Palestine Polytechnic University
College of Engineering

Mechanical Engineering Department

Design of Mechanical Systems for a Grand Park Hotel in
Ramallah City

By:
Musab Qabaja

Mahmoud Salman

Supervisor:

Eng. Mohammad Awad

Submitted to the College of Engineering
In partial fulfillment of the requirements for the
Bachelor degree in Refrigeration & Air Conditioning Engineering

Hebron, December 2017






Palestine Polytechnic University
College of Engineering

Mechanical Engineering Department

Design of Mechanical Systems for a Grand Park Hotel in
Ramallah City

By:
Musab Qabaja
Mahmoud Salman
Supervisor:

Eng. Mohammad Awad

Submitted to the College of Engineering
In partial fulfillment of the requirements for the
Bachelor degree in Refrigeration & Air Conditioning Engineering

(AL Adad plilae

Lt A ddal) PO
RSl Aensighl 5 4803 G Casalig) ) sl
i _pdial) UAS dada udigall

Oi8lia D cdanu)  gisal)




1Y)
&3;)3\ L')A;)l\ | o
(@ a3 alad) V5 Cdelly Aua 1 3ial (nded) e Gpdd )

aalanl) ) (3aa

8 ALl ile sl - dena Lagw - J ¥ aladl

(gaids o Jd L oo (S sl - el - 3y 3l i gl
ﬁ)ﬂ\gﬂ\j_a}bdbc}nﬂ\ws;@&‘)‘)gﬂ\cM‘&HLA\

A el - iy Y AN sl as

sl s sl il g G SYagisie A (slany e

SBaal - B agri b aa K5 e sl Cdlia e

Cpandi elagd - AlSa Lia o S) ad e

Cliinall 5 (5 ) - ot st A e dal e agl L smaia (e

2 jaall 5 alall ane JS



ad yrall g aladl (G 5kl UT 5 ¢ saw dal 50 ale e JS )

Acknowledgement

Our thanks go first to Allah and then my parents and our project supervisor

Eng. Mohammad Awad , his guidance and support made this work possible.

We wish to thank Dr. Ishaq sider, Eng. Kazem Osaily

We believe that this work would not be accomplished without their inspiration.

And, finally, our thanks go to all lecturers & doctors, engineers, and laboratory
supervisors in PPU. Their effort and their nice dealing with us improved our

characters to become successful engineers in the future.



Abstract

In this project we will design this mechanical systems that will provide
comfort conditions for humans for GRAND BARK hotel in Ramallah, This
hotel include two basements, ground and five floors for guests, the total area
of the hotel is 8500 m? and the number of people who can serve them are

180 persons.

The project is going to provide an integrating service to that building in
regard to the air conditioning, firefighting and plumbing systems and
swimming pool .Also,gray water is recycled to be used in flushing tanks and
irrigation in order to save water, In this project, air conditioning system type

(VRF) is used since it is efficient and economical
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1.1 Introduction:

Throughout the ages the human beings tried to improve their lives to be easier and more
comfortable, and as the Wisdom say: “The necessity is the mother of invention” the engineers

always try to meet the needs of humans to achieve the welfare of their lives.

So HVAC engineers develop the mechanical services systems and technologies to achieve the
comfort, which the humans need in the buildings.

For this reason the mechanical system will be designed and documented in this project for

Grand Park hotel in Ramallah city in Palestine.

1.2 Project overview:

Since old time human was looking for comfort conditions , At this time, human has
designed mechanical systems to make him in comfort conditions that he need.

and to get this conditions that make human in comfort conditions , we should
controlling and maintaining of the following four atmospheric conditions that affect the
human comfort:
1 -Temperature of the inside space.
2 -Humidity contents of the air.
3 - Purity and quality of the inside air.

4 -Air velocity and air circulation within the space.

In this project we will design this mechanical systems that will provide comfort



conditions for humans for GRAND BARK hotel in Ramallah, This hotel include two
basements, ground and five floors for guests, the total area of the hotel is 8500 m? and the

number of people who can serve them are 180 person.

1.3 Project scope:

The scope of this project is to design and document the mechanical services systems for
GRAND BARK hotel. This project can create a bridge between the engineering study and the

local labour market needs.

