh, —hy)

1 mass flow rate of air kg /s

h,: Enthalpy of infiltration air at out tempezatiire and out relative humidity in

wenter .

hy: Enthalpy of infiltration air at inside temperature and inside relative humidity in

wentar,

Where h,, | v, h; are obtained from psychrometric chart ot inside and outside

design conditions as tollows:

hgy: 13 Kj/Kg dry air

v, = 0.789 m?/Kg dry air

h; = 48 Kj/Kg dry air

vy = 0.853 m*/Kg dry air

h; — h, = 48 — 13 = 35 kJ/kg dry air
m= gV

p : density of infiltration air.

V: velumetric Mow rate of infiltration air .

1 1
= e = B TS
P =" 0789 g/m

V = (nomber of zire chunge /hour) % volum of space .
The height of vne floor equal to 3.24 m
Volume For room €202 =7.66 X 7.57 X 3.24 =187.5 m’

Number of air change per hour equal 2 (Table A-7 in appendix A}

52




V = (2/3600) x 1B7.5 = 0.104 m* /s
= 0.104 % 1.26 = 0.131 ky/s

Qs =0131 %35 = 4.6 kw

4.4.2.3 Heat Gain Due To Ventelation
Gen = thlhy = by)
i mass flow rale of ventilation air kg/s ..
hg: Enthalpy of infiltration air at ont temperature and oat relative humidity .
h;: Fnthalpy of infiltration air at inside temperature and inside relative humidity.

Where by, . v,,, h are obtained from psychrometric chart at inside and oulside design
conditions as follows:

Byt 13 k] kg dry air

Vo = 0.789 m* /kg dry air
h; = 48 Ief /kg dry air

v, = 0.853 m? /kg dry air

by —h; =48 — 13 = 35 ki kg dry air

Vr:Volumetric flow rate of ventilation air .
U,: Specific volume at T, und @, .
V¥ = number of person woutside air requirements for mechanical ventilation

outside air requirements for mechanical ventilation is 3 x 102 m? /s per person

{(Table A-6 in appendix A)
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Average number ol person in room C202 is 33 person,
V=(3x10"%%33= 0099m?/s

0.099

= 0780 = (0,125 kg/s

Quen = 0.125 X 35=44kW

4.4.2.4 Heating loud Due To Equipment

4.4.2.4.1 Heat Gain Due To lights

2;, = N % P % CLF x Diversity Factor

Where:

N; numher of lights,

P: rated power 40 W.

CLEF: the light coaling load (actor { Table A-20 in appendix A)
Diversity factor :0.4 for light from (Table A-14 in appendix A)
For room C202

number of lights for room C202 equal 24 light

CLI =0.36

O = 24 x40 X 0.36 X 0.4 = 138 W

4.4.2.4.2 Heating load Due To Computers
Bach computer produces heat equal to 100 W.

Number of computers in C202 room is one so the load from it is 100 W,
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4.4.2.5 Total Heating load Due To Equipment
Qaqufﬂmﬂi = Q-ﬂt + Q E.Dmputﬂ

Qequf;ﬁmenu =138+ 100 = 2318 W

4.4.2.6 Heat Gain Due To Occupanis

Can be caleulation be the following eguation:-

Qa torar = Qsensibte + Qragent

Qiatent = LHG x No. of people x Diversity factor
Qsensibie = SHG x No. of people x CLF x Diversity factor
Where:

LHG : Heat gain latent = 37 W (Table A-4 in appendix A).
SHG : Teat gain sensible =71.5 W (T'able A-4 in appendix A).
Diversity factor from (Table A-14 in appendix A)

CLF: cooling load factor (Table A-20 in appendix A).
Qlatant = 57 X 33X 0.5 = 907.5 W

Quensioe = 715 % 33 X 0.72 % 0.5 = 7722 W

Qtotar = 20754+ 7722 = 1680 W

4.4.27 Totul Heating load
Total heating load can be calculation be the following cquation;-

Qratar = Quaits + @l‘n_rﬂtrrr,:!an + Qyentitation — ch'u!pmmts T Qacmpnnn

Qrapz = 5.2 + 4.6+ 44— 1,680 — 0,238 = 123 kW
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4.5 load Caleulation For C202 Room By Using Sofltware.

We used software program (LG sofiware) to calculate the load of the building so
we calculated the load of €202 by equations and by using software | by
comparative of them we note that the Resulls are simular,

we consider the room C202 as sample room of the building and have apply the

software ,and the following 1 a review of how to use the program.

In the fgure bellow thers are the information of the room such as the length width.and
the space nam.

LA TS-Lopad : apace Informualivn

:

RoomMame 202 |
IV Wil pou calculate this roomi? [ anigth {TT M  GavaFooms I
[ lay & capst Wik |—? & o Apply Template
| Information

|_angth et K|
Rool 77 7E 2
Wall
“wial Mame Langth Height Drirechion |
w 77 3z W
SE 7.5 F& SE

¥

&l il >

Figure 4.3; Room information
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LATEH Lend . Space Informalion

The tigure {4 4) explain the construction of the floor and roof for room €202
and the Overall heat transfer coefficient of them and the leneth ,width of them.

Room Fool/Floo | Wal | Thermostat | Invernal Load | Vent ntiliation |

Room Mams (o202

#* Hoal/Ceilng...
* Hosot " Cefiing

Suves | Sol Tompicte | Close |

Raof/Ceiing | <L s=r Ootion>
Length | 768
I Has askyhght? 5

¥ Floon.

w| UFacion 237 WImat
widh [757

Fioor | <User Dgkion
Lergh 766 m

il

I Adacent spacs temparahue, .

:} |na7 W20
Widh T5T

Figure 4.4 :Construction of roof and ceiling




The directions of the walls for room C202 and the constructions of them and the
construction of the windows doors are shown n figure 4.5

LATS Load  Space Informatinn

foom | Roci/Flom  Wal IThmmstaH Irkevnal Load | Vent Anfitration |

Rioom Manie :c202 | New Wil | Deeie| Choon |

wial / Doot S Windos.
vl Factor
;‘E | ¢Uses Dptiors :J = el 20
Width (757 w Heigh (324 m Diecton SF |
[ Patition
Cri . Wirddw..

Twe | | Tupe |<lissr Dptions -
U-Fackor | \Wimar Ufacior (235  wmet sC[0SH
™ whdh | m M widh 53 m
Height | m Heigt 1 m
I wal wes | X T wellwes | %

Figure 4.5 ‘Walls and windows direction
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The [igure (4.6) shows the indoor conditions in the cooling mode and heating
where the mdoor dew point lemperature in the cooling or the heating is constant and
the indoor relalive humidity is 51%.

