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Abstract

The aim of the project is to design a complete mechanical system for a residential building which
is located in Hebron city. This building consists of seven floors with a total area of 2791.6 m?.
These services are certainly designed to verify human comfort.

In this project, air conditioning system type (VRF) is used since it is efficient and economical.
Also, gray water is treated in such away to be able to reuse it for flushing tanks and irrigation in
order to reduce water consumption and save it.

DP select and ventilation rates calculator programs are used in this project for calculation of flow
rate of ventilation and selection of pumps.
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Chapter One

Introduction



1.1 Introduction

Due to hot summer and cold winter, and sometimes the extreme weather in Hebron, air
conditioning system must be installed in each building in order to people feel comfortable.

Water in Palestine is little and it is vital for every living thing specially human beings. The daily
consumption of water is very high and some of it goes useless. So, in this project, the outlet
water that goes from all fixture units except water closet and urinal are treated and reused for
toilet flushing which its consumption relative is 35% of the total daily consumption.

Fire safety is very important in all places. Without fire alarms, a lot of things may be lost like
people and expensive things. In this case, firefighting system should be installed in the building.

In to the above, numerous systems also used in this building such that sanitary drainage system,
water supply system and ventilation system.

1.2 Project objectives

1) To design the mechanical services for the building.

2) To treat the gray water and reuse it.

3) Design variable refrigeration flow (VRF) air conditioning system for the building.
4) Design firefighting system.

1.3 Project importance

1) In order to achieve all means for human comfort.
2) Water conservation and optimum exploitation for gray water which was recycled.
3) To protect people and expensive things from fire.

1.4 Building description

The building site is in Dahiet Al-Zayton. It consists of six floors, each floor contains two
apartments , the area of each apartment is 154 m?.



1.5 Project outline
The project contains sex chapters, these chapters are arranged as follows:

Chapter one: Introduction
This chapter includes overview about the project, project objectives, building description and
time planning.

Chapter two: Heating and Cooling Loads

This chapter consists of the procedures for calculating the heating and cooling load
Chapter three: Variable Refrigerant Flow System

This chapter talks about the air conditioning system which is variable air flow (VRF)
Chapter four: Plumping System.

This chapter includes the water distribution calculation, drainage system.

Chapter five: Gray Water Treatment.

This chapter includes procedures of greywater treatment and use it for flushing tank and
irrigation.

Chapter six: Firefighting system

This chapter contains the fire extinguishing system

1.6 Time Planning

Table (1.1): Time estimated to work for first semester

No. of week

Task

16

Choosing the project

Visit the library to
collect information

Reading books

Put the title

Writing the
introduction and human
comfort




No. of week

Task

Calculate the heating
and cooling load

11

12

13

14

15

16

Writing HVAC system

Visit supervisor and
takes some notation

Plumping system
calculations

Writing greywater
treatment

Firefighting

Writing and printing in
a scientific way

Table (1.2): Time estimated to work for second semester

No. of week

Task

Design VRV system

Ventilation system

Tanks calculation for
gray water

Pumps calculations

Calculation and
distribution of the
concrete and steel bar

Drawing water system

Drawing drainage
system

Drawing VRV system

Drawing firefighting
system

Bill of quantity

catalog




Chapter Two

Heating and Cooling Loads



2.1 Overview

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.

The heating and cooling load calculation is the first step of the iterative HVAC design procedure,
a full HVAC design involves more than the 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 Thermal Comfort Criteria for Inside Design Condition
The inside design conditions refer to temperature, humidity, air speed and quality of inside air
that will induce comfort to occupants of the space at minimum energy consumption. There are
several factors that control the selection of the inside design conditions and expenditure of
energy to maintain those conditions:

1- The outside design conditions.

2- The period occupancy of the conditioned space.

3- The level of activity of occupants in the conditioned space.

2.3 Inside and outside condition

The inside and outside conditions are obtained from Palestinian code as shown in the following
Table [1]:

Table (2.1) Inside and outside design conditions

Inside design condition outside design condition

FieEngy summer winter summer winter
Temperature (°C) o4 o 30 4
Relative humidity (%) 45 30 57 79
Wind speed (m/s) 14 14



2.4 ASHRAE Comfort Chart

ASHRAE is an abbreviation for the American Society of Heating Refrigerating and Air
conditioning Engineers. Its Standard Thermal Environmental Conditions for Human Occupancy
describes the combinations of indoor space conditions and personal factors necessary to provide
comfort in the effective way. There are no static rules that indicate the best atmospheric
condition for making all the individual comfortable because human comfort is affected by

several factors such as health, age, clothing, etc. Figure 2.1 shows ASHRAE human comfort
chart.
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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[2]:

i.  Forced convection.
ii.  Free convection.

Steps to calculate the forced heat transfer coefficient (h):

Ts + Too
2

1. Tf:

Where:
Ty film temperature, K
Ts: surface wall temperature, K
T..: ambient temperature, K

2. Find the fluid properties ¥, Pr and k from Table A(2-1)
Where:
¢: viscous force, m?/s
Pr: Prandtl number
k: thermal conductivity, W/m.K

vXL

3. Re=—

A
If Re < (5x10°) ... Laminar flow
If Re > (5x10°) ... Turbulent flow
Where:

Re: Reynolds number

L: reference length, m

£ kinematic viscosity.

4. Nu=0.66Re*>Pr™ . Laminar flow
Nu = 0.037 Re®®Pr®® __ Turbulent flow
Where:

Nu: Nusselt number

_ Nuxk
T L

5 h

Steps to calculate the free heat transfer coefficient (h;):

Ts + Too
1. Tf = 2

2. Find the fluid properties ¢, Pr and k from Table A(2.1)
3. Gr=gB(TsT,)L3/%?

(2.1)

(22)

(2.3)
(2.4)

(2.5)

(2.6)



p=(1/Ty) (2.7)
Where:

Gr: Grashof number[3]

g: gravitational acceleration , m%s

B: coefficient of volume expansion, K™

4. Ra= GrxPr (2.8)
If Ra< 10° ... Laminar flow
If Ra>10°... Turbulent flow
Where:
Ra: Rayleigh Number

5. For Laminar flow:

1/4
Nu, = 0.68 + [H(Of’g‘;ﬁ;: i (2.9)
For Turbulent flow:
Nu, = [0.825 + — S50 _fz (2.10)
6. h= Nuxk
L

Calculate the external convection heat transfer coefficient in heating load (ho):

Ti= (277.15+280.15)/2 = = 278.65 K
Using interpolation to find the fluid properties ¥, Pr & k:

e ¢ =13.98985%x10° m?s
e Pr=0.712551
e k=24592x10° W/m.K

L=3m

Re = (12.8x3)/ (13.98985x10°) = 2744847.157 »»» Turbulent flow

Nu = 0.037(2744847.157)°8(0.712551) ) = 4676.87

ho = (4676.87x24.592x107%)/3 = 38.34 W/m*.°C

Calculate the internal convection heat transfer coefficient at heating load (h;):
Tr = (285.65+297.15)/2 = 291.4 K

Using interpolation to find of the fluid properties ¥, Pr & k:

o ¥ =14.9466x10° m%s
e Pr=0.709756



e k=25452x10° W/m.K
B =(1/291.4) = 3.4554x10° K*
Gr = [9.81x3.4554x10"(20-12.5)x 3%/ [14.9466x10°°] = 3.0727x10"°
Ra = (3.0727x10%)(0.709756) = 2.181x10" »»» Turbulent flow
Nu = [0.825 + ((0.387(2.181x10"%) “®))/ ((1+ (0.492/0.709756’ ©'*6)) €212 = 32302
hi = (323.02x25.452x10%)/3 = 2.741 W/m?.°C
The same procedures are used to calculate convection heat transfer coefficient in cooling load:
ho = 29.67 W/m?.°C
hi = 1.7885 W/m?.°C

Note: Because there is an error in the values of h, and h;, these values are obtained from tables
A(2.2) and A(2.3).

2.6 Overall Heat Transfer Coefficient

The overall heat transfer coefficient is a measure of the overall ability of a series of conductive
and convective barriers to transfer heat.

To calculate the heat gain from walls, ceiling, ground and doors, one need to calculate the value

of overall heat transfer coefficient (U) for each one of them.
The value of U is depend in the kind of material that content in walls ,ceiling.... etc .

The amount of load either heating or cooling (from walls , doors... etc) is directly proportional
with the value of the U. [1]

Uout = Overall heat transfer coefficient for the outside walls of the rooms.
Ui, = Overall heat transfer coefficient for the internal walls of the rooms.
Uceiling = Overall heat transfer coefficient for the ceiling of the rooms.
Usoor = Overall heat transfer coefficient for the ground of the rooms.
Udoors = Overall heat transfer coefficient for the doors of the rooms.

Uglass = Overall heat transfer coefficient for the glass of the rooms.

10



The construction of layers is different from wall to wall so, Table (2.2) shows the sections for the

construction layers in the building for each combination.

Table (2-2) : Sections for constructions

Construction Construction detail Construction material

1- Hard stone
2-Concrete
3-Polystyrene
4- Brick
External walls 5- Plaster
1 2 3 45
1- plaster
2- Block
3- plaster
Internal walls
3
1 N 1- Asphalt mix
2 2- Concrete
3 3- Polystyrene
4- Reinforced concrete
4 5- Hollow brick
5  -sEoIooid | 6-plaster
Ceiling 6
1- Ceramic tiles
2- Mortar
3- Aggregates
Floor 4- Concrete

5- Polystyrene

6- Reinforced concrete
7- Hollow brick

8- plaster
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The construction of walls, ceilings and floors are chosen as follows tables:

Table (2.3): External walls constructions

Material K(W/m.°C)
Hard stone 0.05 1.7
Concrete 0.15 1.75
Polystyrene 0.03 0.034
Brick 0.07 0.95
Plaster 0.02 1.2

Table (2.4): Internal walls (partition) constructions

Material K(W/m.°C)
Plaster 0.02 1.2
Brick 0.1 0.95

Plaster 0.02 1.2

Table (2.5): Ceiling constructions

Material K(W/m.°C)
Asphalt mix 0.02 0.70
Concrete 0.05 1.75
Polystyrene 0.025 0.034
Reinforced concrete 0.06 1.75
Hollow brick 0.18 0.95
Plaster 0.02 1.2

Table (2.6): Floor constructions

Material K(W/m.°C)
ceramic tiles 0.02 1.10
Mortar 0.02 0.16
Aggregates 0.10 1.05
concrete 0.05 1.75
Polystyrene 0.03 0.034
Reinforced concrete 0.06 1.75
Hollow brick 0.18 0.95
Plaster 0.025 1.20
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Calculation of overall heat transfer coefficient for walls ,partition, ceiling and floor :

1 1
U= Trm - Rin + 3% + Rout (211)
Where:

AX: the thickness of the wall.

Rin. inside film resistance.

Rout: Outside film resistance.

For walls:

Rin and Roy for the external walls as 0.12 and 0.06 (m?/W. °C), respectively from tables A(2.2)
and A(2.3)

1
Uout =

Rin + Axge, + AXcon. + AXPOIY- + AXprick + Axplaster + Rout

kst. kcon. kpoly. kBrick kplaster

1
T 0124005 015 003 007 002
%717 "1.75 0.034 095 1.2

+0.06

=0.788 (W/m?.°C).
For ceiling:

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

Rin and Ry for the ceiling are 0.1 and 0.04 (m?/W. °C), respectively from tables A(2.2) and
A(2.3).

1

Rin4 Masph. : Axconc. : Mpoly. : Axconc. } Axprick : Axplgster tRout
kasph.  kconc.  Kpoly. Kconc. KBrick Kplaster

U]_:

1
0.02_0.05_0.025_0.06_0.18_0.025
0.70 ' 1.75 ' 0.034 ' 1.75  0.95 1.2

0.1+ +0.04

= 0.849(W/m2.°C).
Similarly, U, = 0.917(W/m2.°C)

For partition:
Rin = Rout = 0.12 (m?/W.°C) from table A(2.2).

1

Up =
P Rin + 2 X AxPlaster + AxBrick + Rin

Plaster Brick
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1

0.02 0.1
0.12+42X ?‘FE‘}'O].Z

= 2.642(W/m?2.°C).
For floor:
As the same ceiling, we divided the construction into two parts.
Rin = 0.15 (m?/W.°C), from tables A(3.2)

1
Ul =

Rin +Axceramic +Axmortar + Axaggregates + Axcon. + AXPOI)’- + Axcon. +AxBrick + AxPlaster
ceramic mortar aggregates con. poly. con. Brick Plaster

1
0.02_ 0.02_0.10 _ 0.05 _ 0.03 _ 0.06_ 0.18 0.02
— — — —_ - -+ -4
015+ =+ 016105 T 175 To.03a " 175 005 12

= 0.649(W/m?2.°C).
Similarly, U; = 0.688(W/m?2.°C)
For window:
From table A(2.4) , Ug = 3.2 (W/m?.°C) for double glass aluminum frame.
For door:
From table A(2.5) , Ud = 5.8 (W/m?.°C) for steel door type.

For un condition :

1

Uun.=

Rin + 2 x S<plaster 4 ZXeon. | poy

Plaster kconc

1

0.02 0.2
0.124+2X H+T75+0.06

=3.053 (W/m2.°C).
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2.7 Heating load calculation:

2.7.1 Overview:

Heating load is the rate at which heat energy must be supplied to a space to maintain a given
inside design condition.

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

Heat loss through all exposed walls, ceiling, floor, windows, doors, and walls between a
heated space and an unheated space (partition walls).

Heat load required to warm outside cold air infiltrated to heated space through cracks
(clearances) of windows and doors, and outside cold air infiltrated due to opening and
closing of doors.

Domestic hot water load.

Miscellaneous loads such as emergency heating loads and safety factor heating load. [1]

2.7.2 Heating Load Calculations

The general procedure for calculating the total heating load is:

1.

Select the design outdoor air conditions of temperature, humidity, and wind speed and its
direction.
Select the comfort design indoor conditions of temperature and relative humidity that
must be maintained in the heated space.
AT = Tin - Tout
Estimate temperature in adjacent unheated spaces, if any.
AT 4;n =0.5 (Tin - Touw) (2.12)
Compute the overall heat transfer coefficients for all exposed surfaces of the building
through which heat losses are to be calculated.
Determine all surface areas through which heat is lost.
Compute the heat loss for each type of walls, floor, ceiling or roof, doors, windows, etc.
by using this equation
Q'=UA (Tin— Tow) (2.13)
Where:

Q’: rate of heat transfer (W)

U: overall heat transfer coefficient (W/m?2.°C).

A: heat transfer area (m?)

Tin: inside design temperature (°C).

Tout: Outside design temperature
Compute heat loss from bellow-grade walls and floor, if any.
Calculate the infiltration air rate and compute the resulting heating load due to
infiltration.
Assume a safety factor value of 10 to 15% to account for emergency loads.
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10. The sum of all the above heat losses for all rooms represents the total heating load of the
building.[4]

2.7.3 Sample Calculation

Figure (2.2) illustrates the dimension of guest room

3.80
5.85 ‘
Guest 8 bath
unconditioned ~ room 1
space i
oy
o
o T
< (b7
| %)
2.50
ﬂ |living room

Figure (2.2): Guest room dimensions

Calculation the heat loss from the Guest room in the last floor as a sample :
The height of the room = 3m

The height of the window = 1m

The height of the bath room window = 1.5m

Heat loss through ceiling (Q.) :

Because of its construction, the ceiling is divided into two areas which are area A; and area A as
showing in Figure (2.3).
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Asphalt

Concrete——i (RS e e b

.............................
..................................
...................................

Polystyrene ——

Concrete — Y o ” 5 CID

Brick —— ¥ ]

Plaster ——

Figure (2.3): Ceiling construction

The area A; is equal to:

AlngC

=2 (28.1134)

=22.49 m?

And the area A; is equal to:

A2:§Ac

1

== (28.1134)

=5.62 m?

Qc =Uc Ac(Ti - To) (2.14)
=(U1AL +UA)(Ti - To)
Q. =(0.849 x22.49 +0.917 x5.62)( 24 - 4)

Q. = 484.95 W
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Heat loss through walls (Qy) :
The external wall area is
Awex = (5.65%3)-(3.3x1)
=13.65 m?

The heat loss from external wall is
Quex = (Uwex Awed( Ti - To)

= (0.788x 13.65) (24-4)

=215.124 W

There are two space beside the guest room are unconditioned, so heat loss from unconditioned
walls :

Qwun. = Quun1 + Quun2

The unconditioned temperature is calculate by equation (2.12)

Tun. =0.5(T; - Ty)

=0.5(24 -4)
=10°C

The unconditioned area is

Awun. =(6.25x 3)-(2x1)
=16.75 m?

Quun1 = (Uun Awan)(Ti - Tun.)
= (3.053x16.75)(24-10)
=715.93 W

Qw,un.z =(Up Apun)(Ti - Tun.)
= (2.642x1.5)(24-10)
=55.48 W

Quyun. = Quunt *+ Quun2
=715.93 + 55.48

=771.412 W
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Now, the total heat loss from walls is
Qw,tot = Qw,ex +Qw,un.
=215.124 + 771.412

= 986.536 W
Heat loss through windows (Q):

Qg =Ug Ag(Ti - To)
=(3.2)(3.3x 1)(24-4)
=211.2W

Heat loss through external door (Qq) :
Qa=UgAq(Ti - Tun)

=(5.8)(2x 1)(24-10)

=1624 W
Heat loss through infiltration (Qin) :

Infiltration is the leakage of outside air through cracks and clearances around the windows and
doors. The amount of infiltration depends mainly on the tightness of the windows and doors on
the outside wind velocity or the pressure difference between the outside and inside of the room.

The total heat load due to infiltration is given by the equation
Qint.g= L (hi - ho) (2.15)
Where:
hi: Inside enthalpy of infiltrated air in(kJ/kg)
ho: Outside enthalpy of infiltrated air in (kJ/kg)
Vf: The volumetric flow rate of infiltrated air in (m®/s)
vo : Specific volume in(m*/kg)
Vf=KxL [0.613 (S;% S,x 1,)*]%? (2.16)
Where :

K = the infiltration air coefficient.
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L: the crack length in meter.
S, factor that depends on the topography of the location of the building
S,: coefficient that depends on the height of the building.
V,: measured wind speed (m/s)
The value of K, S; and S, is obtained from tables A(2.6), A(2.7) and A(2.8) respectively.
K =0.43
S, =0.9
S, =0.75

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

Figure (2.4): Sliding window

And the window is sliding as shown in Figure (2.4) ,then:
L=[(3.3x2) + (3x1)]

=9.6m

Therefore ;

Vf = (0.43) (9.6) [0.613( 0.9 x 0.75 x 1.4)> ] %*
=2.76 m*/h

=7.67x 102 m%s
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From the psychometric chart one can obtain the following moist air properties that correspond to
the given inside and outside design condition :
Vo = 0.7889 m%kg , h; = 40.6 kJ/kg , h, = 13.1 ki/kg

po =1/vo=1.267 kg/ m°
The total heat loss due to infiltration is calculated by equation (2.15) as follows:
Through window
Qint.g= po Vf (hi - ho)
= (1.267)( 7.67x 103 )(24 - 4)
=0.0267kwW

=26.7W

Through door
Qinf.,d = Z—Z (hi - ho)
VF=KxL [0613 (5% $;x v:)?12°
L=[(2x 2) + (2x1)]
=6 m

Therefore ;
Vf = (0.43) (6) [0.613( 0.9 x 0.75 x 1.4) *°

= 1.726 m%h
=4.79% 10* m¥s
Qint.a= po Vf (hi - ho)
= (1.267)( 4.79x 10™ )(24 - 14)

=0.01667 kW

=16.67 W
Qint.tot =Qinf. g+ Qint.,d
=26.7 + 16.67
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=43.37TW
The total heat loss from the guest room is
Quot = Qu,tot +Qc "'Qg +Qq + Qinf.,tot
=086.536 +484.95 + 211.2 + 162.4 + 43.37
=1888.45 W

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

Owr= 1888.45 x 1.1 =2077.30 W.

Heating Load Summary is listed in the following table:

Table (2.7): Heating load for each flat in the building

1 7.6157 7 5.5799
2 7.6157 8 5.5799
3 5.5799 9 5.5799
4 5.5799 10 5.5799
5 5.5799 11 7.8891
6 5.5799 12 7.8891

The total heating load for the building = 75.6488 kW

2.8 Cooling Load calculation:
2.8.1 Overview

Cooling load is the rate at which heat energy must be removed from a space in order to maintain
a given inside design condition. Figure (2.5) shows the source of cooling load.

The cooling load of a building consists of the following heat gains [1]:
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i.  Heat gains that are transmitted through shaded building structures such as walls, floors
and ceilings and that adjacent to unconditioned space. The heat transmitted in this case is
caused by temperature difference that exists on both sides of the structure. This heat gain
is calculated by using this equation:

Q =UA (Tout — Tin) (2.17)

ii.  Heat gains due to solar effects which include:
a. Solar radiation transmitted through the glass into the air conditioned space and
absorbed by inside space surfaces and furniture.
b. Solar radiation absorbed by walls, glass windows, glass doors, and roofs that are
exposed to solar radiation.
iii.  Sensible and latent heat gains brought into the space as a result of infiltration of air
through windows and doors.
iv.  Sensible heat produced in the space by lights, appliances, motors and other miscellaneous
heat gains.
v. Latent heat produced from cooking, hot baths, or any other moisture producing
equipment.
vi.  Sensible and latent heat gains due to occupants.

- Sources of Cooling Load
N
electric lighting
-t ¥
computer & § § § \ occupant

conductive equipment
heat gains

infiltration
hot air

|

Figure (2.5): Source of cooling load

2.8.2 Cooling Load Calculations:

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

Q= UA (CLTD) cor. (2.16)

Where:

(CLTD) corr.: corrected cooling load temperature difference, “C

(CLTD) corr. = (CLTD + LM) K + (25.5 - Tix) + (Tom - 29.4) f (2.17)
Where:

CLTD: cooling load temperature difference, °C
LM: latitude correction factor.

k: color adjustment factor.

Tin: inside comfort design temperature, “C

f: attic or roof fan factor.

Tom: outdoor mean temperature, °C

Tom = (Tmax — Tmin) /2 (2.18)
Where:

Tmax: Maximum average daily temperature, °C
Tmin: Minimum average daily temperature, °C

Tmax = 36.1 °C and Tpin=13.7 °C are obtained from Palestinian Code.
Applying these values in equation (3.18) to obtain the outdoor mean temperature

Tom=24.9 °C.

