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Abstract

In this project we will make survey and study the design of some mechanical
systems in the new part of AL AMEERA ALIA HOSPITAL which include air
conditioning system, heating system, water supply distribution system and drainage

distribution system.

Also we will study and discus problems in the hospital and make an evaluation of

these systems and give a new and supposed solving for the problem in that part.

The different mechanical installations including central heating system, air
conditioning system, water supply distribution system, drainage distribution system , and
medical gas systems are not less important for the patients' than the medical service
itself, so such installations must be in the best manner in addition to the continuous and

maintenance of it.

Our project will contains soft ware discus these problems and contains presentation

to expose our study to the doctors and discus them after we will finish from this project.




Table of Contents

8 O I
DEPARTMENT HEAD AND SUPERVISOR SIGNATURE. ... I
DI D T AT TN cevxcssssasnsiocnansocesneenssens vpssmssntss s s esssss 5565 smmens smmnsemeessmbsesersesmessase, 11
ACKNOWLEDGMENTS......covutiteeeeeeeeeeeeeeeeeeeeoeeoeoooeoooeoeooeooo v
BB TRAICT ssvvsusuisnn somsensacsnessncsss o1 5881058 6600455555555 mmmem e emmomssemmes e csmsestenna, \%
TABLE OF CONTENTS.....ovuttuttueutiemceeeeeeeeeeeeeessees e see e VI
LIST OF TABLES......c.ovoeeeeeeeeeeeeeere. e X
LIST OF PIGIIRED voosccsnossssmssss s soovoscprssi gt s oessmsmsianmsesense e eeeseenees X1
CHAPTER ONE INTRODUCTION.........cooooooomoo 1
LT INTRODUCTION. ...ttt 2
1.2 GENERAL DISCRIBTION FOR PROGECT IDEA...... oo 3
1.3 PROHECT OBGECTIVE. ...t 4
LA PROGECT BENEFTT......00uc0ssoms i s hosiot svmmmmmnnssnse sesses sosesoo s sss soss e s os 5
1.5 BUDIGET sioimvimsnisnsionnsmosss san ssns o voe e s 8358 1915 52 55815 5318 5 5558 51 s e - 6
1.6 PROGECT LAYOUT . ...ooviiiie i 6
1.7 TIMING PLANE FOR FIRST SEMESTER ..o 8
1.8 TIMING PLANE FOR SECOND SEMESTER. ..o 9
CHAPTER TWO CENTRAL HEATING SYSTEM. ... 10
2.1 INTRODUCTION. ..ot 11
2.2 WHAT IS CENTRAL HEATING .......oooeiianeieeoeeee o 12

2.4 HOT WATER HEATING SYSTEM COMPONENT.........0oooie, 15
2.4.1 ROOM HEATING ELEMENTS ......couvmiiimieeeeoe oo 16
24.1.1 RADIATORS ..ccuve s ossmnns s ssamommnnen s essesmens s wsnsosss s s smomse smsmssmmns 16
2.4.1.2RADIATORS USED IN ALIA HOSPITAL.......oovooeeee 19
2A42BOILERS ... e 22
2.4.2.1 TYPE OF BOILERS .....oiiuitiiniriunmiieenssisaeerneseaonerrnsissessensesenend2

VI



2.4.2.3 BOILERS USED IN ALIA HOSPITAL........ocuuiiieieeseeieeeeeeeeen) 23
2A:3 PLRING DB T WIORE e amsssasions i o 5 - s wssvi's 65 s i o 24
2.4.3.1 RADIAL PIPE SYSTEM ...c.vuvierniennnssmennnsnnnen P T——. 25
2832 PIPE BIZING. oot tsmsin masmsiss s o esxsnses 118 asmsss seessis s ams o 25
2.4.3.3 PIPE SYSTEM DESIGN.......iiiiiniiiiei et 26
244 CIRCULATING PUMNP. o suuensamsn o avncssvs s vess s s31as s oi6oms 155 Saessisins s 560 21
2.4.4.1 PUMP SELECTION PROCEDURE..........cccumviiesiieiesiess ] 27
2.44.2 PUMP USED IN ALIA HOSPITAL........couiieeeeeieeees e, 28
245 EXPANSION TANK ..ottt 29
2.4.5.1 EXPANSION TANK USED IN ALIA HOSPITAL ........ccovvvovi 30
246 0IL TANK. ........oun o vomune sns somosissinsas 556 555 0nnmns exeeemsnsnssrsnssnsssmons 30
2.4.6.1 OIL TANK USED IN ALIA HOSPITAL.....ccouvoeiniieiesii ] 31
2ATCHIMNEY ..ottt e 31
2471 TYPE.OF CHININEY .. 5 wnimn sissn s smsssasis s s 68 556 £ 4 1 Speiitsomsmssmssssms 31
2.4.7.2 CHIMNEY USED IN ALIA HOSPITAL.......ooeuiueieiioeee 32
2.4.8 HOT WATER CYLINDER........ciiveniiiiinieeieiineeenesoiesesnessiesssieen oo 32
2.4.8.1 HOT WATER CYLINDER USED IN ALIA HOSPITAL................. 33

2.5 PROBLEMS IN CENTRAL HEATING IN ALAMERA ALIA HOSPITAL...33
CHAPTER THREE CENTRAL AIR CONDITIONING SYSTEM...........34

3.1 INTRODUCTION: ; . s 100555 ares escsummnsimmsrom smssms s s s 5 55555 555555 565 00 222 morsmsens 35
3.2 THERMAL LOAD CALCULATION........couiiiiieiee e, 36
3.3 COOLING LOAD SOURCES.......cocuuiiiiineieecieeeeeeeeee e 36
3.4 SOLAR RADIATION. ....otmitiiiiiiit e e e 38
3.5 HEAT GAIN THROUGH SUNLIT WALLS AND ROOFS....... ..............38
3.6 HEAT TRANSFER THROUG GLASS.......ouiiiie i, 40
3.7 TRANSMISSION HEAT GAIN.......ooivniiniiiie e, 42
3.8 CONVECTION HEAT GAIN.....ooiuuiiiiieiiie e 42
3.9 HEAT GAIN DUE TO EQUIPMENTS........ouiiiiiiiiee e, 43

3.10HEAT GAIN DUE TO LIGHTS. ...ttt 43

3.11 HEAT GAINDUE TOMOTORS .........coouiiiiiiiiiiaaiiee 45

VII



3.13. MISCLLANEOUS HEAT GAINS.......ouvveiiiiie o 45
3.14. Load Calculation Form...............ccocoooiiiii 46
3.15 CENTRAL AIR CONDITIONING SYSTEM........ovoo 48
3.16 CENTRAL AIR CONDITIONING SYSTEM IN ALIA HOSPITAL. ...... 49
3J7TTWOPIPE SYSTEM. ....ouuiiiiiiiiie i 50
3.18 EQUIPMENTS USED IN CENTRAL AIR CONDITIONING SYSTEM.. 50
3.18.1 AIRHANDLING UNITS......oooiiiiiiiiiniiii 50
3.18.2 AIR HANDLING UNITS USED IN ALIA HOSPITAL........oo 52
383 CHILLER .....ooooiiiiiiiiiiice e 53
3.18.4CHILLER SELECTION ........cocuuuueeaeiaiamieo oo 54
3.18.5 CHILLER USED IN ALIA HOSPITAL ....ooovovoio 54
3186 DUCTS «.vns ionss L5 B4 b sirmatanen o o 8§ B E €N i s A A 54

318 7DUCTS DESIGN. ....uceeiiiiiieiiee e 54
3.18.8 CENTRIFUGAL PUMPS..........oomtmemmemaeomo 58
3189 PUMP SRLECTION. ......uoiiuiiiioieieoe 59
3.18.10 EXPANSION TANK SELSECTION.........oovvereiiioi 59
3.18.11 EXPANSION TANK USED IN ALIA HOSPITAL.....oovvvooeoo 60
39 VENTILATION. ....oooiiiiiniiiiiiiee e 60

3.20 VENTILATION USED IN ALIA HOSPITAL. ... 61

3.21 PROBLEMS IN CENTRAL AIR CONDITIONING SYSTEM IN

AL AMERA ALIA ... oo 61

CHAPTER FOUR PLUMPIMNG SYSTEM ...................ooii 62
4.1 INTRODUCTION. .....ccoouiiiiiiiiiiiiii e 63

4.2 HELTH REQURMENT FOR PLUMPING. ... 64
4.3 WATER SUPPLY .....coouiiiniiiiiiiiiieeee e 66
4.4 WATER QUALITY ...ooooiiiiiiiinineeeeee e 66
4.5 WATER PIPE SIZING BY FRICTION HEAD LOSS.....oovoooooeeon 66
4.6 WATER SUPPLY DESIGN PROCEDURE. ... 69
4.7 WATER PRESSURE..........coooiiiiiioiie e 69
4.8 WATER SERVICE SIZING.............ooooiiiiiiieiii 70



4.9 HOT WATER SYSTEM.......ooooiiiiiiiiiiiiio 70
4.10 WATER QUALITY AND PRESSURS.....cc.oooiiiiiiiiiiiiiie T2
4.11 WATER DISTRIBUTION IN BUILDING......cccccoovviviiiaenann T4

4.12 UP FEED WATER DISTRIBUTION. .............oooo 74
4.13 DOWN FEED WATER DISTRIBUTION.........oooooviiiviiesaan 76
4.14 WATER DESTRIBUTION SYSTEM USED IN ALIA HOSPITAL......... 78
4.15 PUMP USED IN ALIA HOSPITAL...........ocoooooio 78
4.16 EXPANSION TANK USED IN ALIA HOSPITAL............. .. RO .
4.17 SANITARY DRINAGE. ........coooooiiiiiiii 80
4.18 DRENAIGE PIPE DESIGN PROCEDURE. ......................... 82
4.19 RAIN WATER DRENAIGE............cccooii 83
420 MANHHOLE DESIGN. .......ccooooiiiiiiiii 86
4.21 MANHOLES USED IN ALIA HOSPITAL. ... 87
CHAPTER FIVE CENTRAL HEATING CALCULATIONS. ... 88
5.1 HEATING LOAD CALCULATION IN THE OBSTETRICS &
GYNECOLOGY DEPARTMENT .........coocuiiiiiii 89
5. 1.1 HEAT GAIN FROM RADIATORS....o..ooooviii 89

5.1.2 HEAT GAIN FROM AIR HANDLING UNIT. o 408 T B SHERHE 55 58§ 55w e BN
5.1.3 HEAT LOSS THROUGH WALLS, CEILING, FLOOR, GLASS

ANLY EYOORE! s s sesssnssncssessees 005815585154 55538555 50 erm e st EASASStapnes 92
5. 1.4 INFILTRAION CALCULATIONS ... 96
5.2 PUMP CALCULATIONS. ...ttt e 00
S3PIPESIZING. ... 100
CHAPTER SIX AIR CONDITIONING CALCULATIONS. ... ... 101
6.1 COOLING LOAD CALCULATION IN THE OBSTETRICS &
GYNECOLOGY DEPARTMENT .........ooouumiiii 102
6.1.1 HEAT GAIN THROUGH WALLS, CEILING, FLOOR, GLASS

AND DIOORS: sovusinns sammes 65165 5541451 595555555 85 12 000w s 288 088 0L 102
6.1.2 HEAT GAIN DUE TO VENTILATION DU |
6.1.3HEAT GAINDUE TO LIGHTS......cooooiiio 110

6.1.4 HEAT GAIN DUE TO OCCUPANTS T PP TT T T FT PYRNROPRI— |

IX



6.1.5 HEAT GAIN DUE TO EQUIPMENTS AND MOTORS.................112
6.2 COOLING LOAD CALCULATION IN THE OPERATION ROOM... .113
6.2.1 HEAT GAIN THROUGH WALLS, CEILING, FLOOR, GLASS

AND DOORS ... e, 113
6.2.2 HEAT GAIN DUE TO VENTILATION ........coooioooeoe, 115
6.2.3 HEAT GAINDUE TO LIGHTS ......ouiiiiiiiee e, 115
6.2.4 HEAT GAIN DUE TO OCCUPANTS .....oovieieieeeeeeeoee i, 115
6.2.5 HEAT GAIN DUE TO EQUIPMENTS AND MOTORS .................. 116
6.2.6 HEAT GAIN DUE TO INFILTRATION..........ocoveeeeeeremeeereereeceserer. 116
6.3 CALCULATION FOR AUR HANDLING UNIT.......oocoveeiii, 118
6.3.1 AIR HANDLING UNIT IN THE OBSTETRICS &

GYNECOLOGY DEPARTMENT  ......oiiiiiiiiiiioe e sl 18
6.3.2 AIR HANDLING UNIT IN THE OPERATION ROOM...................123
6.4 DUCT DISTRIBUTION ....cccoiiiiiiiiiiiiiiiieeie e, 128
6.4.1 DUCT DISTRIBUTION IN THE OBSTETRICS &

GYNECOLOGY DEPARTMENT ........oouiiiii e, 128
6.4.2 DUCT DISTRIBUTION IN THE OPERATION ROOM................... 133
0.5 IN ALIA HOSPITAL. . .oouniiiiiiiie e 134
CHAPTER SEVEN PLUMBING SYSTEM CALCULATIONS. .............135
71 WATER SYSTEM.....couiiiiiniiiiiiii e 136
7.1.1 CALCULATIONS FOR HOT AND COLD WATER.....................136
7.1.2 FLOW RATE CALCULATIONS. .....cooinii e 139
7.1.3 PUMPS PRESSURE AT HOSPITAL. ....................................... 140
7.1.4 BOILER CALCULATIONS. ....couiiiiiiiie e, 145
7.2 DRAINAGE SYSTEM. ....itiiiiiiiiiieiieice et e ee s e e 147
7.2.1 DRIANAGE FIXTURE UNIT CALCULATIONS. ....ovovviineiiii 147
7.2.2 PIPE SIZING CALCULATIONS......ooimiiieiie e, 150
CHAPTER EIGHT RECOMMENDATIONS AND CONCLUSION.......... 153
8.1 RECOMMENDATIONS OF CENTRAL HEATING SYSTEM................ 154
8.2 RECOMMENDATIONS OF AIR CONDITIONING SYSTEM........c...... 135
8.3 RECOMMENDATIONS OF PLUMBING SYSTEM......coovvoviiii, 157



8.3.1 RECOMMENDATIONS OF HOT AND COLD WATER SYSTEM.......157
8.3.2 RECOMMENDATIONS OF SANITARY SYSTEM........oeevveveevnn 158

REFRENCES ................ AT SR 5 RS e 1 i i & GRS s 159
BPPENDIIX A isussssnninsius mmonmanes wesmsen s pmsass s 4 56 64855 55555 86 855 55 548 wssus smmmmn 160
APPENDIX B... oot e 165
APPENDIX I ve e s s o 0w wons s sccems v s s 1.0 ¥ 555 S s e 66 5 A58 5 o 186

X1



List of Tables

Table number Description Page
Table 1.1 The departments of Alia Hospital 3
Table 1.2 Table 1.2 Budget 6
Table 2.1 Ceilings and floors overall heat transfer 14

coefficient
Table 2.2 Radiators in ground floor 20
Table 2.3 Radiators in First floor 21
Table 3.1 Cooling load temperature difference 166
Table 3.2 CLTD correction for latitude 167
Table 3.3 Solar heat gain factor 167
Table 3.4 Shading coeflicient without interior 168
shading
Table 3.5 Shading coefficient with indoor interior 168
shading
Table 3.6 Cooling load for glass without interior 169
shading
Table 3.7 Coolingload for glass with interior 170
shading
Table 3.8 Cooling load temperature difference for 170
glass
Table 3.9 Heat gain rate from miscellaneous 170
Table 3.10 Coolingload factor for lighting 171
Table 3.11 Diversity factor for selected application 171
Table 3.12 Sensible heat cooling load for people 171
Table 3.13 Diameter of circular ducts in Inches 57
equivalent to rectangular ducts
Table 3.14 Size of round ducts for airflow 58 -
Table 3.15 CLTD for light medium and heavy weight 172

walls

XII




Table 3.16 CLTD corrections for latitude and month 173
applied to walls and roof, North latitude
Table 3.17 Recommended and maximum air 174
velocities for warm air heating system
Table 3.18 Recommended values of noise criteria 174
(NC)
Table 3.19 circular equivalent of rectangular duct for 175
equal friction and capacity
Table 3.20 equivalent lengths Le, of various fitting 176
Table 3.21 Pressure drop of dividing flow fittings 176
(pa).
Table 3.22 Performance data for round diffusers 177
Table 3.23 Performance data for square diffusers 178
Table 3.24 Performance data for rectangular diffusers 179
Table 3.25 Performance data for return air diffusers 180
Table 3.26 Circular equivalents ofrectangular duct 180
for equal friction and capacity
Table 3.27 Circular equivalents of rectangular duct 181
for equal friction and capacity
Table 4.1 Water supply fixture units and fixture 187
branch size
Table 4.2 Estimating demand 188
Table 4.3 Required minimum flow rate and pressure 73
during flow for fixture
Table 4.4 Drainage fixture unit value 189
Table 4.5 Maximum size of non integral traps 189
Table 4.6 Horizontal Fixture branches and stacks 190
Table 4.7 Building drain and sewer 190
Table 4.8 Rain velodity an sloping drains 191
Table 4.9 Sizes of Vertical Leaders and Horizontal 85

Drains

X1




Table 4.10 Sizes of Semicircular Roof Gutters 86

Table 4.11 Sewage Manholes 192

Table 4.12 Rain Manholes 193

Table 4.13 Rain Manholes 194

Table 5.1 Distribution of radiators in the Obstetrics 89
& Gynecology Department

Table 5.2 Walls components in the Obstetrics & 92
Gynecology Department

Table 5.3 Intemal Walls components in the 93
Obstetrics & Gynecology

Department

Table 5.4 Door components in the Obstetrics & 94
Gynecology Department

Table 5.5 Floor components in the Obstetrics & 94
Gynecology Department

Table 5.6 Ceiling components in the Obstetrics & 95
Gynecology Department

Table 5.7 Infiltration value in the Obstetrics & 97
Gynecology Department

Table 6.1 Equipments in the Obstetrics & 112
Gynecology Department

Table 6.2 Equipments in the operation room 116

Table 6.3 Cooling load in the first air handler 118

Table 6.4 Cooling load in the second air handler 123

Table 6.5 Distribution of flow rate of duct sizing for 130
east duct

Table 6.6 Distribution of flow rate of duct sizing for 132
west duct

Table 6.7 Distribution of flow rate of duct sizing for 133
operation room

Table 7.1 Total number for water supply fixture unit 137
for cold and hot water

Table 7.2 Water supply unit for cold and hot water 139

Table 7.3 Pipe size, velocity of cold water and
friction head for each pipe in Alia 144
Hospital

Table 7.4 Pipe size, velocity of cold water and

XV




friction head for each pipe in Alia

144

Hospital
Table 7.5 Fixture unit in each manhole in basement 147
floor
Table 7.6 Fixture unit in each manhole in ground 148
floor
Table 7.7 Fixture unit in each manhole in first floor 149
Table 7.8 Branch diameters in ground floor 150
Table 7.9 Branch, stack, building diameters in first 151
floor
Table 8.1 Comparison between the result of
calculation and the installed in Hospital in 154
central heating system
Table 8.2 Comparison between the result of
calculation and the installed in Hospital in 155

air conditioning system

XV




List of Figures

Figures number Description Page
Figure 1.1 The First Time Plan 8
Figure 1.2 The Second Time Plan 9
Figure 2.1 Boiler room in Alia hospital 10
Figure 2.2 Under floor heating of a Roman villa 11
Figure 2.3 Convection and conduction heat transfer 13
Figure 2.4 Infiltration 14
Figure 2.5 cast iron radiator 16
Figure 2.6 Aluminum radiator 17
Figure 2.7 Steel radiators 18
Figure 2.8 Steel boilers 23
Figure 2.9 Burner 24
Figure 2.10 Radial pipe system 25
Figure 2.11 Pressure drop per unit pipe length for 26

water flowing in commercial steel pipe.

