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Abstract:
This project aims to design the mechanical systems for Princes Hotel which is located in
Bethlehem. This building consists of nine floors with an area of 2515.4 m?. In this project, the
thermal loads of this building calculated and the appropriate air conditioning system will be
selected. The project also includes calculations, material selection, bill of quantities preparation
for air conditioning system, ventilation system, water system, drainage system and firefighting
system. These services are definitely designed to check human comfort.
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Chapter One

Introduction

1.1 Introduction

The science of air condition and refrigeration is one of the most important sciences necessary to
provide a human comfort under different environmental conditions.

Just imagine who life was in such an old time that a person could not adapt to the circumstances
at that age

Therefore, it is the engineer’s job to devise more efficient and less expensive means and methods
to provide human comfort without causing side effects that affect human health.

1.2Project overview

Since old time human was looking for comfort conditions. At this time, human has designed
mechanical systems to achieve comfort conditions that he needs. To achieve the required comfort
conditions for the human, a heating air conditioning and refrigeration engineer should do the
followings:

1. Design the mechanical services for the building.

2. Design air conditioning system for the building.

3. Design firefighting system.

The parameters that are to be controlled and maintained in order to achieve the comfort level are:
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.

1.3 project importance

1. In order to achieve all means for human comfort.



2. To protect people and expensive things from fire.

1.4 Building description

Al- prince’s hotel includes nine floors, one floor underground, one restaurant, one reception
hall, basement and seven floors for guests; the total area of the hotel is 2515 m2:

The following table (1.1) show floors within the hotel and the components of each floor:

Table(1.1) Building description

# of floor Description

-1 Car parking
Ground floor Reception hall
Kitchen Restaurant
Hotel rooms of various sizes.
Hotel rooms of various sizes.
Hotel rooms of various sizes.
Hotel rooms of various sizes.
Hotel rooms of various sizes.
Hotel rooms of various sizes.
Roof floor
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1.5 Project outline

1. Chapter One
Introduction:

This chapter include overview about the project, project importance, building description and
time planning.

2. Chapter Two



Heating and Cooling Loads:

This chapter consist of the procedures for calculating the heating and cooling load.
3. Chapter Three

Variable Refrigerant Flow System:

This chapter talks about the air conditioning system which is variable air flow (VRF).
4. Chapter Four

Plumping System:

This chapter include the water distribution calculation and drainage system.

5. Chapter Five

Firefighting system.

6. Chapter six Swimming pool heating system .



1.6 Time table

Table (1.2) Time estimated to work for semester

# of week

Task

Choosing the project

Visit the library to collect
information

Reading books

Put the title

Writing the introduction
and human comfort

Calculating the heating and
cooling load

Visit supervisor and take
some notation




Table (1.3) Time estimated to work for second semester

#of week

Task

Firefighting

10

11

12

13

14

15

16

Drawing
firefighting system

Plumping system
calculations

Drawing water
system

Drawing drainage
system

Pumps calculations

Design VRV
system

Ventilation system

Drawing VRV
system

Bill of quantity

catalog




Chapter 2

Heating and cooling load

2.1 Introduction:

Heating and cooling loads are the measure of energy needed to be added or removed from a

space by the HVAC system to provide the desired level of comfort within a space. [1]

The heating and cooling load calculation is the first step of the HVAC design procedure, a full
HVAC design involves more than just the load estimate calculation. Right-sizing the HVAC
system, selecting HVAC equipment and designing the air distribution system to meet the
accurate predicted heating and cooling loads begins with an accurate understanding of the

heating and cooling loads on a space.[2]

2.2 Human comfort:

The human comfort depends on many terms or an a many circumstances.

2.2.1 Introduction of human comfort:

Humans generally feel comfortable between temperatures of 22 °C to 27 °C and a relative
humidity of 40% to 60%. first cool the air to 14 °C (this removes some of the water from the air),
and then heat the air to 24 °C. the heat and mass of water removed in the cooling phase, and the

heat added in the heating phase.

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



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 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.[3]

2.2.2 Factors affecting human comfort [12]

1. Dry Air: air that has a zero-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.

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

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

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

o g ~ w

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. [9]

2.3 Inside and outside design condition:

The inside and outside conditions are obtained from Palestinian code for Bethlehem city, as

shown in the following table as shown in Table (2.1).

we choose the design month to be July (in summer) and January (in winter).



Table (2.1): Outside and inside design conditions

Inside design condition outside design condition

Property
summer winter summer winter
Temperature ("°C) 24 24 30 4.7
Relative humidity (%o) 50 50 51.3 70
Wind speed (m/s) 1.4 1.4
2.4 ASHRAE Comfort Chart:

There is no rigid rule that indicates the best atmospheric condition for comfort for all individuals.
This is because human comfort is affected by several factors such as health, age, activity,
clothing, food, etc.

Comfort conditions are obtained as a result of tests for which people are subjected to air at
various combinations of temperatures and relative humidity’s. The results of such tests indicate
that a person will feel just about as cool at 24°C and 60% relative humidity as at 26°C and 30%
relative humidity.

Studies conducted by ASHRAE with relative humidity between 30% and 70% indicated that-
98% of people feel comfortable when the temperature and relative humidity combinations fall in
a comfort zone such as that indicated in the ASHRAE comfort chart of Fig. 2-1. This comfort
zone covers a wide range of applications such as houses, offices, schools, hospitals, restaurants,
etc.[4]
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Figure(2.1):Human comfort chart

2.5 Convection Heat Transfer Coefficient

There are two ways to transfer heat by convection:

1-Forced convection.

2-Free convection.

2.6 Heating and cooling load:

Heating load: it is in winter and it is the rate at which heat must be added to the space in order to

maintain the desired conditions in the space.

Cooling load: it is in summer and it is the rate at which heat must be removed from space in

order to maintain the desired conditions in the space.



2.7 Calculation of overall heat transfer coefficient:

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

coefficient can be calculated by applying the following equation:

1 1
U =—= (2.1)

R 1.8x Axp

th g TG +1/hy

Ax: the thickness of the wall [m].
k : Thermal conduction of the material (W/mc)

h; : Convection coefficient of inside wall, floor, or ceiling (W/m?.C).

h, : Convection coefficient of outside wall, floor, or roof (W/m?.C). [9]

2.8Calculation the overall heat transfer coefficient for room :

Calculation of overall heat transfer coefficient for walls, ceiling, floor, glass and door :

2.8.1 For external wall:

Table (2.2): External walls Construction

Materiel AX(m) k (W/m2.°C) [5]
1 Stone 0.07 1.7
2 concrete 0.12 1.75
3 Polystyrene 0.03 0.03
4 Plaster 0.03 1.2
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Figure (2.2) External wall construction

R in and Rout for the external walls as 0.12 and 0.06(m?.°C /W) ,From table (5-2),(5-3).

U _ 1
wall =  AXst, , AXcon. , Axpoly. , AxXplaster ,
Rln T K T K T K T K T Rout
st. con. poly. plaster
1
—_ — 2 o
U 0.07 012 0.03 0.02 =0.760 (W/m?*.°C)

0.12+—1.7 +—1.75+0.03+E+0'06

2.8.2 For internal wall:

Table(2.3):internal wall Construction

Materiel Ax(m) k (W/m2.°C) [5]
1 Plaster 0.02 1.2
2 Cement break 0.06 0.95
3 Plaster 0.02 1.2
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Figure (2.3) Internal wall construction
1

MXplaster , AX(cem).  AXplaster
n k

+R
T T T t
plaster Kcem. = Kplaster "

1
0.025 , 0.05, 0.025

0.12+—1.2 +ﬁ+—1.2 +0.12

U= 2.99 (W/m?2.°C)

2.8.3 For celling construction:

Table(2.4):Celling construction

Materiel Ax(m) k (W/m2.°C) [5]
1 Asphalt 0.02 0.70
2 Concrete 0.04 1.75
3 Polystyrene 0.02 0.03
4 Concrete 0.05 1.75
5 Brick 0.10 0.95
6 Plaster 0.02 1.2
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9.9.0.9.90.9.9.0.0.0.9.0.0.90.0.9,
Concret—| 3 SRR
.9,

Brick——

Plaster
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Figure (2.4) Ceiling construction

1
U, =
1 Riv 4 AXasph.  Mconc. IA’CPOD'-  Mconc. AXBrick : Axpigster FRyut
m kasph. kconc. kpoly. kconc.  Kprick kpiaster ou
1 _ 2 o : .
Us 014002, 0:04 002 005, 0.10 002 " =1.004 (W/m?=.°C) with Brick
=707 "1.75'0.03 175 095 12
U _ 1
2 ) +Axasph-+Axconc.+AxPOIY-+Axconc.+AxPlaster+R .
m kasph. kconc. kpoly. kconc. ~ Kpiaster ou
1 . .
U,= 002,007,002, 015 002, =1.041 (W/m?.°C) without Brick

0.8 1.75 0.03 ' 1.75' 1.2

2.8.4 For glass

from table (A-28) , Ug= 3.2 (W/m?.°C)

2.8.5 For door

from table (A-29) , U4 =2.8 (W/m?.°C)

, for double glass aluminum frame.

, for wood door type.
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2.9Heating load calculation:

2.9.1 Introduction:

As mentioned before, conventionally steady state conditions are assumed for estimating the
building heating loads and the internal heat sources are neglected. Then the procedure for heating
load calculations becomes fairly simple. One has to estimate only the sensible and latent heat

losses from the building walls, roof, ground, windows, doors, due to infiltration and ventilation.

Equations similar to those used for cooling load calculations are used with the difference that the
CLTD values are simply replaced by the design temperature difference between the conditioned

space and outdoors.

Since a steady state is assumed, the required heating capacity of the system is equal to the total
heat loss from the building. As already mentioned, by this method, the calculated heating system
capacity will always be more than the actual required cooling capacity. However, the difference
may not be very high as long as the internal heat generation is not very large (i.e., when the

building is not internally loaded).

However, when the internal heat generation rate is large and/or when the building has large
thermal capacity with a possibility of storing solar energy during day time, then using more
rigorous unsteady approach by taking the internal heat sources into account yields significantly

small heating small capacities and hence low initial costs.

Hence, once again depending on the specific case one has to select a suitable and economically

justifiable method for estimating heating loads.[5]

2.9.2 Heating loss calculation:
Heating loss happen by :

1- walls
2- celling
3- ground
4- doors

14



5- windows
6- infiltration :by open the doors and windows .

7- ventilation : the heat of existing bodies.

To calculate each one of them the following equations are to be use [5]:
Q=UxAXAT (2.2)

Where:

Q : Is the heat transfer rate. [KW].

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

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

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

2.9.3 Total heat load calculations

Total heat load calculations for the sample room which is located in the fifth floor south east of

the building at the wall, windows ,door ...... etc. Shown in figure (2.5).

15



Figure (2.5) Sample room

Calculation the heat loss from the bedroom in the fifth floor as a sample :
The height of the room =3.10 m

The length of the room=5.55 m

The width of the room =3.05 m

The height of the room door = 2m

The width of the room door=0.83 m

The height of the bath room door=2 m

The width of the bathroom door=0.58 m

16



The height of the window = 2m
The width of the window=0.80 m

1. heat loss from the external wall:
a- the area for the window =(n*h*W):

where:
n: number of the window .
h: the hight of the window .
W: the width of the window .
Awind=(3*2*0.80)=4.8 m?
b- the area for the doors=(2*0.83)+(2*0.58)=2.82 m?
c- the area for the external wall:
A ex wall =((3.1*3.10)-(2*2*0.80)+(5.55*3.10)-(2*0.80))

=((9.3-3.2)+(16.65-1.6))

=21.15 m?

The heat loss from external wall is
Qw.ex=Uw A wex (Tin—Tout) (2.9)
=0.760 (21.15) (24-4.7)
=0.310 kW
2- the heat loss for internal wall:

a- the area for the room door:
=(2*0.83)=1.66 m?

b- the area for the bath room door:
=(2*0.58)=1.16 m?

c- the total area for internal wall:
=((1.46*3)+(0.5*3)+(0.2*3)+(0.79*3)+(1.14*3)+(2.72*3)-(1.66+1.16))
=17.61m?

17
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The unconditioned temperature (T un) is 20 C

The unconditioned area is
A Wun:(3*3 '22):1761 m”n2

The heat loss from Internal wall is
Qwin=U in Awin (Tin-T un) (2.5)

=2.99 * 17.61*(24-20)
=0.210 KW.

Now, the total heat loss from walls is

Q w. tot = Q w.ex T Q w. in (2.6)
=0.310+0.210

=0.52 kW

Heat loss through the floor and ceiling:

Q floor =Q celling

Qfloor=U1*A1+U2*A2*(T in-Tun) (2.7)
Q floor=(1.004*12.92)+(1.041*4)*(24-20)

Q floor=68.53 W

Q celling=68.53 W

Heat loss through windows (Q q):

Qg=UgAy(Ti-To) (2.8)
=3.2 (3*2*0.80) (19.3)
=0.301 kW

Heat loss through the doors (Qq) :

Qd=Ud Ad (Ti— Tun) (2.9
=2.8 *2.82 *4
=0.0315K
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Heat loss through infiltration (Qinr) :

Overview :

Heat loss from the infiltration is uncontrolled air leakage through joints in the construction and
cracks around windows and doors .

Infiltration is caused by wind and stack — driven pressure differentials , which prompt air
movement within the building envelope .

The total heat load due to infiltration is given by the equation:
14
Qinf = v—]; X (hip — hout) (2.10)

Where:
h in: inside enthalpy temperature (kJ/kg).
h out: outside enthalpy temperature (kJ/kg)

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

v, specific volume out (m3/kg)

V¢=K* L [0.613(S1*S2*V0)?]¥® (2.11)
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
Sa: coefficient that depends on the height of the building.

Vo: measured wind speed (m/s).

*The value of K, S;and Sz:

K=0.43.....from table (A-13)

S1=0.9.....from table (A-14)

S2=0.75.....from table (A-15)

Vo=1.4 (m/s) from Palestinian code
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And the window is sliding ,then:

L = 3[(0.80+2)*2]

=16.8 m
Vi = 0.43*16.8 [0.613(0.9%0.75*1.4)%]#*

=4.81 m3h

=1.33*10° m%/s

From the psychometric chart one can obtain the following moist air properties that correspond to
the given inside and outside design condition :

vo = 0.79 m¥kg

hi = 48 kJ/kg

ho =14 kJ/kg
po=1/vo=1282kg/m?

The total heat loss due to infiltration is calculated by equation (2.9) as follows:
Through window:

Qinf,g=0.057 kW
Through door:
L =(2+0.83)*2+(2+0.58)*2 =10.82 m

Vs = 0.43*10.82 [0.613(0.9*0.75*1.4)7]*°
=3.09 m%h

= 8.5%10“m%/s

Qinf,d=0.0365 kKW

Qinf= Qinfd + Qinfw

=0.0365+0.057

=0.0935 kWw.
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Heat due to gain ventilation :

Ventilation is the process by which clean air (normally outdoor air) is intentionally provided to a

space and stale air is removed .
This may be accomplished by either natural or mechanical means.

And this kind of heat gain can be calculated by using the following equations:

Qventilation = Myentilation X (hout - hin) (2-12)
_Vr

mf = Z

Vs = Room volume X No. of times the air changes in the hour (2.13)

Vi (5.55%3.1%3.05)m3 x(2x2/3)
vo 0.79(3600)

my = =0.0245 kg /s

Quventitation = 0.0245 X 1000 X (48 — 14)

Qventitation = 0.83 3kW

The total heat loss from the bedroom is
Q total=Q wall+Qcelling+Q floor+Q windows+Q doors+Q infiltration
+Q ventilation
=0.520+0.068+0.068+0.301+0.0315+0.093+0.833
=2 KkW.

Take a safety factor of 10 % for each space of the residence to cover the miscellaneous and

emergency heating loads then :

Q ot = 2% 1.10=2.2 KW
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2.10 Cooling load:

The cooling load is the amount of heat energy that would need to be removed from a space
(cooling) to maintain the temperature in an acceptable range. The heating and cooling loads, or
"thermal loads", take into account: the dwelling's construction and insulation; including floors,

walls, ceilings, doors, windows and roof.
2.10.1 cooling load calculation:

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. [7]
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

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. [8]

The heat transfer rate through sunlit walls or sunlit roofs is will be calculate from the following

equation:

Q: UA (CLTD) corr. (214)
Where:
(CLTD) corr. : corrected cooling load temperature difference, °C [7]

(CLTD) cor. = (CLTD + LM) K + (25.5- T in ) + (T om - 29.4) (2.15)
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Where:

CLTD: cooling load temperature difference, °C , from Table (A-3) and from Table (A-2)
LM: latitude correction factor, from Table (A-17)

k: colour adjustment factor .

T in : inside comfort design temperature, "C

f: attic or roof fan factor.

T om : outdoor mean temperature, "C

T om= (T max+ T min) /2 (2.16)
Where:

T max : maximum average daily temperature, °C

T min : minimum average daily temperature, °C

T max=30 °C and T min = 18 °C are obtained from Palestinian code.

Applying these values in equation (2.18) to obtain the outdoor mean temperature T om =24 °C .
Sample room calculation:

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

CLTD =3°C

LM =5

k = 0.83 for permanently light colour roofs.

f =1 there is no attic or roof fan.

(CLTD) corr. = (3+ 5)( 0.83) + (25.5 - 24) + (24- 29.4) (1)

=2.74°C
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Qroof=(U1A1+U2A>2) (CLTD) corr

Q Roof = (1.004 x12.92 + 1.041 x4) (2.74)
=46.95W

Heat gain through sunlit walls (Q wall ):
Q'w=zero

Q' s=UA(To-Ti)

=0.760*15.6(30-24)

Q’s =Q wan=71.136W.

Heat gain through unconditioned walls (Q un.):
From the wall around bathroom:

Qu=UAAT

AT=2/3(30 —24)=4

Q un =2.99%(1.46*3.10)+(1.14*3.10)-(0.59*2)x 4
=1104 W

From North wall

Quun=UAAT

AT=2/3(To -Ti)

Q un.N=2.99 x(1.13+0.80+0.40+0.22)*3.10 x 4
=1182W

Q wanun = 110.4+ 118.2

=228.6 W

24
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Heat gain due to glass (Q class ):

The amount of solar radiation depends upon the following factors [2]:

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 ciass, consists of transmitted (Q v.)
And convicted (Q conv.) cooling loads as follows:

Q class = Q tr. + Q conv. (2.19)
Where:

Q v. : transmission heat gain, W

Q conv. : convection heat gain, W

The transmitted cooling load is calculated as follows:

Qw. =A (SHG) (SC) (CLF) (2.20)
Where:

*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). [9]

*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. [9]

*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. [9]
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SHG in W/m? ...
A =0.8*2=1.6 m2

SHG = 227 W/m?

SC =0.57...with interior shading

CLF =0.68 at 14:00 clock ...

Q.= 1.6x 227 x 0.57 x 0.68

=140.77 W

For wall in east direction:

A = (2*2*0.80) =3.2 m2

SHG = 678 W/m?

SC = 0.57... with interior shading

CLF =0.53 at 14:00 clock ...

Q. e=3.2x 678 x 0.57 x 0.53

=655.4 W.

Q conv. = UA (CLTD) corr. (2.21)
Where:

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

(CLTD) cor. : Is calculated as the same of walls and roofs and the CLTD value for glass is
obtained from Table (A-7)

CLTD =7 °C at 14:00, clock

k = 1 for glass

f =1 for glass

(CLTD) cor. = (7 + 5) 1 + (25.5 - 24) + (24 - 29.4) 1

=8.1°C
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Q conv. = Ux Ax( CLTD) cor.
= 3.2x3*2*0.80%8.1

=124.4'W

Qu=Qus+QuE

=140.77+ 655.44

=796.21W

Q class= Q tr. + Q conv.
=796.21+124.4

=920.61W

Heat gain due to lights (Q Lt):

Heat gains due to lights are sensible loads and are calculated by the following equation [9]:
Q" wt. = light intensity x A x (CLF) vt (2.22)
Where:

Light intensity = 10-30 W/ m? for apartment, so we will take 25W/ m?
A: floor area = 17.20m?

(CLF) vt : cooling load factor for lights.

(CLF) .. =0.82 ............ from Table (A-5)

QLt. =25x17.20 x 0.82= 352.6W.

Heat gain due to infiltration (Q f):

As the same way in heating load.

Where:

hin : inside enthalpy temperature (kJ/kg).
h out : outside enthalpy temperature (kJ/kg)

V ¢ : The volumetric flow rate of infiltrated air in (m® /h)
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V , : specific volume (m®/kg)

Vo =0.877 (outside the room )

hin= 48 ki/kg

h out = 65 kJ/kg

V o = 1.4 (m/s) from Palestinian code

Vi=2 m¥h/m.....from table (A-4)

L= (2W + 2H)(3) for window(double sliding window)

= (2%0.80+2*2) (3)=16.8m .

Therefore;

Vintw = 2( 16.8)

= 0.00933m3/s.

Qrotatw= (V infw/ V 0)(N out= 1 in)
=(0.00933/0.877)(1000)(65-48)

= 180W.

Qinf =Qinfw = 180W.

