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Abstraci

This project  will  present HVAC equipment and systems . collecting
catalogues of heating ventitation and air conditicning (HVAC) equipment, to be
usclul in any air conditioning system selection.

This project explains the practical side of HVAL systems which include
selection of the system and installation pmbn#hﬂaf that it will study the local
companies and collecting nformation about HYAC systems. Also 1o make a case
study aboul e instaliation of split unit HYAC system |, Additionally 1o collecting
cataiopues of the sysfems to make & dalubase for student about HVAC systems and

Companics .
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CHAPTER ONE

INTRODUCTION




1 Introduction:

Human still thinking how to improve his life to be casy o as to be better | this

S reason of spread industry and technology, and Jife became more casier than
sous mode,

Building technology is very important nowedays lo satisfy comfort condition
sesupants o make their life casier specially most of their time be mside building
aer 10 be in homes, offices . fastorics . hospitals. universities, schools, ete,for
wason engineering who design any Kind of building make it as possible 10 be
“hle with occupants necessities or [acilities. The mos impaortant design after
~tecture design for any kind of building s to supply this building by mechanical
mien which involves domestic warer system, heating ventilation and air

Stioning system(HVAC), fire suppression, pas prid system, and drainage grid

T -

Although some mechanical services are no necessary lo be installed in every
S, the existence of some other is basic mechanical svstem and very cssenial
= imstalled . for example domestic water svstent is forming the basic part of the

Some mechanical system such as air conditioning und ventilation zre said to
(e since they deal with a hiah level ul technalogy from one side and their
s eelatively from another side.

Ss mest application required o install them by many services such us some
WS Sesise “domestic water, and drainage system” need ventilation system Lo
eited air that be produced from industrial process, to keep good climate
Osier applications need HAVC system hosides 1o firs suppression and

wer . drwnage systems and others because the different mechanical

=

(28]




sallstions are not less important for the eecupamts than other services so such
~ssmllation must be in the best manner in addition to the continues maintenance
sesdad to guaraniee best perfommance.

Mechanical system should satisfy all requirements inside buildings also take
“=io sceaumt the economie state on the level of long range, so in this project HVAC
svstem made to complete all requirements of occupants in the best way and comfort
comditions | 1o select the best equipment and system which is suitable for bullding
mSe.

-1 project objective:-

© “he main objective of this projeet is 1o make data base to he a reference for
“Sudents about the relation between the theorctical side in the university and the
pracical side in the marker of HVAC devices.

* Cather catalogues and procurcs to build a database for the cquipments.

* To make & case study o compare the compunics way in installation of HVAC
“rstems and theoretical caleulation way.

1-3 Project Benelits:-

* The first benefit is 1o Tulill the graduation requirement of Palestine P:}Iytrﬂ!hnie

L mversity in mechanical engincering | and to be familiar with all HVAC systems
wmszatled in building and their companies 1o be ready 1o work m this field after
graduation,

* It forms a reterence for other students where thev desire 1o know mare about
SVALC svstems and TVAC companies and (o have o background about the market of
SV AC systems and working in this Tield.




* 10 be expert and familiar with HYAC systems in one side and best selection of

Table (1-2) Time table

Sem in other side,
1=2 First semester budget
Table (1-1) Budget
TASK COST(NIS)
Using internet 100
Visiting companics 150
Buying books S0
Printing papers 100
= TATAL 400
-5 First Semester Time table

12 |13

|_ll ____l




16 second secmester budget

Table (1-3) Budget
TASK ’ COST(NIS)
Uxing internet 100
Visiting compunics 150
2 Buying hooks 50
Printing papers 100
! TATAL 400
17 sccond Semester Time table
Table (1-4) Time table
2|4 |5 |6 8 |2 liwofmf12]13]14]|15]|16
iy .;rl. A e =
|
T,




CHAPTER TWO

THEORY OF HVAC




2-1 Introduoction:

Many of our homes and most ofTices und commercial facilities would not he

comfortable withoul year- round control of the indoor envireamenr

The "luxury label" attached 1o air conditioning in earlicr decades has given
way to appreciation of it practically in making our Tives healthier and more
productive. Alang with rapid development in improving human comfort came the
realization that goods could be praduced better, faster . and maore economically in a
properly conmtrolied environment. In fact , many goods taday could not be produced if
e temperature, humidily and air quality were not vontrolled within very narrow

limits,

Heating and cocling of air are based on engineering principles. Heating and
cooling practices of a given space are based on the laws of heat euchange, The
“esign and operation of air conditioning systems are based on a branch of physics
alled thermadynamies. The actual process of attaining the required condition of air

o 4 given enclosed space depends on a branch of physics called psychomerric,

The circulation of conditioned air 1o the controlled spaces (supply air) and
e intraduction of vutside fresh air into these spacesiventilmion air) is based on a
sranch of physics called fluid mechanics. The process of maintaining the air in an
soclosed space at specific wmperature level depends on the principles of hear
sansier.

Thermal comfort of @ human being Jepends on several factors. Prominent of
s Tactors are temperature, physical activity, clothing and moisture content in the
#= Tor winter! peaple wearing normal clothes and doing light activities feel comient
W temperature ranze of 18°C (0 23°C .

Cin the other hand. temperature range of 20°C to 26°C is {2l comfbriahle by
seopie in the summer provided that they are clothed acrmally and practicing light




activities, The use of different reniperature ranges for summer and winter seasans are
due to dilferent clothing worn and due to the chanpes in the human body melubalism

and habits of practices hetween summer and winter,

2-2 Heating ventilation and sir conditioning(HVAC)

HVAC systems is the svstems of air conditioning summer eaoling or winter
f=ating

The basic purpose of HVAL system design in building and other applications
1o provide 2 comfortable climate throughout the vesr sinee autdoor wemperature
and other climate factors vary widely with the ssason, it is apparent that the HVAC
svstem st be dynamic and flexible to compensate for these changes. Similarly. the
wdvor comfort needs of occupant vary greatly depending on the lype of space
cecupaney. A residential | laboratory menufacturing application.  have widely
different requirements which the HVAC systes must salisly o provide the
sonditions that will permit the space to be used as intended |

HVAC system could be ealled upon 1o do any or al! of the following:-

© Mainwain a uniformly comfortable warm indoor temperature in cold weather and

Saistain s uniformly comfuriable conl indoor remperarure during hot weather,
= Add humidity to the [ndoor air in winter and reduce it in summer,

" ssire it interior wall surface in winter will not have a chilling elfeet on nearhy
eccupants.

© Lontrol the velocily of the recirculated air ; it should be first enough to provide
Seshness and slow ¢nough 16 avoid drafts.

* Exhaus odor-laden air from rooms such as Kitchens . toilets and laborataries,




2-3 Meating systems

Heating is the process thas maintaing o LiVer space at a temperature above
et of the ambient temperature . Heating may involve the use of fireplaces or ruam
toves, These methods of heating are not efficient and incanvenient 10 Oplrate,

Controlled inside temperatures can not be attained and unilorm  heat
distribution 15 nol possible when such heating devices are used. Ta overcome the
mconveniences caused by the zbove heating methods, central heating systems were
put in use. In such systems furnaces or hoilers are used to supply the required amount
ot beat 1o a suitable heating mediun, usually air or water, to the different parts of the
“pace being heated. The furnace or the boiler must be placed in safe, ventilated
“ecation, usually the basement of the building. 1f the circulated medium is air. then
S system is ealled warm air heating systeen, For such system, the warm air is forced
= circulate throughout the spaces to be heared using a fan and duct system. On other
Sead, if hot water is uscd instead of warm air thes the heating system is called hat
S=er fiealing system or hydronic system . For this casz. the hot water is Torced 1o
swulate though pipes ro radigtors or convectors located within the heated space, in
s===ral healing systems is classified as:

S1F Mot waler heating systems,

4=} Warm air healing systems.