Figure 2.12 pump 27
Figure 2.13 Close expansion tank 30
Figure 2.14 Underground oil tank 31
Figure 2.15 Chimny 32
Figure 2.16 Hot water cylinder 33
Figure A 2.1 Grandffoss NB 80-200/222 pump 164

catalog

Figure 3.1 Central Air Conditioning System 34

Figure 3.2 Infiltration 37

Figure 3.3 cooling load components 37

Figure 3.4 Heat Conduction through surfaces 38

Figure 3.5 intemal heat gains 43

Figure 3.6 Central air conditioning systems 49

XVI




Figure 3.7 Air handing unit 51
Figure 3.8 Petra chillers 54
Figure 3.9 Duct distribution 56
Figure 3.10 Centrifugal pump 58
Figure 3.11 Expansion tank 59
Figure B 3.1 Duct friction loss chartt 182
pressure drop (AP/El). For air in 183
Figure B 3.2 (2) %ﬂztazlizfndestzd duct, based in round
pressure drop (AP/El). For ai_r in 184
Figure B 3.2 (b) Ig)ﬂzflzlizicliei:el duct, based in round
Figure B 3.3 Psychometric Chart 185
Figure 4.1 Hot and cold water piping 62
Figure 4.2 chart for determination of flow in copper 67
pipe tubing and other pipes that will be
smooth after 15-20 year of use
Figure 4.3 chart for determination of flow in pipes 68
such as galvanized steel and wrought
iron that will be fairly rough after 15-20
year of use
Figure 4.4 solar collector detail 72
Figure 4.5 Up feed system 75
Figure 4.6 Down feed system 77
Figure 4.7 Wastewater-removal systems for a 81
multistory building
Figure 4.8 Elements of a storm-drainage system 84
Figure 5.1 Central heating system 88
Figure 6.1 cooling load component 101
Figure 7.1 Plumbing System 135

XVII




CHAPTER ONE

INTRODUCTION



1 Introduction

1.1 Introduction

The Governmental hospitals in Palestine had an essential and vital rule in promoting

the general health of the Palestinians people.

Alia hospital is a good example, where about half million of people in Hebron city
receive treatment regularly in the different hospital departments, the health service

include dealing with urgent cases specially gunshots during the Intifada.

Also thousands of people every year receive treatment and medical service in the
different sections of the hospital including internal medicines, pediatrics, orthopedics,
surgery ,Gynecology, obstetrics, lab investigation, x-ray and ultra sound in addition to out

patient clinics and E.N.T and mother care clinics.

The importance of Alia Hospital and other governmental hospitals is that such
hospitals introduce the full medical care and treatments for free since the penitents

are covered by the health insurance.

The different mechanical installations systems including central heating system, air
conditioning system, water supply system, drainage supply system , and medical gases
systems are not less important for the patients' than the medical service it self so, such
installations must be in the best manner in addition to the continuous maintenance

needed to guarantee best performance.

So, we select Alia hospital as one of these governmental hospitals to study, hoping
through survey and evaluation of the mechanical systems to trace problems and provide

solutions for them, to full fill one of the polytechnic university aims to help the society.



1.2 General description for project idea

Princess Alia hospital was established by the Hashemite kingdom of Jordan in 1959
in Hebron city under the name of princess Alia hospital and it is the unique govermnment
hospital in Hebron city. This hospital is located at the center of Hebron city in the region

called "Hapayel Alreyah".

The total area of this hospital is about 14000 m? and about 400 employees' work in

this hospital, also it provides services to 450,000 persons in Hebron city.

The hospital contains several departments that offer services as shown in this table:

No # The department No of beds
1 Pediatric Department 45
2 Internal Department 25
3 Surgery Department 22
4 Obstetrics & Gynecolo gy Department 28
5 ICU Department 5
6 CCU Department 3
7 NICU Department 3
8 Urology Department 10
9 Orthopedic Department 10

10 Hematology Department 4

11 Neonatal Unit 17
12 industrial college Department 14
13 Otolaryngology Department 10

Table 1.1 the departments of Alia Hospital

Besides on the ground floor there are out patient clinics, Radiology Department,
Department of Physical therapy, Registration and Archive, The kitchen, maintenance,

laundry unit and mechanical room.

Public administration exists in the east swing and the emergency exists in the north

swing.



In this project we will study the mechanical systems which consist of central heating
system, air conditioning system, plumping system. Of the North Swing which contains

three floors and its area is about 6800 mz2,

1.3 Project Objectives

our project consist of two steps the first step is to make a survey for central
heating system, central air conditioning system, water supply system, drainage supply
system.

The second step is to evaluate these mechanical systems and Give
recommendation for trouble shooting of these systems and provide maintenance

program for them.

This projects aims to achieve the following objectives:

Survey

The main aims of the survey step are:-

1- Analytical review of the design of the above mentioned mechanical systems

* To be familiar with mechanical drawing for all systems such as central heating
system, Air conditioning system and plumping system.

* To be familiar with the equipments used of these systems.

* To be familiar with the different types pipe and their fittings used in all
mechanical systems.

2- To have an idea about the most recent control system for the above network.

3- To get data about the problems concerted these system through Questionnaire

Evaluation

The evaluation step of this project aims to:

4- To study the problems those have been identified.



5- To study the mechanical systems In terms of design and the type of equipment
and control devices and the method of installation.

6- To work processes measurements and tests to find the cause of problems.

7- To compare the devices and equipment on the ground with the existing schemes

in the mechanical drawing

1.4 Project Benefits

We are choose this project for its importance for our society, also include a revision
of all building mechanical systems, we was study at our university and as it represent a
first step to our practical live that we will deal with after we will graduate as it provides
us a knowledge of mechanical drawing, equipment, piping and control systems needed in

our future carrier.

Also in our country "Palestine" the universities concern with its cooperation with its
society it in all fields that possible. So one of these fields is our project in which our great
Palestine polytechnic university cooperates with Alia hospital engineering's and its staff
hopping to improve the work of the mechanical systems and give recommendations

about the using of this system in this hospital.

Therefore as a result of these reasons our great Palestine polytechnic university takes
care of this project because of its importance for the society, people, patients and wonders

in our beloved city Hebron.



1.5 Budget

TASK COST (NIC)
USING INTERNET 100
TRANSPORTATION FROM AND
“

OTHER TRANSPORTATION 150

TO COPY FROM LIBRARY 50
PRINTING PAPERS 100
REPRINTING PAPER 50

PRINTING DRAWING 400

Table 1.2 Budget

1.6  Project lay out
This proposal composed of four chapters as follows:-

Chapter one: - Introduction

Include an overview about the project, and the importance of the mechanical

systems. And the reason to work with it, and the previous studies.

Chapter Two: - Central Heating System

Include an overview about Central Heating System and the importance of it as a
mechanical system also a survey of the Central Heating System in the hospital and the

properties of this mechanical system

Chapter Three: - Air Conditioning System

Include an overview about Air Conditioning System and the importance of it as a
mechanical system also a survey of the Air Conditioning System in the hospital and the

properties of this mechanical system



Chapter Four: - Plumping System

Include an overview about Plumping System including water supply system and

drainage distribution system and the importance of it as a mechanical system also a

survey of the Plumping System in the hospital and the properties of this mechanical
system



1.7 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 for the first semester

1.7.1 The First Semester Time Plan

Task/Week 1121314567789

Collecting
Information about
the project

Survey central
heating system

——— ]

Air-Condition
system

Survey central — o ,

Survey water - - -
supply system | ~

Survey drainage
supply system

Project | \ .
Documentation | . ey .

Figure 1.1The First Time Plan




1.7.2 The Second Semester Time Plan

Task/'Week

Study central
heating system

Study central Air-
Condition system

2

314 (516 ([7]89 1011

12

13

14

15]16

Study water
supply system

Study drainage
supply system

Evaluate the
roject

Project
Documentation

Figure 1.2 The Second Time Plan




CHAPTER TWO

CENTRAL HEATING SYSTEM

Figure 2.1 Boiler room in Alia hospital

10



2.1 INTRODUCTION

Central heating systems were used in northern Roman cities circa 100AD. Air
heated by furnaces was led through empty spaces under the floors and out of pipes in
the walls - this system being termed a hypocaust which that Roman engineers devised
this ingenious system for heating public baths and private houses. The floor was
raised off the ground by pillars and spaces were left inside the walls so that hot air
from a furnace (praefurnium) could circulate through these open areas. Rooms
requiring the most heat were placed closest to the furnace, whose heat could be

increased by adding more wood.

Caldarium from the Roman Baths at .
Bath, England. The floor has been Ruins of the hypocaust under the floor

removed to reveal the empty spaces of a Roman villa. The part under the
which the hot air would flow through. exedra is covered.

Figure 2.2 Under floor heating of a Roman villa

A derivation of hypocaust, the gloria, had been in use in Castile until the arrival
of modern heating. After the fuel (straw, paper, refuse) has been reduced to ashes, the
air intake is closed to keep hot air inside and slow combustion.

By the beginning of the 1700s Russian engineers were designing hydrological based
systems for central heating. The best extant example is the Summer Palace of Peter
the Great in St. Petersberg. Slightly later in the year 1716, water was first used in
Sweden to distribute heat in buildings. This system was used by Martin Triewald, a
Swedish engineer, on a greenhouse at Newcastle upon Tyne. Bonne main, a French
architect, made its first industrial use on a Cooperative, at Chateau du Pécq, near

Paris.



2.2 What is Central Heating?

Central Heating means heating from a central source.

A central heating system consists of all the pipe work and radiators that are
connected to the boiler. The boiler provides the heat but, it's the pump (Circulator)
that moves the heated water from the boiler through the pipe work to the radiators,
and back to the boiler for re-heating. There are many types of systems that can be
installed, and which may be tailored to your own preferences. But a carefully
designed and installed system will give many years of trouble free running and will

not waste heat, therefore keeping fuel costs low.

2.3 Heating load calculation

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

a) Heat loss through all exposed walls, ceiling, floor, windows, doors and walls
between the space and unheated space.

This load is due to the transient flow of thermal energy from one system to another

due to temperature difference between the two systems, there are two modes of heat

transfer: conduction and convection "neglected the effect of radiation since it is too

small"

This heat transfer by conductions is calculated using Fourier law of conduction:
Q =-K.A.[6T/ 8X]

Where:

Q: Heat flow through the walls, ceiling, floor, by conducting. (Watt).

K: conduction heat transfer coefficient (W/m.K)

A: Area of heat conductive. (m?).

[6T/ 8X]: Temperature gradient (°C/m).

Note: The negative sign in Fourier's law that represent the concept of heat transfer
(second law of thermodynamic) "actual process occur in the direction of decreasing
temperature".

The heat transfer by convection is given by the following relationship which is known

as Newton's law:

Q =h.A. [Tw - T«



Where:

Q: Heat flow through the air by convection. (Watt).
h: convection heat transfer coefficient (W/m?2.C)
A: Area of heat convection. (m?).

Tw: Temperature of wall (C).

Tw: temperature of space (C).

By merging the conduction and convection equations we obtained this equation:

Q=U.AAT

Where:
Q: Heat flow through the walls, floors, ceiling and air (Watt).

U: Overall heat transfer coefficient

1
| L1 L2 I3 1
—t—+— 4+ 4
hin K1 K2 K3 hout

A: Area of heat transfer. (m?).

AT: different between inside temperature and outside temperature

L oL 1,

AP

! L A L !
B4 KA T4 EA hA

Figure 2.3 Convection and conduction heat transfer



2.3.1 Overall heat transfer coefficient In Alia hospital

1) Walls consist of 5cm stone, 9cm concrete, 3cm randopan, 20cm hollow blocks,
2cm plaster.

2) Ceiling consists of 6cm concrete, 46cm light weight blocks, 2cm plaster and
100cm air gap after false ceiling.

3) Floors consist of 60cm pascorce and 10cm concrete.

Element Overall heat transfer
coefficient U (w/m2.°C)
1 walls 0.51
2 Ceilings 0.0248
3 Floors 0.89

Table 2.1 walls, ceilings and floors overall heat transfer coefficient

b) Heat load required to warm outside air infiltrated through cracks of windows and
doors and air infiltrated due to opening and closing of doors to the temperature of the

space.

Figure 2.4 Infiltration

Infiltration heat load is divided in two parts:

I) Sensible heat loss: the heat increase the temperature of moist air

Qs =m. cp. AT
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2) Latent heat transfer: heat associated with evaporation or condensation of water
Vapor at the same temperature

QL =m-* (Wi— wo) hrg

Qtotal = Qs + QL = m* (ho - hi)

Where:

Qs: Sensible heat loss (Watt).

QL: Latent heat transfer (Watt).

m-: Flow rate of Air (kg/s).

cp: Specific heat for air =1.21 (KJ/Kg.K)

AT: Difference between inside temperature and outside temperature (C)
wi: Specific humidity inside room (kg/kg dry air)

wo: Specific humidity outside room (kg/kg dry air)

hfg: latent heat of vaporization
hi: Enthalpy inside room (kj/kg dry air)
ho: Enthalpy outside room (kj/kg dry air)

¢) Domestic hot water load

2.4 Hot water heating system components:
The main components of a central heating system using water circulation are:
1) Room heating elements (radiators or fan coils).
2) Boilers.
3) Piping network.
4) Circulating pump.
5) Expansion tank.
6) Oil tank.
7) Chimney.
8) Hot water cylinder.



Device and fitting are required in a hot water heating system, these include the

following:

1) Air elimination device such as automatic air vent and manual air vents for room
heating elements.

2) Flow control devices such as non-return valves.

3) Pressure relief valve.

4) Pressure reducing valves for balancing the piping network of the different room or
balancing different zones.

5) Provision for pipe expansion and elimination of vibration.

2.4.1 Room heating elements
Heat transfer elements facilitate the transfer of heat between the hot water and space
to be heated, heating elements that are in common use in hot water heating system
are:-
2.4.1.1 Radiators:
Radiators are made of cast iron, aluminum or steel plates.
1) Cast iron radiators: this type of radiators are made from cast iron
Cast iron radiators contains two types
a) Panel type
b) Column type

Figure 2.5 cast iron radiator
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Positive features of cast iron radiators

1) This type of radiators is resistive to corrosion provided it good painted and that is
not free of water.

2) They are made of sections so could be lengthened and shortened easily.

3) Plugging in public institutions because it bears the bruises and trauma.

4) Long life.

Negative features of cast iron radiators

1) high weight of its sections near 4.5 kg for one section
2) relatively high cost

3) brittleness

4) high thermal inertia

2) Aluminum radiators: this type of radiators are made from aluminum alloy

Figure 2.6 Aluminum radiator

Positive features of Aluminum radiators

1) This radiators has low cost.

2) Light weight construction near 1.5 kg for one section.
3) Limited thermal inertia.

4) They are made of sections so could be lengthened and shortened easily.

Negative features of Aluminum radiators

1) This type can be able to corrosion.
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3) Steel radiators: this type of radiators is made from steel.
Steel radiators contain four types:

a) Tube type.

b) Blade type.

¢) Column type.

d) Panel type.

Figure 2.7 steel radiators

Positive features of steel radiators

1) Low cost: they are the most economical panel and column type radiators.

2) Low weight: they weight approximately 65 to 70 % less than cast iron radiators
with the same heat out put.

3) Low thermal inertia on the panel type.

4) They blend in easily with their surrounding.

Negative features of steel radiators
1) High thermal inertia of the column and tube type

2) Thy are not assembled from sections.

18



3) Possible corrosion: - these radiators are easily affected by external corrosion unless

they have suitable surface coatings.