Heat gain due to occupants (Q oc.):

(2.23)

Sensible heat gains from occupants raise the indoor temperature. Latent heat gains need to be
considered if the indoor air is actively dehumidified. Occupancy load schedules are determined

through two factors:

1. Maximum occupancy heat gain.
2. Time of day schedules.

Sensible and latent heat gains from occupants must be removed from the conditioned space. The

heat gain due to occupants is the following [2]:

Q oc. — Q sensible T Q latent
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Q sensible = heat gain sensible x No. of people x (CLF) qc. (2.25)
Where:

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

Heat gain sensible = 70W very light work ... from table (A-16) [9]

No. of people =2

(CLF) oc. = 0.84 at 8 hours after each entry into space is obtained from Table (A-6) [9]

Q sensible =70 x 2x 0.84

=117.6 W.

Q latent = heat gain latent x No. of people (2.26)
Heat gain latent = 44W ... very light work from Table (A-16)

Q tatent = 44 % 2

= 88W.

Qoc.=117.6 + 88

=205.6 W.

The total cooling load(Q L)total:

Q 7ot = Q roof + Q wat + Qwanun + Q class + Q Lt + Q int. + Q oc.

=46.95 + 71.136 +228.6+ 920.61 + 352.6 + 180 + 205.6 + 2431

=4436.5W

=4.4365 KW.

Take a safety factor of 10 % for each space of the residence to cover the miscellaneous and
emergency cooling loads then:

Q tot = 4.4365KW *1.10
= 4.8801 KW.

=1.4Ton
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2.11 Calculations using Revit:

Autodesk Revit is Building Information Modelling (BIM) software for Microsoft Windows,

which allows the user to design with parametric modelling and drafting elements.

Building Information Modelling (BIM) is a new Computer Aided Design (CAD) paradigm that
allows for intelligent, 3D and parametric object-based design. In this way, Revit provides full bi-
directional associativity. A change anywhere is a change everywhere, instantly, with no user

interaction to manually update any view.

Revit is one of the most important engineering programs for various engineering specialization.

It integrates architecture, buildings, mechanics and electrical engineer.

Where the engineers in various disciplines design together step by step on the Revit agreement
between them, produce a three-dimensional model of the final output of the work the integrated

design between the engineers facilitates the implementation of the project on the ground. [15].

In this section, the Revit was used to calculate the heating and cooling loads of the hotel the

program calculates loads by specifying variables <Include [11]:

1. Location of the building.

2. Type of building.

3. Project phase.

4. \Weather forecast.

5. Overall heat transfer coefficient for ceiling, floor, internal and external wall.
6. Lighting

7. The nature of permanence of people

8. Human comfort through its adoption of Ashrae.

9. Electrical load.
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Where the building can be divided into many areas and gives a full picture of the space in terms
of the number of windows doors and room area and the nature of each wall for each space,
infiltration load due to door and window, It give air flow and heating and cooling load for

building. Heating and Cooling load calculation can help you analyze the model.

This is the part of BIM. It is not only a 3D model, but also provides information. In Revit
software can choose from three levels of heating and cooling loads reports (simple, standard and
22 detailed) to display the results of the heating and cooling analysis performed on your building
model [11].

2.11.1 Sample calculation

Total cooling and heating load calculations for the sample room by Revit software:

Table (2.5): Total cooling and heating load for the sample room by Rivet

Space Summary - 36 Space

Inputs

Area (m?) 15
Volume (m?) 4252
Wall Area (m?) 27
Roof Area (m?) 16
Door Area (m?) 166
Partition Area (m?) 0
Window Area (m?) 1.6
Skylight Area (m®) 0
Lighting Load (W) 161
Power Load (W) 273
Number of People 2
Sensible Heat Gain / Person (W) 73
Latent Heat Gain / Person (W) 59
Infiltration Airflow (L/s) 0.0

Space Type

Hotel (inherited from building type)

Calculated Results

Peak Cooling Load (W)

5,215

Peak Cooling Month and Hour July 05:00 ¢
Peak Cooling Sensible Load (W) 5,204

Peak Cooling Latent Load (W) 1

Peak Cooling Airflow (L/s) 314.7

Peak Heating Load (W) 2,250

Peak Heating Airflow (L/s) 168.7

Table (2.6): Total cooling and heating load for the Building
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Building Summary

Inputs

Building Type

Area (m?) 1,435.759
Volume (m?) 4,204.812

Calculated Results

Peak Cooling Total Load (W)

Peak Cooling Month and Hour

September 3:00 PM

Peak Cooling Sensible Load (W)

Peak Cooling Latent Load (W)

Maximum Cooling Capacity (W)

Peak Cooling Airflow (L/s)

13,532.9

Peak Heating Load (W)

Peak Heating Airflow (L/s)

13,979.7

Checksums

Cooling Load Density (W/m?)

Cooling Flow Density (L/(s-m?))

Cooling Flow / Load (L/(s-kW))

Cooling Area / Load (m?/kW)

Heating Load Density (W/m?)

Heating Flow Density (L/(s-m?))

Variable refrigerant flow system

3.1 Introduction:

Chapter Three

Air conditioning (also A/C, air conditioner) is the process of removing heat and controlling the
humidity (as well as removing dust in some cases) of the air within a building or vehicle, in order
to achieve a more comfortable interior environment. This may be achieved using powered
devices (‘air conditioners'), by passive cooling or by ventilate cooling. Air conditioning is a
member of a family of systems and techniques that provide heating, ventilation and air
conditioning (HVAC).

After determining the cooling and heating loads of the hotel and ventilation rates for the places

to be adapted. We must choose (heating, ventilation and air conditioning system).
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The three major functions of heating, ventilation, and air conditioning are interrelated,
especially with the need to provide thermal comfort and acceptable indoor air quality within
reasonable installation, operation, and maintenance costs. HVAC systems can provide
ventilation, and maintain pressure relationships between spaces. The means of air delivery and

removal from spaces is known as room air distribution. [23]

The selection of different equipment depends on economic factors determined by the required
capacity and nature of use, the quality and cost of energy available to the management, the
location of the equipment room, the quality of the air distribution system and the cost of

operating the equipment. [22]

The Variable Refrigerant Volume (VRV) systems are non-traditional HVAC systems, in
comparison with conventional ducted systems circulating the air or chilled-water throughout the
building. The term VRF indicates the ability of the system to vary and control the refrigerant
flow through multiple evaporator coils to provide individual temperature control in various

mechanical comfort zones. [24]

The VRF technology was introduced by Daikin in the early 80’s as an alternative method of
cooling and heating in commercial buildings. Today over 25 million individual spaces are being
served by this technology. VRV is a very energy efficient and flexible equivalent to a chiller
system while it also offers superior comfort compared to traditional air handler terminal units.
[25]

3.2 Variable refrigerant flow system

Variable refrigerant flow (VRF) is an air condition system configuration where there is one
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 in different zones. The use of boilers and cooling
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towers required for the conventional water source systems may not be needed in VRF systems,

possibly resulting in lower installation costs. [25]

VREF systems are similar to the multi split systems which connect one outdoor section to
several evaporators. However, multi-split systems turn OFF or ON completely in response to one
master controller, whereas VRF systems continually adjust the flow of refrigerant to each indoor
evaporator. The control is achieved by continually varying the flow of refrigerant through a pulse
modulating valve (PMV) whose opening is determined by the microprocessor receiving
information from the thermistor sensors in each indoor unit. The indoor units are linked by a
control wire to the outdoor unit which responds to the demand from the indoor units by varying
its compressor speed to match the total cooling and/or heating requirements. VRF systems
promise a more energy-efficient strategy (estimates range from 11% to 17% less energy

compared to conventional units) at a somewhat higher cost. [26]
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Figure(3.1) indoor units and outdoor units for VRF System
The modern VRF technology uses an inverter driven scroll compressor and permits as many as

48 or more indoor units to operate from one outdoor unit (varies from manufacturer to
manufacturer). The inverter scroll compressors are capable of changing the speed to follow the
variations in the total cooling and heating load as determined by the suction gas pressure

measured on the condensing unit. The capacity control range can be as low as 6% to 100%. [27]

3.3 Types of VRF

VRF systems come in two styles: heat recovery and heat pump.

3.3.1 VRF heat pump systems

VRF heat pump systems permit heating or cooling in all of the indoor units but NOT
simultaneous heating and cooling. When the indoor units are in the cooling mode, they act as
evaporators; when they are in the heating mode, they act as condensers. These are also known as

two pipe systems. [25]
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VRF heat pump systems

System Diagram

SOURCE-DAIKEN

\ y

Figure(3.2): VRF heat pump systems ]26(
VRF heat pump systems are effectively applied in open plan areas, retail stores, cellular offices
and any other area that require cooling or heating during the same operational periods.

3.3.2 Heat recovery VRF System

Variable refrigerant flow systems with heat recovery (VRF-HR) capability can operate
simultaneously in heating and/or cooling mode, enabling heat to be used rather than rejected as it
would be in traditional heat pump systems. VRF-HR systems are equipped with enhanced
features like inverter drives, pulse modulating electronic expansion valves and distributed
controls that allow system to operate in net heating or net cooling mode, as demanded by the

space. [25]
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Each manufacturer has its own proprietary design (2-pipe or 3-pipe system), but most uses a
three-pipe system (liquid line, a hot gas line and a suction line) and special valve arrangements.
Each indoor unit is branched off from the 3 pipes using solenoid valves. An indoor unit requiring
cooling will open its liquid line, suction line valves, and act as an evaporator. An indoor unit

requiring heating will open its hot gas and liquid line valves and will act as a condenser. [28]

Typically, extra heat exchangers in distribution boxes are used to transfer some reject heat from
the superheated refrigerant exiting the zone being cooled to the refrigerant that is going to the

zone to be heated. This balancing act has the potential to produce significant energy savings.
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Figure(3.3): Heat recovery VRF system |26]

3.4 Advantage of VRF system

Top 7 advantages of a VRF system
1. Consistent comfort

The compressor unit of a VRF system has the ability to accurately identify the requirements of
each zone and send the precise amount of refrigerant needed to each air handling unit. So, a

computer room can get more cooling than a south-facing office that gets a lot of sun.
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This precise flow ELIMINATES COLD AND HOT SPOTS AND HUMIDITY ISSUES, and
facilitates the consistent comfort that will help promote employee productivity. When looking

into the benefits of VRF systems, outfitting your building with consistent comfort is a no-brainer.

2. Quiet operation

With a VRF system, the louder condensing unit is typically located outside your building or in a
mechanical room. And, the VRF’s smaller air handlers are smaller and quieter than those
associated with a large central unit with bulky ductwork. So YOU WON’T HAVE LOUD AC
NOISE disrupting business.

3. Energy efficiency

One of the appealing benefits of a VRF system is it promotes energy efficiency. Other systems
run at a single speed: on or off. A VRF system is designed to run at varying speeds, suppling the
precise amount of refrigerant necessary to cool a room under a room’s current condition. This
results in the system RUNNING AT A LOWER CAPACITY AND LESS FREQUENTLY,

which uses less energy.

The system also has the ability to capture heat as part of the cooling process and channel this

heat to other locations in the building, which may need heating.

4. Installation flexibility for small spaces

Another one of the advantages of a VRF system is its COMPACT SIZE AND FLEXIBILITY.
A VREF system travels lightly. There’s no need to tie up space for a large maintenance room or
service shafts. Distribution fans, hefty pipes to circulate fluids and water pumps are not required
for its operation.

Besides these benefits of a VRF system providing for an easier install, it also translates into less
space for your air conditioning system and more space for your use. That’s a big plus

considering the cost of real estate in New York City.

Since VRF systems do not normally require ducts and use relatively small air handlers, it gives

you more flexibility for handler locations and obviates the need to take up wall and ceiling space
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for large ducts. This is welcome news to anyone who does not want to introduce ductwork into

high ceilings.

If you’re cramped for space, a VRF system is a space-saver because ductwork and mechanical

rooms may not be not necessary.

See also: Ductless AC System? NYC: Think VRF for Comfort & Efficiency

5. Heat & cool simultaneously for zoned comfort

One of the attractive benefits of VRF a system is that it can deliver cooled air and heat

simultaneously to different zones.

VRF SYSTEMS CAPTURE HEAT RECOVERED FROM THE COOLING PROCESS
AND CAN REDISTRIBUTE THIS EXCESS HEAT TO AN AREA OF YOUR BUILDING
THAT NEEDS HEAT.

Another one of the advantages of a VRF system is different heating and cooling zones can easily

be accommodated. Often different rooms have different heating and cooling demands.

See also: NYC: Need Simultaneous Heating and Cooling? Try VRF Technology

6. State of the art controls & smart technology

Here’s one of the advantages of a VRF system that might not have initially entered your thought
process. You can actually USE YOUR MOBILE DEVICE TO SET TEMPERATURE
SETTINGS IN DIFFERENT ZONES. If you’re running a commercial establishment, you may

even be able to forego the purchase of costly building management software.

Smart technology undeniably is one of the benefits of a VRF system because it’s just that —
smart. Besides supplying the proper flow of refrigerant to each air handler based on operating
conditions, a VRF system is able to track system conditions and provide maintenance alerts. One
of the advantages of a VRF system’s monitoring capability is it helps ensure the tiptop operation

of your climate control system.

7. Fewer breakdowns and less downtime
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Without a doubt, one of the big benefits of a VRF system is they tend to break down less
frequently. Let’s face it, no one wants to be with our conditioning in the dog days of summer.
There is less stress on the parts because VRF systems are designed to run only needed and under

partial load conditions.

3.5 Disadvantage of VRF system

1. Price per ton is too high.
2. cooling heating simultaneously is limited. (2 or 3 pipe system also very expensive)
3. for high rise building the system cannot be used.

4. for not so high rise building the compressor will be very big to over come additional piping
and pressure loss.

5. All manufacturers are not providing this.
6. Limited BMS System and integration with IBMS System is not possible.
7. Standby system is also limited for critical areas.

8. need to increase tonnage for longer piping.

3.6 VRF technology

VREF technology is based on the simple vapor 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. [24]

The fundamental of an air conditioning system is the use of a refrigerant to absorb heat from
the indoor environment and transfer it to the external environment. In the cooling mode, indoor
units are supplied with liquid refrigerant. The amount of refrigerant flowing through the unit is

controlled via an expansion valve located inside the unit. When the refrigerant enters the coil, it
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undergoes a phase change (evaporation) that extracts heat from the space, thereby cooling the

room. The heat extracted from the space is exhausted to the ambient air. [24]

Condenser may be
water-cooled or air-cooled

Condenser

Liquid T 3 e, 1. Vapor

L AR Mechanical
LA, Compressor

t

% Warm air

Liquid + Vapor Vapor

Evaporator

Cold air

Figure(3.4): Refrigerant cycle

Refrigeration systems can operate on reverse cycle mode with an inclusion of special 4way
reversing valve, enabling the absorption of heat from the external environment and using this
heat to raise the internal temperature. When in the heating mode, indoor units are supplied with a
hot gas refrigerant. Again, the amount of hot gas flowing through the unit is controlled via the
same electronic expansion valve. As with the liquid refrigerant, the hot gas undergoes a phase
change (condensation), which releases heat energy into the space. These are called heat pump
systems.

Heat pumps provide both heating and cooling from the same unit and due to added heat of
compression, the efficiency of a heat pump in the heating mode is higher compared to the

cooling cycle.
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Expansion valve is the component that controls the rate at which liquid refrigerant can flow into
an evaporator coil. [27]
As the evaporator load increases, available refrigerant will boil off more rapidly. If it is
completely evaporated prior to exiting the evaporator, the vapor will continue to absorb heat
(superheat). Although superheating ensures total evaporation of the liquid refrigerant before it
goes into the compressor, the density of vapor which quits the evaporator and enters the
compressor is reduced leading to reduced refrigeration capacity.
The inadequate or high super heat in a system is a concern:
= Too little: liquid refrigerant entering a compressor washes out the oil causing premature
failure.
= Too much: valuable evaporator space is wasted and possibly causing compressor
overheating problems.
Electronic expansion valve EEV in a VRF system functions to maintain the pressure differential
and also distribute the precise amount of refrigerant to each indoor unit. It allows for the fine
control of the refrigerant to the evaporators and can reduce or stop the flow of refrigerant to the
individual evaporator unit while meeting the targeted superheat.

3.7 Components of VRF systems

1- Outdoor Units:

Outdoor is two type:
e Individual outdoor unit: capacity 8 HP, 10 HP and up to 20 HP.
e Outdoor module: up to 80 HP.
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Figure(3.5): Outdoor units |25]

2- Indoor Units:

Wide range of Indoor units’ capacities 2.2 KW up to 16 kW different types for different
applications.
VREF indoor unit:

e 2-way cassette unit.

e 4-way cassette unit.

e Slim ducted unit.

e High static ducted unit.

e Ceiling suspended unit.

e Wall-mounted unit
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Figure(3.6): Indoor units

3- Piping Network:

e Copper Pipes: copper pipe Connect between all indoor units and all outdoor units in the same
system it’s may be two pipes or three pipes according to the type of VRF System.

e T-Joints : used to connect the pipes between the outdoor units

e Separation Tubes : Used to distribute refrigerant to two branches and Different dimensions.

e Distribution Headers: used to distribute refrigerant to more than two branches and commonly

used if there is more than two branches lose together.
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Figure(3.7): Indoor units piping network ]26]
4- Insulation:
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We use EPDM foam - ethylene propylene diene monomer and PE foam — Polyethylene Foam to

insulate piping for:

. Maintain system capacity & efficiency. Avoid heat gains or losses.
. Prevent condensation on piping or insulation.

. Prevent piping system corrosion

. Prevent mold growth from occurring on construction materials.

. Avoid costly lawsuits.

. Avoid property damage from condensation.

Figure(3.8): Insulation

3.8 Design considerations

e  Space layout

The design of a VRF system begins with understanding the space layout. The orientation of
the building and the seasons during which peak loads occur must be considered.
The type of load (heating or cooling) and the distribution of loads into zones will depend on the
intended use of the space. In turn, these factors will determine whether a heat pump system or

heat recovery system will be the most efficient choice. [26]

And Figure (3.9) shows a typical space layout, with zones specified as requiring heating or
cooling and the load reflected in the size and type of the indoor units shown.
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Figure(3.9): Typical VRF system space layout ]26[
e Size of units: the size of the units selected must be considered for impact on the design of the

system; smaller units will provide flexibility of zoning and require less piping and less

refrigerant per system. [26]

e Piping configuration: flexibility of the piping options available should be considered. A
system that provides more options for combining Y-shape joints and headers could minimize
the amount of piping and refrigerant used, thus reducing the total cost of the job.

A VRF system offers flexible installation and energy saving cooling and heating comfort and
should be considered as an alternative to traditional systems for those applications where zoning
or part load operation is required.

e Building characteristics: VRF systems are typically distributed systems the outdoor unit is
kept at a far off location like the top of the building or remotely at grade level and all the
evaporator units are installed at various locations inside the building. Typically, the
refrigerant pipe-work (liquid and suction lines) is very long, running in several hundreds of

feet in length for large multi-story buildings.
The long pipe lengths will introduce pressure losses in the suction line and, unless the correct

diameter of pipe is selected, the indoor units will be starved of refrigerant resulting in insufficient

cooling to the end user.
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So it is very important to make sure that the pipe sizing is done properly, both for the main

header pipe as well as the feeder pipes that feed each indoor unit. The maximum allowable

length varies among different manufacturers; however, the general guidelines are as follows

[24]:

» The maximum allowable vertical distance between an outdoor unit and its farthest indoor
unit is 164 ft.
» The maximum permissible vertical distance between two individual indoor units is 49 ft.

» The maximum overall refrigerant piping lengths between outdoor and the farthest indoor
unit is up to 541 ft.

> - Outdoor unit
==

‘\ 1| .

Furthest piping length 541 ft

Top-bottc/)rn P (623 ft equivalent length)
differentidl 164 ft /
(When the outdoor unit
is installed fabove o,
indoor upits) : Between indoor
units top-bottom
differengial 49 ft
« Indoorunit |~
\\ >

Figure(3.10): Design limits in VRF system ]25]

As stated, the refrigerant piping criteria varies from manufacturer to manufacture, for example

for one of the Japanese manufacturer (Samsung), the system design limits are:

>
>
>
>

>

L1: Maximum height difference between outdoor unit and indoor unit = 50m.
L2: Maximum height difference between indoor unit and indoor unit = 15m.
L3: Maximum piping length from outdoor unit to first separation tube = 70m.
[L3+L4+L5+L6]: Maximum piping length from outdoor unit to last indoor
unit = 100m

L6 & L7: Maximum piping length from header to indoor unit = 40m.

As stated, the refrigerant piping criteria varies from manufacturer to manufacture, for example

for one of the Japanese manufacturer (Samsung), the system design limits are:

>

L1: Maximum height difference between outdoor unit and indoor unit = 50m.
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» L2: Maximum height difference between indoor unit and indoor unit = 15m.

A\

L3: Maximum piping length from outdoor unit to first separation tube = 70m.

» [L3+L4+L5+L6]: Maximum piping length from outdoor unit to last indoor
unit = 100m.

» L6 & L7: Maximum piping length from header to indoor unit = 40m.
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unit

Figure(3.11): Design limits in VRF system ]26]

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

Size of P3: Depends on the total capacity of (Q4).

Figure(3.12): Pipe sizing for VRF system 26|
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e Building load profile: when selecting a VRF system for a new or retrofit application, the

following assessment tasks should be carried out [29]:

» 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.