2.8.3 Sample Calculation:

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

CLTD=14"°C from Table A (2.9)

LM =05 from Table A(2.10)

k = 0.5 for permanently light colored roofs.

f =1 there is no attic or roof fan.

(CLTD) corr. = (14 + 0.5) 0.5 + (25.5 - 24) + (24.9 - 29.4) 1
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=4.25°C
Q root = (U1 A1+ Uz Ag) (CLTD) cor
Q Root = (0.849 x22.49 +0.917 x5.62)( 4.25)
=103.05 W
=0.103 kW
Heat gain through sunlit walls (Q war):
CLTD at 14:00 o'clock ... from Table A(2.11)
N=0.0
k = 0.83 for permanent medium color walls.
Ay = (5.65%3)-(3.3) = 13.65 m?
(CLTD) corr,, n = (0.0+0.5) 0.83+ (25.5-24) + (24.9-29.4)x1
=-2.585°C
Q wan = Q'n =0.7880x13.65 x-2.585
=-27.80 W
=-0.0278 kW
Heat gain through unconditioned walls (Q un.):
From south wall
Quns=UAAT
=2.642x15x%x4
=15.582W
From east wall
Qune=UAAT
=3.053 x 16.75 x 4
=204.551 W
Qun = 15.582 + 204.551
=0.2204 kW

Heat gain due to glass (Q ciass):
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Solar radiation which falls on glass has three component which are:

1- Transmitted component: it represents the largest component, which is transmitted directly
into the interior of the building or the space. This component represents about 42% to 87% of
incident solar radiation, depending on the glass transmissibility value.

2- Absorbed component: this component is absorbed by the glass itself and raises its
temperature. About 5 to 50% of solar radiation it absorbed by the glass, depending on the
absorptive value of the glass.

3- Reflected component: this component is reflected by the glass to the outside of the building.
About 8% of the solar energy is reflected back by the glass.

The amount of solar radiation depends upon the following factors:

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

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

4- Solar radiation intensity and solar incident angle.

5- Latitude angle of the location.

The maximum cooling load due to the glass window Q gjass, cONsists of transmitted (Q ) and
convected (Q ¢onv.) cooling loads as follows:

Qclass = Q. + Q conv. (2.20)
Where:
Qu.: transmission heat gain, W
Qconv.: CONVection heat gain, W

SHC : 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(2.12).

SC : Shading coefficient : this factor accounts for different shading effects of the glass wall or
window and can be extracted from tables A(2.13) for single and double glass without interior
shading or from table A(2.14) for single and double glass as well as for insulating glass with

internal shading
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CLF : Cooling load factor : this represent the effects of the internal walls, floor, and furniture on
the instantaneous cooling load, and can be extracted from table A(2.15) for glass without interior

shading or from table A(2.16) for glass with interior shading. [1]
The transmitted cooling load is calculated as follows:
Q+t. = A (SHG) (SC) (CLF) . (2.21)
SHG in W/m? ... from Table A(2.12)
N =126
SC=0.4 ... reflective double from Table A(2.14)
CLF at 14:00 o'clock ... from Table A(2.16)
N =0.86
Qur.n=3.3x126 x 0.4 x0.86
=143.03W
Q conv. = UA (CLTD) cor. (2.22)
Where:
U: Over all heat transfer coefficient of glass (W/mz2.K).
A: Out windows Area of heat conduction. (m2).
(CLTD) corr: is calculated as the same of walls and roofs and the CLTD value for
glass is obtained from table A(2.21)

CLTD =7 °C at 14:00 o'clock
k =1 for glass
f =1 for glass
Qconv.n = 47.52 W
Qolass = 143.03 + 47.52

=190.55W

=0.1906 kW
Heat gain due to lights (Q L):

Heat gains due to lights are sensible loads and is calculated by the following equation:
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Q . = light intensity x A x (CLF) (2.23)
Where:
light intensity = 10-30 W/m? for apartment, so we will take 30W/m?
A: floor area = 28.11 m?
(CLF)L: cooling load factor for lights.
(CLF).. = 0.84 ... from Table A(2.17)
Qu. =30x 28.11x 0.84
=708.37W
=0.708 kW
Heat gain due to infiltration (Q+):

As the same way in heating load

Qint.g= L (ho - ) (2.29)
Where:

hi: Inside enthalpy of infiltrated air in(kJ/kg)

ho: Outside enthalpy of infiltrated air in (kJ/kg)

Vf: The volumetric flow rate of infiltrated air in (m®/s)

vo : Specifics volume in(m®/kg)
Vf=KxL [0.613 (S;% S,x 1,)*]?? (2.16)
Where :

K = the infiltration air coefficient.

L: the crack length in meter.

S, factor that depends on the topography of the location of the building

S,: coefficient that depends on the height of the building.

V,: measured wind speed (m/s)

The value of K, S; and S, is obtained from tables A(2.6), A(2.7) and A(2.8) respectively.
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K=0.43

S, =0.9

S, =0.75

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

And the window is sliding as figure (2.3), then :
L=[(33x2)+(3x1)]

=9.6m

Therefore ;

Vf = (0.43) (9.6) [0.613( 0.9 x 0.75 x 1.4)? ] 2
=2.76 m*h
=7.67x10° 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 = 0.7889 m¥kg , h; = 47.79 ki/kg , h, = 69.06 ki/kg

po =1/vo=1.267 kg/ m*

Qinf.,g = Po Vf (hi - ho)
= (1.267)( 7.67x 10° )(69.06 -47.79)

=0.02066 kwW
Qinf.,d = % (ho —hi)
Vf=KxL [0.613 (5% $,x v:)? ]
L=[(2x2)+ (2x1)]
=6 m

Therefore ;
Vf = (0.43) (6) [0.613( 0.9 x 0.75 x 1.4)* 1?3

= 1.726 m°/h
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=4.79x 10* m¥s

Qint.a= po VS (hi - ho)
= (1.267)(4.79x10™ )(69.06 - 47.79)
=0.01667 kW
Qint.tot = Qint..g+ Qinf,d
=0.0336 kW
Heat gain due to occupants (Q oc.):
Sensible and latent heat gains from occupants must be removed from the conditioned space. The

heat gain due to occupants is the following:

Q oc. = Q sensible + Q ratent (2.25)
Q sensible = heat gain sensible x No. of people x (CLF) o, (2.26)
Where: (CLF) 4.: cooling load factor due to occupants.
heat gain sensible = 70 very light work ... from Table A(2.18)
No. of people = 6
(CLF) . = 0.89 at 9 hours after each entry into space is obtained from Table A(2.19)
Q sensible = 70 x 6 x 0.89
=373.8W
Q 1atent = heat gain latent x No. of people (2.27)
heat gain latent = 44... very light work from Table A(2.18)
Qlatent =44 X 6
=264 W
Qoc.=373.8 + 264
=637.8 W
=0.6378 kW
Heat gain due to ventilation (Qun):
Mechanical ventilation is required for places in which the inside air is polluted due to activities

that place in these spaces as factories, restaurants, closed parking areas, etc. The amount of
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outside fresh air recommended for mechanical ventilation for different applications is listed in
Table A(2.20). The sensible and total cooling loads required to cool the ventilated air to the
inside room temperature is calculating by the following equation:

Q. vn. = 1M XCP 4ir X (Tout ~Tin) (2.28)
Where:
m: mass flow rate of ventilation air, kg/s

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

. rate of ventilation air
m = (2.29)

Vo

rate of ventilation air = A (oom x requirement outside ventilation air (2.30)
A room = 28.11 m?

requirement outside ventilation air = 10 L/s/m? ... from Table A(2.20)

rate of ventilation air = 28.11 x 10

=281.1L/s
=0.2811 m’/s

Vo = 0.879m%/kg
m =0.2811/0.879
=0.319 kg/s
Qun. = 0.319 x 1.005 x (30 - 24)
=192WwW
=0.0019 kW
The total heat loss from Guest Room is:
Qtot = Q Roof + Qwan + Qunt Qolass + Q i+ Qr + Qoc. + Qun, (2.31)
=0.1030-0.0278 + 0.2204 + 0.1906 + 0.3542 + 0.0336 + 0.6378 + 0.0019

= 1.56 kW
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Cooling Load Summary is listed in the following table:

Table (2.8): Cooling load for each flat in the building

. 10.3842 , 13.3287
) 10.2634 . 132777
5 13.3287 . 13.3287
. 13.2777 0 13.2777
5 133287 11 10.1697
6 132107 12 10.0489

The total cooling load for the building = 147.2918 kW
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Chapter Three

Variable Refrigerant Flow System
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3.1 Variable Refrigerant Flow System
3.1.1 Overview

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

Variable refrigerant flow (VRF) is an air conditioning 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.

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

3.1.2 Variable refrigerant flow description

VREF systems are similar to the multi-split systems which connect one outdoor section to several
evaporators. 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.

VREF systems promise a more energy-efficient strategy (estimates range from 11% to 17% less
energy compared to conventional units) at a somewhat higher cost.
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\ Qutdoor air cooled

condenser

Figure (3.1): VRF System with multiple indoor evaporate units

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/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%.

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

A schematic VRF arrangement is indicated below:

Separation tube

I lmulcr\

Refrigerant
p— branch unit
T— -
Outdoor unit
Transmission —
adaptor
B ) Indoor unit
[: - -
PC controller 1T
e
=g =0=1 \
Central remote ‘,‘.‘!,';‘,‘,I,":\
controller controller  Wired remote Wired remote  Wired remote

controller controller controller

9] Figure (3.2): A schematic VRF arrangement
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VRF systems are engineered systems and use complex refrigerant and oil control circuitry. The
refrigerant pipe-work uses a number of separation tubes and/or headers (refer schematic figure
above).

A separation tube has 2 branches whereas a header has more than 2 branches. Either of the
separation tube or header, or both, can be used for branches. However, the separation tube is
never provided after the header because of balancing issues.

DEII:E:«‘_ (o m [ 10

Seperation Tube

Header Liquid Pipe Header Gas Pipe

Bl Figure (3.3): Separation and header tubes

3.1.3 Types of VRF

VRV/VREF systems can be used for cooling only, heat pumping or heat recovery. On heat pump
models there are two basic types of VRF system: heat pump systems and energy recovery.

VRF heat pump systems

VRF heat pump systems permit heating or cooling in all of the indoor units but not operate
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.
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Bl Figure (3.4): VRF heat pump systems

VREF heat pump systems are effectively applied in open plan areas, retail stores, cellular offices
and any other areas that require cooling or heating during the same operational periods.

Heat Recovery VRF system (VRF-HR)

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.

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 valving
arrangements. Each indoor unit is branched off from the 3 pipes using solenoid valves. An
indoor unit requiring cooling will open its liquid line and 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.

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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3] Figure (3.5): Heat recovery type VRF system

VRF-HR mixed mode operation leads to energy savings as both ends of the thermodynamic
cycle are delivering useful heat exchange. If a system has a cooling COP (Coefficient of
Performance) of 3, and a heating COP of 4, then heat recovery operation could yield a COP as
high as 7.

VRF-HR systems work best when there is a need for some of the spaces to be cooled and some
of them to be heated during the same period. This often occurs in the winter in medium-sized to
large sized buildings with a substantial core or in the areas on the north and south sides of a
building.

This project deals with VRF heat pump systems.

3.1.4 Refrigerant modulation in a VRF system

VRV/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. [9]
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Figure (3.6): Basic refrigeration cycle

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
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.

Refrigeration systems can operate on reverse cycle mode with an inclusion of special 4-way
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.

Expansion valve is the component that controls the rate at which liquid refrigerant can flow into
an evaporator coil.

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.
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e Too little: liquid refrigerant entering a compressor washes out the oil causing premature
failure.

e Too much: valuable evaporator space is wasted and possibly causing compressor
overheating problems.

The shortcomings of thermostatic expansion valve (TXV) are offset by the modern electronic
expansion valve. With an electronic expansion valve (EEV), you can tell the system what
superheat you want and it will set it up.

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.

3.1.5 Design considerations for VRF system

Deciding what HVAC system best suits your application will depend on several variables such
as building characteristics, cooling and heating load requirements, peak occurrence,
simultaneous heating and cooling requirements, fresh air needs, accessibility requirements,
minimum and maximum outdoor temperatures, sustainability, and acoustic characteristics. [9]

Building Characteristics

VREF 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.
Obviously, 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. 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:

¢ 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

Note: The longer the lengths of refrigerant pipes, the more expensive the initial and operating
costs.
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Figure (3.7): Design limits in VRF system

As stated, the refrigerant piping criteria varies from manufacturer to manufacture, for example
for one of the Japanese manufacturer (Fujitsu), the system design limits are:

Outdoor N . Header
unit Separation
tube

L7 _L
| lndqor|
unit
L6

Indoor
unit

BT Figure (3.8): Design limits in (Fujitsu) VRF system

e L1: Maximum height difference between outdoor unit and indoor unit = 50m
e [2: Maximum height difference between indoor unit and indoor unit = 15m
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e [.3: Maximum piping length from outdoor unit to first separation tube = 70m

o [L3+L4+L5+L6]: Maximum piping length from outdoor unit to last indoor unit = 100m
e L6 & L7: Maximum piping length from header to indoor unit = 40m

e Total piping length = 200m (Liquid pipe length)

()Ild_oor

umit /

Indoor Indoor Indeor |
unit unit unmit |
QI Q2 Q3

Bl Figure (3.9): Pipe sizing for VRF system

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

Building Load Profile

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

e 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.

e 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:
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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.

Sustainability

One attractive feature of the VRF system is its higher efficiency compared to conventional units.
Cooling power in a VRF system is regulated by means of adjusting the rotation speed of the
compressor which can generate an energy saving around 30%.

A VRF system permits easy future expansion when the conditions demand. Oversizing however,
should be avoided unless a future expansion is planned.

Gas Pipe

Outdoor
Unit

Possible Future
Extension

Liquid Pipe

—

Indoor Indoor Indoor Indoor Indoor
Unit Unit Unit Unit Unit

—

Indoor Indoor Indoor
Unit Unit Unit

1 Figure (3.10): Pipe work schematic

Other sustainability factors include:

Use of non-ozone depleting environment-friendly refrigerants such as R 410a
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e Opting for heat pump instead of electrical resistance heating in areas demanding both
cooling and heating.

Heat pumps offer higher energy efficiency.

Simultaneous Heating and Cooling

Some manufacturers offer a VRF system with heat recovery feature which is capable of
providing simultaneous heating and cooling. The cost of a VRF-HR is higher than that of a
normal VRF heat pump unit and therefore its application should be carefully evaluated.

More economical design can sometimes be achieved by combining zones with similar heating or
cooling requirements together. For example, the areas that may require simultaneous heating and
cooling are the parametric and interior zones. Parametric areas with lot of glazing and exposure
especially towards west and south will have high load variations. A VRF heat pump type system
is capable of providing simultaneous heating and cooling exceeding 6 tons cooling requirement.

Using VRF heat pump units for heating and cooling can increase building energy efficiency. The
designer must evaluate the heat output for the units at the outdoor design temperature.
Supplemental heating with electric resistors shall be considered only when the heating capacity
of the VRF units is below the heating capacity required by the application. Even though
supplemental heating is considered, the sequence of operation and commissioning must specify
and prevent premature activation of supplemental heating.

First Costs

The installed cost of a VRF system is highly variable, project dependent, and difficult to pin
down. Studies indicate that the total installed cost of a VRF system is estimated to be 5% to 20%
higher than air or water cooled chilled water system, water source heat pump, or rooftop DX
system providing equivalent capacity. This is mainly due to long refrigerant piping and multiple
indoor evaporator exchanges with associated controls. Building owners often have no incentive
to accept higher first costs, even if the claimed payback period is short, as the energy savings
claims are highly unpredictable.
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3.1.6 Advantages of VRF system

Air curtains Heating and cooling
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Hot water Ventilation
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> No cold draughts

Figure (3.11): VRV provides a total solution for integrated climate control

VREF systems have several key benefits, including:

1.

Installation Advantages.

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

Design Flexibility.

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

Maintenance and Commissioning.

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

Comfort.

Many zones are possible, each with individual set point control. Because VRF systems
use variable speed compressors with wide capacity modulation capabilities, they can
maintain precise temperature control, generally within £1°F (£0.6°C), according to
manufacturers’ literature.
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5. Energy Efficiency.
The energy efficiency of VRF systems derives from several factors. The VRF essentially
eliminates duct losses, which are often estimated to be between (10-20) percent of total
airflow in a ducted system. VRF systems typically include two to three compressors, one
of which is variable speed, in each condensing unit, enabling wide capacity modulation.
This approach yields high part-load efficiency, which translates into high seasonal energy
efficiency, because HVAC systems typically spend most of their operating hours in the
range of 40% to 80% of maximum capacity.

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

3.1.7 Selection units

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 Hebron.

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

Outdoor unit

It was chosen three outdoor units with capacity of individual is 14 Ton (AM168FXVAFH/AA)

Indoor unit

In this project there are two types of indoor units selected, which are split and cassette units. The
split unit is used for bedrooms, and the cassette units are used for guest rooms, living rooms, and
kitchen.

The figure below shows the two types of selected units:

MOl Figure (3.12): Spilt and cassette indoor units
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The selected indoor units for the building are listed in the tables below:

Table (3.1): Indoor units for first floor

Heating  Cooling . . .
Room Name Load Load listoroi Wfail Indoor Unit Name DATTETRIET

A-Master 0.91 1.74 Split AMOO7ENTDCH/AA  825x285x189
Bedroom

A-Bedroom 1 0.60 0.88 Split AMOO7FENTDCH/AA  825x285x189
A-Bedroom 2 1.04 1.20 Split AMOO7FNTDCH/AA  825x285x189
A-Guest Room 2.16 1.96 Cassette AMOO9FNNDCH/AA  575x250x575
A-Living Room 1.13 2.23 Cassette AMOO9FNNDCH/AA  575x250x575
A-Kitchen 1.04 1.50 Cassette AMOO9FNNDCH/AA  575x250x575
B-Master 0.91 1.65 Split  AMOOTENTDCH/AA  825x285x189
Bedroom

B-Bedroom 1 0.60 0.93 Split AMOO7ENTDCH/AA  825x285%189
B-Bedroom 2 1.04 1.14 Split AMOO7ENTDCH/AA  825x285x189
B-Guest Room 2.16 0.93 Cassette AMOO9ENNDCH/AA  575%250%x575
B-Living Room 1.13 2.23 Cassette AMOO9FNNDCH/AA  575x250%x575
B-Kitchen 1.04 1.49 Cassette AMOO9FENNDCH/AA  575x250x575

Table (3.2): Indoor units for second, third, fourth, fifth floors
Heating  Cooling . . .
Room Name Load Load listoroi Wfail Indoor Unit Name DATTETRIET

A-Master 0.67 1.74 Split AMOO7FENTDCH/AA  825x285x189
Bedroom

A-Bedroom 1 0.40 1.66 Split AMOO7ENTDCH/AA  825x285x189
A-Bedroom 2 0.78 0.82 Split AMOO7FNTDCH/AA  825x285x189
A-Guest Room 1.75 0.68 Cassette AMOO9FNNDCH/AA  575x250x575
A-Living Room 0.70 0.82 Cassette AMOO9FNNDCH/AA  575x250x575
A-Kitchen 0.76 1.34 Cassette AMOO9FNNDCH/AA  575x250x575
B-Master 0.67 1.68 Split  AMOOTENTDCH/AA  825x285x189
Bedroom

B-Bedroom 1 0.40 1.57 Split AMOO7ENTDCH/AA  825x285%189
B-Bedroom 2 0.78 0.80 Split AMOO7FENTDCH/AA  825x285x189
B-Guest Room 1.75 0.68 Cassette AMOO9ENNDCH/AA  575%250%x575
B-Living Room 0.70 1.46 Cassette AMOO9FNNDCH/AA  575x250%x575
B-Kitchen 0.76 1.68 Cassette AMOO9ENNDCH/AA  575x250%x575
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Table (3.3): Indoor units for sixth floor

Heating

Cooling

Room Name Load Load Indoor Unit Indoor Unit Name e
A-Master 0.92 1.72 Split AMOO7ENTDCH/AA  825x285x189
Bedroom
A-Bedroom 1 0.64 0.86 Split AMOO7ENTDCH/AA  825x285x189
A-Bedroom 2 1.23 1.17 Split AMOO7FNTDCH/AA  825x285x189
A-Guest Room 2.10 0.86 Cassette AMOOIFNNDCH/AA  575x250%x575
A-Living Room 123 2.18 Cassette ~ AMOO9FNNDCH/AA  575x250x575
A-Kitchen 1.05 1.47 Cassette ~ AMOOOFNNDCH/AA  575x250x575
B-Master 0.92 1.63 Split AMOO7ENTDCH/AA  825x285x189
Bedroom
B-Bedroom 1 0.64 0.91 Split AMOO7ENTDCH/AA  825x285x189
B-Bedroom 2 1.23 1.12 Split AMOO7ENTDCH/AA  825x285x189
B-Guest Room 2.10 0.91 Cassette ~ AMOO9FNNDCH/AA  575x250x575
B-Living Room  1.23 2.18 Cassette ~ AMOOOFNNDCH/AA  575x250x575
B-Kitchen 1.05 1.46 Cassette ~ AMOO9FNNDCH/AA  575x250x575

3.2 Mechanical 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:

e “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.

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

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

1. Air changes per hour
2. An air flow rate per person
3. An air flow 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.
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Air flow rate per person are generally expressed as liters 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.

3.2.1 Purposes 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.

3.2.2 Designing of mechanical ventilation
Steps of designing mechanical ventilation:

e (alculate the required ventilating rate of air by using “Ventilation Rates Calculator”
software

e Calculate the volume of the room in (m’)

e Calculate the flow rate of air by using air changes per hour method

3.2.3 Sample calculation

Using bathroom:

Figure (3.13): Bathroom layout
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e The volume is 15.2 m*
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Figure (3.14): Ventilation rates calculator

Table (3.4): Ventilation rate

Volume Ventilating Rate
Room (m3)
(L/s) (CFM)
Kitchen 57.8 57.8 122.47
Bathroom 1 15.2 42.22 89.46
Bathroom 2 8.91 24.75 52.44
Bathroom 3 16.74 46.5 98.53
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Chapter Four

Plumping System
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4.1 Introduction

Plumbing is the art and science of installing pipes in buildings, fixtures for bringing in the water
supply and removing liquid and waterborne wastes. Plumbing systems are one of the most
important parts of building design because it's prevent transmission of disease, hygiene, remove
the dirty water and etc.

Plumbing includes many systems in buildings, the figure below shows the details of the
plumping systems.