1.4 Project objectives and cells:

The objectives of the project is to study and design the different mechanical
systems needed inside the hotel building, and swimming pool, this includes the following

main topics:

1- Design the mechanical systems inside the hotel building.

2- Theoretical calculations for outside and inside conditions , heating and cooling load
for the hotel

4- Theoretical calculations and design of plumping system.

5- Theoretical calculations and design of swimming pool system.

6- To be familiar with the mechanical drawings for different mechanical systems. 7 -

Firefighting, hot & cold water system

10



1.5 Project choice and justifications:

1. This project will create sufficient experiences for the students, which would assist them
to have an employment opportunity after graduation.
2. Such projects provide the opportunity to review what have been studied in the last five

years in college of engineering.

1.6 Symbols:

* HVAC: Heating Ventilation and Air Conditioning.
* VRV: Variable Refrigeration Flow.
«  WSFU: is water supply fixture unit it’s used to calculate the portable maximum water

demand for the building.

» Dfu: Drainage fixture unit it’s used to calculate the provision of drainage system. 0 Gpm:
gallon per minute.
» COP: coefficient of performance

11



1.7 Time table:

Table 1.1:First Time Table

Activity
Week

Selection of the

project

Search about

information

Search for previous

projects

Search for video for
the systems in the

website

Cooling Load

Calculations

WSFU Calculations

Studying the Fire

Fighting Systems

Project

Documentation

Project Printing

12



Table 1.2:Second Semester Time Table

Activity

eck

Complete Design The
Mechanical Services
System for The Building

Required drawings for
the relevant systems on

AutoCAD program

Selecting The Pumps and
Other Equipment’s

needed in our Systems

Preparing a sample of

B.0.Q

Project Documentation

Project Printing

13




CHAPTER TOW

HEATING LOAD CALCULATIONS

2.1 Introduction

2.2 Human comfort
2.3 Calculation of overall heat transfer coefficient (U)

2.4 Outdoors and indoors design conditions
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2.1 Introduction:

The main objective of the air conditioning is to maintain the environment in enclosed
spaces at conditions that induced the feeling of comfort to all occupants of the space. This
feeling of comfort is influenced by a number of main related parameters which are the inside

temperature, the humidity and the outside design condition.

2.2 Human comfort

2.2.1 Introduction of human comfort

The process of comfort heating and air conditioning is simply a transfer of energy
from one substance to another. This energy can be classified as either sensible or latent

heat energy.

Sensible Heat is heat energy that, when added to or removed from a substance, results in

a measurable change in dry-bulb temperature.

Latent Heat (hidden) heat energy that is absorbed or released when the phase of a
substance is changed. For example, when water is converted to steam, or when Steam is

converted to water.

The necessity for comfort air conditioning system from the fact that the metabolism of
the human body normally generates more heat than it needs. This heat is transferred by
convection and radiation to the environment surrounding the body. The average adult, seated
and working, generates excess heat at the rate of approximately 450 Btu/hr. [132 W]. About
60% of this heat is transferred to the surrounding environment by convection and radiation,
and 40% is released by perspiration and respiration. As the level of physical activity
increases, the body generates more heat in proportion to the energy expended. When
engaged in heavy labor, as in a factory for example, the body generates 1.450 Btu/hr. [425
W]. At this level of activity, the proportions reverse and about 40% of this heat is transferred

by convection and radiation and 60% is released by perspiration and respiration.

15



In order for the body to feel comfortable, the surrounding environment must be of
suitable temperature and humidity to transfer this excess heat. If the temperature of the air
surrounding the body is too high, the body feel uncomfortably warm. The body responds by
increasing the rate of perspiration in order to increase the heat loss through evaporation of body
moisture. Additionally, if the surrounding air is too humid, the air is nearly saturated and it is
more difficult to evaporate body moisture. If the temperature of the air surrounding the body is
too low, however, the body loses more heat than it can produce. The body responds by
constricting the blood vessels of the skin to reduce heat loss.

2.2.2 Factor affecting human comfort

1. Dry Air: air that has a low relative humidity.

2. Moist Air: air that is a mixture of dry air and any amount of water vapor generally, air with a

high relative humidity.