Building a load profile helps determine the outdoor condensing unit compressor capacity. For
instance, if there are many hours at low load, it is advantageous to install multiple compressors
with at least one with inverter (speed adjustment) feature.

The combined cooling capacity of the indoor sections can match, exceed, or be lower than the

capacity of the outdoor section connected to them. But as a normal practice:

» The indoor units are typically sized and selected based on the greater of the heating or
cooling loads in the zone it serves, i.e. maximum peak load expected in any time of the
year.

» The outdoor condensing unit is selected based on the load profile of the facility, which is
the peak load of all the zones combined at any one given time.

The important thing here is that it is unlikely that all zones will peak at a given time so an
element of diversity is considered for economic sizing.

Adding up the peak load for each indoor unit and using that total number to size the outdoor unit
will result in an unnecessarily oversized condensing unit. Although an oversized condensing unit
with multiple compressors is capable of operating at lower capacity, too much over sizing
sometimes reduces or ceases the modulation function of the expansion valve. As a rule of thumb,
an engineer can specify an outdoor unit with a capacity anywhere between 70% and 130% of the

combined capacities of the indoor units. [25]
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3.9 Units Selection

This section talks about selection of outdoor and indoor units of VRF system, depending on
the “Samsung VRF catalogue”, since this company product is existing in Palestine.

Outdoor and indoor units are selected according to the thermal load of the building.
Indoor unit:

In this project, we used two type of indoor units selected, which is 4 way cassette s and Ceiling
mounted .

e Ceiling units will only be used for bedrooms, they are flexible in operation and have an
attractive and unobtrusive view as shown in the figure (3.13).

Figure(3.13): Ceiling unit |30
e 4 Way Ceiling Cassette will be used for restaurants, reception hall, meeting room and the
rest of the facilities that are characterized by large areas, and these units have been used

because they are characterized by regular and good air distribution to large areas and in
the form Figure (3.14) we show the shape of this unit.

Figure(3.14): 4 way cassettes unit |30[
After returning to the catalogs of the Samsung company, it became evident that we can use
several indoor units, and we chose these units to suit the change in the thermal load of all rooms:
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e 4 way cassettes unit: the unit model is (AM128FN4DEH).
e Ceiling unit: the unit model is(AMO56FNCDEH).

Outdoor unit:

After doing the calculation of heating and cooling load for the building, then we have to select
the outdoor units depends on two things;
1. The total actual cooling load and the capacity ratio,

2. The capacity ratio is a ratio between the total capacity of the indoor and outdoor capacity
and its ranged between (70% — 130 %) .

The outdoor unit model is (AM120FXVA) and (AM140FXVA) and(AM220FXVA), here the
capacity differs from each other. The first is 12 horsepower, the second is 14 horsepower, and
the last is 22 horsepower..

3.10 Selecting refrigerant piping

In these project used Copper Pipes to Connect between all indoor units and all outdoor units
in the same system and the figure (3.15) is show the pipe shape.
Refrigerant piping diameter, thickness, and temper is selected according to length, as specified in
this section.

Figure(3.15): cupper pipe
In figure (3.16) shows how to calculate pipe diameters:
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Figure(3.16): calculate pipe diameters ]30[
Where:

Al: Select the pipes according to the outdoor unit capacity .

AZ2: Select the pipes according to sum of outdoor unit capacities behind the outdoor joint.

A3: Select the main pipe of outdoor units.

Table(3.1) shows the required load from each outdoor unit and shows the required pipe

diameters.
Table (3.1) Outdoor unit and pipe size [30]

Quantity Power for each Pipe size Pipe size gas
unit liquid
2 160HXVFGH/ID  45.0KW/50.4KW 12.7 mm 28.88 mm
4 120HXVFGH/ID  33.6KW/37.8KW 12.7 mm 28.88 mm
2 100/HXVFGH/ID  28.0KW/31.5KW 9.52 mm 22.22 mm

Table (3.2) shows the required load of each indoor unit and clarifies the required pipe

diameters that separate the inner unit.
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Table (3.2) Size of pipe between the branch joint and indoor unit

Quantity Power for each Pipe size Pipe size gas
unit liquid
8 AMO56FNMDEH/TK ~ 5.6KW/6.3KW 6.35 mm 12.7 mm
3 AMO36JNADKH/EU  3.6KW/4.0KW 6.35 mm 12.7 mm
98 AMO022FNIDEH/EU 2.2KW/2.5KW 6.35 mm 12.7 mm

3.11 Ventilation

Ventilation is the process of supplying and removing air by natural or mechanical
means to and from a building. The design of a building’s ventilation system should
meet the minimum requirements of the building (Ventilating Systems) regulations.
There are two ways for Ventilation:

* Natural ventilation covers uncontrolled inward air leakage through cracks, windows,
doorways and vents (infiltration) as well as air leaving a room (exfiltration) through the
same routes. Natural ventilation is strongly affected by weather conditions and is often
unreliable. [28]

In case of natural ventilation, the air movement is caused by two factors:

* The difference between indoor and outdoor temperature;

* Wind.

The bigger the both factors are the more intensive is the air change in rooms. This means
that in colder weather conditions the rooms and the building is often over-ventilated

and in warmer and windless weather, there is a lack of fresh air. As both of these factors

are directly dependent on the external climate, the system is considered to be a no controllable
system. Users of the building cannot change the air volume rate no more 48

than by switching it ON or OFF; this means by opening and closing the exhaust grilles.
[28]

*Mechanical or forced ventilation is provided by air movers or fans in the wall, roof or
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air conditioning system of a building. It promotes the supply or exhaust air flow in a
controllable manner.

Mechanical ventilation systems are considered reliable in delivering the designed flow
rate, regardless of the impacts of variable wind and ambient temperature. As
mechanical ventilation can be integrated easily into air-conditioning, the indoor air
temperature and humidity can also be controlled. [29]

Filtration systems can be installed in mechanical ventilation so that harmful
microorganisms, particulates, gases, odours and vapours can be removed.

The airflow rate into a room space, for general mechanical supply and extract systems,
is usually expressed in:

1. Air changes per hour.

2. An airflow rate per person.

3. An airflow rate per unit floor area.

An air change per hour (ACH) is the most frequently used basis for calculating the
required airflow. Air changes per hour are the number of times in one hour an equivalent
room volume of air will be introduced into, or extracted from the room space. [9]
Airflow rate per person are generally expressed as litters per person (L/P), and are
usually used where fresh air ventilation is required within occupied spaces.

Airflow rates per unit floor area are similar in effect to air changes per hour except that
the height of the room is not taken into consideration.

Mechanical ventilation system in this project is just for bathrooms and kitchens.

The airflow path in mechanical ventilation systems can be controlled, for instance allowing the
air to flow from areas where there is a source (e.g. patient with an airborne infection), towards

the areas free of susceptible individuals.

Mechanical ventilation can work everywhere when electricity is available.49
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Objectives of ventilation

Ventilation in a building serves to provide fresh and clean air, to maintain a thermally
comfortable work environment, and to remove or dilute airborne contaminants in order
to prevent their accumulation in the air. Air conditioning is a common type of
ventilation system in modern office buildings. It draws in outside air and after filtration,
heating or cooling and humidification circulates it throughout the building. A small
portion of the return air is expelled to the outside environment to control the level of
indoor air Contaminants. [28]

Designing of mechanical ventilation

[1 Using Air changes per hour.

Step One — Use table 4-6 in a appendix Air Changes per Hour identify the required air
changes needed for the use of the room.

Step Two - Calculate the volume of the room.

Step Three - Multiply the volume of the room by the required room air changes.

Step Four Divide the answer by 60 minutes per Hour to find the required room cfm.

Required CFM =Volume of the room *Air Changes per Hour /60 Minutes
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Figure(3.17): bathroom

Sample calculation:

For bathroom:

Volume = Length* Width * Height
Volume=1.91*1.31*3.10

Volume=7.8 m3

Number Air Changes per Hour=3

Required cfm=7.8*3*35.3147/60

Required ventilation rate in cfm=13.77 cfm
Required ventilation rate in =6.5 litters/sec.
For kitchen

Volume = Length* Width * Height
Volume=3.47*2.68*3.10

Volume=28.8 m3
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Number Air Changes per Hour=2

Required ventilation rate cfm=28.8*2*35.3147/60

Required ventilation rate cfm=33.4cfm

Required ventilation rate =16 litters/sec.

Using An airflow rate per person

Step One — Use table 4-5 in an appendix to found minimum outside air requirements for
mechanical ventilation.

Step Two — estimate number of person in space.

Step Three - Multiply the number of person by the minimum outside air requirements.

ventilation rate= minimum outside air requirements for mechanical ventilation*# of person (3.4)

Sample calculation :

For restaurant

Ventilation air requirements for dining and cafeteria 10L/s/Person.
Ventilation rate=10*65

Required ventilation rate 650 litters/sec.

Required ventilation rate =1377 cfm

An airflow rate per unit floor area method :

Step One — Use table 4-5in a appendix to found minimum outside air requirements for
mechanical ventilation in litter per second per square meter.

Step Two — found area of space in secure meter.51

Step Three - Multiply area by the minimum outside air requirements L/s/m2

ventilation rate= minimum outside air requirements for mechanical ventilation* area (3.5
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Sample calculation

parking

Ventilation air requirements for parking floors 7.5 L/s/m2
Ventilation rate=392*7.5 "

Required ventilation rate 2940 litters/sec.

Required ventilation rate =6229 cfm
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Chapter four

Plumbing system

4.1 Introduction

Plumbing is any system that conveys fluids for a wide range of applications.

Plumbing uses pipes, valves, plumbing fixtures, tanks, and other apparatuses to convey fluids.[1]
Heating and cooling (HVAC), waste removal, and potable water delivery are among the most
common uses for plumbing, but it is not limited to these applications.[2] The word derives from

the Latin for lead, plumber, as the first effective pipes used in the Roman era were lead pipes.[3]

Boilermakers and pipefitters are not plumbers although they work with piping as part of their

trade and their work can include some plumbing.

Plumbing reached its early apex in ancient Rome, which saw the introduction of expansive
systems of aqueducts, tile wastewater removal, and widespread use of lead pipes. With the fall of
Rome, both water supply and sanitation stagnated or regressed for well over 1,000 years.
Improvement was very slow, with little effective progress made until the growth of modern
densely populated cities in the 1800s. During this period, public health authorities began pressing
for better waste disposal systems to be installed, to prevent or control epidemics of disease.
Earlier, the waste disposal system had consisted of collecting waste and dumping it on the
ground or into a river. Eventually the development of separate, underground water and sewage

systems eliminated open sewage ditches and cesspools

The use of lead for potable water declined sharply after World War 11 because of increased
awareness of the dangers of lead poisoning. At this time, copper piping introduced as a better and

safer alternative to lead pipes. [21]
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The most basic human is reliable table supply of potable water and getting rid of human waste
products, so the goal of modern plumbing design for building is to safely and reliable, provide

domestic water, cold water and remove sanitary waste.

4.2 Water supply system

4.2.1 Overview

There are two type of water distribution system for buildings:

1. Down feed distribution.

2. Up feed distribution system.

The system that will be used in this building is up feed system.

There are two methods commonly used for up feed distribution systems are:

1) The supply of water for the building received from a city main.

2) Private water supply enters into a pneumatic tank pressurized from
approximately 35-60 psi pump.

The main pressure that provides in this building is pump pressure.

This section will show the calculation of the total, hot and cold amount of water
required for the building by using the water supply fixture unit technique. The cause
for selecting this technique is since there is many number of fixture units in the building
and that make this technique more accurate. [32]

The design procedure is as follows:

1) draw a rise (plumbing section) on this riser show:
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a. Floor to floor height.

b. Run out distance to farthest fixture on each floor.

c. Lengths of piping from the service point to the floor take off points.

2) Show the WSFU for each fixture and total fixture unit on each piping run out.
Use separate fixture units for hot and cold water.

3) Total the fixture units in each branch of the system. Each hot and cold water
riser will require separate diagram and calculation.

4) Show minimum source pressure and the minimum flow pressure required of the most remote
outlets.

5) Determine the pressure available for friction head loss from service point to the
final outlet.
6) Determine the required pipe size in each section using friction head loss data

calculated in step 5 and friction head charts .

4.2.2 Calculation of cold and hot water supply system

4.2.2.1 Calculation of cold and hot water (WSFU) system
The total amount of water required for the building is calculated by using the water supply
fixture unit technique (WSFU).

Tables (4.1 and 4.2) show the total number of fixture units and the total water supply fixture unit
(WSFU) for the first riser .

Table (4.1): Fixture units load for first riser

Fixture type No. | WSFU Total Cold Hot Total Total
FU WSFU WSFU WSFU cold hot
Water closet 2 5 10 - -- 10 0
general
Water closet 35 3 105 - -- 105 0
private
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Lavatory 3 2 6 2*3/4 2*3/4 5 5
general
Lavatory private 36 1 36 1*3/4 1*3/4 27 27
Shower head 35 2 70 2*3/4 2*3/4 53 53
Clothes washer 0 0 0 0 0 0 0
Kitchen sink 1 4 4 4*3/4 4*3/4 3 3
Total 112 -- 231 -- -- 203 88

Table (4.2): Total number of fixture units

Lavatory Lavatory  Water Water Kitchen  Shower |

general private closet closet sink head
general private

Ground 0 0 0 0 0 0

floor
15t floor 2
2" floor 0
3" floor 0
4t floor 0
5t floor 0
0
0
0

6t floor
7t floor
roof floor

ollor o101 010101
O OO0 o0ooO0coomnN
olor o101 010101 O
O OO0 00 o0 ok
ollor oo o101 01O

Total cold (WSFU) for the 1% riser=203 FU, from table 9.4

200WSFU ~ ----------- 65gpm (from table (B-5))
203WSFU ~ ---------- X gpm
225 WSFU ~ --------- 70gpm

X=68 gpm , For Cold water first riser
Total HOT (WSFU) for the 1st riser=88 FU, from table 9.4
80 WSFU = --------- 39 gpm (from table (B-5))

88WSFU  ------mem-- Xgpm
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100 WSFU ~ ---------- 44 gpm

X=41 gpm , For Hot water first riser .

The first riser is the same as the second riser

The total cold (WSFU) for the first and second riser=203*2=406 FU
The total hot (WSFU) for the first and second riser=88*2=176 FU
The total cold by gpm for the first and second riser=86*2=172gpm

The total hot by gpm for the first and second riser=41*2=82 gpm

Table (4.3): Total WSFU and gpm for risers

Riser Total WSFU Total gpm  Total WSFU Total gpm
CwW CcwW HW HW
Riser 1 203 86 88 41
Riser 2nd 203 86 88 41
Total 406 172 176 82

4.2.2.2 Pipe sizing calculation

Using up feed distribution system where the water serve the building by the pump, in this
system the pump pressure will be the main pressure and the equation of the flow will be as
following:

Pump pressure = Static head + Friction head (loss) + Flow pressure (4.1)

Where:

Static head is to overcome the height.

Friction head is to overcome friction in pipes.

Flow pressure is the pressure available at the fixtures when the outlet is wide open and it must be
equal or exceed the minimum flow pressure of the critical fixture.

But, some of the above equation parameters can be determined or estimated as following:
1. Itis indicated that the minimum flow pressure required for the critical fixture unit is 8
psi.
2. ltis indicated that main pressure (pump pressure) is 60 psi.
By friction head loss method:
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= Static pressure:

As indicated previously that the building consists of ten floors (floor to floor height is
3.75meters), then as shown in the figure below it appears that the total vertical length from the
pump source to the critical fixture (water closet) is 30.4 m.

Static pressure = 26.50 X 1.42 = 37.63psi (4.2)

= Friction head:
Pipe friction = Main pressure (pump pressure) — Static head — Flow pressure

=60-37.63-8= 14.37 psi
Available friction head= 8.81 psi

Total equivalent length.

We will calculate the equivalent length from the well to the farthest outlet (water closet) at the
roof floor at farthest collector.

Since water pipes are using up feed system, we will need the following equation:

Pump head pressure =Friction head + static pressure + minimum flow pressure
e Forcold water system:
Total length = 69.9 m.

Water mains to water meter =20 ft.

Water meter to base of second riser =85 ft
Riser length = 85.5 ft

Final run out = 49 ft

Total =240ft

Total equivalent length=240*1.5=360 ft

e For hot water system:

Total length =240 ft

Total equivalent length= 240*1.5= 360 ft.

Uniform friction loss for cold= friction/100ft = available friction head/ total equivalent

length.
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Friction/100ft =8.81 psi/ (360/100 ft.) = 2.44 (psi/100ft).

Uniform friction loss for hot = friction/100ft = available friction head/ total equivalent
length.

Table(4.4): Pipe sizing for cold water riser

Section Number Flow Equivalent  Pipe Velocity
(gpm) length(ft) size (fps)
(in)
Main 86 360 2 55
1% riser part #1 80 46 2" 5.5
(From tap off to ground floor)
1% riser part #2 (first floor) 77 46 2" 5
1% riser part #3 (second floor) 69 46 1.5" 6.5
1% riser part #4 (third floor) 58 46 1.5" 5.5
1% riser part #5 (fourth floor) 49 46 1.25" 5.5
1% riser part #6 (fifth floor) 39 46 1" 4.1
1% riser part #7 (sixth floor) 29 46 1" 4.1
1% riser part #8 (saventh floor) 21 46 1" 4.1
1% riser part #9  (eighth floor) 15 22.13 1" 4.1
2% riser part #1 86 380 2" 5
(from tap off to car parking)
2% riser part #2 (ground floor ) 80 65 1.5" 6.6
2% riser part #3  (first floor ) 77 45 1.5" 6.3
2% riser part #4  (second floor ) 69 45 1.5" 6
2% riser part #5 ( third floor ) 58 45 1.5" 5.2
2% riser part #6 (fourth floor ) 49 45 1.25" 5
2% riser part #7 (fifth floor) 39 45 1" 4
2% riser part #8 (sixthfloor) 29 45 1" 4
2% riser part #9 (seventh floor) 21 45 1" 4
2% riser part #10 (eighth floor) 15 46 1" 4
Main 172 360 2" 55

Table (4.5): Pipe sizing for hot water riser

Section Number Flow Equivalent  Pipe size Velocity

(gpm) length(ft)
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W) (fps)

1% riser part #1 41 320 1.5" 5.8

(From tap off to ground floor)

1% riser part #2 (first floor) 37 40 1.5" 5.2
1% riser part #3 (second floor) 32 40 1.25" 5.5
1%t riser part #4 (third floor) 27 40 1.25" 5
1% riser part #5 (fourth floor) 22 40 1" 5

1% riser part #6 (sixth floor) 17 40 0.75" 4.2
1% riser part #7 (seventh floor) 13 40 0.75" 4.2
1% riser part #8 (eighth floor) 7.8 40 0.75" 4.2
2% riser part #1 41 380 1.5" 5.2
(from tap off to car parking)
2% riser part #2 (ground floor ) 37 45 1.5" 5
2% riser part #3 (first floor ) 32 45 1.5" 4.8
2% riser part #4 (second floor ) 27 45 1.25" 5.2
2% riser part #5 (third floor ) 22 45 1.25" 4.2
2% riser part #6 (fourth floor ) 17 45 1" 4.7

4. 3 Water well volume

Calculation for the water well volume needed for the hotel :

(60 gallons per day) is the amount of water needed taken from ASPE (American Society for
Plumbing Engineers code).

We have 70 room in our hotel:

So (227.125 L/1000)m"3*79= 18m3 per day.
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For 7 days

We need 126 m"3

Add 84 ma3 for fire fighting.
4.4 Head estimation

The pump selected with main pressure provides 60 psi and that already choses in residential
buildings that mean 4.2 bar.

