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Abstract

This project comes as the fruit of five years of hard work in the field of

Refripgeration and Air conditioning engineering.

I this study a gereral study will be proposed for 2 villa in Ram Allah to design the
the central heating, hot & cold water. sanilary drainage with high efficiency and good

design.

Owr project wall contains soft ware discus these problems and contains presentation

0 expose our study o the doctors and discus them after we will finish trom this project.
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CHAPTER ONE

INTRODUCTION




1 Introduction

1-| Introduction

In thiz project, 4 trial is made Lo make the best Central [leating System to cover

heating requirsmentsin a Villa in Ram Allah

A centeal heating system consists of all the pipe work and radiators that are
cornmegied Lo the boiler. The boiler provides the heat but, ity the pump (Clrdulalor)
that moves the heated water from the bailer through the pipe work to the radiators,
and back to the boiler for re-heating. There are many types of systems that can he
nstalled. and ‘which may be taidlored o your own preferences. Dur a carerully
designed and installed svslem will give many years of trouble free running and will

nat waste heat, thercfore keeping fuel costs low.

The system with the lzast cost and [ull ebility to cover the whels energy demand
is designed with all the aceessorics required. Separate drawings are including in the
project with complete specilications. A complete bill is given in loeal prices. At last, a

discussion and recommeandations paper is included.

So, central heating system, sanitary system and ‘Wwate! supply syStem are

represented onthe drawings
1-2 Project Objectives
I- Our project is to make design for central healing svstem and plumping svstem

2-  Taprepare the reguived drawings for the above mentioned systems

3- lo sclest the required equipments and parts and its specification of boiler,

pipes... ete

4. imolementing the mechanizal svstems aller a [Ull study done




1-3 Project Benetits

We chonse this project to preparc a full document for mechunical systems in the
villa.

S decuments inclade

|- Tleating load caleulalion for central heating system

2. Caleulation for ow and pipes for plumping system

3- prepare the required drawings for the above mentioned systems

4 selecticn [ur the required cquipments and parts and its specification of boiler,
DIpES. .. €ic

5- Implemanting the mechanical systems on the sile

1-4 Budget

~ TASK COST (NIC}
USING INTERNE! ; 600 i
TRANSPORTATION FROM AND 200
PTO THE PROJECT] =
OTHER TRANSPORTATION 100
PRINTING PAPERS 2000
PRINTING DRAWING 600
TOTAL 1700

Table 1-1 Budgels




1-5 Time Planning

The project plan follows the following time schedule, which includes the related
tasks of study and system analysis,

The Following time plan is through the semesler

The Semester Tims Plan

Task/ Week 1 123 T4 _-']6 781911071112 I_'_J.|!4 HE

Collecting
Information
aboul the project :
Study the | [FiR
mechanical | ik
draw. i
central heating
gyslem
coleulaticnd
plumping system
catlcuiation o

1
Drawing planes % =2 ' '
& Salection of o ,
gyuipments |

Making hill of
guantity (BO) |
Project S e L]
Documentation el [T SR

T

e

Fig 1.1 the semester Time Plan
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CHAPTER TWO

CENTAL HEATING SYSTEM
COMPONENTS




2.1 INTRODUCTION

This chapter deals with (he componcnis used in central heating system and talks
abour the role of each comnponent in the system

A Gentral heating system consists of all the pipe work and radiators that are
connected to the boier, The builer provides the heat bul, its the pump (Circulator)
thar moves the heated water from the boiler threugh the pipe work (o the radiators,
and hack Lo the boiler for re-heating. There are many tvpes of systems that can be
installed. and which may be tailored to your own preferences, Bul a carefully
desioned and installed system will give many years of trouhle free running and will

nat waste heat, therelore keeping fuel costs low,

Het Witer fhydaonic) Haating System
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Fig 2.1 Central heating systcm components




2.2 Hot water heating system companents
The main cemponents of a central heating systerm uSing waler circulation are:

1) Reom heating elements (radiatars or fan enils).
2] Boilers.
i) Piping network.,

1) Circulating puinp.

} Expansion tank.
) Oil tank.

71 Chimnay.

Device und fiting are required in @ hot waies heating svstem, these include the
ollowing:
Air elimination device such as automatic air venl and manual air vents for room

heating elements,

Elow cantrol devices such as non-rewrn valves,

Pressure-telicf vilve.

Pressure reducing valves fur baluncing the piping retwork of the different roon or

halancing different zanes

Provision for pipe expansion and elimination of vibration.

CLEANIMG

ERcvhl FUEL TAM-

Fig 2.2 Central heating system




] 2.2.1 Room heating elements
Hear transfer elements (aciliate the transfer of heat between the het water and
saace to b2 heatad: healing clements that are in commen use in hot water heating

system are Radiators

I Ihew are made of:-
|-Cast iron Radiators
2- Aluminum Radiators

3- Steel plates Radiators

Stz wie will use Aluminum Radiators in our project because it has low cosy, light
welght construction near 1.5 ke for one section , Limited thermal] inertia and they are

made of sections so eould be lengthened and shortened eastly

Fig 2.3Aluminum radiator
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2.2.2 Boilers
Tiailers are constructed of cust iron or steel sheers in various capacities and
sizes, they maybe low pressure "200 kpa" or high pressure bailers "3200 kpa'',
Roilers are classified in a numbor of ways as follows:-
a) They may be classilicd on the basis of material out of which they are made as cast
iron boilers or stegl sheet boilers
b} They mavbe classified on the basis of the operation pressure for example low
pressure or high pressure boilers.

o) They mavke also classiticd on the hasis of raw energy they use. for example, gas
] ¥ may ple. g

boiler, diesel boilcrs, or any other enargy boiler.
&) Type ol constrction may be used for classification for example, fire lubc or water

mube baijlers.

The boiler package contains, in addition to the boiler body, the burner, the salety
control and jacket, the safety devices associated with boilers include relicl valves,
water level sut-off device, switch on-oft device, and outler and inlet temperature

conirol tharmostat.

Fig 2.4 Nurner

=222 Piping network
We use sadial pipe system, in this pipe system uses plastic pips instead of metal
oe for circulating the hot water throughout the heating system,
The sunply pipes of & certain number of radialors are connected to o single supply
< fold. using special brass coupling. the return pipes are also connected 10 single
o manifold. “Uhe supply and return manifold are respectively conneeted 10 the

s supply and main retumn pipes of boiler which may he mude lrom plastic or metal

o=




2.2.4 Circulating pump

A circulating pump is dmply a small puamp whose purpose is to eireulate the

waler in the hyvdraulic heating system: centrifugal pumps are the type normally ysed

28 oiroulators.

Modern hydronic heating systam are closed therefore, there is no static head for

the pump to overcome since the weight of water in riser piping is exactly counler
balimead by un' equal weight of water in the return piping, the circolator, therefore

Must overcome only the friction head in the piping. the circulater is therefore usually

driven by small, frictional, lorse power clectrical motors,
Circulator pumps are normlly low head, low {low units: they are low head
Because of absence of static head, and low fow, because of the high heal carrying

=pacity of water, they are either instalied in line when the water flow from pump
== |

izt to outlet is in the same direction or as hase meunted whers arighl anole chance in
e g £

vater dircetion from inlet ta outlel is desired, must circulators are instatled in ling

The cireulator can be installed either in the mam suppiv line, ultgoing from the

€7, or in the main retumn line coming back to the boiler,

i svstern with l1izh head,
! 5 normal practice piace the pump so that it pumps awav from the boiler snd

EXBansIon tank.

Fig 2.5 pump

=S Expansion tank

15 4 closed recalculating system (central heating svslem) a piven amount of ajr
WSS space is required o accommodate witer expansion and pressurization, Since
W= cxpands when hented and contrasts when cooled in cirect proportion to the
smeraiure change, and since warter is i ncompressible. a lack of expansion SPaEce
BRSNS That any volume incresse due to beating will cause an immediate and definite

e increase. Expansion tank is the primary device used o accomimudate




fluctiations in water volume within & closed system while maintaining a
predetermined range of pressures, Tom the minimum cold-fil] pressure up 1o (bul nol

maore than) the maximum working pressure of the system,

Fig 2.6 Close expansion tank

2.2.6 Ovl tanl,

A Luel storage tank can be an undersround storage tank or an above ground
siorace tank s needed in the project.