3. Humidity: is the amount of water vapor in the air.

4. Saturation: the state of being saturated or the action of saturating.

5. Dry Bulb Temperature: temperature that is usually thought of as air temperature.

6. Wet Bulb Temperature: is the temperature a parcel of air would have if it were cooled to
saturation (100% relative humidity) by the evaporation of water into it.

7. Dew-Point Temperature: the temperature at which water vapor starts to condense out of the
air (the temperature at which air becomes completely saturated). Above this temperature the

moisture will stay in the air.

16



2.3 calculations of overall heat transfer coefficient U:

The overall heat transfer coefficient depends on the layers that the walls, floor and roof
consist of and the inside and outside conviction heat transfer coefficients. So the overall heat

transfer coefficient can be calculated by applying the following equation:

1 1
_ZRth Rin+ZA—x+Rout
U= K

Where:
Ax: the thickness of the wall. [m].
Rin: inside film resistance.R [m*.C/W].

Rout: Outside film resistance.. R [m?.C/W].

2.3.1 The heat overall heat transfer coefficient (U):
Calculation of overall heat transfer coefficient for walls, ceiling, floor, glass and door

1- For external wall

Table 2.1: Construction of external walls

1 Stone .0 7.1
2 concrete 21 7.11
3 Cement break .0 9.0
4 Polyurethane .3 9.90
5 Plaster 2 7.1

17
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Figure 2.1: External wall construction

R in and Rout for the external walls as 0.12 and 0.04(m*W.°C), respectively from table (A-27)

1
Ax(st)+Ax(con)+Ax(cem)+Ax(poly)+Ax(plas)

U=Rrin+ +Rin

k(st) k(con) k(cem) k(poly) k(plas)

2-For Internal Wall:

Table 2.2: Construction of internal walls

1 Plaster 2 7.1
2 Cement break 1 7
3 Plaster 2 7.1

18
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Figure 2.2: internal wall construction

1
Ax(pla)  Ax(cem)  Ax(pla)

+Rin

U=rin+
k(pla) k(cem) k(pla)
1

U=0.124002,01,002 > = 2.68(w/m”.°c)
12 1 12
3-For Ceiling:
Table 2.3: Construction of celling

1 Asphalt 0.02 0.8
2 Concrete 0.05 1.75
3 Polystyrene .5 9.90
4 concrete .0 7.11
5 Brick .14 9.01
0 Plaster 2 7.1

19
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Figure 2.3: Ceiling construction

Because of its construction, the ceiling is divided into two overall heat transfer coefficient one
with brick and the other without.

Rin and Rout for the ceiling are 0.1 and 0.04(W/m?.°C), respectively from table (A-27)

1
U 1:Rin¢Ax(A5ph) L Ax(con) Ax(poly)  Ax(con)  Ax(Bri) K Ax(pla)

+Rin
k(Asph) k(con) k(poly) k(con) k(Bri) k(pla)

1
= 0.516(W/m?.°C
L005_006_ 01z 002 _ -~ w/ )

U].:U 14 0.02  0.05

0.8 1.75 0.03 1.75 095 1.2

Similarly, U2 =0.953 (W/m?.°C)

4- For floor :

20



Table 2.4: Construction of floor

1 Terrazzo 2 7.0
2 Mortar 2 9.70
3 Sand .1 9.1
4 concrete .15 7.11

Terrazzo— p—r—r—F—F—1—1—1—1—
Mortarr__.‘- ‘..7:"!;\ ;:—: _—F‘,:' .f-{*‘,:{v;f::.: -l TR ':v», e

Sand—-—--‘“‘_-r R
Concret

Figure 2.3: Floor construction
Rin = 0.15(W/m?.°C), from table (A-27)

1
Ax(Ter) , Ax(Mor) Ax(Sand)  Ax(con)

U=Rin+
k(Ter) k(Mor) k(Sand) k(con)

1
0.02L0.02i0.1i0.15_1 93 (W/m?.°c)

U=0.15+

1.4 0.16 0.7 1.75

5- For glass From table (A-28), Ug = 3.2(W/m?.°Cfor double glass aluminum frame.