2-3-1 Hot water heating svstem :

Ln such systems the hicaling fluig is water and il is circulated through pipes o
radiatars which Instzlled in heating spaces, using pumps which installed in suction
ardelivery line of the boilerlafter or bofore the boiler),

The main davices of this svstems is ;

Huiler, pumps, radiators and expension tank in addition to heat sensers .pressure

sensors and pipes.

I-3-2 Warm air healing systems

Inwvarm air heating system , hest is direetly transferred from a heating coil ta
e air, which is used to leat the required space, Warm air heating systems are either
setural or forced systems. Tn natwral warm air heating svstem, natural coavention is
wsed (o circulate the heated air due w changes in its density, For this case | the
“redlation rate is preporiional w the temperature dilTersnces between wanm air and

serounding air .

In forced wann air heating systems, a fan is used 1o eireulate the warm air o
= heated spaces, Lhus bemer performance is obiined, This way of heating when we
W the indoor unit as condenser , or cooling when we use the in door unit as
Svssarator s ealled air conditioning er alr cooling s0 on this systems we can make
& conditioning for air as heating or cooling of conditioned space, so the term of air
SedEioning  implies much more than the control of insids temperalure of a given
e It implies the conmralling and maintaining of the following four almospheric

il tons thar affect the haman comfor

= Temperaturs of the space air.

= Shemidity ar the moisture contents of that air.

10
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* Purity und quality of the inside air.

* Air velogity and air cireulation within the space.

Se warm air heating system is a part of air conditioning when we use the
indoor unit of the refrigeration cycle as condenser, and we can use the indoor urit as
svuporator 5o that it called as eooling sir conditioning,

In this systems the main parts of the system is the ducts . fans, Supply air
deviees, chillers (heating or cooling coils),which is & part of a refiigeration eycle.




2-4 Refrigeration

2-4-1 Development of refrigeration

Madem refrigeration has many applications. The first and nrobably still the
most imporiant, is the preservation of foml. Mast foods kept al room temperaiure
souil rapidly. This is due to the rapid growth of bacleria. At common refriperation
smperarures of aboul {45C)

Racteria grow quit slowly. Feod at this temperature will keep much longer.
Refrigeration prescrves food by keeping it col.

Other important uses of refrigertion  include air condilionirg, beverage
socling, and humidity control,

Many manafacturing processes also use refrigeration. The refrigeration
dustry became important comimercial ly during the 187" century, karly refrigeration
WS ablained by use of ice. Iee from lakes and Ponds was cut and stargd in the winter
= nsulated storeroums, for summer ase. The use of natural ice required building
lated containers of fecbuxes for stares, restuurunts, and homes. These units
“ersared on a large scale during the 19" century.

=42 mechanieal refrigeration

There are faur basic parts in a mechanical refrigeration Svstem | the
SepressOr pumps refrigerant vapor, the condenser releases heat from the
cerant similar to a vehicle's radiator releasing haat from the cooling system, the
Sseemnt, similur to a vehicle's radiator releasing heat from the cooling system,
Svsmanator which is the area thal aksorhs heat from e refrizeration spuce.




et enters o relrigerator in many ways. 1t lzaks through the insulated walls
o enters when the deor is opened. Stifll more heat is introduced when warm
whstances are placed in the refrigerator. Heat is not desirayed to make the
wefrigeratar cold It is simply rumoved from the refrigerated space and released
oulsde,

rame R ap—



-8 Types of HVAC systems

HVAC sysiems have many types in Neating or eooling, every tvpes hus o
specific charscreristics . the most important svsteins are:
*Central heating or cooling sviters,
* Split air conditioning svstenis,
*Window air conditioning system.

Under Moor heating svslems.

2-5-1 Central healing or cooling systeny

Central conling or heating plants senerate cooling or heating in onc location
for distribution 1 multiple locations in one building or an entire Campus . or

neighborhond, and represent approximately 25% of HVAC sysiem applications.

Central covling and heating systems are used in almest all classes ol buildinps,
buit particularly in very large buildings and compleaes or where there is a high density
oFenergy use. They are especially suited o applications where maximizing equipiment

survice life and using encrgy and operational workforce ¢elliciently are impaortant

The fullowing facility types are good candidates for central cooling
or heating systemy:
* Campus environments with distribution to several buildinas,
* High-rise facilities.
* Larpe office buildings,
* Larze public assembly Facilities. entertainment pomplexes,
= Urban centers (2.9.. ¢ity centers, distriots L
+ Shepping malls.
* Large hotels,
* Educational facifities.
* Hospitals and other health care facilities,
* Industrial facilities (e.g.. pharmaceutical, manu uciuring).
* Large museums and similar institutions.
* | ocations where waste heat is readily availahle {result ol power,

generation or industrial provesses),



Advantapes of centry] systems

* Primary coaling and healing can pe provided ut all times, independent of the

dperation mode of equipment an S¥slems quiside the sentra] plant,

* Using larger but tewer pieces of equipment generally redices [he facility”s overall
upsration and maintenancs Cost. [t also allows wider operating ranges and more

Ilexible operating sEQUENCes,

* A centralized |ocation minimizes restrictione 0N servicing accessibi lity.

* Multiple energy sources can be pplicd o the centeal prant, providing flexibility and
levirage when Furchasing fiis)

* Standardizing Cquipiment can b beneficial for redundancy angd stocking replacement
pails.

* Major vibration and n-ais.n:—p."uducing equipment can be grouped away from vecipied
Spaces. making acoustic angd Vibration contrals simpler, Acrustical freatment cun be

aoplied in a sinzle location instead of many separate lacations,

Disadvantages of central svstems

* Bquipment may gor be eadily available, resuiting in lang lead time fir production
and delivery,

* Fquipment may be more complieated than decentralizeg =quipment, and thus reuire

# more knowledgeihle equipment operator,

e

* A central lecation within the building is needed

* Additional cquipment rocm heighi may be necdad,

* Depending o the fie! souree, large underground or surface storage tanks May be
required og site

* Heating plants require 4 chimney angd possibly emijssion PRrmits, manitoring, and
redlments,

* Multiple equipment IMANNEACTIrers are required when combining,

* System control logic may be comnplex,

* First costs can be higher,

* Special PEIMItting may be required.

* Bulety requirements are increased,

-




2-5-2 Split air conditioning svstems

This systems is used in all types of buildings, specially in residential buildings
and in small offices , In general |, it used in small heating or cooling load spaces, in
this systems the indoor unit is separated from out door unit and connected by tow
pipes which is outlet and inlet of the indoor unit,

-1

Figure (2.1) Split air conditioning system

Advantages of split systems

* Easy to install and transport.

* Low cosl with respect o central systems.
* Easy to control.

* It used as heating system or cooling system on the same device.
Disadvantages of split systems

= It fias many problems in electrical parts .
* It is not efficient in very high cold weathers or very high warm weathers,

l6




2-5-3 Window air conditioning system
This system is not widely used because the
thevretical and practical side.

split unit is more efficient from

:-. Py - @

Figure (2.2) Window air conditioning system

Advantages of window systems
* Hasy to install,
* Relativelv low cost.

Disudvantages of window systems
= Not efficient for high loud applications.

17




CHAPTER THREE

MARKET STUDY AND SURVA Y
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3.1 Template of questionn aire for HVAC loeal com panies

Note | the goal of (his questionnaire is fo obtain & feedbuck from local

cumpanies  abour [VAC systems , in addition to gbuain Intarmaticn that hielps
Students to understand the practical side HYAC system o as 1o be able to work in

marke! easily afier graduation,

I- Compuny BRME.