Fig 2.7 Underground oil tank

T hil'l.'lill.'}-'

vertical hollow structure of sicel, or reinforced eoncrete, built to conyvey
Seus procucts of combustion from a building or procass facility. A chim ney should

gy

&5 <nough to furnish adeguate draft and to discharge the products of combustian

SSees cavsing local air pallution,

11




2.2.7.1 T'ypes of chimney:

I~ Cast-in-place concrele
2- Stainless steel,

3= Galvanized op dluminmmn sleeves

Fig 2.8 Chimney

2.8 Piping design

This section represents the principles and current]y accepted design techniques
for water piping svstems used in air-conditioning applications, The principles and
techniques described are applicable to hot water svstem. The water svstem discussed

here is 4 recirculation lype where the water is not discharged but flows ina repenting

el trom the hear exchanger to the heat exchanger. It is sl a closed systom

secause e flow of water is not exposed to the almusphere «t any point gxcept at an

ssignificant arsa in the expansion tanl.

=-3.1 Water piping design
25.1.1 Pipe friction Inss

The pipe friction Toss in g system depends on water velozity, pipe diameter,
===tior surface roughness and pipe length. Fig2-1 (Ses Appendix A) shows the
=ction chart for closed recirenlation piping system. Lhe chart shows the watsy
SSocity, pipe or tube dismeter and water quantity in addition 1o tie friction rate per

SN of equivalent pipe lengzh,




2.8.1.2 Water velncity

The values of velocities rvcommended for water piping depend on two

conditions:

1 ‘The service for which the pipe is used.
2- The effects of erosion.

Table 2-1 lists recommended velocity range for different services, The design of
water of piping systems is limited by the meximum permissible fiow velosity, The
max i values listed in table 2-1 are hased on estahlished permissible somand levels

of meving water and enirained water ard on the effects of erosion.

SCrvice velocity range(FPM)
Pump discharge
Pump suction
Dirain line
header
riser
General service 2
Table 2-1 shows values of recommended water velocities (FPM)

‘p"t;.
o o
== =

A

L

LN RS R

....
e

2 %.1.3 Pipe Equivalent length
The torzl eguivalent length

wesioht length in addition of equivalent length of pipes due Lo fittings. valves and

9.6, 2-7 and 2-8 (Sce Appendix A) rive

of a water piping system is determined Trom Lbe

or alamenls in the piping sysiem. Tables

& additional equivalent lengths for pipe [or these variaus components,

29 Water Cycle in Central Heating System

A central heating system consists of all the pipe work and radialors that are

Serected 1o the boiler. The beiler provides the heat but, it's the pump (Cirzulator)

W moves the heated waler from the boiler Grough the pipe work 10 the radistors,

e back to the boiler for re-heating. There are many types of systems that can he
B2 and which may be tailored to your own preferences. But a carefully
e and installed system will give many years of trouble free running and will




CHAPTER THREE

HEAT LOAD CALCULATION
&
HEATING SYSTEM SELECTION




3.1 INTRODUCTION

‘I his chapter deals with the usual procedures used Lo cstimate heating loads, in
grder to size heating squipments.

[Teat transfer through a building envelope is influenced by the marerials used; by
geomeiric factors such as size, shape, and vricntation; by the existence of internal heat
sourees: and by climatic lactors.

The primary furetion of heat loss caiculations is to cstimate the sapacity that will
be required for various heating components necessary to maintzin comfort within a
Space.

[ase calculations are therefore based on peak luad ealcularions for heating and

correspond fo environmental conditions which are near the cxtremes normally

encountercd.

Loads arc generally divided into the fullowing two categories:

|- Transmission: heat loss or heat gain due to @ lemperature dillercnce across 2

puilding element.

3. Infilation: heat foss due to the infiltration of outside air inte a conditioned space.

1. Venlilation: heat loss due to the ventilation of outside air into 2 conditioned space




3.2 Symhols

QH heating load (W)

U (wall) owerall heat transler coefficient for external wall Wimt2G)
11 (rool) overall heat rransfer coe fetent for roof (Wims*C)

1. {eeiling) overall heat transfer coclficient for ceilimg (W/m* ()

U (floor)  overall heat transter coefficient for floor {Wim*.FC)

U (partition) 0¥ erall heat transfer cocflicient lur internal partition (W fmit .20

A area (m¥)

TD temperature difference (°C)
HRD  humidity ratio differcnce (Kg 1O g dry air)
N().  Number of people

AFR  air flow rate (1./s)

W light rate (W)

PR equipment input clec. Powes
b wind cosfficient

F  percent fraclion

Hp horse power

L length. crack

V. welogity

q lleat ioss ur gain

3.3 GENERAL PROCEDURE
In estimating the heating load for the villa, the necessary steps can be outlined as

follows:

|- Design value for ouldoer winter is selected.
2 Indoor design conditions are selected on the activiries to be carried out in the space.
3 The temperature in the unconditioned adiacent spaces is estimaled. Lsualiy the
Avisage tempersture between inside and outside is wken
4- eat transTor cosfficiznt and aress for (he villa compen
villa plans and specifications. Syrfaces between conditioned spaces must he

omitad.




. Rate ol infiltration is esinmicd.

&- Rale of puiside air required is estimared.

7.From the above dala, transmission hieat losses and infiltration and/or ventilation heat
losses are compuied these valucs are sumrned.

4 A cerlain pick-up load is required in order 1o reach the required condition in the

natirtiol i ad kb

space in a reasonuble me,

3.4 PROCEDURE IN DETAILS

3.4.1 Qutdoor design conditions selection

Thase includa dry-bulb temperalure Tout, relative humidity Pout and average air
specd v, these values are usually tabulated local weather stalions reports. Table 3-1

shows thess values for Ram Allah town.

e e T : .
spason Dry-Bulb Helative Averave air speed
P

| |Tempcraturc Humidih\ mis |
B = -

‘7 Hm ing 50| _3~'—1
Cu{:lmﬁ“. i 53 [ I| 13 —— j

Table 3-1 shows yulues for out door design condition for Ram Allah town

3.4.2 Indvor design conditions selection

Generally, on inside temperature equals 22° s raken as the inside desipn

remperature in ville

3.5 1leat transfer coefficient calculation

Usuglly heat transfer costhicicits can he found for roof components, wall
components, intsrral air. external air, and glass. Tahle -2 shows such values,
Usually, the term "surface conductance™, hiw/m2, ‘g) is usad for air and the term

rihermal resistance”, R 2 ciw)is used with building materials, inswlation and glass.




To find the ovarall heat transmission coefficients, this equation is used:

el é
Pl e ) B
U =R+lFfh [-3_ I] i
component l Members of Resistance | Surface conductance (h_}_‘
component (R) w/m, "
m e’
o | Plaster. 1.5cm 10.11
| Hollow brick.20¢m 11
[0em 7.0
Concrate, Rem a4
Polvstyrene 2 5mm 0.92
| Rubber 32
Mortar, 2em a6
Tiig, 2.5¢m 3.01
! insulation | 1.38
External wall Hallow brick . ' 5.11
) 20em |
Interm] wall Plaster, Zem n112 6.0
Hollow brick.[5em |
Intarnzl air Roofair .26
Wall air 8.2y
= Under floor air | H.13
Exiernal air Any where | ‘ (winter)33.08
) ; , {stmimer)22.71
wintuiw | Singtie class 638

Table 3-2 shows vitlues of Heat transmission coefficient
Used in calculating heat losses or gain

The overall heat-transfer coefficient U is a [unclivn of the thermal resistances; so
we can calculule the values of thermal resistance for commonly used building

materials caclosed air spaces and building envelope boundarics

11
b PR DY
Tll-I r:':‘" { =t :
55.‘ - :
Q : -"
D oA
s G=0AlF
-} ] -: M Tez
L] e
R tziiset
L 1 L L 1
Qo A E I & i

To AN NN S e AR e Wy T

Fig 3.1Convection and conduction heat transfer




3.5.1 Caleulation of external walls U value

L EACw Airemnis
=0 W A

EMmunenf e s e
AR AL Ry

R1=0.12 (m2.K/W)

R2=d2 / K2 =0.07/1.7 =0.04 fm.K/W)

RI=d3 /K3 ~0.20/1.75 =0.114 {in*.K/W)

R34/ k4 =0.03/0.04 =0.75 (m7K/W)

BEd5 / k3 =0.1/0.5 =0.111 (m* K/W)

RS0 [ k6 =0.03/1.2 =0.025 (mK/'W)

=006 (m* K/W)