2.4.1.2 Radiators used in Alia Hospital:

In Alia hospital they are used steel radiators CHAPPEE C22/600 and these
tables represent the radiators Distribution and its length in the ground floor and first

floor. (see 2.1 catalogue of radiator in Appendix A)



Radiators table in ground floor:

Radiator

Radiator no in C22/600
dwg
R-1 ) 110 j
R-2 ’ 50
R-3+R-4 ’ 130
R-5 ( 90 j

|

R-6 ’ 90
R-7 ’ 150
R-8 ' 150

Ew ’ 50
B-IO ’ 50
B-u [ 70
B-u ' 50
B-B ’ 50
o .
LR-lé ‘ 50

:
:
j
:
e E j
.
:

B-w , 130
R-20 , 130
Ile ' 110
B-zz ,110

R-23 120
E |

R-24 I 110
R-25 ( 110
R-26 + R-27 + R-28 ’ 120

B-29 +R-30 + R-31 + R-32 ' 120

Table 2.2 Distribution of radiators in Ground floor
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Radiators table in First floor:

Radiator
Radiator no in C22/600
dwg size in

cm
R-1 40
R-2 50
R-3+R-4 40
R-5 50
R-6 70
R-7 40
R-8 90
R-9 40
R-10 + R-11 + R-12 + R-13 | 40
+R-14
R-15 130
R-16 40
R-17 100
R-18 110
R-19 + R-20 + R-21 + R-22 | 140
R-23 40
R-24 40
R-25 40
R-26 + R-27 + R-28 100
R-29 40
R-30 150
R-31 40

Table 2.3 Distribution of radiators in first floor

21



2.4.2 Boilers

Boilers are constructed of cast iron or steel sheets in various capacities and sizes,
they maybe low pressure "200 kpa" or high pressure boilers "3200 kpa".
Boilers are classified in a number of ways as follows:-
a) They maybe classified on the basis of material out of which they are made as cast
iron boilers or steel sheet boilers.
b) They maybe classified on the basis of the operation pressure for example low
pressure or high pressure boilers.
¢) they maybe also classified on the basis of raw energy they use, for example, gas
boiler, diesel boilers, or any other energy boiler.
d) type of construction may be used for classification for example, fire tube or water
tube boilers.
The boiler package contains, in addition to the boiler body, the burner, the safety
control and jacket, the safety devices associated with boilers include relief valves,
water level cut-off device, switch on-off device, and outlet and inlet temperature

control thermostat.

2.4.2.1 Types of boilers:

1) Cast Iron sectional Boilers
2) Steel Boilers

3) Electrode Boilers

4) Steam Generators

2.4.2.2 Steel Boilers

In fire-tube boilers, the gases of combustion pass through the tubes and the water
circulates around them. In water-tube boilers, the gases of combustion circulate
around the tubes and the water passes through them. Either the fire-tube or water-
tube type may be shipped in one package, ready for piping connections.

A packaged boiler is a boiler unit including the burner, boiler, controls, and
auxiliary equipment. Medium-sized units are usually of a modified scotch marine
type. Smaller units are usually of the firebox type (integral water-jacketed fur naces).

A packaged boiler may be ordered as a steam or hot-water generator. Steel boilers
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range in size from small residential units to those with gross heat outputs of 23,500
MBH (6883 kW).

For steel boilers, both residential and commercial, the SBI rating has been
adopted by the Steel Boiler Industry Division of the Hydraulic Institute. The rating
code shows the SB! gross outputs and net SB! ratings for steel boilers. The factors
used to determine gross I = B = R ratings are also used to determine gross SBI ratings.

Steel gas- and oil-fired boilers normally operate in an efficiency range of 70 to 80%.

Figure 2.8 Steel boilers

2.4.2.3 Boilers used in Alia Hospital:

There are three steel boilers with oil burner exists in mechanical room in Alia

hospital and there specification and use as following

1) Two boilers are used for central heating that connected with collector .One boiler
every year is used and the other is standing by. They have the following
specification:-

Name: CHAPEE ARIZONA CX 1210

Boiler Capacity: 1210 kw

Tmax: 110 C

PMS: 10 bar
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Burner model: SIKMA MS 130 25
Code: CS0113801GB
Flow rate: 130 kg/h

Figure 2.9 Burner

2) The third boiler is used to provide the hospital with the domestic hot water needed.
It has the following specification:-

Name: CHAPEE ARIZONA CX 385

Boiler Capacity: 385 kw

Tmax: 110 C

PMS: 10 bar

Burner model: CAPPEE CF4825

Code: CS2148801GB

Flow rate: 47.2 kg/h

(see 2.1 catalogue of boilers in Appendix A)

2.4.3 Piping network
A distribution piping system is an arrangement of one or more pipes. The proper
piping arrangement is usually selected to meet the needs of the system. Piping

systems may be classified as follows:

1) Single pipe system
2) double pipe system
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3) 3-pipe system
4) 4-pipe system
5) Radial pipe system

2.4.3.1 Radial pipe system

This pipe system uses plastic pipe instead of metal pipe for circulating the hot
water throughout the heating system.
the supply pipes of a certain number of radiators are connected to a single supply
manifold, using special brass coupling, the return pipes are also connected to single
return manifold as shown in figure 2.6 the supply and return manifold are respectively
connected to the main supply and main return pipes of boiler which may be made
from plastic or metal pipes.

Alia hospital adopts this system of piping.

Figure 2.10 Radial pipe system
2.4.3.2 Pipe sizing
flow in pipes suffers from the friction losses between the flowing fluid and the
internal walls of the pipe and from other losses associated with the flow, the
parameters in which influence the magnitude of the friction losses or pressure head

losses are the flow velocity, mass flow rate, fluid type, diameter of the pipe and the
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inner surface roughness of the pipe, the relationship between these parameters are
complex, for the purposes pipe network of the hot water heating system design, the
relation between the above parameters are given in graphical forms and charts such as

shown in figure 2.11
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Figure 2.11 Pressure drop per unit pipe length for water flowing in commercial
steel pipe.
The chart represent the relationship between the pressure drop per meter of pipe

length in unit of pa/m, volume flow rate and velocity of flow and pipe diameter for

water flowing in commercial steel pipes.

2.4.3.3 Pipe system design
The following items must be observed when the design procedure of the heating
system piping network is carried out:-

1) The design temperature drop of hot water in each radiator is about 10°C.

2) The design water velocity in the piping network should be in range of 0.6 to
1.2 m/s, this is related to the allowable noise ratings and water hummer
occurrence.

3) The design hot water inlet temperature to radiators is normally about 80°C.

4) The recommended value of the pressure drop per equivalent unit length of

pipe ranges from 200 to 550 pa/m.
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2.4.4 Circulating pump

A circulating is simply a small pump whose purpose is to circulate the water in the
hydraulic heating system, centrifugal pumps are the type normally used as circulators.
Modern hydraulic heating system are closed therefore, there is no static head for the
pump to overcome since the weight of water in riser piping is exactly counter
balanced by an equal weight of water in the return piping, the circulator, therefore
must overcome only the friction head in the piping, the circulator is therefore usually
driven by small, frictional, horse power electrical motors.

Circulator pumps are normally low head, low flow units, they are low head because of
absence of static head, and low flow, because of the high heat carrying capacity of
water, they are either installed in line when the water flow from pump inlet to outlet is
in the same direction or as base mounted where aright angle change in water direction
from inlet to outlet is desired, most circulators are installed in line.

The circulator can be installed either in the main supply line, outgoing from the boiler,
or in the main return line coming back to the boiler, in system with high head, it is
normal practice to place the pump so that it pumps away from the boiler and

expansion tank.

Figure 2.12 pump

2.4.4.1 Pump selection procedure
1) Use the architectural drawing of the building, sketch the mechanical layout of the
heating system, the sketch must show pipe runs and their lengths, in additional, the
sketch must also show the locations and capacities of all radiators.
2) Determine the total equivalent pipe length of the longest circuit, as measured from

the boiler to each radiator and back to the boiler, select the longest length of them.
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3) The hot water flow rate is computed from the known heating load of each circuit
branch using the following equation:

Q = m-. cp. (Twi— Two)

Where:

Q: heat required to be delivered by room radiator (KW)..
m-: mass rate of water flowing through radiator (kg/s).
cp: Specific heat of water 4.186= (KJ/Kg.C)

Twi: temperature of hot water entering the radiator (°C)

Two: temperature of hot water leaving the radiator (°C)

4) Select the circulating pump of the heating system based on the calculated values of
total rate of hot water and the total pressure drop through the longest pipe run,
performance curves of pumps supplied by the pump manufacture catalogues can be
used for this purpose, the selection procedure is as follows:-

Let the selected pump has a pressure of AP " in unit of Pascal" when operates at the
calculated flow rate of the pump, the value of the pressure drop per unit meter of pipe
length for the selected is obtained by dividing AP by the total equivalent length EL, of
the longest pipe run.

If obtained value of AP/EL turned out to be in the range of 200 to 500 Pa/m, then the
selected pump is acceptable if not another selection of the pump must be made.

5) the diameter of each pipe section of the heating system is determine as follows

The hot water flow rate is known for each pipe section of the pipe network, the
pressure drop per unit length is also known "from step 4" thus the chart in figure can

be used to determine the pipe diameter for each pipe section.

2.4.4.2 Pumps used in Alia Hospital:

There are two pump one is used and the other is stand by

NAME GRANDFOS

TYPE NB80-200/222-F-A-BAOE
MODEL OD5311B9J

Bar / C max. 16/140
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Q 97 m3/h
145 M
N 1440 min-1

)

2.4.5 Expansion tank

In a closed recalculating system (hot-water heat, chilled water, combined heating
and cooling), a given amount of air or gas space is required to accommodate water
expansion and pressurization. Since water expands when heated and con tracts when
cooled in direct proportion to the temperature change, and since water is
incompressible, a lack of expansion space means that any volume increase due to
heating will cause an immediate and definite pressure increase. This is true even of
chilled-water systems, which have limited expansion owing to their relatively narrow
operating temperature range. An airtight expansion tank is the primary device used to
accommodate fluctuations in water volume within a closed system while maintaining
a predetermined range of pressures, from the minimum cold-fill pressure up to (but
not more than) the maximum working pressure of the system. The expansion tank acts
as a spring on the system, keeping the pressure on it at all times.

The location of the pump relative to the expansion-tank connection determines
whether the pump head is added to or subtracted from the system static pressure. This
is because the expansion tank’s point of connection in the system is the point of no
pressure change for the system with regard to the pressures produced by pump.

Pump

The point of connection of the expansion tank to a closed system is usually selected
so that the pump discharges away from the expansion tank and the pump head adds to
system pressures at all points

The necessary volume of a closed expansion tank can be expressed as

Ve =2 Vo [(vi/Vvo)-11/[(pa/po)-(pa/p1)](2)

pa = atmospheric pressure - (psia)

Po = system initial pressure - cold pressure (psia)

p1 = system operating pressure - hot pressure (psia)
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builer

Figure 2.13 Close expansion tank

2.4.5.1 Expansion tank used in Alia hospital:-

There are four closed expansion tank in Alia hospital it have the following

specification:-

NAME CAIT
MODEL HL-200
CAPACITY 200 L
PRECHARGE PRESSURE 1.5bar
PRESSUR MAX. 10 bar
TEMPRETUARE MAX. 110C

2.4.6 Oil tank.

A fuel storage tank can be an underground storage tank (UST) or an above ground
storage tank (AST).

UST stands for Underground Storage Tank. A UST may contain petroleum
products or certain hazardous substances. A UST is defined as a tank and any of its
associated piping that has at least 10% of its combined volume underground.

Buried oil tanks raise increasing environmental, safety, legal and economic concerns
because oil leaks underground or even within buildings can lead to both
environmental damage and very costly cleanup operations. While we've found them

lasting longer, a common life expectancy of buried oil tanks is 10-15 years. At about
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20 years, the risk of leaks from buried steel oil tanks becomes significant. Leaks can

occur earlier if a tank was damaged at installation or was not properly piped

Figure 2.14 Underground oil tank

2.4.6.1 Oil tank used in Alia Hospital:
In Alia hospital there is one oil tank its capacity 20000 liter

2.4.7 Chimney

A vertical hollow structure of masonry, steel, or reinforced concrete, built to
convey gaseous products of combustion from a building or process facility. A
chimney should be high enough to furnish adequate draft and to discharge the
products of combustion without causing local air pollution. The height and diameter
of a chimney determine the draft. For adequate draft, small industrial boilers and
home heating systems depend entirely upon the enclosed column of hot gas. In
contrast, stacks, which are chimneys for large power plants and process facilities,
usually depend upon force-draft fans and induced-draft fans to produce the draft

necessary for operation, and the chimney is used only for removal of the flue gas

2.4.7.1 Types of chimney:

Cast-in-place concrete lining systems. This is the most expensive option, and
the best option for a chimney that needs structural reinforcement. You can often avoid
rebuilding the entire chimney by installing a cast lining system. These systems can be
used for any type of fuel, but if your chimney is structurally sound, you may be able

to use a less expensive metal liner.

31



Stainless steel. These lining sleeves are recommended for coal and oil systems
because they resist corrosive acid emissions these fuels generate. They can be used in
chimneys that are structurally sound.

Galvanized or aluminum sleeves. Similar in construction and function to
stainless, this least expensive option can only be used if both the furnace and the
water heater are natural gas. Never use galvanized or aluminum with a coal or oil

system, because the metal will rapidly corrode.

Figure 2.15 Chimny

2.4.7.2 Chimneys used in Alia Hospital:
In Alia hospital there are three steel chimneys for boilers
For central heating boilers there is chimney for each boiler has a diameter 20"

For domestic hot water boiler there is a chimney has a diameter 10"

2.4.8 Hot water cylinder

Hot water cylinders are the key component in most Central heating systems, boilers
are designed to produce sufficient quantities of hot water to service the central heating
system and produce instantaneous hot water for domestic use.

The principle of its work is charge of hot water from boiler entry to the coil within the

cylinder and its re-entry into the boiler.
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Figure 2.16 Hot water cylinder

2.4.8.1 Hot water cylinder used in Alia Hospital:

In Alia hospital there are two hot water cylinders one is used and the other is stand by

Each one has 3000 liter capacity.

2.5 Problems in central heating system in Alamera Alia hospital

During our survey in the heating system at Alia Hospital we found that the main

problems existing in the system is summarized in the following:

1) The farthest radiator in each section is remaining cold.
2) The pipe which connecting the boiler with diesel pump is impairing constantly.

3) Failure to respond the boiler to the thermostat signals in the commencement of the

work or work stoppages.
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CHAPTER THREE

CENTRAL AIR CONDITIONING SYSTEM
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3.1 INTRODUCTION:-

"Air conditioning" means the control, within a space, of the different properties
of the air within that space. These properties include temperature, humidity, air speed
and the cleanliness of the air (amount of dust, odour and other contaminants).

The first air conditioning probably started with early man when he moved inside a
cool, dark cave to escape the summer heat and to protect himself from the winter cold.

Humans have continually searched for ways to keep cool in the summer, from
indulging in Roman baths to siting castles for cross-ventilation to using cardboard
hand fans during many summer church services.

In the late 1800s, mechanical refrigeration was used to preserve meat and
perishable foods. In some large cities, cold air was piped from a central station to
surrounding buildings for cold storage to preserve food, chill beer and protect special
documents.

An early pioneer who did much to promote "controlled air" was Willis Carrier, a
mechanical engineer who worked at the Buffalo Forge Company in Buffalo, New
York. Subsequent subsidiary companies carrying his name helped conquer the
temperature-humidity relationship, marrying theory with practicality. Starting in
1902, he designed a Spray-type temperature and humidity controlled system. His
induction system for multi-room office buildings, hotels, apartments and hospitals
was just another of his air-related inventions. Many industry professionals and
historians consider him the "father of air conditioning."

Air conditioning has had an incredible impact on the way we live, giving us the
option to work, play and relax in controlled environments. We live in air conditioned
homes, travel to our air conditioned workplaces in air conditioned cars, shop in air
conditioned stores and malls and enjoy sports in air conditioned arenas. We have
year-round choices of fresh or preserved foods kept cool or frozen and benefit from
advances in medical services that are made possible through air conditioning. We see
new frontiers open up in space exploration because controlled environments are

possible.
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3.2 THERMAL LOAD CALCULATION:-

Thermal load in air conditioning system consist of two type

I) Cooling load: it is in summer and it is the rate at which heat must be removed from
a space in order to maintain the desired conditions in the space. Generally a dry-bulb

temperature and relative humidity.

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

in order to maintain the desired conditions in the space

3.3 Cooling load sources:-

. The cooling loads for a given space consist of the following heat gains:

(1) Heat gains that transmitted through building structures such as walls, floors and
ceiling that are adjacent to unconditioned spaces .The heat transmitted is caused by
temperature difference that exists on both sides of structures

(2) Heat gain due to solar effect which include:

(a)Solar radiation transmitted through the glass and absorbed by inside surfaces and

furniture.

(b) Solar radiation absorbed by walls, glass windows, glass doors and roofs that are

exposed to solar radiation

(3)Sensible and latent heat gains brought into the space as a result of infiltration of air

through windows and doors
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Figure 3.2 Infiltration

(4)Sensible heat produced in space by lights, appliances, motors and other

miscellaneous heat gains.

(5) Latent heat produced from cooking, hot baths, or any other moisture producing

equipment
(6) Sensible and latent heat produced by occupants

The cooling load sources that affect on the air conditioning system design can be

made-up of many components, including the follow:

1. External sources.

2. Internal sources.

v' External sources: the external source in this project represent as follow:

Cooling Load Components

Qass

ExlEtor
waall

Figure 3.3 cooling load components
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3.4 Solar Radiation:-

Solar radiation received at the earth's surface on a plane perpendicular to the sun
rays may reach at hourly value 900 W/m2 on a clear day. This value of solar
radiation intensity occurs when the sun is directly over head. Solar radiation intensity
decreases as the suns angle of altitude o, decreases . The altitude angle is the angle that
the sun rays make with horizontal line in a vertical plane.

Time of the day and altitude of the location are also factors that affect the direct
radiation. Some radiation occurs from the sky itself even through the direct rays of the
sun don’t strike the surface in question. This sky radiation called diffused radiation.
Diffused radiation may be incident upon north walls or windows which never receive
direct solar radiation. Sky or diffused radiation can reach an intensity of about 200

W/m2 on horizontal surface when the suns altitude angle is 90 degree.

3.5 Heat gain through sunlit walls and roofs:-

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

The calculation of this type of heat gain can be obtained by using the following

relation for the heat transmission through the walls.