4.5 Pump selection

Using dp-select software and with filling data into brackets as follow:
For cold water:

Flow=172 gpm = 172*0.23=39.56 m®h

Head=4.1 bar

dp pumps l:'l_-.
Selection Data sheet My profile Data update My files Catalogue
Contact +31 172 48 83 88| dp@dp-pumps.com
Search Hydraulic DPV 60/2B 50Hz
Medium to be pumped Water “
Flow S ERE Flowman]
= EETLRENL ST AR R AREEL ST NN SRR LR
Pressure = 41 bar T T T T T T T Duty point
Mo of duty pumps. 1 |w|[] Freq. Driven 7 ® Actual
No. of poles 2 Poles v 1 [ Required
Application (O Constant prassure , o
(®) System curve -
Frequancy 50Hz [v 3 3
1
Show Low NPSH curves 2 It Rea Duty Pt
Suggested standard (pre-configured) models 38.58 m3/h
Available models A Model version o 1 41 bar
DPV 60/2 B DPVCFB0/2B E2 d 4234 m3h
DPV 40/3-28 DPVCFE0/2B EXMIEC
DPY 85/2-28 DPVF B0i2B IE3 1004
DPV 125i2-28 | DPVF 60i2B EXMIEC —
¥ DPV402B DPVSF 60128 IE3 & 159
¥ DPVG0/2-2B DPVSF 60i2B EXMIEC = 504
¥ DPV8sSME 5
g 25
& model(s) isted b e
Refine
Installation (ALL) v
Selecton Efficiency v T 1
Waterial (ALL) v T
" w2
Connection (ALL) v ]
Motor voltage (ALL) - 2im
Connection standard (ALL) v 103
Efficiency class (ALL) v - 35//
Adijust to duty pt. Frequency (Hz) = Bg
008 43
5 7
J o253 TEEW
0 <<‘ = >>‘ o TTTT T T T I T T I I T T T T I T T T T I TTTT T T T TTITTTT
10 20 30 40 50 80 70
Flow [m3ih ]

Figure (4.1): Pump data for cold water first and second riser
For hot water :

Flow=82 gpm = 82*0.23=18.86 m3/h
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Head=4.1 bar

dp pumps

=

Selection Data sheet My profile Data update My files Catalogue
Contact +31 172 4 8
Search Hydraulic DPV 25/3 B 50Hz
Medium to be pumped Water w Flow [m3h ]
ow[m
Flow * |18.86 math
- TDI\II?I\||1|D\|||1F\|||2|D\|||2F||||3\0|||\3P| )
Pressure 4.1 bar T T I T I T I Duty point
No of duty pumps 1 || Freq. Driven E: ® Actual
No. of poles 2 Poles V E O Required
Application () Constant pressure 5
Syst -
®) System curve T o] o
Freguency S0Hz | a i
3 34
Show Low NPSH curves % . Req Duty Pt.
Suggested standard (pre-configured) models 2 18.86 m3/h
Available models  » Model version o 7 4.1 bar
DPV 2513 B DPVCF 25/3B IE3 1: 21.25 m3h
A DPH(3)I 15/5 DPVCF 25/38B EXMIEC 0
A DPV13/5B DPVF 25138 IE3 1004
A DPV4D2B DPVF 25/3B EXMIEC —
4 DPVE0I2-2B | DPVSF 252 B IE3 # 75
¥ DPV252B DPVSF 25/3B EXMIEC 7 504
¥ DPH(S) 1514 , 5
o 254
6 models) fisted g 8%
Refine ¢
Installation (ALL) v
Select on Efficiency v T 4
WMaterial [ALL) = T
. w24
Connection [ALL} v L
Motor vottage (ALL} v om
Connection standard (ALL) v g
Efficiency class (ALL) v T 4]
Adjustto duty pt.  Frequency (Hz) - 3;
D0 24
z
—J o1 SETEW
0 << & = 50 T T T T T T T T T T T T T LT T T T LT T T T LT T T T T T T T
0 b 10 18 20 25 30 35
Flow [ m3/h ]

Figure (4.2): Pump data for hot water first and second riser

4.4 Drainage system

The main objective of drainage system is to carry the waste water from the fixture unit to
manhole and from the manhole to the septic tank or to the municipal sewage system.

The provision of drainage systems:

e Sanitary drainage

e Storm drainage
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4.4.1 Drainage system components

The main components of drainage system are:

Figure (4.3): Drainage system components

e Fixture units

e Trap

e Clean out

e Drainage pipe

e Stack and vent pipes

e Manholes

e Septic tank or municipal sewage system

e Accessories
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4.4.2 Sanitary drainage
Design procedure and pipe sizing

Pipe size is calculated by using a concept of fixture units (DFU) instead of using gpm of
drainage water. This unit takes into account not only the fixtures water use but also its frequency
of use, which is the DFU has a built—in diversity factor. This enables us, exactly as for water
supply to add DFU of various fixtures to obtain the maximum expected drainage flow. Drainage
pipes sized for a particular number of drainage fixture units, according to Tables (B-5), (B-4)).
These tables are built into the fill factors, which are:

e 50% fill in branches (horizontal pipes)

o (25-33)% fills in stack (vertical pipes)

e 50% fill in building and swear drains
The recommended velocity for drainage piping:

e For branches the recommended velocity is 2 ft/s

e For building pipes the recommended velocity is 3 ft/s

e For greasy flow the recommended velocity is 4 ft/s
Velocity of water flow through drainage piping depends on:

e Pipe diameter

e Slope
Minimum slope requirements for horizontal drainage piping:

e For pipes of diameter < 3" the minimum slope is 1/4/ft (2%)

e For pipes of diameter > 4" the minimum slope is 1/8”/ft (1%)
Design procedure:

1. Calculation of the number of DFU for each branch by using Table (B-6)

. Calculation of the number of DFU for each stack
. Choosing the branch pipe diameter by using Table (B-5)

2

3

4. Choosing the stack pipe diameter by using Table (B-5)
5. Comparing the stack pipe diameter with branch diameter
6

. Choosing the building drain pipe diameter by using Table (B-5)
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The design of the rain collection piping, whether exterior gutters, and leaders, or interior
conductors and drain depends upon three factors:

e The amount of rain fall in a specified period of time

e The size of the area being drained

e The degree of pipe fill, that is whether a pipe or gutter runs 50%, 33% or 100% fill
The general rule for the distribution of floor drains (FD):

Every 100 m? from roof area needs one 4” FD.

4.4.3 Manhole design

The main purpose of the manholes is to carry the water from stacks to various drainage points.

This project contains three types of manhole, which is:

e Sanitary manhole for black water

e Sanitary manhole for gray water

e Sanitary manhole for storm drainage
The design of the manholes depend on the ground and its nature around the building, and so as
the first manhole height should not be less than 50 cm, and the depth of the other manholes will
depend on the distance between the manholes and the slope of the pipe that connecting them.
According to the table below, it will be estimated the diameter of the manhole according to their
depth.

4.5 Manhole calculation

The depth of the first manhole is 60 cm, the calculation of the second manhole done according
to the first manhole and so on. The calculations are done by using these equations:

Depth: (M2 = M1 + (Slope x Distance) + 5 + Level Difference) in cm

Top level: Manholes face level on the ground

(Invert level = Top level - Depth) in m
Outlet level = - (Depth - 0.05) in m

The figure below shows the details of the manholes:
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Figure (4.4): Manholes details

Table (4.6): Diameter of manhole according to their depth

Diameter
(cm)
70-80 60
80-140 80
140-250 100
250-00 125
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Chapter five

Firefighting system

5.1 Introduction

Firefighting system is probably the most important of the building services, as its aim is to
protect human life and property, strictly in that order. It consists of three basic parts: a large store
of water in tanks, either underground or on top of the building, called fire storage tanks. [ ]

For a fire to happen, the following elements are essential:
* Oxidizer to sustain combustion.

* Heat to reach ignition temperature.

* Fuel or combustible material.

This results in a chemical chain reaction which starts a fire, removing any of these elements will
extinguish the fire. [11]

Fire extinguishing system is designed to be built in partnership with Architect engineer to
specialize in acting fire safety, Electrical engineer to specialize in fire alarm and Mechanical
engineer is specialized in firefighting. Also in design for firefighting system, the main reference
is (NFPA) code, national fire protection association. [12]

Founded in 1896, the National Fire Protection Association (NFPA) is a global, nonprofit
organization devoted to eliminating death, injury, property and economic loss due to fire,
electrical and related hazards. The NFPA delivers information and knowledge through more
than 300 consensus codes and standards, research, training, education, outreach and advocacy;
and by partnering with others who share the NFPA mission. NFPA membership totals more than
60,000 individuals around the world. [13]

Within virtually every building, as well as in transportation and numerous outside applications,
there are design and operational features that are guided by NFPA codes and standards. These
codes and standards address safety in everything from high-rise buildings to residential single
family homes, to nuclear power plants, to fixed guide way trains, to underground mines, to fast
food restaurants, to off-shore oil rigs, to food trucks and to on-board navy ships.
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5.2 Types of firefighting system

5.2.1 Fire extinguishers

Firefighters are familiar with using hoses and master stream devices for fire attack. But there
are times when these aren’t the right tools for the job or they aren’t immediately available. In
these cases, fire extinguishers “handheld firefighters “might be the way to get the job done.
Incipient-stage car fires, appliance fires, incipient-stage kitchen fires, equipment fires, electrical
fires, small contents fires in a home or commercial occupancy and even laboratory fires may be
handled with fire extinguishers under the right conditions. [12]

Extinguishers commonly available on fire apparatus include dry chemical (A-B-C rated or B-C
rated) and pressurized water, but apparatus may also carry water extinguishers with foam or
other additive, carbon dioxide extinguishers and/or dry powder (Class D agent). Some
departments may have access to “clean-agent” extinguishers, or these may be located in areas
such as computer rooms. Other extinguishers mounted in buildings will likely be similar to those
carried on apparatus, with some commercial kitchens now equipped with Class K units.

Type of extinguishers:

Water extinguishers from category A.

Foam fire extinguishers from category A B.

Dry Chemical fire extinguishers from category A B C K.

Clean Agent Halogenated or Clean Agent extinguishers from category A B C.
Dry Powder extinguishers from category D.

Carbon Dioxide fire extinguishers from category from category B C.

ok wdE

74



(N
AR O] o | @
dlle]||=
LJJeEiJeie g

=€

* cloth o gasoline  electrical combustible kitchen
* wood * grease fires metals fires
*rubber - oil

* paper

* plastics

Figure( 5.1) Type of extinguishers

5.2.2 Fire hose reel

Fire hose reels are located to provide a reasonably accessible and controlled supply of water to
combat a potential fire risk. They are ideal for large high-risk environments such as schools,
hotels, factories etc. They are designed to I.S. EN 671 — part 1. Hose reels can come in lengths of
30m of 19mm and 25mm hose.

Fire hose cabinet classes

1) Class 1: standpipe system provides 65-mm (2%-in.) hose connections to supply water for
use by fire departments and those trained in handling heavy fire streams. System
limitations are pressure reach 7 bars, flow rate 250 gpm, located at all main entrance and
exits of the buildings and garages, around the wall buildings and the travel distance is
45.7m with throw distance. [14]

2) Class 2: standpipe system provides 38-mm (1%-in.) hose stations to supply water for use
primarily by the building occupants or by the fire department during initial response.
System limitations are pressure reach 4.5 bars, flow rate 100 gpm, 30m travel distance

and located in corridors, theaters, colleges and near elevators.
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3) Class 3: standpipe system provides 38-mm (1%2-in.) hose stations to supply water for use
by building occupants and 65mm (2%2-in.) hose connections to supply a larger volume of
water for use by fire departments and those trained in handling heavy fire streams. [14]

The following specifications are installed according to code national fire protection Association
NFPA 14 for class 2 F.H.C:

1- The maximum pressure at any point in the system at any time shall not exceed 24.1 bar
(350 psi).

2- Maximum Residual Pressure for (1%2-in.), F.H.C=6.9 Bar.

3- Hydraulically designed standpipe systems shall be designed to provide the water flow
rate required at a minimum residual pressure of 4.5 bar (65 psi) at the outlet of the
hydraulically most remote 38-mm (1%-in.) hose station.

4- Standpipes size shall be at least 100 mm (4 in.) (Main riser).

Figure (5.2) Fire hose reel

5.2.3 Fire hydrant system

Fire hydrant installation consists of a system of pip work connected directly to the water supply
main to provide water to each and every hydrant outlet and is intended to provide water for the
firemen to fight a fire. The water is discharged into the fire engine form which it is then pumped
and sprayed over fire.
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Figure (5.3) Fire hydrant system

5.2.4 Automatic sprinkler system

Sprinklers systems consist of the network of piping, water supply, sprinkler heads, and alarm
and detection devices that sense the heat from a fire and automatically distribute water to
completely extinguish the fire or control its growth.

A sprinkler head is really an automatic (open once only) tap. The sprinkler head is connected to a
pressurized water system. When the fire heats up the sprinkler head, it opens at a preset
temperature, thus allowing pressurized water to be sprayed both down onto the fire and also up
to cool the hot smoky layer and the building structure above the fire. This spray also wets
combustible material in the vicinity of the fire, making it difficult to ignite, thereby slowing
down or preventing fire spread and growth. [15]
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Figure (5.4) Automatic sprinkler system

5.3 Types of automatic sprinkler system

5.3.1 Wet pipe system

The wet pipe sprinkler system is, in general, the most cost-effective, the most versatile as far as
protection strategies and pipe installation are concerned, and the easiest to maintain. Its cost
effectiveness is based on its having fewer components, requiring less maintenance and testing
and having fewer design restrictions than any of the other three types of systems. Wet pipe
systems are installed where temperatures will not fall below 40°F (4°C) and where one of the
design objectives is to put water on a relatively small fire as quickly as possible.
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Figure (5.5) Wet pipe system

5.3.2 Dry pipe system

A dry pipe system is similar to a wet system in that it consists of valves, pipes, fittings, alarm
initiating devices, and automatic sprinklers; but the main difference is that the pipes are filled
with compressed air or nitrogen, not water, and that a dry pipe valve holds the water back.

When the heat from a fire operates the heat responsive element of an automatic sprinkler,
the air in the system must be evacuated through the sprinkler opening to reduce the air pressure
in the system holding the clapper of the dry pipe valve in the closed position. When enough air
has escaped through the sprinkler, through additional sprinkler actuation as the fire grows, or
through quick opening devices that are installed on larger systems, then the water fills the piping,
eventually reaching open sprinklers and the fire. This delay of water application allows the fire
to grow, creating more fire damage; that needs to be a consideration for both the designer and the
owner. The dry pipe system is a fire control system only, but may eventually be appropriate for
life safety or residential systems.
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Figure (5.6) Dry pipe system

5.3.3 Pre-action system

The pre-action system is similar to a dry pipe system. It has a similar valve, and in general
the same pipe, fittings, alarm initiating devices, and automatic sprinklers. In addition to the
sprinkler system, however, the pre-action system incorporates a detection system. Pre-action
systems are usually less cost-effective than the dry pipe systems and require additional
maintenance and testing as well as maintenance and testing of the detection system. [17]

There are many types of detectors and detection systems that can be used with the pre-action
systems. It is in the system designer’s best interest to work closely with the owner and the
architect to utilize the type of detection system that is appropriate for each specific area or
system. An example of such an area is the data or computer room, where the products of
combustion can do as much damage to sensitive equipment as the thermal damage from a fire or
the resultant application of water. In these rooms, an air sampling detection system may be more
appropriate than smoke detectors. The air sampling system may detect particles of combustion
before the human eye or nose does and can send signals or warnings before there is actual smoke
damage or a fire or before water is necessary. [17]
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Figure (5.7) Pre-action system

5.3.4 Deluge system

Deluge systems are similar to pre-action systems, in most cases utilizing the same valves,
pipe, fittings, alarm initiating devices, automatic sprinklers, and detectors, although all of the
sprinklers are open and do not include the heat responsive element. Spray nozzles can be used in
deluge systems instead of the open automatic sprinklers. The difference between pre-action and
deluge systems is that with the sprinklers open at all times, neither air nor water can be
maintained in the piping. The deluge system requires a detection system to operate and signal
the deluge valve, opening the valve and allowing water to flow through the piping and discharge
through all of the sprinklers or nozzles simultaneously.

Figure (5.8) Deluge system
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5.4 Firefighting network components

Water source:

The main sources of firefighting water are Water Tanks Underground.

hobhE

Pipes:

Black steel

Galvanized steel

High density polyethylene
UPVC poly vinyl chloride

Firefighting pipes should be tested after installation at site to ensure durability of the system.
All pipes, fittings, valves and other accessories should be tested at four bars above the working
pressure for two hours according to the NFPA13 code.

1.

w

Valves:

Sectional valves: are used to separate specific parts of the firefighting network for
maintenance and repair times and should be automatically supervised.

Drain valve: should be placed at the lowest point of the firefighting network to drain the
water network for washing & maintenance of the pipes.

Check valve.

Standpipes.

Figure (5.9) Firefighting network
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5.5 Firefighting pumps

A fire-fighting pump is a centrifugal pump which is used for pumping fire-fighting water. Fire-
fighting pumps can be designed for transportable use (e. g. on fire-fighting vehicles or as
portable fire pumps) or for stationary use (e. g. hydrants, sprinkler systems).

5.5.1 Pumping stations should include

1- Electrical firefighting pump.
2- Stand-by Diesel Firefighting Pump. (No need if an extra electric pump is connected to an
electric generator).
Diesel pump works if:
e The electrical pump is out of service, or if there is a lack of electricity.

e The electrical pump is working but can’t satisfy system water requirements.

3- Jockey Pump: work to make up the system pressure in case of leakage or during the first
seconds of fire.

Pumps are selected to supply the system demands on the basis of three key points relative to their
rated flow and rated pressure; most fire pumps are sized to exceed its duty point requirement.

5.5.2 Type of pumps

1- Horizontal split case pumps:

This is also called a double suction fire pump because the water pathways direct water to
both sides of the impeller. It is also the most common fire pump on the market partly
because of the ratings available in this style of pump 250 GPM through 5000 GPM.

Figure (5.10) Horizontal split case pump
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2- Inline fire pumps:

These pumps have expanded in use in the last five years for several reasons, space savings,
increase in ratings allowable by NFPA 20 from max of 499 GPM, and then to 750 GPM, to
today which is unlimited rating. The largest currently available is 1500 GPM, Cost of
installation —these are typically less expensive to install because there is no base plate that
requires grouting.

Figure (5.11) Inline fire pump
3- End suction pumps:

A type of centrifugal pump that has a casing with the suction coming in one end and the
discharge coming out the top. They are almost always single stage pumps, that is, they have only

one impeller.

End suction fire pumps not widely used mostly because they are limited in size per code. They
are also slightly more expensive than in line pumps, the one pump application where it is used is
small diesel driven applications 500 GPM or | less.
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Figure (5.12) End suction pump
4- Vertical turbine pumps:

These are used for vertical turbine pumps these are used for water supplies that are below the
suction flange of a fire pump; NFPA 20 states that you have to have a positive suction pressure

to a fire pump.

Figure (5.13) Vertical turbine pump

5.6 Flow rate calculations

The flow rate was calculated using Jordanian code and (Elite Fire Fighting) program software, 8
gpm from cabinet and 250 gpm for fire hydrant and 22.6 gpm for sprinkler, and the total flow
rate for the system(for sprinklers) is 157 gpm.
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5.6.1 Head estimation

Hpump = HR + Hs + Hs¢ (5.1)
Hpump : is the head of pump.

Hr s the residual pressure.

Hs : is the static pressure.

H  :isthe friction pressure.

*Static pressure Hs :

for10.3m — 1bar

322m —»X

The Static pressure Hs = 3.12 bar for the total height.

*We use Elite Fire Fighting program for the calculation of the head and flow rate for the

pumps. By this program we enter the inputs (length and diameter of pipes , number of tees and
other fittings in each pipe, hazard description) and the outputs are the head and flow required for
pumps.

Calculation ] Pipe Sizing/Constiaints ]
Number Of Unique Pipe Sections: |2|;| HMD Sprinkler Node Number: |a
Number Of Flowing Sprinklers: |] 2 HMD Actual Residual Pressure psi |12_1 10
Maximum Flow Velocity  ft/sec [24.330 HMD Actual Flow Rate gpm  [19.487

[in pipe 13 - 15

Sprinkler Flow gpm |335_373 Demand Resid Press At Sys Inflow Node: psi |1|]2_ 510
Non - Sprinkler Flow gpm |[| Demand Flow At System Inflow Node apm |333_353
BEG-Mode |Modal Tty Sprinkler | Residual  |NomDia | Q(gpm) Fri-Loss/ft |Nom.Len |PF-psi ﬂ
END-Mode |K-Factor [K) it Flow [gpm) | pressure | Inside-Dia | Velocity(fps)| Fittings Fitting-Len | PE-psi
[psi] CvaL Type-Group | TotalkLen | PV-psi
1 5.60 100.00 2370 17.92 1.000 2367 017786 4.921 1.05
2 0.00 100.00 0.00 18497 1.043 879 F 1.000 0.00
120.00 5.92 052
2 0.00 100.00 0.00 18497 1.000 2368 017786 4.921 1.05
3 5.60 100.00 237 17.92 1.043 879 F 1.000 0.00
120.00 592 0.52
2 0.00 100.00 0.00 18497 1.000 47.38 064210 10,100 9.69 j
= . . P ~ R s Py R NE
Calculate
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Figure )5.14(Elite Fire Fighting program for the calculation
dp pumps

=)

Selection Data sheet My profile Data update My files Catalogue
Contact +31 172 48
Search Hydraulic DPV 85/4-2 B 50Hz
Medium to be pumped Water v Flow [ USGPM]
oW
Flow * 1336.37 USGPM
= v B 199 50 A A9 A PR 99 859 P _
Pressure 1025 PS1 ] | | | T | T I I I "] Duty point
No of duty pumps 1w |[]Freq. Driven 1407 ® Actual
Mo. of poles 2 Poles W 120: O Required
Application O Constant pressure ]
(®) System curve — 1003 o
E o 7]
Freguency S50Hz | [y SDE
b= |
wr | e e o =
Show Low NPSH curves $ ool rosrs Rea Duty Pt
Suggested standard (pre-configured) models 401 338.37 USGPM
Available models Wodel version [ 7] E 102.5 Pl
DPV 85/4-2B DPVWCF 85/4-2B |E3 20; 352.00 USGFM
A DPV125/3-2B DPVCF 85/M-2B EXM IEC pd
¥ DPVE5/3B DPVF 85/4-2 B IE3 100
¥ DPV125/2B DPVF 85/4-2 B EXM IEC _
DPVSF 85/4-2B IE3 # 157
DPVSF 85/4-2B EXMIEC = 504
5
o 254
& model(s) fsted. g 740%
Refine 2%
Installation (ALL) v 1
Selecton Efficiency v = 124
Material ) T
. (ALL) o % 3
Connection {ALL) w < .
Motor voltage (ALL) w T5h
Connection standard (ALL) o 0
Efficiency class (ALL) v = 30_/'_,—\
= -
Adiustto duty pt. | Frequency (Hz) =
z“g 101
—J o i 3057 hp
0 ﬂ:| 5 >>| %0 DIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 0 100 150 200 250 300 350 400 480 00

Flow [ USGPM]

Figure (5.15) dp pump program for the calculation
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Chapter Six

Swimming Pool Heating System

6.1 Introduction

e The pool owner requires absolute hygiene crystal clear water & Economy of effort.
e Factors results in pollution of swimming pool.