6- For door From table (A-29) , Ud = 3.6(W/m*.°C) for wood door type.

2.4 Outdoors and indoor design conditions:

These conditions include the dry bulb temperature, relative humidity, and the average air
speed. These values were obtained from the Palestinian code and the psychometric chart.

21



Table 2.5: Outdoors design condition

Summer Winter Summer Winter
Temp 24 24 3. 4.0
R.H 5. 45 50 02
Wind Speed - - 1.4 1.4

2.4.1 Heat loss calculations:

The main resources of heat loss come from the walls, floor, ceiling, doors, windows and
also comes from the infiltration. To calculate each one of them the following equations are
to be use:

Q=AxUxAT (2.2)
Where:
Q : Is the heat transfer rate. [kW]

A: Is the area of the layer which heat flow through it. [m?]

AT: s the difference between the inside and outside temperatures [°C]

U: Is the overall heat transfer coefficient. [W/m.°C]

2.4.2 Total heat load calculations

Total heat load calculations for the sample room:

22
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Figure 2.4: Sample room

Heat loss through ceiling (Qc):

Because of its construction, the ceiling is divided into two areas which are area Al and area A2
as showing n Figure (2.5).

Figure 2.5: Ceiling construction

The area Al is equal to:

Ac=9*5.5=49.5 m?> Al=

4
5AC

4

Al= £ 49.5=39.6m2

And the area A2 is equal to:
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1
A2=5AcC

1 —_—
Ap= £ 49.5=9.9m

Q ¢ =Uc Ac(Ti-To)
=(ULA1 +U2A2)(Ti-To) Q c=
(0.516 x39.6 + 0.953x9.9)( 24 - 4.7)

Q ¢=576.46W

Heat loss through walls (@w):

The external wall area is

Aw,ex1 = (5.5*3.10)-(2.5x1.8) =12.55 m?
Aw,ex2 = (9*3.10)=27.9 m?

The heat loss from external wall is

Qw,ex1 = (Uw,ex* Aw,ex1)( Ti -
To)

= (12.55x0 .9) (24-4.7) = 218W
Qw,ex2 = (Uw,ex* Aw,ex2)( Ti -
To)

= (27.90 .9) (24-4.7) = 484.6W
Qw,ex= Qw,ex1+ Qw,ex2=

702.6 W
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There are two spaces beside the guest room are unconditioned, so heat loss from unconditioned
walls:

Qw,un. = Qw,un.

The unconditioned temperature is calculate by equation (2.3)
=05(24-4.7)=9.65°C

There are two internal walls and the area of internal walls is :

Aw,inl=5.5%3.10= 17.05 m?
AWw,in2=(9*3.5)-(0.9%2)=26.1 m?

The heat loss from internal walls is:

Qw,inl = (Uw,in* Aw,in1)( Ti -
TUH)
=655.7 W CQw,in2= (Uw,in*
Aw,in2)(Ti  —Tu)
=1003.7 W

Qw,in = Qw,inl+ Qw,in2 = 1659.4 W
Heat loss through windows (Qg):

Qg =Ug Ag (Ti -To)

= (3.2) (2.5x1.8) (24-4.7) = 278 W
Heat loss through external door (@ d):
Q d=uUdAd (Ti - Tun.)
= (3.6)(2x 0.9)(24-9.65) = 93 W

Heat loss through infiltration (Qinf):
Infiltration is the leakage of outside air through cracks and clearances around the

windows and doors. The amount of infiltration depends mainly on the tightness of the
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windows and doors on the outside wind velocity or the pressure difference between the
outside and inside of the room.

The total heat load due to infiltration is given by the equation :

1250
Qinf= 3600 * vf *AT (2.4)

Where:
Tin: inside design temperature (°C).

Tout: outside design temperature (°C)

Vf: The volumetric flow rate of infiltrated air in (m3/h)

Vf= k*L [0.613(S1*S2*Vv()2] 213 (2.5)
Where:

K: the infiltration air coefficient

i_: the crack length in meter.

S1: Factor that depends on the topography of the location of the building

52: Coefficient that depends on the height of the building.