Q=UAAT

Heat Conduction through Surfaces

-
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Figure 3.4 Heat Conduction through surfaces
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->Where:

Q: Heat flow through the walls, ceiling, floor, by conduction. (Watt)
U: Over all heat transfer coefficient (W/m2.K).
A: Out door Area of heat conduction. (m2)
AT: the total equivalent temperature difference which take in
consideration the increase of wall temperature due to

Absorption of solar radiation

Note: - the value of AT is called cooling load temperature difference CLTD

And can be obtained for roofs from tables 3-1 (See Appendix B)
The value CLTD extracted from tables 3-1 (See Appendix B) needs to be corrected so

that the actual value is found for different cases, and hence it will be called corrected

CLTD and can be calculated from the following equation
(CLTD) corr = (CLTD+ LM) K + (25.5-Ti) + (To, m -29.4) f

- Where:

LM: Latitude correction factor which can obtain from table 3-2 (See
Appendix B) for horizontal and vertical surfaces
K: colour adjustment factor such that k=1.0 for dark coloured roof, and

k=0.5 for permanently light coloured roofs

(25.5-Ti): a correction factor for indoor design temperature where Ti is

The room design temperature °c
(To, m -29.4): a correction factor for outdoor mean temperature To, m

It is related to the out door design temperature To, according to the relation
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To,m=To—DR/2

DR: the daily temperature range which equal to the difference between the
Average maximum and Average minimum temperature for the

Wormest month of the summer season

f: attic or roof fan factor such that f=1 .0 if there is no attic or roof fan &

£=0.75 if there is an attic or roof fan

Over all heat transfer coefficient depends on the layers which the building is
consist of and the indoor and outdoor convection heat transfer coefficient
So Over all heat transfer coefficient can be calculated by applying the following

equation:

> Where:

K: conduction heat transfer coefficient (W/m.K).

X: Layer thickness (m).

hi: Indoor convection heat transfer coefficient (W/m2.K).

ho: Outdoor convection heat transfer coefficient (W/m2.k)
3.6 Heat transfer through glass:

Solar radiation which falls on glass has three components which are:

(1) Transmitted component: it represents the largest component, which is

transmitted directly into the interior of the building or the space. This component
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(3) Reflected component: This component s reflected by glass to the outside of the

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

radiation is considered a large part of the cooling load. The total cooling load due to
exposed glass area is the sum of transmission load due to inside-outside glass surface
temperature difference( heat conduction) and heat gain due to solar energy ( heat
radiation and convection). The amount of solar radiation that can be transmitted

through glass depends upon the following factor:
(1) Type of glass. (Single, double or insulation glass)

(2) Availability of shading (such as drapes, Venetian blinds, construction overhang,

wing walls, ete)

(3) Time of the day

(4) Orientation of glass area (north, northeast, east orientation, etc)

(5) Solar radiation intensity and incident angle

(6) Latitude angle of the location
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3.7 Transmission Heat Gain:-

Heat gain due to solar transmission through glass windows and doors is
estimated by using tables 3-3 to 3-7 (See Appendix B) where the following factors are

selected:

(a) Solar heat gain factor (SHC): 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 3-3 (See Appendix B)

(b) Shading coefficient (SC): this factor accounts for different shading effects of the
glass wall or window and can be extracted from tables 3-4 (See Appendix B) for
single and double glass without inside shading or from table 3-5 (See Appendix B) for

single and double glass as well as for insulating glass with internal shading

(¢) Cooling load factor (CLF): this represent the effects of the internal walls, floor,
and furniture on the instantaneous cooling load, and can be extracted from table 3-6
(See Appendix B) for glass without interior shading or from table 3-7 (See Appendix

B) for glass with interior shading.

The transmitted cooling load can be calculated from the relation

Q «= A (SHC) (SC) (CLF)

3.8 Convection Heat Gain:-

The value of the convected cooling load by the glass can be calculated from the

equation
Q conv. = UA (CLTD) corr

Where CLTD is the temperature difference for the glass and can be extracted from
table 3-8 (See Appendix B). Table 3-8 (See Appendix B) is designed for inside room
temperature of 25.5°C and outside mean temperature of 29.4°C if room temperature is
different from 25.5°C then the difference (25.5-Ti) will be added to the value of
CLTD. On the other hand if (To, m -29.4) is different from 29.4°C then a correction

value of (To, m -29.4) is used.
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v" Internal sources: The next component of the Space cooling load is the
heat that is generated within the space. Typical sources of internal heat
gain are people, lights, cooking processes, and other heat-generating
equipment, such as motors, appliances, and office equipment. While all
of these sources contribute sensible heat to the Space, people, cooking
processes, and some appliances (such as a coffee maker) also contribute

latent heat to the space.

The internal source in this project represent as follow:

Iinternal Heat Gaing

: ' -I equpTan;

; \ ighs

Figure 3.5 internal heat gains

3.9 Heating Gain Due To Equipment:

Sensible and latent heat loads arising from various equipment and appliances that
are installed in a conditioned Space are given in table 3-9(See Appendix B). The
indicated heat dissipation rates from such equipments and appliances should be
inclined when the cooling load is estimated. Care must be taken when considering

such dissipation rates all sensible or latent or partly sensible and partly latent

3.10 Heating Gain Due To Lights:

Heat gains due to light are sensible loads. Such loads must be carefully analyzed

specially for supermarkets, department stores and other commercial applications that
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are usually brightly illuminated. The peak lighting heat gains for some application
such as hospitals, restaurants and office will not oceur simultaneously with the peak
heat gain from other source. This fact should be considered when calculating the peak

load for a certain application.

directly.

Lighting intensity differs from one application to another. It ranges from 10 to 30
W/m2 of floor area for apartments, hospitals, hotels ete. and from 30 to 60 W/m2 for
class rooms, offices, barbershop and similar application. These lighting intensities can
be used to estimate the heat gain from lights if the exact lighting power is not known.

The heat gain from lights is not an instantaneous load on the air conditioning
equipment. The radiant energy from lights is first absorbed by walls, floor and
furniture of the Space causing there temperature to increase with time. As time passes,
heat is convected from these surfaces. This result in a time delay between turning the

light on and the energy from the light to have an effect on the cooling load. To

gain due to the lights

Qu=Py (Fu Fb) (CLF) Lt
- Where:

P Lt: the lamp rated power in watts
Fu: fraction of lamp that are in use
Fb: the ballast factor that equal 1.2 for fluorescent lamp and 1.0 for
Ordinary lamp
CLF Lt: the light cooling load factor

Table 3-10 (See Appendix B) gives the light cooling load factor for two types of

fixture arguments,
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3.11 Heating Gain Due To Motors

Electrical motors heat gains are estimated according to their rated out put power
as indicated in table 3-9(See Appendix B). In order to consider the heat gain of a
motor driven machine as a part of the cooling load of a Space, the motor and its load

must be located inside the Space

3.12 Diversity Factor

For some application such as office buildings, hotels and department stores, it is
reasonable to assume that some Occupants of such application wil] be on holiday or
absent. Also, it is reasonable to assume that some lights and motors are switched off
for certain period of time during the day. Diversity factors for such applications are
shown in table 3-11 (See Appendix B). Diversity factors can be applied when the
peak cooling load is calculated for these applications. Values of diversity factors
indicated in table 3-11 (See Appendix B) are approximate and must be used with care.
However, diversity factors do not apply to applications, such as theaters, concert halls,
ete

The heat gain due to occupants is influenced by the number of hours after each
entry to the space and the tota] hours of residency in the space. Thus, the sensible heat
gain value by table must be multiplied by a cooling load factor for people to
compensate for the heat capacity effect of OcCupants. Values of this factor are given in
table 3-12 (See Appendix B).

3.13 Miscellaneous heat gains:

These heat gains include the following:

condensation on the duct surface.

(2) Supply duct air leakage into non —conditioned space. [t occurs due to poor

construction and workmanship of duct connections.
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3.14 Load Calculation Form:

The calculation of various components of cooling load of the hospital must be

carried out on a room by room basis, as the case of heating load calculation,

hospital.

Outside mean condition To, m
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(1) external cooling load

(a) Conduction due to (Tadj. - Ti)

(b) Solar effects

l. Transmitted heat gains

2. conduction due to CLTD:

(25.5-Ti)= °C,
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(¢) Internal cooling loads

temperature , cooling coil capacity, apparatus dew point temperature, cooling coil
bypass factor, resulting relative humidity of the Space and other important oyt put
data.

3.15 Central air-conditioning system

It is used to Control the temperature, humidity, purity, and motion of ajr in an
enclosed space, independent of outside conditions.

In a self-contained air-conditioning unit, air is heated in a boiler unit or cooled
by being blown across a refrigerant-filled coil and then distributed to a controlled
indoor environment. Centra] air-conditioning in a large building generally consists of
a main plant located on the roof or mechanical floor and intermittently spaced air-
handling units, or fans that deliver air through ducts to zones within the building. The
air then returns to the central air—conditioning machinery through spaces called
plenums to be re cooled (or reheated) and re circulated. Alternate systems of cooling
use chilled water, with water cooled by a refrigerant at a central location and
circulated by pumps to units with fans that circulate air locally.

In air conditioning systems, heated water is distributed to coils, in air handling

units, and used water is returned to the boiler., These heating coils transfer sensible
the air stream

In air conditioning systems, chilled water is distributed to coils, in air handling

units, and used water is returned to the chiller. These cooling coils transfer sensible
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and latent heat from the air to the chilled water,

dehumidifying the air stream.

DlmloorC?il ﬁ ﬁ ﬁ

Compressor

Filter
Dryer

l.iquiﬁ

Refrigerant Line

Figure 3.6 Central air conditioning

3.16 Central air-
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systems

conditioning system in Alia Hospital:-

In Alia Hospital they use air handling units in central air conditioning system to

blow air through ducts to the air conditioned space
system in 3.17) for a closed water system is used

cold-water return, a hot-water supply, and a hot-

-Two-pipe system ('see two pipe
in which a cold-water supply, a

water return is used

Air handling units may be connected to one of these components' during its operation:

1) Boiler:

it is use to provide the coi] in the air handling units through piping network

with hot water which loss its heat to the air passing through the heating coil and then

the hot air is drawn to the air conditioned space . This system usually used in winter.

2) chiller :

it is use to provide the coil in the air handling units through piping

network with cold water which take off heat from the air passing through the cooling

coil and then the cold ajr pushed to the air conditioned

used in summer.

Air handlers connect to ductwork that distributes the ¢

hospital, and returns it to the AHU.
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3.17 Two Pipe System:

Hot water is pumped from the boiler through one pipe (Flow) to the heating coil,
which then gives up its heat to the air and the cooled water is pumped back to the
boiler via a second pipe (Return). Also coldwater is pumped from the chiller through
one pipe (Flow) to the cooling coil, which then take heat from the air and the hot

water is pumped back to the chiller via a second pipe (Return)

Note:-there is a point on the piping network where the lines that come from boiler and
chiller are meeting. At that point there are valves on the lines of both boiler and
chiller that used to control the opening and closing of the valves in order to use ether

boiler or chiller.

3.18 Equipments used in Central air conditioning systems:-

3.18.1 Air handling unit

Air handling unit (AHU), is a device used as part of a heating, ventilating, and air-
conditioning (HVAC) system. Usually, an air handler is a large metal box containing

the following components:-

I - Supply and Return Ducts

2 - Fan compartment

3 - Vibration isolator

4 - Heating and/or cooling coil
5 - Filter compartment

6 - Mixed (re circulated + outside) air duct
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Figurer 3.7 Air handling unit

If used to supply heat, the air handler may contain a fuel burning heater or it may
simply contain heat exchanger coils that are heated using circulating water or steam
with the heat provided by a central boiler. Electric resistance and heat pumps are used
too.

If used for cooling, the unit may a refrigeration €vaporator, or simply a coil
cooled by chilled water provided by a central chiller. Evaporative cooling is possible
in dry climates too.

Air filtration may be via simple low-MERV pleated media, HEPA, Electrostatic,
or a combination of techniques. Gas-phase and ultraviolet air treatments may be

employed as well.
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3.18.2 Air handling units used in Alia Hospital:-

There are eight air handling units exists in Alia hospital and there specifications

are as flows

The FIRST Air handling unit exists in the GROUNG FLOOR which provided
the Physiotherapy at the hospital which has the following specification:-

NAME: PETRA AIR HANDLING UNIT
AHU CAPACITY: 3600 CFM

RETEURN AIR FAN INCLUDING SHOCK ABSORBER: 2300 CFM

The SECOND Aijr handling unit exists in the GROUNG FLOOR which

provided the Pharmacy at the hospital which has the following specification:-

NAME: PETRA DUAL ZONE AIR HANDLING UNIT
AHU CAPACITY: 4250 CFM

RETEURN AIR FAN INCLUDING SHOCK ABSORBER: 3450 CFM

The THIRD Air handling unit which it is a combined of two airs handling units
exists in the GROUND FLOOR which provided the CCU at the hospital and has the

following specifications:-

NAME: PETRA AIR HANDLING UNIT
AHU CAPACITY: 8000 CFM

RETEURN AIR FAN INCLUDING SHOCK ABSORBER: 6600 CFM
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The FOURTH Air handling unit which it is a combined of two airs handling
units exists in the GROUND FLOOR which provided the Emergency at the hospital

and has the following specifications:-
NAME: PETRA DUAL ZONE AIR HANDLING UNIT

AHU CAPACITY: 6200 CFM

RETEURN AIR FAN INCLUDING SHOCK ABSORBER: 5000 CFM

The FIFTH Air handling unit which it is a combined of two airs handling units
exists in the GROUND FLOOR which provided the Emergency at the hospital and
has the following specification:-

NAME: PETRA DUAL ZONE AIR HANDLING UNIT

AHU CAPACITY: 7500 CFM

RETEURN AIR FAN INCLUDING SHOCK ABSORBER: 6450 CFM

The SIXTH Air handling unit which it is a combined of two airs handling units
exists in the FIRST FLOOR which provided the Operating room at the hospital and

has the following specification:-
NAME: PETRA AIR HANDLING UNIT

AHU CAPACITY: 1600 CFM

RETEURN AIR FAN INCLUDING SHOCK ABSORBER: CFM

3.18.3 Chiller

A chiller is a machine that removes heat from a liquid via a vapor-compression
or absorption refrigeration cycle. Most often water is chilled, but this water may also
contain ~20% glycol and corrosion inhibitor. Other fluids such as thin oils can be

chilled as well.

Chilled water is used in Ajr conditioning cool most chillers are designed for
indoor operation, but a few are weather-resistant. Chillers are praise machines that
are very expensive to purchase and Operate, so great care is needed in their selection

and maintenance.
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3.18.4 Chiller selection:-

The choices of the chiller according to the total heat loss including in the

hospital. By using the following equation

Q chiller = Q transmission

So from Catalogs we can select the useful chiller

3.18.5 Chiller used in Alia Hospital:-

One Petra chiller is used for air conditioning system exists at the roof of Alja

hospital. It is connected with air handling units to provide cold air for air conditioned

‘én u

Figure 3.8 Petra chillers

space.

Chiller in Alia Hospital has the following specification:-

NAME  PETRA CHILLER

MODEL APS 90-25[,

CHILLER CAPACITY 85 TON/300K W
COND.FAN MOTOR CAPACITY 22KWwW

NOMINAL POWER SUPPLY Volt /Hz /Ph 380 /50 /3

REFREGERANT R 22

MAX. AMPER 128A

COIL TEST PRESSURE 450psig
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TYPE QTY. VOLT HZ PH
COMPRESSOR MOTOR 2 380 50
CONDENSER FAN MOTOR 4 380 50

3.18.6 DUCT S

Ducts are used in heating, ventilation, and ajr conditioning systems to deliver

and remove air, A duct system is often called ductwork.,

Cross-sectional shapes. Steel ducts are commonly wrapped or lined with fiberglass
thermal insulation, both to reduce heat loss or gain through the duct walls and water
vapor from condensing on the exterior of the duct when the duct is carrying cooled
air. Insulation, particularly duct liner, also reduces duct-borne noise. Both types of
noise reduce 'breakout’ noise through the ducts' sidewalls.

While galvanized stee] is still very common, many rectangular and even round
ducts are manufactured from "duct board", a rigid form of fiberglass that can easily be
shop- or field-fabricated to make custom shapes and sizes. The fiberglass provides
built-in thermal insulation and the interior surface absorbs sound, helping to provide
quiet operation of the HVAC system.

Flexible ducts, known as flex, have a variety of configurations, but for HVAC
applications, they are typically flexible plastic over a metal wire coil to make round,
flexible duct. Most often a layer of fiberglass insulation covers the duct, and then a
thin plastic layer protects the insulation.  Flexible duct is very convenient for

attaching supply air outlets to the rigid ductwork.
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Figure 3.9 Duct distribution

3.18.7 DUCT DESIGN

After air discharge grilles and the air handler, this consists of a heat exchanger
and blower, have been located, it is advisable to make a single-line drawing showing
the duct layout and the air quantities each branch and line must be able to carry.

Of the methods of duct design in use, the equal-friction method is the most

practical. It is considered good practice not to exceed a pressure loss of 0.15 in of
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The shape of ducts usually installed as rectangular, because dimensions can
easily be changed to maintain the required area. However, as ducts are flattened, the
increase in perimeter offers additional resistance to airflow. Thus a flat duct requires
an increase in cross section to be equivalent in air-carrying capacity to one more
nearly square.,

A 12 * 12-in duct, for example, will have an area of | ft2 and a perimeter of 4 ft,
Wwhereas a 24 * 6-in duct will have the same cross-sectional area but a 5-ft perimeter

and thus greater friction. Therefore, a 24 *7-in duct is more nearly equivalent to the

““ASHRAE Handbook-Fundamenta]s,” Wwhere rectangular ducts are rated in terms
of equivalent round ducts (equal friction and capacity). Table 13.6(See Appendix B)
is a shortened version.

Charts also are available in the ASHRAE handbook giving the relationship
between duct diameter in inches, air velocity in feet per minute, air quantity in cubic
feet per minute, and friction in inches of water pressure drop per 100 ft of duct. Table
13.7 (See Appendix B) is based on data in the ASHRAE handbook.

In the equal-friction method, the equivalent round duct is determined for the

required air flow at the predetermined friction factor.
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Table 3.14 size of round ducts

3.18.8 Centrifugal PUMPS:-

The centrifugal pump is a machine that add

flowing water. Al centrifugal pumps are built with t

toward the center of the pump.

for airflow

S energy in the form of velocity to

he suction entrance directed

In heating and cooling systems, water flow is normally produced by pumps.

Centrifugal pumps are most commonly used in heating and cooling systems.