LA L pad  Bpace Indormaton

Aoom | Rool/Flooe | Wal  Themostat | [riamal Losd | Vent Anfration |

Finam Name :c202 J Sed Tempiate Elmal
- Cooling =
Indoor [Kew “Enter’ after changmg themmostat stale.)
DET [Ei' &
wer 173 c
Ak IR X
Heating .
featdonee
BET 2 E

Figurc 4.6 “Indoor conditions
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The figure below shows the load resuiting from existing equipment in the room
addition, load resulting from people and lights inside the room and also explains the
nature of Lhe existing environment and the nature of the work done by people inside
the apariment.

LATE Load Space Intormntinn

Rioom | Hud.-’Fhr] wa |

Roaam M ame 202 f EatTerrq;h\uI ['.Iuwl

Peopla
Ao TN -| Oty (5 [pee ] |

Activiy | Dffive Woik v taemt[ET [Wipewn w

Sensiole (718 |Wwiperson =

~ 156 [wmz  +

> Mungke]1 L0200

Scheduke [3 p~ 18 4

Miscellaneous .
Heat Gain [Sid Diffice Equipmentlight | (54 [wim2 =)
Schedle 8 p- [13 4 SHE 1 (1)

Figure 4.7 ‘load from people and equipment




In figure 4.8 explains the infiltration and ventilation of the building and the load
which resulting from them.

% ' L 1
LATS Luud . Spuce Information f

Room | Rcal?Floos | Wal | Themostat | Intemal Load Vent Aniiltiation |

[ribation - —
Cadling Heating
dirFlaw Riate [T [An change rate =] |1 Ax change oke = |

‘enbilation. .
Codiing Huding
firFowRae |3 Fseo/person v 3 [Ty—
Schedde (B h~ 18 h

Figure 4 8 : Inliltration and ventilation
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Abter insert the previous data to the program, the load of the room will
caleulated where the followmg figure shows the caleulation of the room and load
distribution in addition to the calculation of heating load

SRR LOAD SLMMARY

- T ST

m; [ o mﬂ [0 = WTF

view Zone infa | Viow oy Process | 7ane Greuipng | Fena ngrpng |

Eigure 4.7 : load for room C202 by using software.

When we made comparative between calculation load using equations and
caleulation load using soltware we noted that the ditfrence between them is very
low so we adopted the software to caleulate the load of the C building because it is
high performance and in the following tables all the rooms load of C building




4.6 Total Cooling and Heating Load

Table 4.4 Total cooling Load

Second Floor First Floor Ground Floor Basement Floor
Q total () total Q total Q total
Room (kW) Ropom (kW) Koom (kW) Room (kW)
202 19.2 Phaoto lab 143 offica 1 3.5 Office 1 1457
C201 174 | Officel 6 Secretary | 1.5 Office? | 1.664
Drawing
Officel 2.9 GiSlab | 214 a0 Office3 | 2255
roam
C203 | 212 | Office2 4.5 Offica 2 43 Officed | 2.781
Office2 | &2 c““i‘d“r g7 |Offiec3 3 Office 5 | 1.761
1
Comidor1 | 20 c““;d‘“ 6.8 | Officed 54 | Comidor1 | 18792
Comdor2| 73 "r-'“rf;d”‘ 15.1 Office § 38 | Comidor2 | 21
Comidor3 | 257 Cl02 15.5 Office 6 2.4 Drawing | 5¢ 389
room 1
Meetings | yen | clo1 53 | Officc? | 21 D”’“’”;g by
room roam £
Offices 4.5 PC. lab 10.3 Office 8 28 Office & | 5.233
S"”fl““ 23 |caDih | 103 counter 12
Officed 11,5 | Office3 £8 | Corridor! 3
Offices 43 Officed 57 | Comidorz | 127
Oificed 7.9 Officed 4.9 Corridor 3 8.3
Office? 14 F‘”Tl“' 7 | corridor 5 7
Officch 3.5 Office 9 4
Seuy 1o Officc 10 | 5.2
Office4 4.5 Corridor 4 &,
Oflicell 6.2 Corridor 6 14.3
‘L’“ft‘“? 37 Staiis 60
Comidor 4 g4
TOTAL 213 132 196 103
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Table 4.5: Total heating load

e —

Second Floor First Floor Ground Floor Basement Floor
() total () total Q total Q totul
Room (kW) Room kW) Hoom (kW) Room (KW)
202 12.8 | Photo lub 12.8 office | 23 Otfice 1 1
C201 11.6 | Officel 4 Secretaryl 1 Office 2 11
Drawing
Officel 1.8 GIS lab 14.3 13 Difice 3 15
room
203 14 Office2 3 Office 2 R Offiee 4 1.8
office2 | 54 G"‘"l“l‘“ sg |Office3 2 Offices | 12
Comidor1 | 13 Cm‘;‘d‘” 45 | offices | 36 |Comidor1| 125
Cormidor2 | 4.8 C”E:‘l':" 0 | offices | 25 |Comider2| 14
Comidoes || 17 cio2 | 103 | offices | 16 Drawing | 455
room 1
Meetings | 195 | ci01 35 | omeer | fa | DOVOE | 145
oo room 2
Difice3 3 PC. lab 6.8 Office 8 1.8 Oilice & 3.4
S“[ftﬂw 105 CAD lab .4 counter g
Oificed 76 {Office3 4.5 Corriderl 513
Offices Z Officed 3.5 Corridor 2 8.5
Officed 5.2 {fficed 32 Corridor3 S
Office? | 93 ‘“‘“T“T 45 | Comidors | 46
Offices 73 Office 9 2.6
Secsehyl 42 Office 10 | 3.5
Olficed 32 Coarridord fr.4
Officel0 | 4.1 Comidort 4.5
5"‘”;"”"-"" 25 Siairs 40
Comidor 4 5.6
TOTAL 141 0y 126 6o
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Chapter Five

COMPONENTS SELECTION




5.1 Introduction

VRV svstem contains several important component ,onc of these elements
outdoor units ,which its capacity must be suit with the loads and it contains indoor
units.and there is many models of outdoor and indoor unils and the system consists

of copper piping and control equpment.

The selection components of VRV System consist of

g

Selection outdoor units of VRV system

=

Selection indoor units

£

Selection refrigerant copper pipes.
d. Selection the duet.