L 113 R

¥ How many workers in the company?

WRSHIIIOR oo

& Do you use any soffware Programs in your working fleld | jf Yo whal is (17

7= What are the most important practical and theorctical thirigs that student shouly
Snow after graduation so ay 1o be able to work in this field vasilve

Practiea] l-:nnwlﬂdg: .................................................. e ey

----------------------------------------------------------------------------------

...................................................................................
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8- What are the problemns that you face in installing devices , gnd the problems after
instailation (maintaining process)

Installing problems

AT b e Nk B T e

LR S R L-u._.,.-.1|-||.-q-n1-.u||..-|||‘-“..-.“.un

bRt £ LS TS A B e e R
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5-What are the Wvpes of devices (hat you install (inanu facturing companies) in
heating . air conditioning and refrigeration field?

i b UL T ST e AN

gl Dl e e e

AW P way e H R e el G

Air conditioning .

e mn s iny A e e

Tk el

------- it R I S0r 1 e SR g

Refrigeration G e R e

B i ey

L L ] r|---+l||.+ln..-|.-1.l-1-.-;

10- Whar are the best devices (manutactring companies) in the marker?

Bisiaas Fidmemut LR

SR L T T P P TRy

...... T B e w0 ey ol 3 L

L1- What are the

Practical coursas thas the student and the univ
in the plan s

ersity should focus pn
O @5 10 be uselul in the rurker

----nn-n_--ru....'..-..-.--1..-...-..p-p-.|_1|.r--|-|||..'.-||.a
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3.2 Local companies of HVAC systems

Table (3-1) local Ciimpanies

_Company pame address

Seder lor air conditioning / gl Sdg— AL

e
and refrigeration

Alzero for gir conditioning | Leedl dais ~galall

| and refri eration
Nairokh for air
conditioning

_and refriveration

3l gy R

—

Gaith fer air conditioning adwall g jud _LIE0 0599377125 Bl

e —Jrzz_z‘mx_ T
| sl

e |___ Sl o o

0399203525

_and refiiperation
Al mohtaseh for air
conditioning
and refrigeration

_:\Tha;i?ur_ﬂﬂ"_
conditioning
Abed alall hejely il

Morrelrigeration =
Maamon safadi for eentral 3 s e

heating = | '
Fssa for air mrtala’ti_QHTg__/_! S S J
_and relrigerstion - B

g - Ll

A8 —.-_gIL

o

|
als!
i

———

—

’usﬂéiiﬁﬂjﬁ

e e e

telephone
599340136

[ﬁ?ﬁaa?znﬁﬁ_

|

iddresses

| 2251738 -

e e e

——



3.3 Results of the questionnaire;

Haw many engineers in the company?

The importance of this Question is 19 knaw how My engincers does the
sompany need in HVAC systems installation . from the load caleulation o choice

the 2quipment Recording to efffeizncy and Cost .

All  Taeal companies said that they need one engineer |, because the
“xpericnce of the engincer has a goud effect in working in this fiald v 80 there s no

fud to another enginesr.,

How many workers in (he company?

The number of warkers in all local Fompanics are different in winter from
that in summer , ul| “ompanics said that the numper of workers in summer is more
San in winter | because I winter the customers prefer to use anuther i¥pes of heating

sEms which more efficient thun the HVAC systems such as woed L oil and gas |

Fhe high efficiency of this yPes, because of the Tow emperatures in winter e
and the low efficiency pf split units in this low tem peranuzes , so the

—ommand on this equipmert decreased in winter | and inereased in sumimer .

In this  questivnnaire ome companies said that they need ow wurkers in
winter and six workers in stmmer , but other companies said that they necd rwo
WOrkers in winrer and five in summer,

Fhe other companics said th they need three in winter gnd five in summer



Su the conclusion

from this question is thar the number of workers in the

lo¢al vompanics are varies from low to six Wiy,

Do you use any software prosrams in Your working field , if Yes what is (7
All Tocal companies sajg that they

don’t use any computer sollware beeayse
they don’t need 1 in their work,

Bul from the other side

the Use of computer software
‘high [oad applications such a

IS important | speciglly
s hospitals , banks | moles, et

All companies said that they

dim’t use the theorelical cajey
the load of the tir conditioned

spaces, they ¢

lations to cale lage
52 prediction or CApRetation way,

This method is -
' m? of volume neads 300k Britich thermal unit) .

inthis project thepe i & Case StUdy In compare this way with the

theoretical
calculation way tq specily the ¢rears .

What ic the most important practicyl and theoretieal things that student should
know

after graduation so a4 t0 be able to work in this field casily ?

his is the mgs Important question in this

questionnaire acoordin & tothe
advices of gl comnpanies

beeanse itits direct effect on students 4 frep graduation.
Theoretical know ledge:
All companics said tha students shoyl

HVALC sys

d know all theoreticy) knowledge in
wems, such as:

* The functionality of each device in HvAC svstenmss

" The eleetrical circuits of sach system, and how 1o connect it



¥ The effect of the positions oF the cutdoor and indoor units of air condition Systems .,

® lypes. sizes . cost, and efliciency of each system.

* Best application for cuch swstem.

Example

* Central systems ysed widely in high lcad applications . such as hospitals , banks |,
BiEL

* Split units below two ton of load . used in residential buildings , offices . ete...
Without duet system distribution |

* Split units aver two lon of load « need duct system distribution

* Its very important to kngw the problems and its causes of gl sysiems,

Practical knowledge:

All companies said thar the practical knowledge is very impaortant for

students because of ity effect on the experience of thens,

Some companies said that | fhe students should know how to use the
mnstzllation equipment . refrigeramt filling process and how 1o use the contral

devices such as remote eontrol of 2ach svstem,

Other companies said that the student should knaw how to use the megsyring

deviees, such as clap meter and pressure measuring devices,

Note ;
Clap meter ¢ is o deviee that used 1o measure the voltage and ampere of the SVSTem.
Pressure measuring device - is a device that used to measure the high and low

pressures of the refrigeration ey cle,



Other companies said that the student shoyld install devices in workshops of

the university in order to be able to werk in the marker | and 1y improve his

understanding ol HV AC syslems,

Other companies said thar . the Student must be able 1o gse 4l the equipment

ofthe installing ang malntenanee so as o hayve experience in this figld.

In gencral al] tompanics advised that the students must improve their

practical knowledge in the University by

" T improve the workshops of the sniversity in refrigeration and air conditioning by
ereinstalled systems specially central sysrems |

* Toinstall these SYEIEIns by themselves |

® To learn or w know all the problems of the systems and its causes, and how 8]
solve them,

* To improve their skills in working by their hands in work sheps.

What is the problems that you face in installing devices , and the problems

after installation (maintaining process) ?

iastallation problems :
Most companies said tha there is no problems in mstelling sysiems . bur sume limes
B2y may face some problemns such as :

* Ihe position of the outdoor snd the indoor units

A=cording to the ENEINCETS expericnce . (he cutdoor unit must be fower than the

TEROFUML ., 80 35 W retum the off W the cumpressor alter com Pression slate.
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" Very high bui ldings . hecause the installation f the ouldaor unit becomes

dangerousiin Split systems),

After insrallation or maintenance:

* Sotne companies said that must problems after inswllation ara clectrical probiems |
sueh as problems in reverse valve or other problems . such as luse of refrigerant .