Figure 3.10 Centrifugal pump
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3.18.9 Pump selection:

Pump selection is depending on the head losses (hL) against flow rate (m).
In alia hospital we have four pumps for conditioning system. Two pumps for chiller

and the other two for boilers.

Pumps in Alia Hospital for chiller have the following specifications:-

NAME GRANDFOS
TYPE NB65-315309A-F -A-BAOE
MODEL ADA4511BBJP203-430001
Bar / C max. 16/120

Q 85 m3/h

H 28.8 M

N 1450 min-1

Made in Hungary

3.18.10 Expansion tank selection:-

The volume of water increase when the temperature is increased and this may
cause high pressure on the system parts (such as pipes) and then cause exploding of
the pipe, so; expansion tank should be in the system to conserve constant volume of
water, the expansion tank volume is approximately 8% Of the total volume of the

water in the system.

Figure 3.11 Expansion tank
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Total volume of the water in the system=Boiler capacity (output)*]2

Expansion tank volume = 0.08 * total volume of water

3.18.11 Expansion tank used in Alia hospital:-

In Alia Hospital €xpansion tank have the following specification:-

NAME CAIT
MODEL HL-50
CAPACITY S0L
PRECHARGE PRESSURE 1.5bar
PRESSUR MAX. 10 bar
TEMPRETUARE MAX. 110C

3.19 Ventilation:-

mechanical supply and exhaust. Such systems may include partial treatment such as
heating, humidity control, filtering or purification.

Natural ventilation may be provided by wind force, convection, or a combination
of the two. Although largely supplanted by mechanical ventilation and air
conditioning, natural ventilation stil] is widely used in homes, schools, hospitals, and
commercial and industria] buildings.

Mechanical supply ventilation may be of the central type consisting of a centra]
fan system with distributing ducts serving a large Space or a number of spaces, or of
the unitary type with little or no ductwork, serving a single Space or a portion of large
space. Outside air connections are generally provided for al] ducted systems. Outside
air is needed in controlled quantities to remove odors and to replace air exhausted

from the various building spaces and equipment.
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3.20Ventilation used in Alia Hospital

In Alia Hospital the following things is used in ventilation system

1) Roof top exhaust for toilets ventilation with capacity of 5000 CFM including

Shock absorbers and water proof disconnect switch. Made by Greenheck

2) Kitchen ventilation fan, including shock absorber for delivering 15500 CFM,

With 2 speed motors and disconnect switch. Made by Greenheck

3) Toilets ventilation fan for delivering 19400 CF M, with 2 speed motors, shock.
Absorber, disconnect switch. Made by Greenheck

3.21 Problems in centra] air conditioning system in Alamera
Alia hospital

During our survey in the heating system at Alia Hospital we found that the main

problems existing in the system are summarized as follows:-

1) The central air conditioning is very cold at summer and very hot at winter in berth
portion

2) Gas exist at the chiller is quickly discharged

3) Ventilation fan is quickly stopped as a result of dust and other things and so need

cleaning every small time
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CHAPTER FOUR

PLUMPING SYSTEM

Figure 4-1 hot and cold water piping
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4.1 INTRODUCTION:-

Plumping consist of two things which is water supply system and drainage

distribution system

It is one of the most essential and vital subject that its problems face us every day
and need a fast solution to treat it

Most dwellings and buildings, including those in rural areas are supplied with water
from a public water supply, otherwise known as the mains supply. The design of a mains
water supply needs to consider present demand and anticipated future demand, the size of
the water mains, and the pressure of water in the mains which is known as the 'head', the

height to which the water would rise in a vertical pipe.

The connection to the mains water supply is usually taken to the boundary of the site
and finished with a stop valve or stop cock, housed in a suitable box or purpose chamber.
This chamber may be fitted with a hinged cast iron cover. The cold water supply for the
dwelling is taken from the stop valve to the building, 750 mm below ground level. A
second stop valve should be fitted on the service pipe where it enters the building. Where
possible this should be at the Kitchen sink, although the location is not critical. Inside the
house a drain cock should be fitted above the stop valve to allow the cold water system to

be drained down.
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4.2 HEALTH REQUIREMENTS FOR PLUMBING:-

Plumbing codes place strict constraints on plumbing installations in the interest of
public health. Following are typical basic provisions:

All buildings must be provided with potable water in quantities adequate for the
needs of their occupants. Plumbing fixtures, devices, and appurtenances should be
supplied with water in sufficient volume and at pressures adequate to enable them to
function properly. The pipes conveying the water should be of sufficient size to provide
the required water without undue pressure reduction and without undue noise under all
normal conditions of use.

The plumbing system should be designed and adjusted to use the minimum quantity
of water consistent with proper performance and cleansing of fixtures and appurtenances.

Devices for heating and storing water should be designed, installed, and maintained
to guard against rupture of the containing vessel because of overheating or over
pressurization.

The wastewater system should be designed, constructed, and maintained to guard
against fouling, deposit of solids, and clogging. Provision should be made in every
building for conveying storm water to a storm sewer if one is available.

Recommended tests should be made to discover any leaks or defects in the system.
Pipes, joints, and connections in the plumbing system should be gastight and watertight
for the pressure required by the tests. Plumbing fixtures should be located in ventilated
enclosures and should be readily accessible to users.

Plumbing fixtures should be made of smooth, nonabsorbent materials. They should
not have concealed fouling surfaces. Plumbing fixtures, devices, and appliances should
be protected to prevent contamination of food, water, sterile goods, and similar material
by the backflow of wastewater. Indirect connections with the building wastewater system
should be provided when necessary

Every fixture directly connected to the wastewater system should be equipped with a
liquid-seal trap. This is a fitting so constructed that passage of air or gas through a pipe is

prevented while flow of liquid through the pipe is permitted.
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Foul air in the wastewater system should be exhausted to the outside, through vent
pipes. These should be located and installed to minimize the possibility of clogging and
to prevent sewer gases from entering the building

If a wastewater system is subject to the backflow of sewage from a sewer, suitable
provision should be made to prevent sewage from entering the building. The structural
safety of a building should not be impaired in any way as a result of the installation,
alteration, renovation, or replacement of a plumbing system. Pipes should be installed
and supported to prevent stresses and strains that would cause malfunction of or damage
to the system. Provision should be made for expansion and contraction of the pipes due to
temperature changes and for structural settlements that might affect the pipes.

Where pipes pass through a construction that is required to have a fire-resistance
rating, the space between the pipe and the opening or a pipe sleeve should not exceed 1.2
in. The gap should be completely filled with code-approved, fire-stopping material and
closed off with close-fitting metal escutcheons on both sides of the construction.

Pipes, especially those in exterior walls or underground outside the building, should
be protected, with insulation or heat, to prevent freezing. Underground pipes should be
placed below established frost lines to prevent damage from heaving. And in high traffic
areas should be encased in concrete or installed deep enough so as not to be damaged by
heavy traffic. Pipes subject to external corrosion should be protected with coatings,
wrappings, cathodic protection, or other means that will prevent corrosion. Dissimilar
metals should not be connected to each other unless separated by a dielectric fitting.
Otherwise, corrosion will result.

Each plumbing system component, such as domestic water, natural gas, and
wastewater pipes and fixtures, should be tested in accordance with the plumbing code.
All defects found during the test should be properly corrected and the system retested

until the system passes the requirements of the test.
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4.3 Water Supply:-
Enough water to meet the needs of occupants must be available for all buildings.
Further water needs for fire protection, heating; air conditioning, and possibly process use

must also be met.

4.4 Water Quality:-

Sources of water for buildings include public water supplies, groundwater, and
surface water. Each source requires careful study to determine if a sufficient quantity of
safe water is available for the building being designed.

Water for human consumption, commonly called potable water, must be of suitable
quality to meet local, state, and national requirements. Public water supplies generally
furnish suitably treated water to a building, eliminating the need for treatment in the
building. However, ground and surface waters may require treatment prior to distribution

for human consumption.

4.5 Water pipe sizing by friction head loss

Stepl: draw a riser on this riser show floor to floor heights, run out distance to farthest
fixture on each floor and length of piping from the service point to floor takeoff points

Indicating the number and the type of fixtures served, together with the required flow

Step2: show the WSFU for each fixture and fixture unit total on each piping run out using

table 4.1 (See Appendix C)
Step3: total the fixture unit in each branch of the system. Show both cold and hot water

fixture units and then determine the water demand in gal /mm using table 4-2 (See

Appendix C)

Step4: show source pressure (minimum) and the minimum flow pressure required at the

most remote outlet using table 4-2 (See Appendix C)
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Step5: Compute the equivalent length of pipe for each stack in the system,

the street main and determine the

service point to final outlet.

starting from

pressure available for friction head loss from the

Step6: determine the required pipe size in each section using the friction head loss data

calculated in step 5 and the friction head charts

Note: - choose the pipe sizes from a chart like th

given in the plumbing code being used
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Fig 4-2 chart for determination of flow in copper pipe tubing and other pipes that

will be smooth after 15-20 year of use
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Fig 4-3 chart for determination of flow in pipes such as galvanized steel and

wrought iron that will be fairly rough after 15-20 year of use

Selection is normally based on uniform friction head loss per foot through out and a
maximum water velocity usually 8 fps except that branches feeding quick closing devices

such as flush valve should be limited to about 4 fps to avoid water hummer
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4.6 Water supply design procedure:-

1)

2)

3)
4)

3)
6)

7)

determine the pressure of the source, decide wither to use source directly ,
reduce the pressure or increase it

determine wither to treat the structure as one unit or its necessary to zone
it

decide wither to use up feed system or down feed system

determine the pressure and flow rate for all fixture and all continuous
water use

determine the instantaneous maximum water demand ( WSFU)

determine the size of water service based on the maximum water
requirement

determine the minimum pipe size based on the pressure and flow

requirement of water .use the farthest from the main source

4.7 Water pressure:-

The design of hospital water supply depends on:-

1)
a)

b)

c)

supply water pressure

City mains: - it is the pressure of the water source from municipality and
its range from (30-60) psi. City mains larger than 80 psi cant be use
directly , a pressure reducing valve should be used

Flow pressure: - it is the pressure available at the fixture when the outlet is
wide open and it must equal or exceed minimum fixture pressure.

In adequate pressure:- it is the city line pressure which is insufficient to

provide the required minimum flow pressure

In the case of in adequate pressure a booster pump and pressure tank should

be used

2)
3)

highest water fixture outlet in the hospital

higher minimum fixture pressure outlet
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At non flow condition:-

Main pressure = static head

At flow condition:-

Main pressure = static head + friction head + minimum flow pressure

4.8 Water service sizing:-

It is straight forward gust to count the number of each type of fixture in the hospital.
Water service sizing depends on:-

1) Factor demand (use factor):- such that the fixture is not in continuous use it depends on
duration of use, frequency, and flow.

2) Diversity factor between fixture: - such that not all fixture are used at the same time

The above two factors are called over all diversity factor

Water supply fixture unit (WSFU):- It is used to calculate the probable maximum water
demand and then converted to gpm.
It is more accurate as its number is increases, for small building such as residences and

small offices we use the unit of bath room group.

4.9 Hot Water System:-

The heater is designed to provide hot water at the minimum required temperature in order
to:-

(1) Lower heat loss in piping

(2) Slower scale formation in piping

(3) Avoidance of scalding temperature
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To determine the required size of hot water heater we must know the following:
(1) daily consumption
(2) peak period
(3) Duration of peak period

We have two types of hot water heaters:

(1) Instantaneous water heater: - it is a unit that heat water only when hot water
faucet opens or other fixture demands hot water. They are referred to as tank less
heater because they don’t use any sort of storage tank. They should be large enough
to provide maximum hot water demand immediately at required temperature

A gas burner or an electric element heats the water when there is a demand or a
need for hot water. Hot water never runs out, as long as you don't exceed its designed
"flow rate," and the temperature may be relatively low, around 105°F. Energy is

saved, or more accurately, not wasted as there are almost no standby losses.

(2) Tank type water heater: - are the most common one used. Its advantages that it
makes a large quantity of heated water available on demand

Typical units range in size from 30 to 80 gallons, but smaller and larger tank
available. Most are fueled by electricity, natural gas, propane or oil. Storage water
heaters heat the water in the tank to the set temperature, turn off, and then turn on and
off as needed to keep it hot, ready for use. When you use hot water, the unit comes on
to heat the incoming cold water that replaces what you use.

The figure below shows the hot water storage tank and its connection with the

solar collector that are used for heating water.
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Fig 4-4: solar collector detail

4.10 Water Quantity and Pressure

Quantity of water supplied must be adequate for the needs of occupants and
processes to be carried out in the building. The total water demand may be calculated by
adding the maximum flows at all points of use and applying a factor less than unity to
account for the probability that only some of the fixtures will be operated simultaneously

In addition, the pressure at which water is delivered to a building must lie within
acceptable limits. Otherwise, low pressures may have to be increased by pumps and high
pressures decreased with pressure-reducing valves. Table 4.1 lists minimum flow rates

and pressures generally required at various water outlets. The pressure in Table 4.1 is the
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pressure in the supply pipe near the water outlet while the outlet is wide open and water
is flowing.

In delivery of water to the outlets, there is a pressure drop in the distribution pipes
because of friction. Therefore, water supplied at the entrance to the distribution system
must exceed the minimum pressures required at the water outlets by the amount of the
pressure loss in the system. But the entrance pressure should not exceed 80 psi, to prevent
excessive flow and damage to system components. Velocity of water in the distribution
system should not exceed 10 ft / s.

A separate supply of water must be provided for fire-fighting purposes. This supply
must be of the most reliable type obtainable. Usually, this requirement can be met with
water from a municipal water supply. If the municipal water supply is not adequate or if a
private water supply is utilized, pumps or storage in an elevated water tank should be
provided to supply water at sufficient quantities and pressures. Generally, such water
should be provided at a pressure of at least 15 psi residual pressure at the highest level of
fire-sprinkler protection for light hazard occupancies and 20 psi residual pressure for
ordinary-hazard occupancies. Acceptable flow at the base of the supply riser is 500 to
700 gpm for 30 to 60 minutes for light-hazard occupancies and 850 to 1500 gpm for 60 to

90 minutes for ordinary-hazard occupancies.

Fixture Pressure, psi® Flonw, epim

Basin faucet 8 3
Basin fancet, seli-closing 12 25
Sink faucet. Sx-in | (i 4.5
Sink faucet. Va-in s 4.5
Dishwasher | 5-2% 4
Bathtub faucet 3 0
Laundry tub cock. Yi-in 2
Shower 12 310
Witer closet ball cock |5 3
Water closet flush valve | 520 | 540
Urinal flush valve | 5-20 15
Carden hose, 30011 and sill cock R

Table 4.3 required minimum flow rate and pressure during flow for fixture
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4.11 Water Distribution in Building

Cold and hot water may be conveyed to plumbing fixtures under the pressure of a
water source, such as a public water main, by pumps, or by gravity flow from elevated
storage tanks.

The water-distribution system should be so laid out that, at each plumbing fixture
requiring both hot and cold water, the pressures at the outlets for both supplies should be
nearly equal. This is especially desirable where mixing valves may be installed, to
prevent the supply at a higher pressure from forcing its way into the lower-pressure
supply when the valves are opened to mix hot and cold water. Pipe sizes and types should
be selected to balance loss of pressure head due to friction in the hot and cold-water
pipes, despite differences in pipe lengths and sudden large demands for water from either
supply.

Care should be taken to assure that domestic water piping is not installed in a
location subject to freezing temperatures. When piping is installed in exterior walls in
cold climate areas, the piping should be insulated and should be installed on the building
side of the building wall insulation. Piping installed in exterior cavity walls or chases
may require heat tracing, although the installation of high and low wall mounted grilles,
which allow heated air from the building to naturally flow through the cavity, will usually
prevent the temperature in the cavity from falling below a temperature where water in the
piping will freeze. Designers should thoroughly investigate local climatic conditions and
building methods to assure proper installation. Designers should also specify freeze-

proof-type hydrants (hose bibs) for exterior applications.

4.12 Up-Feed Water Distribution

It is the system in which the city mains pressure is sufficient to over come all
friction in building at the calculated flow rate and still maintain the minimum fixture

pressure required at the highest outlet
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To prevent rapid wear of valves, such as faucets, water should only be supplied to
building distribution systems at pressures not more than about 80 psi. This pressure is
large enough to raise water from 8 to 10 stories upward and still retain desired pressures
at plumbing fixtures (Table 4.1). Hence, in low buildings, cold water can be distributed
by the up-feed method (F ig. 4.1), in which at each story plumbing fixtures are served by
branch pipes connected to risers that carry water upward under pressure from the water
source.

In Fig. 4.5, cold water is distributed under pressure from a public water main. The
hot-water distribution is by a discontinuous system. Hot water rises from the water heater
in the basement to the upper levels under pressure from the cold-water supply to the
water heater.

When an up-feed distribution system is desired, but the city water pressure is not
sufficient to provide adequate water pressure, the water pressure may be boosted to
desired levels by the installation of a packaged, domestic water-booster pump system.
This equipment usually consists of a factory-built system with multiple pumps, a pressure
tank, and all operating controls to maintain the required water pressure. This type of
System may also be used in buildings in excess of 10 stories by proper zoning and the use

of pressure-reducing valves at each zone
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Figure 4.5 up feed system
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4.13 Down-Feed Water Distribution

This system operates by pumping water from city mains or suction tank in the
basement up to a roof tank from which the building outlets are fed by gravity. The pump
action is controlled by float switch in roof tank and suction tank if used in this system the
top floor outlet with minimum static head may be a problem.

For buildings more than 8 to 10 stories high, designers have the option to pump
water to one or more elevated storage tanks, from which pipes convey the water
downward to plumbing fixtures and water heaters. Water in the lower portion of an
elevated tank often is reserved for fire-fighting purposes (F ig. 4.2). Generally, the tank is
partitioned to provide independent, side-by-side chambers, each with identical piping and
controls. During hours of low demand, a chamber can be emptied, cleaned, and repaired,
if necessary, while the other chamber supplies water, as needed. Float-operated electric
switches in the chambers control the pumps supplying water to the tank. When the water
level in the tank falls below a specific elevation, a switch starts a pump, and when the
water level becomes sufficiently high, the switch stops the pump.