£.2 Indoor Units

VRV indoor units are modern, technologically advanced and come in ceiling
mounted cassctie. concealed ceiling. ceiling suspended, wall mounted and [loor
standing models, Recently, the range has been extended by the visually striking and
much acclaimed round flow ceiling mounted cassette with its unique 360° air flow

distribution pattern.

Designed to fit rooms of any size and shape, Daikin imdoor units are also user
friendly, quiet running, ultra reliable, easy to control and supply users with that
relaxing ‘cxtra something” to the indoor climate.

VRY air conditioning brings summer freshness and winter warmth 1o offices,
hotels, department stares and many other commercial premises. 1t enhances the

indoor environment and creates a basis for increased business prosperity and
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whatever the air conditioning requirement, a Daikin induor unit will provide the
answer. VRY air conditioning can be supplied via 26 different indoor unit models
And this is some madels of indoor units which is used in our project.

Wiall hournted

R-a108] B-22 |

Figure 5.1 wall mounted indoor unit, capasity rang ( 2.2-7 kw)

Ceiling Mounted
Casette(Round Flax])

Figure 5.2 © Ceiling mounted cassette (round flow) indoor unis

Slim Cailing Mounted Duct

(TS =TI

Figure 5.3 : ceiling mounted duct indoor unils |1t is used for ducts

By
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5.3 Outdoor Unit

Outdoor unir with a capacity that constitutes anywhere between 70% and 130% of
the combined indoor unils capacities. The design engineer must review the load
profile for the building so that each outdoor section is sized based on the max load
of all the indoor sections at any given time. Although an oversized outdoor unit in a
VRV system is capable of operating at lower capacily, avoid over sizing unless it is
required for a particular project due to an anticipated future expansion or other
criteria. Alse, when indoor scclions are preallv oversized, the modulation function
of the expansion valve is reduced or entirely lost Most manufacturers ofler
selection software to help simplifly the optimization process tor the system’s

components, Figure 5 4 show outdoor units shape,

Figure 5.4 ' outdoor unil




5.4 General Pipes Design

The pipes which used in VRV system is copper pipes. VRV offers an extended

piping length of 165m (190m equivalenl piping length) with a total system piping
length of 1,000m.

In case the outdoor unit is located above the mdoor unit the height dilTerence is S0m
standard. It can be exiended to Y0m In case the outdoor unit is located below the
indoor unit, the height difference 1s 40m standard. Heght differences uwp to
maximum 90marc possible .After the first branch, the difference hetween the
langest piping length and the shortest piping length can be maximum 40m provided
that the lomgest piping length amounts to maximum 90m.

The figure below show the length of the pipes between outdoor units and indoor

unis,

;

- .

165m Acual ppng It
A0m (90m" ) Lol Aece batween ndoot and ot s

 15m Lael difesence bewsen ndoor wis
90m nainue

Figure 35 : Pipes length between outdoor &indoor units
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The VRV piping of the refrigeration system is ane of the most important
designs of the VRV system, i e. the VRV piping should assure many purposes such
as:

1- Ensure adequate velocity to return il to compressor at all steps of
unlnading.

3- Avoid excessive noise.

3- Minimize system capacity and cfficiency luss and pipe erosion

The VRY piping design ol the system requires designing the liquid line Lhat
supplies the indoor cooling unit with liquid refrigerant, and the reliigerant suction

line: which returns refrigerant [rom the indoor unit 1o the compressor

5.4.1 Liquid Line

This section of pipe conducts warm, high-pressure liquid refrigerant from

the condenser 1o the expansion device and indoor unit .

The liguid line must be designed and installed to ensure that only liguid
refrigerant (no vapor) enters the expansion deviee. The presence af relrigerant vapor
upstream of a expansion valve can result in erratic valve operation and reduced
system capacity, In order to mect this requirement. the condenser must provide
adequate subcooling, and the pressure drop through the liguid line and accessories
must not be high enough to cause flashing upstream of the expansion device.
Subcooling allows the liquid refrigerant to experience some pressure drop as it

flows through the liguid line, without the risk of flashimg.

The digmeter of the liquid line must be as small as pogsible to minimize the

refrigerant charge, therefore improving reliability and minimizing installed cost

0
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However, if the pipe 1s too small, the increased pressure drop may cause lashing

upstreamn of the expansion device

The refrigerant velocity in the liquid line shouldn't exceed 3 m/s to prevent
noise and large pressure drops. And no under limit since the refrigerant will solute
the oil and carry it by the way. As shown in Figure (5-6), the refrigerant velocity is
about 2.8 m/s at the recommended liguid line diameter from the condensation unit

manufacturer

liquid line
Determine Refrigerant Velocity
" pipe deamedss n (mm)
£ %:Wﬁ@%ﬁﬁ"
B[ - g i ;
E |

PE

=
E
E a1
-
F
1)
=
|
| 2 5 13 2] 6. 10 b}
T wa @ @ vy oom ey

evaporator capatity, lons (KW}

Figure (5-6) Evaporator Capacity and Velocity Diagram for Liquid Line

5.4.2 Suction Line

This pipe conducts low pressure refrigerant vapor from the evaporator to the
compressor. The diameter of the suction line must be small enough that the resulting
refrigerant velocity is sufficiently high to camry oil droplets, at all steps of
compressor unfoading. The refrigerant velocity inside a pipe depends on the mass
flow rate and density of the refrigerant if the velocitv in the pipe is too high,
however, objectionable noise may result. Also, the pipe diameter should be as large
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as possible to minimize pressure drop and thereby maximize system capacity and

efficiency.

5.4.3 Unified REFNET piping

The unified Daikin refnet piping system is cspeeially designed for simple
installation The use of refnet piping in combination with electronic expansion
valves, results in a dramatic reduction in imbalance in refrigerant flowing between
indoor units, despite the small diameter of the piping.

refnet joints and headers (both accessories) can cut down on installation work and
increase system reliability. Compared to regular T-joints, where refrigerant
distribution is far from opumal the Daikin relnet joints have specifically been
designed Lo optimize reliigerant {1 . The ligure below show type of refnet,

—_— 4

REFNET joint | Ariached insulators
for RERNE] joint

e ———— e —

REFNET hEddEl‘ Alladmed insulators
for REFNET header

_REFN_ET- joint T -joint

Figure 5.9 ‘Types of REFNET
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5.5 Air Curtains