Plumping Systems

Water system Drainage system
Cold Hot Sanitary Storm
Water Water Drainage Drainage

Figure (4.1): Plumping systems

The other part of this chapter is about grey water treatment which means all waste water that is
discharged from a building excluding black water. This includes water from showers, bathtubs,
sinks, kitchen, dishwashers, laundry tubs, and washing machines.

The main purpose of grey water recycling and treatment is to substitute the precious drinking
water in applications which do not require drinking water quality; with grey water recycling it is
possible to reduce the amounts of fresh water consumption as well as wastewater production in
addition to reducing the water bills.

In water treatment the main process is using the sand filter to achieve the required percentage of
recycled water.
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4.2 Water supply system

4.2.1 Overview

There are two type of water distribution system for buildings:
1) Up feed distribution system.
2) Down feed distribution.

The system that will use to 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 is 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 this building is 50 psi.

The design of main water supply for the building needs to take into consideration the actual and
anticipated future consumption. Moreover, size of water main pipe, and required pressure of
water are essential.

4.2.2 Calculations for hot and cold water

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.

The design procedure is as follows:
1) draw a rise (plumbing section) on this riser show:

e Floor to floor height.
¢ Run out distance to farthest fixture on each floor.
e 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.
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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.

4.2.2.1 Fixture units load for the first riser

For a private, flush tank system, first riser and symmetry floors, using Table A(5.1) has the
following:

Table (4.1): Fixture units load

Tot. Cold Hot Tot. Tot.

Fixture type No.FU | WSFU | WSFU WSFU WSFU cold hot

Kitchen sink 1 2 2 2x3/4=15| 2x3/4=15| 15 15

Lavatory 3 1 3 1x3/4=3/4 | 1x3/4=3/4 | 2.25 2.25
Water closet 3 3 9 3 0 9 0
Bathtub 2 2 4 2x3/4=1.5| 2x3/4=1.5 3 3
Dishwasher 1 1 1 1 0 1 0
C. washer 1 2 2 2 0 2 0

Total(WSFU) 21 18.75 | 6.75

The total amount of water supply fixture unit is 21x6 = 126 total fixture unit load so we use the
Table (4.2) for estimating demand to calculate the required amount of water which is equal 50
gallon per minute (gpm) using following interpolation.

120 wsfu — 49 gpm
126wsfu  — X gpm
140 wsfu — 53 gpm

X=50 gpm

Same calculation for the second riser used on the other side of the building.
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4.2.2.2 Sizing of pipes

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:

Main pressure = static head + friction head + flow pressure
Where:

Static head is to overcome the height.
Friction head is to overcome friction in pipes.

(4.1)

Flow pressure is the pressure available at the fixtures when the outlet is wide open and it

must be equal or exceed the minimum fixture pressure.

Assume that the shower fixture that at the 6™ floor is the critical fixture unit, by Table A(4.3)

flow pressure = 8psi.

Static pressure:

Six floors with 3.5 m for each one, half meter for the high of fixture unit.

Main pressure = 50 psi.

Pump pressure

So, the equation will be as following:

Friction head = main pressure — static pressure —flow pressure
=50-28.21-8
= 13.79 psi.

Equivalent length = ((1.8 +1.89+21+0.35+10.26+0.5) x1.5) / 0.33
=162.72 ft
Friction head loss psi / 100 ft, by the relation
= (13.79 psi x 100 ft) / 162.72 ft
= 8.5 psi/ 100ft

Referring to the Figure A(4.1) and using steel pipes the diameter exactly equal to 1.5" in. and the
velocity is 9.2 fps, the following table shows the pipe sizing for all sections of the cold water

riser.
Table 4.2: Pipe sizing for cold water riser
Section Flow | Equivalent | Pipe size | Friction(psi | Velocity | Section | Cumulative
number (gpm) | length(ft) (in) /100ft) (fps) friction friction

(psi) (psi)
Pump-1% riser 50 32.7 1.5" 8.5 9.2 2.78 2.78
2" riser section 42.2 15.9 15" 6.5 6.8 1.03 3.81
3" riser section 37.5 15.9 15" 4.4 6.3 0.7 451
4" riser section | 315 15.9 1.5" 3.4 6 0.54 5.05
5" riser section | 23.75 15.9 1.5" 2.2 4.1 0.35 5.4
6" riser section | 13.25 15.9 1.25" 1.4 3 0.22 5.6
Run out 7 46.6 0.5" 0.6 2 0.28 5.8
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The diameter will be select for cold riser is 1.5 in.

Table 4.3: Pipe sizing for hot water riser

Section Flow | Equivalent Pipe Friction(psi | Velocity | Section | Cumulative
number (gpm) | length(ft) size /100ft) (fps) | friction | friction
(in) (psi) (psi)
Hot water tap 25.2 34 1.25" 8.5 7.8 2.89 2.89
to 1% riser

2" riser section | 21.87 15.9 125" 3.7 5.3 0.59 3.5
3" riser section | 18.2 15.9 125" 2.8 4.4 0.45 3.9
4" riser section | 14.15 15.9 1.25" 1.5 3.2 0.24 4.1
5™ riser section | 10.1 15.9 1.25" 1 2.5 0.16 4.3
6" riser section | 5.56 15.9 1.25" 0.37 1.4 0.06 4.36
Run out 13.25 15.39 0.5" 0.7 2.1 0.03 35

The diameter will be select for hot riser is 1.25 in.

Look at Figure A(4.2) that shows the details of water supply risers.

4. 3 Water tank volume

Water tank volume can be determined by multiplying the amount of gpm by 3 as a factor to
ensure the availability of water source.

Then, 100 gpm are the total demand for the building and two risers.

So: 100%3 = 300 gpm.

Converting 300 gpm the result is 82 cubic meters that will the underground tank volume for
water building demand.

4.4 Water pump selection

In order to choose the details of the required water pump we have to determine two main
conditions, the amount of total flow rate of demand water and the total head.
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4.4.1 Flow rate determination

According to the previews calculation and equation estimation, the total flow rate for the first
riser is 50gpm and the same for another one, so by converting 50gpm equal to 11.3m"3/h.

4.4.2 Head estimation

The pump selected with main pressure provides 50psi and that already choses in residential
buildings that mean 3.5bar; another way to reach this value is by:

Height of the building = 3.5m * 7floors = 24.5 m.
Dividing 24.5 by 10 = 2.4 bar

Adding 1 bar for fittings losses the value is almost 3.5 bar

4.4.3 Pump selection

Using dp-select software and with filling data into brackets as follow [6].

Search Hydraulic

Medium to be pumped Water W
Flow = 11,30 m3/h
Pressure * 33 bar

Mo of duty pumps 1 |w|[_] Freq. Driven
No. of poles 2 Poles W
Application (") Constant pressure

'ZEZ' System curve
Freguency olHz |y

Figure (4.2): Pump data
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The pump model selected “DPV 10/5 B”.

The characteristic curves of this pump as follow:

Head [ bar ]

Efficiency [ % ]

DPV10/5B 50Hz

Flow [ m3ih ]

3.5 bar

— o
L= }]
——a
—
=

1130 m3'h

75
&0
254

B5.2 %

Figure (4.3): Pump characteristic curves
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4.5 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

4.5.1 Drainage system components

The main components of drainage system are:

Vent pipe
exits roof _>

Clean out

 Trapisan
& integral part
- %, oftoilet

Drain line —
above last trap
becomes the :
vent » _ Fixture units
Floor Drain\

ﬂ'—'ﬁs »
U—

Municipal

.
Drain line h'-' sewage system

| | | B ]
Manholes \4

Figure (4.4): Drainage system components

¢ Fixture units

e Trap

¢ (lean out

¢ Drainage pipe

e Stack and vent pipes

e Manholes

e Septic tank or municipal sewage system
e Accessories
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This project deals with two types of waste water which is gray and black water, the separation of
waste water will rationalize consumption of water and reuse it in irrigation and in flushing water
closet.

4.5.2 Sanitary drainage
4.5.2.1 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 (A (4.5), A(4.6)
A(4.7)). These tables are built into the fill factors, which are:

® 50% fill in branches (horizontal pipes)
e (25-33)% fills in stack (vertical pipes)
® 50% fill in building and swear drains

The recommended velocity for drainage piping:

¢ For branches the recommended velocity is 2 ft/s
¢ 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:

¢ 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%)
¢ For pipes of diameter > 4" the minimum slope is 1/8”/ft (4%)

Design procedure:

Calculation of the number of DFU for each branch by using Table A(4.4)
Calculation of the number of DFU for each stack

Choosing the branch pipe diameter by using Table A(4.5)

Choosing the stack pipe diameter by using Table A(4.6)

Comparing the stack pipe diameter with branch diameter

Choosing the building drain pipe diameter by using Table A(4.6)

AN

To achieve the recommended velocities which are 3 fps in building drain, it will be chosen the
slope and flow velocity in building drain by using Table A(4.7).
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4.5.2.2 Pipe sizing for gray water

S4

201 fps

1.5" & Slope 1/2" per ft

S3

1Dishw 1W.M 1Sink
2DFU 2DFU 2DFU

2536 DFU

25" & Slope 1/2" per ft
282fps

2,18 DFU

2' & Slope 12" per ft
243fps

2" at Slope 1/2" per ft
243fps

B4 B3 B2 B
79 DF‘U 72 D?U 36 D?U 18 D?U

4" at Slope 1/4" per ft

4" & Slope 1/4" per ft

3" a Slope 1/4" per ft

Figure (4.5): Gray water pipe sizing

Table (4.4): Sizing of stack 1

Stack Branch
Floor Total Diapleter Total Diameter
DFU (in) DFU (in)
Sixth 3 2 3 2
Fifth 6 2 3 2
Fourth 9 2 3 2
Third 12 2 3 2
Second 15 2 3 2
First 18 2 3 2
Table (4.5): Sizing of stack 2
Stack Branch
Floor Total Diameter Total Diameter
DFU (in) DFU (in)
Sixth 3 2 3 2
Fifth 6 2 3 2
Fourth 9 2 3 2
Third 12 2 3 2
Second 15 2 3 2
First 18 2 3 2
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Table (4.6): Sizing of stack 3
Stack Branch
Total Diameter Total Diameter

Floor  pry (in) DFU (in)
Sixth 6 2 6 2
Fifth 12 2 6 2
Fourth 18 2 6 2
Third 24 2 6 2
Second 30 2.5 6 2
First 36 2.5 6 2
Table (4.7): Sizing of stack 4
Stack Branch
Floor Total Diameter Total Diameter
DFU (in) DFU (in)
Sixth 1 1.5 1 1.5
Fifth 2 1.5 1 1.5
Fourth 3 1.5 1 1.5
Third 4 1.5 1 1.5
Second 5 1.5 1 1.5
First 6 1.5 1 1.5
Ground 7 1.5 1 1.5

Table (4.8): Branches of building drain

Branch of Total  Diameter Slope Velocity
building drain DFU (in) (in/ft) (ft/s)
H1 18 2 0.5 243
H2 18 2 0.5 243
H3 36 2.5 0.5 2.82
H4 7 1.5 0.5 2.01

Table (4.9): Building drain
Total  Diameter Slope

building drain DFU ) (in/ft)
B1 18 2.5 0.25
B2 36 4 0.25
B3 72 4 0.25
B4 79 4 0.25
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4.5.2.3 Pipe sizing for black water

Note: all stacks are the same, because of symmetry.

S2

S3

1wWC
4 DFU
2' 4DFU 5 TH
2'8DFU
2'12DF

2"16 DFU : 2 ND.

2"20 DFU

2' 24 DFU

H3

282fps
B3

2"16 DFU

. 2"20DFU

2" 24 DFU
25" & Slope 1/2" per ft

B2
-~

25" & Slope 1/2" per ft

2ND. 2"16DFU

1ST. 2"20DFU

2"24 DFU

H1

1wWC
4DFU

TH.
S TH.
4 TH.
3 RD.
2 ND.
1ST.
24DFU

2.5" & Slope 1/2" per ft
2.82fps

72 DFU
4" at Slope 1/4" per ft

3" a Slope 1/4" per ft

<
24DFU

3" a Slope 1/4" perft

Figure (4.6): Black water pipe sizing

Table (4.10): Sizing of black water stacks

Floor

Sixth
Fifth
Fourth
Third

Second

First

Stack

Total
DFU

4
8
12
16
20
24

Diameter

(in)

2

[NSIIN \S RN NI Ol )

Branch

Total Diameter
DFU (in)

4 2

4 2

4 2

4 2

4 2

4 2

Table (4.11): Branches of building drain

Branch of

building drain

Total
DFU

24
24
24

Diameter  Slope

(in) (in/ft)

25 0.5
25 0.5
25 0.5
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Table (4.12): Building drain
Total  Diameter Slope

building drain DFU i) (in/ft)
B1 24 2.5 0.25
B2 48 3 0.25
B3 72 4 0.25

The diameter of branches and stacks that selected is 4” for both gray and black water.

The figure below shows the distribution method of piping:

Figure (4.7): Distribution of piping in bathroom

4.5.3 Storm drainage

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
¢ 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.

The roof area of this building is 356.3 mz, and therefore needs three 4” FD.
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4.5.4 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. [11]

Table (4.13): Diameter of the manhole according to their depth

Depth Diameter

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

4.5.4.1 Manbhole calculation

The depth of the first manhole is 50 cm, the calculation of the second manhole done according to
the first manhole and so on. The calculations are done by using these equations:

e Depth: (M2 =M1 + (Slope x Distance) + 5 + Level Difference) in cm
e Top level: Manholes face level on the ground

e (Invert level = Top level - Depth) in m

e Qutlet level = - (Depth - 0.05) in m

The figure below shows the details of the manholes:
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Figure (4.8): Manholes details

The result calculation of the gray water and black water manholes is listed in the tables below:

Table (4.14): Gray water manholes

Manhole Top level Invertlevel Outlet level Depth Dia. Size o s
No. (m) (m) (m) (cm) (cm)
MO1 +0.00 -0.50 -0.45 50 60 Concrete
MO02 +0.00 -0.64 -0.59 64 60 Concrete
MO03 -0.20 -1.25 -1.00 105 80 Concrete
M04 -0.20 -1.59 -1.34 139 80 Concrete
MO5 -0.20 -2.94 -2.67 272 125 Concrete
MO06 -0.20 -2.59 -2.34 239 100 Concrete
MO7 -0.20 -2.27 -2.02 207 100 Concrete
MO8 -0.20 -1.94 -1.69 174 100 Concrete
M09 -0.20 -1.59 -1.34 139 80 Concrete
M10 -0.20 -1.25 -1.00 105 80 Concrete
Ml11 +0.00 -0.64 -0.59 64 60 Concrete
M12 +0.00 -0.50 -0.45 50 60 Concrete
Table (4.15): Black water manholes
Manhole Top level Invertlevel Outlet level Depth Dia. Size Camer Toppe
No. (m) (m) (m) (cm) (cm)
MO1 -0.20 -0.70 -0.45 50 60 Concrete
MO02 +0.00 -0.91 -0.86 91 80 Concrete
MO03 +0.00 -1.08 1.03 108 80 Concrete
M04 -0.20 -0.70 -0.45 50 60 Concrete
MO5 +0.00 -0.91 -0.86 91 80 Concrete
MO06 +0.00 -1.08 1.03 108 80 Concrete
MO7 +0.00 -1.19 -1.14 119 80 Concrete
MO8 +0.00 -1.35 -1.30 135 80 Concrete
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Chapter Five

Gray Water Treatment
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5.1 Overview

Gray water is all wastewater that is discharged from a house, excluding blackwater (toilet water).
This includes water from showers, bathtubs, sinks, kitchen, dishwashers, laundry tubs, and
washing machines.

It commonly contains soap, shampoo, toothpaste, food scraps, cooking oils, detergents and hair.
Gray water makes up the largest proportion of the total wastewater flow from households in
terms of volume. Typically, 50-80% of the household wastewater is gray water. The main
difference between gray water and blackwater (sewage) is the organic loading. Sewage has a
much larger organic loading compared to gray water.[5]

( N
Gray water
Low-load " High-load |
showers,bathtubs kitchen (dishwashers),
hand washbasins washing machines

Figure (5.1): Gray water loads

Gray water from baths, showers, washbasins and washing machines has to be collected
separately from blackwater, treated and eventually disinfected for reuse as a non-potable water
source.

Garden irrigation is commonly applied, whereby gray water can be bucketed or diverted to the
garden for immediate use. Advanced systems are also available that collect, filter and treat gray
water for indoor use such as toilet flushing or laundry washing.

Laundry washing accounts for 10-30% of the average household water use. Gray water from
laundry is easy to capture and with the right choice of laundry products, the treated gray water
can be reused for flushing tank or irrigation.
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5.2 Gray water quality

The quality of gray water between households, and even within households, varies daily
depending on the activities of the household’s occupants. In addition, the quality of gray water
varies depending on the source of the water , see table (5.1). For most households gray water
contains soap, shampoo, toothpaste, shaving cream, laundry detergents, hair, lint, body oils, dirt,
grease, fats and chemicals (from soaps, shampoos, cosmetics). The most significant pollutant of
gray water is laundry detergent, particularly those high in sodium and phosphorus. Greywater
also contains bacteria, parasites and viruses washed from the body and clothes.[5]

Table (5.1) Characteristic of gray water

Bacteria v v 4
Chlorine
Foam v
Food Particles
Hair v
High PH
Nitrate
Odor
Oil &Grease
Organics Matter
Oxygen Demand
Phosphate
Salinity
Soaps
Sodium
Suspended Solids
Turbidity

N NS
AN N NEE R NI NI N
ANIRN
AN

AVRVANANENENEN

SURNANEN
AR
<

5.3 Applications of recycled gray water
e lIrrigation

Gray water typically breaks down faster than blackwater and has lower levels of nitrogen and
phosphorus. However, all gray water must be assumed to have some blackwater-type
components, including pathogens of various sorts. Gray water should be applied below the
surface where possible (e.g via drip line on top of the soil) and not sprayed, as there is a danger
of inhaling the water as an aerosol.

In any gray water system, it is important to avoid toxic materials such as bleaches, bath salts,
artificial dyes, chlorine-based cleansers, strong acids/alkali, solvents, and products containing
boron, which is toxic to plants at high levels.
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e Indoor reuse

Recycled gray water from showers and bathtubs can be used for flushing toilets in most
European and Australian jurisdictions and in United States jurisdictions that have adopted the
International Plumbing Code.

Such a system could provide an estimated 35% reduction in water use for the average household.
The danger of biological contamination is avoided by using:

1) A cleaning tank, to eliminate floating and sinking items

2) An intelligent control mechanism that flushes the collected water if it has been stored
long enough to be hazardous; this completely avoids the problems of filtration and
chemical treatment

Figure (5.2) summarizes the major possible applications for treated gray water.

Treated
greywater
Toilet flushing Gardening and Washing machines Other applications:
irrigation - car washing
- fire fighting
- industrial use

Figure (5.2): Major possible applications for treated gray water.

The advantage of recycling gray water is that it is a large source with a low organic content. To
illustrate, gray water represents up to 70% of total consumed water but contains only 30% of the
organic fraction and from 9 to 20% of the nutrients. Moreover, in an individual household, it has
been established that gray water could support the amount of water needed for toilet flushing and
outdoor uses such as car washing and garden watering.

There are studies in British society found the flushing tanks use represent 35% of total domestic
water usage whereas gray water from shower, bath, wash basin, laundry and dishwasher
correspond to 44%. Figure (5.3) shows the Distribution of domestic water usage in British
society.
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Figure (5.3): Distribution of domestic water usage

5.4 Gray water recycling

The main purpose of gray water recycling is to substitute the precious drinking water in
applications which do not require drinking water quality. Non-potable reuse applications include
industrial, irrigation, toilet flushing and laundry washing dependent on the technologies utilized
in the treatment process. With gray water recycling, it is possible to reduce the amounts of fresh
water consumption as well as wastewater production, in addition to reducing the water bills. If
gray water is regarded as an additional water source, an increased supply for irrigation water can
be ensured which will in turn lead to an increase in agricultural productivity.

Most gray water is easier to treat and recycle than blackwater, because of lower levels of
contaminants. If collected using a separate plumbing system from blackwater, domestic gray
water can be recycled directly within the home, garden or company and used either immediately
or processed and stored. If stored, it must be used within a very short time or it will begin to
putrefy due to the organic solids in the water. Recycled gray water of this kind is never safe to
drink, but a number of stages of filtration and microbial digestion can be used to provide water
for washing or flushing toilets. Some gray water may be applied directly from the sink to the
garden or container field, receiving further treatment from soil life and plant roots. Given that
gray water may contain nutrients, pathogens, and is often discharged warm, it is very important
to store it before use for irrigation purposes, unless it is properly treated first.

When you take a bath, soap, shampoo, and other chemicals end up in the water together with
your sweat, dead skin, hair, bacteria, and pathogens. If this cocktail is left in a water-butt for a
few hot summers days it will start to smell awful. Vegetables and other edible crops watered
with the recycled water could be also be tainted.
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Gray water systems that involve storing gray water must treat the gray water to reduce the
bacteria and other microorganisms that can multiply in stagnant water. Physical and chemical
gray water treatment systems primarily utilize disinfection and filtration to remove contaminants
while biological treatment uses aeration and membrane bioreactors.

In terms of treatment plan design, unit processes are classified into five groups or functions:

1) Preliminary treatment : The removal and disintegration of gross solid, the removal of grit
and the separation of storm water. Oil and grease are also removed at this stage.

2) Primary (sedimentation) treatment : The first major stage of treatment following
preliminary treatment, which usually involves the removal of settleable solids.

3) Secondary (biological) treatment : The dissolved and colloidal organic matter is oxidized
by micro-organism.

4) Tertiary treatment : Further treatment of a biological treated effluent to remove remaining
suspended solid, bacteria, specific toxic compounds or nutrients to enable the final
effluent to comply with a standard more stringent that can be achieved by secondary
treatment alone.

5) Sludge treatment : The dewatering, stabilization and disposal of sludge.

Figure (5.4) shows the typical layout of small gray water treatment plant in general .

Grit
Screen separation ~ Primary Biological
settlement process
gray water Screened
//// e
gray water
screemng Grit Primary
for disposal for disposal  sjydge for
disposal Secondary
settlement
Final
effiuent ¢ — —
Tertiary Secondary
treatment sludge

Figure (5.4): Typical layout of small gray water treatment plant.
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In this project, the gray water of the building passes through five stages:

1)

2)

3)

4)

5)

Stage one: primary settling tank
The gray water enters in the primary settling tank where any large impurities become
sediments .Then the gray water goes to second tank.

Stage two: Gravel filter tank
This tank consist of gravels which contain bacteria that absorbs the microbes in the gray
water. Then the gray water goes to the third tank.