* Other cumpanies said that moes: of the probiems are ¢lecirical problems |

* Other companiss said thar fhe problems eleetrical and fose of relfrigarant

* Other companies said tha mast of the problems in refrigeration are frost on the
“vaporator and some Limes v electrical problems

* Ciher companies said thar the problems are eleetrical i general.

3.4 Case study of HVAC system installation:

The objective of this casg study iy o cempare the theoretical caleulation
method for caleulating heating or celing load that we have studied N the university
With the expeclarion way that the local companies use in the markel , which is every

7 of velume needs 300 btu of load | then to decide Ifitis uselul or has errors.

Deseription of the case study place

The case study place is the first floor of a hause | this house 15 not actually built bu
5 drawing and data fior cooling load caloulariony sre availzhle,

Viethodulogy

* Caleulare the eooling lvad of the foor according 1o the theoretieg| caloulations |
* Caleulate the load aczording to the local companies wav,

* Select the suitabia HVA C system,

* Comparing the results,

* Specify the errors if exist,



CHAPTER FOUR

EQUIPMENTS CATALOGUES COLLECTION



<1 Introduction

HVAC equipment manutactured by more than one company, every
company has its own criteria in manulacluring and its product has a special
properties either in shape and deign or in load and power.

So in this chapler every company of HVAC devices will be explained
and i1s product will be presented by photos and catalogues.

In general the catalogue of any HVAC device explains so many propertics
ol the device from the dimensions and load to the installation.

42 Sanvo Company

Sanyo 1s one ol the most important companies of HVAC devices :
because of ts high technology and good cfficiency |

Sanyo is a Japanese company (ounded in 1947 | and incorporated in
1950 . it has a net sales of 2.484 billion yen and 96.023 employees working in it.

Samvo products
*  Sanyo products available in | phase /3 phases.

*  Load capacity from 11.2kwto 15 kw{4HP-61TP).

= DO inverter compressors.
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Figure (4.1) Sanye out door unit

Figure (4.2) Sanvo indoor split unit

31




LR

ey

Eil 4w

. -

Figure (4.3) Sanyo out door units with dillerent sizes

“averter systems in Sanyo

Sanyo is one of the most companies that produce inverter COMPressors
which has low consumption of energy.

Inverler compressors is o special kind of compressors thar changes the

wad of the outdoor uait according to the needed load of the of the indoor unit by
swducing the compressor speed without tum it olT, In addition to

reduce the start
serrenl by siarting step by step.

Mol -

For company equipment catalogue see appendix (A- [},
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4.2 Petra company

Petra company founded in 1987, Petra company had executed projects in
more than 20 countries, The broader vision is to produce a wider Varity of
HVAC equipment that meet a diversity of application requirements and 10 export
Lo major worldwide markets.

Petra products

Petra lines of air — cooled water chillers (for example) | are designed to
meet the most demanding requirements of air conditioning applications in all of
building.

These packaged air _water chillers meet the highest enpincering and
performance standards that are characteristics of all Petra products. It has a load

range form 35 to334 ton of refrigeration (TR).

33



Figure (4.4) Petra chiller

For fan coils unit it has & rang of load from 200 to 3000 cubic feel per minute (CEM).

For air handling units. the units are designed to be easy Lo install and
mamufacture, these units may be used for cooling and /or heating with supply and
return duct with a load rang of 1500 (o 9600 CFM.
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Figure (4.6) Petra air handling unit

as



Dmcted split units
*  Wide rang of capacities from 12 to1 70T,

*  Outdoor unit supplied with axial fans for quiet operation.

Figure (4.7) Petra out door unit

Wmi split units

*  Wide rang of capacities from 0.75 ta 4.2 TR.
* Long life washable plastic filter.
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Figure (4.8) Petra induor mini split unit{ceiling type)

Mote

Fer company equipment catalogues see appendix (A-2)

“4 LG Company

LG company is the most tamous company ol TIVAC equipments in the local
Serket | because its products is easy to control and don’t need maintenance all the
= which is very good for the customet - but from engineering view the high
“oeney is the most important property |
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1.6 products
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Figure (4.9) LG split air conditivning system(indeor and out door units)
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Figure (4.10) LG duct

FEEFETIREITIR
AR 4
i

Figure (4.11) LG side grill

Mot

For company equipment calalogues see appendix (A- 3) .
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4.5 Tadiran Company

Tadiran Company is a national company of HVAC sysiem, its products are

a0t mainly used in the local market hecause there is SO many compunies in the

market that has a products that is more elTicient and easy to deal with.

Note

For company equipment catalogues see appendix (A-4).

+.6 Danfoss company

Dantoss is one of the largest industrial companies in Denmark, and it has

ctficient HVAC cquipment in refrigeration and air conditioning.
Danfoss is widely manufactures the devices of refriperation systems and

air conditioning, such as compressors, expansion valves, outdoor units. radiatars
and floor heating pipes.

MNote -

For company equipment catalogues sco ippendix (A- 5) .
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Figure (4.13) Danfoss comlensing unit
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4.7 Daikin company

Daikin company is a Japanese company established in 1924, it focused
upon the air conditioning and heating systems, It produced an extensive rang of
advanced air conditioning equipment including split unit, mult split . variable
refrigerant volume( VR V) systems, water chillers for commercial and residential
applications.

VRY in Daikin

It is a tvpe of sysiem consisting of anywhere up to 64 indoor units
sonnceted to one outdoor condensing unit. The refrigerant flow is varicd by using
sither an inverter controlled variahle speed compressor, or multiple compressors of
varying capacity to respond to chunges in the cooling or heating requircment. VRV
systems are suitable for offices, restaurants, hotels, theatres, hospital, universitics and
‘dustrial buildings among others, They are highlv versatile and come with g varicty

of indoor units.

} Ii_ﬂﬁﬂﬂﬂé | P-mnylmmmli

Figure (4.14) Daikin VRV system




Note :

For company equipment catalogucs see appendix (A- 6 .

In addition to some compunies tha produce HVAC equipment with differcnl
loads such as ;

- Toshiba . produces 3 Split units from 900 to 27000 by,
2- Wind , produces a central systems [ram 28000 to S4000hty.

3- Tlectra, produces inverter svstems for mulli indoor spaces with diff; erent
loads.

4- In addition to ather compamies such as carrier and pereg.



CHAPTER FIVE

CASE STUDY




5.1 Introduction

Alr conditioning is a combined Process Ihat perlorms many functions
simultanesusly. It conditions the air, ransports it and introduces it to the conditivned

“puce. It provides heating and couling from its sentral plant or rooliop units,

It also eontrols and maintains the emperature, humidily, air Movemenc, air
==anliness, sound level. and pressure differential in a space within predeterinined
mits for the comfort and health of the Geeupants of the conditioned space or for the

surpose uf product processing.

The combimation of processes in this commonly adopied rerm is equivalent o
== current definition of ajr conditicning, Because all these individul compunent
srecesses were developed prior (o the more complete concept of air conditioning, the

=m HVAC is often used by the industry.

21 Air Conditioning Svstems

An air cenditioning, or HVAC, SYSiem 08 composed of compunents and
sssipment ammanped in seyuence to condition the 4ir, 10 transport it to the conditioned
Feee. and Lo contral the indoor environmental parameters of & specific space within

s=quired limits,
Muest air condition ing systems perferm the fellowing funcrions:
& Provide the cooling and healing encrgy required

< Condition the supply air. that is. heat or eoal, humidify o dehumidify, ¢lean and

sy, and attenuate any objectivnable ngise produced by the HVAC equipment



3. Uistribute the conditivned air, containing sufficienr oyl
2

space

4. Control and mainain the indoar environmental paramerers—g

humidity, clean|iness, ajr movement, sound level, and pi

the conditioned space and surroundings— within pr

53 Cooling load Caleularion of ground Hopr

3.3.1 Cooling loag caleulation

" Data analysis:

(Outside design ICmperature T,, = 40 ¢ (in Hebron),
i &

Inside design emperature T\, =24 ¢
Dutside relarive humidity = 40 %,
Inside desien relative humidity = 50 %,
Daily ranze = 16 9C.