ST (RI=-R2Z+R3 ~R4+RS+R6 + R7)

=V Y (0.1240.04+0.114 40,75+ 11 1=0.025+0.06)

=! 1.—_-

=LE (Wi K)




1.5.2 Caleulation of internal walls 17 value

}_Ew':-ﬂflf-ﬁ:im .‘."n!b--
©Ta ey

R1=0.12 (m=K/W)

RE—d2 { K2 =0.20/0.90 =0.22 (m>.K/W)

R3=0.12 (m®K/W)

|J overali=1/ ¥ (R1+R2 + R3}

S 1/F (0.1210.2240.12)

=1/0.46

=2.17 (W/m“K)

20
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3.5.3 Calculation of exposed ronfs U value

For seclion A:

RI=0.12 (m* . K/'W)

RI=d2 /K2 =0.02/0.70=0.0286 (m* K/W})

R3=d2/ k3 =0.05/1,75 =U.286 (m K/W)

Ra=d4 / kA =0.20/1.73 0.1 14 (m* KW

RS=d5 / k5 =0.02/1.2 =0.017 (m2K/W)

R6=0.06 (MEKAW)

L overall=l/ ¥ (RI-R2+R3 ' R4 - R3 + RE)

=1/} (0.12-+0.0286 -0.2856-0. | 14+0.017-0.06)

=1/0.63
=1.59 (Wim*.K)




For section T3:

RI=0.12 (= KW)

RI=d2 i k2 =0.02/0.70 =0.0286 (m"EK/W)

R3=d3 / k2 =0.05/1.75 —0.286 (m*.K/W)

R=dd / k4 =0.06/1.75 =0.034 (n". K/'W)

B3=d3 / k5 =0.14/0.039 =3.59 (m".K/'W)

R6=d6 / k6 =0,02/1.2 =0.017 (0" K'W) _

R7=0.06 (m~KW)

U overall=1/ Y (R1+R2 | R3 +R4 | R5+R6+RT)

=14 ¥ (0.12 002860, 286:H0.034 +3.39+40.017+0.06)

=1/4.14

=0,24 (W/m=K)

1] everall =17 overall for seetion A * 0.4 + 11 averall for section B = (kb

= 1.50%0.2 + 0.24=0.38

=051 (WimikK)




3.5.4 Caleulation of ceiling U value

R1=0.12 (m? K/W)

R2=d2 / K2 =0.02/1.05 =0.019 (m? K/W)

R3=d73 [ &3 =0.13/0.30 =043 (m*K/'W)

Ré=d4 / k4 =0.02/0.04 =0.04 (m2 K/W)

R34 / k5 =0,06/1.75 =0.164 (m"K/W)

RE=6 / k6 =0.14/0.95 =0.147 (m* K/ W)

R7=d7 / k7 =0.62/1.2 =0.017 (M2 K/W)

RE=0.12 (m2 KiW)

U overall=1/ ¥ (R1+R? + R3 ~ R4 +R5 - R6+ R7 +RE)

=1/ 3 (0.124+0.019 10,43=0,04+0. 1640 147+0.01 7+ 12)

=l1|lll1 |ﬂﬁ
=(.94 (W/m=K)




3.5.5 Caleunlation of plass U value

R plass —1/Uglass =1/3.7-0.27 (m* K/W)

R air in=0.12 (m* K/W)

R air out=0.06 {m*.EW)

U glass =1/5(R plass +R air int IR air out)

=% (027+0.12+0:00)

—1/0.45

=222 (Wim.K)




3.6 Infiltration Rate Caleulation

The air Now due o imfiltration is ealcuizted from the equation
I

0 = Lla. Al + hat ]E (1 ,’J]

Whers
()= Alr flow m/
= crach area em’, it car he tound in special ahies as Shown in Table 3-3
4= stack cosfHicient (M /1) 2em)-4K - and taken as 000564 for Villa
b= wind cocthicient [mY/i) Hem)-Hmis)-2, and tuken a8 000494 for light lowal
shizlding.
AT=emperature dillerence. 5

= averape wind speed, mis

-— — Component___ — Tnfiltration leakage aceu (cm/eon’) |
r—  Edemaldoon L ———— T
-_______ "F"uc.rﬁu_rm:_________I-__________"l.? _______j
e ST
'I: Window frame ___T.: - ___l_'l' - |
LZTE@@T, — e

Table 3-3 shows values of Leakage infiltration ared em?iem®

3.7 Ventilation requirements
The outdoar air requipements are listed in references Tor different spaces. Table

1.4 shows ventilation standard {or sum applications,

I T .

T Medlingroom$ __— BRI . e

5______‘"‘-1'“&51“__ s ol —
Fitchen 1.0

||'_ _________‘Eﬂnra:' __________-'|___________'|_l_________ __41

= ____'L"E*i.-"iﬂﬁ_______.q________._“_i___.__.__.l

| ailer 20 ,




3.% Total calculation

vansmission loads can be caleulated using this eyuation:

4AT (3-3)

=2
*? il

Whoee!
g=heat luss [(w)

1 overall= averall heat transmission coctficient (Wim="0)

A— ar2a of heat transfer  {m®)

A1=temperature difference (°C)

['e find ventilation and infileration loads, the following cquation is used:

g=12FAT (3-4)

Whers

F Iz ouldoor air flow in L5
S now we can caleulate the keating load using this method for each room in the
villi and we can choose the radiator in each room in each [loor in the ville as in the

[uliowing




IFor Basement {loor

| ROOM NAME l TOTAL LOAD IN Keal ||
| MULTIPTRPOSE TTALL | 5701
GUEST ROOM | 1398 o
L BATH ROOM (1) | 734 Il
MAID ROOM | 1071 |
RATH ROOM (2) 475
[ KITCHEN | 1540 \
| TOTAL LOAD = 10.919 Keal=12.70 KW

Table 3-5 loadx in each room in the basement floor

\ RAD.NO. NO.OFSECTION | RADLENGTH | TYPE A

(o | \

B 1 | T 100 ALGO0

¥ 2 il | 100 \ AL6O0 |
| 3 | I | 100 s 600

4 | 1 | 100 \ AL 600 \

|_ 5 I| I | 100 TALGOO

| b \ 6 | 60 |I AL 600 4
7 g \ g4 | AL 600

F 5 | 1 | 44 | AT60
9 12 108 AL 600

%_ TOTAl | 86 SEC. | — ~ J

Table 3-6 numbers of sections fur each radiator in the bhasement flovr




For Groumnd floor

ROOM NAME. TOTAL LOAD IN Keal
RECEPTION AND DINNING
LOBRY (1)
WATHIRR CIRCIT

OFFICE
BATTT ROOM g |
ROOM BESIDE ELEVATOR |
BREAKFAST & LIVIVNG ROOM

LOBRY (2)

ENTARANCE LOBBY

|
TOTAL LOAD = 192,409 Kcal = 22.57 KW I

Table 3-7 loads in ¢ach room in the ground floor

NO.OF SECTION | RADLENGTH TYPL
c™M
18 156 AL 604
16 | 140 AL 600
16 AL 600
5 : AL 600
5 AL 600
AL 600
AL 600
AL 600
AL 600
AL 600
AL 600
AT, 600
AL 600

S e T T

TOTAL .I 154 SEC. .| | =

Table 3-8 numbers of scetions for each radiator in the ground floor




For First floor

ROOM NAME TOTAL LOAD IN Keal
BATI(L) ' 520
M. BATH | 850
BATH (2)
MASTER BED ROOM \
WALK I'N CLOSET(1)
LOBRY (1)
[ BEDROOM \
! LOBRY (2)
LIVING ROOM

|

I_ BLD ROOM(T) j
B

1 |

Bl

BATH(3)
BIID ROOM{2)

| WALK IN CLOSET(2) 831
| TOTAL LOAD = 21022 Kcal=24.45 KW

1720

Table 3-9 loads in each room in the first Moor

NO. OF SECTION \ RADLENGTH | TYPE ]

CM

]
AL G0d

AL 600 J

AL 600

AL rjﬁn‘j_'4
AL GDO |
AL 600 -
AL 600 _+|
AL 600

AL 600 l

AT 60

e ——




12 74 148 Al &bl

13 4 I 44 L AL 600
| 14 14 124 AL 600
| 15 7 68 AL 600
‘ TOTAL 155 SEC. i

|
Table 2-10 numbers of sectivns for each radiator in the first floor

So. now we ean caleulate the heating load using this method for each Hoor and

the result as following:-

Floor NAME TOTAL LOAD IN KCAL
BASMENT FLOOR 10.919
GROUND FLOOR 19.409
TIRST FLOOR | 21422
TOTAL LOAD=51.35 Keal =59.71 KW |

Tahle 3-11 total luoads in each floor in the villa

3.9 Pick-up load

For intermittently heated buildings. or in the case of the night thermostat sethack,
additional heat is required for raising the temperature ol air, building materials and
material contents of a building to the specified indoor temperature. For temperature

difference of 17°C and less, for the system to reach its design temperaturs i 1 hour,

20% of design heat loss is enough.