Stage three: Secondary settling tank
In this stage, any residual impurities not sediment in the first tank become sediments.
Then the gray water goes to the fourth tank.

Stage four: Sand filter tank

This tank has four materials which are gravel, garnet, sand and coal.

Gray water passes through the coal then through sand and then through garnet and
finally across the gravel. Then the gray water goes to the fifth tank.

Stage five: Storage tank

The gray water which goes out from tank four is collected in tank called storage tank to be
transported to the building. Figure (5.5) illustrates these five stages .
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N
QOO
000 1 )
Primary settling Gravel filter ~ Secondary setling ~ Sand
tank tank filter Storge tank

(Figure 5.5): Gray water stages in the building

The first three tanks are in the garden around the building and the other two tanks are in the
roof. Third tank is connecting with a pump which pull the gray water from this tank and put it in
the fourth tank. The fourth tank located above the stand to allow the gray water flow under
gravity to the fifth tank.

An electrical float valve which is in tank five is connected with the pump. When tank five
becomes half full, the electrical float valve will turn on the pump and the pump pull the
supernatant of gray water from tank three to tank four and the cycle is repeated.

Over flow pipe is connected in the highest point of tank three to get rid of the extra water that
exceeds the capacity of this tank to prevent the gray water from going back to the building. This
water which outlet from over flow pipe is connected with a pipe to irrigate the flowers in the
garden. The schematic diagram for the flow of gray water in tanks to reach the building is
illustrated in figure (5.6). The track of gray water from throughout the system is illustrated in
figure (5.7).
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Figure (5.6): Schematic diagram for flow of gray water in the tanks
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Storage tank
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Primary settling tank Gravel filter secondary settling tank

Figure (5.7): Gray water treatment and disinfection plant
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5.4.1 Sand filter

As shown in Figure (5.8), sand filter consist of four
materials which are gravel, garnet, sand and coal. A
sand filter is 1 to 1.5 meters thick. The filtration comes
from sand particles that are about 0.35 mm in diameter [ -~ - ~ -~
and fairly uniform. The solids in the water collect ‘7 Sand
mostly on top of the filter and are scraped away at
intervals of 1 to 6 months. At this time the sand is
cleaned by vigorous flushing with water flowing
upward. Sand adsorbs organic compounds on which
microorganisms can feed. The highest nutrient

- | ¢— Coal

rj 4— Gamet
/) ¢ Gravel

concentration is right on the sand granules, so that is o/ 3/ Y
where the organisms grow. Microbial growth clogs
filters and shortens the interval until cleaning. Figure (5.8): Sand filter section

Too much head loss is the signal that cleaning is required. Chlorination kills the microorganisms
and keeps the filter going longer. A sand filter removes the tiniest particles from water - even
smaller than the gap between the very fine grains of sand in the filter. A slow and constant flow
of water through the filter described above leads to biological activity as the top layer of sand
traps micro-organisms (e.g. bacteria and viruses). These micro-organisms digest disease-causing
pathogens when they too get trapped in the sand. In time a bio-film builds up on top of the sand
through which few pathogens can cross.

5.4.2 Oder control

Good design and maintenance practices will reduce odor problems in gray water treatment
system without air treatment. However ,the following measures are recommended to minimize
odor problems:

1. A minimum slope of 2-3 % should be provided so as to ensure sufficient flow through the
system .

2. The closed conduit system should be avoided.

3. Deposited solid should periodically be removed from primary and secondary settling
tanks

4. Addition of chemicals such as calcium nitrate.

5. Sand filter media should be periodically replaced.

6. Chlorination also helps in minimizing odors
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5.5 Pump selection
5.5.1 Flow rate calculation:

The pump which lifts the supernatant of gray water from tank three to tank four must be selected
precisely. In the building there are six floors, each floor has two flats and in each flat there are
three water closet which will continuously supplied with the amount of gray water needed from
tank 5, so using water supply fixture unit (WSFU) technique, the amount of water needed for all
water closets will be :

WSFU = No. of flats x No. of W.C in each flat x unit load for W.C (5.1)
From Table (4.1), the unit load for private use WC is 3 WSFU, so
WSFU=12 x 3 x 3

=108 WSFU

Using Table (4.2), the WSFU will be converted to gpm by interpolation which will give 46 gpm.
So, the pump flow rate will be:

Qpump = 46 gpm = 2.902 L/s = 2.902 x 10° m*/s = 10.4477 m*/h.

5.5.2 Head calculation:

To calculate head accurately we must calculate the total head on both the suction and discharge
sides of the pump. In addition to the static head we will learn that there is a head caused by
resistance in the piping, fittings and valves called friction head, and a head caused by any
pressure that might be acting on the liquid in the tanks including atmospheric pressure, called "
surface pressure head"

Consider a typical installation of a centrifugal pump as shown in Figure (5.9). The liquid enters
at the bottom of the suction pipe through a strainer and the pump operates so as to discharge it to
tank 4 by means of the delivery pipe.
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Hd =23.5m

Static head = 24m

centrifugal
pump

pump damper

tank 3
Figure (5.9): Typical installation of a centrifugal pump.

Hiotat = S.T + N major + N minor + ZL; (5.2)
Where :

Hiota : total head [m].

S.T : static head [m].

NL major : Major losses in pipe [m].

AL minor : MInor losses in pipe [m].

V2

2 : velocity head [m].
Static head = Hs + Hgq (5.3)
Where :

Hs : suction lift which means, the vertical height from the level of the sump to the
center line of the pump.

Hq: delivery lift which means, the vertical height from the center line of the pump to
the level in the overhead tank.

Static head = 0.50 + 23.50 =24 m

L, v?
he major — f (3 ) Z (5.4)
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where :
f: Friction factor
L: length of pipe [m].
D: inside diameter of pipe [m].
V: velocity of fluid in the pipe [m/s].

Friction factor is obtained from the moody diagram using Reynolds number (Re) and relative roughness
factor (RR).

D
Re = % (5.5)

Where :

p : density of water [kg/m®]

V: velocity of water in the pipe [m/s].

D: diameter of pipe [m].

u : dynamic viscosity of water at room temperature [Pa.s]
In the suction side

D =2in=0.0508 m

V = 0.5 m/s and recommended from table A(5-1)

1 =1x10" Pa.s and recommended from table A(5-3)

_ (1000)(0.5)(0.0508)

Re
1x1073

= 25400
k
RR = E (56)

Where:
Rg: relative roughness.
k: pipe inside surface roughness [m].
d: pipe inside diameter [m].
For PVC and plastic pipe, k = 4.25x10° m and obtained from table A(5-4)

4.25%10~°
RR =
0.0508
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=83.66 x 10°

From moody chart, the friction factor = 0.0246 .

Substituting the values into equation (5.4)

0.5+1 1
0.0508 ) (2)(9.81)

h|_ major = 00246 (

h|_ major = 0.0370 m.
In the discharge side
D=1in=0.0254 m

V =1 m/s and recommended from table A(5-2)

1 =1x10° m%s and recommended from table A(5-3)

_ (1000)(1)(0.0254)
- 1x10-3

Re

= 25400
Substituting the values into equation (5.6)

4.25x10°°
Rg =——
0.0254

=167.32 x 10°°

From moody chart, the friction factor = 0.0248 .

Substituting the values into equation (5.4)

1+24+1 1

N major =0.0248 ( 0.0254 )(2)(9-81)

h|_ major = 1.29 m.

V2
NL minor = K—
2g

where :

K: minor loss coefficient for the pipe fitting.

The minor loss coefficients for the pipe fittings are listed in the following table:
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Table (5.2): Minor loss coefficient for the fittings used in gray water treatment

Foot valve 15
Ball valve 0.05
Check valve 2

In the suction side

There are two fittings in this side, foot valve and ball valve, so

VZ
L minor = ZKE (5.7a)
0.5%0.5
= (15 +0.05 ) ——
2X9.81
=0.1917 m

In the discharge side
There are two fittings in this side, check valve and ball valve, so

V2
NL minor = ZK—
2g

1x1

=(005+2) 2x9.81

=0.1044 m

2

i - v
Velocity head = 20 (5.8)

_1x1
T 2x9.81

=0.0509 m
Applying equation (5.2)
Huota = 24 + (0.0370 + 1.29) + (0.1917+ 0.1044 ) + 0.0509
=25.67m

The type of pump which is selected is Grundfos as shown
in figure (5.10) and the actual duty point is :

Q=117m%h

H=29.97m Figure (5.10): Selected Grundfos pump
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5.5.3 Pump cavitation

NPSH is a commercial term mean (net positive suction head) used by the pump manufacturers
and indicates the suction head which the pump impeller can produce.

For any pump installation, a distinction is generally made between the required net positive
suction head (NPSH,) and the available net positive suction head (NPSH,). The available
(NPSH,) depends upon the site conditions and the available equipment. So in order to have a
smooth working of the pump (no cavitation), the available (NPSH,) should be more than or equal
to the required (NPSH;).

That is the cavitation can be minimized using this equation:

Patm v: P,
- Hs— hL,tot - -
29  pg

(NPSH,) = (5.9)

Where :
Pam : atmospheric pressure [Pa].
Hs: suction lift [m].
hi ot : Total friction head loss in the suction pipe [m].
V : velocity in the suction pipe [m/s].
P, : saturated vapor pressure [Pa].

Note : the saturated vapor pressure will be taken at a specified temperature. Since cavitation
possibility occurs in summer more than in winter, the temperature used to calculate P, is taken
to be 35 °C, so;

PV = Psat. @35°C

=5.63 kPa.
100000 0.5X0.5 5630
(NPSH,) = (1000)(9.81) 0.5 -(0.0370 +0.1917) - 2x9.81  (1000)(9.81)
=8.87m

From the catalog of the Grundfos pump selected in the appendix , the required net positive
suction head (NPSH,) = 3.98 m.

(NPSH,) > (NPSH,)
921 > 3.98

That mean no cavitation will occur.
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The characteristic curves and some information like NPSH, speed of impeller , power and
efficiency of the centrifugal pump are shown in the figure (5.11).

CM10-3, 1230 Vv, 50H=

Q=117 m%h

H=29.97 m

n=2752 rpm

Pumped liquid = Water
Liquid temperature = 20 *C
Diensity = 9982 kg/m?

P ——

Ets pump =62.1 %
Eta pump+#+motor = 47.7 %

ets
[36]

1 5 7 g 3 10 11 12 12 14 Q [rh]

P T MPSH
[k] [r]
2.5 25
2.0 P L 20
1.5 S — - 15

— P2

1.0 10

s P1=1.832 KW |5
P2 =1.525 kW
MPSH=3.98 m

0.0 0

Figure (5.11): Pump characteristic curves

5.6 Tanks calculations
5.6.1 Hydraulic retention time

The hydraulic retention time (HRT), also known as hydraulic residence time or (tau), is a
measure of the average length of time that a soluble compound remains in a constructed
bioreactor.

Hydraulic retention time is the volume of the aeration tank divided by the influent flowrate:

\'
HRT =

5.10
Qdis. ( )

Where :

V: the volume of the aeration tank in m®
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Quis: influent discharge flowrate greywater from the building in m%h

Hydraulic retention time (HRT) is usually expressed in hours (or sometimes days) and different
from tank to tank, so the HRT for each tank is listed in the table below [5]:

Table (5.3): Hydraulic retention time (HRT) for each tank in the gray water treatment.

Tank Name HRT (hour)
1 Primary settling 4
2 Gravel filter 12
3 Secondary settling 12
4 Sand filter 12
5 Storage tank 24

5.6.2 Calculation the volume of the tanks

HRT = — (5.10)
Quis.
V = HRT % Quis (5.10.a)

Note: the value of flowrate (Qgis,) is constant for the first three tanks (the losses are very small, so
can be neglected).

The amount of flowrate (gray water) discharge from the building as shown in Figure (4.5) equal
79 DFU.

Use the conversion of 1 gpm = 2 DFU to convert this value, so
Quis.= 39.5 gpm = 8.97142 m*/h.
For tank 1
V1= (HRT)1 % Quis.
=4 x8.97142
=35.885 m°
For tank 2

V2 = (HRT)2 x Quis.
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=12 x 8.97142

= 107.657 m*
The volume of tank 3 is the same as tank 2 .
V3=V, = 107.657 m®

As tank 4 and 5 will be placed on the roof of the building, so not to make an extra heavy weight
on the building, the volume of each tank will be chosen as 2000L=2m? which is available in the
market.

5.6.3 Calculation and distribution of the concrete and steel bar
5.6.3.1 The quantity of concrete

Tank 1,2 and 3 are reinforced concrete ones, with 2m depth for each, so the quantity of concrete
of each tank will be as follow:

2m "\ om
] we? 0.6m-+— i
T Plate 1 ) Foundation |
- 1
Figure (5.12): dimensions of walls for tank 1 Figure (5.13): dimensions of floor for tank 1

/\ 9m
k 0.6m-—|
fl
/ -

\ F = 6m
oundation
ZI“ Plate 1
9m
Figure (5. 14): dimensions of walls for tank 2 Figure (5.15): dimensions of floor for tank 2

From the recommended of civil engineering, the quantity of concrete for the tanks as follow:

For tank 1
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According to figures (5.12) and (5.13);
Quantity of walls forplate1=9x2x0.3=54m?
Because we have two wall, the quantity of walls = 2 x 5.4 = 10.8 m®
Quantity of walls forplate2=2x2x0.3=1.2m°
Because we have two wall, the quantity of walls =2 x 1.2 = 2.4 m®
Total Quantity of walls for tank 1 =10.8 + 2.4 =132 m®
Quantity of foundation (floor) =10.2 x 3.2 x 0.2 =6.5 m°
Total quantity of concrete for tank 1 = 13.2 + 6.5 =19.7 m*
For tank 2
According to figures (5.14) and (5.15);
Quantity of walls for plate 1 =9 x 2 x 0.3

=5.4m’
Because we have two wall, the quantity of walls = 2 x 5.4 = 10.8 m®
Quantity of walls for plate 2 =6 x 2 x 0.3

=36m°
Because we have two wall, the quantity of walls = 2 x 3.6 = 7.2 m®
Total Quantity of walls for tank 2 =10.8 + 7.2 =18 m®
Quantity of foundation (floor) =10.2 x 7.2 x 0.2

=147 m°

Total quantity of concrete for tank 2 = 18 + 14.7 =32.7 m®
This is the same quantity for tank 3.

Total concrete quantity = 19.7 + 32.7 + 32.7 =85.1 m*
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5.6.3.2 The reinforcement of walls
5.6.3.2.1 Vertical bars
For tank 1

@12-20

NO. of bars in length = 09—2 +1=46

Because we have two faces, we need 92 @12-20, where the length of bar = 1.96m

@12-20

NO. of bars in width = 02—2 +1=11

Because we have two faces, we need 22 @12-20, where the length of bar = 1.96m

Total number of bars for tank 1 = 114 bars with diameter 12.

46¢10-200mm 46¢12-200mm

46¢10-200mm

N

11x2$12-200mm

31x212-200mm|, |

] b [
° 1012-200mm/ w
™
31012-200mm 31x2012-200mn
\
o 11¢12-200mm 11¢12-200mm
2 g e Mpic-chnn
2 61-200m  L6¢1-200mm EF ]
] [
46610-2000m 90 N\ L6010-200nm
Figure (5.16): section wall for tank 2
For tank 2

Figure (5.16) illustrates the section wall and distribution of vertical bars for this tank .

@12-20

NO. of bars in length = 09—2 +1=46
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Because we have two faces, we need 92 @12-20, where the length of bar = 1.96m

#12-20
NO. of bars in width = % +1=31

Because we have two faces, we need 62 @12-20, where the length of bar = 1.96m
Total number of bars for tank 2 = 154 bars with diameter 12.
The same calculation for tank 3, so;

Total number of bars for tank 3 = 154 bars with diameter 12.

5.6.3.2.2 Horizontal bars

For tank 1

?12-20

NO. of bars :£+1:11

Because we have two faces, we need 22 @12-20
44 @12-20, L = 8.96m

4412-20, L = 1.96m

For tank 2

?12-20

NO. of bars :£+1:11

Because we have two faces, we need 22 @12-20
44 @12-20, L = 5.96m

4412-20, L = 8.96m

For foundation

For tank 1

?12-10

NO. of bars :%+ 1=103

Because we have two faces, we need 206 @12-20, L = 3.16m
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@12-10

NO. of bars :%+1:33

Because we have two faces, we need 33 @12-20, L = 10.16m
For tank 2

@12-10

NO. of bars = 100—12 +1=103

Because we have two faces, we need 206 @12-20, L = 7.16m
@12-10

NO. of bars :£+1:73

Because we have two faces, we need 146 @12-20, L = 10.16m
For tank 3, the same calculation of tank 2 so;

206 @12-20, L =7.16m

146 @12-20, L = 10.16m

The following table summarizes the steel bars needed to the project.

Table (5.4): Steel list

Diameter (mm) Length (m) . Weight (KQ) Total (Kg)
. @12 196 510 0.88x 1.96x510 8796
@12 8.96 132 0.88% 8.96x 132 1040.8
@12 5.96 88 0.88x 5.96x 88 461.5
@12 3.16 206 0.88% 3.16x 206 572.8
@12 7.16 412 0.88x 7.16x 412 2596
@12 10.16 358 0.88x 10.16x 358 3200.8

Total weight of bars = 8751.5 Kg =8.75 ton
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5.7 Maintenance requirements for gray water system.

Once a gray water system is installed, it is the homeowner’s responsibility to ensure its
maintenance for the life of the installation. Gray water system requires regular maintenance, such
as cleaning and replacing of filters and periodic clean out of the primary and secondary settling
tanks, regular periodic inspection of the sand filter.

The primary and secondary settling tanks on the inlet of the gray water system is important as it
removes a variety of materials that may clog the pump or the pipe in the system. If the pipe
becomes clogged, less gray water can get to the storage tank.

This maintenance work itself has inherent health risks, just like managing a worm farm or
compost bin. Rubber gloves should be worn and thorough washing of hands and clothes should
take place immediately afterwards.

Gray water filters will need to be replaced from time to time, and the solids that settle on top of
the greywater must be removed regularly.

The following table provides a summary of possible maintenance requirements.

Table (5.5): Maintenance requirements for gray water system[5]

Gray water Maintenance Required Frequency

Device Components
Clean out precipitated Every 6 months
primary settling tank materials from primary
settling tank

Gravel filter tank Clean gravel or replace it Every 4 months

Clean out precipitated Every year
Secondary settling tank  materials from Secondary
settling tank

* Clean filter: filter should Monthly
be removed and cleaned,

removing physical

contaminants

Sand filter (lint, hair... etc)
* Replace Filter As recommended by the
manufacturer or as required
(usually every 6-12
months)
Storage tank Washed and exposed to the Every two year
sun
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5.8 Benefits

Gray water pipe separation is a relatively easy low cost when planned into a new smaller-scale
residential construction. Cost and space savings can even be gained by reducing the wastewater
treatment system, especially for septic systems.

Other Potential Benefits:

1) Reduces the amount of potable, fresh water used by households.
2) Reduces the flow of wastewater entering sewer or septic systems.
3) Minimizes the amount of harmful chemicals used by homeowners.
4) Supports plant growth without using expensive potable water.

5) Helps recharge groundwater when applied outdoors.

6) Raises public awareness of natural water cycles.

7) Saves money on water bills.

5.9 Sizing of pipes which feeds flush tank

Using down feed distribution system where the water serve the all water closet in the building ,
and the equation of the flow will be as following:

static head = pipe friction + mini. flow pressure (5.11)

the water closet in the 6" floor is the critical fixture unit, by table A(4.3) flow pressure = 8psi.
Static pressure = 10.3 psi
Applying equation (5.11)
Pipe friction = static head — mini. flow pressure
=10.3-8
=2.3psi

length=3+5+9=17m
=51.51ft

Because there are fittings in the system, a factor of safety required to cover the losses.
Equivalent length = 1.5 x 51.51
=77.27 ft

Friction head loss psi / 100 ft, by the relation
= (2.3 psi x 100 ft) / 77.27 ft
= 2.97 psi psi/ 100ft

Referring to the figure A(4.1) and using steel pipes the diameter equal to 1.5" in. and the velocity
is 7.1FPS, the following table shows the pipe sizing all sections for the water riser.
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2" riser section 30.2 54 1.5" 4.9
3" riser section 27 45 1.5" 4.2
4" riser section 22.9 36 1.25" 4.4
5 riser section 18.3 27 1.25" 4

6" riser section 13 18 1" 4.1
Run out 7.5 9 1" 2.6

The diameter will be select in 1.5 in.
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Chapter Six

Fire Fighting System
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6.1 Introduction

A firefighting system is probably the most important of the building service, as its aim is to
protect human life and property strictly in that order, Fire is a chemical reaction involves the
rapid oxidation of the combustible materials, also we can divide the causes of fire by four main
parts called the fire tetrahedron and the four ignition components are:

1) Fuel (combustible substances).
2) Air (oxygen)

3) Heat (source of ignition)

4) Chain reaction

CHALIP

RESCTION

Figure (6.1): Fire tetrahedron

The following is a description for this component:

Fuel or combustible substances are the materials flammable to ignition consist of hard, liquid and
Gaseous materials such as woods, gasoline and hydrogen.

Air (oxygen) the percentage of the oxygen in natural air is 21% and the percentage which
prevents a fire production is to keep more than 16%.

Heat it’s the main reason to producing a vapor from materials to occurrence of ignition such as
heat produces from electrical sources, smoking etc.

Chain chemical reaction, the fire is continues as long as the previous three elements are present
correct percentages, and the result of these elements of effective chemicals known as free
radicals.[8]
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Fire work is divided into three sections for engineer:

1) Architect engineer: It is specialized in acting fire safety.
2) Electrical engineer: it is specialized in fire alarm.

3) Mechanical engineer: it is specialized in firefighting.

Also in design for firefighting system the main reference is (NFPA) code, national fire protection
association or (LPC) British standard.

6.2 Classification of firefighting systems
Firefighting systems are classified to:

1) Water system.

2) Gas system.

3) Foam system.

6.2.1 Water firefighting system

It's the system which mainly depend in water to protect from the fire , is the most common use in
buildings and factories, also water system can be classified to manual and automatic systems as
following:

1) Manual system
Manual system consists of two types of fire system divided to:
a. Fire hose cabinet.

A fire hose cabinet is a high-pressure hose that carries water to a fire to extinguish it.
Indoors, it can permanently attach to a building's standpipe or plumbing system, most
modern hoses use a synthetic fiber like polyester or nylon filament used in fire hoses that
provides additional strength, the usual working pressure of a fire hose can vary between 4
and 12 bars that vary according to the type of fire hose.

b. Fire hydrant.