When dividing spaces with temperature differences. the air curtain prevents
the natural flow of air caused by differing temperatures, The difference between
indoor and outdoor temperature creates an imbalance in density, and therefore a

pressure variation which causes the infiltration of outside air

Figure (5-9) illustrates the loss of conditioned air before and after the
installation of an air curtain at the doorway. As an example, during the winter
heating season, the outside colder denser air flows through the bottom half of the
doorway into building; The warmer, lighter air (lows to the outside through the top
half of the open doorway. For large upenings, this results in excessive energy

losses, The air curtain is selected depending on type of application, and door

dimension.
BEFORE AFTER
| 5
=g 7
coLD SIDE \-‘-‘_:""/ GOLD SIDE ‘\“ { warmsioe
SIDE

S I
— A7 N
WITHOUT AIR CURTAIN WITH AIR CURTAIN

Figure (5-9) Air Curtain Working Principle
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5.6 Sample Duct Sizing by Equal Pressure Drop Method

The duct in VRV system when large area to be conditioned ,where there are models
of indoor unit (ducted hieat pump VRY unit) selected o conneet with duct, and the
atr passes through this duct 1w grills. Figure 3.10 show duct connect with ducted

heat purnp VRV unit in ground floor corridor 4

80 LUs 80 LIS
80 /S 30x 30cm SG auxauemsrs

176 LIS ;?E?Tn = T - =~ j
e S E— 2

< 3x30em 8
026 25%25cm *

35:"35 CM Dincted heot Pump VRV Uit

S Cooling Capacity
415118 A Flow

Figare 5.10 : Duct sample

Equal pressure drop method .this method is used in low velocity air conditioning
systems where the pressure drop ( AP/LL) through the duct network is kept constant
for all duct sections, A chosen value of (AP/EL) is used . based on desirable velocity
in the main duct just after the fun, and then is kept constant. The desirable is
obtained from (Table A-3 in appendix A). Then (Figure A-1 in appendix A) is used
Lo ohtain (AP/EL). This value of (AP/EL) is used for all duct section throughout the
duct system _this method produces gradual reduction of air velocity and duct

diameters from fan outlet to air exit, therelore. reducing noise level.

For ducred heat pump VRV ugit air flow is 0.415 m%/s maximum velocity in the
main duct on basis of the application environment. To avoid disturbing noise levels
I8 4-1m/'s.




With this value of air velocity and the volumetric flow rate 0.415 lor main duct

Ato B then figare A-1 (xee appendix A), gives (Ap/EL )4-p =0.55 Pa/m and
circular duct diameter 33 ¢m cquivalent {35% 35 ¢m) rectangolar duct( sce Table

A-12 inappendix A) .

TABLE 5-1: Volumetric flow rates and dimension for all duct sections.

y s h=w (cm :

Ductsection | ¥ /D | p g 1 gem) 2 :Eﬁfj
A-B 0.415 4 0,33 35%35 0.35
B-C 0335 | 37 03 | 30x30 0.55
C-D 0,253 15 0.27 25%25 0.55
D-E 0.173 E; 024 | e | 0.55

Pressure drop induct (Ap):

AP
Ao L E(Z L+ Z L)+ APeris 5.1

Where L : duct length.

Lqs equivalent length for reducer and elbow( see Table A-12

inappendiz A ).

L=116+138+2.47+2.54=735 M

Ly = 3L, for reduser + 3L, for 90 rectangular elbow
Ly='3¢6) 4+ 3(5)=33m
APy vy =10pa
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Pressure drop in duct less than external pressure drop for ducted heat pump YRV
unit that equal 120 Pa

5.6.1 Duct Insulation

The most commen insulation material for duets is fiherglass. It is available in
cither a flexible or rigid form and comes in a varicty of densities and thicknesses.
The flexible blanket-type insulation is sold inTolls and is cas ¥ to apply to either
round or rectangular ducts, Flexible invulation easily conforms to irregular surfaces.
Rigid insulation comes in pre-formed boards bonded with 4 thermosetting resin, and
works best on rectangular ducts (in some areas, ducts are constructed of a rigid
nsulation material, minimizing the need for additional insulation) . All duct
insulation should have a [oil or vinyl facing on the exterior side to Prevent moistare
[rim being absorbed into the fiberglass. Kraft paper- faced insulation should never
be used on ducts because of its flammability and relativel ¥ poor moisture resistance,

If any existing insulation has become wet, it should be replaced.
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Chapter Six

COST EVALUATION AND
CONCLUSION



6.1 Second Floor Cost

TABLE 6-1: Tolal Cosl For Second Floor,

e Capucity S Mumber = Cost for one piece
Unit (kW) Description required (ID)
RXYQ- Outdoor unil, small a
PAVPBA) | i footprint combination | H
i Indoor unit ,ceiling .
= g ¥
FAFQ-PS 26 mounted cassette Y 1050
EXFQ-PS 71 Indoor 1.m it ,ceiling 6 1150
| mounted cassetle
i : =
Indoor unit cciling _

KSUEER o mounted cassetie * e
FXTQ-PS (12 Indoor unit ceiling 2 1330
mounted cassetle
Indoor unit swall

= wa
FXAQ-P = | mountad vnit : i
oo wnit wall
: ?
R 2 mounted unit : 540
FXAQ-P 16 Indoor unit :wnL‘l > 980
mounted unit
FXAQ-P 45 lm:tuor. unit ._wull 1 1040
munted unil
| 1 —-
FXAQ-P 7.1 ndloer unit wall 1 1100
= mounted unit
FXMOQ-MA 224 Largs soucealec 3 3450
4 E ceiling unite
RIENET JOINT ;gﬁhqmd 0 gea 22422 |50/PIECE
Dutdnm'.nmr Fpr liguid and gas 141 250
conneclicms [:_t_lpc
Duct 65m? 1450
Axil Fan | 12 1080
Installation 4000
TOTAL , B340 JD |
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0.2 First Floor Cost

TABILE 6-2: Total Cost For First Floor.

Unit C?Ef:;” Description ;q“‘t‘l;':;; Cost r"{‘l'l‘l‘)“j"' plece
RXYHQ P8/28 77 ?gg‘;:ﬂ:;ﬂg;ih 2 15500
prom | s [erme |
omom | i |Bmaialn |, |
mrors | on [bemmialm |, |
oworm | ma |Mhewiebs [ |
FXAQ-P 22| Egﬁg‘;ﬁf"ﬂ" l 890
pogr | ax  Blwel |, | o
FXAQ-P 16 :‘;ﬁgﬁfﬁ"’jﬂ;ﬁ?“” 1 980
FXAQ-P 5 [TEEREaE ! 1040
FXMQ-Ma 224 ';::f;f;;‘g;‘:;“j“d 1 M0
FXMQ-F7 14 ;‘l;‘;t‘:’“m ““f"ﬁ”g 1 1990
FXSQP 11 Eﬁt‘f“tfd EEnE 1 1300
RIFNET JOINT F?rctiq”id B o7 17417 150/PIECK
Il'lutdxmr. uriil E“(i liquid and gas L] 250
. C?HIIECT 1205 mpe
Dhct 65 m? 1450
Axial Fan 14 1260
_Iﬂ;amllﬂtinn 44040
TOTAL 72000 JD

i




#3 GGround Fleor Cost

TABLE 6-3: Total Cost For Ground Floor.