3.10 Ileating Boiler calculations & Selection

For boiler capacity = total no. of all sections i floors = heal wansfer per setlion

=195 spe, =1 SIJI:KEEIr'h]




=51,350 (Kcal'h)
W add B600({Keal/h) for hol water cylinder with 200 1.
So, using the following cquation
(= m*cp*AT
{)= 200#1*30%(0).86 — 8.600 Kealh
Note: We use 11.400 (Keal/h) asa safpry factor
Total boiler capacity = 51,3501 8,600+ 1.400
— 71 350 (Keal/h)
Hoiler capucity in (kW) = (71.350% 1.2)/B60

—99,56(kW)

=100 (kW)

From calalopue

Using Daoiler of the type Fondital cast-iron boiler mod. ALOR 120(5uc

Appendix A) of the following specifications:-

Thennal Quiput=124.8 KW
Maximum thermal power =114.0KW

Fig3.2 Boiler

3l




3.11 Rudiator calculation& Selection

Using radiators of the iype Fondital Die-cast aluminum radiaters GB 660/ 100

with canacity of one section =130 keal (See Appendig A)

So. in order to caleulate The numbers of sections of each radiator for any reom!

No. of sectinns=heating lcad for the room { Keal/) heat transfer per section

For example: for the master rocm in first floor, the heating load is 2 30%(KW), heat
P ’

transfer per section is 130(kealh), so:

1leating load in (Kealk) =2.593=860

=2230

No. of sections=2230(Kcalh) /1300 Keal/)

=|T7.2=17 seciions

Wwidth of the radiator= (no of sections* width for sach section) +valves for both sides

Width for each seetion=8cm

Valves for both sides=12am

Width of the radiator=(17=8) =12

~148em

(Y ]
[ ]




3.12 Collector capacity calculations & Selection

_There are 8o seclions for basement floor

S0

Callectar capacity = 0o af sections * heat wransfer per sectivn

= gazec » 130 Kealn)
=11.180 (Keal/h)
Collector capaeity in kW= (kealn) 84

=11,180/860

=13 kKW

3.12.1 Fluw rate & collector size culculations

Elaw rate = (Q (&W) =0, 24WAT

=(13KW <) 24313
=0,208 Lfs
Fluw rate =VieA
Assume ¥V -i_L:'IJ ms

Flow rate = Vo [(mxd2)4)

0.9+ (fux d2)i4)

[ |
.




=y (4xflow! 1x0.9)
d=+[low = 1.19
Colleator diameter =vilow =1 AG
=40,208%1.19
=(1.4;~.ﬁﬁ 1Ay
=0).54"
0,54" approximated tn 0.75" diameter
There are 154 scctions for ground foor
Su
Collector capacily = no of stetions » heat trunster per section
= 1 54see =130 (Keal'h)
=20,020 (Keal/a)
Cullestsr capacity in kW=0) (Kealh) fel
=20,020/ 860
~2328 kW
Flow = (0 (KW) =024 )/AT

— (2328 KWHD.24)/15




Callector diameter =y [Iow = 1,19

=0.37%1.19

=().608=1.19

=0,72"

0.72" approximated to 075" diameter

“There are 155 sections lor first floor

bu L)

Callectar canaciiy — no of sections # heat transfer per SEClinn
E o

— | 55sections #130 (Keal/h)

~20,130 (Keal/h)

Collector canacily in kW=1) (Kcal/h) / 860

=20.150/8460

=23.43 kW

Slow = (Q (KW) %0.24)/A1

= (23.43kW=0.24)/15

={.37 Ls




Collector dizmeter =vflaw =1.19
=\, 37%1.19
=0,608%1.19
=), 72

0.72" approximated to 0.75" diameter

1.13 Chimney Calculations& Selection

Chimney capacity = (boiler (KW) = 12000)/3.5
Lo gheain the capacity in Btwh
= {100(RW) = 12000033

= 342837, 14 Btwh

So, V type and heud 50ft we choose chimney with 8" diameler

3.14 Pump Calculation & Selection

Pump is selected hased on

1- Water flow rate ((GPM)
2- Pump horse power (hp) triction head
hn=Ap V350
Where,

Ap= pressure loss 1b/ft




Q= water fow rate fi3s
Eq.-(3-1) can be put 33

B in? GPM
hp = DU TI) o aw GPAL 1y,
550 60

r

_Aplib ) i Y*GPM

r 1714

3.14.1 Pump caleulations

First of all we caleulate the flow rate of the entire floor, let's 12ke the ground

floor:

No of zections required in this floor is=129 section.

Healing vapacity of this floor=no. of sections « 130 (Keal/h)

—1205¢¢ = 130 (Kcal/h)

=16,770 (Keal/h)

Seating capacity in KW= heating capacily (Kealh) / 860

=16,770(Kzalk) / 860

=18.5KW

S (L/s) = (heating capacity (kW) =0.24)/15

=150 24/ 15




=312 L/s

Flow {m3/h) = Flow {14} = 3.6

=0,312:x 3.0
=112 m3/h
Head= (loop length (m) * 1.8 = 430) 12000

= (80=1.8 45001 2000
=54m

For saloty:
Head =5:4x1.2

=6 48m=Tim
Then by corparing this pasult with the pump curve Wwe can select the suitable

pLmp.

So. we select pump with How rate = 1.12 m3/h and head = Tm
use pump of the Type BIRAL PUNMP NRB 15T (medium—speed circulalors

o) (See Appe ndix A)

Qo we

with 2 specds for heating and air conditionin

3.15 Expansion tank caleulation & selection

An expansion tank is used © maintain svstem pressure by allowing the waler 12

hen water temperature Incraases. 1t is normally reguirzd in 4 closed system.
culation of the capacity of closed EXPANSILN

determine the tunk

gxpand w
ASMT. has standardized the cal snnks.

Water tempersiures below 160°F use the following formula o

capacihy:




I.-' s E*I!T
S5 Py Pa

Pi Pa

Where;

Vit = minimum capacity of the tank (gallons)

C = percent increase in the velume of water in the system.
Vs~ total yelume of water in the system (gallons)

Pa= pressure in the expansion tank when water first enters, usually atmospheric

pressure (0 of water absolute)
Pf =initizl fill or minimum pressure of expansion tank (1 of water absolute)
Pi = maximum operating pressure at the expansion tank (ft of water absclute).

J.15.1 Expansion tank caleulations

Minimum capacity of the tank (gallons) =
V- £
“ra e

PE  Po

Where as:

Eal 7=

By calculating the total flow of all the Noers in Vs and convert lo gallons per

manute by multiply 15.832 we can gel the towl volume in gallons:

V=170 gallon

#= 1 har

2 =2 Thar




Fo = Shar

Vi =(0.02%1 700((1/2.2)(1/5))

=3.4/0.25

=13.6 gallons

Minimum eapacitv of the expansion in liter per second=13.6%3.6

=40 l/s
Wetake 1t B0l/'s which are available.