A fire hydrant is an active fire protection measure, and a source of water provided in
most urban, suburban and rural areas with municipal water service to enable firefighters
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to tap into the municipal water supply to assist in extinguishing a fire, the working
pressure is 350 kpa (3.5 bars).

All of design factors for manual water system can be determined using NFPA 14 code.
2) Automatic system.

The water automatic system is represented by a sprinklers system which deals with four types as
following:

a. Wet pipe sprinkler system.

A sprinkler system employing automatic sprinklers attached to a piping system
containing water and connected to a water supply so that water discharges immediately
from sprinklers opened by heat from a fire.

b. Dry pipe sprinkler system.

A sprinkler system employing automatic sprinklers attached to a piping system
containing air or nitrogen under pressure, the release of which permits the water pressure
to open valve and the water then flow into the piping system and out to the opened
sprinklers.

c. Pre-action sprinkler system.

A sprinkler system employing automatic sprinklers attached to a piping system
containing air or nitrogen under pressure, with a supplemental detection system (heat,
flam and smoke) installed in the same areas as sprinklers.

d. Deluge sprinkler system.

A sprinkler system employing automatic sprinklers attached to a piping system
containing water and connected to a water supply through a valve that is opened by the
operation of a detection system installed in the same area as the sprinklers, when this
valve opens water flow into the piping system and discharges from all sprinklers.

All of design factors for automatic water system can be determined using NFPA 13 code.
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6.2.2 Gas firefighting system

It's the system which mainly depends in several gases to protect from the fire; gas firefighting
system can also be classified to:

1) Manual system
Fire extinguishers

is an active fire protection device used to extinguish or control small fires, often in
emergency situations , fire extinguisher consists of a hand-held cylindrical pressure
vessel containing an agent which can be discharged to extinguish a fire.

In general fire extinguishers can be water, co,, foam, wet chemical and dry powder
extinguisher.

All of design factor for manual gas system can be determined using NFPA 10 code.
2) Automatic system
Clean agent gases fire extinguisher.

This group of gases are speed in suppressing fires, reducing damages, extinguish a fire
quickly and effectively, no ozone depletion, economic, allowing visibility and doesn't
require costly clean-up.

These gases are FM-200, NAF 125 (HFC 125), ARGON and CO,.

All of design factors for automatic gas system can be determined using NFPA 12 code. [8]

6.2.3 Foam firefighting system

Is foam used for fire suppression, its role is to cool the fire and to coat the fuel, preventing its
contact with oxygen, resulting in suppression of the combustion.

Foam system can be manual such as foam extinguisher or automatic such foam- water sprinkler
system.

All of design factors for automatic and manual foam system can be determined using NFPA 16
code.
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6.3 System selection and design

For determination and selection of fire protection system within the establishment and buildings
with different objectives and the importance of having a firefighting system, the selection is
occurs by referring to know the hazard level in the building in order to select the appropriate
system.

6.3.1 Hazard classification

The classification of hazard varies according to the commaodities and application of the project.

Light hazard occupancies shall be defined as occupancies or portions of other occupancies
where the quantity and/or combustibility of contents is low and fires with relatively low rates of
heat release are expected.

Educational Institutional

Churches Museums Cjesidential
Clubs Offices Theaters

Hospitals Restaurant

Figure (6.2): Light hazard examples

Ordinary hazard occupancies shall be defined as occupancies or portions of other occupancies
where combustibility is low, quantity of combustibles is moderate, stockpiles of combustibles do
not exceed 8 ft (2.4 m), and fires with moderate rates of heat release are expected.
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Beverage Glass and glass Dairy products
manufacturing products manufacturing
Cannetries manufacturing
Restaurant
Electronic | B = | service
plants asement Floors areas
Bakeries

Figure (6.3): Ordinary hazard examples

Extra hazard occupancies shall be defined as occupancies or portions of other occupancies
where the quantity and combustibility of contents are very high and dust, lint, or other materials
are present, introducing the probability of rapidly developing fires with high rates of heat release
but with little or no combustible or flammable liquids.

Printing [using
inks having flash

Aircraft hangars | Metal extruding

points below
100°F (38°C)]
particle board Combustible | Die castin
manufacturing hydraulic fluid g
use areas

Figure (6.4): Extra hazard examples
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So, the system hazard in a residential building is light hazard.

According to the light level of hazard the best appropriate system is fire house cabinet and fire
extinguisher systems.

6.3.2 Firefighting network accessories
6.3.2.1 Firefighting network Components:

1. Water source and pumping station
The main sources of firefighting water are Water Tanks Underground.

2. Pipes
a) Black steel
b) Galvanized steel
c) High density polyethylene
d) 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 4 bars above the working
pressure for two hours according to the NFPA14 code.

10.10.2.2 Hydrostatic Tesi.

10.10.2.2.1* All piping and attached appurtenances subjected to svstem working pressure
shall be hydrostatically tested at 200 psi (13.8 bar) or 50 psi (3.5 bar) in excess of the
system working pressure. whichever 1s greater. and shall mamtain that pressure without loss
for 2 hours.

10.10.2.2.2 Toss shall be determuned by a drop in gauge pressure or visual leakage.

10.10.2.2.3 The test pressure shall be read from a gauge located at the low elevation point
of the system or portion being tested.

10.10.2.2.4 The permutted amount of underground piping leakage shall be as follows:

1)* The amount of leakage at the joints shall not exceed 2 qt/hr (1.89 L/hr) per 100
2 J q P
gaskets or joints, respective ot pipe diameter.

(2)*  The amount of allowable leakage specified in 10.10.2.2.4(1) shall be permitted to be
increased by 1 fl oz (30 ml) per inch valve diameter per hour for each metal-seated
valve isolating the test section.

(3) If dry barrel hvdrants are tested with the main valve open so the hydrants are under

mrassira an additianal £ Fl Az lGain T80 samlfaain afF laalrasa shall ha ssamsaittad fae

Figure (6.5): Testing of pipes
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3. Valves

a)

b)

c)
4. Stand

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.

pipes.

6.3.2.2 Pipes hangers and supports

Referring to the NFPA 14 code the hanger’s details as follow:

9.1 Hangers.
9.1.1* General.

9.1.1.1

9.1.1.2

&)

@
®

Unless the requirements of 9.1.1.2 are met, types of hangers shall be in accordance

with the requirements of Section 9.1.

Hangers certified by a registered professional engineer to include all of the

following shall be an acceptable alternative to the requirements of Section 9.1:

Hangers shall be designed to support five times the weight of the water-filled pipe
plus 250 1b (114 kg) at each point of piping support.

These points of support shall be adequate to support the system.

The spacing between hangers shall not exceed the value given for the type of pipe as
indicated in Table 9.2.2.1.

Hanger components shall be ferrous.

Detailed calculations shall be submitted, when required by the reviewing authority,

showing stresses developed in hangers, piping, and fittings and safety factors
allowed.

Figure (6.6): Pipes hangers

Split ring hanger was selected to support the fire piping system; the rod size that carries the ring
hanger is 3/8”° for 4”’ pipe riser according to the NFPA14 code.
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Table 9.1.2.1 Hanger Rod Sizes

Diameter of Rod
Pipe Size in. mm
Up to and including 4 in. % 93
Sin,6in, and §in. % 12.7
10 in. and 12 in. % 15.9

Figure (6.7): Hanger rod sizes

6.3.3 Fire hose cabinet

A fire hose is a high-pressure hose that carries water to a fire to extinguish it and classified to
two main types that common used:

1. Hose reel: it’s a rubber hose coiled on the reel her arm¢ it’s commonly used by
individuals within buildings.

2. Hose rack: Is a cloth-reinforced hose riding on rack often used by Civil defense.

HOSE REEL HOSE RACK

Figure (6.8): Fire hose cabinet

102



Fire hose cabinet is located at the following places:
1) EXxit stairs
2) Entrance of buildings
3) Garages entrance

4) Wherever travel distance exceeded 36 meter from another fire hose cabinet.

6.3.3.1 Fire hose cabinet components

1) Cabinet (wall mounted-recessed), there is three type of cabinet here

a) Exposed: be prominent from the wall and out of it a distance of 25 cm, and Fund
riding on the surface of the wall.

b) Semi predated: be prominent from the wall a distance of 10 cm, and inside the
wall 15 cm.

c) Recessed: be inside the entire wall.
2) Landing valve, a valve to control the water stream, located inside or outside the building.
3) Hose ( 30 meter)
4) Discharge nozzle

5) Fire extinguisher (optional)

6.3.3.2 Fire hose cabinet classes

1) Class 1: standpipe system provides 65-mm (2%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.

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

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.

Class two didn’t need any experience to deal with a system for any user on contra with class one,
for this reason class 2 is more popular and that is the selected class for cabinet.

6.3.3.3 Technical specifications of fire hose cabinet

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

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

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

e 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%2-in.) hose station.

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

e Hose stream demand and water supply duration requirement for hydraulic calculation
system as in the NFPA14 code:

6.3.4 fire extinguishers

Portable fire extinguishers can contain a wide variety of extinguishing agents; the potable fire

extinguishers enable an individual with minimal training to extinguish an incipient fire.

A portable fire extinguisher should not be considered as the sole solution to fire protection
analysis of a building but, rather, only one of many components of a total fire protection plan.
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Figure (6.9) Portable Fire Extinguishers

6.3.4.1 Type of Portable Fire Extinguishers

1. Water extinguishers.

2. Water sprays water extinguishers.

3. Antifreeze solution extinguishers.

4. Foam fire extinguishers, hand and wheeled.
5. Carbon dioxide extinguishers.

6. Clean agent extinguishers.

7. Dry and wet chemical extinguishers, hand and wheeled.

6.3.4.2 Selection of extinguishers

Carbon dioxide extinguishers made by SFFECO Company, all are selected will be distributed in

the suitable spaces as shown in the drawings.

105



6.3.4.3 Carbon dioxide extinguishers

Carbon dioxide is a gaseous fire protection agent, also known by its chemical designation COy;
normally the air we breathe contains 21% oxygen, 79% nitrogen, and only a trace amount of
carbon dioxide, 0.03%. The presence of significantly higher percentages of carbon dioxide in a
room cannot be detected by human senses because it is colorless and odorless.

The cylinders for CO, Fire Extinguishers are seamless and extruded from high grade Chrome
Molybdenum Steel or Manganese Steel or Carbon Steel. Carbon Dioxide is discharged as a white
cloud of snow which throttles a fire by eliminating the oxygen. Designed to protect areas where

class B (flammable liquids and gases) or Electrical class of fires could occur.

Carbon dioxide is 1.5 heavier than air, so it forces oxygen out of a room or significantly reduces

the concentration of oxygen at breathing level.

6.3.5 Firefighting pumps

A continuous water and pumping station supply should always be available and ready to fight
fire, the following three pumps should be connected to a suction header (from water tank), and
discharged to a discharge header (to firefighting network) [8].

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.
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6.3.5.1 Types of pumps
e 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 (6.10): Horizontal split case pump

e 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 (6.11): Inline fire pump
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e End suction pumps

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.

Figure (6.12) End suction pump
e 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 (6.13) Vertical turbine pump
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6.3.6 Flow rate calculations

There are two main factors in GPM calculations:
1. Area calculation
2. Standpipe calculation

The standpipe calculation is the selected calculation, so according to NFPA 14 states that the
GPM required for the first standpipe is 500 GPM

Each additional standpipe requires 250 GPM with a maximum GPM of 1000 GPM

If a building has 2 standpipes the pump GPM would be 750 GPM, 500 GPM for the first and 250
for the second.

If a building has 3 standpipes the pump GPM would be 1000 GPM, 500 GPM, 250 for the
second, and 250 for the third.

Any building with more standpipes would be 1000 GPM as that is the maximum allowable by
code.

So, this building need 500 GPM according to code, with two standpipes the amount of flow rate
equal to 750 GPM.

6.3.7 Head estimation

With 24.5 meter height of the buildings there are 2.5 bars, adding 4.5 bars for cabinet pressure
and 1 bar for loss in fittings, so total head equal 8 bars.

6.3.8 Water tank sizing

Water tank is the main source of water that provides the firefighting network and other systems
in the project, size of water tank can be calculated with referring to the NFPA 14 code which
mainly depends on the hazard classification and the expectation duration work for the system.

Table 11.2.3.1.1 Hose Stream Demand and Water Supply Duration Requirements for
Hydraulically Calculated Systems

Occupancy Inside Hose (gpm) Total Combined Duration (minutes)
Inside and Outside
Hose (gpm)
Light hazard 0, 50, or 100 100 30
Ordinary hazard 0, 50, or 100 250 60-90
Extra hazard 0, 50, or 100 500 90-120

Figure (6.14): Total gallon and duration
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To calculate the size of the water tank which is to be in accordance with the degree of risk
depending on the type of threat that we own:

Volume= total flow rate * duration * (3.785/1000)
= 750gpm*30min*(3.785/1000)
=85m"
6.3.9 Pump selection
Total flow rate 750 GPM equal to 170 m"™/h and amount of head 8 bars.

The pump installed must satisfy the required flow rate and head, according to the special
software for GRUNDFOS Company the inline pump will choose [7].

Enter duty point:

Flow (Q)* 170 || m¥h v
Head (H)* 8 | bar v
Number of 1 v
pumps
Volfage 1x 230 or 3 x 400 v

Figure (6.15): Pump details
Pump type: TP 100-960/2 A-F-ADBUE

Pump characteristic curves:

H TP 100-950/2, 3400 V, 50Hz| =ta
[par] - . [3]
Q=175 m¥h
H=5.489 bar
Pumped liquid = Water
10 Liquid tempersture = 20 °C
Density = 998.2 kg/m®

s0

60
= 40
4 20
Ets pump =71 %

Ets pump+motor = 67.3 %
20 40 60 50 100 120 140 160 180 200 220 240 260 280 300 320 Q [m¥h]

=] ) @ & [l m -

Figure (6.16): Pump characteristic curve
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Efficiency & Head curves:

H TP 100-860/2, 3°400 v, 50Hz| =ta
[m] I [36]
Pumped liquid = Water
Liquid temperature = 20 *C
Density = 388 .2 kgim?
100
50
20
70
50
50 100
40 I ao
30 te0
20 b a0
10 2o
o 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 Q [mh]

Figure (6.17): Efficiency curve

Figure (6.18): Pump photo
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Figure (6.19): Pump dimensional drawing
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Bill No. (1): MECHANICAL WORKS

Item
No.

Description

Unit

Qty.

UR
(NIS)

Amount

1.0

MECHANICAL WORKS

Preamble

*-This Section shall be read in conjunction
with the general, particular Mechanical
technical specifications, Mechanical
Drawings and invitation to bid conditions.

*-The unit price for all items in this
section shall include for supply,
installation, connecting, testing, and
commissioning, unless otherwise
specifically mentioned or instructed by the
Engineer.

*-All Civil and Finishing Works related to
the concerned item shall be included in the
unit price.

*-Preparing of coordinated shop drawings
and submitting for engineer approval,
coordination with other activities, material
storage, removing away from site the
remnant of electrical works and handing
over the Mechanical works to Mechanical
works to the authorized Engineer.

*- Flexible PVC suitable size conduits and
adaptors to be used for connecting motors
to power supply.

Total Page Carried Forward

Shekel
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Bill No. (1): MECHANICAL WORKS

Il'ile(;n Description Unit Qty. UR Amount

(NIS)
1.1 Air Conditioning VRF System

Supply and installation testing and
commissioning of the following spilt unit,
ceiling mounted cassette and wall mounted
type indoor unit, complete with electrical
connections, insulated PVC drained pipe,
indoor/ outdoor hanging supports and
insulated copper pipes with necessary
accessories. As per drawings and related

codes.
A. 7500 BTU/H (wall mounted type) No. 36 7000 252000
B. 9500 BTU/H (cassette type) No. 36 5500 198000

1.1.2 | VRF Outdoor Unit

Supply & install, testing and
commissioning of, outdoor 14 T.R air
source heat pumps consisting of: Factory
made and assembled 14 Ton class 2,
minimum (HSPF of 8, SEER of 12)
modular microprocessor (IGCT) based
VFD controlled heat pump for VRF
purpose. Including air/air heat exchanger,
condenser, compressor and necessary
casketing to perform the functions of
heating and cooling of air. This to be
contained in double wall galvanized steel
construction case located on painted steel
base with vibration absorbers as per
drawings, specifications and AHRI 430,
AHRI 410, ASHRAE 51 and AMCA 210
codes. Note: Refrigerant gas to be of zero
Ozone depletion potential (ODP) as
R410A. All as per Sanyo, Daikin,
Samsung or EA.

No. 3 17000 51000

1.2 Ventilation

1.2.1 | Exhaust Fans

Supply, install, and connect, testing and
commissioning of, wall mounted exhaust
fans with gravity shutter driven by IP 65
electric motors. Price shall include all
required electrical connections as per
specifications, drawings and related codes.

No. 36 200 7200

100 CFM tube fan wall mounted

Total Page Carried Forward Shekel | 508200
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Bill No. (1): MECHANICAL WORKS

Item
No.

Description

Unit

Qty.

UR
(NIS)

Amount

1.2

Water Supply

508200

1.2.1

Water Supply Pump Set

Supply, install, test and commission water
supply pump set (factory assembled), one
duty, one stand-by, P54 protection,
diaphragm type. The unit price shall
include pressure vessel, electric control
panel, electrical wiring, galvanized steel
frame, inertia base, vibration isolators,
concrete base and all required valves and
fittings as detailed on the drawings.

No.

5000

10000

1.2.2

Galvanized Steel Pipes & Fittings

Supply, install, test and commission
galvanized steel pipe work to ASTM-A53
grade "B", schedule (40) for the domestic
hot and cold water supply pipe work up to
the water outlet. The unit price shall
include valves, expansion joints, pressure
regulators, air vents, fittings and all
accessories and works required to
complete the work as shown on drawings,
specifications and P.M. instructions.

Diameter 1 5>

ML

30

375

11250

Diameter 1 %>

ML

30

300

9000

|| >

Insulation For Exposed Domestic Hot
Water Pipe work

Supply and install rigid fiberglass sections
for the domestic hot water pipe work
exposed to atmosphere, pipe work inside
trenches and in plant and mechanical
rooms the unit price shall include joining,
taping, end caps, insulated aluminum
casings on fittings requiring maintenance,
and all accessories and works required to
complete the work as shown on the
drawings and as per the preamble,
specifications & the supervision P.M.
requirements.

32 mm thick for 1 1/4"

No.

25

44

176

Total Page Carried Forward

Shekel

30426
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Bill No. (1): MECHANICAL WORKS

ltem
No.

Description

Unit

Qty.

UR
(NIS)

Amount

Carried Before

Shekel

538626

1.2.4

Cross-Linked Polyethylene (PEX)
Distribution Pipes

Supply, install, test and commission
Cross-linked polyethylene (PEX) pipes to
DIN 16892/3, 20 bar working pressure, for
cold and hot water distribution from metal
water pipes to sanitary fixtures, complete
with sleeves and service valve for each
connection. The unit price shall include
rubber ring seal, brass elbow/adapter
inside PVC termination box built in wall
for connection with the sanitary fixtures,
dielectric unions, excavation, bedding,
backfilling, chasing in wall and all works
required as shown on drawings,
specifications and P.M. instructions.

16 mm O.D. x 2.2mm thick, sleeve 25 mm
diameter

ML

2160

16

34560

1.2.5

Water Meter

Supply, install, test and commission water
meter with totalizer, 2" diameter,
including air vent, check valve, strainer,
two gate valves, connection to
municipality's potable water supply
network, fittings, and all accessories and
works required to complete the work as
shown on the drawings and as per the
preamble, specifications and the
supervision engineer's requirements.

No.

300

300

1.2.6

Hot Water Cylinder

Supply, install, test and commission hot
water Cylinder, vertical shell & tube
storage type, 8 bar working pressure,
hydrostatically tested for 1-1/2 times the
working pressure.

The unit price shall include a thermometer,
an ASME rated pressure and temperature
relief valve, isolating valves, drain valves,
check valve on cold water make-up line,
automatic air vent, support.

No.

2176

4352

Total Page Carried Forward

Shekel

39062
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Bill No. (1): MECHANICAL WORKS

ltem
No.

Description

Unit

Qty.

UR
(NIS)

Amount

Carried Before

Shekel

577688

1.2.7

Water Collector

Supply and install hot and cold water
collector’s type GIACOMINI or E.A

1 %> cold water collector

EYE

144

40

5760

34 hot water collector

EYE

72

30

2160

= o>

Waste and Drainage System

13.1

Vertical and Horizontal UPVC Pipe

Supply, install UPVC pipes and fittings
similar to local made P.S SN 8.

The rate shall include all needed
connections and all types of fittings caps,
all done according to drawings,
specifications and the approval of the
supervision engineer.

Diameter 2"

ML

318.5

20

6370

Diameter 4"

ML

445

30

13350

Diameter 6"

ML

145

90

13050

w| O >

Floor Drain

Supply, install, testing and commissioning
of, 4"chrome plated threaded 15x15cm
cast brass cover, multi inlet adjustable
with trap floor drain. Including, floor clean
out plug, HDPE siphon or equivalent and
necessary accessories, connections with
fixtures and main drain pipes. As per
drawings, specifications and related codes.

No.

67

130

8710

1.3.2

Clean Out

Supply, install, testing and commissioning
of the following, HDPE or equivalent ,
non-adjustable 15x15 cm stainless steel
cover, and floor clean out with gas and
water tightness ABS plug and necessary
accessories as per drawings, specifications
and related codes. (& 4")

No.

79

120

9480

Total Page Carried Forward

Shekel

58880
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Bill No. (1): MECHANICAL WORKS

Item N . UR
No. Description Unit Qty. (NIS) Amount
Carried Before Shekel | 636568

1.3.3 | Manholes

Supply and install PRE-CAST concrete
manholes of 15 cm thick walls and base
with heavy duty cast iron covers and
frames of 25 tons load strength with all
necessary excavation back filling as
specified to the required depth with steps
of galvanized pipe of 1/2" benching and
connecting it to main city manholes as
shown in drawing and in accordance to
specifications and approval engineers.