V0. measured wind speed (m/s)

The value of K, §1 and 52 is obtained from tables (A-13), (A-19) and (A-20)
Respectively

K =0.43
S1=1
§2=0.94

V0= 1.4 (m/s) from Palestinian code and
L=2W + 2H for door
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Lsg=5.8
L=2W +3H for double sliding window
w=10.4
Therefore; V/ 4= 0.43*5.8 [0.613(1*0.94*1.4)7] 2°
=2.6 m°h

Vf w=0.43*10.4 [0.613(1*0.94*1.4)"] ?® =4.65m°h

1250 1250
Qinfe= 3556 *VF d *AT = 3600 * 2.6 * (24-9.65) = 13 W
. . 1250 1250 )
Qinfy= 3555 * Vf w *AT = 3600 " 4657 (24 4.7)=312W

Qinf=Qinfy+ Qinf, =442 W

Heat gain due to ventilation

The ventilation is used for maintaining a healthy indoor air by introducing a fresh air
from outside of the building. And this kind of heat gain can be calculated by using the
following equations:

Quent.= x py; % (To-Tin) (2.6) Where:

- mass flow rate of ventilation air (kg/s).

_ Rate of ventilation air

vo (2.7)

Rate of ventilation = Room Area x Requirement outside ventilation air (2.8)
=9x5.5x10 = 495 L/s = 0.495 m3/s.
v 0= 0.791 m3 /kg.
= 0.926kg/s.
Cpair : Specific heat of air, Cp,r = 1.005 kJ/kg.” .

Quent.= 0.926 x 1.005 x (24-4.7) = 18 W
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Q tot=0Q c+Qw,in+ Qw,ex +Q g+Q d+Q inf+Q vn

= 576.46 + 702.6 + 1659.4 + 278 + 93 + 44.2 + 18 =3371.7TW

Take a safety factor of 15 % for each space of the residence to cover the miscellaneous and
emergency heating loads then :

Q tot=3371.7x 1.15 = 3708.8 W.

= 3.7 kW

Heating Load Summary is listed in the following table:

Table 2.6: Heating load for each floor in the building

Ground 40
First 52
Second 51.5
Third 51.5
Forth 515

Roof 103.5
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CHAPTER THREE

COOLING LOAD CALCULATION

3.1 Introduction
3.2 Cooling load

3.3 Sample calculation

3.4 Variable Refrigerant Flow System(VRF)
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3.1 Introduction

The cooling load is defined as the rate at which heat energy must be removed from a
space in order to maintain a given inside design condition.

To achieve the human comfort conditions it is needed to do some calculation to select
the proper equipment to have the conditions that it is needed and the cooling load is the

most important load that can helps in selecting the equipment’s that needed correctly.

3.2 Cooling load

The total cooling load of a structure involves:

1. Sensible heat gain through walls, floors and roof.

2. Sensible heat gain through windows.

3. Sensible heat and latent heat gain from ventilation.

4. Sensible and latent heat due occupancy.

5. Sensible heat gain from the equipment.

3.2.1 Cooling load calculations:

Total cooling load calculations for the sample room:
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Figure 3.1: Sample room

Direct and diffused solar radiation that absorbed by walls and roofs result in raising the
temperature of these surfaces. Amount of radiation absorbed by walls and roofs depends upon
time of the day, building orientation, types of wall construction and presence of shading.

The heat transfer rate through sunlit walls or sunlit roofs is calculated from the following
equation:

Q= UA (CLTD) corr. (3.2)

Where:

(LTD) corr.: corrected cooling load temperature difference, ° ,

(CLTD) corr. =(CLTD + LM) k + (25.5 - Tin) + (To,m - 29.4) f (3.2)
Where:

LTD: cooling load temperature difference, ° , from Table (A-3)

LM: latitude correction factor, from Table (A-25)

k: color adjustment factor .
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Tin: inside comfort design temperature, *
f: attic or roof fan factor.

To,m: outdoor mean temperature, *

To,m = (Tmax + Tmin) /2 (3.3)

Where:

Tmax: maximum average daily temperature, °

Tmin: minimum average daily temperature, °

Tmax =35 ° and Tmin = 13.8 ° are obtained from Palestinian ode.

Applying these values in equation (3.3) to obtain the outdoor mean temperature

Tom=24.8".