1. Biological contamination.

2. Rainfall & wind.

Solution to problem of pollution
1. Physical treatment

Supply the pool with filtration system (filter and pump) to eliminate suspended particles from
pool water

2. Chemical treatment

Maintain the correct level of sanitizer (Chlorine, bromine, oxygen) to combat micro-organisms
by its disinfector action.

Figure (6.1) Horizontal drop for swimming pool
The four pool types that are available include:
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e Above-ground pool.
e Vinyl-liner pool, in-ground.
e Fiberglass pool, in-ground.

e Concrete pool, in-ground.

6.2Filtration cycle

e Assuction is taken from the main drain on the bottom of the pool and skimmers at the
surface of the pool & fed via suction line through the pump to filter.

e The filtered water is returned to the pool through return inlets.

e Once in the filter, the water is circulated downward through silica sand & suspended

particles are retained.

e Usually the initial pressure in the filter is 11.5 psi, due to particles retained in the sand
filter, the pressure is going to rise, when the pressure in the filter raises 7 psi with
reference to the initial pressure, backwash is needed.

(;j:
Filter

Figure (6.2) Filter shapes
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The main duty of the filter is to remove insoluble and suspended particles and should be with a

chemical treatment to have:

1. Clean and non-toxic water

2. Tasteless and odourless water
3. Free of bacteria and algae
4

PH balanced to prevent corrosion and scale formations

4. Handy Clamp Lock
1. 6-Way Multiport Valve e——— The hinged clamp allows 360° rotation of the
Unique design allows tool-free P— valve to simplify installation and plumbing

service and maintenance work

5. Filter Tank

2. Finalion bed An innovative T-shaped filter tank is designed

30% higher filtration bed

for better backwashing. The tank in HDPE material
promotes deeper water filtration

can withstand higher water pressure and water

for better water quality temperature
11T 1

6. Double-Layered Lateral System
Benefits from uniform filtered
water collection and provides

3. Drain Cover
Robust and reliable
to reduce operating
and maintenance thorough backwashing of the

costs filter media

Figure (6.3) Filter parts

6.2.1Components of Filtration cycle

Filter

Selector valve (Multi-port valve) 3- Skimmers
Main drains

Return inlets

Pump

I o

Pipes Network
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FILTER

\ | ! J ﬁﬁ To WASTE

—» § CHEMICAL DOSING
PUMPS
e

CHEMICAL STORAGE
TANKS

Figure (6.4) Components of Filtration cycle
How filters differ from each other?

Tank material (HDPE, Reinforced fiberglass, Gelcoat fiberglass, Resistant plastic ...etc.)
Max operating pressure

Max temperature

Capacity

Application

agbkrowpndE

Commercial filters also differ in:

1. Filtration System
2. Design Filtration Velocity

Glass Filtration Media

ENHANCE FILTRATION PERFORMANCE

For all types of swimming pool, water park and water features

Figure (6.5) Glass filtration media
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6.3 valve

Selector valve (Multi-port valve)

WASTE WASTE

OUT FLOW

IN FLOW IN FLOW IN FLOW

Backwash Rinse Closed

Cleaning Filter by
reversing the flow

Used after backwash Shuts off all flow to
to flush dirt from valve filter or pool

Normal Filtration ‘

Functions : 6-Way Multiport Valve

WASTE WASTE WASTE WASTE WASTE WASTE

=

IN FLOW OUT FLOW IN FLOW OUT FLOW IN FLOW OUT FLOW IN FLOW OUT FLOW INFLOW OUTFLOW  INFLOW OUTFLOW

Backwash Rinse Waste Recirculate Closed

By-passes filter,

Usedafter | coqforvacuuming | By-passes filter

Cleaning Filter Backuiah 1o

Shuts off all flow

by reversing the | ot § to waste outlet for circulating |7 "eo o
flow lush dirt from | or |owering water water tapael to filter or pool
valve level
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6.4 Skimmers
e Primarily used to eliminate surface debris from pool water, therefore should be installed

with their mouth facing prevailing winds.

e For pools with 1 to 2 skimmers, they should be placed along the width of the pool at the
deep end against the prevailing winds and return inlets.

e For pools with 3 skimmers or more, they should be placed along the length of the pool
e Inall cases should be positioned against the return inlets.

Figure (6.6) Skimmers

6.5 Main drain

e It’s placed at the bottom of the pool in the deepest point.
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Figure (6.7) Main drain

6.6 Return inlets

Their function of return inlets is:

To create a current in the swimming pool water using filtered water

To direct surface debris to the mouth of the skimmer

To create uniform water flow in pools to prevent the dead spots

Usually placed a return inlet 0.4 m below water level.

Return inlet water flow velocity should be in the range of 0.3 — 1.2 m/s

The return inlet should be provided with a moving angle eyeball to direct water up, down,
and side.

e The number of return inlets required to depend on the flow rate required and the type of
pool

ogakrwdPE

(g ) (@
~ ——
s

Figure (6.8) Return inlet
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6.7 Designing of swimming pools

Swimming pool design depends on:

Number and type of bathers
Degree of environmental pollution
Location — indoor or outdoor pool
4. Wind velocity and direction

wMh e

Selection of components depends on:

1. Head resistance increase as dirt is build up in the filter.
2. The pump flow rate varies with the variation of the head.
3. Heater resistance increase with time due to Calcareous formation.

If the slope of the bottom is gradual and even if not, we divide the pool into parts each with
uniform scale formation slope.

6.8 Calculation for swimming pool

6.8.1Swimming pool capacity

Represents volume of water in pool = pool surface area * average depth Average depth =
(shallow end depth + deep end depth) / 2 (6.1)

Length of pool=10.5m

Width of pool=5 m

Depth=1.85m

Swimming pool capacity=10.5*5*1.85=97.12 m®
- Turnover time:

e Represent the number of hours required to recirculate pool capacity through filter.
e American code
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1. Spa 0.5 hour

2. Wading pool 1 hour

3. School pool 4 hours

4. Hotel and commercial 5-6 hours
5. Residential pools 8-10 hours
6. Indoor pools 10-12 hours

Turnover time used in our country is 4 hours

Why 277
1. Bathing density

1 bather / 4 square meter of pool surface (international code)
2. Swimming clothes

No special clothes used
3. Type of bather

Nobody has a shower before entering the pool

4. Environment
5. Psychological reason

People refuse to turn on the pump for a long time and always don’t add the required disinfection.

6.8.2 Flow rate

Flow rate = Pool capacity / Turnover time
Units:

Flow rate in cubic meter / hour

Pool capacity in cubic meter

Turnover time hours

Turnover time Units at Palestine =4 hour

Flow rate = 97.12m3/4 hour=24.2 m3/h

6.8.3 Filter selection

To select the required filter to calculate:
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1. Flow rate
2. Filter surface area

3
Filter surface area (m?) = Flow rate (m?3/hr) / Filtration velocity (mm—/zhr of filtering surface area)  (6.3)

Filtration velocity according to Palestinian code:
Minimum velocity = 8

Maximum velocity = 40

Filter surface area = flow rate / 30

Filter surface area = 24.2 / 30=0.8 m2

6.8.4 Skimmer selection

To select the required quantity of skimmer we have to:

1. Install one skimmer per 25 square meter of pool surface area.

No of skimmers required = pool surface area / 25

(6.4)

2. Taking into account that the total capacity of a skimmers should be approximately equal

50% of the filter flow rate.

No of skimmers required = 50% of flow rate / max flow rate in each skimmer (from catalogues)

Note: We take the largest No calculated from the previous calculations
Install one skimmer per 25 square meter of pool surface area.
The area of pool swimming=length *width=10.5*5=52.5 m?

# of skimmer = area for pool/25=52.5/25=2 skimmer

6.8.5 Main drain selection

e Usually install more than one main drain
e No of main drain required = 50% flow rate / main drain flow rate

Hint: Try to install one main drain each 2 meters from pool width

Assume we select main drain (Al)
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No of main drain required = 50% flow rate / main drain flow rate

=0.5*24.2/9=2 main drain

-

300 1 pe 29199 i }
pre @D 1 9B === 105 b (] 38 =it p e
—— -
—_— ] %
2 ~ J -
e ’

91600302 EMOO10-RV 15" Intemal Threaded Vinyl Pool
91600301 EMO010-RC 1.5" Intemal Threaded Concrete Pool 150

Figure (6.9) Main drain selection

6.8.6 Return Inlet Selection

Taking into account that the total capacity of the return inlets should be equal 100% of the filter
flow rate.

No of return inlets required = Flow rate/ return inlet flow rate
No of return inlets required = 24.2/ 9=3return inlet

So the # of return inlets required=3return inlet

Return Inlet EM4408

1. For concrete pool
2. Adjustable angle

%{56

91601211 EM4408(A) 1"/1.5" Class 12 Solvent 50/150
91601234 EM4408(A1) 1"/1.5" Class 15 Solvent 50/150
91601212 EM4408(E) 32mm/50mm PN10 Solvent 50/150
91601235 EM4408(E1) 32mm/50mm PN16 Solvent 50/150

Figure (6.10) Return Inlet Selection
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6.8.7 Pipe Sizing

Pipe is sized to carry the water flow rate without exceeding the maximum head at which
the pump will deliver such flow rate.

Today most pipes used in pool plumbing is PVC plastic pipes (Polyvinyl chloride) since
itis:

Easy to install

Resistance to corrosion

Economy in lab or and materials

Pipe sizing consideration:

5.
6.

Required flow rate m3/h or gpm in each pipe section

Length of plumping runs and equivalent length of fittings

The suction line plays a critical part in the wear and efficiency of pump, therefore it
should be straight and short, so that the velocity is in the range of (1.6-3.3 ft/s) with a
maximum head loss 6ft/100 ft.

The sizing of discharge line is based on velocity (3.3-10 ft/s) and max friction head (12ft
/100 ft).

Always choose the largest pipe.

For Spa Pipes we use CPVC pipes (Chlorinated polyvinyl chloride).

For our swimming pool we have:

Flow rate =24.2 m®

No. of skimmers =2 flow in each skimmer = 8.06 m3/h No. of
main drains =2 flow in each main drain= 4.04m3/h No. of
return inlets =3 flow in each inlet = 8.06 m3/h

Suction: recommended velocity=1.6-3.3 ft/s

Suction:max head loss per 100 ft=6 ft

Discharge: : recommended velocity=3.3-10 ft/s

Discharge: max head loss per 100 ft=12 ft
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Pipe Suction / Flow rate Flow rate pipe size Velocity Head loss

number discharge mé/h inch Ft/s Per 100 ft
1 suction 8.06 35.5 2% 2.7 1.3

2 suction 16.12 71 4 2 0.4

3 suction 4,04 17.8 2 2.2 1.1

4 suction 20.16 88.7 4 2.6 0.6

5 suction 24.2 106.5 5 1.9 0.2

6 discharge 8.06 35.5 2 3.9 3

7 discharge 16.12 71 2 1/2 5.9 5.1

8 discharge 24.2 106.5 3 5 2.9

@2

4insh 1612 mah

fillter

return return =]
inlet inlet

(G 2insh(®
Zinsh e 06 m3m 8.06 m3h

@ 212insh
16.12m3h

®242man

Figure (6.11) Selection of pipe sizing

6.8.8 Pump Selection

e To select any pump we need to determine two values
1. Flow (as we calculated it)
2. Head

Head = Static Head + Dynamic Head (6.6)
Static Head = zero

e Dynamic Head = Friction head in filter+ Friction head in (Skimmers + Main drains +
return inlets) + Friction head in Suction line+ Friction head in Discharge line

Friction head in filter = 10 psi = 6.7 m
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Friction head in (sk. + drains + return) =1.5m

Recommended dynamic head = (12 — 14) m

Product Information and Dimensions:

Head (m)
Model Input Current | Noise 2 1 1%
S0Hz [ (W) | (AMP) [ (dB)

Flow Rate (m9/h)

SE55 470 65 55 425 25 - -
SE7.5 640 9 76 775 71 625 525 40 20
SE10 860 14 7% 1115 104 97 85 75 55
SE15 1240 18 8 137.5 1325 1265 120 110 101

T

88026816  SES.5 "/ 90mm 5.5hp 380-420 DN80 DN80
88026811 SE7.5 3 /90mm 7.5hp 5 5 380-420 100 860 415 DN80 DN80
88026812 SE10 4'/110mm 10hp 75 380-420 118 915 445 DN100  DN100
88026813 SE15 4'/110mm 15hp 110 380420 130 945 445 DN100  DN100

Figure (6.11) Pump Selection
We choose model SE5.5
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6.8.9 Heating system

Heating plate system:

Flow rate=39.4 m®h

Product Features

1. ENERGY SAVING

a. Heat transfer coefficient is
3000-4500 kealh'm™°C”

b. Thermal efficiency is 3-5 times higher
than the shell-and-tube heat exchanger.

2. COMPACT STRUCTURE

a. The plates are closely stacked together
thus requiring only a small space in compoarison
with other types of the heat exchanger.

b. Easy disassembly for cieaning. Clean plates
enable a high degree of turbulence which
helps to avoid furring.

3. LONG SERVICE LIFE

a. Highly corrosion resistant titanium alloy heat

exchanger plates.

b. The inferface pads can be easily replaced.
Easily disassembled for maintenance.

4. ADAPTABILITY

a. The plates of the heat exchanger are
independent components.

b. The operation is flexible, the flow can be
increased or decreases as required.

Figure (6.12) Heat exchanger
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28°C

Heated swimming pool

1. The temperature of the hot water source should be 70-90°C.
2. It is only suitable for indoor swimming pools. The ambignt
temperature should not be under 5°C.

3. The inifial temperature should between 15-28°C.

Fool circulation pump

Drain

|

O

i Temperature sensor

'fll T Eypass valvel | "

Controller

i

iHot water supply

ﬁ;—-—

Solenoid valve

heat exchanger

= Condenzate discharge

mm

Product Model 12 hours initial heating Heat Exchanger
88540507 BSH25-15 100 9 15 25 275 185 480 295 2056 500 42
88540508 BSH405-3 200 18 3 40 305 240 550 325 260 570 59
88540509 BSH505-5 400 856 37 3 50 485 320 870 505 340 890 170
88540510 BSHS056 500 1070 46 [ 80 585 420 977 615 440 977 270
88540511 BSHS50S9 800 1690 73 q 80 500 420 977 619 440 977 288
88540512 BSHBO0A-11 1000 2114 91 11 80 615 420 977 635 440 977 302
88540513 BSHBROA-12 1200 2356 109 12 80 723 420 977 743 440 9m7 309

6.8.10 Chlorinator

Figure (6.13) Catalogue of heat exchanger
Choose model BSA40S-5, heat source flow =43 m%h

e Available in different sizes (2, 3, 5 and 10 kg)

e 1Kkg=5drops

e For (0-100 m3 of water) we have to add 5 kg
e For more than 100m3 we have to add 10 kg

e It’s forbidden to let the chlorine enter the filter.
e %chlorine = 2 parts /million
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88540414 BSA25-1 100

88540415 BSA40S-2 200 2

88540416 BSA405-3 400 3

88540417 BSA40S4 500 4

88540418 BSA405-5 800 ] 5

88540419 BSA40S-6 1000 1242 a3 [ 80 595 420 977 615 440 977 270
88540420 BSA40S-T 1200 1490 4 7 80 625 420 977 645 440 977 277
88540421 BSA405-11 1800 2194 84 11 80 615 420 977 B35 440 977 302
88540422 BSA40S-12 2000 2438 105 12 80 723 420 477 743 440 977 308



Figure (6.14) chlorinator

Power Supply

Pool Light
Cable (If fitted)

1.5M MIt

Return to Pool

Figure )6.15 ( swimming pool rotation system

Installation

Skommer

Mam Dran

’ UM i Boder

g Heat Pump
and Solar
Systemn

otc

Figure (6.16 )Heating Equipment Swimming Pool
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Appendix (A)

A-1: Description of wall construction groups

TABLE 9-5 Description of wall construction groups.

Group
No. Description Of Construction
SR 01 .6 mm Face Brick - (Brick) :
All‘ space + 101.6 mm face brick
101.6 mm common brick
25.4 mm insulation or air space + 101.6 mm common
brick
50.6 mm insulation + 101.6 mm common brick
203.2 mm common brick
Insulation or air space + 203.2 mm common brick

PEE OUN

SConcrete)

230156 mm Face.Brick (- Wa
Air space + 50.8 mm concrete
50.8 mm insulation + 101.6 mm concrete
Air space or insulation + 203.2 mm or more concrete
10156 'mm Face Brick + (1-WZor HoW iGoncrete Block):
101.6 mm block
Air space or insulation + 101.60 mm block
203.2 mm block
Air space or 25.4 mm insulation + 152.4 mm or 203.2
mm block
50.8 insulation + 203 2 mm block
40176 mmFace Brick +(Clay Tile) =i
101.6 mm tile
Air space + 101.6 mm tile
Insulation + 101.6 mm tile
203.2 mm tile
Alir space or 25.4 mm insulation + 203.2 mm tile
50.8 mm insulation + 203.2 mm tile
S ETUW Concrete Wall S5 (Finish) 2 54
101.5 mm concrete
101.6 mm concrete + 25.4 mm or 50.8 mm insulation
50.8 mm insulation+101.6 mm concrete
203.2 mm concrete
203.2 mm concrete + 25.4 mm or 50.8 mm insulation
203.2 mm concrete + 50.8 mm insulation
304.8 mm concrete
304.8 mm concrete + insulation
LW . and H.W. Concrete Block = (Finish) &
101.6 mm block + air space/insulation
50.8 mm insulation + 101.6 mm block
203.2 mm block
203.2 mm block + air space/insulation
= Clay iale = (HFinish) 3
101 6 mm tile
101.6 mm tile +air space
101.6 mm tile + 25.4 mm insulation
80.8 mm insulation + 10.4 mm tile
203.3 mm tile + air space/25.4 mm insulation
50 8 mm insulation + 203.2 mm tile
Metal Curtain 'Wall
W1th/w1thout air space + 25.4 mm/58 to 76.2 mm
1nsulat10n

C
B
A

E
D
D
C
B
D
D
C
C
B
A
E
D
C
C
B
A
B
A
F
E
E
D
F
A o
F
D
C
B

G

‘Frame Wall
24 .4 mm to 76.2 mm insulation

G

2.033
2.356

0.987-1.709
0.630
1.714

0.874-1.379

1.811
0.868-1.397
1.555

1.255-1.561
0.545-0.607

2.163
1.595
0.959
1.561
0.806-1.255
0.551

3.321
1.136 - 0.675

1. 061 0.653
0.653
2.390
0.642

0.914-1.493
0.596-0.647
1.669-2.282

0.846-0.982

2.379
1.720
0.993
0.825
0.857-1.312
0.562

0.516-1.306

1.010 - 0.459

107



A-2: Approximate CLTD values for light, medium, and heavy weight construction walls

TABLE 9-6 Approximate CLTD values for light, medium, and heavy weight construction walls, °C.

Wall construction

Solar Light Medium Heavy

Time N E S8 W| N E S W| N E S W
8:00 - 16 - -] - - - — - - — —
9:00 - 20 — —| — 6 — — - - — —
10:00 — 21 2 - — 11 - — - = = —
11:00 — 18 7 - - 14 — —| — 3. — —
12:00 - 12 12 —| — 15 — —| — 5 - —
13:00 2 9 15 5| — 14 5 —| — 7 — . —
14:00 3 7 16 13| — 12 9 1] — 8§ — —
15:00 3 7 14 21 1 10 11 6 — 8 1 —
16:00 4 6 11 27 2 9 12 12| — 8 3 —
17:00 4 5 7 30 2 8 11 171 — 8 5 3
18:00 5 3 27 3 7 9 22 — 8 6 7
19:00 2 1 1 17 3 5 93] 7 6 10
20:00 —_ —  — 6 3 3 5 20 1 7 6 12

A-3: Approximate CLTD values for sunlit roofs

TABLE 9-3 Approximate CLTD values for sunlit roofs, °C.

Roof Construction
Solar Time Light Medium Heavy
10:00 5 = ——
11:00 12 - —
12:00 19 3 0
13:00 25 8 2
14:00 29 14 5
15:00 31 19 8
16:00 ’ 31 23 10
17:00 29 25 12
18:00 24 26 14
19:00 19 25 15
20:00 11 22 16
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A-4: Infiltration through window and door crack in cubic meter per hour per meter of
crack

TABLE 6-1 Infiltration through window and door crack in cubic meter per hour per meter of crack.!