3.16 Example of Calculation:-

Fiz3.3 Bed Ruom Plane

In order To calculate the load of the zhove Bed Room at first floor we musl

caloulate the following:-

I- Meat transfer through walls:-

A- For north and west walls (external walls):-

AAT

=(.82*11.8(22-0) + D.32%12.8(22-0) —213+231=444 W

g =U

avarall

B- For south wall (internal wall):-

We consider that there is no hezl tmansfor because there is noe temperature
difference hetwesn heating spaces {all adjacent spaces have the seme lemporature as

this Toom)




- Faor cast wall (interior walls):-
We cunsider the temparature of the stair case is the average temperature belwaen
ins:de design temperature (Ti) and cut side design temperalure (To)

Sa,
Stair case temperature = (Tit To)2

= (2202 = 11

AAT

q =L_T

averadl "
=2 17*%14.4(22-11) =344 W

2- Heal transfer through Roof:-

y=U, . AAT

=(0.51717.3%22-0) = 194 W

3-Heal transfer through Flooar:-
We consider fhar there is no heat transfer becazuse there is no

temperature difference hetwecn heating spaces (ground floor have the same

temperature as this first floor)

4-For north and west glasses:-

AAT
et

g =U

=3.22%] H(22-0) + 2.22%1.6(22-0) = 136 W




5- Heat transfer through inliltration :-
We will calenlate heat load through infilmetion by knowing the dimension of the

windows that cause infiltration

Qinf=862 W

Theh the total heating load equal the load through walls, Roof, floor, plasses,

doors and loads through infiltration
S0,
Q total = Q Trans — Q inf

Q) Tranz = Q transmition = Q walls + Q) Rool - Q [loor — Q wind+ Q) doar

O Trans = 444+ 194+ 156+ 344 =1138 W

O total = Q Trans + Qinf

Qtotal — 1138+ 562 = 2000'W

So, in order to caleulate the numbers of sections ol each radiator for any room:

Nu. of sectiens—heating load for the room (Keal/h} /heat transfer per section

So, for the bed room in frst (oor, the heating load i3 2(kW), heat transfer per section
19 1380 keeal/h); so:

Ieating load in (Kcal/) =2x860

=1.72 (Kcalih)

SNo. of sections=1.72 (Kealh) /130 (Kcalh)




=13 .T=ldzee

Widh of the radiator= (no of ssctions= width for each section) +valves fur both sides

Wadih for each sectivn—&cm

Valves [or both sides=12em

Width of the radiator=(14=8) +12

=124cm




CHAPTER FOUR

SELECTION OF PLUMPING SYSTEM




4.1 INTRODIICTION:-

Plumping eonsist of two things which i3 water supply syslem and drainage
distzibution system

It 15 one of the most essential and wital subject that itz problems face us every day
and need 2 fast solution to treat it

Mosr dwellings and buildings. including those in rural areas are supplied with
witler rom & public waler supply, ctherwise known as the mains supply. The design
of m mains water supply neads to consider present demand and anticipated future
demund, the size of the water mamng, and the pressure of water n the mains which 1s
known as the head’, the hicight to which the warer would rise in & vertical pipe.

The connection to the mains water supply 15 uzually taken to the boundary of the
site and finished with 2 stop valve or stop cock, housed in a suitable box or purpose
chamber. This chamber may be fitted with a hinged cast won cover. The cold water
supply for the dwelling is taken from the stop valve to the building, 7530 mm below
ground level. A second stop valve should be fitted on the service pipe where it enters
the building. Where possible thus should be at the Kitchen sink, although the location
is not eritical. Inside the house a drain cock should be fitted above the stap valve o

sliow the coid water system to be drained down.

14 zmﬁwxe whe. Hm%

i LS A
e Hﬂl‘umf rmm.'rc'etu b Rve

Flg 4.1 Plumbm':' b‘u stem

46




4.2 Water System

4.2.1 Caleulations For hot and cold water:-

To determine the pipe size lor cold and hot waler we must cal culale the water
supply fxsure uait (WSTL) for cach fixture and fixmire unit lotal oo each piping ruo
out ané determine the minimum flow pressure required al the most remote outler,

We can determine the required pipe in each scetion using the friction head loss

dute calevlated and the riction head chart as follows:-

Example: - to calculate the water supply fixture umit (WSFU) for each fixture in the

Bath room shown
We have three fixtures [lavatory, shower, water closet with flush tank) euch

nave (WSFTI) as lollow:-

Fig 4,2 Bath Room

1- lavatory is a fixrure with both cold and hot water supplies. so, the weights for
maximum separate demands may be faken as Lhrec-quaniers (3/4) the lst
dermand for the supply in Tahle (4.1).s0 from Table (4.1) the lavalory (private)
gives 1 WEEFL for the total demand (for both cold and hot water ) so, for cold
water enly or hot water only we take (3/4*WSFU = H¥1= 3/4) &( WEFU =]

far both cold ard hol watet)




3. hower is a lixture with both cald and hot water supplics, 50, the weights for
maximum separate demands may be taken as three-quarters (3/4) the bst
demund for the supply in Table (4.1). 50 from T'able (4.1) the shower (privaie)
gives 2 WSFLU for the total demand (for both cold and hot water ) s0. for cold
water only or hot waler only we take (3M4*WSTL] =%4%2= 1.5) &( WSk U =2

far hoth cold und hot waler)

1. Water closet s a fixture with cold water supply only. so, the weights for
maximun separate demands may be taken as three-quarters (3/4) the list
demand for the supply in Table (4.1)50 from Table(4.lthe water closct
(privare und with flush tank) gives 3 WSFU for the total demuand (for both cold

f and bot water § so, for cold water only or hot water only we take (3/4*WSIU

= 3,%3 =025 ) & WSFU =3 for hoth cold and hol water)

4- S, from the above information we can do the following table:-

[ Lixture [ No.of | WSFLU Fram Tatal no. of WSFU | Total no. af | Tutal no. of
Linit | L nits | table(9..3) Far Cold Water WSFU For hot | WSFU For hot |
i | | Waler & Cold Water |
Lavatory (private) || \ 3%+1 34 | 34 1 |
Shawer [private) 1 ' 4% 1.5 \ 1.5 | 2 |

'_ Water Closcl | 3% 2.25 | i 2.25

| flush | |
tankiprivarc) \ | | |
||‘ e \ ....... ' Y =45 =225 y =528
WSFL | WSFU || WSFU |

|
‘Table 4-1 WSIL for the Bath Room




Naw we can caleulate the number of fixture in each floor

Nrawing and so we can do the following table:-

lrom Mechanical

Floor name Total ‘ Total Total Total Total
Lavarory sink | Bath Shower Water closel
B, ‘ fube | hend /Mush tank
Basement 3 1 1 | 2 1
Greund floor 2 | I 1 e 2
First floor 4 ‘ 1 3 ] 3
C'ontinnous /4" ceemme | mem— me—————— ———e

flow al garden

Table 4-2 Total number for water supply fixture unit for cold and hot water

Jow we can caleulate the (WSF1) for each floor, So (WSFU) for each [loor as

in the following tables

==L Th Library Akl e

Total nov. of Total no. ‘ Total nu. |
Fixture Unit No, of W5FU WSFU of WSFL of WSFL ‘
Units From table | For Cold Water For hot For hot
(4.1) Water Water
Cold ‘
Water &
BASMENT FLOOR | — chsmmemms e [ L
Lavatory (privale) 3 ¥ 225 2.25 S |
" Kitchen Sink(private) = | %2 .3 1.5 2
Bath tube(private) 1 vat2 | 1.5 3 |
Water Closet flush 3 ¥%*3 6.75 .75 ‘
tunk(private)
Continuous flow for 1 %*3 e - 3
Garden ‘
s s || Yy =1425 | ¥=5.25 ¥ =15.75
WSTT ‘ WSEU WSEU |
Table 4-3 "'ﬂ‘ d-ﬂnd-hrn-mn.‘l'ur basement Ouor | B
1 M.u-,.- Al
: { Pajesiine =-:;,::¢L:;:ﬂ.: University




————

Lo LI \_ _ Total no. of " “Total na, Total no.
Fixture Unit || No. of WSFU WSFU of WSFU II of WsIU
Units From table | For Cold Water | For hot | For hot
(4.1) Water |  Water
| \ || | Cold
| | Water &
_.1___________________1______ Jlf____._ |
GROUNDFLOOR | -~ | ~™ | | W [
L.namn (private) | ol | 1.5 | 1.5 | 2 |
Kitchen 1 Sink( nrlvati..] ] | Y *2 |_-_ 1.3 _-_|. 15 = R |
“Bath tube{private) L_'_ —w2 | 13 _'_\ T = = 0
“Water Closet flush 2 _‘r %v3 | 45 == LﬁT—_ |
| tank({private) | | | || |
e - \_'__—'_| e _l|_ y=9 I| —5=45 | L=105 ||
| | WSEU | WSKU | WSFU

e — L —

R = T T B T -
Table 4-4 Water supply unit for cold and hot water for ground floor