A. Size 60 cm (inside diameter) No. 6 950 7600

B. Size 80 cm (inside diameter) No. 10 1450 11600

C. Size 100 cm (inside diameter) No. 3 1700 5100

D. Size 125 cm (inside diameter) No. 1 1930 1930
1.3.4 | Sanitary Fixture and Their Accessories

1.3.4.1 | Lavatory

Supply and installation of porcelain wash
basin glazed white (from creavit or
equivalent) with chrome plated mixer
adoption of the supervising engineer) half
leg measuring 56 x 45 cm and isolate it
from the wall using the Sika Anti-gray
color of the rot with water mixer (of the
finest international standards, according to
the supervising engineer adoption) and
Siphon and all chrome-plated The price
includes valves angle 13 mm chrome
holder soap of the finest varieties mirror
60 x 45 cm with aluminum frame and
providing sink series and rubber stopper
and all necessary for installation, operation
and drainage to the nearest packet
assembly floor drain , according to the
specifications and plans and instructions of
the supervising engineer.

No. 37 200 7400

Total Page Carried Forward Shekel 33630
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Bill No. (1): MECHANICAL WORKS

ltem
No.

Description

Unit

Qty.

UR
(NIS)

Amount

Carried Before

Shekel

670198

1.34.2

Water Closet

Supply, install, testing and commissioning
of, floor mounted, white color, Porcelain,
siphon jet water closet/toilet with an
elongated bowl, seat with open front and
check hinge, and carrier. or equivalent
including necessary accessories, 9-It
capacity cistern, valves, fittings, 13mm
stop angle valves, chrome plated 13mm
hose, heavy duty side | m length 13mm
Chrome plated hand shower, connection to
drainage and water systems as per
drawings, specifications and related codes.

No.

36

600

21600

1.3.4.3

Paper Holder

Supply and installing of: surface mounted
satin finish stainless steel, sanitary napkin
disposal or equivalent. Disposal features a
flip-up cover, secured to the container by a
heavy duty stainless steel piano-hinge.
Disposal secured to wall or toilet partition.
As per drawings, specifications and the
approval of the Engineer.

No.

36

50

1800

1.3.44

Sink (General)

Supply, install, testing and commissioning
of glazed porcelain basin sink white size
20 x 40 x 60 cm excellent water mixer
chrome the price shall include plastic
Siphon and the drain to the nearest floor
drain and all that is required for
installation and installation according to
plans and specifications and instructions of
the supervising engineer.

Counter top Kitchen sink

No.

12

300

3600

Total Page Carried Forward

Shekel

27000
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Bill No. (1): MECHANICAL WORKS

ltem
No.

Description

Unit

Qty.

UR
(NIS)

Amount

Carried Before

Shekel

697198

1.3.45

Faucet

Supply, install, testing and commissioning
of, Chrome plated cast brass construction,
washer less ceramic disc mixing cartridge,
gooseneck spout, with elbow/ wrist/ gear
blade control handles or equivalent.
including, sockets, copper adaptors, 3/8"
angle valves and all necessary accessories,
as per drawings, specifications and related
codes and RE approval.

Single lever Gear control handle faucet.

No.

49

50

2451

1.4

Gray Water System

141

Horizontal UPVC pipe

Supply, install, test and commission
underground UPVC pipes for grey water
system between manholes and fittings
similar to local made P.S SN 8. The rate
shall include all needed connections and
all types of fittings caps, digging and
removing dirt, all done according to
drawings, specifications and the approval
of the supervision engineer. (& 6")

ML

30

90

1.4.2

Concrete and Steel

Supply concrete and steel to build
manholes of 30 cm thick walls and base
with heavy duty cast iron covers and
frames of 25 tons load strength with all
necessary excavation, backfilling as
specified and connecting it to main city
manholes as shown in drawing and in
accordance to specifications and approval
engineers.

Total concrete quantity

85.1

300

25530

Steel bars @12, L = 1.96, NO. =510

Ton

0.8796

1500

1319.4

Steel bars @12, L = 8.96, NO. = 132

Ton

1.0408

1500

1561.2

Steel bars @12, L =5.96, NO. = 88

Ton

0.4615

1500

692.25

Steel bars @12, L = 3.16, NO. = 206

Ton

0.5728

1500

859.2

Steel bars @12, L =7.16, NO. =412

Ton

2.596

1500

3894

@mmoO|m >

Steel bars @12, L = 10.16, NO. = 358

Ton

3.200

1500

4800

Total Page Carried Forward

Shekel

41197
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Bill No. (1): MECHANICAL WORKS

ltem
No.

Description

Unit

Qty.

UR
(NIS)

Amount

Carried Before

Shekel

738395

143

Water Pump

Supply, install, test and commission water
pump for gray water system with cast iron
body and stainless steel impeller Grundfos
factory assembly or E.A. The rate shall
include bolts, nuts, concrete slab, foot
valve, ball valves, electrical float, check
valve and any accessories needed in the
suction and discharge line to connect with
the network as shown in pump details.
Flow rate 10.5 m3/h, Head 30 m

No.

5000

5000

144

Plastic Water Tanks

Supply and install plastic water tanks
made in Palestine each one has a capacity
2000L. The price shall include stand with
heavy duty, valves and all fittings needed
according to drawings.

No.

1050

2100

Materials of The Filter

Supply and install the materials of the
filter with sackcloth between them.

Sand

0.5

115

58

Coal

15

13

195

Gravel

0.5

41

21

Garnet

0.5

45

23

PVC Pipes
Supply, install, test and commission

Cross-linked polyethylene (PEX) pipes to
DIN 16892/3, 20 bar working pressure,
before and after the pump and from
collectors to each water closet according
to drawings, complete with sleeves and
service valve for each connection. The unit
price shall include rubber ring seal, brass
elbow/adapter inside PVVC termination box
built in wall for connection with the
sanitary fixtures, dielectric unions,
excavation, bedding, backfilling, chasing
in wall and all works required as shown on
drawings, specifications and P.M.
instructions.

Diameter 25 mm

ML

43

16

688

>

Diameter 16 mm

ML

228

8

1824

Total Page Carried Forward

Shekel

9909
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Bill No. (1): MECHANICAL WORKS

ltem
No.

Description

Unit

Qty.

UR
(NIS)

Amount

Carried Before

Shekel

748304

1.4.7

Water Collectors

Wages and the cost of supplying and
installing closet of cold water collectors
galvanized iron painted well

installed in the walls and all its contents
from collectors and Spherical valves with
Provisions and connect, valves sub — valve
for each output - and links and stalls
collectors and hobby Auto and links end
(End Piece), all (of the finest international
standards and the adoption by the
supervising engineer) and the price is the
number of openings (eyes) and all what it
takes to get the job done, according to the
specifications and plans and instructions of
the supervising engineer.

Diameter 0.5" /16 mm

EYE

36

40

1440

1.5

Fire fighting

Supply and install galvanized steel pipes
to ASTM-A53 grade "A" schedule-40 for
firefighting system pipework, inside
building. The unit price shall include
valves, fittings, and all accessories and
works required to complete the work and
as per preambles, specifications, and the
supervision of engineer's requirements.

Diameter 4”

ML

30

120

3600

w >

Diameter 2”

ML

30

100

3000

Fire Fighting Pump Set

Supply, install, test and commission
firefighting pump set(factory assembled),
composed of one electric on duty pump, one
stand-by electrical pump, jockey pump, and
automatic control panel. The unit price shall
include pressure vessel, electric control panel,
electrical wiring, galvanized steel frame,
inertia base, vibration isolators, concrete base,
piping from water reservoir to delivery header
outlet complete with test lines, and all required
valves and fittings as detailed on the drawings,
specifications and P.M. instructions.

No.

10000

10000

Total Page Carried Forward

Shekel

18040
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Bill No. (1): MECHANICAL WORKS

ltem
No.

Description

Unit

Qty.

UR
(NIS)

Amount

Carried Before

Shekel

766344

Fire Extinquisher

Supply and install Portable Fire
Extinguisher of 6 Kg. Co2 capacity each
in Location as decided by the Engineer.
The installation shall be complete with
brackets and it should be in accordance
with the Civil Defense specification.

No.

20

300

6000

Drain / Test Valves

Supply, install, test and commission 2"
Dia. drains & test valves complete with
nipple and cap to NFPA requirements.

No.

400

800

Fire Hose Reel Cabinets

Supply, install, test and commission fire
hose reel cabinets to, complete with 30
meters long 1 %2 diameter rubber hose of
16 bar working pressure. The unit price
shall include hose cabinet, pressure
reducing valve, globe valve and automatic
swinging recessed type cabinet as detailed
on drawings and as per the specifications
and the supervision engineer's
requirements.

No.

14

1000

14000

Total Page Carried Forward

Shekel

20800

Total cost

Shekel

787144
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Mechanical cycle:

"1ty

ity

NN TVAONIY SYO HSVd & NN NENLIY N0 & AN NOLLOAMNI ¥37000-8NS

HOLIMS JUNSSIUd HOIH - SdH

FATVA 4OLS QINDI : AST FATVA ONLLYINOIY FUNSSIN - Ad
FATVA JOLS SYO * ASO YOSNIS JUNSSIUd HOIH - HANIS
: HOSNIS FUNSSIU MOT - 1dNILS

YINIVHLS ¥IS FATVA NOISNVAX3 DINOMLOINS S A33

FONVO FUNSSIUJ - Od
FATVA QIONIN0S - AS
FATVA HOIHD “ AD
ANIOF LIN43Y - MY

NN NOUVHIORIATY NIVIN &
HYOSNIS diNalL - 1uiL

‘NOILdI¥OS3a
- us
- i - ASO G
— 0
A
it}
(3L1388VD ONNID)

YIONVHOXI LVIH
20 LINN ¥OOONI

A

“Ald

(OMIONYLS OO 14
HIONYHIXD LVIM
10 LINN HOOON!

it ]

(QRINNOW TTVYM)
HIONVHOXI LVIH
00 LINN YOOONI

e
s Lo "

LAS

ANTVA
$S$300V

H3NOILIANOD ¥IV AYA dANd LV3H NIMIVA

YIFONYHOXI AVIM

127



Components:

e Compressor (3-Phase)

e Reversed valve

e Condenser fans (1-Phase)
e Evaporator fans (1-Phase)

Protections:

e Overload
¢ High and low pressure for compressor

Operations:

1) Evaporator fans and condenser fans at once
2) Compressor
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Appendix (C)
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TABLEA(2.1) Thermophysical Properties

of Gases at Atmospheric Pressure® Table  Inside film resistance. R,

T p ¢, po100 pe100 k0100 - 10 A22)
(K) (kg/m’) (kIkg-K) (N-sim®) (m¥s) (Wm-K) (m¥%) Pr : R;
Aie FElement Heat Direction  Material Type m™"C/W
100 35562 1.032 711 200 934 254 0786 : :
150 23364 1012 103.4 4426 138 584 0758 | Construction materials 0.12
200 1.7458 1007 1325 7.590 18.1 103 0737 Walls Horizontal
20 13947 1006 1596 1144 223 159 0720 Metals 0.3
300 L1614 1.007 1846 1589 263 225 0707 C - = -
onstruction materials 0.10
350 09950 1.009 2082 209 300 299 0700 i Upward )
400 08711 1014 2301 2641 18 383 069 Ceilings and P Metals 021
450 0.7 2 2507 3239 373 472 0636 i :
500 gmﬁ :g;(l) 270.1 3879 407 567 0.684 floors C ) il
550 06329 1040 884 4557 439 61 0683 Downward onstruction materials 0.15
600 0.5804 1051 3058 5269 469 769 0685
650 05356 1063 225 6021 497 873 0.69
700 04975 1075 3388 68.10 524 %0 0695
750 04643 1087 3546 7637 549 19 0702
800 04354 1.099 369.8 8493 513 120 0709 Table  Qutside film resistance, Rs.
850 04097 1.110 3843 93.80 59.6 131 0716 A2.3) \ ]
900 03868 1121 3981 1029 620 43 0720 Wind Speed Less than 0.5 More than
950 03666 1131 4113 122 643 155 0.723 m/s 0 5_5 om/s 5 umls
1000 03482 1141 444 1219 667 168 0726 e :
1100 03166 1159 4490 1418 715 195 0728 Element Material Type Outside Resis R m*°C/W
tance 'R °
1200 02902 1175 4730 1629 763 24 0728 :
1300 02679 1189 4960 1851 82 28 079 Construction 0.08 0.06 0.03
1400 02488 1207 530 213 91 303 0703 Walls il . : .
1500 02322 1230 557 240 100 350 0685 materials )
1600 02177 1248 584 268 106 30 0688 Metals 0.10 0.07 0.03
1700 02049 1267 611 298 13 45 0685 .
1800 01935 1.286 637 329 120 482 0683 Construction 0.0 0.04 0.0
1900 0.1833 1307 663 362 128 534 0677 Ceili ! 07 I 02
2000 0.1741 1337 689 396 137 589 0672 eilings materials
2100 0.1658 1372 15 41 147 646 0.667 Metal 0.09 0.05 0.02
5 , , .
200 01582 1417 740 468 160 74 0655 ;
2300  0.1513 1478 766 506 175 783 0.647 Construction
2000 00448 1558 9 s 19 869 0630 Exposed floors ] 0.09 - -
2500 0138 1665 818 589 » 9%0 0613 materials
3000 0.1135 2726 955 841 486 1570 0536

' ' E I eat ransfer coeffiients f 4 (.
TABLE vl Tl Creftf Moo Wit T i ot il i W,
A4 m— — Without ~ With Wood With Metal

Wind Spegdl m/s Door Type Storm Door ~ Storma Door - Storm Door

25 mm-wood 36 17 22
Material | Double Glags, bmm air 3 mmewood 31 16 19

. 40 mm-wood 28 1.5 18
)
Tipend g G s 5 mmvood M1 1

Fmes <5 05.50 250 [<05 0350 »5) 50 maewood 24 14 17
Aluminum 10 - -
Wood

3 ;A Stee 58 - -
Aminm 5}
|
)

Polystyrene core 27 - —

!
1 15 Steel with:
Fiber core 33 - -
Sted ]
i ) 2

NN Polyurethane core 23 — _
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Class (1)

Class (2)
Class (3)

Class (4)

Catagory A Structures

Catagory B

TRBLE  Values ofnfiaton i cosicient K2 forwindous,

A8)
Window Type

Infiltration Air Coefficient K

Average  Minimum Maximum

Slidi

lron 0% 05 04

Aluminum 04 05 0
Hung

lron 05 00 060

Alornimurn (side pivoted) 0% 07 0’

Alumimum (horizontel pivoted) | 030 007 050

e

00 008 01

Locations having very high and close
town of large cities, etc.

obstacles such as capital cities, down

Locations having numerous and close obstacles such as small cities,

suburbs of large cities, ete.

Locations having obstacles whose height less than 10 m such as airports,

villages, etc,

Locations with obstacles whose height is less than 1.5 m such as desert

areas, plains without trees, etc.
and buildings
dimension is more than 50 m.

vertical) is less than 50 m.

Catagory C  Individual structures.

whose

maximum horizontal or

Structures and buildings whose maximum dimension (horizontal or

vertical

TARIF  Vglues of the factor
tﬁ‘jﬁm Class Class 1 Class 2 Class 3 Class 4
BuildingHeight, | A B C (A B € |A B C |A B C
m
3 0.47 0.52 0.56 |0.550.60 0.64 [0.63 0.67 0.72 [0.73 0.78 0.83
5 0.50 0.55 0.60 [0.60 0.65 0.70 (070 0.74 0.79 [0.78 083 088
0 0.58 0.62 0.67 0.690.74 0.78 (083 0.88 093 [0.90 095 100
15 0.64 0.69 0.74 [0.76 0.83 0.88 [0.91 0.95 1.00 |09 099 1.03
20 0.70 0.750.79 |0.850.90 095 [0.94 098 1.03 |09 1.01 1.06
30 0.79 0.850.90 (092097 1.01 {098 1.03 107 [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 |1.04 108 1.12 |06 110 1.14
60 098 102,05 |1.021.06 110 |1.06 110 114 [1.08 1.12 L.15
B0 1.03 107 110 [1.06 .10 - 113 (109 113 117 [1.11 1.15 118
100 1.07 110 113 |1.091.12 L16 |1.12 116 LI9 [L13 1.17 1.20
120 L10 113 115 |11 115 118|114 118 1.21 [115 119 1.22
140 L12 L1517 (113 117 112|116 119 122 (117 1.20 124
160 LI4 117119 (115118 121 (118 1.21 1.24 [119 122 1.25
180 116 1.191.20 {1.171.20 1.23 |119 122 125 |120 1.23 1.26
i 11 1a1 343 lisaems cms lome vas cas ool L0 L
TABLE  Approximate CLTD values for light, medium, and heavy weight construction walls, °C.
A2.11) Wall construction
Solar Light Medium Heavy
Time N E 5 W| N E S W| N E S W
8:00 — 16 — —_ = = =] = = = =
9:00 - 20 — —| - 6 - —| — — — —
10:00 — 21 2 = = 1 - = = = = =
11:00 — 8 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| — g8 — —
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 17 — B8 5 3
18:00 5 3 4 27 3.7 9 22 —— 8 6 7
19:00 2 1 17 3 5 7 23 — 7 6 10
20:00 - — — 6 3 3 5 20 1 7 & 12
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TABLE
A7)

Ne  Topography of Location

Values of the factor &

Value
of §, |

l
2
3

Protected locations by hills or buildings (wind speed =05 m/s) 09
Unprotected locations such as sez shores, hill tops, ete 11
Locations other than that listed in item (1) or (2) of this tzble, 1.0