‘Wind Speed, km/h
Type of Aperture Remarks 8.0 16.0 24.0 32.0 40.0
Double-hung Average; non-weather-stripped. 07 21 39 59 80
wood-sash Average; weather-stripped. 04 13 24 36 49
windows Poorly fitted; non-weather-
-(Unlocked) stripped. 27 6.9 11.1 154 199

Poorly fitted; weather-stripped. 06 19 34 51 7.1
Around window frame; masonry

wall, uncalked. 03 08 14 20 27
Around window frame; masonry
wall, calked. 01 02 03 04 0.5
Around window frame; wood '
frame structure. ‘ 02 06 1.1 1.7 2.3
Double-hung Non-weather-stripped; unlocked. 2.0 4.7 7.4 104 13.7
metal windows  Non-weather-stripped; locked. 20 45 70 96 125
‘Weather-stripped; unlocked. 06 19 32 46 6.0
Single-sash metal Industrial; horizontally pivoted. 5.2 108 176 244 304
windows Residential casement 14 32 52 7.6 10.0
Vertically pivoted . 30 88 145 186 22.1
Doors Well-fitted 27 6.9 11.0 154 199
Poorly fitted 54 138 220 308 39.8
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A-5: Cooling load factor (CLF), for lights

Table (A-8) Cooling load factor (CLF)w, for lights. 2

Number of hours Fixture X© Fixture Y¢
after lights are hours of operation hours of operation
turned On 10 16 10 16

0 0.08 0.19 0.01 0.05

1 0.62 0.72 0.76 0.79

2 0.66 0.75 0.81 0.83

3 0.69 0.77 0.84 0.87

4 0.73 0.80 0.88 0.89

5 0.75 0.82 0.90 0.91

6 0.78 0.84 0.92 0.93

7 0.80 0.85 0.93 0.94

8 0.82 0.87 0.95 0.95

9 0.84 0.88 0.96 0.96
10 0.85 0.89 0.97 0.97
11 0.32 0.90 0.22 0.98
12 0.29 0.91 0.18 0.98
13 T 0.26 0.92 0.14 0.98
14 0.23 0.93 0.12 0.99
15 0.21 0.94 0.09 0.99
16 0.19 0.94 0.08 0.99
17 0.17 0.40 0.06 0.24
18 0.15 0.36 0.05 0.20

3 Adapted from Stoecker and Jones, 1982, “Refiigeration and Air Conditioning”, 2™ ed.,

MacGraw Hill. (Fixture X = not vented recessed lights and Fixture Y = vented or free-hanging light.)

4 Adapted from Jones, 1979 “4ir Conditioning applications and Design”, Edward Arnold.

A-6: Cooling load factor due to occupants (CLF), for sensible gain

Table (A-6-2) Cooling load factor due to occupants (CLF)oc. , for sensible heat gain.5

Hours after Total hours in space
each entry into
space 2 4 6 8 10 12 14 16

1 0.49 0.49 0.50 0.51 0.53 0.55 0.58 0.62
2 0.58 0.59 0.60 0.61 0.62 0.64 0.66 0.70
3 0.17  0.66 0.67 0.67 0.69 0.70 0.72 0.75
4 0.13 0.71 0.72 0.72 0.74 0.75 0.77 0.79
5 0.10 0.27 0.76 0.76 0.77 0.79 0.80 0.82
6 0.08 0.21 0.79 0.80 0.80 0.81 0.83 0.85
7 0.07 0.16 0.34 0.82 0.83 0.84 0.85 0.87
8 0.06 0.14 0.26 0.84 0.85 0.86 0.87 0.88
9 0.05 0.11 0.21 0.38 0.87 0.88 0.89 0.90
10 0.04 0.10 0.18 0.30 0.89 0.89 0.9 0.91
11 0.04 0.08 0.15 0.25 0.42 0.91 0.91 0.92
12 0.03 0.07 0.13 0.21 0.34 092 092 0.93
13 0.03 0.06 0.11 0.18 0.28 0.45 0.93 0.94
14 0.02 0.06 0.10 0.15 0.23 0.36 0.94 0.95
15 0.02 0.05 0.08 0.13 0.20 0.30 047 0.95
16 0.02 0.04 0.07 0.12 0.17 0.25 0.38 0.96
17 0.02 0.04 0.06 0.10 0.15 0.21 0.31 0.49
18 0.01 0.03 0.06 0.09 0.13 0.19 0.26 0.39
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A-7: Cooling load temperature differences (CLTD) for convection heat gain for glass
windows

————

Table (A-7) Cooling oad temperaturs diferences (CLTD) for convection heat gainfor glass windows,

m 12345678 91011121314151617181920212223 4

CE'gDIO-l—l—l—l—lO1245778877643221

A-8: Cooling load factor (CLF) for glass windows without interior shading

Table (A-5-1)  Cooling load factors (CLF) for glass windows without interior shading, north latitudes.
Glass Building Solar Time, h
Facing Construction| 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
L 0.17 0.14 0.11 0.09 0.08 0.33 0.24 0.48 0.56 0.61 0.71 0.76 0.80 0.82 0.82 0.79 0.75
N M 0.23 0.20 0.18 0.16 0.14 0.34 0.14 0.46 0.53 0.59 0.65 0.70 0.73 0.75 0.76 0.74 0.75
Shaded H 0.25 0.23 0.21 0.20 0.19 0.38 0.45 0.49 0.55 0.60 0.65 0.69 0.72 0.72 0.72 0.70 0.70

L 0.06 0.05 0.04 0.03 0.03 0.26 0.43 0.47 0.44 0.41 0.40 0.39 0.39 0.38 0.36 0.33 0.30
NNE M 0.09 0.08 0.07 0.06 0.06 0.24 0.38 0.42 0.39 0.37 0.37 0.36 0.36 0.36 0.34 0.33 0.30
H 0.11 0.10 0.09 0.09 0.08 0.26 0.39 0.42 0.39 0.36 0.35 0.34 0.34 0.33 0.32 0.31 0.28

L 0.04 0.04 0.03 0.02 0.02 0.23 0.41 0.51 0.51 0.45 0.39 0.36 0.33 0.31 0.28 0.26 0.23
NE M 0.07 0.06 0.06 0.05 0.04 0.21 0.36 0.44 0.45 0.40 0.36 0.33 0.31 0.30 0.28 0.26 0.24
H 0.09 0.08 0.08 0.07 0.07 0.23 0.37 0.44 0.44 0.39 0.34 0.31 0.29 0.27 0.26 0.24 0.22

L 0.04 0.03 0.03 0.02 0.02 0.21 0.40 0.52 0.57 0.53 0.45 0.39 0.34 0.31 0.28 0.25 0.22
ENE M 0.07 0.06 0.05 0.05 0.04 0.20 0.35 0.45 0.49 0.47 0.41 0.36 0.33 0.30 0.28 0.26 0.23
H 0.09 0.09 0.08 0.07 0.07 0.22 0.36 0.46 0.49 0.45 0.38 0.31 0.30 0.27 0.25 0.23 0.21

L 0.04 0.03 0.03 0.02 0.02 0.19 0.37 0.51 0.57 0.57 0.50 0.42 0.37 0.32 0.29 0.25 0.22
E M 0.07 0.06 0.06 0.05 0.05 0.18 0.33 0.44 0.50 0.51 0.46 0.39 0.35 0.31 0.29 0.26 0.23
H 0.09 0.09 0.08 0.08 0.07 0.20 0.34 0.45 0.49 0.49 0.43 0.39 0.32 0.29 0.26 0.24 0.22

L 0.05 0.04 0.03 0.03 0.02 0.17 0.34 0.49 0.58 0.61 0.57 0.48 0.41 0.36 0.32 0.28 0.24
ESE M 0.08 0.07 0.06 0.05 0.05 0.16 0.31 0.43 0.51 0.54 0.51 0.44 0.39 0.35 0.32 0.29 0.26
H 0.10 0.09 0.09 0.08 0.08 0.19 0.32 0.43 0.50 0.52 0.49 0.41 0.36 0.32 0.29 0.26 0.24

L 0.05 0.04 0.04 0.03 0.03 0.13 0.28 0.43 0.55 0.62 0.63 0.57 0.48 0.42 0.37 0.33 0.28
SE M 0.09 0.08 0.07 0.06 0.05 0.14 0.26 0.38 0.48 0.54 0.56 0.51 0.45 0.40 0.36 0.33 0.29
H 0.11 0.10 0.10 0.09 0.08 0.17 0.28 0.40 0.49 0.53 0.53 0.48 0.41 0.36 0.33 0.30 0.27

L 0.07 0.05 0.04 0.04 0.03 0.06 0.15 0.29 0.43 0.55 0.63 0.64 0.60 0.25 0.45 0.40 0.35
SSE M 0.11 0.09 0.08 0.07 0.06 0.08 0.16 0.26 0.38 0.58 0.55 0.57 0.54 0.48 0.43 0.39 0.35
H 0.12 0.11 0.11 0.10 0.09 0.12 0.19 0.29 0.40 0.49 0.54 0.55 0.51 0.44 0.39 0.35 0.31

L 0.08 0.07 0.05 0.04 0.04 0.06 0.09 0.14 0.22 0.34 0.48 0.59 0.65 0.65 0.59 0.50 0.43
S M 0.12 0.11 0.09 0.08 0.07 0.08 0.11 0.14 0.21 0.31 0.42 0.52 0.57 0.58 0.53 0.47 0.41
H 0.13 0.12 0.12 0.11 0.10 0.11 0.14 0.17 0.24 0.33 0.43 0.51 0.56 0.55 0.50 0.43.0.37

L 0.10 0.08 0.07 0.06 0.05 0.06 0.09 0.11 0.15 0.19 0.27 0.39 0.52 0.62 0.67 0.65 0.58
SSW M 0.14 0.12 0.11 0.09 0.08 0.09 0.11 0.13 0.15 0.18 0.25 0.35 0.46 0.55 0.59 0.59 0.53
H 0.15 0.14 0.13 0.12 0.11 0.12 0.14 0.16 0.18 0.21 0.27 0.37 0.46 0.53 0.57 0.55 0.49

L 0.12 0.10 0.08 0.06 0.05 0.06 0.08 0.10 0.12 0.14 0.16 0.24 0.36 0.49 0.60 0.66 0.66
SW M 0.15 0.14 0.12 0.10 0.09 0.09 0.10 0.12 0.13 0.15 0.17 0.23 0.33 0.44 0.53 0.58 0.59
H 0.15 0.14 0.13 0.12 0.11 0.12 0.13 0.14 0.16 0.17 0.19 0.25 0.34 0.44 0.52 0.56 0.56

L 0.12 0.10 0.08 0.07 0.05 0.06 0.07 0.09 0.10 0.12 0.13 0.17 0.26 0.40 0.52 0.62 0.66
WSW M 0.15 0.13 0.12 0.10 0.09 0.09 0.10 0.11 0.12 0.13 0.14 0.17 0.24 0.35 0.46 0.54 0.58
H 0.15 0.14 0.13 0.12 0.11 0.11 0.12 0.13 0.14 0.15 0.16 0.19 0.26 0.36 0.46 0.53 0.56

L 0.12 0.10 0.08 0.06 0.05 0.06 0.07 0.08 0.10 0.11 0.12 0.14 0.20 0.32 0.45 0.57 0.64
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A-9: Cooling load factors for glass windows with interior shading

Table (A-5-2) Cooling Load factors (CLF) for glass windows with interior shading, North latitude.

Fenestration Solar Time, &
Facing 1 2 3 4 5 6 7.8 9 10 11 12 13 14 15 16 17
N 0.08 0.07 0.06 0.06 0.07 0.73 0.66 0.65 0.73:0.80°0.86 0.89 0.89 0.86 0.82 0.75 0.78

NNE 0.03 0.03 0.02 0.02 0.03 0.64 0.77 0.62 0.42 0.37 0.37 0.37 0.36 0.35 0.32 0.28 0.23
NE 0.03 0.02 0.02 0.02 0.02 0.56 0.76 0.74 0.58 0.37 0.29 0.27 0.26 0.24 0.22 0.20 0.16
ENE 0.03 0.02 0.02 0.02 0.02 0.52 0.76 0.80 0.71 0.52 0.31 0.26 0.24 0.22 0.20 0.18 0.15

E 0.03 0.02 0.02 0.02 0.02 0.47 0.72 0.80 0.76 0.62 0.41 0.27 0.24 0.22 0.20 0.17 0.14
ESE 0.03 0.03 0.02 0.02 0.02 0.41 0.67 0.79 0.80 0.72 0.54 0.34 0.27 0.24 0.21 0.19 0.15
SE 0.03 0.03 0.02 0.02 0.02 0.30 0.57 0.74 0.81 0.79 0.68 0.49 0.33 0.28 0.25 0.22 0.18
SSE 0.04 0.03 0.03 0.03 0.02 0.12 0.31 0.54 0.72 0.81 0.81 0.71 0.54 0.38 0.32 0.27 0.22
S 0.04 0.04 0.03 0.03 0.03 0.09 0.16 0.23 0.38 0.58 0.75 0.83 0.80 0.68 0.50 0.35 0.27

SSW 0.05 0.04 0.04 0.03 0.03 0.09 0.14 0.18 0.22 0.27 0.43 0.63 0.78 0.84 0.80 0.66 0.46
SW 0.05 0.05 0.04 0.04 0.03 0.07 0.11 0.14 0.16 0.19 0.22 0.38 0.59 0.75 0.83 0.81 0.69
WSW  10.05 0.05 0.04 0.04 0.03 0.07 0.10 0.12 0.14 0.16 0.17 0.23 0.44 0.64 0.78 0.84 0.78
w 0.05 0.05 0.04 0.04 0.03 0.06 0.09 0.11 0.13 0.15 0.16 0.17 0.31 0.53 0.72 0.82 0.81
WNW  10.05 0.05 0.04 0.03 0.03 0.07 0.10 0.12 0.14 0.16 0.17 0.18 0.22 0.43 0.65 0.80 0.84
NwW 0.05 0.04 0.04 0.03 0.03 0.07 0.11 0.14 0.17 0.19 0.20 0.21 0.22 0.30 0.52 0.73 0.82
NNW  (0.05 0.05 0.04 0.03 0.03 0.11 0.17 0.22 0.26 0.30 0.32 0.33 0.34 0.34 0.39 0.61 0.82
HORIZ. [0.06 0.05 0.04 0.04 0.03 0.12 0.27 0.44 0.59 0.72 0.81 0.85 0.85 0.81 0.71 0.58 0.42

A-10: Shading coefficient for glass with interior shading

Table (A-4-2) Shading coefficient (SC) for glass windows with interior shading.

Type of Interior Shading
Nominal | venetian Blinds Roller Shade
Thickness, Opaque Translucent

Type of Glass mm Medium  Light Dark  White Light
Clear, regular 2.56.0 — — — — —
Clear, plate 6.0-12.0 — — r — —
Clear Pattern 3.0-12.0 0.64 0.55 0.59 0.25 0.39
Heat Absorbing| 3 — — — — —
Pattern or 5.0-5.5 — — - —-
Tinted(gray
sheet)
Heat 5.0-6.0 0.57 0.53 0.45 0.30 0.36
Absorbing,
plate
Pattern or 3.0:5.5 — — — — —
Tinted, gray
sheet
Heat Absorbing 10 0.54 0.52 0.40 0.82 0.32
Plate or Pattern|
Heat Absorbing|
Heat Absorbing| - 0.42 0.40 0.36 0.28 0.31
or Pattern
Reflective - 0.30 0.25 0.23 — —
Coated Glass

— 0.40 0.33 0.29 — —

-— 0.50 0.42 0.38 = =

— 0.60 0.50 0.44 — —
Regular 3 0.57 0.51 0.60 0.25 —
Plate 6 0.57 0.51 0.60 0.25 —
Reflective 6 0.20- — -
Clear 0.57 0.51
Heat Absorbing|  5.0-6.0 0.39 0.36 0.40 0.22 0.30
Reflective — 0.20 0.19 0.18 —
Coated

— 0.30 0.27 0.26 —_ —

— 0.40 0.34 0.33 — —
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A-11: Shading coefficient for glass windows without interior shading

Table (A-4-1)

Shading coefficient (SC) for glass windows without interior shading.!

ear |

Heat absorbing

Regular — 0.90 =
Plate — 0.83 —
Reflective 6 — 0.20-0.40 -
Clear 3 0.71 0.88 0.88

6 0.61 0.81 0.82
Heat absorbing” 6 0.36 0.55 0.58

Type of Glass

Nominal Solar
Thickness, mm | Trans.
St aSingle Glass

3 0.84
6 0.78
10 0.72
12 0.67
3 0.64
0.46
0.33
0.42

Shading Coefficient, W/m*K

1.00

0.94
0.90
0.87
0.83
0.69
0.60

h=227 ]

053 |

A-12: Solar heat gain factor for sunlit glass

Table (A-3) Solar heat gain factor (SHG) for sunlit glass, W/m2, for a latitude angle of 32 °N.

Aug. Sep. Oct. Nov,

Dec.

Month Jan. Feb. Mar. Apr. May Jun. Jul.

N 76 85 101 114 120 139 126 117 104 88 76 69
NNE/NNW | 76 85 117 252 350 385 350 249 110 88 76 69
NE/NW 91 205 338 461 536 555 527 445 325 199 91 69
ENE/WNW | 331 470 577 631 656 656 643 615 546 451 325 265
E/W 1552 647 716 716 694 675 678 691 678 615 546 511
ESE/WSW | 722 764 748 691 628 596 612 663 716 738 710 688
SE/SW 786 782 716 590 489 439 473 571 688 754 773 776
SSE/SSW 789 732 615 445 213 262 303 429 596 710 776 795
S 776 697 555 363 233 189 227 350 540 678 767 795
Horizontal 555 685 795 855 874 871 861 836 770 672 552 498
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A-13: Values of infiltration air coefficient for windows

TABLE 6-2 Values of infiltration air coefficient K@ for windows.

Infiltration Air Coefficient K

Window Type . Average Minimum Maximum
Sliding .

Iron 0.36 0.25 0.40

Aluminum 0.43 0.25 0.70
Hung

Iron 0.25 0.10 0.60

Aluminum (side pivoted) 0.36 0.07 0.70

Aluminum (horizontal pivoted) 0.30 0.07 0.50

PVC 0.10 0.03 - 0.15

A-14: VValues of the factor S1

TABLE 6-3 Values of the factor S of Eg. (6-7).

Value
Ne  Topography of Location of §,
1 Protected locations by hills or buildings (wind speed = 0.5 m/s) 0.9
2 Unprotected locations such as sea shores, hill tops, etc. 1.1
3 Locations other than that listed in item (1) or (2) of this table. 1.0
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A-15: Values of the factor S2

TABLE 6-4 Values of the faclor S of Eq. (6-7).

Location Class Class 1 Class 2 Class 3 Class 4
BuildingHeight, (A B C [A B C |A B C|A B ¢
m

3 0.47 0.520.56 (0.50.60 0.64 [0.63 0.67 0.72 [0.73 0.78 0.83
0.50 0.5 0.60 (0.60 0.65 0.70 [0.70 0.74 0.79 [0.78 0.83 0.88
10 0.58 0.62 0.67 (0.690.74 0.78 [0.83 0.88 0.93 [0.90 095 1.00
15 0.64 0.690.74 (0.780.83 0.88 |0.91 0.95 1.00 |0.94 0.99 1.03

20 0.70 0.750.79 [0.850.90 095 |0.94 098 1.03 (096 1.01 1.06
30 0.79 0.850.90 [0.92097 1.01 |0.98 1.03 1.07 [1.00 1.05 1.09
40 0.89 0.930.97 {0.951.00 1.05 [1.01 1.06 1.10 [1.03 1.08 1.12
50 0.94 0.98 1.02 (1.00 1.04 1.08 |1.04 1.08 1.12 |1.06 1.10 1.14

60 098 1.021.05 [1.021.06 110 |1.06 1.10 1.14 |1.08 112 LIS
80 1.03 1.07 1.10 |1.O6 1.10 - 1.13 (1.09 113 117 |L.11 115 118
100 107 LI0LI3 |LO9 112 116 (112 116 119 |13 117 1.20
120 L10 LI3 LIS LITLIS LI18 |L14 118 1.21 |LI5 119 1.2

140 L2 LISLI7 LI3LI7 112 (116 119 122 |1.17 120 124
160 LI4 LI7119 [LIS1I8 121 |L18 1.21 1.24 [1.19 1.2 125
180 116 1191.20 {1.17120 1.23 (119 1.22 125 120 1.23 126
200 118 1211.22 J1.18 1.21 1.4 [1.21 1.24 126 [121 124 127

A-16: Instantaneous heat gain from occupants

TABLE 4-2 Instantanacus heat gain from occupanis in units of Watise),

Total
Total Heat | Adjusted™| Sensible| Latent
Typical Dissipation Heat Heat, Heat,
Type of Activity | Application Adult Male | Dissipation] "W W
Seated at rest Theater :
Matinee 111.5 4.0 &4.0 30.0
Evening 111.5 100.0 T0.0 30.0
Seated, very Offices, hotels,
i rlc apartments,
Hght wo I:;raura.m‘s 128.5 114.0 T0.0 44.0
Moderately
active office Offices, hotels,
work apartments 1355 128.5 71.5 7.0
Department
store, retail
Standing, light store,
work, walking | supermarkets 157.0 | 143.0 71.5 . TL.5
Walking, seated | Drug store 157.0 143.0 71.5 71.5
Standing,
walkin,
slowly ® Bank 157.0 143.0 T1.5 715
Sedentary work Restaurant - 1658.5 | 157.0 T8.5 T8.5
Light bench
Iﬁt‘k Facrory 238.0 ’ 214.0 78.0 136.0
Small-Farts B
Moderate work assernbly 257.0 243.0 B7.0 156.0
Moderate . B
dancing Dance halls 257.0 243.0 87.0 156.0
Walking at 1.5
m/s Factory 286.0 285.0 107.0 178.00
Bowling
{participant) Bowling alley 428.5 414.0 166.0 248.0
Heavy work Factory 428.5 414.0 166.0 248.0

- {a} Adjusted heat dissipation is based on the percentage of men, women and children for the application.
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A-17: Latitude- month correction factor LM

Table (A-2) Latitude-Month correction factor LM, as applied to walis and horizontal roofs, north latitudes.