I _| = | _'l'um.ﬁlf_T TI-IHIH _l.ﬂm]nn. |
Fixture Unit | No.of WSFL WSFU of WSFL | of WSIL

| Units From table \ For Cold Waler For hot For hot ||

R < | Water Water |

\ || | | | Cold |

| | ‘ || Water & |I

—FIRGTFIOOR | =1 —_ r* jr— ....... B

Lavatory {privatﬁ 4 | T 3 3 4 |

“Kitehen Sink{private) | S R — = | a8 | ¢ T
Bath tube(private) 3 Ya*id 4.5 4\‘ 4.3 6

e CoAa |3 = ha B —— " |

- - - | L ¥ ot
tank(privaie) | | | I
TR | =T T = \ — 1575 T=19 Y =1935 |
| WSFU | 5

e e e e — =
Tuble 4-3 Water supply units for cold and hot water for first floor




ﬁ—

4.2.2 Flow rate calculations

To caleulate flow rate in gpm:-

FOR BASMENT FLOOR

Dy using Table 4-2 (See Appendix 13} for supply system predominanily far flush
sank for basement floor the estimating demand In gpm for cold water = 14.25

WSKL.
So hy using interpolation =10.55 gpm

By using Table 4.3 (Sec Appendix B) for supply system predominantly for flush

tamk the for basement floor cstimating demand in gpm for hot water = 5.25 WKL,
So by using interpolation =4.25 gpm

Ry using Table 4-2 (Sec Appendix B) for supply system preduminﬂml}- for [tush
jank the for basernent floor cstimating demand in gpr for hot & cold water = 18,75

WSKU,
So by using interpolation = 11.55gpm

Note: - For supply outlets likely {o impose continuous demand, wa estimute
continuous separately and add to the total demand for fixture
We havel faucets (€ 3/4) for garden so from Table 4-2(See Appendix B)

[ha total flow in gpm = 2.23 WSFLU. =2 gpm

So the total cold and hot water demand nceded = 11,55 + 2= 13.55 gpm




FOR GROUND FLOOR

By using Table 1.2 (Sce Appendix B) for supply system aredominantly for flush

vank for around floor the estimating demand in gpa For cold water =9 WSFL.

So hy using interpolation =7.25 gpm

By using Table 4-2 (See Appendix B) Lor supply system predominantly for Mhash

tanik the for ground [loor ostimuting demand o gpm for hot water =4.3 wslU.
S0 hy using interpolation =3.873 gpm

By using Table 4-2 (See Appendix B) for supply system pa'a‘.h}:u".n;.uﬂ'ly for flush
ank the for ground [loor estimating demand in gpm for hot & cold water =
10.5WSI'UL

So by using interpolation = 8.4 gpm

$o the tota! cold and hot watcr demand needed = 10.5 WSFU. =84 gpm

FOR FIRST FLOOR

By using Table 422 (Sce Appendix 13) for supply system predominantly 1or flush

tank for first floor the estirnating demand in gpril for cold water = 15.73 WSFU.

S0 by using interpelation =11 A3 gpm

By using Table 4-2 (Sec Appendix B) for supply svstem predominantly for ftush

tank the for first Roor eslimating demand in gpol for hot water =9 WSEL.

S0 by using interpolation = 7.25 gpm




By using Table 4-2 (Se¢ Appendix B) for supply system pradominantly for flush
tank the for tirst floor estimating demund in gpm for hot & cold water = 19.25
WSFLL.

So by using interpolation = 13.48 gpm

S0 the total cold and hot water demand needed = 13,48 gpm

To caleulate static head for Basement floor for cold water:-

Floor to floor height = 4.00
We have 3 floor (basement + ground-= [irst) and so 4.0*3.0=12.0
Sink outler above basement level =1.05 m
& tank outict above roof level = 0.73
Sp there is static head in this case= {2+ 0.75 -1.05 =11.40 m = 16.22 psi

To ealculate the equivalent length:-

Pumps at Basement Haor transfer the water through pipes to the tank al Root
from which it distribute the water through pipes o the colleetors at the First, Ground

& Bazement floor

So we will caleulate the eguivalent lenath from the tank at roof to the tarthest

outlet al the Bascment Moar (sirk) at farthest collector

FOR COLD WATER

T'otal length through shaft room from Roof W the Basement floor = 16.0 m

Total length in the Basement floor from riser at the shall room o farthest out let (sink)

al farthest collector = 18.0m




2y, the tatal length from rool tank 0 the farthest oullet at Busement the Hoor

(sink) at farthest collector

Total length = 18.0 | 16.0=-34.0m

To calculate the equivalent length we assumed 50% additonal equivalent length
41y sccount for fitlings there for the total developed length or the equivalent length 4s

follows;

Equivalent length = Total length * 1.5

Equivalent length =34 % 1.3 =51 m

-

Equivalent length =51 * 3.28 = 167,28 &
Ta calenlate static head for Bascment flour for hot water:-
Qink outlet above hassment level =1 O5m

& heat exchaneer outlet above basement level = 105 m

%q there is no static head in this case and 50 static head equal zero

FOR HOT WATER

Total Length through shaft room from heal sxchanger 1o the Basement floor = 16.0m

Total lenpth in the Basement flopr [fom collector to farfhest outlet (sink) ar farthest

point=13.5m

Qo the tomal length from heat éxchanger to the farthost outlet at Basement the

fleor (Sink) at farthest collector
Total length = 13.50 - 16.0=25.50m
To caleulate the equivalont length we assuried 50% additional eguivalent length

to account for fittings there for the total develoned length or the equivalent lenath as

fisl lowrs:




Equivalent length = Total length = 1.5
Equivalent length=29.5% 1.5 =4425m

—

Equivalent length =44.25 = 3.28 = 14514 fi

The minimum required flow pressure:-

The minimum reguired flow pressure at the most remole putlet on the Basement

floor (wink) is 8.0 psi from table 4-2 (Bec Appendix B)

To caleulate the friction head

For cald water

After ealeulating the above requirement we Gan caleulate ths friction head from
the fellowing equation:

Siatic TTead = minimum required flow pressure + friction head

Qo [riction head =16.22 + 8.0=24.22 psi

For hot water
Qqatic Head = minimum required [low pressure + friction head
S0 [riction head —0.0 + 8.0=8.0 psi
The usual design aims for uniform fiction lass alung the entire pipe lenglh to do
this we establish a fcton loss per 100 fi by dividing total Tass by total length and then

size the pipe accordingly.

Uniform design friction loss in psi/1 00kt is2-




FOR COLD WATER

Friction /100 ft = available friction heud! tatal eyuivalent length

Eriction /100 fr=24.22 pst/ 167.23%100 £ = 1448081 { 100
So for faw rae 14.80 gpm and friction head loss 14,48 psi/ [ 601 from fpare 4-

§ (See Appendix B) the diamuter of the pipe from the Ruof tank o the collector &t

Basement floor 1" and the velocily is 3.5 fps and the friction head is 12 .0 psi/ 100H

FOR HOT WATER

Friction /100 ft = available friction head/ total eguivalent length

Frction /100 ft =8.0 psi / 145.14%100 f{ = 5.51 psi/ 100f

o fur flow rate 4.25 gpm and friction wead loss 5.51 psi / 1067 from figure 4-9

(See Appendix B) the dizmersr of the pipe from the heat exchanger (0 the collector at

Basement loor 3/4" and the velocity is 2.3 fpg and the Giction head s 5.0ps1 / 100F
F it

Now we can defermine pipe size, velocity of water and friction head for each

floor as shown:-

i Equivalent | Pipe size in | [Driction Velocity(tps) 1 Section

length in (inch) (psi/100ft) friction(psi) \
(ft) \ l \ \ %

ok fo| 16728 Gh [ 14.4F 3.5 | 12.0

| |

\.w..\,\«\, |

fk m‘ 113.16 1 f 17.1 \ 38 \ 6.0
. |

akto| 18696 | 125 \ R.56 \

i | | |

Rad
b
Lid
Ln

Table 4-A Pipe size, velocily of cold water and friction head for cach floar




4.3 Sanitary Drainage system

4.3.1 Manhole Design

We design the manholes areund the building so a3 that the sewdge come: fromi
the stacks flows in , then the sewage {lows [fom one manhale Lo another 80 s
reaching the septic tank.

The écsign of the manholes depend on the ground and its nature around the
building, and so as the firse manhole height should not be less than 50 . and then
we calculare the height of the other menboles depending on the spacing between
sanholes znd the slope of drainage pipes between manholetobe 1.2 % .

As g result of these calculations We estimate the invert level of the manhole that i
the depth of the pipe entermg the marhole. And we chose the diameler of the manhole

depending on the depth of the manhole. As below
T60 em for manhole depth ( 50-100} em.
&R0 o for mantiole depth (100-150) em.