Lo =35 °C.

Where:
Foreid 15 the ot ler mean lemperalure

Tin; Inside temperature,

Tou: Outside feMmperature.

(CLI'D) corrected ={CLTD= LMy K (25.3-Ti) + (Te, m -

40

QOO JIT, 1o the conditionzd

uch as temperniyre,
esslre differentinl berween

edetermined limits
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Whers:

CLTD: [s called cooling load tempemture difference frim |

medium wall construet tion,

(APPENDIX B3 ) for

LM: Latitude comection factor for horizontal and vertical surfaces (APPENDIY

Ba),

K: ¢olors adjustment factor such that

Permanently Light colored walls,

DR: the daily wemperature range which equal to the difference between the

maximum and Average minimum lemperature for warmest

OO0,

5.3.2 Assumptions

The fallowing table containg

all assumptions needed for the next

Table (5.1) Project assumplion
Outdoor Te mperatire(T.) ] H0°C
Indoor Temperanire(T)) | 24°C
Latiude 32" North

N

e

Ventilarian

Day of calculations

light-colored surface

Colar of surfaces

=

21% day ol July

k=1.0 for dark colored roufs, & k=065 {ur

Averuye

manth of the summer

caleulations:

.

j No ventilation
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5.3.3 Conduction heat transfer through Surfaces

Over all heat transfer caetficient (U y-value For Walls and Windows

Belore go on caleulations, the derails ot the walls must be known; so the k-
value ol them can be caleulared,
The following figure. show ing the construction of the walls, And the ahle
shows the U values for the walls
Where ;
K (R thermal) ¢ Is the thermal resistance ol the layers.

L' Over all heat ransfer coetficiant,

Figure (5.1) Wall construction
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Table (5.2) Over all heyt transfer coeMicient

tar wall

Material (layer)

)

I_Uulﬁiclr: air {ilm
¥ Stone with mogtar

E.
(A

Ihickness (ermr) | |

eonstruction

revalue (m".°Crw)

} Reintorced concrere

F.:.} Cavity filled with mineral woul

1 Cement Rlock

) Lightu 1gmwﬂtght plaster
Inside Air Gim

LI*.-.::_" P

» =143 /'m’

LT

C

U-value For Roof

The fallowing fipure shows a seclion of the moof. The

and their L-values are chown in next (ahle,

sonlents of the roof

[ =
e —— ==
(A= e ; |
B EE el '
il
::.3?.‘—' z - I . P ;//.- /-' W i . r ; }
Figure (5.2) Roof construction
p 2
f ..».,“ Cdaudl ELUKTr Aaale
Palastina Paiytar hait Enluaraity
40 "’1' Al (PPY) .
—*"‘F s Thie LiDrary I?U-I-SH—"'
Aoc :2_4"":11"1&‘3 il

-_’;




Table (5.3) Over yi|

Material

o]

utside air film
| 1) Built-up rmﬁng_

2.} [nsulation

—

(3} Reinforced t:uncrf'n;-

q

| Inside Air [lm

§ Lightweight plaster

heat transfer coefficient tor rvof construction

Thfl:k_n-:::s fcm) [ K-value [m*.”("m"}]
= 0.040

0.060
Sim e R SO,
T 006

Repy=2.803 1, "!.‘r'j

1 I

—.__—._—._—___—-_—-____

Ut =—— = 0357 Wim' .t C

R .. 2803

- Total arca of windows is: 24,16 e

- Tetal aren oM walls without windows: (83, =24 16= 159"

- Total area of the ot 9§ o',

Suntit Surfaces

The fallowing Table shows the CLTDs for Sunli Walls, roofs and windows
(32" North Latitude. iy ly 21}, at 17:00 PM( eroup C ).




Table {5.4) CLTD values for the walls

M Side | CLTDC) |
‘North (N wall 7
| East (E) wall 17
“South (S) wall 12
| West (W) wall 11

17

_Hmf

| North (M) window |4
| Cast () window 16
Sauth (5} window 16
fjﬁesr (W) window I4

= = e (A (CLTDG = e D+ CLTD; + CLTDw)

Ext Dnu'.' 3 I-I-;In'\-n-'.l ':"jqu-p."] ::CI ' anﬂ

Tahle (5.5) Area of each dircction of sunlii plasses

e Side A(m7) ]

“North (N) windaw 1432
East (E) windaw 12,6
South (8) window 1917 —J

§ 81 |

| West (W) window

Wit = (i) E [[.ﬂl welnloay ) {CLTDH

3




Sular Radiation through Glass

The lollowing table shows SHEG and 3C for cach direction of Sunlit Glass

(327 Norh Latilude, July 217 ar 16:00.

Table (5.6) SHG,SC values for each direction of sunlit glass

| Side ] SHG | sC f
N:}an_{N‘_r window 126 0.25
Fast (0) window 678 035 7
South (%) window ! 333 (.25
West (W) windaw | 67 'ﬂ.EE__

Where:
SHG: solar hear sain factor,
3C: shading coefficient.
Q racinion = (SC) 3. [(SHG) (A wirsdw )]

3.3.4 Cooling load Caleulation of living room
"Heal transferred through Moor and ceiling:

= (U)4 Ay (To —Ti)

Whore

Al lsthe area of the rlom

Table (5.7) Heat gain from floor and eeiling of the living rocm

e e _r Wa’ml_ _ i W
_floor I5.FE 21 5 ’ 185,76
ceiling ! 1502 1. ‘ 3 | 36.08 |




“Heat transerreg through door:
Qd =(U = A * (To - Tiy
=35 %2.7 (40 24

=140 W

* Heat wuin due to solur effect (Qs) for wal
Qe =17 * A% CLTD) eour,

(CLTYD) coor. = (CLTD LMK + (25.5-" = ({Ta.m — 204\
Wherg -

Fand glass windgyys-

(CLTD}oor «C1 D corracrod

Wihers |
K =0.65 for wall
K= llor alass
F=|

A south wall = 34 =[2'm?

A west wall =43 # 3=129m?

(CLTD) coor (wes wall)=(CLIp LMK + (255 15

1+ {Ta, m -20.4)%
(25.5~Ti) - (25.5 .24

—1 e F
{To, m— 2194)=(35_ 24.4)
=500
(CLTD) cour ( wasr wall) = (20 +03* 5= (1.5} +(5.6)*]
=T

)
LN ]



(CLTD) coor(south wall) = (14 - L.61*0.65 1 (1.5) +(5.6)*]

(CLTD) coor(west slass) = (7+01*0.65 | (L3} +(5.6)%1

=11.65°C

(CLTD) coor(south glass) = (7 — 1.6)"0.65 + (1.5) + (3.6)%1

= 10.6°C

Qiwes! wall) = LU *A* (C] TLY cour.