NNE NE ENE E ESE SE SSE Horizontal
Lat. Month N NNW NW_ WNW W WSW SW SSW__ § Roofs
16 |December | 22 -33 44 —-44 22 -05 22 5.0 7.2 -5.0
Jan./Nov. | =22 -33 -38 -38 -22 -05 22 44 6.6 -3.8
Feb./Oct. | —-1.6 -2.7 =27 -2.2 -1.1 00 1.1 27 38 -22
Mar/Sept. | -1.6 -1.6 -1.1 -1.1 =05 =05 0.0 00 0.0 —0.5
Apr./Aug.| -0.5 0.0 -0.5 0.5 -05 -16-16 =27 =33 0.0
May /July 2.2 1.6 1.6 00 -05 -22-27 -38 -38 0.0
June 33 22 2.2 05 -05 -22-33 -44 -38 0.0
24 |December | —-2.7 -38 -55 -6.1 -44 =27 1.1 50 6.6 -9.4
Jan./Nov. | <22 -33 —-4.4 5.0 -33 -16-1.6 50 7.2 -6.1
Feb./Oct. | =22 -2.7 =33 -33 -16 -05 16 38 55 -3.8
Mar/Sept. | -1.6 -22 -1.6 -16 =05 -05 05 1.1 22 -1.6
Apr./Aug.| -1.1 05 0.0 -05 -05 -1.1-05 -1.1 -1.6 0.0
May / July 0.5 1.1 1.1 00 00 -16-16 =27 -33 0.5
June. 1.6 1.6 1.6 05 00 -16-22 =33 -33 0.5
32 |December | 2.7 -38 -5.5 -6.1 —-44 27 1.1 50 6.6 -9.4
Jan./Nov. | -2.7 -38 -50 -6.1 —-44 -22 1.1 50 6.6 -8.3
Feb./Oct. | —-22 -33 -38 —-44 =22 -1.1 22 44 6.1 —5.5
(Mar/Sept. | ~1.6 -22 -22 -22 -1.1 -05 1.6 27 38 2.7
Apr./Aug.| ~1.1 -1.1 -0.5 -1.1 00 -05 00 5.0 05 -0.5
May/ July 0.3 0.5 0.5 00 00 -05-05 -16 -1.6 0.5
June 0:5 1.1 1.1 05 00 "-11-11 =22 =22 1.1
40 |December | —-3.3 —44 55 -7.2 =55 -38 00 38 535 -11.6
Jan./Nov. | -2.7 -38 =55 -66 -50 -33 05 44 6.1 -10.5
Feb./Oct. | —2.7 —3.8 —44 -50 =33 -16 16 44 66 -1.7
Mar/Sept. | -22 2.7 2.7 -33 =16 05 22 38 55 —4.4
Apr./Aug.| -1.1 -1.6 -16 -1.1 0.0 00 1.1 1.6 22 1.6
May /July 0.0 0.0 0.0 00 00 0.0 0.0 00 05 0.5
June 0.5 0.5 0.5 05 00 0.5 00 0.0 -05 1.1
48 |December | —3.3 -44 -6.1 =77 =72 -55-16 1.1 33 -13.8
Jan./Nov. | -33 —-44 -6.1 ~7.2 -61 -44-05 27 44 -13.3
Feb./Oct. | =27 -38 -55 -6.1 -44 =27 05 44 6.1 -10.0
Mar/Sept. | -2.2 -33 -33 -3.8 -22 -05 22 44 6.1 -6.1
Apr./Aug.| -1.6 —-1.6 -1.6 -1.6 =05 00 22 33 38 -2.7
May /July 00 -05 0.0 0.0 05 0.5 16 16 22 0.0
June 0.5 0.5 1.1 0.5 1.1 0.5 1.1 121 .. .16 1.1
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A-18: Minimum outside air requirements for mechanical ventilation

Maximum Ventilation Air
Occupancy Per Requirements
Application 100 m* L/s/Person | L/s/m’
Bath, toilets® — 10.0 —_—
Hotels and motels:
Bedrooms — — 7.5-15

- Living rooms
Bathes

Lobbies

Conference rooms
Assembly rooms
Dormitory sleeping areas
Gambling casinos

30
50
120
20
120

L/s/room
5-10
L/s/room
15-25
L/s/room

2.5-7.5
3.5-17.5
3.5-17.5
8.0

15.0

A-19: inside & outside film resistance

Table Inside film resistance, R
Al2.2) R;
Element Heat Direction Material Type m*-oC/W
Construction materials 0.12
Walls Horizontal
Metals 0.31
Construction materials 0.10
=1 U d
Ceilings and PWan Metals 0.21
floors " -
Downward Construction materials 0.15
Table Outside film resistance, R..
Af2.3) Less than 0.5 More than
Wind Speed
b m/s 0.5-5.0m/s __ 5.0m/s
Element Material Type Outside Resistance R, , m*-*C/W
Construction
0.08 X 0.03
Walls materials 0.06
Metals 0.10 0.07 0.03
Constructio
i PERES 0.07 0.04 0.02
Ceilings materials
Metals 0.09 0.05 0.02
Constructi
Exposed floors = I Shmis 0.09 —_ —
materials
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A-20: Overall heat coefficient for windows

TABLE  Overall Heat Transfer Coeflicient for Windows, Wim-“C

Ad Wind Speed, m/s

Material ' Double Glass, 6mm air
Type and Single Glass gap

Fames <05  05-50 >50 [<05 05-50 >50
Wood 38 43 50 | 23 25 27
Aluminum 5.0 5.6 6.7 30 32 35
Steel 5.0 5.6 6.7 | 30 32 35
PVc 38 43 50 | 23 25 27

A-21: Overall heat coefficient for wood and metals door

TABLE Qverall heat transfer coefficients for wood and metal doors, W/mz2-°C.

A29) Without  With Wood _ With Metal
Door Type Storm Door Storm Door Storm Door
25 mm-wood 3.6 1.7 2.2
35 mm-wood 3.1 1.6 1.9
40 mm-wood 2.8 1.5 1.8
45 mm-wood 2.7 1.5 1.8
50 mm-wood 2.4 1.4 1.7
Aluminum 7.0 — e
Steel 5.8 — —
Steel with:

Fiber core 3.3 — —
Polystyrene core 2.7 — —_
Polyurethane core 2.3 — —
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Appendix (B)
B-1: Water supply fixture unit

TableA@.1)Water Supply Fixture Units 2rd Fivture Branch Sizes W
g © Min. Size of
: . Type of FL.“'W: Fixture anchl"’ n
Fixture® Use Supply Conitrol Units Fiztu
Bathroom group* Private Flushometer 3 B
Bathroom group*® Private Flush tank for closet 6 ==
Bathtub Private Faucet 2 b
Bathtub General Faucet 4 b
Clothes washer Private Faucet 2 b
Clothes washer General v Faucet 4 *h
Combinaticn fixture Private Faucet 3 s
Dishwasher! Private Autormatic 1 .
Drinking fountain Offices, etc. Faucet % in. 0.25 K
itchen sink - . Private Faucet 2 'h
Kitchen sink ° General Faucet 4 '
Laundry trays (1--3) Private Faucet 3 e
Lavatory - 4 Private Faucet 1 s
Lavatory General Faucet 2 2
Separate shower Private ~ Mixing valve 2 Y2
Service sink : i General Faucet & '
Shower head - Private Mixing valve 2 2
Showerhead - General Mixing valVe 4 2
Urinal General Flushometer S Vet
Urinal Fa General Flush tank 3 4
Water closet Private Flushometer 6 i
Watercloset Private - Flushometer/tank 3 h
Water closet Private - Flush tank 3 a
Water closet Gerferal Flushomieter 10 1
Water closet - Gen%al- Flushometer/tank 5 A
Water closet General Flush tank 5 V2
Water supply outle\'.s not listed above shall be computed at their maximum demand, but in no case less than the
values: -
Numbcr of Fixture Units 28
Fizturg Eranch* Frivae Use Genera! Use .
¥ Sios ivoumns RSTOGRT, 0 p . =
% ° 2 4 1 e L R T
e k) 6 g F
1 6 X 10
'}ormly Jets likely to imp i d ds, estimate conti supply separately and add to tetal dcmnd L
for forvures.

*The given weights are for total demand. For fixtures with both hot sind cold water supplies, the weights for mLumu.pn
demands roay be taken as three-quarters the listed demand for the suppl¥.

“A tathroom group for the purposes of this table consists of not more than one watsr closet, one lavatary, one bathtub, one .
shower stall or one water closet, two lavatories, one bathtub or one upanle shower stall.

“Noesizal 1.0, pipe size.

*Some may require larger sl

Dets extracted from Code Table BS2.

Sowrce. Reproduced with permission from The National Standard Plumbing Code, published by The National ;
Associstion of Plumbing Heating Cooling Contractors,

f: er's instructions .
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B-2: Chart of friction head loss in schedule 40

Frictins Mans Loss for Water in Plasic Pik (5chedule 80)

13 = 30 T AT AR NEV/
g | I i | : - ~
BE 20 S Vi VASNVIDILYVIRS . ™~
S TTTIISG | | N | It L]
L < < i T A1 75 A TR&Ss
TN N S ST 7 | 1A Thgs/
al- g . A == /
3 W £ A AT 7 i
houp i° AL AN ] ’
32 2+ 1} 1 N AN ANAUSNG ! !
t g : N B ; i
;! s f g </ 1A T™ A L DNAT TN
1 A 3 y R 7 S o AN S|
s D;E i, LA : AL INT ARG S/ TN LHPA]
ger_ TN A AT T/ NV T T i ;
S | 1 1 /1 AT P11 P 1
osf ' SAIVARVADVAVANA NIALLR
04 b= > 7~ :\ E\f = . ) - |
03 - 7 7 y, R 11 Y i ., W 4 . WY e ]
sl 05 AR SN T AR S A 4 VS S
0.3 1 2 34 6 8l0 20 3040 60 BOWO 200 300400 500 096 000
Tiow ra .IS(A i @

Fupard @ hart of niction head loss L&Wﬂ water a1 80T
i feet of water and i per 100 ft of equivalent pipe Jeng DA bizes are nominal
(Reprinted by perm aion of 12 ¢ American Society of Heating, Redyigerating snd Air
Conditioning Engin er, Atlanta, Georgia, from the 1993 ASHRAY Nendbogk—Fies
damencals |

B-3: Minimum pressure required by Typical plumping Fixture

;TableA@.3) Minimum Pressure Reguired by
"Typical Flumbing Fixtures -

P
: ':F xtyre Type Minimum Pressure, psi
Sink and tub faycets 8
Shower 8
Water closet—rank flush 8
Flush valve—urinal i5
Flush valve—siphow jetbowl
floor-mounted 15
wall-mounted” - ! 20
Flush valve—blowout bowi|
floor-mounted 20
wall-mounted 25
Garden hose
Sh-in. sill cock 15
3e-in. sill cock 30
Drinking fountain 15

Source. EPA Manual of Individual Water Supply System,
1975 and manufacturers’ data. p
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B-4: Chart of friction head loss in schedule 40

cping Drains Flowing i Fuli
> .—_——_‘

TableA@.7) Approximate Discharge Rates and Velocities® is Slc
He trlf: fft
<,
Actuc! Irside ini —
Dicmeter of  Discharge,  Velosiz, KAGT,
Pige, in. &m fos AREL
ik 1.70
I¥s 3.13 1.3s 1.0
i EX-H 1.42 5.53 2.0
i%h LN 150 6.80 212
2 g4 172 119 .43
24 108 141 153 189 24 2.82
3 126 1.59 248 25 33.8 3.19
4 2675 136 372 193 534 273 758 3.86
s 283 1.58 683 223 554 318 137. §.47
6 78S 1.73 131 2.52 187. 3.57 222. o
] 170. 217 240, 307 340, L34 480, 6.
ic 308" 252 436. 356 &16. S04 8§72. 7.
HEE2 $00. 243 797. 401 955. 567 1815 8

*Competed Eom the Manning Pormula for ¥o-full pipe, n= 0015

*3aif Bull mexns Elled b0 a depth equal 0 one-hall the inside dizmeter.

Note: For % full, multiply discharge by 0.274 and multiply velocity by 0.70. For ¥ fell, multiply dischaige b) 0 34
and maltiply velocity by 0.80. For ¥ fall, multiply discharge by 1.82 and multiply velocity by 1.13. For Rell. multiply
discharge by 200 and multipl 4 velocity by 1.00. For smoother pipe, muitiply discharge and velocity by 0015 3—4

divide by » value of amenther pibe
Source. Reprinted with pcr.-.-.uﬁo:: fmm the Nationa! Standard Plumbing Code, Published by The Nationa! Associa.
tion of Plumb’ g Hesting Cooling  Contractors
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B-5: table of estimating demand

TableA@2)Table for Estimating Demand

Supply Systems Supply Systems
Predominantly for Predominantly for
Flush Tanks Flushomaeters

Load, Demand, Load, Demand,
WSFU* gpm WSFU* gom
6. 5 — —
10 8 10 27
15 i i5 3
0 i4 0 35
1] 17 25 38
. 20 30 41
:{: 25 a0 47
S0 29 . S0 s)
o 23 én S3
&0 ' 3% 4] 62
100 A 100 &8
120 49 120 74
140 LAIBE- 140 %
160 b 160 83
150 é1 180 af
20 [ 200 9
25 7w 225 <5
250 75 250 100
300 35 300 110
400 105 100 125
R 125 500 1490
50 170 750 175
JUKKH 0 1000 218
1230 2400 1256 240
1500 £ 70 iSww Y
1750 100 1730 7 3co
W) 32; 2000 325
“ 2500 380 2500 age
) SO0 9% 1000 a3s
- 4000 525 660 525
. s00C 400 3000 600
o0 650 00 050
RLEY 700 7000 700
I ) A S 730
et S Gt To
IBRCHE " [ EERENE iUt

P Vharcr Sapaly Ftiacs st
e, Ropnoducad it peenussion from The Ha-
| Cramds-d Plumhins Cerds nublished by The Na-
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B-6: drainage fixture unit valves for various plumbing fixture

TableA(4.4)Dsaina
ge Fixture U
Various Plu.mblng Fixtures i for

Type of Fixture Dmlri;v e Fix
47 Fixtice
or Group of Fizures . Uniz V‘oful. dfis

A&u;n-uc clothes washer- S
-in. standpipe and tra
s pirtmeiroe \p ruqu.tnd dlmcl. i
: Bath "[roup Isting of & whter closet; ?
lavatory snd bathtib or r shower stal):
Bathtub (with or withoutov. erhead sh )
Bidet A x
Clinic's
Clothes wWasher
bl.nqdou sitik-and-tray whb looq waste

cqpblmuoa sink-and- ~tray with m 14n.
. Combmﬂou -lnl:»-nd-tny with separate 1-

Dishwasher, domestic” .
Floor drains with 2-in. waste - %
Kitchen sink, domestic, with one .

1-4n, trap |
¥eshon siak, domestls, with food waste
der

grin
Kitchen siak, domestic, with lood waste -
. grinder and dishwacher

1-in. ump
KJtehca sink, domuue, wid~ dl:bwuher: Jo

N N UNFeew N X NOeeNe W
'

an-toqf with 1-in. waste $
Laundry tray (1 or 2 compartments) -
Shower stall, domestlc .
Showars (group) per head T
Sinks .« ame
surgeon’s
Aushing rim (with vnlve) :
service (trap standard) > -
service (P trap)
«  pot, scullery, ete.
Urinal, syphon Jet blowoul
Urinal, wall lip *
Wash sink (circular or mulllplc) uu.-h set of
faucets . -
Water closet, private
‘Water closet, ;«unl use
Fixtures not already listed
e wiwa Vify tn oo Vasy
wap e 2.
wap size 2 in.
trap size 2V in.
trap sfze 3 in.
trap size 4 in.

o aw - ANWOW NNN - e

L A

‘-A ;h&wcr head over a bathiub does pot increase the fxture

unit valoe,
Sowurce, Reprinted with permission from ine Nanooal

s-"ndard Plnmbln; Code, hn!\lhhcd by The Natonsl
Association of Plumbing Heating Cooling Contractars

124



B-7: Horizontal fixtures branches and stacks

Table A@.5) Horizontal Fixture Branches and Siacks

Meximunm Nuniber of Fizture Untl

One Stack of
Tiree Branch

Dmynelu Any Horizontal Intervals or Totel for
of Pipe, in. Fixture Branch,” dfu Less, dfu 5 dftt
LA 3 4 [
2 6 e 24
242 12 20 A2
3 20 (T 72
4 160 240 500
5 360 340 1100
6 620 960 1500
8 1400 2200 3600
10 2500 1800 5600
12 3900 £000 8400
15 < 7000

“4Does not include branches of the building drain.
»Not more than two water closcts or bathroom group:

‘bathroom groups on the stack,
Note: Stacks shall be sized according to the total accumulated

interval and may be reduced in size as this load decreases to & m
size required.

Source. Reprinted with permission of The National Standard Plui
Association of Plumbing HeatingCoofing Contractors.

conneeted lond st
inimum diameter

Zhing Code, publi

Table A@.6Building Drains and Sewers”®
Meaximum Number of Fixture Untts That May Be Connec red

t0 Any Portion: of the Building Drain or the Building Sewer
; Stope per Fool
Diameter el
of Pipe, in. e in. e in, o i "y in
2 21 26
2z i 1)
3 42* ” so*
4 150 216 - 750
5 390 480 378
6 700 840 1000
8 1400 1600 1920 2300
10 2500 2000 , 3500 4200
12 2900 4600 5600 G700
15 7000 2 8300 10,000 12,000

that serve move than one building may be sized according to the
P O R T Admitisiadve it S v
osets or two bathroom groups, eavept that in singte family

dwellings. not over three water closets or three bathroom groups may be installed

Source. Reprinted with per ission from The National Standard Plumbing
oo e 3. 3 L. L. Saddsant Neenrintinn af Plhismhine Heating Cooting

“Oq site sewvers
trrent Stundarts ana ¥
ot over two water ¢l

PRI SR S A VLIRS
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spch story o Yoanh
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Appendix (C)

C-1: Human comfort

HUMAN COMFORT
Maximum Ventilation Air
Occupancy Per Requirements

Application 100m’ | L/s/Person | L/s/m’
Game rooms 70 3.5-17.5 -
Ice arenas — — 2.50
Swimming pools — — 2.50
Gymnasium floors 30 10.0
Ballrooms and discos 100 3.5-17.5 -
Bowling alleys 70 3.5-17.5
Theaters:
Ticket booths 60 10.0 -
Lobbies 150 10.0 —
Auditorium 150 8.0 —
Stages, studios 70 8.0 —
Transportation:
Waiting rooms 100 8.0 —
Platforms 100 8.0 —
Vehicles 150 8.0 —
Workrooms:
Meat processing 10 8.0 —
Photo studios 10 8.0 —
Darkrooms 10 — 2.50
Pharmacy 20 8.0 —
Bank vaults 5 8.0 —
Printing, duplicating rooms —_ — 2.50
Correctional facilities:
Cells 20 10.0 —

C-2: Human comfort
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C-3: vrf in door unit Samsung

2-1. Indoor units
e Capacity (kW)
22 | 28| 36|45 |56 | 60| 71|90 (11.2]128]140
Slim 1 way cassotie e | e @
2 way casselle ] '3
4 way cassalte (5) L e | o | ® | o | @
4 way cassetta (600 x 600) e | e (e o | o @
Shim duct e | o (0|0 o LI T T T ]
MSP duct e | o (0|0 o (A A A
HSP duct L AN B
Consola LI L]
Coding ] [ ]
Neo Forte (N '] .
Neo Forte (E) e | o (0|0 o .
Floor Standing . o .
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Heat pump Samsung

Heat Pump (Standard)
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C-5: Size of pipe A

C-6: Size of pipe F

C-7: Size of pipe B
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C-8: Size of pipe B

130



C-9: VRF in door unit Samsung

Heat Pump (Standard)