Usually, at least two pumps are installed to supply each tank. One pump is used for
normal operation. The other is a standby, for use if the first pump is inoperative. For fire-
fighting purposes, a pump must be of adequate size to fill the tank at the rate of the
design fire flow.

When a pump operates to supply a tank, it may draw so much water from a public
main that the pressure in the main is considerably reduced. To avoid such a condition,
water often is stored in a suction tank at the bottom of the building for use by the pumps.
The tank is refilled automatically from the public main. Because refilling can take place
even when the pumps are not operating, water can be drawn from the public main without
much pressure drop.

Figure 4.6 is a simplified schematic diagram of a down-feed distribution system of a

type that might be used for buildings up to 20 stories high.
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Figure 4.6 down feed system

Tall buildings may be divided into zones, each of which is served by a separate down-
feed system. (The first few stories may be supplied by an up-feed system under pressure
from a public main.) Each zone has at its top its own storage tank, supplied from its own
set of pumps in the basement. All the pumps draw on a common suction tank in the
basement. Also, each zone has at its base its own water heater and a hot-water circulation
system. In effect, the distribution in each zone is much like that shown in Fig. 4.6.

If space is not available to install storage tanks at the top of each zone, the main
water supply from a roof-mounted storage tank may be supplied to the zones if pressure-
reducing valves are utilized to reduce the supply-water pressure to an acceptable level at

each zone.
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4. 14 Water Distribution System Used In Alia Hospital

In Alia Hospital the water that provided from city main is carried away to a storage
tank that exists in the ground floor and then the water is pumped through GRANDFOSS
PUMPS to another storage tank at the roof then the water goes down to the first floor
which then pumped through GRANDFOSS PUMPS to the outlets of the hospital.

Note: - we sce that the system used in Alia hospital is a mixing between down feed and

up feed systems.

4.15 Pumps used in Alia Hospital:
There are two pumps one is used and the other is stand by to distribute the water to the

outlets of the hospital.

NAME GRANDFOS
TYPE NB40-200/210A-F-A-BAQE
MODEL OD2311BB2
Bar / C max. 16/140
Q 64 m3/h
H 47.6 M
N 2920 min-1
There are two pumps one is used and the other is stand by using to rise water to the
storage tank at the roof
NAME GRANDFOS
TYPE NB65-255/265A-F-A-BAQE
MODEL A D4411B9JP2 05430003
P/T 16/120 Bar / C max
Q 71 m3/h
H 18.8 M
N 1450 min-1

78



4.16 Expansion tank used in Alia hospital:-

There are six closed expansion tank in Alia hospital they have the following

specifications:-

NAME CAIT
MODEL HL-200
CAPACITY 200 L
PRECHARGE PRESSURE 1.5bar
PRESSUR MAX. 10 bar
TEMPRETUARE MAX. 110C

And there is one closed expansion tank in Alia hospital it have the following

specifications:-

NAME CAIT
MODEL HL-500
CAPACITY 500 L
PRECHARGE PRESSURE 1.5bar
PRESSUR MAX. 10 bar
TEMPRETUARE MAX. 110C
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4.17 Sanitary Drainage

Its function to carmries away the contaminated water and solids

The drainage or waste system is the most complex member of a well-designed
plumbing installation. It is composed of two parts: the pipes which convey solid and
liquid wastes to the house sewer, and the venting system, which facilitates the rapid
removal of odors and gases from, and allows air to circulate within, the drainage system.
That portion of the drainage system which convoys liquid and solid wastes to the house
sewer begins with the fixture trap, which is usually located directly behind and below the
fixture. Traps are constructed to prevent the back passage of air or gas through a pipe or
fixture without materially reducing the flow of sewage and waste water. As the fixture
discharges, a portion of the fluid is retained in the trap where it remains to form a liquid
seal that prevents the gases that circulates within the drainage system from entering the
room. Water closets have built-in traps.

Piping that carries the discharges of water closets is called soil pipe. Pipes receiving
the discharge of other fixtures are called waste pipes. Indirect wastes are those not
directly connected to the house drain, soil, or waste stack, such as that which draws off
refrigerator drippings. The term stack is used to describe any vertical line of soil, waste,
or vent piping.

The main of any drainage system of horizontal, vertical, or continuous piping is that
part which receives the wastes, vents, or back vents from outlets or traps, either directly
or through branch pipes which extend from the main to the fixture outlet.

The house drain is normally the lowest piping of the drainage system. It receives the
discharge from soil, waste, and other drainage pipes, and extends to the outside of the
house foundation wall, where the house sewer begins.

As stated above, the drainage system allows air to enter and circulate within, and
gases to escape from the drainage system, this portion of piping is known as the venting
system. To obtain some idea of its importance, perform the following, experiment. Fill an
empty cardboard milk container with water, invert it, and allow the water to drain. Notice

the time required for the container to empty. Refill the container and repeat the
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procedure. Once the water begins to flow, punch several holes in the container bottom.
Notice how rapidly and easily the water flows out.

Similarly, the venting system allows the air ahead of a discharge in the drainage pipes to
escape. Moreover, the air that reenters the system behind the discharge helps to speed it
to the house sewer. Furthermore, the circulation of air within the drainage system helps to
reduce corrosion.

The primary importance of the vent system is to prevent siphonage of the fixture
vent traps by supplying air near the trap so there will be an equal supply of air on both
sides of it. The water in the trap prevents sewer gas from going through the trap and out
the fixture. The next most important function of the venting system is to allow air to be

pushed ahead of a discharge without building up back pressure in the drainage system.
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Drainage piping fill

1) Branches are designed to run maximum of 50% fill.
2) Stacks are designed to flow between 25-33% maximum.

3) Building drains and sewer drains may be designed over 50% fill

Drainage piping velocity

1) For branches the recommended velocity is 2 ft/s.0
2) For building the recommended velocity is 3 ft/s.

3) For greasy the recommended velocity is 4 ft/s.

Velocity of water flow through drainage piping depends on
1) Pipe diameter
2) Slope

For the same diameter large pipe diameter required lower slope
For pipes of diameter < 3" the minimum slope is 1/4 in/ft

For pipes of diameter > 4" the minimum slope is 1/8 in/ft

4.18 Drainage pipe sizing procedure

1) Draw a simple riser of the entire system showing all fixtures.

2) Assign drainage fixture units to each fixture according to table 4.4 (See Appendix C),
if a fixture is not listed specifically, base the dfu requirement on its trap sizes are listed in
table 4.5 (See Appendix C) with respected to drainage requirement not due to fixture,
such as non re circulated cooling water or process water, use the conversion of (1gpm =
2dfu).

Thus, For instance, 2 gpm of process water at any drain should be counted as 4 dfu, and

so forth.
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3) Total the drainage fixture units in each drainage pipe and mark them on the drawing.

4) Determine the required size of horizontal fixture branches and stacks from table 4.6
(See Appendix C).

5) Determine the size and slope of the building drain and its branches, and the building
sewer using table 4.7 (See Appendix C).

6) Determine the size and slope found in step 5 meet the requirement of the code and of

table 4.8 (See Appendix C).

4.19 Rainwater Drainage

Exterior sheet-metal gutters and leaders for rainwater drainage are not normally
Included as part of the plumbing work. Interior leaders or storm-water drains, however,
are considered part of the plumbing work. Depending on local codes or ordinances in the
locality, rainwater from various roof areas may or may not be led into the sanitary sewer.
Where separate rainwater leaders or storm drains are used, the building drains are then
called sanitary drains because they convey only the wastes from the various plumbing
fixtures in the building.

Interior storm-water drain pipes may be made of cast iron, steel, plastic, or wrought

iron. All joints must be tight enough to prevent gas and water leakage.
When a combined system is utilized, it is common practice to insert a cast-iron running
trap between the storm drain and the building drain to maintain a trap seal on the storm
drain at all times. Use of a combined system does not eliminate the need for separate
drains and vents for wastewater. All codes prohibit use of storm drains for any type of
wastewater.

Water falling on the roof may be led either to a gutter, from where it flows to a
downspout (Fig.4.8a), or it may be directed to a roof drainage device by means of a slope
in the roof surface. Many different roof drainage devices, such as roof drains (Fig. 4.8b6)
and parapet drains are available for different roof constructions and storm-water

conditions.
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Figure 4-8 Elements of a storm-drainage system: (a ) roof gutter, exterior leader,
and splash pan; (b ) roof drain and top portion of interior leader; (¢ ) piping to a
storm sewer; (d )piping to a combined sewer.

Most plumbing codes include provisions to prevent the collapse of the building
structure due to water pounding on the roof because of a clogged storm drainage system.
In most cases, these codes require installation of overflow roof drains or parapet overflow

scuppers to relieve water from the roof in the event of such a condition. Local authorities

should be contacted to detemine what requirements apply in their jurisdiction.

When vertical leaders are extremely long, it is common practice to install an expansion
joint between the leader inlet and the leader itself. Figure 4.8¢ shows an example of a

connection of a building storm drain to a storm sewer. When the drain must be connected
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to a combined sanitary-storm sewer, a trap should be installed before the connection to
the sewer (Fig. 4.84).

Sizes of vertical leaders and horizontal storm drains depend on the roof area to be
drained. Table 4.9 indicates the maximum horizontal projection of roof area permitted for
various sizes of leaders and horizontal storm drains. Semicircular gutters are sized on the

basis of the maximum projected roof area served. Table 4.10 shows how gutter capacity

varies with diameter and pitch.

Vertical conductors and leaders

Size of leader or conductor, it Maximum projected area, ft* Flow. gal/ min
2 2,176 23
2148 3,948 41
3 6,440 67
4 13,540 144
5 25,120 26l
t 40,800 424
& 88,000 913

Horizental building storm drains and building storm sewers

Maximum projected roof area, ft2, and flow, gal min. for
various slopes

% i per ft slope 14 1n per ft slope L2 in per ft slope

Drain diameter, m Ared Flow Area Flow Area Flow
3 3,288 34 4.640 43 6,576 OX
4 7.520 7% L0LAON {10 15.040 156
5 [3.360 139 [8.880 Lub 26,720 278
i 21,400 222 30200 314 42.800 445
b 46,000 478 65,200 677 G2 00 956

10 82,500 K60 116,800 1214 165,600 1.72
12 133,200 1384 [RE,000 1,953 266400 2.768
15 238,000 2473 336,000 3.491 476.000 4.946

# Roof areas and flows are based on a maximum rainfall mtensity of 1 in Tur for o duration of | hr. For
regions with different maximum rainfall intensity in storms with o [U-year recurrence interval, divide
fabulated areas and flows by that intensity, in”hr.

+The area of rectangular leaders should equal or exceed that of the circular leader required. The rato
of width to depth of rectangular leaders should not exceed 3 to L

Table 4-9 Sizes of Vertical Leaders and Horizontal Drains
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Maximum projected roof area, i, and flow, wal/min, for gutters of
vartous slopes
Ls in per ft L in per ft L3 in per ft L2 in per ft
slope slope slope slope

Gutter diameter, in Area Flow Area Flow Area Flow Area Flow
3 ORI 7 960 11 1,360 14 1920 20
4 1,440 15 2040 21 2880 30 4080 42
5 2,500 26 3,520 37 5.000 52 7.080 74
6 3840 4G SA440 37 7.6R0 R 1LORO 113
7 5.520 57 7,800 81 11.04G LS 15.600 162
8 7.960 §3 11,200 116 14 400 165 | 22400 | 233
10 14,400 150 | 20400 | 212 | 28800 | 209 | 40,000 | 416

Table 4-10 Sizes of Semicircular Roof Gutters

Where maximum rainfall is either more than, or less than,1 in/hr, refer to the
plumbing code for suitable correction factors.
Drains for building yards, subsoil drainage systems, and exterior areaways may also be
connected to the storm drainage system. Where this is not possible, these drains may be

run to a dry well. When a dry well is used, only the discharge from these devices may be

run to the dry well

4.20 Manhole Design:-

We design the manholes around the building so as that the sewage comes from the
stacks flows in , then the sewage flows from one manhole to another so as reaching the
septic tank.

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 then we calculate the
height of the other manholes depending on the spacing between manholes and the slope
of drainage pipes between manhole to be 1.5 % .

As a result of these calculations we estimate the invert level of the manhole that is the
depth of the pipe entering the manhole. And we chose the diameter of the manhole
depending on the depth of the manhole. As below
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®60 cm for manhole depth (50-100)cm.
®80 cm for manhole depth (100-150) cm.
®100 cm for manhole depth (150-250) cm.
®120 cm for manhole depth > 250 cm.

4.21 Manbholes in Alia hospital

Most manholes used in Alia hospital are the rectangular type which has a soft cover made
from cast iron which bears a weight of 8 ton, 25 ton.

For the sewage manholes (see table 4.11 in appendix C).

For the rain table (see table 4.12, table 4.13 in appendix C).
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CHAPTER FIVE

CENTRAL HEATING CALCULATIONS

Figure 5-1 Central heating system
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S.1 Heating load calculation in the Obstetrics & Gynecology

Department as following:

The total area of the first floor = 3900 m? and the total area of Obstetrics &

Gynecology Department of the hospital = 510 m? and the height is 3.35 m

In the Obstetrics & Gynecology Department in Alia hospital the heating system

exist consist of steel radiators and two air handler with the following value:

5.1.1 Heat gain from radiators

By using steel radiator catalogue the heat outputs at all radiators at AT 60°C as

follows:-

Radiators table in First floor:

Radiator no in drawing

Radiator C22/600 size

in cm

Q Rad.

in watt
R-1 40 929
R-2 50 1161
R-3+R-4 40 929
R-5 50 1161
R-6 70 1625
R-7 40 929
R-8 90 2090

Total load = 8.83kW

Table 5.1 Distribution of radiators in the Obstetrics & Gynecology Department

89




5.1.2 Heat gain from air handling units

The first air handler has a flow rate = 7460 CFM that provides rooms and
corridor
With mixing 21% fresh air and 79% return air

And so
Q=m*Cp *AT

As the outside has a temperature = 2°C & relative humidity = 70%
Also the inside has a temperature =22°C & relative humidity = 50%

So from psychometric chart and as there is a mixing so by using the following

equation

mi* T+ mo*T) = (mi+ m)* Ts

M1 = percentage flow rate for fresh air (kg/s).

M2 = percentage flow rate for return air (kg/s).

T = inside temperature (°C)

T2 = outside temperature (°C)

Ts =mixing temperature (°C)

AT = temperature difference between design temperature and mixing temperature
m = flow rate of the first air handler (°C)

Cp = Specific heat for air =1.0 (KJ/Kg.K)
And so
21*2/100 + 79*22/100 = 100* T5/100

So Ts=17.8°C
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Then

AT =22-17.8 = 4.2°C

Q=m*Cp *AT

Q =7460*1.28/2119%1.0%4.2 = 19.0 KW

The second air handler has a flow rate = 1600 CFM that provides surgery

operation rooms with 100% fresh air

So the total load of the two air handler can be calculated from the following

Then
Q=m*Cp *AT

Q = 1600*1.28/2119%1.0%20 = 19.30 KW

And so the total heating load from radiators and the two air handler

Q total = 19.0 + 19.30 +8.83 = 47.13 KW
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5.1.3 Heat loss through walls, ceiling, floor, glass and doors:

For walls
Distance Thermal
Material (CM) Conductivity

1 Stone 5 2.2

2 Concrete 9 1.7

R] Randopan 3 0.12

4 Concrete Block 20 1

5 Plaster 2 1.2

Table 5.2 Walls components in the Obstetrics & Gynecology Department

1
1 0.02 0.2 0.03 0.9 0.05 1
= -

834 12 1 12 1.7 22 125
=1.347 w/m2.°C

For first side of wall:

Qi=U.AAT
=1.347 * 106.2 * 20 = 2861.028 W

For second side of wall:

Q2=U.AAT
=1.347 * 94,785 * 20 = 2553.5 W
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For internal walls:

Distance Thermal
Material (CM) Conductivity
L 1 Concrete Block 14 ' 1
L 2 Plaster 6 l 1.2
Table 5.3 Internal Walls components in the Obstetrics & Gynecology
Department
& |
1006 0.14 ]
+ e ——

834 1.2 1 8.34
=2.326 w/m?.°C

Q3 =U.AAT
=2326*%117.25*%12=3272.6

For glass

Q=U.AAT
=3.2%29.16 * 20 = 1866.24 W
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For door

Distance Thermal
Material (CM) Conductivity
1 PVC 6 0.15
L 2 Wood 5 0.16
Table 5.4 Door components in the Obstetrics & Gynecology Department

1 0.06 0.05 1
+ _—

834 0.15 0.16 8.34

= 1.05 w/m2.°C

Q=U.AAT
=1.05*3.57 * 12 =44.980 W

For floor
Distance Thermal
Material (CM) Conductivity
1 Tiles 3 0.69
2 Mortar 2 0.16
3 Sand fill 10 0.27
4 R.C Slab 45.7 1.85
5 Plaster 1.5 1.2

Table 5.5 Floor components in the Obstetrics & Gynecology Department
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1
1 0015 0.457 0.1+0.02 0.03 1

6.6 1.2 " 1.85 +0.27 0.16 +0.69+10
= 0.952 w/m2.°C
Q=U.AAT
=0.952 ¥ 510 * 12 =5826.24 W

For Ceiling
Distance Thermal
Material (CM) Conductivity

1 Water Proofing

2 Foam concrete 12.5 0.2

screed

3 Reinforced slab 50 1.85

4 Plaster 1.5 1.2

5 Air gap 100 0.026

Table 5.6 Ceiling components in the Obstetrics & Gynecology Department

1
1 0015 05 0.125 1 1 1
+ - + +

+ +
6.6 1.2 1.85 0.2 3691 0.026 10
=0.0252 w/m?2. °C

Q=U.AAT
=0.0252* 510 * 12 = 15422 W

Q total for all walls, ceiling,.. = 16578.8 1w = 16.579 KW
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5.1.4 Infiltration calculations:-

From Palestinian code number of ajr change per hour for hospital rooms and

kitchen and toilets = 2

For windows

Q=m Ah
m=V*2

Ah = enthalpy change between inside and outside of the building (kJ/Kg)
# =108 kg/m? (at outside temperature 2°C and relative humidity 70%) (Kg / m* )

Y= Volumetric flow rate (m*/s)
Y= Number of air changes per hour * room volume
T
NO. Using type Q inf.