. Cupacity e A Numher | Cost for one piece
Unit (kW) Description seamtied D)
Outdoor unit, TTigh
RXYHQ-P8/36 o8 | COP combination 2 19950
FXFQ-P8 7.1 acrunibc g 1 1150
_ mounted cassetie
FXFQ-P8 20 [ndmr.mut .mllpg I 1350
mounted casselle
" indoor unit ,ceiling
Fasid-Ee k3 mounted casselle : 1330
FXAQ-P 39 Indoor unit :wall | 390
mounted unit
i Indoor unit ;wall
PR S mounted unit : 0
concenled ceiling
FAMO-MA q e 1 1300
FXMO-MA, 28.0 Ligrse anncedion 2 3500
ceiling unite
FXMQ-P7 14 Snanicc oulling 2 1990
wnle
FXSQ P 11 G Gt 3 1300
unite
RIFNET JOINT ‘; ;;fﬂl‘q“““ i g 10410 |50/PTECT,
Outdoor unit For higuid and gas Tl 150
connections pipe 7
DUCT 100 m? 2200
Axial Fan 8 720
Installation 5200
TOTAL 74000 JD
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B

6.4 Basement Floor Casl

TABLE 6-4: Total Cost for Ground Floor.

] Number | Cost for one pit{:u—\

, Capacity e
Unit (kW) ~ Desgcription | quired | (D)
T Oudeor unit, High 5
~ RXYHQ-P4/2 ~ 23 COP combinalion 1 5 1 11800 |
: ' 2 | Indoor unit ceiling %
l_ FXPQ-BS | =L | mounted cassette \ : | 3450
'| [Tndoor unit ceiling '
it . e | mounted cassette | L 1330 _\
" : Indoor unit ceiling ' '
| \ FXFQ-F% 14.0 ounted cassette | | I. 1600
. = Indoar unit ,wall ] 2 ] ]
N FXAQ-P o mounted it , 5 , -4
| EHMOQ-MA | 9 ll concealed ceiling unite i 1 ~ 1650
" aaaterd ol | |
| EXMO-MA ] 220 E:lg: concealed ceiling . 3450 4\
FXSQ-P 11 [ concealed ceiling unite 1 1300
RIENET JOINT | [ For liquid and gas pipe | 12412 150/PLECT.
Qutdoor unit e e LT
i e For liquid and gas pipe 1+1 250
Duct &0 m? 1320 N
Axial fan I l_ ! l 3o
L metallation | | | 3400 i\
| TOTAL L . 670001 |

Tatal cost for four floors of C building = 25000 +72000=+7 4000-+67000

= 310000 JD.

21



Conclusion

Although the high installation cost of the VRV systems and limitation hellow:

* There is a limitation on the indoor coil maximum and minimum entering
dry- and wet-bulb temperatures, which makes the units unsuitable for 100%
outside air applications especially in hot and humid climates.

¢ The couling capacity available to an iadoor seetion is reduced at lower
outdoor temperatures, This limits the use of the system in cold climates to
serve rooms thul require year-round cooling.

» The external static pressure available for ducted indoor sections is limited.
For ducled mdoor sections, the permissible ductwaork lengths and fittings
must be kepl 1o a minimum. Dueted indoor sections should be placed near
the zoney they serve,

It has many features such as high elTiciency operation design versatility high
relinbility easy installation comfort and convenience easy service and
MAUINtENANCE .
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Appendix
A



e R ——

TABLE A-1 Latitude —month correction factor T.M. as applied to walls and horizontal roofe noeil: latitudes

NNE NE ENE E  ESE SE SSE Horizontal
| powm | N NNWNW_WNW W _WSW SW SSW 5 Roos
T December | -22 -33 <44 44 <22 05 22 50 72 50
i /Nev. | <22 33 38 a8 <22 45 22 44 65 -3
Feb/Oct. | <16 =27 27 <22 <11 Q0 L1 27 3% -1
Mar/Sept. | <16 <15 -L1 <L1 -05 0500 00 00 -0S
Apr/Aug.| <05 00 -05 05 -05 -16-16 -27-33 O
Mayflaly | 22 1§ (6 00 -05 -22-27 -38-38 OO

June 3} 1 12 05 f -22-33 4438 O
|

§ |December | -17 3§ =45 <61 44 <27 LI S0 66 94
Jan./Nov, | <12 <33 44 =50 =33 -l6-1§ SO 72 -4l
Feo/Om. | -2 <17 <33 33 -1§ -05 16 38 55 -3
Mar/Sept. [ <16 <22 <16 =16 05 <05 03 | - S

Apri/Aug| -11 05 00 <08 08 <]]-DS 0 0.0
May/ddy | 05 11 L1 00 00 -{§-16 -27-313 05
Hune 1 Ih . U5 00 <621 -33 -1 03

-|1

December | <27 <38 -§5 <61 -44 =27 L1 50 6 94
. MNov. |07 38 S0 61 44 22 10 s 65 4D
FeD/O |00 33 <38 44 <02 o] 22 44 61 S5
Mar/Sepl. [ =16 02 <22 22 <10 05 16 19 33 -

!

ApfAug | <11 <LL 05 <11 00 -05 09 sp 0§ <03
M“'?l"_h' Wy 03 s 00 60 D505 -6 =16 03
Tiiie 03 1 L 08 00 ~p-li @293 W

3§ 38 0D 3f 5% -l .