= (L3 (12.9)20.1)
= 370.7W

Qisouth wall) = (1 4% 12)% 15.1)

=259.1W
west glass) = (4.6)%(,5)%(] 1.65)
—=R0W
Qi south glass)= (3.46)%(1.57°( 10.6)
=355W

Tahle (5.8) leat gain from west and south walls and plasses of the living room

Surface CLTD | IM (CLTD)eoor, 0
b g W
W-Wall [ 0.0 20.1 370.7
S-Wall 12 -1.6 15.] 259.1
Wap lass 7 0.0 1.63 80
S-glass 7 1.6 170,60 83
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*lleat gain due ta solar transmission through glass:

2= A% (SHIG) * (SC) * (CL)

Where:

CLF: Cooling laad factor, with interiar shading
For south glass: SHG = 227 wing?
SC =425
CLF =027
Far west glass: SH = 678 wim?
SC =025
CLF=03]

glass) =] .5,:-*(22?}*1;U.25J*{r].2?j (1.5
=22 98 + 205,94

=2289w

)*{ﬁ?ﬁ]*(ﬁ.?j}*{_{l.m}

* Sensible heat gain due Lecupants ocl -

ol = 1'Jﬂ*(E?],'IIJIJi.’J'}*['E'LFjs::-.q_'
= {087} (CLF)
=087y Y087
=075 kw,

"Latent heat gain due ocoupants o
Qe = 10%(145 8711000
=0.58kW.

Ar‘i
V]



*Hear gain due 10 lights:
Q= [30% (3.60 % 4.20)/
= fﬂ.#fjj"f{:f.f—'}.
= (0.453)%(0.96)
= 04348 Lw,

(800} (CLF) lighis

*Ieat transmitted dye to infiltration Qf

Qr=qv Vay*the - hi)
=009 - 47.8))¢ (¢
=422/4910
= 0463 Lw,

Wheps:

0.91)*(1000)!

Inside design condition

24°C db and 50, RIT
Duteide

design condition doeC db and 28°C wh lemp.
Outside mean lemperature, = 35°(

== [rom the psyehometric chsrr -
Specilic volume(Vo) = 0.9] me
Ho=90 ki

Hi=47.§ kikg

R total, ~Q1+0d~Qsolar Qp (Go.o] + Qo.e2)+I HQF
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=140+370.74259. 1 +B{ 55—225.9*?51,'-!-53'3-—134.EHSS.?H
~136.08 -0.463
Qrolal(l) = 3656 kW

similarly , the load of other rooms i< calculated, s

Ihe eoaling load of all rooms iy shown in the following tublc,

Table (5-9) cooling load for the floor rooms

| Room Ceoling load (kW)

3.883

| Salon room

rli:ilu.'hr:n OO

L
-

2
]_}"und_-ram_-_ DR ___ ol — ——
,_Li'.*l'ngruum_ S 1656
L —— 552 o
T — = .




5.4 Duct sizing

In this section the duct size will be calculated according to the equal pressure

drop method | this methed depends on the pressure drop in the duct hranch .

This pressure drop assumed to be constant i all branches.

Data
I'ne cooling load for each roam in the floor as following . all units in kW,
Table (5-10) cooling load for the flvor rooms

[ROOM LOAD{KW)

Salon roam - 3885 (Rl
[Kitchen roBam 2
End FOG | 1918
| Living room | 3.636
E:Tﬂue?um ’ 1.552

Assumprions

The veloeity of the air in the main duct assumed o he 5 mvs,

Ihe air propertics assumed to be -

Cplspecific hear at constant préssure =1 kl/kgk.
Tin 24°C | Tout = 40°C,

Air density , p= .25 ka/m?,



Caleulations

=0 pCpiTumt-Tin).

Where:

Fr is the velumetric flow rate of the supply air(ms)
£ is the conling load ( Kw),

Sa. (i w)

Vi=ghi | 25% 1 *(40-24)

V=0/20.

Volumetric flow rate calenlations for each room

Salon room
=020

= 3.883/ 20
= .19 m¥s,
150 Lis
Kitelien room
Poe=g3 720
=220

=01 m¥s
=100 Lss
fond room
V=07:20
=918/ 20
=0.096 mYs
=06 1./5
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Living room

V=gian
=31.656 /20
=018 mis
=1801./s
uffice raom
H=0/20
=L55Dan
=0.077 m¥s.
= TT./5
Table (5-11) volumetrie flow rate for the flvor rooms
FICEIH___ SRR Wiﬁu&ﬂ?ﬁ Et_im_lr:ﬂ RS T
rmﬁ'ﬂ_qm_'___'__'__'__'_ .19 _'___'__'__'__'_J
Kitchen room _'___'_‘f{ﬁ'____ s
e e
Livingioom — 0.8 _'______'__'____’
Offiseroom — — ———— T -
'f{ Wy o _-___]Lﬂﬁ______ N D= _______]

For duct section A-B (main duct ), Fam - 0.4 mYs and v { air velocity)= Smyie.
Therefore | from (APPENDIX B .3) we can obtain that .




Pressure drop (AP/EL oy <07 Pajm.
This pressure drop is vonstant fo:r al| duct branches.
Alsg | ginge
F=a=p
Where:
A" s the duct aria (m=),

Vi the air velocitv(mis),

5o the aria of the duet branch aa
Api= 0645
=0.128m-,
A4 =74
So ;
d = 400mm,
[or rectaneular dyet dimensions, . fiom (APPENDIX B.1)
Duct branch (a.gy dimensions = 275mm* S00mm
Similarly , tor duet Seclion o1 with flow rate of ;
Vigey = 0,64 Pz Fiean )
=064-( 01~ AR

And Pressure arop (APEL = 0,7 Parm.
Then (APPENDIX B.5) gives ¢

d i =325 m,

velozity(v) = 4.4 mys,

the reciangular duet dimensions e fram (APPENDIX B.1) .

Dozt branch e dimensions =225mm* 400mm.

6l
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The data of the other branches is in the flowing table.

Table (5-12) duct sizing for all sections

Duet — TNolmetic | 2p7EL Dizmeter T A¥r veloelly | Rectangular

| (/s

A-B 0.64 0.7 300 3 275mm* S00mm ]
iy ‘L____(___ -____J:______

B-C 0. 0.7 325 ‘ 4.4 225mm*= 400mm

Cp jlu.;-*_q 0.7 LR o 230mm* ésnnlﬂ
— oo — o [

seetion Mow rute (Pusm) {1rm) | (mis) } dimensions

{rm} |

B+ Y] 0.7 3.7 225mm*250mm

B-2 ‘ 0. ] ' 0.7 200 33 175mm* 200mm

I_U 0056 0.7 M a3 (1 75mm*360mm ]

D4 ow | 07 Tass 3.7 ' 3’35mm*1-5nmm]
|

J D-3 077 L7 KT 3 00w * 300mm

N T N N L T
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5.5 Equipment sclection

The selection process is a process that necds catalogues for (he equipmenty to
be selectad | so in (his selection, chapler tour (equipments Catalozues collection) is
necessary for this progess.

In selection we may [ace devices that have not the same load or capacity of
low rate or diameter {cluels), or cooling load that wy have in the caloulations, so tg
solve this problem we select thee smallest value in the catdiogue thar is bieger than
the value we have in the caleularions,

Example

IT we want to select an air handling unit or out daor wis which have the
capactty of 12500 watt, und this capacity nil exist in the catzlogie | in this case we
select the smallest value which s bigger than it such as 13000 Wall, So we select the
device that have 13000 waty oF copling cupaciry.

This process Supports the safety factor that we nesgd in selection,

[ndoor unit seleetion

Tn this project the air condition system is minj central system with a dugt
distribution which is covered by false ceiling.