100 cm for manhole depth (130-250) e,

(120 cm for manhole depth > 250 em

4.3.2 Manhole calculations

W assume the depth of the first manhole 19 be 50cra & we calculate the second
manhole sccording to it and 50 on,
For manhole #1:

The distance botween manhole #1 & manhole 72 is 2.8m,

tvert level Tor the manhole#2 18

V= f|'-.. ® Slgp{}} i E‘i'l] 4]




Where: s 1s the distance between manholesl & manholes?

Slopeis1.2

Scm is the point in manhole 2 where the pipe will be connected.
s B
v=((9.8 = 1.2) =5)/100
= . 168
We added o the invert level uf manhole #1 to get the invert level to manholer?
uvert level for manhelen?2=-0.168-0.30
=.0.668=-0.07
Then we calculate the depth of manholew2:
Depth=top level -invert level
A
=6Tem
depih—+100cm DoU
100 — { 50cm, sh30
150 —200cm, D100
200 — L1 20-150

So diameter of manhole#2 1s 60




Manholes ne. Invert level Cover lype

cim

-0.5 : ¥ Medium duty

- 067 4] Medium duty |

-3.02 b : Medium duty

-3.92 : { Medium duty

-4 0 : M Edium—d'ﬂ}’

411 . 50 | Medinm duty
490 ) Mediuzm duty

430 Medium duty

432 | o : - Medium duty

34 5 Mediem duty

3.2 4.52 140 Medium duty

Tahle 4-7 shows munholes levels

LExample:-
Here we will talk about the choose of diamerer and the slope of the drainage
pipe system and we will take this Bath Room as an example of how we will choose

the diameter and the slope of the drainage pipe sistem

1-We will use pipes (Branches) [rom fixture unit to the floor trap (F.T) with diameter

(1.5-2)" for lavatory and shower and with slope (2%)

2- We will use pipes (Building drains) from fixture unit i the manhole with diameter

(4)" for water closet with thash valve and with slope (1%-1.5%)

3« We will use pipes (Sewage pipes) between manholes with dizameter (4)" and with
slope (1.2%) und the waste water will trunsier between munhoics unlil 1t reach the

main manhole:




4- We will use floor trap (F.T) at the end of the branches as a collection box for this
pipes and in order to provide a water seal to prevent odoTs, sewaac gases and vermin's

fromn eatering builéing

3- We will uge clesn out {C.0) at the end of the branches in arder to vlean the pipes

lorm any thines that can blockage and closc the pipes

6- We will use a stack with diameter (4)" in order to drain the wasle water 10 the

muanhales

Fig 4.3 Sanitary Druinage for Bath Room

4.3.3 Drainage piping fill

1} Brunches are designed to run maximum of 50% fll.
2 Stacks are designed 10 tlow hetween 29-3 1% maximurm,

3} Building drains and scwer drains may be desisned over 50% fill
4.3.4 Drainage piping velocity
1) For branches the recommended velpoity is 2 ft's.

2) For building the recommended veloeity 1s 3 fi/s.

3) For gresy the Tecommended velocily is 4 /s




Velocity of water flow through drainage pipinyg de pends on

1) Pipe diameter

2) Slape

“nr the same diameter large pipe diameter reguired lower slope

fior pipes of dizmeter < 3" the minimum slope 15 1/4 in/tt

For pipes of diameter > 4" the minimum slope is 178 /i




CHAPTER FIVE

CONCLUSION
And
RECOMMENDATIONS




8.1 Recommendations of Central heating system

Accarding our study we notiee that:

Henting load ealeulated from the calculation is less than the lead calculated
fromm our expert in market. So, the first one is more economic and it is
sefficient. So. we will he install the no. of section of Tadiators whch 15 a result

af our caleulation

The pipes diameler ealculated is less than the pipes dizmeter chosen from our

Expert so, we will use the pipes diamster which is a result from caleulation

The selected beoiler from the loud calculated from the calculation 1s less 1o its
capacity than the boiler calculated from our expert which means thar the first

one is more economic and sufficient. So, we will be install the Boiler with

apacity which 15 a result of vur caleulation




8.2 Recommendations of hot and cold water system

No, Description Result of calculations From our expert

1 DIAMETER OF 1" 1"
| PIPE OF COLD
WATER FOR
BASEMENT
FLOOR
2 DIAMETER OF 1" 1"
PIPE OF COLD
WATER FOR
GROUND FL.OOR |
3 DIAMETER OF 1.25" 1"
PIPE OF COLD
WATER FOR
FIRST FL.OOR
4 DIAMETER OF 3/4" L
PIPE OF HOT
WATER FOR
FIRST FLOOR

Table 5-1 shows values ol diameters
According our study and from the above table we notice that:
|- Pipe diameter calculated some time is nearly the same as the pipe diameter

chosen from our cxperts, and some time the first one is Iess thun the second

one whivh means thar it is more economie and it iz sntHeient

8.3 Recommendations of sanitary drainage system

I- Must applied diameters are 4" this due W that the available pipes and fitung in

the tatal market are 4" diameter which safc

2- For whal concerning cconvmicval aspect we find that thers is no much
difference in the price of pipe and fitting as long as we are wmking = how

digmeter <4
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3.2 catalogue of boilers
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3.6 catalogue of BIRALL PUMP

Wadiurn-spaed ciroulalers
with 2 speeds for heating
and air conditioning
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Table 4.1 Water supply fixturc unit and fixture branch size
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For Basement floor

ROOM NAME | TOTAL LOAD IN Keal |
MULTIPURPOSE ITATT, | ST —
GLEST ROOM [ 1398 |
BATITROOM (1) 731 |
MAID ROGM | 1071 |
BATH ROOM (2) 473
KITCHEN R |
it TUEHJHMDH&HBMMﬂLWK“’}
Table 3-5 loads in each room in the basement flogr
RAD.ND. NO. OF SECTION i RAD LENGTHI | Typg |
’ || | M
| | 1 | on AL 600
t 2 = ¥ | 100 AT 60D
' 3 [ 1 G AL 600 |
4 ] I - 100 | AL &00 i
3 | 11 100 AL 600
G 2 &0 AL 500 |
i 7 J 9 | A4 AL GOO
! ' 4 [ 44 ALBOD |
g | 12 108 AL 600

| ;
TOTA ' 86 SEC. e P =T o L
| L 6 | i

Table 3-6 numbers of sectivas for ench radistor in the basement [oor

=2
-



For Grouad floor

ROOM NAME TOTAL LOAD IN Keal '

RECEPTION AND DINNING 63 ke i ‘

i LOBBY (1) 522 § ‘
WA TER CIRCIT 616

QOFFICE 1626 i

BATH ROOM ) 490 _|

ROOM BTUSIDE ELEVATOR 1549 |

BREARFAST & LIVIVNG ROOM 6429 "

LOBBY (2) 804 ‘
ENTARANCE 1OBBY 887

TOTAL LOAD = 19.409 Keal =22.57 KW |

Tahle 3-7 lnads in each room in the ground foor

RAD.ND, NO. OF SECTTON | RAD LENGTII TYPE
CM

E——— 18 156 AL 600
2 16 120 ALGOD

3 16 140 AL 600

4 5 54 AL 600
5 5 54 AL6OU |

[ o 14 124 | AL 600
7 E | 44 AL 600

8 12 | 108 AL E00

9 8 156 AL 600

T | 16 140 AT 600

11 : 16 | 140 AL 600

12 7 6% AL 600

i3 7 53 AL Bl

TOTAL 154 SEC. =Tl N

Table 3-8 numbers of scetions for each radiator in the ground floor
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Table 3-10 numbers of sections fur each radiatar in the first {loor

So, now we gan caleulate the heating load using this method far each floor and
g L

the result a5 following:- -

Flanr NAMF \ TOTALLOAD IN KCAL |
BASMENT FLLOOR ' 10.919
1 GROUIND FLOOR l 10,409 _ﬁ
L ~ FIRST FLOOR I 21.022
' TOTAL 1.OAD=51.35 Keal =59.71 KW "I

| |

Table 3-11 totul loads in cach floor in the villa

3.9 Pick-up load

For intermitienthy heated buildings, or in the case of the night thermostul setback.
addirional hoat is reguired for raising the temperature of air, huilding materials ard
iaterial cantenis of a buildiag 1@ the specified indoor lemperature, Far wmperature
differcnce of 17°C and less, for e system (0 reach its design temperaturs in | hoar,

0% of design heat loss is enough.