1 Toilets 338
2 Room106 2176
3 kitchen 606
4 Room104 1700
5 Room5 1478
6 Room4 1066
7 Room3 1066
8 Room?2 1066
9 Room1 1502
10 Room144 1033
11 Room145 606

L 12 Room146 916 7

96



13 Room148+149 6806

14 Room152 1455

TOTAL LOAD for

windows =21.82 kw

Table 5.7 Infiltration value in the Obstetrics & Gynecology Department

For main door at the first floor

We assume that the number of hospital staff is 100 persons and we assume that

the number of Patients and visitors that this part service are 100 persons.

Q=m Ah

m=V*pP

Aln = enthalpy change between inside and outside of the building (kJ/Kg)
F'=1.28 kg/m? (at outside temperature 2°C and relative humidity 70%) (Kg / m? )
Y= Volumetric flow rate (m’/s)

¥ Number of air changes per hour * room volume

The number of passage per hour = 200 persons

Entrance passage per occupant per hour = 4 from table (6-6)

Infiltration rate due to door opening = 4.757 m3/passage from table (6-5)
Total Infiltration rate = 4.757*%4*200 = 3806 m*/h

m =V*#£ =3806%1.28/3600 = 1.354 ke/s

Q=m Ah = 1.354(43-10)*103 = 44.70 kW
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By using the percentage of area

The total area of this first floor of the hospital = 3900 m? and the Obstetrics &
Gynecology Department in Alia hospital its area = 510 m?.

Q inf. For main door = Q total for door*area of Obstetrics & Gynecology

Department / total area of the first floor

Q inf. For main door = 44.70%510/3900 = 5.84 kW

So the total infiltration from windows and doors
Q inf. = Q inf. door + Q inf, windows = 21.82 +5.84 =27.66

Q total = Q total for all walls, ceiling, ... + Q inf. =44.24 KW
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5.2 Pump Calculations
Qr=m- cp.AT

Q from old hospital = 120 KW

Q from Radiators = 124.925 KW

Q from AHU = Q from AHU1+ Q from AHU2+ Q from AHU3+ Q from AHU4+
Q from AHUS5+ Q from AHU6+ Q from AHU7+ Q from AHUS

=101.23 Ton
=101.23 *3.516=1355.924 KW

- Q from second floor = 125 + 355 = 480 KW

Q Total = Q from Radiators + Q from old hospital + Q from AHU + Q from second

Floor (expected)

=124.925 + 120 + 355.924 + 480
=1080.849 KW

AT =10°C
Cp = 4.18 (KI/Kg.K)
m- = Q Total / (Cp. AT)

m- = 1080.849 / (4.18*10)

=25.85 kg/s
=93.06 m?/h

Total length from pump to farther radiator (supply + return) = 144.8 * 2 =289.6 m

Total Equivalent length = 289.6 * 1.5 =434.4 m
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From the grandffoss catalogue (see figure A 2.1(a) in appendix A) at the

intersecting between flow rate = 93.06 m*h with the curve at the catalog we see that

the head =15 kpa.

AP/EL must be in the range of 200 to 500 Pa/m
From the catalog at head 15 kpa we have AP = 150 kpa

AP/EL = 150000 / 434.4 = 345.3 Pa/m

5.3 pipe sizing
In this case we will to calculate the diameter of main pipe in Obstetrics &

Gynecology Department which carry hot water from boiler to radiators.

Q total from radiators = 8.83 kw
Qr=m-cp.AT
m- = 8.83/(4.18*10) = 0.2112 kg/s

By using chart in figure 2.11
We have flow rate = 0.2112 kg/s and pressure drop = 345.4 pa/m

So the main pipe diameter = 25 mm
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CHAPTER SIX

AIR CONDITIONING CALCULATIONS
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Figure 6-1 cooling load component
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6.1 Cooling load calculation in the Obstetrics & Gynecology

Department as following:

The total area of the first floor = 3900 m? and the total area of Obstetrics &
Gynecology Department of the hospital = 510 m? and the height is 3.35 m

In the Obstetrics & Gynecology Department in Alia hospital the cooling system
exists consist of tow air handler the first Air handling unit using in delivery room of
Obstetrics & Gynecology Department of the hospital and the second Air handling unit

using in operation room

6.1.1 Heat Gain Due To walls, ceiling, floor, glass and doors:

For walls

|
1 0.02 02 0.03 09 0.05
2

e

2 12.5

834 12 1 12 17
=1.347 w/m2.°C ( see table 5.2)

The calculation of this type of heat gain can be obtained by using the following

relation for the heat transmission through the walls.

Q= U*A*(CLTD) corr

> Where:

Q: Heat flow through the walls, ceiling, floor, by conducting. (Watt)
U: Over all heat transfer coefficient (W/m2.K).

A: Out door Area of heat conductive. (m?)

CLTD: the total equivalent temperature difference which take in
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Consideration the increase of wall temperature due to

Absorption of solar radiation
Note: - the value of CLTD js called cooling load temperature difference
The value CLTD extracted from tables 3-13 (See Appendix B) needs to be

corrected so that the actual value is found for different cases, and hence it will be

called corrected CLTD and can be calculated from the following equation

(CLTD) corr = (CLTD+ LM) K + (25.5-Ti) + (To, m -29.4) f

- Where:

CLTD: is called cooling load temperature difference which can obtain from table 3-
13 (See in Appendix B) for walls and roofs

LM: Latitude correction factor which can obtain from table 3-2 (See Appendix B) for
horizontal and vertical surfaces

K: colors adjustment factor such that k=1.0 for dark coloured roofs

And k=0.65 for Permanently Light coloured walls

(25.5-Ti): a correction factor for indoor design temperature where Tj is the room

design temperature °c and = 24°C

To, =the out door design temperature °c and = 35°C

(To, m -29.4): a correction factor for outdoor mean temperature To,m

It is related to the out door design temperature To, according to the relation

To,m=To-DR /2
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DR: the daily temperature range which equal to the difference between the Average
maximum and Average minimum temperature for Wormest month of the summer

s€ason

Note: - Average maximum and Average minimum temperature for theWormest
month of the summer season = 35°C, 23°C Respectively
f: attic or roof fan factor such that f=1.0 if there is no attic or roof fan &

f=0.75 if there is an attic or roof fan

For east wall:
Q= U*A*(CLTD) corr

So we must do the following calculations

To,m=To-DR /2
To, m = 35-(35-23)/2=29 °C

(CLTD) corr = (CLTD+ LM) K + (25.5-Ti) + (To, m -29.4) f
(CLTD) corfor cast wanl = (9+ -1.1)0.65 + (25.5-24) + (29-29.4)*1 = 6.235 °C

Q= U*A*(CLTD) corr
Q east wall= 1347*8192*6235 =688.0 w

For west walls:
As a result that these walls besides an unconditioned spaces so the temperature

of these spaces are uniform and = 35°C

Q= U*A*AT
Q westwar= 1.347%93.98%(35-24) = 1392.50 v

104



For internal south and north walls:

l
l 0.06 0.14 l
o t—
834 1.2 | 8.34

=2.326 w/m2.°C ('see table 5.3 )

Q= U*A*AT
Q south internal wall = 2326*5673*(35-24) =1451.50 w

Q north wall™= 2.326%24.62*(35-24) = 629.93 w

For floor
As a result that the ground floor below this floor is unconditioned space so the
temperature of the unconditioned Space are uniform and = 35 °C and so we can use

the following equation to calculate heat flow from floor:-
Q= U*A*AT

|
1 0015 0457 01 002 0.03 1
+—— 4

—+

6.6 1.2 1.85 027 0.16 0.69 10
= 0.952 wm2.°C ( see table 5.5 )

Then we can calculate heat flow as following:-

Q= U*A*AT

Q floor = 0.952*466.5%(35-24) = 4885.20 W
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For Ceiling
As a result that this ceiling exposed to the outside air so the temperature
difference can be calculated using cooling load temperature difference(CLTD) and so

Wwe can use the following equation to calculate heat flow from ceiling;:-

Q= U*A*(CLTD) corr

1
U:\
1 0. 0.125 1 1 1

0.015
T T P e SN ]
6.6 12 185 02 36.91 0.026 10

=0.0252 w/m2. °C (see table 5.6)

Then we can calculate heat flow as following:-
Q= U*A*(CLTD) corr

So we must do the following calculations

To,m=To-DR /2
To,m= 35-(35-23)/2=29 °C

(CLTD) corr = (CLTD+ LM) K + (25.5-Ti) + (To, m -29.4)
(CLTD) corr for roof = (10+ -05)1 .0+ (255-24) + (29-294)*1 =10.60 °c

Q= U*A*(CLTD) corr
Q ro0r=0.0252 *466.5%10.60 = 124.62 '4%%

So the total heat flow through walls as follow

Q total for walls = Q east wall + Q west wall+ Q north wall +Q south internal wall +Q floor
+Q roof

Q total for walls =688.0 + 1392.50 +629.93 + 1451.50 + 4885.20 + 124.62= 9.17 kW
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For glasses:-

We have glasses on east and west walls and no glasses on north and south walls

and so we can use the following equation to calculate heat flow from glasses:-

Q ToraL east = Q conv. + Q 1=
Q conv. = U*A*(CLTD) cor
Qmr=A (SHG)*(SC)*(CLF)

- Where:

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 extracts from table 3-3 (See Appendix B)

SC: Shading coefficient this factor accounts for different shading effects of
the glass wall or window and can be extracted from tables 3-4 (See
Appendix B) for single and double glass without inside shading or
From table 3-5 (See Appendix B) for single and double glass as

Well as for insulating glass with internal shading

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 3-6 (See Appendix B) for glass without

Interior shading or from table 3-7 (See Appendix B) for glass with

Interior shading

CLTD: is called cooling load temperature difference which can obtain

From table 3-8 (See Appendix B) for glass convection
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For east glass

Q ToraL east = Q cony, + Q 1r.

Q conv. = U*A*(CLTD) corr

Q conv. =3.2%14.76 *8 = 37786 w

Qmr=A (SHG)*(SC)*(CLF)

QT =14.76 *615%0.25%0.20 = 453.87 w

Q toraL east = Q conv. + Q 1R-377.86 + 453.87 = 831.73 w

For west glass

Q ToraL west = Q conv. + Q =

Q conv. = U¥A*AT

Q conv. =32 % 14.40 ¥(35-24) = 506.88W

Qm=A (SHG)*(SC)*(CLF)

Q1 =14.40 *663*0.25%0.84= 2005.0 W

Q ToraL west= Q conv. + Q 1rR=506.88 + 2005.0 = 25] 1.88W

So the total heat flow through walls as follow

Q total for glasses = () ToTAL €ast + Q TorAL west

Q total for glasses = 83173 *+ 251 188 = 334 kW

For doors:-

We have one door on south wall and no doors on other walls and as a result that
these door beside an unconditioned space so the temperature of the unconditioned
Space are uniform and = 35 °C and so we can use the following equation to calculate

heat flow from door:-
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Q= U*A*AT

1
1 0.06 0.05 1|

-
834 0.15 0.16 834
= 1.05 w/m2.°C ( see table 5.4 )

2> Where:

Q: Heat flow through the door by conducting. (Watt)

U: Over all heat transfer coefficient (W/m2K).

A: Out door Area of heat conductive. (m?)

AT: the total equivalent temperature difference between air-conditioned

Space and the unconditioned space which temperature = 35°C

Then we can calculate heat flow as following:-

Q= U*A*AT
Q total door = 1.05*3.57*(35-24) =4123 W

6.1.2 Heat Gain Due To Ventilation:-
The total cooling load due to ventilation consists of two parts sensible cooling

load and latent cooling load and so
From psychometric chart:-
As the outside has a temperature = 35°C & relative humidity = 60% Then outside

enthalpy = 90.0 KJ/Kg

Also the inside has a temperature =24°C & relative humidity = 45% Then inside
enthalpy = 45.0 KJ/Kg
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So for the Obstetrics & Gynecology Department in Alia hospital as following:

Qt=m*(h2-h1)
Qt=8*95/0.901 *1000 *(90.0-45.0) = 37.96 KW

- Where:

Q ventilation = Total load for ventilation in the Gynecology Department and operation
Room in Alia hospital

Q GYN =Total load for ventilation in the Gynecology Department in Alia hospital

Q opera =Total load for ventilation in operation room in Alia hospital

m = total flow rate for fresh air (kg/s)
hi = inside enthalpy (KJ/kg)

ha = outside enthalpy (KJ/kg)

6.1.3 Heating Gain Due To Lights:

Q . = lighting intensity* A*CLF* Diversity Factor
Q Lt = 20*466.5%0.36*0.4 =1.34 Kw

->Where:

Lighting intensity: 10-30 w/ m? for hospitals so we will take 20W/ m>

A area of the Obstetrics & Gynecology Department in Alia hospital

CLF Lt: the light cooling load factor from tables3-10 (See in Appendix B)
Diversity factor: 0.4 for lights from tables3-11 (See in Appendix B)



6.1.4 Heating Gain Due T0 occupants:

Q total for occupant = Q sensible T Q latent

Q 1uen = heat gain latent * No. of people* Diversity Factor
Q latent = 57.0%95* 0.5 = 2707.50 W

Q sensible = heat gain latent * No. of people* CLF* Diversity Factor
Q sensible = 71.5%95%0.39%(0.5 =1324.54 W

So the total cooling load from people in the hospitals

Q total for occupant = Q sensible 1 Q latent

Q wow for occupant = 1324.54 + 2707.50 = 4.03 Kw

- Where:
Heat gain latent and sensible: from tables 3-1 6 (Sce in Appendix B)

A area of the Obstetrics & Gynecology Department in Alia hospital
Diversity factor: 0.5 for peoples from tables3-11 (See in Appendix B)
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6.1.5 Heating Gain Due T equipments and motors:

In the Obstetrics & Gynecology Department in Alia hospital we have the flowing

devices and its outputs:

Type Total Number of Output (w)
devices
Ultrasound 3 70 7
Table lamp 4 50
television 1 100
Coffee boiler 1 1779
Befri gerator 1 180
Restator - 200 7
Lcomputer 1 100 —’
CTG 6 50 j
microwave 1 300 '
Ultracasional 1 ’ 55 T
Cooking gas 1 ' 100 j
B ’ Total =4.129 kw 7

Table 6.1 Equipments in the Obstetrics & Gynecolog

And so the total

as following:

Q total for load = Q for all walls + Q all glasses+ Q all doors +Q ventilation +Q

+Q all occupants + Q equipments and motor

Q total forload = 9.17+ 3.34 + 0.041+ 37.96 + 1.34 + 4.03 +4.129=60.01 kW

y Department

all lights

tflow rate in the Obstetrics & Gynecology Department in Alia hospital



We usually use units that operate at 80% from total load in order to make it in
continuous operation of the units to maintain a cretin relative humidity and

temperature ran ge

So
Q operation = Q total *80%

Q operation — 6().0] * 80% = 48.0 kW

6.2 Cooling load calculation in the operation room

6.2.1 Heat Gain Due To walls, ceiling, floor, glass and doors

For east wall:

It is near unconditioned Space so we use AT instead of CLTD because the
temperature is uniform and not exposed to sun light and As a result that these walls
besides an unconditioned Spaces so the temperature of these Spaces are uniform and =
35°C

Q=U*A* AT
Q cast wall= 1.347*%7.71 *(35-24) =114.20w

For west walls:
As a result that these walls besides an unconditioned Spaces so the temperature

of these spaces are uniform and = 35°C

Q= U*A* AT
Q westwar= 1.347%14.40%(35-24) =213 37W
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For internal south and north walls:

Q= U*A*AT
Q north wall— 2326*2764*(35'24) = 67983 w

Note: - As a result that these walls besides an conditioned spaces so the temperature

of these spaces are uniform and = 24°C and so there is no heat transfer between these

space and operation room because AT = zero

For Floor
Q floor = U*A*AT
Q floor = 0.952*43.5%(35-24) = 455.53W

For Ceiling
Q=U*A*(CLTD) corr
Q roof =0.0252 *43.50%10.60 = 11.62 kW

So the total heat flow through walls as follow

Q total for walls = Q east wall + Q west wall+ Q north wall +Q south internal wall +Q floor
+Q roof

Q total for operation roomzl 1420 + 21337 + 67983+5553+1 162 :1075 kW

Note: there is no glasses or doors that in direct contact with operation room
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6.2.2 Heating Gain Due To Ventilation:-

The total cooling load due to ventilation consists of two parts sensible cooling

load and latent cooling load and so

From psychometric chart:-

As the outside has a temperature = 35°C & relative humidity = 60% Then outside

enthalpy = 90.0 KJ/Kg

Also the inside has a temperature =24°C & relative humidity = 45% Then inside

enthalpy = 45.0 KJ/Kg

So for the operation room in Alia hospital as [oliowing:

Qe=m*(h2-h1)

Q=15%5/0.901 *1000 *(90.0-45.0) =3.75 KW

6.2.3 Heating Gain Due To Lights:

1. = lighting intensity* A*CLF* Diversity Factor
Q ghting y y
Q Lt =20%43.5%0.36*0.4 =125.28w

6.2.4 Heating Gain Due T0 occupants:

Q total for occupant = Q sensible T Q latent
Q et = heat gain latent * No. of people* Diversity Factor

Q latent = 57.0%5% 0.5 = 142.50 W

Q sensibie = heat gain latent * No. of people* CLF* Diversity F

actor



Q sensible = 71.5%5%0.39%0.5 =70.0 W

So the total cooling load from people in the operation room

Q total for occupant = Q sensible T Q latent

Q total for occupant = 70.0+ 142.5=212.50 w

6.2.5 Heating Gain Due T0 equipments and motors:

In the operation room in Alia hospital we have the flowing devices and its outputs:

type Total Number of devices Output (w)
Table lamp 1 50
Another equipments 6 507

Total =557w

Table 6.2 Equipments in the operation room

6.2.6 Heating Gain Due T0 infiltration:-

We must change the air of the operation rooms between (15 to 20) once per hour

In order to maintain the condition of the operation room healthy

Q infiltration — IMo* (h o0- hx)