TABLE  Approximate CLTD values for sunlit roofs, °C.
A(2.9) Roof Construction
Solar Time Light Medium Heavy
10:00 5 - —
11:00 12 — —
12:00 19 0
13:00 25 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
TABLE _ Latitude-Menth cormection factor LM, as applied to walls and horizontal roofs, norih lafitudes.
A(2.10) NNE NE ENE E ESE SE SSE Horizontal
Lat. | Month N _NNW NW_ WNW W WSW SW SswW 8§ Roofs
16 [December | -22 =33 -44 44 22 05 22 30 72 =50
Jan./Nov. | =22 -33 -38 -38 -22 05 22 44 66 =38
Feb./Oct. | =16 =27 -27 =22 -11 00 1.1 27 38 =22
Mar/Sept. | -1.6 —16 =11 =1.1 =05 =05 00 00 0.0 =05
Apr./Aug. | —0.5 0o -5 -0.5 -05 -16-16 =27 =33 0.0
May / July 22 16 L& 00 05 -22-27 -38 -38 0.0
June 33 22 12 05 -05 -22-33 44 -38 0.0
24 |December | -2.7 -38 -55 -61 —44 27 1.1 50 66 -804
Jan./Nov. | -2.2 -33 —44 -50 -33 -16-16 50 72 6.1
Feb./Oct. | =22 -27 -33 33 -16 -05 16 38 55 -33
(Mar/Sept. | -1.6 -22 -L6& -1.6 =05 05 05 L1 22 -16
(Apr./Aug.| -1.1 03 00 05 =035 =L1=05 =11 =16 0.0
(May / FTuly 03 1.1 i1 00 00 -l6-16 =27 =33 0.5
Tune. 1.6 1.6 16 . 05 00 -16-22 -33 -33 0.5
32 |December | -27 -38 -55 —f.l —44 =27 11 50 66 =04
Jan./Nov. | -27 -3.8 -50 -61 —44 =22 11 50 6.6 -B3
Feb./Oct. | 22 -33 -38 44 -22 -11 22 44 61 -55
(Mar/Sept. | -1.6 -22 -22 -22 -1L1 -05 16 27 38 =27
Apr./Aug. | -1.1 -L1 -05 <11 00 -05 00 50 05 -0.5
May/ July 0.5 05 05 00 00 -05-05 -16 -l6 0.5
June 0.5 1.1 11 05 00 -11-11 =22 -22 L1
40 |December | -33 44 -55 =72 =55 3% 00 38 55 =116
Jan./Nov. | 27 -38 -55 =66 =50 =33 05 44 61 -10.5
Feb./Oct. | =27 38 —d4 =50 -33 =16 16 44 6.6 =17
Mar/Sept. | =22 =27 =27 33 -1é 05 22 38 55 4.4
Apr./Aug. [ -1.1  -16 -16 -1.1 00 00 L1 e 22 1.6
May / July o0 00 00 0.0 00 o0 00 00 05 0.5
June 05 0.5 05 05 00 05 00 00 0.5 L1
48 |December | -33 44 -61 -7.7 -72 -55-16 L1 33 -13.3
Jan./Nov, | -33 -44 -61 -7.2 -61 -44-05 27 44 -13.3
[Feb./Oet. | -2.7 -38 -55 -1 -44 -27 05 44 61 -10.0
IMar/Sept. | -22 -33 -33 -38 -22 05 22 44 61 6.1
\Apr./Aug.| -16 -16 -16 -16 -05 o0 22 33 38 =27
(May/ Tuly 00 05 0.0 00 03 05 1.6 16 22 0.0
\Tune 0.5 0.5 1.1 0.5 1.1 05 1.1 1.1 L6 1.1
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] TABLE  Shading coefficient (SC) for glass windows without interior shading.
XJ[AZB*ZE] Solar heat gain factor (SHG] for sunlt glass, Wi, for a alituds angle of 32 °N. A(2.13) Nominal Solar |Shading Coefficient, W/m*K
. Type of Glass Thickness, mm | Trans. h,=22.7 h,=17.0
Month Jan, Feb. Mar, Apr.May Jun, Jul. Aug, Sep. Oct. Nov, Dec, T s T e
N 76 85 101 114 120 139 126 117 104 88 76 69 Clear 3 0.84 1.00 1.00
) 6 0.78 0.94 0.95
NNE/NNW [ 76 85 117 252 350 385 350 249 110 88 76 49 10 0.72 0.90 0.92
. 0.88
NE/NW |91 205 338 461 536 555 527 45 35 19 9l . 12 0.67 0.87
0 Heat absorbing 3 0.64 0.83 0.85
ENE/WNW | 331 470 577 631 656 656 643 615 546 451 325 265 0.69 0.73
£ 0.60 0.64
E/W 552647 TI6 716 694 675 678 691 678 615 546 511 023
ESE/WSW | 722 764 748 691 628 596 612 663 716 738 710 688 R =
Regular 0.90
SE/SW 786 782 716 590 489 439 473 571 688 754 713 776 Plate 0.83 _
SSE/SSW | 789 732 615 445 213 262 303 429 5% 710 Ti6 795 Reflective I e -
g g “iInsulating Glas i ;
§ 776 697 555 363 233 189 227 350 540 678 767 795 Clear 0.71 0.88 0.88
: 0.61 0.81 0.82
Horaontal | 355 685 195 855 §74 871 861 836 710 672 59 48 i sviorbing s 0.36 0.55 0.58
TABLE Shading coefficient (SC) for glass windows with interior shading. A[iﬁ“ill':] Cooling load factors (CLF) for glass windows withoutinlerior shading, north atitudes.
Type of Interior Shadin Glass ' © Building Salar Time, b
A(2.14) Nominal - - R i 1 Facing Construction| | 7 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
‘ Venetian Blinds Roller Shade L 007004011 009 0.080.33 0,24 0,48 0,56 0,61 0.71 0.76 0.80 0,82 0.82 0.79 0.75
Thickness, Opaque Translucent N M 0,23 0.20 0.18 0.16 0.14 0.34 0.14 0.46 .53 0.59 0.65 0.70 0.73 0.75 0.76 0.74 0.75
Type of Glass mm Medium ~ Light Dark  White Li Shaded H (025023021020 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
(0,06 0.05 0.04 0.03 0,03 0.26 0.43 0.47 (.44 0.41 0.40 0.39 (.39 0.38 (.. . 3
Clear, regular 2.56.0 - - - - - NNE 1:1 0,09 0.08 0.07 0.06 0.06 0.24 0.38 0.42 n,:: 0 :li 0.37 0.36 0.36 0.36 n;i Eo'.ji g.gg
Clear, plate 6.0-12.0 — — — — — 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 0.54 0.33 0.32 0.31 .28
Clear Pattern 30120 0.64 0.55 059 025 0.39
Heat Absorbing| 3 — -— e — — 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
Pattern or 5.05.5 — . - . NE M [0070.06 0.06 0.05 0.04 0.1 0.36 0.4 0.45 0.40 0.36 0.33 0.31 0.30 0.28 026 0.24
. H 0.09 0.08 0.08 0.07 0.07 0.23 0.37 0.44 0.44 0.39 0.34 031 0.29 0.27 0.26 0.24 0.22
Tinted{gray
Shm) L 0.04 0.02 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 10.07 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
Heat 5.0-6.0 0.57 0.53 0.45 0.30 0.36 H 0,09 009 0.08 0.07 0.07 0.22 036 0.46 0.49 .45 038 0.31 0,30 0.27 0.25 023 0.21
Absorbing,
plﬂ[l! 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
Pattern or 3.0:5.5 — — — — — E M [0.07 0.06 0.06 0.05 0.05 0.18 0.33 0.4 0.50 0.51 0.46 0.30 0.35 0.31 0.29 0.26 0.23
Tinted, gray H (009 0.09 0.08 0,08 0.07 0,20 0,34 0,45 0,49 049 0,43 0.39 0,32 0,29 0,26 0.24 0.2
shret 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
Heat Absorbing, 10 0.54 0.52 0.40 0.82 0.32 H  [0.100.09 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
Plate or Pattern
Heat Absorbing|
L 0.05 0.04 0.04 0,03 0.03 (.13 0.28 0.43 0.55 0.62 0.63 (.57 0.48 0.42 0.37 0.33 0.28
Heat Absorbin,g 0.42 0.40 0.36 0.28 0.31 SE M 0.09 0.08 0.07 0.06 0.05 0.14 0.26 (.38 0.48 0.54 0.56 (.51 0.45 0.40 0.36 0.33 0.29
or Pattern : | i ! ' 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 (.64 0.60 0.25 0.45 0.40 0.35
Reflective — 0.30 0.25 0.23 — -— SSE M 0.1 0.09 0.08 0.07 0.06 0.08 0.16 0.26 0.38 0.58 055 0.57 0.54 0.45 0.43 0,39 0.35
Coated Glass 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 0.39 035 0.31
— 0.40 0.33 0.29 — — .
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
5 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 0.17 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
Regular 3 0.57 0.51 0.60 025 —
Plate 6 0.57 0.51 060 025 —
Reflective 6 0.20- -— - — -
0.40
TABLE  Cooling load factar (CLF)u:, for lights.
TABLE  Cooling Load factors (CLF) for glass windows with interior shading, North latitude. A7) - -
A(2.16) . AL - Number of hours Fixture X° Fixture Y®
E“."'"“ﬂ““ Solar Time, after lights are | hours of operation hours of operation
Facing 1 2 3 4 5 6 7.8 9 10 1 12 13 14 15 16 17 turned On 10 16 10 16
N 0.08 0.07 0.06 0.06 0.07 0.73 0.66 0.65 (.73 0.80 0.86 0.89 0.89 0.86 0.82 0.75 0.78 0 0.08 0.19 0.01 0.05
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 1 0.62 0.72 0.76 0.79
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 2 0.66 0.75 0.81 0.83
ENE  [0.03 0.02 002 0.02 0.02 0.52 0.76 0.80 0.71 0.52 0.31 026 0.24 0.22 0.20 (.18 0.15 3 0.69 0.77 0.84 0.87
E 0.03 0.02 0.02 0.02 0.02 047 0.72 0,80 0.76 0.62 0.41 027 0.24 022 0.20 0.17 0,14 4 0.73 0.80 0.88 0.89
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 3 0.75 0.82 0.90 091
SE 0.03 0.03 0.02 0.02 0.02 0.30 0.57 0.74 0.81 079 0.68 0.49 0.33 028 0.25 0.2 0.18 g g;g gg? ggi g;i
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 8 0-82 0-8? 0'95 0'95
5 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 9 0.84 0.8% 0.96 0.96
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 10 0.85 0.89 0.97 0.97
swW 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 11 032 0.90 0.22 0.98
WSW  [0.05 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 12 0.29 0.91 0,18 0.98
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 13 S 026 0.92 0.14 0.98
WNW 0,05 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 0.50 0.84 14 023 0.93 0.12 0.99
NW  [0.05 0.04 0.04 0.03 0.03 0.07 0.11 0.14 0.17 0.19 0.20 021 0.22 030 0.52 0.73 0.82 15 0.21 094 0.09 0.99
NNW  [0.05 0.05 0.04 0.03 0.03 0.11 0.17 0.22 0.26 030 0.32 033 0.34 034 0.39 0.61 0.82 16 019 0.54 0.08 0.99
HORIZ. [0.06 0.05 0.04 0.04 0.03 012 0.27 0.4 0.59 0.72 0.81 0.85 0.85 0.81 0.71 0.58 0.42 17 0.17 0.40 0.06 0.24
18 0.15 0.36 0.05 0.20




TABLE Instantaneous heat gain from occupants in units of Watiskl.
Total
A(2.18) 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 94.0 64.0 30.0
Ewvening 111.5 100.0 70.0 30.0
Seated, very Offices, hotels,
light work apartments,
Testaurants 128.5 114.0 70.0 44.0
Moderately
active office (Oiffices, hotels,
work Apartments 135.5 128.5 71.5 37.0
Department
store, retail
Standing, light = | store,
work, walking | supermarkets 157.0 143.0 715 7.5
Walking, seated | Drug store 157.0 143.0 71.5 71.5
Standing,
walking
slowly Bank 157.0 143.0 71.5 71.5
Sedentary work | Restaurant 168.5 157.0 T8.5 78.5
Light bench
work Factory 238.0 214.0 78.0 136.0
Small-Parts
Moderate work | assembly 257.0 243.0 87.0 156.0
Moderate
dancing Dance halls 257.0 243.0 87.0 156.0
‘Walking at 1.5
m/s Factory 286.0 285.0 107.0 178.0
Bowling
(participant) Bowling alley 428.5 414.0 166.0 2480
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 apphication.

TABLE Cooling load factor due to occupants (CLF)ece , for sensible heat gain.$ TABLE A(2.20)Minimum outside air requirements for
Al219 : -
Hourd after Total hours in space mechanical ventilation
each entry into
space 2 4 6 ] 10 12 14 16 Maximum Ventilation Air
1 049 049 050 051 053 055 058 062 Occupancy Per Requirements
2 058 059 060 061 062 064 066 0.70 Application 100 m? 2
3 017 066 067 067 069 070 072 075 e ""ﬂm“ L/s/m
4 013 071 072 072 074 075 077 0.79 ' - 0 -
5 0.10 027 076 076 077 079 080 082 Hotels and motels:
6 008 021 079 08 0.8 0.8 083 0.85 Bedrooms -_ — 7.5-15
7 007 016 034 082 083 084 08 087 L/s/room
8 006 014 026 084 08 08 087 088 Living rooms — — 5.10
9 005 011 021 038 087 08% 089 090 L/s/room
10 004 010 018 030 089 089 09 091 Bathes _ o 15.25
11 004 008 015 025 042 091 091 092 L/s/ 1o
12 003 007 013 021 034 092 092 093 Lobbi s/room
13 003 006 011 018 028 045 093 094 o 30 2513 -
14 002 006 010 015 023 036 094 095 Conference rooms 50 |35175 -
15 002 005 008 013 020 030 047 095 Assembly rooms 120 35175 —
16 0.02 004 007 012 017 025 038 09 Dormitory sleeping areas 20 8.0 —
17 002 004 006 010 015 021 031 049 ; ; 5
18 0.01 0.03 006 009 013 019 026 0.39 Gacmbling casines 7. 130 g
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lablnA(4 AMWater Supply Fixture Units 2rnd Fivturs Branch Sizes
Type of Fixture * Min. Size of
Fixture® Use Supply Control Units® Fixture Branch?®
pply
Bathroom group© Private Flushometer 8 5
Bathroom group*® Private Flush tank for closet 6 %
Bathtub Private Faucet 2 "
Bathtub General Faucet 4 s
Clothes washer Private Faucet 2 a
Clothes washer General - Faucet 4 b
Combinaticn fixture Private Faucet 3 e
Dishwasher! Private Automatic 1 Y,
Drinking fountain Offices, etc. Faucet % in. 6.25 2
Kitchen sink - - Private Faucet 2 '
Kitchen sink - General Faucet 4 2
Laundry trays (1--3) Private Faucet 3 Y
Lavatory - . Private Faucet 1 ¥
Lavatory ° General Faucet 2 2 :
Separate shower Private ~ Mixing valve 2 5% 2
Service sink : 3 General Faucet s h
Shower head - Private Mixing valve 2 2 ]
Shower head - General Mixing valVe 4 2
Urinal ; General Flushometer S et s
Urinal ; Genera! Flush tank 3 2 3
Water closet Private - Flushometer 6 H -
Watercloset Private *  Flushometer/tank 3 h
Water closet Private - Flush tank 3 a H
Water closet Gederal _, Flushormieter 10 1 ;
Water closet - Gen&al' Flushometer/tank 5 Va
Water closet General Flush tank S Va
Water su '*pli{ outlets not listed above shall be computed at their maximum demand, but in no case less than the
values:
Number of Fixture Units 5 U
Fizturg Eranch Frivae Use Genera! Use 2 ',
Y el RRS, W P N
xI’ . 2 . 4 < - H . e S |
Yo 3 6
1 6 10
*For supply outlets likely to impose continuous d ds, estimate conti supply separately and add to total dcmand A
for forvures.

*The given weights ace for total demand. For fixtures with both hot sind cold water supplies, the weights for m&.umu.{n
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 lavatory, one bathtub, cnr
shower stall or one water closet, two lavatories, one bathtub or one upauu shower stall. .

“Nominal 1.D. pipe size. 1

*Some may require larger sizes—see facturer’s instructions .

Dats extracted from Code Table BS 2.

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

Friction Head Loss for Water in Plastic Pipé (Scheduie 80)

R = ~ et mmmaias SR AR
s 4= ot LI PTAL TNA AT
s L ¥ y. 2 s '3
4 ! iy 2 U/;c NS
A SR L R e
<7 B : A - ': = = c T, ~ " 4
3 q:" 2 8 SO AL £ ~T 1 Wy,
3= 25 - 3 K 20y CAWA k P
Coadl e S T ~ i =l *\'r‘
CLrf g I A AL/ Ao/ NAT PN
: 2 : / . LT 17 R A -
R SO o LY >/ S £ > —
g o s ~ e / > A a - N A [l ]
N S " ] | | of - {
< l N A / “}-17(\\/ /fi W1 /T t‘”\
0.4 — / 45 ~ \\ &l 2 T N O
I = s s e e S e e S
st i T AWV B a7 S, 3 A A v
0.3 | 2.3 416,810 .20 3040 &0 80100 200 300400° 500 %6 1000

Flow rate, LS. gal/min (water @ 60°F)

Figurd@.1)Chart of riction head loss Wﬂ%ﬁ@nr water at 60°F, ;
in feet of water and si per 100 ft of equivalent pipe length. Pipe sizes are nominal. "
(Reprinted by perm. ;sion of th.e American Society of Heating: Refrigerating and Air-

Conditioning Engin ers, Atlanta, Georgia, from the 1993 ASHRAE Handbook—Fun-
damentals.)
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;'rableA(4.3) Minimum Pressure Reguirad by
“Typical Plumbing Fixtures
P A

A
’F txtyre Type Minimum Pressure, psi

Sink ar;d tub faucets 8
Shower ; 8
Water closet—rank flush 3

Flush valve—urinal 15
Fiush valve—siphon jetbowl
floor-mounted 15
wall-mounted” - : 20
Flush valve—blowout bowi
floor-mounted 20
wall-mounted 25
Garden hose
S/s-in. sill cack 15
3/e-in. sill cock 30
Drinking fountain 15

Source. EPA Manuz;l of Individual Water Supply System,
1975 and manufacturers’ data. -

TableAd.7) Approzimate

15 : e
s > -
3 1.2
it 391 L
B 150
1-s
2 g2
10.8 1 &1 153
25 0. i&l 3.3
3 176 158 248 2z
P 2679 1.36 378 183 SR 2733
S £33 153 683 223 966 3.16
g 785 1.72 111 2.52 157. 3.57
S 1.72 131 7
g 175 2.17 240, 307 £34.
5 75 3 s S N4
i0 20% 2.52 £38. 356 6. S
a - - i i r‘- c ; -
12 S06. 283 707. 401 5 5.67

*Computed fom the Manning Formuls for #-Rull pipe, n =005
#3{21f Full means filed to 2 depth egual 10 one-half the inside diameter.

B 7 : 2 2w ~itas Sean Tt Bar Y. Asl o }
Iote: For e full, multiply discharge by 0.274 and multiply velocity by 0.133. I ‘o‘ -3’."..(.‘, ! )
malti é 8 o bull, multiply discharge by 1.82 and muitiply velocity by 1.1 fu
znd muliiply velocity by 0.80. For ¥ hull, multiply discharge by 1.£2 and muitiply city by e

) el ] 4 o ) P b . slrsmiv 3 '..., TE® ar ,_.: \.=i-\.:‘.\
discharge by 2.00 and multiply velocity by 1.00. For smoother pipe, multiply discharge aa ocit)

divide by n value of smmoother pipe. - 2 : 11w TS s sy oan
Source. RBeprinted with permisfion from the Nationa! Standard Plumbing Code, Published by The National Associa-

ilon of Plumbi g Hrsting Cooling Contraciors
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TableA(.4)Drainage Fixture Unit Values for
Various Plumbing Fixtures

or gy':f of F';{'i"“ 2 Drdir;agg Fitire
. : rou; . 110 Vil g
TableA@2)Table for Estimating Demand Pf’f ixtures . Unit Value, dfs
Automatic clothes washer- :
Supply Systems Supply 5-"'“?"”3 (2-in. ‘:-;ﬂd)PiPe end trap required, direct
S s S g Predommnantly jor . connection) - % 2R e 3
Fredmnn.;nllit jor i  Bathtubgroup consisting of & water close; .
Flush Tanks Bht}:wl?(' and bathtub or shower stal): - 6
e n athtub (with or without'overhead shower)® - 2
Load, Demand, Load,‘ De:na d, Bidat. ad shower) :
WSFL* gpm WSFU 8P Clinic'sip : 6
— Clothes washer ; i 2
6. 5 = e Combinjtion sik-and-tray with food waste
i0 8 0 2 grinder_ . & 4
15 11 i3 3i Cgmbinstion sink-and-tray with one 1-n. -
: 2 35 : St : : 2
200 i4 24 i,\. . Combination sink-and-tray with separate 1- *
1 17 £ e o T x AR e K
e 20 30 41 Dental unitof cuspidef """ 1
i 25 40 47 Dantal lavatory "> = I
40 - 50 51 Drinking fountain .- "
50 &% 5 i <z . Dishwasher, domestic’ . | o
o 33 et > Floor drains with 2-in. waste - 3
50 : 39 84 62 Kitchen sink, domestic, with one
- 4 100 68 1-n.trap . ‘ 2
100 = - ¥ieshan sink, domestls, with food wasts
120 49 12 : grinder : : S i
140 i 140 78 Kitchen sink, domestic, with food waste - .
) 57 160 83 *  grinder and dishwasher - 2.
lf-(: o o 186 8',7 1-in. trap . S e 3 :
180 el i 9 Kitchen sink, domestic, with dishwasher1-ja
(0} o5 =0k . - trap . : o 3.8
75 70 225 5 Lavatory with 1-In. waste d 1
Te a9z 250 100 . 'Latindry tray (1 or 2 compartments) - 2
250 = i 10 110 Shower stall, domestic B
300 83 u 125 Showers (group) per head 2
100 103 400 25 Sinks 5 iR
30 125 500 140 surgecn's : : 31
i e 750 175 flushing rim (with valve) § -
750 170 213 service (trap standard) ; > 3
0000 210 1000 = seivice (P trap) 2
1230 240 1250 240 _* pot, scullery, etc. . 4
= 70 iSub 210 Urinal, syphon Jet blowout 6
1500 el :I;O ~ Urinal, wall lip ~ o 4
1750 00 175 Wash sink (circular or multiple) each set of
NI 323 2000 faucets - . g U 2 ¢
;:O’J 380 2500 " Water closet, private o : 4 ¢
it 49¢ 00N Water closet, general use : 6
bl Fixtures not already listed :
% 1000 525 4600 tran sivs Uy tn ~elecy 1
PR Y[ 1) 400 3000 wrap size 3/ 1n. 2
'.")'."-, 650 L5000 wep size 2 in. i
RN i 2000 wap size 24 in.
TN 700 s trap size 3 in. H
£ 730 o trap size 4 in. 6
it ol i) e e s
i e i ELRERE « A ‘shower head over a hathtub does not increase the fixture
e St et © o e o mpeem e s sa srmma & ¢ unit valoe, 2 X . ;
Py iy | Soureé. Keprinted with permission from ihe Nanooal
it Vlater tapply Kb 1 o hw Kl Standard Plumbing Code, Pulllished by The Nationsl
piice, Repaoduced with peimussian Eears gl Astociation of Plumabing Heating Cooling Contractors.
i} Crnndard Blhimhine Crda nublished by The Na- : :
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Table AQ.5)Horizontal Fixtare Branches and Stacks

Maxirum Nunber of Fixi

One Stack of
: Three Branch o
Diameter Any Horizontal Intervals or Total for
of Pipe, in. Fixture Branch,” dfu Less, dfu Stack, dft
1y 3 4 8
7 6 10 24
2 12 20 42
3 205 48° 712
4 160 240 500
5 : 360 540 1100
6 620 960 1900
8 1400 2200 1600
10 2500 3800 5600
12 3900 6000 8400
15 . © 7000

“eDoes not include branches of the building drain.
*Not more than two water closets or bathroom groups wi
bathroom groups on the stack.
Note: Stacks shall be size
interval and may be reduced in siz
size required.
Source. Reprinted with per
Association of Plumbing Hcatin'g_(,‘qofing Contractors.

d according to the total accumulated connecte

n

Table A@.6)Building Drains and Sewers”

Maximum Number of Fixture Units ihat May Be Conne

to Any Portion of the Building Drain or the Building Sewer

cied

Slope per Foot

Diameter RPRTr e
of Pipe, in. Yo in. s in. o tn. 'y in
2 71 26
2 74 1)
3 47t > sné
4 180 216 - 250
5 320 480 - 575
6 700 840 1000
8 1400 1600 1920 2300
10 2500 2900 1500 4200
12 2900 4600 5600 a70n
15 7000 : 8300 10.000 12,000

uilding may be sized according to the

R

€()q site smwvers that serve more than one b
e Adins e v Autiioney

oirent stundacds ANG sj e :
LNot over two water closets or two bathroom groups, pecept that in single family
dwellings, not over theee water closets of three bathroom groups may be installed.