W December | .31 44 55 .19




TABLE A-2 : Performance data. for selecting return air diffusers

Face Velocity oo n-c 100 125 1.50 1.75 2.00 2.25 2.50 2.75

m/s

AP,Pa 20 40 75 125 174 224 299 39.8 49.8 697
Size, cm Volumetric Flow Rate, L/s

T8x15 18 23 30 36 45 47 54 6 ™ 7

15x23 23 32 43 54 63 74 85 97 18 117
{5%30 27 40 54 68 83 97 110 124 137 150
s3x23 32 45 60 77 92 108 125 140 135 170
73%30 38 60 77 97 17 135 155 173 195 212
s3%38 47 70 92 115 140 162 185 207 230 254
30x30 50 72 97 122 145 170 195 218 243 268
j0%x46 70 105 137 173 207 240 276 310 345 378
30x53 80 120 16U 198 240 280 320 358 365 437
3gx53 97 145 195 243 293 340 300 435 485 535
3gx 61 110 165 220 275 330 387 440 405 350 603
120 170 230 288 347 403 465 522 367 &3V
150 225 304 378 456 530 603 684 765 837
170 260 350 437 518 612 702 Ti 854
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TARBLE A-3 : recommended and maximum air velocitivs used m warm air heating syvstems

Recommended Velocity, m/s Muximum Velocity, m/s
~ Residence Public  Industril | Residence Public  Infusesal
Description Buildings Buildings Buildings | Buildings Buildings Buildings

Outside air 25 25 15 40 45
intake

Heatingcoils 2.3 1) 30 23 30
Coolingeolls 2.3 13 i 23 30

i

Fan suction 35 40 50 45 |
Rooulet 5080 63100 3020 | 85 7510 §5M0
Mandut 4045 5065 6090 | 4060 5380 630
Baochducts 30 S045 4050 | 3550 4065 5080
Branchrisers 25 3035 40 3540 4060 3040




TARBLFE A-4 - instantaneous heat gain room occupants in units of watt

5 L‘rﬂnl al Heat

Theater -
Matinee 1115
Evening 1115

Seated, very Offices, hotels,
light work apatments,

Feslaurants 1285
Moderately
active office Offices, hotels.
|
work aparments 1358 128§ 7.5 57
3 Lrepartment )

store, retasl . dl

Shnding, light SIOre, 'I
work, walking | supenmarier: 1570 | 1430 ns {.-ng

Walking, seated | Drug stose 157.0 1430 | 718 | 718

SBIﬁng, ;-'.I..|
» .I.Il'.i'.u g | _!.;.
slowly Bank 1570 143.0 7.5

Sedentary work | Resaurant 1683 1570 78.5

Light bench .
work Faciory 238.0 2140 | 70

| Small-Parts
Moderate work | assembly
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TABLE A-5 - Design inside dry bulb temperature usually specified for sensible heating
T | T
Type of Space | °C Type of Space =
Schaals; = Theaters: |
Classrooms 22.24 | Seating space 20-22
Assembly rooms 20-22 Lounge rooms 20-22
Gymnasiums 16-21 Auditerivm 23-24
Toilels and bathes 21 Hotels:
Locker rooms 18-20 Bedrooms and bathes 22-24
Kitchens 1= 19 Dining rooms 22
[Dining and lunch rooms 22-24 Kitchen and laundries 19
Flay rooms 16-18 Ballrooms 18-20
Hospitals: [oilets and service rooms 20
FPrivite rooms 32.23 Public ropms 232.23
Patient rooims 23.24 Steam pathes 43
Cperation rooms 21-23 Foundries and boiler rooms 10-16
Wards 22.23  |Paint shops 17
Kitchens and laundnes 19 Factories:
Toilets 20 Light work 16-21
Bathrooms in general 23-27 Heavy work 14-20
Stores 21-23  |Swimming pools 24




TABLE A-6 : Minimum outside air fequire

ments for mechanical ventilation

Mazimam Ventiletbon Ajr
Occupancy Per Wegquirements

Applicanos 100 m* T T— res
E_mms 70 15175 ‘k"'__——
Lt arenas | > %
Swimming pools = . 2.5
Gymassiom floors 0 10 \
Fallrocms and dicos 104 15.17¢
Bowimg alleys 70 1 5.17
Thestvrs: |
Ticket booths i in
Lobbiss { L 100 =
Auditooum I i ( ~
Srages, stadios 0 B
Trastpartafion.
Wailing rooms 100 80 ; =
Platforms 100 go | =
Vehicles | 150 8.0 -
Workrowmi
Meat pro<essing 10 B -
Photo studwos . 10 BO —
Darkrooms 10 2 50
Pharmacy 20 20 —
Bank vaulis - B0 -
Printing. duplicating rooms Il 230
Correctional facyiines:
Cells i1 o _
Dining halls 100 B0 -
Guard stations 40 8.0 -
Educatian :
Classsooms 50 2.5-125 —
[ shorateries 30 100 -
Tratning shops 30 15175 —
Lusie rooma 50 1.5-175 —
Lacker foDIMS - 2.50
Cormdon - = 0.5
Audstorium 150 EO —
Siukmg aseas 0 o —
Honpseals:




TABLE A-7 : Number of air ¢hange per hour in regidences and our commercial application

Type of Room or Building

No. of Alr
Change per
Hour

Rooms with no windows or exterior doars

Rooms with windows or exterior doors on one side only
Rooms with windows or exterior doors on two sides
Rooms with windows or exteriors doors on three sides
Entrance halls

Factories, machine shops

Recreation rooms, assembly rooms, gymnasivm
Homes, apartments, offices

Classrooms, dining rooms, lounges, hospital rooms, kitchens,
laundries, ballrooms, bathrooms

Stores, public buildings
Totlets, auditorium

0.3
1.0
L3
40
20:3.0
1015
1.5
1.0-2.0

20
20:3.0
3.0



TABLE A-8 : Cooling load temperature differences (CLTD} for sunlit reofs.

Hoof
Description of
No. Construction

| Stes! sheet wath

U

W/ m A

1309

254 mm (or 50.8] (0.204)

mvm ) insu fanion
1 25 mm wood
with 154 mm
msulannn
Y10 Smm L W.
oRciete
4 WRmmHW
foncrele 15 4
mm (or 50.8
mm) sl anos
§ 14 mmwood
with 50 K
maulanon
f EdAmml W
concretz
T 63,5 mm wood
with 25,4 mm
msnlation
B AL mmLW
COmETele

100 bm HW,

concrete with

15 4w (oSO8

mm) ingulation
I 535 mm wond
"l neslaton
| Roofwemaee
cm

0.863

1.209

1170
(0.693)

L. g9

0.697 |

1738

oS

1136
(0 6B 1)

(528

0402

Solar Time, §

F 31 6+l

K2

=
—i
=
]
]