3.3 Sample Calculation:

Calculation the heat gain from the Guest room in the last floor as a sample :
Heat gain through sunlit roof (Q Roof):

LTD=14"

LM=5

k = 0.83 for permanently light colored roofs.

f =1 there is no attic or roof fan.
(CLTD) corr. = (14 +5) 0.83 + (25.5-24) + (24.8-29.4) 1

=12.67°

Q Roof = (U1 Al + U2 A2) (CLTD) corr (3.4)
@ Roof = (0.516 x39.6 + 0.953 x9.9) (12.67)

=378.43 W
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Heat gain through sunlit walls (Q Wall):
LTD at 14:00 o'clock ... from Table (A-8)

CLTD=15c

k = 0.83 for permanent medium color walls.

(CLTD) corr.E, = (15+0) 0.83+ (25.5-24) + (24.8-29.4) x 1

=9.35°

Q Wall = Q'E = U* A* CLTD
= 0.9%12.55*9.35
=105.6 W

Q Wall = Q'E = U* A* LTD
= 0.9%27.9%9.35
= 23477 W

Q Wall = U* A* AT
= 2.68%26.1* (27-24)
=209.8 W

Q Wall = U* A* AT
= 2.68%17* (27-24)

=136.68 W

Q 'Wall = 686.85 W
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Heat gain due to glass (Q Glass):
Solar radiation which falls on glass has three components which are:

1- Transmitted component: it represents the largest component, which is transmitted
directly into the interior of the building or the space. 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
temperature. About 5 to 50% of solar radiation it absorbed by the glass, depending on
the absorptive value of the glass

3- Reflected component: this component is reflected by the glass to the outside of the

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

The amount of solar radiation depends upon the following factors:

1- Type of glass (single, double or insulation glass) and availability of inside shading.
2- Hour of the day, day of the month, and month of the year.

3- Orientation of glass area. (North, northeast, east orientation, etc).

4- Solar radiation intensity and solar incident angle.

5- Latitude angle of the location.

The maximum cooling load due to the glass window Q Glass, consists of transmitted (Q
tr.) and convected (Q conv.) cooling loads as follows:

Q Glass =Q tr. + Q conv. (3.5)

Where:
Qtr.: transmission heat gain, W

Qconv.: convection heat gain, W
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SHG: Solar heat gain factor: this factor represents the amount of solar energy that would be
received by floor, furniture and the inside walls of the room and can be extracted , from Table
(A-12)

SC: Shading coefficient: this factor accounts for different shading effects of the glass

wall or window and can be extracted from Table (A-10) for single and double glass
without interior shading or from Table (A-11)for single and double glass as well as for

insulating glass with internal shading .

CLF: Cooling load factor : which Represent the effect of the internal walls, floor, and
furniture on the instantaneous cooling load, and extracted from Table (A-8), and (A-9)
for glass, and from Table (A-5) and (A-6), for lights and occupants respectively.

The transmitted cooling load is calculated as follows:

Qtr. = A (SHG) (SC) (CLF) (3.6)
SHG in W/m2 ... from Table (A-12)

A=45m2

SHG =795 W/m m

S =0.57... reflective double from Table A (2.14)

CLF =0.84 at 14:00 o'clock ... from Table A (2.16)

Qtr. N=4.5x795 % 0.57 x0.84

=17129W

Q conv. = UA (CLTD) corr. (3.7)
Where:

U: Over all heat transfer coefficient of glass (W/m2.K).
A: Out windows Area of heat conduction. (m2).

(CLTD) corr.: is calculated as the same of walls and roofs and the CLTD value for
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glass is obtained from Table (A-7)
LTD=7" at 14:00 o'clock

k = 1 for glass
f =1 for glass

Qconv. =Ux Ax CLTD
= 3.2x4.5x7

=100.8 W

Q Glass =Q tr. + Q conv.
=1712.9+100.8

=1813.7W
Heat gain due to lights (Q" Lt.):

Heat gains due to lights are sensible loads and are calculated by the following equation:

Q' Lt. = light intensity x A x ( LF) Lt. (3.8)

Where:
light intensity = 10-30 W/ m2 for apartment, so we will take 30W/ m?
A: floor area = 49.5 m?
(CLF)Lt.: cooling load factor for lights.
(LF)Lt. =0.82 ... from Table (A-5)
Q Lt. =30 x 49.5 x 0.82

=1217.7W

Heat gain due to infiltration (Q f):
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As the same way in heating load

_ 1250

Qinf..g " 3600
(3.9) Where:

Vf (Ti To)

V f: The volumetric flow rate of infiltrated air in (ms/s)

Vf = K x L [0.613(S1*S2*V,)2] 213
Where:

K: the infiltration air coefficient.