Al Standard Plumbing

Scurce. Reprinted with permissiod from The Nation
' e 3 b AP Maslamal Neerviatinn of Plumhing Heating Cooling

Vo
P2 UL

-

Contractors.
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ure Units That May Bet

thin each branch interval no:

e as this load decreases to a minimum di

mission of The National Standard Plumbing Code,

innerten 1o

on

200
150
H00
AL

1500

more than gix watet tlhsets ot

sd load at each story o1 hranch
ameter of hall of the larpeet

wﬂ‘lh'nr(‘ by The Mational



9]

Ll o > ) »
Caey o, cellon e i o onsmon s, o el of s oo e o il e e v

1 gener- 2 of und- e o o e e koo ks

Pie Dmension Waty
Fehor Watr [ m m fs
Me  omo oW B 1 b | 3
1 i 05 (5 ! il 1 3
) A Ik i J T 1% 3
] I 15 {1 ! ll 1% 4
Foomm . .
: il I ] b i 175 3
boon Bl L R S
T ron Wl
I i 14 4]
AS.3) . —  —
Liquid Absolute Viscosity | w54 e = e £
(Pas) R T
Air 1,983 %105 i i
Water £y 107 i ”
Ofe O 1x10° e
Bl 1x10° = T
Liquid Honey 1x10' Sveidiaih |
Golden Syrup 1x 102 e 0_”51 1,;;2?0.3
*) at room temperature
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DB68-03340A(2)

INSTALLATION MANUAL

, T — — Requirement
Plce; Sekriﬁd fSTIf et){ PrecaLJttlgnihdescrIEed il Eion imenE il asr el e - Condensate may occur on the heat insulation surface according to the atmosphere inside of the ceiling.
- wheckthefolowing parts in the package. . ) ) ) . « If the inside of the ceiling has high temperature or humidity rate is more than 80%, please add proper
« For further information of the piping material and size of the refrigerant pipes, refer to the installation : ;
L of the ai diti insulation to prevent water drops.
manuatorthe air conditioner. « The stopper area of the pipe or socket should be spread with a welding material. ~ EX)

MXJ-YA1509M MXJ-YA2512M MXJ-YA2812M MXJ-YA2815M MXJ-YA4422M
% 3 255 3 3 255 3 £ 282 o 9 %
2] 3 27§ 3 ‘ 12 S S ‘ ‘ 14718 S 72 |8
. . . 1) = = = g [ —(— —  I— ()
Liquid side | 'z g "o 9 "9 X:ng’l e mez d ~ Tk
3 127 7 3 127 o) g ey s W ' DxIEA
l @Dx2EA g MDx2EA 2 Mx2EA g @x2EA 3 @x2EA
=l 282 % 364 § 9 387 % P 387 %
S 14738 172 ‘ 5 E ‘ 5|0 K 155 |5
_ N . ——d=— 4 — N —= J ®xTEA
Gas side e _d of 2 g S _3 S AN T@x1EA
s 147 ] S S < g ] g 1 "o
q ;‘ g gs ” ‘Q @x2EA| & =g @x1ea| & g @Ox1eA ®x1EA
S @ x2EA Sl ®x2EA ol @x1EA ol @x1EA ®x1EA
Reducer
@® N @ 5 C® [ P e Y O] d ® P I IV ® @ @ Model name Total indoor unit’s capacities
ét i % é‘ 593 % g §\ 83 S\ S g g E K g 3y = é‘ MXJ-YA15090M | 150 kW (51 MBH) and below
; =g e e B N i ”, =: ‘[ [ ; MXJ-YA2512M Over 15.0~40.0 kW (51~136 MBH) and below
8?20 10 7‘5 s | 2l 75L' ' r MXJ-YA2812M Over 40.0~45.0 kW (136~154 MBH) and below
80 |2 ]
w0 110 115 o | MXJ-YA2815M |  Over 45.0~70.3 KW (154~240 MBH) and below
e = = MXJYA3419M |  Over 70.3~98.4 kW (240~336 MBH) and below
MXJ-YA4119M Over 98.4~135.2 kW (336~461 MBH) and below
) a e @ & : MXJ-YA4422M |  Over 135.2 kW (461 MBH)
20 . 20 N
ey LI Y LY
[0 1]
5 A ; 8 g g =
| 3 R E

Y-joint for HR (High pressure gas)

Model Reducer
MXJYATS00M MXJYA2500M MXJ-YA3100M L RALEL LY @ ~ @ 55 2 @ Model name | Total indoor unit’s capacities
2 £ ‘ g\ L : MXJ-YA1500M | 22.4 kW (76 MBH) and below
) ) - : Over 22.4~703 kW
T 8 g | ver 22.4~70.
5 J J ﬁ MXJ-YA2500M | 6240 MBH) and below
90 g -
g MXJYA3To0M | OVer 703~ 1352 kW

(240~461 MBH) and below
MXJ-YA3800M | Over 135.2 kW (461 MBH)

@x1EA

Name —Model MXJ-HA2512M MXJ-HA3115M MXJ-HA3819M Reducer
. 265 N 425 e n 425 gjﬁ @ 80 @ ﬁ - @ 60 ; @ 10050 @
3 5 T 78 s e -
G ] P ERE 55’—_% 5l |9 EQLL:E g mfm:ﬁ {’—?J : L:.jm—‘ : L p »
Liquid side |7 | i HIE F E T e TR TN N e [ -
S 12es Laglaqlag T I 1 g P Y 85 |40.|40 40 |40 40 |40 |40 % 4 E{i é‘ %‘ % i ' 20
Dx4EA Dx1EA DOXTEA| DX8EA @x1EA @O x1EA Dx8EA @O x1EA ° S 8 A ‘ g3 ) ;I
M 45 w5 g}
i % % g %% g ﬁ . 50 50 e A A
Gas side B J N QAOQAOQADQAOQMQAOQAOQ Llosa|glg TETVETY J s ®ZLS () ;5 (b] m&éﬂ © | Modelname | Totalindoor unit's capacities | "' n;?’ég::gg::nt'ty
®x4EA @xIEA ®x8EA @®xI1EA ®x8EA 8 : : MXJ-HA2512M | 45.0 KW(154 MBH) and below 4
MXJ-HA3115M |  70.3 KW(240 MBH) and below 8
MXJ-HA3819M | Over 70.3 KW (240 MBH) 8
Outdoor joint
Name-Model MXJ-TA3819M MXJ-TA4422M Reducer
. : 105 . :
e 2 3 N{ 36 j ®§L j : @ : ® ‘ ii. : O L ‘mfo : Model name Total outdoor unit’s capacities
K 147 8 E 172 E 3 3| : =
L = ° = 8 9 : I MXJ-TA3819M Below 135.2 KW(48HP, 461.3 MBH)
. . . — ——10 I— & @
Liquid side g NJ | e M]% h 1] E- = 4 J :
E o=— (Dx2EA 44 = o J d 84 : MXJ-TA4422M Above 140.2 kW(50HP, 478.4 MBH)
4 @x1EA 4 Gx2EA ° :
70
® EL FEEREE ® =
3 S sl s § N K
g| olgl o g:
Gas side SRULL ot I .|E
@x1EA - _;J : J l
®X 1EA 110 ° h
145
165
Outdoor joint for HR (High pressure gas)
Model Reducer
MXJ-TA3100M MXJ-TA3800M © @ g ® - 2 ® 7035 Model name Total outdoor unit’s capacities
2 3 4 g1 20 T n &
| — I A E ‘QEQ . R BN MXJ-TA3100M Below 135.2 kW(48HP, 461.3MBH)
n = % N
} o 1| @x1EA ] =y g g MXJ-TA3800M Above 140.2 kW(50HP, 478.4 MBH)
( g{ H 49 G@xI1EA { — E b Nie g g
1Dess = @x2EA b e 'EEEEE

DVM S 288 2012 _MXJ-YA1509M_IM_EN_03340A(2).indd 1 2013-06-10 2= 3:13:154



Connecting Method

Install the Y-joint ‘horizontally’ or ‘vertically-

<Install horizontally > <Using reducer>

- Use connection part of Y-joint or provided
Eﬁ reducer by cutting them in accordance with

T T T 7R diameter of connecting pipe.

- Make certain 10~15mm or more for reducer
&@Kﬂ g which connected with pipe.
STV - Remove burr on cut part of reducer.
<Install vertlcally> It is impossible to connect reducer with pipe,

if pipe is deformed or reducer is untrimmed.

& Keep a minimum distance of 500mm or more before
connecting a branch joint.

<Insertion depth of the connecting pipe>

* Basic specification :% When cutting the connection part

Rear ._» Tootherbranch

@"\(joints orindoor unit
Reducer @

Reducer
Pipeé Rear
i, Front

To outdoor unit

Connecting pipe

N o

—=or @ Maintain £15°on Main PiPe
A the horizon B -

@ Do not insert the pipe deeply into the Y-joint.
( Do not insert more than 70mm.)

Installing the Header joint

1. Select the reducer fitted on the diameter of the pipe.
Brazed part .
Provided

Reducer

/ Pipe

e

500mm
or more

* Install the Y-joint within £15° on
the horizon or on the vertical.

Pipe
N
Pipe )

7 = To indoor unit

To indoor unit To outdoor unit

To outdoor unit

<Liquid side> <Gas side>

2. Block the reducer that is not used by brazing the cap if the number of connected indoor

unit is fewer than header joint holes.
header joint

Brazed part
<Gas side>

In order

PP Blocked the hole of
<Liquid side> header joint

Connect the header joint to the pipe by cutting the provided reducer properly.

“Frrr oY AR 8

or more

A

CAUTION

& Connect the header joint in order respecting the number of the indoor unit.
¢ Connet the indoor unit as the highest capacity comes first.

3. Install the header joint horizontally.

Reducer Header joint

The horizon | +15°
7777777 @ @/ ; orless
The ...... >—m+. \ /5, +10°
horizon /; =g Q\Q\H\Q\JZ orless
The horizon

Pipe — /”\,,/T +10°
] >
\i or less

L Thehorizon __ £ |
-\ ﬂ;hm.zon@jl e veg

\\m

<Liquid side> <Gas side>

Installing the Outdoor joint

* Use the attached reducer according to the selected pipe size.

| To other outdoor unit |

< &
[

P| e
o <—| To other outdoor joint or outdoor unit |
Reducer -

y(

Reducer

T_{\ Pipe DQ m:[@ @
AL H I I I I AHH I I I H

To other outdoor joint or Y-joint of the main pipe |

<Liquid side>

DVM S S&8 2012 _MXJ-YA1509M_IM_EN_03340A(2).indd 2

/educer

Blocked the hole of

| To other outdoor unit | * Use the attached reducer according to the selected pipe size.

¢ Pipe
/ \

<—| To other outdoor joint or outdoor unit

Reducer

Reducer

i Pipe

| To other outdoor joint or Y-joint of the main pipe | S —

<Gas side>

To other OUtdOO" unit | * Use the attached reducer according to the selected pipe size.

Plpe
<—| To other outdoor joint or outdoor unit |
Reducer
\ Pipe OGOEEEEG OEOEEEs

t{ To other outdoor joint or Y-joint of the main pipe |

<High pressure gas side>

Connect the Outdoor joint to the pipe by cutting the outlet of the Outdoor joint or provided reducer properly.

i 10~15mm or more

Installation of outdoor joints

= T e e e e

) b\ High pressure

\ gas pipe Do not install the outdoor

jointin this direction.

A

Gas pipe  Liquid pipe

* High pressure gas pipe only applies to the HR product.

Insulating the branch joint
Y-joint & liquid side & gas sid

# Attach the insulation provided with a branch joint to the insulation supplied in the field
without a gap. Wrap the connected part with an insulation (Field supply) of a thickness of at
least 10mm.

# Use an insulation with the heat resisting temperature over 120°C.
Wrap the branch joint with an insulation of a thickness of at least 10mm.

¢ When insulating in high humidity(higher than 30°C, 80%), wrap the supplied insulation with
more than 10mm of extra insulation such as Polyethylene Foam or other similar material.

¢ Wrap the connected part between the Outdoor joint and the gas side of the outdoor unit to
prevent it from defrosting. Wrap gas side pipe of the outdoor unit wholly to prevent it from
dewing.

* Attach the adhesive insulation tape to the pipe
Provided Fix securely withoutanygap.  asshown in the picture after insulating the pipe.
Pipe insulation

Pipe insulation
(Field supply)

Insulation tape
(Field supply)

Fix securely
without any gap.

(Field supply)

— i X Pipe
150mm ‘ Branc% o Pipe insulation
joint (Field supply) Pipe insulation

A thickness of the insulation (Field supply) (Field supply)

should be at least 10mm.

¢ Cover the connected part and fasten the header joint using a cable tie. Insulator

# Insulate the header joint and the brazed part and wrap the connected
part with an adhesive insulation tape to prevent it from dewing.

L~

Adhesive insulation tape

/W V%
[CI—ollc o oo o oflo)

Insulating after brazing the cap

o

Adhesive insulation tape

}g*%@f

Insulating the pipe

Insulating
header joint

2013-06-10 2= 3:13:57



AR( Arc Canopy Rangehood AAS6SE3

2 YEARS Stainless
WARRANTY Stee|

Madel Number AASESES
Bana are
Deptrmm 500 mm
Minmum Heightnm) 645 mm
width om) 600 mm
Nosewhenwoking  57dB
Warany 2 Years
lontng Halogen

Max Air Flow 700 m3fhr
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AV-F12038 SIZE:

120x120x38mm

consfruction:

Glass Fiberreinfoerced plsatic;
Impeller and housing PBT are UL $4V-0rating
OPERATING TEMPERATURE:

Sleeve bearing -10"C to +70°C
INSULATION RESISTANCE:

10meg Ohm min, at 500VDC
(between frame and terminal)
DIELECTRIC STRENGTH:

5mA max, at 500 VAC é0Hz one minute
(between frame and terminal)

| Dimensions Drawing | Characteristic Curves

Unlt:mm
\ 120.040.5 i 9.0
3B.0£0.5 E
{sic 105.5+0.3 - ‘té 5_0;
" £ 7.0
E 6.0 H
w 5.08 6. WP
w 5.0F
p 2 s g % j
H | H =] 4. OF—x
= a = ' k\ M
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a o E -3.0: % f\"“ L
. 2 2.0 = —
i = E .
\ < 1.0F =
5@7— 5 s
i a.0 20 40 60 B0 1000 120

Air Flow {CFM)

| Specifications
Carlon Specifications (Unit: cm):45x25x25 QTY:40pcs GW:8.44Kg

Model et Voltage  Voltage  Cument  Speed Pow  Prassws Lo  Weiht
vDC vDC A RPM CFM  mmH:0  dBA g
AV-F12038HS  Sleeve 12 108-132  1.00 4000 119.49 7.81 4a.47 236
AV-F12038MS  Slesve 12 10.8~132  0.45 3000 107.54 6.66 4151 236
AV-F1203BLS Sleeve 12 10.8~13.2 0.30 2000 79.66 5.28 39.88 238
AV-F12038HB Ball 12 10.8~13.2  1.00 4000 119.49 7.81 44.47 236
AV-F12038MB Ball 12 10.8-132  0.45 3000 107.54 6.66 41.51 236
AV-F12038LB Ball 12 10.8-13.2  0.30 2000 79.66 5.26 30.98 236
AV-F12038HS24  Sleave 24 21.6~26.4  0.75 4000 119.49 7.81 44.47 236
AV.F12038MS24  Sleeve 24 21.6~26.4  0.30 3000 107.54 6.66 41.51 236
AV-F12038LS24  Sleeve 26 216-264  0.20 2000 79.66 5.26 39.98 236
AV-F12038HB24  Ball 24 216264  0.75 4000 119.49 7.81 44.47 236
AV-F12038MB24  Ball 24 21.6~26.4  0.30 3000 107.54 6.66 41.51 236
AV-F12038LB24  Ball 24 21.6~26.4  0.20 2000 79.66 5.26 39.98 236

r‘ 30 -
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CM10-3 A-R-A-E-AVBE

Rubber:

Compact, reliable, horizontal, multistage, end-suction centrifugal pump with axial suction port

and radial discharge port. The shaft, impellers and chambers are made of stainless steel.
The inlet and discharge parts are made of cast iron. The mechanical shaft seal is a special
designed, unbalanced O-ring seal. Pipework connection is via internal Whitworth pipe
threads, Rp (ISO 7/1). The pump is fitted with a 1-phase, foot-mounted, fan-cooled

asynchronous motor.

Liquid:

Pumped liquid: Water

Liquid temperature range: ~ -20.. 90 °C

Liquid temp: 20°C

Density: 998.2 kg/m®

Kinematic viscosity: 1 mm2fs

Technical:

Speed for pump data: 2900 rpm

Actual calculated flow: 11.6 m¥%h

Resulting head of the pump:  30.01 m

Primary shaft: AVBE

Approvals on nameplate: CE,WRAS,ACS, TR

Curve tolerance: 1S09906:2012 38

Materials:

Pump housing: Cast iron
EN-JL1030
AISI 308

Impeller: Stainless steel
DIN W.-Nr. 1.4301
AISI 304

Sizing result

Type CM10-3

Quantity * Motor  1*1.9kW

Flow

H total

Power P1

Power P2

Eta pump

Eta motor

Eta pump+motor
Flow total

Energy consumption
Price

Price + energy costs
Life cycle cost

116 m’h(+13%)

3001 m

1992 kW

1529 kW
621 %
767 %

47.7 % =Eta pump * Eta motor

70794 mdlyear
12108 kWhi/Year
On request
Onrequest /10Years
26595 €/10Years

Installation:

Maximum ambient temperature:
Maximum operating pressure:
Max pressure at stated temp:

Flange standard:
Pump inlet:

Pump outlet:

Electrical data:
Motor type:

|E Efficiency class:
Rated power - P2:
Mains frequency:
Rated voltage:
Service factor:
Rated current:

Rated speed:
Enclosure class (IEC 34-5):

Insulation class (IEC 85):

Others:
Minimum efficiency index, MEI 2:
Net weight:

Gross weight:

Load profile

Flow 100
Head 100
P1 1.992
Eta total 417
Time 6840
Energy consumption 12108
Quantity 1

EPDM

55°C

10 bar

6 bar/90°C

10 bar/ 40 °C
WHITWORTH THREAD RP
Rp 1112

Rp 1172

90SB

IE1

1.9kW

50 Hz
1x220-240 V
1

11.0-10,0A
2755-2770 rpm
- IP55

F

07
326 kg
35.1 kg

%
%
kW

h/a
kWh/Year



dp pumps

Technical specifications sheet
Part number 290102251050U

Description

DPV 10/5 B~Oval G 6/4~2,2kW 230/400V~50Hz 2P~IEC 90L~IE3~Fixed Ca Sic EPDM

Vertical centrifugal pump, suction and discharge connections in-line.

Quotation details
Quotation number
Project

Position

Search criteria
Medium to be pumped
Flow

Pressure

Actual duty point

Flow
Pressure
NPSH
Efficiency
Motor power
Frequency

Connection base

Connection type

DIN connection standard
ASME connection standard
JIS connection standard

DIN connection size

ASME connection size

JIS connection size

DIN connection pressure class

ASME connection pressure class

JIS connection pressure class
Material S/D casing

Material flanges

Material baseplate

Basic hydraulic data

Maximum working pressure
Maximum liquid temperature
Minimum liquid temperature
Material hydraulic

Water
11.30 m3/h
3.5 bar

11.3 m3/h
3.5 bar
1.5 m
65.2 %
1.7 kW
50.0Hz

Oval
DIN-ISO 228-1

G 6/4

PN16

AISI304
Cast Iron JL1040
Cast Iron JL1040

PN25+100°C
140°C+PN16
-20°C
AISI304

Hydraulic efficiency

Minimum efficiency index according: MEI = 0.70
Commission Regulation (EU) No 547/2012

Best efficiency point

Flow 9.5 m3/h
Pressure 4.1 bar
NPSH 1m
Efficiency 67 %
Motor power 1.63 kW
Frequency 50Hz
Seal data

Shaft diameter @ 16mm
Seal diameter @ 16mm
Construction shaft seal Fixed

Seal code 1

Shaft seal type MG12-G60
Material mechanical seal B Q1 E GG
Material shaft seal rotor Ca
Material shaft seal stator Sic
Material shaft seal elastomer EPDM
Material pump elastomer EPDM
Material seal cover

Pressure class shaft seal PN10
Temperature range shaft seal -20/+100°C
Plug

Air relieve construction Vent. plug
Material plug AISI304

For details contact

DP Pumps

PO Box 28

2400AA Alphen a/d Rijn
The Netherlands

NL

=l




dp pumps
Hydraulic performance sheet

290102251050V
DPV 10/5 B~Oval G 6/4~2,2kW 230/400V~50Hz 2P~IEC 90L~IE3~Fixed Ca Sic EPDM

Part number

Description

Vertical centrifugal pump, suction and discharge connections in-line.

Search criteria
Medium to be pumped
Flow

Pressure

11.30 m3/h
3.5 bar

I?I

Actual duty point

Flow
Pressure
Efficiency
NPSH
Power
Frequency

Flow [ m3/mh ]

II?II

——n

11.30 m3/h
3.5 bar
65.2 %
1.5m

1.70 KW
50.0Hz

Head [ bar ]

] 3.5 bar

11.30 m3h

Efliciency [ % ]

85.2 %

MPSH [ m |

1.6m

Panver [ KW ]

1.70 kW

Duty point
® Actual

O Required

Flow [ m3/h ]



dp pumps

Dimensions sheet

Part number

Description

290102251050U
DPV 10/5 B~Oval G 6/4~2,2kW 230/400V~50Hz 2P~IEC 90L~IE3~Fixed Ca Sic EPDM

Vertical centrifugal pump, suction and discharge connections in-line.

Motor width (E1)
Motor width (E2)
Total height (F1)
Total height (F2)
Total net weight

185mm
139mm
742
436mm
45kg

o

F2

G 64

e | [} ]
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dp pumps

Motor specifications
Part number 3710051022

Description Motor DMC 2,2kW 230/400V 2P IE3 90L IP55 Pos. 800

Electric Data

Rated power output
Maximum power output
Rated voltage
Phases

Frequency

Voltage range

Motor poles

ATEX class

Duty class

Insulation class
Moment of inertia
Motor standard
Capacitor

Motor efficiency
Motor efficiency class

50Hz

Tolerance rated voltage
Rated speed

Starting current factor (la/In)
Rated current (In)

Maximum current (Imax)
Rated Cos phi

Sound pressure

Rated nominal torque
Rated starting torque

60Hz

Tolerance rated voltage
Rated speed

Starting current factor (la/In)
Rated current (In)

Maximum current (Imax)
Rated Cos phi

Sound pressure

Rated nominal torque
Rated starting torque

Motor protection
Motor protection class
Temperature sensor
Rain cover

Anti condensation heater

2,2kW

3,4kW

230/400V

3ph

50/60Hz
207-253/360-440V
2P

S1

F (rise-B)
0,0019kgm2
IEC

85,9%/86,5%
IE3

+10%
2900rpm
8.8

8/4,6A
10,7/6,2A
0.8
55dB(A)(A)
7,3Nm
29,2Nm

-10% / +25%
3480rpm

8.6

7,1/41A
10,7/6,2A
0.9
58dB(A)(A)
6,0Nm
22,2Nm

IP55

Mechanical data

Shaft execution
Maximum starts per hour
Cable gland

VFD allowance

Dimensions

Diameter shaft A1

Length shaft A2

Diameter motor E1
Terminal box height E2
Diameter flange P

L. motor (without shaft) LB
Frame size

Motor construction type
Motor face

smooth shaft

30

1xM20x1,5

VFD allowed max. 400V

24mm

50mm

185mm

139mm

140mm

306mm

9oL

IM V18

EC 60034-7 Form FT 115

Bearings / lubrication
Grease nipple

Bearing fixation pos

D-end bearing type

Bearing grease

Details
Motor label
Weight
Lifting lugs
Motor finish

Rated max. amb. temp.
Material housing

E1

D-end
6305-2Z-C3
Lithium based -20%+160

DMC
20kg

RAL5002

40°C
Aluminium



172” SYNTHETIC HOSE CABINET
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CABINETS FOR 122" SYNTHETIC HOSE
SIZE OF CABINET WALL OPENING SIZE

WIDTH HEMGHT DEFTH WIDTH HEIGHT DEPTH
SFAD0D | E50mm B50mm 150mm | E70mm &70mm 1E0mm
SHMD | S00mm E50mm 1Bmm | S20mm &Mmem 190mm
SFA00 | BMmm hodmm 1B80mm | BE7/0mm b fmim 190w
S5F600 | B50mm S00mm 220mm | E70mm 920mm | 230mm

MODEL

Page 11 | Cabinets SFFECOcum
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CO, EXTINGUISHERS

e § @ ¢

APPROVED MODELS STANDARD MODELS ..,“"2
MODEL CAPACITY FIRE RATING JEscRETO
CD25% 2 kg 34 B
D252 2 kg 55 B
CD2G 2 kg 218
CD5G Skg 55 B

TCAS 45 kg bbby Sl Pressgaate
TS 50 g i Saceed Pressane
TCED 60 kg Yk Soeed Presiane

Fage & | Extinguishers SFFECOEum
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