Sa the indoor unit in this S¥stem s air handling unit which exists in the
market sometimes as pne it with the oul doar unit |

S0 the catalopue of this air handling unit | gives a duta for bath units | which
means that the selection will be Tnr hoth tnits,

Aceording o the caleulations | the toral load of the hause is 13000 witt | s

Wwe need a catalogue that has this value or litle niore,

With hacking to the [APPENDIX A 2.4), we find 2 catalogue that has this
value | and the air handling unit in (APPENDIX A 2.3)



A 000 1R.000 BTU/h
11000 11130 11,930 W
Hi ¥ BTl
270 A Z80 cop
G G G
4810 1970 1970 w
Ix10 iR 18 A
1,600 1400 1400 CFm
2.7} 2380 2. 380 M3ih
50 &0 Pa
400750/ 3N 23075071 V/Hz2/Phy
mm
1025300760 WrHD
YO0x9T D140 S00x9 70N VL0 WxHxD
B LT i EN INCH

From the catalogue data and the load al' 1
with the type of DNC50) .

3000watt we select the gir handling unit
- which has the exact value of | 3000wan cooling capacity.
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Capacity
Heating
Cooling
Heating Cop

Cooling
Heating
Coaling
Heating SN

Power input

Total air flow
Static pressure
Voltage/freuancy/phase
Dimensions
Indaar unit
Outdoaor unit




Grills selecrion
Grills seleetion depend mainly on the air flow rite that the room need . so we
need o select a grill or more to caver this air flow rate,
With referring to ( APPENDIY B 2) using this table . and the velumetric Naw
rale of cach room o we ean select the grills as flowing |
Table (3-13) grills sizing

[Room Velumetrie Size of  gnill ’ Nuraber of grills |

flow rate (1./5) (em™cim) J
I_Eﬁm room I 30430 ﬁr; 5 i
| Kitchen room Lo | 23423 ==
h_:}odmum 06 1137_23____‘#‘7__-_]
|_i‘u'i=lg OO 180 T oyl

(J"r:::e room 77 | 15 13 | ’
il e |

03




3.6 Cooling load calenlationys according 1o the expectation way in the market
The expectarian way in the markel is g way that caleulate the load of the
application by ex PEcting according 1o their experience in this field.
This way is -
Every | m? of the conditioned space needs U0t British thermal Hnit), 5o in
this section the load wi| ke calculared according Lo this way and thep compared with
the theoretical way in the last scetian,

Cooling load calculativns
V=4~H

Where:

Viisthe valume of the raom ().

AL is the area of the racmfm?),

H: is the height of the ceiling(m).
Q =1V - 300bty

Where:
() is the cooling leadibry),

Living room

V¥ —=15142.3

= 45 36m?

Q = 45.36 - 300
=13608bty

06



office room

V= 1122 .3
=33.66m’

d = 33.66 + 300
=10098bty

food ryom

¥ =1073.3

= 32,192

¢ =3219-30p
=965 by

Salon roopy
=61 74m?

0 =6174x 300
~18532p;

Kitehen room
V=1332.3
=39.%6m:
@ = 3996 « 300
=11988hny
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Qtotal = ¥ @ for all rooms

= 13608410098 H9657+1 852211 1088
= (A7 b

Qinton of refrigeration (TR) = Qretal F12000
= 63873/12000
= S3TR

Compurison between theoretical calenlations and expectation way

Accerding to Lhe results of 1wo ways of the same application it is clear thai

the expectation way fir [oad caloulation

caleulations

is not efficient, becayss it has |.6TR
additional to the real load which meuns increase in encray consumption and cost,

This increase of sneray and cost expressed lase in cost
customer without use, so the thesratics|
and cost.

and energy for the

Way [s more accurate and saving for energy

Al
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CHAPTER 51X

CONCLUSION
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6.1 Conclusion

1) According to the thesretical calculations and the expectation method in the
market. i1 is clear that the expectation method is ol efficien | because of the

additional load without any use which mean losz in Energy , line and maoney

2} HVAC eguipment may have more than one catalogue according 1o the HVAC

company but the same properties exist in any catalogue but in different description.
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APPENDIX A




Appendix A-1

Sanyve Company catalogues

Figure (A.1.1) Concealed dueted indoor unit
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Figure (A.1.2) Concealed ducted indoor unit caialogue
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s

Figure (A.1.3) Floor standing tvpe(indoor unit)
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Figure (A.1.4) Floor standing typc catalozue
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Figure (A.1.5) Semi —concenled type (2 way air discharge)
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Figure (A.1.6) Semi —concealed type 2 way wir discharge catalogue
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Figure (A.L.7) Semi —concealed (ype (one way air discharge)

z%gm_ 1 phese s 624 8
46 i3 58 [ 13

2.

Jews
[Ene (R 200 TS 950 25200
| 52 [F 58 | 8z [
[tiTi® 11 000 L0 1380 2180 Tom

| DERNHTS | ANRIINETE | ANMIE | NS0 | OReUHIS

AEAES Q5 san s I3M0A005! DA [EETE
1EATE 135618 03503703 DB IS0 e

T eosmion | st | s | uesvkon | owsosens:
A

Sy g 92
170 | zwvw | wnsw | w3
ashs
s [T @Ay | s
IR A #|w | AF-LikE
e MM
T 180 O
i T ok
[ P a3 [T
i m 17 TR
]
[« 7-as | mean

Figure (A.1.8) Semi —concealed type nnc way air discharge catalogoe
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Figure (A.1.9) Wall split type
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Figure (A_1.10 Wall split type catulogue
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B Qutdoor unit specifications
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Appendix A-2

Petra Compan ¥ catalogues

Figure (A2.1)Air handling unit
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Figure (A.2.2)Air handling unit catulogue




Figure (A2 3)Air handling unir
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3PH 3P

Figure

H
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Capacity
Heating
Cooling -

: Lap
Heatng -
""1|:|i':ﬂﬁ=
La . 5 pijt.._rﬁ_r|r1:‘JUt
Heating
Coolin
tist, S Amperas
Htx,ati:"lg

Fotal air flow

Static pressume
Vaiagefrequency/phase
Dimensions
Indoor unit
Outdoar unit

Pipe sizing

A2 4)Air handling unit catalogue
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Figure (A.2.5) Chiller
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Figure (A.2.6) Chiller catalogue
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Figure (A.2.7) Ducted out door split units
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Appendix A-3

LG catalogues

Figure (A3.1) Diffuser prill |

|
WIDTH IRCHES & J
DESCRIPTION Rourd Cafling Diffeer 1
CONSTRUCTION S
COLOR FNISH Vinde [
VWEIGHT LBS L |
DUCT SIZE IRCHES : |
MARUFACTURERS PART NUMBER 10 I
SRAND e | :

Fipure (A.3.2) Dilluser prill specifications
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Figure (A.3.3) Circalar duct
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PACKAGE QUANTITY g
VELOCITY BI04 Ry

Figure (A3.4) Circular ducit specifications
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Figure (A.3.5) Side grill
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Figure (A.3.6) Side grill specificativns
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ecifications

le Split Wall Mounted Type ART COOL

Figure (A.3.7) Single split wall type
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Figure (A.3.9) Single split wall type catalogue (cont...)

a3

I i Ll i il a5
Wi P [HEpr] [ TETh WET
Wi GE REET ]
I T air= [ e E AT ERAR Y



B5393s
I

PINTS / DAY |G Window 2 Cardiioner 7001 11 Heat Coul)
SPEEDS 2
ERPERATURE RANGE COOLING ) e
TEMPERATURE RANGE HEATING |F) L
VOLTS s
VARRANTY YEARS 5
WOGHT LBS a1
ERNERGY EFTICIENCY RATING [EER) a7
MEGAHERTT Y e
APPROVAL UL SAT24¢
REFRIGERANT R=470A
DECIBEL S [DBA) =

Figure (A.3.11) Window type catalogue
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Appendix A-4

Tadiran Company catalogues
.. Nomenciatura
MDV-D2B0OW/CSN1
—Refngerant
K1 R0 NZR4OTe
- qIAI
L Power Supply

3 180V~ S0Ez 9phk
- 210-140- 504z 1ph

L——— Product Design Sequence
- 1at demgn
8 2nd dawgn
© 3rd  dsgign

Gutdoor Unit or indcor

w Sutdoar

a1 O e-widy dassafta fyge indads it
Q4-2 Small casdeits ype midoos uni
a4 Four-way casseis hyps Mdoor wht
TH Dl by s (Low Siate pressura)

T2 Buct type modor wnit

i High stafic pressurs duot typs indoor i
oL Celfing® Flaor tyg= ndogr anit
o Wall-mountad type wdoar uat

Cooling Capacity( ~ 100«)
Digital Scroll AIC System

M ulti-Digital-Variable

Figure (A.4.1) Explanation of model name of the units
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Indoor Unit, High Static Pressure Duct
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Figure (A.4.5) High static pressure duet indoor unit catalogue
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Figure (A.4.6) Split in door unit (inverter type)
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Appendix A-3

Danfoss Company cataloZues

BD250GH and second generation
BD350GH

A134a, -30°C, +15°C evap.