L: the crack length in meter.

S1: Factor that depends on the topography of the location of the building

§52: Coefficient that depends on the height of the building.

¥V 0: measured wind speed (m/s)

(3.10)

The value of K, S1 and S2 is obtained from tables (A-13), (A-19) and (A-20)

respectively.
K =0.43
S1=1

52=0.94
Through door

Vf 4= 0.43*5.8 [0.613(1*0.94*1.4)] ?® =2.65m*h

. 1250 .
Qinf= 3600 Vi (Ti - To)

1250
3600

=54W

*2 .65%(30-24)

Through Window

Vf ,=0.43*10.4 [0.613(1*0.94*1.4)]1 ?® =4.65m°h

. 1250 .
Qinf = Teo0 Vf(Ti - To)
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1250
3600

=9.68W
Qinf = inf d+Qinf w

*4.65%(30-24)

=5.4+9.68
=15.08W

Heat gain due to occupants (Q oc.):

Sensible and latent heat gains from occupants must be removed from the conditioned space.
The heat gain due to occupants is the following:

Q oc. = Q sensible + Q latent 311)Q
sensible = heat gain sensible x No. of people x (CLF) oc. (3.12)

Where: (CLF) oc.: cooling load factor due to occupants.

heat gain sensible = 70 very light work ... from Table A(2.18)

No. of people = 2

(CLF) oc. = 0.84 at 9 hours after each entry into space is obtained from Table (A-21)

Q sensible =70 x 2x 0.84

=117.6 W

Q latent = heat gain latent x No. of people (3.13)

heat gain latent = 44... very light work from Table (A-21)

Qlatent =44 x 2
= 88W
Qoc.=117.6 +88

=205.6 W

Heat gain due to ventilation (Qvn.):
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Mechanical ventilation is required for places in which the inside air is polluted due to
activities that place in these spaces as factories, restaurants, closed parking areas, etc. The
amount of outside fresh air recommended for mechanical ventilation for different
applications. The sensible and total cooling loads required to cool the ventilated air to the
inside room temperature is calculating by the following equation:

Q’ vn.=m xCp air x (Tout -Tin) (3.14)
Where:

m: mass flow rate of ventilation air, kg/s

Cp air: specific heat of air = 1.005 kJ/kg .k

rate of ventilation air
m =

vo

(3.15) rate of ventilation air = A room x requirement outside ventilation air

(3.16)

A room = 49.5 m?

requirement outside ventilation air = 10 L/s/ m? ... from Table (A-26)
rate of ventilation air = 49.5 x 10
=495 L/s
=0.495m®/s
vo = 0.879 m® /kg
m= 0.495/0.879

=0.563 kg/s
Qvn. =0.563 x 1.005 x (30 —4.7)

=14.315W

The total heat loss from Sample Room is:
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QTot = Q Roof + QWall + Q Glass + Q Lt + Qf + Q oc. + Q vn.
=378.43 W+686.85 W+1813.7W+ 1217.7 W+15.08W +205.6 W +14.315W

=4331.67TW

Take a safety factor of 15 % for each space of the residence to cover the miscellaneous and
emergency cooling loads then:

QTot =4331.67W *1.15
=4981.42W
=4.98 kW
Cooling Load Summary is listed in the following table:

Table 3.1: Cooling load for each floor in the building

Ground 70
First 98

Second 97.5
Third 97.5
Forth 97.5
Roof 185.97

3.4 Variable Refrigerant Flow System(VRF)
Overview

The primary function of all air-conditioning systems is to provide thermal comfort
for building occupants. There are a wide range of air conditioning systems available,
starting from the basic window-fitted units to the small split systems, to the medium scale
package units, to the large chilled water systems, and currently to the variable refrigerant

flow (VRF) systems.
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Variable refrigerant flow (VRF) is an air-conditioning system configuration
where they’re isone outdoor condensing unit and multiple indoor units. The term variable
refrigerant flow refers to the ability of the system to control the amount of refrigerant
flowing to the multiple evaporators (indoor units), enabling the use of many evaporators
of differing capacities and configurations connected to a single condensing unit. The
arrangement provides an individualized comfort control, and simultaneous heating and

cooling indifferent zones.