BB 9705

074N

=3
i

‘14 1210 §

‘li EE

WIS

353

e

3

0-1 0 2%é

[

34 S 67T S NEDHBEERIDLNS N
‘b Without Suspended Celling 0 o750 5

(=i=2=2=l22 31 WM HOHHUH 15‘31i il | I e
3201221 2 S SNBPHHANREBRNISI XS

TEBINBIALTHNEIEW T

1732833363737 3430252061210

NP NBUBBENDWIKI0 & 3

F TN UMM EUMNIGI

JINBBBNNNNBRN

15 TNHRIBUNNNINB A

IHBRBRERINDNNNNE

STUBIIHADBBETTRD

P IR BN MBAET U2

s
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TABLE A-9 :Solar heat gain factor (SI1G) for sunlit glass (Wim2) for a latitude angle of 32
Month Jan, Feb. Mar, Apr. May Jun Ju;. Aug. Sep. Oct Nov, Dec.
N o 8 101 14120 10126117 14 & 75 @
NNE/NNW | 76 8 117 232 330 385 350 249 [10 6§ 76 49
NE/NW |91 205 33§ 461 536 555 527 445 325 1% 91 9
ENE/WNW | 331 470 577 631 6% 656 643 615 546 451 325 26
E/W 550 647 716 716 6%4 675 678 691 67§ 615 546 Sl
ESE/WSW [722 764 748 691 628 3% 612 663 7l6 738 710 488
SE/SW 786 782 M6 0 489 439 473 571 688 74 71 176
SSE/SSW |70 T 615 45 203 260 30 49 % M0 T 70
\ 76 697 555 363 233 189 27 30 540 678 %7 195

Horizontal | 355 685 795 85 &M &1 861 836 770 670 352 498
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TABLE A-10 : Shading coefficient (SC) for glass windows with interior shading

| Type of Interior Shading
Mominal Venetian Blinds Holler Shade
Thickness, Opaque 1Trin}IU{mq

Medium  Light Dk White

'I"l,'pf of Grinss mLm

Cleas, regular 2560
Clcar, plate 60-12.0 — = = - =
Clear Pattorm 3.0:12.0 004 0.55% 059 0.25 039
Heat Absorbing| 3 . - :
FPattern or =55 s =N = — -l
Tintcd{gray
shreet)

lical I 5.0:6.0 057 053 | 043 030 | 03X
Alsotbing, | |
plate :

Patiern or 1 2 0-5.3 - - - ——
Tinted, gray | 4
sheet |

Heat Absorbingi 10 0.54 0.54 0.40 0.82 032
Plate or Pattern)
Hear Absorbing|

1
|
Heat Absarbing — 042 0.40 0.36 028 i 0.21

or Pattem

Rellcctive - 0,2 0.25 0.2% - —
Coated Glasi

—— .40 033 A9 — =
e 0.80 D.42 0.8 — 1 -

Kegular

Plate i
Reflective [,




TABLE A-11 : Shading cocfTicient (SC) for plass windows without interior shading

Nominal

Type of Glass |

Solar

Shading Coelficient, W/m“K

Clear - 3 0.84 1,00 1.00
6 0.7 09¢ ™ ! (.93
10 0.72 0%0  [*. 08
12 0,67 0.87 0.88
Heat absorbing 3 0.64 0.83 (.83
']- i 0.46 0.69 0.73
L0 0,33 0.60 .64
12 0.42 0.53 0,58
! A T IDouble Glass S W AN el e L
Regular - (.90 o
Plate 0 0.8] 1
Reflecuve b — 0.20-0.40 -
Clear f' 3 0,71 0.88 0.88
6 0.61 | 0.81 0.52
Heat absorbing | b 0.36 0.33 (.58

TABLE A-13 : Cooling load temperature differcnces (CLTD) for convection heat gain for glass windows

Solar
Time

| —

1234567891002 BMIBI6ITI80202025H

D o 0124517887 7643221

00

——— — ——————————————————————————————————
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TABLE A-12 : Circular equivalent diamwters of rectanaular ducts for equal pressurc drop and flow rie
i

Lengeh of One Sieof Rettungular Duct , mat
g, = .
fn; mmmmmmmmmmmmummmmmmu

moe
O | L L
woooim o W

wp o1 10 10 2 MW N

W o W oW oW W W i ,
mmmt&nmmmmﬁlmmm ;.5.'.:./5«
W om oM oEom N X o0 00 4y oS g

g0 M o9 No Bec M a4 06 40 % M W Rl 6 e
WM oW N X om dy W1 G0 S M Wb a4 ofmom W "

R R W A g o o S0 W WA Y moWOH M W m
WooWm oW W A ﬂ.:u 0 WM e :? WOW O B oW W W
VRS T O R LM R T g W W B o ot
10 1-1a:mtismmmmmmmm1mmmﬁimm,mmlm
W W M o S99 8 O T O T I L o

W WA o 41 oWGY 8 T % NS M0 1M Ml oum o s i
1 mm%mmmmmmwmmmm 146 1185 1ML ué BN

bt mmmmmmmmmmﬂmlmm::lmmmmmﬂu
wo 4 Mmoo s o Ie ¥ow WS I W6 NY 1 IS B0 1% lee 1B
W o @ W om 1B N0 THO D5 NS MO W@ L6 UM DU D D8 N 16 L
W o s 65 G M T N1 0B W DM DD 1 DU W 150 160
1 nﬁmmmmmmmmHmmllmnnnulmlmmmm
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TABLE A-14 : Divigsity factor for selected application

—_——

Diversity Factor

“‘thmﬂ Lights | People
070085 | 0748
090-L.00 | 0.0

Pmphmlamu[nfﬁtcsmtugia g area of 20%-50%
Core areas of offices and penpheral areas with less than

0% glazing | |
Aﬁﬂmmﬁ E.Tld h{]td bﬁﬂfﬂﬂ'ms Eiiﬂﬂbﬂ ; ﬂll-ﬂ.ﬁ
090-.00 | 044

Pﬁhllcmmnsm hotels
| Department stores and supermaciet

< | 0.90-1.00 ﬂ.&-l.l_l__._f_




TARBLE A-15: Approximate values of equivalent length Le for commonly used fittings

L,
Fitting m
45° Round elbow 1.5
90° Four pieces elbow 3.0
rl"‘:radudl reduction 6.0
45° Round Tee:
Main run 1.5
Branch 11.0
00° Round Tee
Main run 1.5
Branch 15.0
90° Rectangular elbow 5.0

Abrupt round contraction or

expansion 11.0
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TABLT A-16 - Performance data for selecting return air diffusers

rl "'Ji'[ 1
Face Veloclty ¢4 076 1,00 125 1.50 1.75 2.00 225 2.0 273

m/s
AP, Pa 20 40 7.5 125 174 224 299 39.8 498 69.7
Size, mt Volumetric Flow Rate, L/s e