Sedicated for cabin cooling in trucks
during night-times, very silent ope-
ation, 850 W cooling capadity

BD35F multivoltage

R134a 307 " H0'Cevap.

All mohile applications for portaniw bOXES,
hoats, trucks =tc, 15-120 W cooling
capacity, Gan be powersd with AL ar-**
DC. 85-265 V AC s0/60 Bz 12-24V DG
aytomatic selection between AC and DC

BD35F/50F/80F Basic

R134a -30°C, -10°C evap.

All mobile applications for port-abie
hoxes, boats, trucks etc, 5 -140/20
180/35-220W cooling Gapac [u_,.

Figure (A.5.1) Danfoss compressors series
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BD100CN

= R~ ™

K290, 40°C -10°C vap.

C — Pttt alr —— i -
viationary fregze applhication, not ap
proved for vahicles, solar powered sve

ams, Ice cream boxes up to 200 |
'\1" um-\r --LLJTI'.IJ EPS'T‘}EL[}[.‘SI ] r}::! |¥n'lll‘u
coaling Capacity

BD3s5K
r~.|-"l|l1_'j -30°C 107 ey Vag.

2talionary application, solar-powered

vaccine coolers etc, 100-200

ool
eazrs, 15-120W cooling capacity.

BD35F with EMI electronic

Das SIgnec 3 for boats and trucks if risk of
_|=2':T.n: infarance with radio and nav
Jation equipment, 15-140 W coaling

Capaaty

Figure (A.5.2) Danfoss co MPressors series (cont, )
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Genera|
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Code number
L

—__—__———_——_—-_————___—__—__ — e

Applit:aﬁun_

—__—___—__—__—___r—__—______________________

Appucaaon ME] _ﬂ
Fw.&poraurig temp—-:an.w range C 25800 __J
Voltagerangs ~ —— —— iz 198254

_—__—__—__—___—__—__ —__—__—______—__—______

Motor tyos w;-.r- ASIA i

—___—__—__—__—__

Max._ amb:enf &lrr:;.wratum ;
Comp. cooling af ambient temp. azc|

lw_ei.;hr without ¢ e;e:mﬂﬁq:u?;n_;;r kg| Lans g :’

Figure (A.5.4) Danfigs tumpressors daia sheger
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Motor

Molor size wat 29
LRA (rated after 4 sec. ULO84) LST A 12
Cut-in current LST A 5.7
Resistance, main and start winding (25°C) Q 84.0/19.0
Approvals EN 60335-2.34 with Annex AA
Height mm| A 129

B 127

B1 120

B2 73
| Suction connector location/.0. mm| C 6.2 +0.09
Process connector location/l.D. mm | D 62009
Discharge connector location D.mm | E 5.0 +0.12/+0.20
Compressors on a pailet pes. 150

Figure (A.5.5) Danfoss compressars data sheel(cont....)
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city (EN 12900/CECOMAF) watt
e 25 | 233 | -zo 15 -10 5 0
160 | 190 | 254 | 365 | 488 | 640 | 828
Capacity (ASHRAE) walt
Comp.\"C 25 | 233 20 [ 15 -10 -5 0
19.7 | 224 ]| 3153 | as0 | 8 803 | 102
Power consumption . wrart
[Durrn‘t"ﬁ 25 | 23317 90 | 55 | o | &5 0 |
420 | 434 | 464 | 575 | 572 | 633 | 69.7
Current consumption A
e | -25s | 233 -15 | 0 =] 0
035 | 035 | 036 | 037 [ 039 | 041 | 0.4a3
COP (EN 12900/CECOMAF) ww
i & 25 | -233| =20 -15 -10 -5 [
038 | o244 | 055 | o71 |oe7 | 108 | 1.18
COP (ASHRAE) wrw
\-C 25 | 233 )| 20 -15 | -10 -5 )
a7 054 067 | 087 1.07 1.27 1.47
Tast conditinns =N 12900 CECOMAS ASHRaz
Condensing s=-C 55°C
Ambiont and suction gas temp 20 TC
=C 32C
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Figure (A.5.6) Dunfoss compressors data sheet(cont...)
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Figure (A.5.7) CO2 refrigerant compressor data sheet
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Figure (A.5.8) CO2compressor capacitics at variable evaporating temperatures
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Figure (A.5.9) Model designation



Appendix A-6
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Figure (A.6.1) Slim concealed ceiling unit
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Figure (A.6.2) Slim concealed ceiling unit catalogue
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Figure (A.6.4) Round Mlow ceiling mounted cassette catalogue
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Leegth nl Do Side of Kectusgular Dot mm

Lyt T ;
Agl, e 13 13 IE e oms m@ Mg 2sh a0 EEDY Z00 SED K00 65D 00 S SO0 S0
ki e
7 R LA I
g I b S | I . - | =
0 W a0 TE T RER
P | - T T T SR [ S S TS
G o E3 HI L W 4n
" 1 g % LT R @ ! ﬁ all A3k AR STE M0

s .11'3"l Tl FL I I S L v S e R
Mo 3] ME N IAT O e+ ST 4% E 45 M0 MW 8T T 73T 3
T T ST I R M T T S o || R L 1 R R
o O P A N T FRPY- TR - A N 11 B T N7 TR ST LT T
e M M S 4w g dka Q1T Seh M B I T TEE ER g diE W11 s im0y
g | Fu 08 eiE W B 435 d8p P O ST T TR0 EIT EMY gid o el mk 10H Loed | 113
L Sad 3@ m3 B mE W E Al M TR ML B EMME B4 SN R4 10RE LICT B G
(600 GEY AN MM D M) IR eEr BB T MR M7 B0 9 w0 M oh 1 11T RIS
ARG PN A aES HAY TT dlD EEN 0 ERE TMY EOS EAR RID §RM 104D MBS D04A 1VRT IT41 DZBE 0T
b S S & 1T S 5 < - | S - 7O&MY WM 4T WG4 I0f2 FET 300 RMEOMEII B
oo A4l0 &1 528 AR A3E g3 Y MY WD BN, M M) DTh BT TIE 4@ M3y 13k deDe 180l
Jdng 4G @ s3SI M3 T tRe be sl Sn (ED (e 04D 0 IR U330 4 LA 1Sdr
¥ H ORI~ 1~ T S S 1 Y - G - F | b - U B SR P v 1 & O TS S S| R | i
I L™/ Ry PN L S St e R« I - SO R N O T = o T T )

Figure (B.1) Circular equivalent diameter of rectangular ducts
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Figure (B.2) grill selection data
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