Currently widely applied in large buildings especially in Japan and Europe, these systems
are just starting to be introduced in the U.S. The VRF technology/system was developed
and designed by Daikin Industries, Japan who named and protected the term variable
refrigerant volume (VRV) system so other manufacturers use the term VRF "variable

refrigerant flow". In essence both are same.

Figure 3.2: Sample for VRF system

41



Refrigerant modulation in a VRF system

VRV/VREF technology is based on the simple vapour compression cycle (same as
conventional split air conditioning systems) but gives you the ability to continuously
control and adjust the flow of refrigerant to different internal units, depending on the
heating and cooling needs of each area of the building. The refrigerant flow to each
evaporator is adjusted precisely through a pulse wave electronic expansion valve in
conjunction with an inverter and multiple compressors of varying capacity, in response to

changes in the cooling or heating requirement within the air conditioned space.

VRF systems are engineered systems and use complex refrigerant and oil control

circuitry. The refrigerant pipe-work uses a number of separation tubes and/or headers.

A separation tube has 2 branches whereas a header has more than 2 branches.

Either of the separation tube or header, or both, can be used for branches. However, the

separation tube is never provided after the header because of balancing issues.
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Figure 3.3: Separation and header tubes
Building Load Profile

When selecting a VRF system for a new or retrofit application, the following assessment
tasks should be carried out:

» Determine the functional and operational requirements by assessing the cooling
load and load profiles including location, hours of operation, number/type of
occupants, equipment being used, etc.

» Determine the required system configuration in terms of the number of indoor
units and the outdoor condensing unit capacity by taking into account the total
capacity and operational requirements, reliability and maintenance considerations

Separation Header
QOutdoor ﬂ:

umit /
L P2

s S0 S K g
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Indoor Indoor Indeor Indoor Indoor lodoor
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Figure 3.4: Indoor and outdoor capacity

» Size of P1: Depends on the total capacity of (Q1+Q2+Q3)
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Size of P2: Depends on the total capacity of (Q4+Q5+Q6)
Size of P3: Depends on the total capacity of (Q4)

VRF systems have several key benefits, including:

1.

Installation Advantages.

VRF systems are lightweight and modular. Each module can be transported easily and
fits into a standard elevator.

Design Flexibility.

A single condensing unit can be connected to many indoor units of varying capacity
(e.g., 0.5 to 4 tons [1.75 to 14 kW]) and configurations (e.g., ceiling recessed, wall
mounted, floor console). Current products enable up to 20 indoor units to be supplied by
a single condensing unit. Modularity also makes it easy to adapt the HVAC system to
expansion or reconfiguration of the space, which may require additional capacity or
different terminal units.

Maintenance and Commissioning.

VREF systems with their standardized configurations and sophisticated electronic controls
are aiming toward near plug-and-play commissioning.

Comfort.

Many zones are possible, each with individual set point control. Because VRF systems
use variable speed compressors with wide capacity modulation capabilities, they can
maintain precise temperature control, generally within £1°F (+0.6°C), according to
manufacturers’ literature.

Energy Efficiency.

The energy efficiency of VRF systems derives from several factors. The VRF essentially
eliminates duct losses, which are often estimated to be between (10-20) % of total
airflow in a ducted system.VRF systems typically include two to three compressors, one
of which is variable speed, in each condensing unit, enabling wide capacity modulation.
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 capacity.

Refrigerant piping runs of more than 200 feet (60.96 m) are possible and outdoor
units are available in sizes up to 240,000 Btu/ h (60478.98 kW).

3.1.4 Selection units
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This section talks about selection of outdoor and indoor units of VRF syst