3.10 Heating Boiler calculations & Selection

Eor boiler capacity = tofal no. of all soctions in floors = heat munsfer per seclion

=:".-Qi see, = 130(Kecalh)



=51,350 (Kealh)
We add iﬂ,ﬂf}ﬂf}(ﬂ:ﬂfn} for hot water cvlinder and |0,000(KCALTIR) lor pool
hot water supply.
Totzl kailer capacity = 51,350+10,000-+10.000
= 71,350 (Kealh)
Boiler capacity in (kW) = (71.350=1.2)860

=09 56(KW]

“=100 (kW)

From calalosue
Using Aoiler of the type Fondital east-iron boiler mod. ALOR 120(See

Appendix Aj of the following specifications:-

Thermal Ourpur=124 8 KW
Maxirmun: thermal power =1 [4.06W

Fig3.2 Doiler
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maximum separat2 demands may be taken as three-guarters (3/4) the list

demand for the supply in Table {4.1), so from Tahle (4.1) the shower (private)

pives 2 WSFU for the total demand (for both cold and hot water ) sa, for cold
water only or hot water only we take (3/4*WEFL = %71=1.53) &( WEFEL =2

for buth coid and hot water)

3- Waler closet is a fixzure with cold water supply only, so, the weights for

maximum separate demands may be taken as three-gquarters (3/4) the lhst

demand lor the supoly in Table (4.1)so from Table(4.1jthe water closet

{private and with flush tank) gives 2 WSFU for the total demand ({or both cold

and hot water ) so. {or cold water only or hot water only we take (3/2%WSFU

= %73 =225 &( WSFUI =3 for bota cold and hot water)

4- S, from the above information we can do the following table:-

|

Fixture No.of | WSKU From | Totalno.of WSFU [ Total no. of Total no. of
Lait Laits table(9_3) Fer Cald Water WSFL For hat | WSFU For hot
r Water & Cofd Water
Lavatory (private) || %l 3/4 3/4 1
Shower (private) 1 3 %72 1.5 15
Water Closet 1 %*3 2.35 - 3
fiush
mnkiprivate)
Y =45 T=2.25 y=6
WSFU WSFL WEFLU

Table 4-1 WSFU for the Bath Room
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Now we can caleulate the number of fixture in each Soor ftom Mechanical

Drawing and so we can do the following table:-

Floor name Total Tuotal Total | Total Tatal |
Lavatory sink Buth Shower Water closel
_ fube head /Mush tank
Basement 3 BB | 2 3
Ground Noor 2 1 _ 1 R 2
First floor 4 ! 3 =) 3
Continuous /4" R Lo U BTSSR SR | Lk
flow at parden

Table 4-2 Totul number for water supply fixture unit for cold and hat waler

Now we can calculate the (WSFL) for cach floor, So (WEFU) for each floor as

i the following tables:

| ' Total no. of Total no, Tatal no.
Fixture Unit No. of WSFU WSFII of WSFU of WSI'U
Units | From table | For Cold Water For hot For hot
' (4.1) Water | Water
Cold
Water &
BASMENT FLOOR | —— - I e PR
Lavatory (private) 3 ' Y1 228 2.25 3
Kitchen Sink(private) | ¥ .5 1.5 2
Bath tube(private) I 2 P 1.5 1.5 2
Witer Closet flush 3 A 6.7 S 3]
tank{private)
Continuous flow for 1 R 225 | eememeee- 3
Garden
------ mrenomerne Y =14.25 ¥Y=5.25 3 =18
WSFU WSIFU WSFU |

Table 4-3 Walter supply unit for cold and hut water for basement floor
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' Toulno. of Tatal no. Total no.
Fixture Unit Nao. of WSTU WSEL of WSFU of WSFU
Units From table | For Cold Water For hot For hot
(4.1) Walter Water
Cold
Water &
GROUND FLOOR | - | e = S— — e
" Lavatory (private) | 2 % %1 1.5 1.5 2z |
Kitchen Sink{private) I Yatl 1.5 1.5 2
Rath tube(private) 1 ¥e*2 1.5 1.3 2
| Water Closet flush 2 Y3 4.3 e I3
tank(private)
----------------- y.=9 =435 =12
| WSsFU WEFU WSFT
Table 44 Water supply unit for cold and hot water for ground floor
- | Totalno.of Totalno. | Total no.
Fixture Unit No. of WSFU WSFU of WSFU of WSFU
Units ¥rom table | For Cold Water Fur hot For hot
(9.3) Water Water
. Cold
Water &
TIRST FLOOR A e T : | =
Lavatory (private) 4 g | 3 3 -
Kitchen Sink(private) 1 1 * 2 1.5 1.5 2]
Rath whbe(private) 3 e s 4.5 45 (1
Water Closet flush 3 “HE3 675 00 | e G
rank(private)
B R BT Y =155 y=9 T =21
WSEU WSFL WSITL




4.2.2 Flow rate calculations

To calculate flow rate in gpm:-

FOR BASMENT FLOOR

By using Tahle 4-2 (See Appendix B) for supply system predominantly for fhash
tank for basement fioor the esfimaling demand in gpm for cold water = 14.135
WSF1.

So by using interpalation =10.55 gpm

By using Table 4-2 (Sce Appendix ) lior supply svster predominantly for {lush

tark the for basement floor estimating demand in gpim for hot water = 5.25 WSFLL.
Sn by using interpolation =425 gpm

By usmg Tabie 4-1 (Sec Appendix B) for supply system predominantly for flush
Ltk the for hasement foor estimating demand in gpm for hot & cold water = 18
WSFU.
So by using interpolation = 12.80gpm
Note: - For supply outlets likely to impose continuous demand, we estumalc
continuous seperately and zdd to the wlal demand for frxmre
We havel fiucets (@ 314) for garden so from Table 4-2(See Apgendix B)

The 1otal flow in gom = 2.25 WBFU. =2 gpm

Sa the total cold and hot water demand needed = 12.80 + 2= 14.30 gpm
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FOR GROUND FLOOR

By using Table 4-2 (See Appendix B) for sunply svstem predominantly for [lush

tank for ground floer the estimaring demard in gpm for cold water = 9 WSEU.

So by using interpulation =7.25 gpm

By using Table 4-2 (See Appendix B) for aupply svstem predominantly for flush

tank the for ground floor estimating demand in gpra far hot water = 4.5 W5FU.
8¢ by using interpolation =3.875 gpm
By using Table 4-2 {See Appendix B) for supply svstem predominantly for flush
tank the for ground [oor estimating demznd in gpm for hot & cold water = 12
WSFEL.
So by nsing interpolation = 9.2 gpm

S0 the total cold and hot water demand needed = 12 WSFU. =9.2 gpm

FOR FIRST FLOOR

By using Table 4-2 (See Appendix B) for supply system predommantty or flush

vank for first foor the esimating demand in gpm for cald waler = 15.75 WSFU.

So by using interpolarion =11.45 gpm

By using Table 4-2 (See Appendix B) for supply system predominantly for flush

tank the for first flaor estimating demand in gpm for hot water =9 WSFLU.

So by using interpolation = 7.25 gpm

L
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- By using Tzhle 4-2 (Sec Appendix B) for supply system predominantly for flush

tank the for first figor estimating demand in gpin for hot & cold water = 21 WSFU.
S0 by using interpolation = 14.6 gpm

So the tolal cold and hot water demaund needed = 14.6 gpm

To calculate static head for Basement floor for cold water:-
Flaor to floor height = 4.00

We have 3 floor (basement + ground+ first) and so 4.0%3.0=12.0

Sink outlet above basement level =1 .05 m

& tank oatlet above rool level = 0.75
So there is static head in this case = 12+ 0.75 -1.05 =11.40 m = 16.22 psi
To calculate the equivalent length:-

Fumps at Basement floor transfer the water through pipes o the tank ar Roof
Irom which it disaribute the water through pipes to the collectors at the First, Ground
& Busement floor

S0 we will calenlate the equivalent length from the tank at roof to the farthest
outlet al lhe Basement floor (sink) ar farthest collector
FOR COLD WATER
Total length through shaft room from Rool 1o the Basement floar = 16.0m

Total length in the Basement oor from tiser at the shaft room w farthest ot et (sink)

at farthest colleetor = 18.0m
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