1sx15 18 23 30 36 4 47 S4 65 W T
15%23 23 32 45 sS4 6 M 8 97 108 117
15%30 27 40 54 68 g3 97 110 124 137 150
3x23 32 45 &0 79 ©2 108 125 140 155 170
23%x30 38 60 TV g7 117 135 155 173 193 212
9338 47 70 92 115 140 162 185 207 230 254
agx30 S0 72 97 (22 145 170 195 218 243 268
3ox46 70 105 137 173 207 240 276 310 345 378
40x53 80 120 160 198 240 280 320 358 395 437
gx53 97 145 195 243 293 340 390 435 485 S35
gx61 110 165 290 275 330 387 440 485 550 603
46x 61 120 170 23D 288 347 403 465 522 567 637
s3x6l 150 225 304 378 456 530 603 684 765 837
61x61 170 260 350 437 518 612 702 783 873 954
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TABLE A-18 : Approximate CLTT values for sunlit roofs C.




TABLE A-19 : coolig load factors(CLF) for glass windows without intorior shading
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I7G168 11 339 0.0 €3304 0,48 0.9 061 471 0% 6.80 0 93 DTS 0375
s _m__ngmgummuﬁuﬁﬁlu-nux’nxan
13028 03) 028 01w 3 0 tﬂﬂtﬁtﬂmuulninlnlﬁlm
3108 0,08 8.04 0. D05 026 5.3 0167 844 0,41 &.480.59 9.9 & 35 0% 5.3) 230
ER008 007008 000 234 A K0T 0I00 ¥ 8 IT0 %0 W6 % b re sy 5
IO B89 000 026 539 042039 830019 13404 31 648 11 524

Hmm S OALDSIOI GO IO Y1 £ 226 02)

M O2] 0 D CAN D40 0.9 O 1% 11 LN e Ay

ol Y 007 823 037 04 E44 89 836031 039 037 bi3e B4 212
o N : o Sl
' 11 040030 057033045 03234

W




_\ml i N B S ..uu_.t.,..._“..;
; |
2 LIOnSR 88 v
\FiEs RV I RO R )
r '
NOULMSHOG. 400 HOWSNELSNOD TIeM yNgaLxs
Alarmina) ¢ Buys fuy m dne
— 4
ALISHANND
| SINHORLATOG ..EEH_._E_..__ 7
AT L P L F
TR — (AT e S R s
YEIEWEZ IpEs Buuing i Jessniy .
i Wl ————— g
: SVLHOW INFNGD whugy FLINDG HALSY i !
"AE NVHO | Vi izl -
= =4 ALTINGS WIS SHdos ————— e
) el e v L T |
ﬁ, Sl Ha9das wapy ————
ALISHIAIND UNYE TS HIM INVHENTH 4 dIivm s
DINHOALATOY SMLLET T
= iy J
= =
s NCHLOMELSHOD M3 WA
NOUEDMULSHOD  GNAGLS
f g R
e | —
o A 105 TRIDWANOD —--
FYOD O ——
ALTEONGT Niv'id Wsgng —
ISHNOD A00Nd dWYlD —i
Z YIS Oy ——
DN ONVS - wiigg) —-
i HYIHON MWD MwpE —— = e |
AMLEITVLNDUEIH T e o roh ] e
Wl THILHES, ATHE)0MNVAIS eSO
ENEGR By ) e s oyl DT Qys wwpg ————
Tttt =
— = oo SVIHOW INANID wwpy ———
— | = . MAUDESDR (QAHUMEA LTISIDIMVEET ks —
Yo /)




	1Air Conditioning.pdf
	07 002.pdf
	07 003.pdf
	07 004.pdf
	07 005.pdf
	07 006.pdf
	07 007.pdf
	07 008.pdf
	07 009.pdf
	07 010.pdf
	07 011.pdf
	07 012.pdf
	07 013.pdf
	07 014.pdf
	07 015.pdf
	07 016.pdf
	07 017.pdf
	07 018.pdf
	07 019.pdf
	07 020.pdf
	07 021.pdf
	07 022.pdf
	07 023.pdf
	07 024.pdf
	07 025.pdf

	2Air Conditioning.pdf
	07 026.pdf
	07 027.pdf
	07 028.pdf
	07 029.pdf
	07 030.pdf
	07 031.pdf
	07 032.pdf
	07 033.pdf
	07 034.pdf
	07 035(1).pdf
	07 036(1).pdf
	07 037(1).pdf
	07 038(1).pdf
	07 039(1).pdf
	07 040.pdf
	07 041.pdf
	07 042.pdf
	07 043.pdf
	07 044.pdf
	07 045.pdf
	07 046.pdf
	07 047.pdf
	07 048.pdf
	07 049.pdf

	3Air Conditioning.pdf
	07 050.pdf
	07 051.pdf
	07 052.pdf
	07 053.pdf
	07 054.pdf
	07 055.pdf
	07 056.pdf
	07 057.pdf
	07 058.pdf
	07 059.pdf
	07 060.pdf
	07 061.pdf
	07 062.pdf
	07 063.pdf
	07 064.pdf
	07 065.pdf
	07 066.pdf
	07 067.pdf
	07 068.pdf
	07 069.pdf
	07 070.pdf
	07 071.pdf
	07 072.pdf
	07 073.pdf

	4Air Conditioning.pdf
	07 074.pdf
	07 075.pdf
	07 076.pdf
	07 077.pdf
	07 078.pdf
	07 079.pdf
	07 080.pdf
	07 081.pdf
	07 082.pdf
	07 083.pdf
	07 084.pdf
	07 085.pdf
	07 086.pdf
	07 087.pdf
	07 088.pdf
	07 089.pdf
	07 090.pdf
	07 091.pdf
	07 092.pdf
	07 093.pdf
	07 094.pdf
	07 095.pdf
	07 096.pdf
	07 097.pdf

	5Air Conditioning.pdf
	07 098.pdf
	07 099.pdf
	07 100.pdf
	07 101.pdf
	07 102.pdf
	07 103.pdf
	07 104.pdf
	07 105.pdf
	07 106.pdf
	07 107.pdf
	07 108.pdf
	07 109.pdf
	07 110.pdf
	07 111.pdf
	07 112.pdf
	07 113.pdf
	07 114.pdf
	07 115.pdf
	07 116.pdf
	07 117.pdf
	07 118.pdf