[Foee ToA BNEW) Do BNEW)
oo hame AMGIOHXVAGHIEL | AMSOD-OCVAGHIEY
|Poaer Booty .5 V. . 3.4.380-415 50 3.4.380-415.50
= . VEATPS HEATPUIP
3 e ) 5000
] 13830 74020
[Petomance |0 pen, I°'°" D 1300 75,400
Nemran o 15210 15750
|""" D 513000 537,400
Fess— ) o 3a8s 378
Nomra)  [Festng D ] 34%0 350
o | A 55 80 5850
mm [Hesong 2 A 600 §520
VoA A 11820 12650
PA A 12500 125.00
EER (vomine Cocing, - 1% 30
o TOF homia weming . % rey
L.."“ u-;urr u-fuu
Tyoe - 2eC Scoixd 2eC B x s
Output W ®39)+ 539 ~ 35) - (4 56:3) +
Ceompresser
Moos! Name 5 C2-GECEEFA.BEC) «
[ DB-0808SFAVERONs | G2 OSCEETAVBECK
Jor = - " E PE
Tyoe . Progeler Propeler
BT W 4000 - B2002) = | (4000) = H200) *
WMl | 3300+3550-3900 | 2200+ 2850+ 2900
s - 0 38067 < 43800+ | 38867 +43800+
Ill- e [3) 200
Fressoe l".L s T840 Te®
I Q@ mr 1508 1508
Louio Pige ) e Yo
2. mm a3 e
O Poe 2 o (3 TET
Pring o mr B -
Connections | DBcrange Gas Pee 2 o - -
l\-u-w - 200 (220) 200 229
stz imiee
Lrnston
I\.o-n - 110 (&) 190 @
Power Source Wire —_ . .
M Trangmasion Cadbie e aad 075~150 QTs~1 80
Tyoe . ROICAIGAP >150) | RAIOALGWP >150)
| ey Chare < e 5T
Fressor st 00 %300
i |Power -h 80 28900
I < 11500) + 2350 + 1900) * GT8.0) +
Eeorg vean < 2060) - 3540 ~ G060« 2970 -
Exers (3301 S35276S) « (221 6352765 -
Dwmwgion [NROwemsem (a0) | " | (4290 o | 298 sss7es) -
| Cimerscrs (S43x1 337x832) + (34811 327H23D) ~
A - (136301 SITEID | (1,363 S5TaEID) -
J pro—y ) 3 50~ 40 S0~40
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Appendix (D)

D-1: section filter

e A B

C D E F
mm Mim mim mm

oa7 764 1686 1000 1050 1000
1047 1157 1686 1000 1050 1000
1040 1150 1724 1000 1200 1000

% Fess |
'-"l.il'i'E'

Lonnectons

0.16 1.57 1 50mm 135lpm  8.10m3/Mh
0.22 1.5/ 50mm 185lpm 11.10m3/h
0.32 1.5" 1 50mm 260lpm 15.60m3/h
0.40 1.97 1 50mm 325lpm 19.50m3/h 210
0.41 2.0 1 63mm 336lpm 20.16m3/h 215
0.53 207 1 63mm 435lpm 24 10m3/h 335
0.66 2.0/ 63mm 550lpm 33.00m3/h 470
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D-2: Pipe size catalogue

7 ey
Vol Fiom Frichion Hewd
= = = e e
1 L] LL] an 17
2 120 ET [T 15
E] = T4 a2 L1
T Ll 0¥ L5 Mo
T inchan
Vol Fiow ‘Wi Figas “Weacky (Friciion Head [Frichon Loas:
[t ety ol [l ] DTN
1 & ax L] a4
2 120 18 17 [T
5 ko a9 LA 42
7 Ll L1} e T
10 L] B Xk 4T
1% L] ni Fir s
1 s
e bl ot i
2 12 L1l L] L]
5 k- 23 24 12
T Ll 1 kL i1
i) ) 47 [T 42
) L (] e 1]
] 20 [T ETE] 1]
-] L] nr 24 nr
n g = ug T e
Jinches
Volume Flow Volume Flow Velocity Friction Head Friction Loss
(galimin) (gaihn) (RA100M) (osif100
5 300 0.3 0.02 0.01
T 420 04 0.03 001
10 500 05 0.04 0.02
15 900 0.8 0.09 0.04
20 1200 1.0 02 007
25 1500 13 02 01
30 1800 15 03 01
35 2100 1.7 04 0.2
a0 2400 20 05 02
45 2700 22 o7 03
50 3000 25 08 04
60 3600 a0 1.1 05
70 4200 315 15 o7
75 4500 a7 17 o7
80 4800 40 19 08
90 5400 45 24 1.0
100 G000 5.0 29 13
125 7500 62 44 19
150 9000 75 6.2 27
175 10500 87 83 6
200 12000 10,0 108 45
250 15000 125 160 69
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Ve Pl LS Flow m [Frtion Faaed Frictsn
] paite} (R0 ips100 8
2 w -5 LH] (]
5 30 13 ar 03
T a (L] 1z LE]
0 L) 28 23 10
L] Wl kL) EL] FX ]
] 1200 52 a3 EL]
5 150 85 128 54
30 1880 78 178 T8
EL] gy @1 4 Wi
40 2800 104 0o 1y
45 g nr I LAl
L2 ] 138 443 L]
112 inches.

Viokame Fiow e Figw m [Frichion Madd Fricton
pavmn) dpaity) (a0 00 8
2 =0 o4 [E] (L]
5 ol 3] L5 L]
7 420 13 (1] 02
L o) iE) i 05
% 800 28 2z i}
n e EL E 16
2 1530 a7 ar 24
3 18 55 a0 34
EL] Fad L1} 08 L1
40 280 L] s 59
45 Fa ] a4 L1 T3
50 ol 4 HnE L]
0 ool ni nv 124
3 ey
o Chn e i e
L] b o8 L3 oo
T o (1] a2 (1
" L] 1 LF) (1]

L [0 i [T (3]
n 130 12 11 [T}
E-] 1500 El] 18 ar
» e pL} ¥ L]
» e W el ik
- Ed 43 wm ur
a5 e L1 48 21
= e L 1] & Fil
= bl Lh L EEd
bl 4200 s 1] &
™ 500 L1} 3] 53
L3 sl L1 s Ll
L] 430 L1 [LF] T4
L) Lo hiF] Fo1] L1]
¥ AT mchas
s ] L) L] Ll
1 el s aw oo
L] Lo 1] [ 3] (1
bt L2 iz L] i
= 13 AL Ll LE
-} 1800 20 1) (3]
» hL= 3 L 1) na
» e 7 13 L1
- Bl ar 18 a7
a4 b T k1] (1]
k] ad 1] Ta 5]
L wn ar 1d i§
b Ao L] 4 EL)
™ 4800 EL] 81 22
L.d Ll 2 £ %
Ll = e LE n
L] #a00 i ] &F p1
-] T (1] il &7
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Volurme Flow Volurme: Flow WVelocity Friction Head Friction Loss
(galimin) (galhie) (Risec) e (ps100 1)
30 1800 05 003 0.01
5 2100 06 0.04 0.02
40 2400 oF 0.04 0.02
45 2700 0s 0.06 0.03
50 3000 09 0.7 0.03
GO 3500 1.1 0.1 0.04
70 4200 13 0.1 0.06
75 4500 13 0.1 0.06
80 4800 14 02 0.07
90 5400 16 0.2 0.09
100 E000 18 0.2 0.1
125 T500 23 04 02
150 9000 27 05 02
175 10500 32 07 03
200 12000 36 0.9 04
250 15000 45 13 08
200 13000 54 19 0sg
350 21000 6.3 25 1.1
400 24000 72 32 14
450 27000 81 40 17
500 30000 a0 48 21
4 inches
Violume Flow Volurne Flow' m Friction Head Friction Loss
figaldn) (iaihe) RH00m (oS00 1)
0 1200 06 0.04 0.02
= 1500 07 0.08 0.03
0 1800 0g 0.08 0.04
k-3 2100 1.0 0.1 0.05
40 2400 12 0.1 0.06
45 2700 13 02 0.07
50 3000 14 02 0.09
60 500 17 03 0.1
70 200 20 04 02
T 4500 22 05 02
80 4300 23 05 02
90 400 25 05 03
100 £000 29 08 03
125 7500 16 12 05
150 9000 43 16 [
175 10500 50 22 09
200 12000 57 28 12
250 15000 72 42 18
300 18000 &5 58 25
350 21000 10,0 78 34
400 24000 15 99 43
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Model type - MSP Duct
Model name - AMO56FNMDEH/TK
Image -
(T
Nominal capacity Cooling kw 5.6
Cooling (SH) kw 4.3
Heating kw 6.3
Simulated capacity Cooling kw -
Cooling (SH) kw -
Heating kw -
Power Input Cooling W 130
Heating W 130
Current Input Cooling A 11
Heating A 11
Airflow H/M/L CMM 14.50/13.00/ 11.50
ESP mmAq 4
Sound pressure dB(A) 31/35
Piping Liquid Pipe mm 6.35
Gas Pipe mm 12.70
Drain mm VP25 (OD 32,ID 25)
Power cable mm2 15~25
Communication cable mm2 0.75 ~1.50
Refrigerant Type - R410A
Control - EEV INCLUDED
Dimensions & Weight Weight kg 29.000
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Dimensions mm 900x260x480
Design condition (Cooling) Outdoor(DB) °C 40
Indoor(WB) °C 17.8
Design condition (Heating) Outdoor(DB) °C 0
Indoor(DB) °C 15
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BILL OF QUANTITIES

Itom NO DISCRIPTION Unit Quality Price/U
nit

¢ VRF
1.1 Indoor Units

1.1.1 Ceiling VRF indoor units. Price includes all required electrical and gas
connections, and operating perfectly. Price includes hangers, isolating
valves, and electrical connection to power source. All connections and
installation should be executed according to manufacturer instructions.
Selection to be based on medium speed, external air pressure of 0.25 ",
indoor temperature of 24 C and outdoor temperature of 30 C (summer)
4.7 C (winter)

1.1.1.1 nominal capacity 5.6 NO. 8
1.1.1.2 nominal capacity 3.6 3
1.1.2 1-way cassette VRF indoor units. Price includes all required electrical and

gas connections, and operating perfectly. Price includes hangers, isolating
valves, and electrical connection to power source. All connections and
installation should be executed according to manufacturer instructions.
Selection to be based on medium speed, external air pressure of 0.25 ",
indoor temperature of 24 C and outdoor temperature of 31.9 C (summer)
5.7 C (winter)

1.1.2.1 nominal capacity 2.2 NO. 98
1.2 Out Door
121 AM160HXVFGH/ID NO. 2
1.2.2 AM120HXVFGH/ID NO. 4
123 AM100HXVFGH/ID NO. 2

1.3 Piping network

Supply and install drain and insulated copper pipes for refrigerant 410
between indoor units and outdoor unit with sizes according to
manufacturer instructions and calculations. Price includes all required
fittings, hanging, insulation and digging.

1.3.2 9.52mm m 132
133 12.7mm m 162
134 15.88mm m 230
1.3.5 19.05mm m 187
1.3.6 22.22mm m 143
1.3.7 28.58mm m 160
1.3.8 34.92mm m 100
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1.3.9

1.4
14.1

1.4.2

2.1
2.2
2.3
2.4
2.5

3.1

3.1.1
3.1.2
3.1.6

3.2
3.2.1

3.2.1.1
3.2.1.2
3.2.1.3
3.2.1.4
3.2.1.5
3.2.2

3.2.2.1
3.3

3.3.1

41.28mm m

Accessories

Refnet Joint No.
Refrigerant Amount (R410 A) Kg

VENTLATION

Centrifugal Exhaust Fans set (one duty and one stand-by), complete as per
drawings and specifications.

500 cfm No.

1200cfm No.

2000cfm No.

2500 No.

6230cfm No.
Water System

Pumps

Supply, install, test & commission water pump set including motor,
interconnecting pipe work, complete with all valves, vents, manifolds,
gauges, control panel, level switches, pressure vessel & frequency inverter
etc., as per specifications and drawings.

4.2 bar and 172gpm for cold water

4.2 bar and 82 gpm for hot water

L.P. (Lifting pumps set /2 pumps) SET
C.W.P.-1 (Set/2 booster pump) with SET
H.W.P (Set/2 (Directly feeds floors with hot water) SET
Pipes

Galvanized steel pipes to BS1387 of various sizes for domestic cold and
hot water above false ceiling, in walls, etc. Including fittings, supports,
expansion loops, thermal insulation cladding of all external and trenches
pipes.

20 mm dia pipe (3/4")

25 mm dia pipe (1")

32 mm dia pipe (11/4")

40 mm dia pipe (1 1/2")

50 mm dia pipe (2")

Pex pipes to BS1387 of various sizes for domestic cold and hot water ML
above false ceiling, in walls, etc. Including fittings, supports, expansion

loops, thermal insulation cladding of all external and trenches pipes.

16 mm dia pipe m

Water Manifolds

Supply, install, test and commission wall hung type steel hot and cold
water copper manifolds 16 mm dia outlets. The unit price shall include
plug and washer, adaptors with O- rings, brackets, drain cocks, isolating
ball valves with T-handle on all outlets, automatic air vent on each
manifold, and all accessories and works required to complete the work as
shown in the drawings and engineers instructions.

33 3|3 3

25 mm dia collector, 8 outlets (average) No.
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80

113
63.5

N )

25
36.16
34.56

70

76.5
320

680
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4.1

4.2

4.2.1
4.2.2
4.2.3
4.2.4
4.2.5
2.4.6
2.4.7
4.3

4.3.1

4.3.2

4.3.3
4.4
4.5
4.6
4.7

4.8

4.9
4.10

4.11

4.12

4.13

Firetighting System

Fire hose reel cabinet (double compartment) including isolating valve with
SS304 fully recessed cabinet, 19 mm dia x 25 m rubber hose, ABC 6 kg
powder extinguisher and 4.5 kg CO2 extinguisher.

Black seamless steel pipe.

25mm dia pipe (1")

31.25 mm dia pipe (1 1/4")

37.5 mm dia pipe (1 1/2")

mm dia pipe (2")

mm dia pipe(2.5")

mm dia pipe(3")

mm dia pipe(4")

Pumps

Supply, install, test and commission fire pumps set, complete with all
components including duty pump, split case (electric driven), emergency
pump (diesel), jockey pump, centrifugal (electric driven). Price shall
include electric control panels, pressurized tank, cork and foundation bed,
controllers, accessories for all pumps including wiring connections, all
components, water measuring devices including flow meter and sensor,
pressure gauges, relief valves, gate valves, check valves etc., all electrical
works needed to complete the work according to engineer’s instructions.
552 gpm and 7.7 bar

Electrical pump :336 gpm, 7.067 bar

Diesel pump : 336gpm, 7.067 bar

Jockey pump 180 gpm, 2.5 bar

Fire Extinguisher

K-type dry powder fire extinguishers.

CO: fire extinguishers.

Self-automatic extinguisher.

Siamese connection assembly complete with non-return valves. Outlet of
100m dia, and inlet of 65mm dia.

Supply and install landing valve, complete with fire hose rack.

Supply and install clean agent system with all accessories such as valves,
control, nozzles, etc. All complete as per detailed specifications and
drawings.

Supply and install Fire hydrant, pedestal type and maintain stand spot
fitted with 75mm twin faced flanged fire hydrant, complete with isolating
valve, an automatic shut-off valve, complete with all necessary mechanical
fittings.

Supply and install Fire hydrant Cabinet, complete with all needed
equipment’s.,

Supply, lift into position, install, test, set to work, and commission
sprinkler head as following and as per drawings Sprinkler head pendent
recessed center link type, Part No. 13577W/B (% Inch)56 diameter -
ORIFICE 15 mm (% Inch) NPT male connection bronze finish UL/FM
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No.

ML
ML
ML
ML
ML
ML
ML

No.
No.
No.

No.
No.

No.
No.

No.
Set

No.

No.

No.

530
440
210
140
90
55
40

22

11
20

10

10
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4.14

5.1
5.1.1

5.2
5.2.1

5.3
5.3.1

5.4
5.4.1

5.5

5.5.1
5.5.2
5.5.3
5.5.4

5.6

approved.

Supply and install fire system for kitchen consists of 6 nozzles, heat
detector sense fire and activate the wet chemical cylinder and wet
chemical cylinders all according to drawings and specifications.

Drainage System

Water Closets

Supply install and test European water closet, heavy duty seat and cover,
connection to treated cold water supply and drainage network and all
fittings and works required to complete the work as per drawings and as
per engineer's instructions. Price shall include hand spray hose (connected
to domestic cold water), holding paper, and paper basket.

Shower Tray

Supply install and test shower tray (80cmx80cm) White Vitreous China
connected to domestic cold and hot water supply and drainage network
and all fittings and works required to complete the work as per drawings
and as per engineer's instructions. Price shall include chrome plated
shower mixer, chrome plated hand shower completes with flexible hose
150 cm long and chrome plated shower hanger, Pax pipes, 2" and 4" UPVC
pipes needed to connect the tray to the nearest main drainage and supply
it with water, Single robe/clothes hook with concealed mounting type
Kitchen Sinks

Supply and install stainless steel single bowl kitchenette sink 60x50 cm,
complete with faucet with mixer connection to domestic cold and hot
water supply and drainage network and all fittings and works required to
complete the work as per drawings, specifications and as per engineer's
instructions.

Lavatory

Supply and install laboratory molded sink 46x46 cm made of anti-
corrosion polypropylene with high resistance to acids, alkaline and base
chemicals. Price shall include incorporated overflow, complete with
threaded drainpipe, made as a single piece without joints. All according to
drawings and specifications and as per engineer's instructions

UPVC Pipes

Supply, install, and test UPVC pipes and fittings for waste, soil, and rain
water drainage services. Price includes all kinds of digging in concrete
slabs and walls, supports, hangers and all rubber joints and sealants,
syphon and connection to floor drain and flexible connections and all
types of fittings. All done according to drawings, specifications and
engineer's instructions.

110 mm dia. (4")

150 mm dia. (6")

31.75mmdia(1%")

50 mm dia. (2")

Floor Drains

Supply, install, and test Floor drain 4" threaded 15x15cm chrome plated
cover multi inlet adjustable with trap. All complete with floor clean out
plug, HDPE syphon and all types of fittings. The rate shall include
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Set

No.

No.

No.

No.

33 3 3

77

70

79

390
65
417
326



5.6.1

5.7

5.7.1

5.8

5.81
5.9

5.9.1
5.10

5.10.1
5.10.2
5.10.3
5.10.4
5.10.5
5.10.6
5.10.7

6.1

6.1.1
6.1.2

excavation and backfilling for all connections with drain pipes and fixtures.
All done according to drawings, specifications. Floor Drain, Floor Trap &
Floor Gully

FD-HDPE and with chromium plated cover, mesh and all accessories No.

needed
Floor Cleanouts

Supply, install, and test heavy duty nonadjustable 11x11 cm floor clean
out with HDPE body, with gas and water tight ABS plug and frame,
complete with all needed elbow and all types of fittings, all done
according to drawings, specifications and the approval of the engineer.
FLOOR C.0 HDPE with chromium plated cover, mesh and all accessories
needed.

Roof Drains

Supply install and test (HDPE) Roof rain water drain size 4" with cover of
20x20 plastic mesh to be connected to rain water vertical pipes with all
required fittings, price shall include the piping works until the connection
to the vertical rain pipe, all done according to drawings, specifications and
the approval of the Engineer. Roof drain HDPE with cover (RD)

110 mm dia. (4") No.

Roof Vent

Supply and install (HDPE) Roof vent with screened cap for vent stacks

including connection to the vent pipe by solvent welding. The rate

includes all needed connection accessories, all done according to

drawings, specifications and the approval of the Engineer. Roof vent cap

HDPE

100 mm dia. (4") m
Manholes

Supply install and test precast concrete manholes of 15 cm thickness for
walls and bottom slab with C.I. cover (medium cover) and frame all
necessary excavation, blinding of 15cm thickness, back filling as specified
to the required depth complete with iron steps, benching and plastering
as shown in drawing and in accordance to specification, drawings, and
approval of supervisor engineer. With C.I. cover (medium cover) and
frame, iron steps as detailed on the drawings.

Length 80 cm- width 80 cm-depth 80 cm No.
Length 80 cm- width 80 cm-depth 85 cm No.
Length 100 cm- width 100 cm-depth 95.3 cm No.
Length 100 cm- width 100 cm-depth 105.1 cm No.
Length 100 cm- width 100 cm-depth 107 cm No.
Length 120 cm- width 120 cm-depth 121 cm No.
Length 120 cm- width 120 cm-depth 135 cm No.

Swimming pool

Supply and installation of lines for supplying the pool with clean and warm
water and the necessary parts and connections from the pump to the
swimming pool.

Skimmer 150L/m No.
Main drain 150L/m No.
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6.1.3
6.1.4
6.2

6.2.1
6.3

6.3.1

6.4

6.4.1
6.4.2
6.4.3
6.4.4
6.4.5

Return inlet 150L/m
Filter 0.4m?, 19.05m3/h

Supply and installation of a circulation pump with all the necessary parts
and equipment for delivery from the room to the pond.
pump model SE5.5

Supply and installation of an electric boiler with the necessary connecting
parts, accessories and pipes.
Boiler model BSA40S-5, heat source flow =43 m3/h

PVC pipe

Extension and installation of plastic pipes and connecting parts of the
appropriate diameters and lengths from the equipment room to all parts
of the swimming pool

50mm diameter

63.5mm diameter

76.2mm diameter

110mm diameter

127mm diameter
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No.
No.

No.

No.

3 3 333

18
10
13
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