Therefore,

m wr = N*V /vO

m mr = 20 *(43.5%3.35)/3600 =0.81 m? /sec

m inr — 0.81/0.901 = 0.90 kg / s

Q 1nxe = 0.90 (90.0 -45.0) = 40.50 kW

Q s=0.90(35.0 -24.0) = 9.90 Kw
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And so
QL =Qmnr=-Q s

Qv =40.50- 9.90 = 30.60 kW

- Where:

m inf = flow rate for return air (kg/s).
hi = inside enthalpy (KJ/kg)
ho = outside enthalpy (KJ/kg)
Q v = total load of infiltration from outside air (KWwW)

Q s= sensible load of infiltration from outside air (KwW)

Q L= latent load of infiltration from outside air (Kw)

N = number of air change for operation room we use 15 once per hour

Q total for load = Q for all walls + Q all glasses+ Q all doors +Q ventilation +Q all lights

+Q all occupants + Q equipments and motor + Q ventilation + Q infiltration

Q rotal for load = 1.075+3.75+ (. 12528+ 0.2125+0.557+ 40.50 = 46.22 kW

We usually use units that Operate at 80% from total load in order to make it in
continuous operation of the units to maintain a cretin relative humidity and

temperature range

So
Q operation — Q total *80%

Q operation — 4622 * 80% = 3698 kW
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6.3 Calculation for air handling units

6.3.1 Air handling unit in the Obstetrics & Gynecology Department
In the Obstetrics & Gynecology Department in Alia hospital the cooling system

exists consist of tow air handler with the following value:

The first air handler has a flow rate = 7460 CFM that provides rooms and corridor

with mixing 21% fresh air and 79% return air

And so
As the outside has a temperature = 35°C & relative humidity = 60%
Also the inside has a temperature =24°C & relative humidity = 45%

From psychometric chart by using mixing properties then:-

As the outside has a temperature = 35°C & relative humidity = 60% Then outside
enthalpy = 90.0 KJ/Kg

Also the inside has a temperature =24°C & relative humidity = 45% Then inside

enthalpy = 45.0 KJ/Kg
The component of the cooling load of the Obstetrics & Gynecology Department in

Alia hospital are summarized as follows

For first air handler

Item Q for Q all Q all Q Q all Q Q T
all walls glasses doors lights occupants equipments | total for
and motor load
Q 2.11 3.34 0.041 1.29 1.33 4.23 19.34
sensible(Kw)
Q 270 | e 2.70
latent (k“’)

Table 6.3 Cooling load in the first air handler
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We have cooling and dehumidification process suggested for air conditioning the

Obstetrics & Gynecology Department in Alia hospital

The flow rate of fresh air Mo is obtained as follows

mo = Vo /vo
mo = 8%95/1000%0.901 =0.844 kg/s

- Where:

Mo = flow rate for supply air (kg/s).
Vo= Specific volume for fresh air (m? / kg)

Vo = volumetric flow rate for fresh air (m?/s)

The flow rate of supply air Ms is obtained as follows

Ql :ms* (hx - hs)

- Where:

Qt = total cooling load (kW)
ms = flow rate for supply air (kg/s).
hi = inside enthalpy (KJ/kg)

hs= supply enthalpy (KJ/kg)

To obtain hs we have to determine state (s) by using try and error method and

calculating the space SHR as follows
SHR = Qs/ (Qs + QL)

SHR =19.34/ (19.34 + 2.70)
SHR = (.88
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And by using try and error method by assuming that Ts = 17.0°C and using the SHR

line so
SHR = (Ti-TS)/ (hi -hs)
0.88 = (24-17)/ (45.0- hs)

Then
hs =37.0 Kl/kg

Also From psychometric chart the enthalpy of state (s) hs =37.0(KJ/kg) and hi =

45.0(KJ/kg)

So

Qs =ms* (Ti-TS)

19.34 = ms* (24.0 - 17.0)
ms =2.76 (kg/s)

- Where:

SHR = sensible heat ratio
Qs = total sensible cooling load (kW)
hi = inside enthalpy (KJ/kg)

hs= supply enthalpy (KJ/kg)

Ti = inside temperature (KJ/kg)

Ts= supply temperature (KJ/kg)

The volumetric flow rate Vs, for supply air is

VS — ms*Vs

Where vs=0.83 m*/ kg (From psychometric chart) therefore

Vs =2.76*0.83

Vs =230 m3/s



- Where:

ms = flow rate for supply air (kg/s).
Vs = Specific volume for supply air (m? / kg)

Vs = volumetric flow rate for supply air (m?/ s)
To calculate the capacity of the required cooling coil Q c.c,

So
Q I:ms* (hmix -hs)

Where h mix, is obtained from mixing process as follows

mi *h1+ mo*ho =ms* h mix
(2.76-0.844)* 45.0 + 0.844*90.0 = 2.76* N mix

Then
h mix = 58.76 K.]/kg

Then
Q c.cl :lns* (h mix - hs)

Q cc1 = 2.76 *(58.76 — 37.0) = 60.01kW

- Where:

mi = flow rate for fresh air (kg/s).

Mo = flow rate for return air (kg/s).
ms = flow rate for supply air (kg/s).
hi = inside enthalpy (KJ/kg)

ho = outside enthalpy (KJ/kg)



hmix = mixing enthalpy (KJ/kg)

hs= supply enthalpy (KJ/kg)

Vo= Specific volume for outside air (m*/kg)
Vo = volumetric flow rate for outside air (m?/ s)

Q cc = total load for cooling coil (kW)

A direct expansion cooling coil with capacity of (60.01) kW may be selected for
this application. Such selection is made from the manufacture catalogues of such
equipment It should be noted that the difference in value between the cooling coil
capacity (60.01) kW and the total cooling load of the Obstetrics & Gynecology
Department in Alia hospital (22.04) kW is due to cooling the ventilation air from its

outside conditions to the inside desi gn conditions where

Qv=mo+ (ho- hi)

Therefore,

Qv=10.844 (90.0 -45.0) = 37.98 kW

2> Where:

Mo = flow rate for return air (kg/s).
hi = inside enthalpy (KJ/kg)
ho = outside enthalpy (KJ/kg)

Qv = total load for ventilation fro outside air (kW)

Equal pressure drop method is used for sizing the duct system with main duct

velocity 0f 6.5 m/s from tables 3-17 (See in Appendix B).
We will use two supply ducts for the first air handler one for rooms at east and

the other for room at west and one return duct will pass between the two supply ducts

which will return air from the corridor and rooms at east and west.
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6.3.2 Air handling unit in the operation room

The second air handler has a flow rate = 1600 CFM that provides operation

rooms with 100% fresh air.

For second air handler

Item Q for Q all Q all Q all Q all Q Q totﬂ
all walls glasses doors lights occupants equipments | for load
and motor
Q 1502.05 | —-—- | o 125.28 | 70.0 145.0 1842.3?’
sensible(W)
Q 142.80 | s 142.50
Eent (W)

Table 6.4 Cooling load in the second air handler

We have cooling and dehumidification process suggested for air conditioning the

Obstetrics & Gynecology Department in Alia hospital.

And so

The flow rate of fresh air Mo is obtained as follows

mo = Vo /vo

Mo = 15%5/(1000%0.901) =0.0832 ke/s

> Where:

Mo = flow rate for supply air (kg/s).
Vo= Specific volume for fresh ajr (m*/kg)

Vo = volumetric flow rate for fresh air (m?/ s)
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And so
The flow rate of supply air Ms is obtained as follows
Ms =Mo + M mnf

ms = 0.0832 + 0.90 = (0.983 kg/s

- Where:

ms = flow rate for supply air (kg/s).
Mo = flow rate for supply air (kg/s).

m i = flow rate for return air (kg/s).

To obtain hs we have to determine state (s) by using the following equation and

calculating the space SHR as follows:

Qt =iTis* (ho-hs)
46.22 =0.983* (90.0-hs)
hs = 42.98 KJ/kg

And so

Qs =ms* (To-TS)

12.66 = 0.983* (35.0 - TS)
Ts =22.12

- Where:

Qt = total cooling load (kW)

ms = flow rate for supply air (kg/s).
ho= out side enthalpy (KJ/kg)

hs= supply enthalpy (KJ/kg)

Qs = total sensible cooling load (kW)
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To= outside temperature (KJ/kg)

T = supply temperature (KJ/kg)

Also by using construction line (SHR line) as flows

SHR = Qs/ (Qs + QL)
SHR = 1842.33/ (1842.33 + 142.5)
SHR = 0.93

So

—>Where:

SHR = sensible heat ratio
Qs = total sensible cooling load (kW)

QL = total latent cooling load (kW)

Also by using psychometric chart at SHR = 0.93 & hs =42.98 So Ts = 22.12°C

And so

The volumetric flow rate Vs, for supply air is

Vs = ms*vs

Where Vs=0.901 m?®/ kg (From psychometric chart) therefore
Vs =0.983 *0.901

Vs =0.886 m®/s
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- Where:

ms = flow rate for supply air (kg/s).
vs= Specific volume for supply air (m* / kg)

Vs = volumetric flow rate for supply air (m?*/s)

To calculate the capacity of the required cooling coil Q c.c,

So
Q t:ms* (ho 'hs)

Q cel = 0.983 ¥(90.0 — 42.98) = 46.22 kW

->Where:

ms = flow rate for supply air (kg/s).

ho = outside enthalpy (KJ/kg)

hs= supply enthalpy (KJ/kg)

Vo= Specific volume for outside air (m* / kg)

Q cc = total load for cooling coil (kW)

A direct expansion cooling coil with capacity of (46.22) kW may be selected for
this application. Such selection is made from the manufacture catalogues of such
equipment It should be noted that the difference in value between the cooling coil
capacity (46.22) kW and the total cooling load of the Obstetrics & Gynecology
Department in Alia hospital (1.985) kW is due to cooling the ventilation and

infiltration air from its outside conditions to the inside design conditions where

Qv: Mo* (ho- hl)
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Therefore,

Qv= 0.0832 (90.0 -45.0) = 3.744 kW
&

Qint= Mins (hoo- hi)

Qint= 0.90 (90.0 -45.0) = 40.50 kW

And so
Q c.61 = Qinf+ Qv + Qtotal load
Q cel =3.744 + 40.5 + 1,985

Q co1 =46.22kW

—->Where:

Mo = flow rate for return air (kg/s).

hi = inside enthalpy (KJ/kg)

ho = outside enthalpy (KJ/kg)
Qv = total load for ventilation from outside air (kW)
Qinr = total load for ventilation from outside air (kW)

Quotal 10ad = total load for from walls, lights, equipments, occupant, (kW)

Equal pressure drop method is used for sizing the duct system with main duct velocity

0f 5.0 m/s from tables 3-17 (See in Appendix B)
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6.4 Ducts distribution

We use two supply ducts above for ceiling in the Obstetrics & Gynecology
Department in ali hospital one near the east wall and one near the west wall and one

return duct will pass between them at the meddle of them

We will use one supply ducts above for ceiling in the in the operation room in

Alia hospital and one return duct

6.4.1 Ducts distribution in the Obstetrics & Gynecology Department

We will use the percentage of load to calculate the flow rate for the two supply

ducts as follows:
The total load at east side Qe =32.79 kW and at the west Qw =27.22 kW and the

total load for the Obstetrics & Gynecology Department in Alia hospital = 60.01 KW

Me— ms*Qe/Qt
me=2.76%32.79/60.01
me=1.51 kg/s

SO

Mmw =IMs- Me

mw = 2.76-1.51 =1.25 kg/s

—>Where:

me = flow rate for supply air at east side (kg/s).
mw = flow rate for supply air at west side (kg/s).
ms= total flow rate for supply air (kg/s).

Q- = total load for rooms at east side (kW)

Qw = total load for rooms at west side (kW)
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Q: = total load for the Obstetrics & Gynecology Department (kW)

For east duct

The volumetric flow rate Ve, for duct supply air at east side 1s

Ve = me*Vs

Where Vs-0.83 m®/ kg (From psychometric chart) therefore

Vs —1.51*0.83
Vs —=1.25 m3/s
—->Where:

me = flow rate for supply air at east side (kg/s).
vs = Specific volume for supply air (m*/ kg)

Ve = volumetric flow rate for duct supply air at east side (m®/ s)

For first duct section 1-1 V=125m*/s & v = 5.0 m/s.

And so

V =v *(11/4) d&*

1.25=5 *(11/4) d*

d=564.33 m

From figure B 3-2(b) (See in Appendix B)at V =1.25m*/s & v = 5.0 m/s, then (AP

/ EL) = 0.50 Pa/m

—->Where:

V = velocity at the main duct (m/ s)
V= flow rate at the main duct (m*/ s)

d = diameter of the main duct (m)
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The other duct sections are sized following the same procedure. The result

as shown
Room no. | Duct | Total load | Volumetric | Diameter | Diameter | For Velocity | Friction
section | for flow rate | by from chart | rectangular | (m/s) loss
rooms(kw) | (m*/s) calculation | (mm) Duct(a*b) (Pa/m)
(mm) (mm)
Main duct | 1-1 32.79 1.25 564.33 600.0 500.0*600.0 | 5.0 0.50
Preparation | 1-2 4.39 1.25 564.33 600.0 500.0*600.0 | 5.0 0.50
ward
104 1-3 4.69 1.08 529.88 550.0 450.0*600.0 | 4.90 0.50
5 1-4 2.72 0.90 488.0 500.0 350.0*600.0 | 4.80 0.50
- 1-5 2.60 0.80 470.69 500.0 350.0*600.0 | 4.60 0.50
103 1-6 10.26 0.70 450.18 450.0 300.0*600.0 | 4.40 0.50
3 1-7 2.60 .31 331.20 350.0 200.0*600.0 | 3.60 0.50
2 1-8 2.60 0.21 286.90 300.0 200.0*400.0 | 3.25 0.50
1 1-9 2.93 0.11 223.70 225.0 200.0*225.0 | 2.80 0.50

Table 6.5 Distribution of flow rate of duct sizing for east duct

To select the required size for round ceiling diffuser, we refer to table 3-22 (See

in Appendix B) and select 8.0 round ceiling diffuser each has throw range from 1.20

to 2.10 m and a diameter of 20.0cm which give a volumetric flow rate 0.11 m* /s the

diffuser pressure drop is 14.90 Pa and noise criteria NC of 19.0 which is consistent

with the application considered in the Obstetrics & Gynecology Department in Alia

hospital.

If square diffusers are to be selected then from table 3-23 (See in Appendix B)

indicates that a diffuser size of (23.0%¥23.0) cm gives a volumetric flow rate 0.112 m’

/s which has throw ranging from 1.80 to 4.30 m with pressure drop is 13.90 Pa.
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For west duct

The volumetric flow rate Vw, for duct supply air at west side is
Vw = mw*vs

Where vs-0.83 m® / kg (From psychometric chart) therefore

Vs =1.25*%0.83

Vs =1.04 m*/s

—->Where:

mw = flow rate for supply air at west side (kg/s).
vs = Specific volume for supply air (m* / kg)

Vw = volumetric flow rate for duct supply air at west side (m*/ s)

For first duct section 1-1 V=104m3/s&v=>50ms.
And so
V =v *(I/4) d*

1.04 =5.0 *(11/4) d*
d=514.75 mm

From figure B 3-2(b) (See in Appendix B) at V =1.04 m*/s & v = 5.0 m/s, then (AP

/EL)=0.55Pa/m

- Where:

v = velocity at the main duct (m/ s)
V= flow rate at the main duct (m*/ s)

d = diameter of the main duct (m)
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The other duct sections are sized following the same procedure.

The result as shown

Room Duct | Total load | Volumetric | Diameter by | Diameter | For Velocity | Friction
no. section | for rooms | flow rate calculation | from chart | rectangular | (m/s) loss
(kw) (m?/s) (mm) (mm) Duct(a*b) (Pa/m)
(mm)

Main 1-1 27.22 1.04 514.75 550.0 400.0*%650.0 | 5.0 0.55
duct

144 1-2 3.40 1.04 514.75 550.0 400.0*%650.0 | 5.0 0.55
147 1-3 2.47 0.91 486.40 500.0 400.0*550.0 | 4.90 0.55
146 1-4 2.37 0.82 466.50 500.0 400.0*550.0 | 4.80 0.55
149 1-5 4.09 0.73 449.62 450.0 400.0*450.0 | 4.60 0.55
corridor | 1-6 2.47 0.58 409.78 450.0 400.0*450.0 | 4.40 0.55
151 1-7 5.09 0.49 390.02 400.0 300.0*450.0 | 4.10 0.55
152 1-8 2.37 0.30 325.82 350.0 300.0*350.0 | 3.60 0.55
158 1-9 2.47 0.21 280.05 300.0 250.0%300.0 | 3.40 0.55
161 1-10 1.26 0.11 219.82 235.0 150.0*300.0 | 2.90 0.55
154 1-11 1.23 0.062 177.74 200.0 150.0%225.0 | 2.50 0.55

Table 6.6 Distribution of flow rate of duct sizing for west duct

To select the required size for round ceiling diffuser, we refer to table 3-22 (See

in Appendix B) and select 10.0 round ceiling diffuser each has throw range from 0.90

to 1.80 m and a diameter of 15.0 cm which give a volumetric flow rate 0.070 m*/ s

the diffuser pressure drop is 22.40 Pa and noise criteria NC of 22.0 which is

consistent with the application considered in the Obstetrics & Gynecology

Department in Alia hospital.

If square diffusers are to be selected then from table 3-23 (See in Appendix B)

indicates that a diffuser size of (15.0%¥15.0) cm gives a volumetric flow rate 0.065 m?

/s which has throw ranging from 2.40 to 6.0 m with pressure drop is 17.9 Pa.

132




6.4.2 Ducts distribution in the operation room

For first duct section A-B V =0.886 m3 /s & v =5.0 m/s. since

V = v *(I1/4) d

0.886 = 5 *(I1/4) d?

d=475.11 mm

From figure B 3-2(b) (See in Appendix B) at V =0.886 m* /s & v = 5.0 m/s, then

(AP / EL) = 0.60 Pa/m

—>Where:

v = velocity at the main duct (m/ s)
V= flow rate at the main duct (m?/ s)

d = diameter of the main duct (m)

The other duct sections are sized following the same procedure. The result as shown

Room no. Duct Total load | Volumetric | Diameter by | Diameter | For Velocity | Friction

section | forrooms | flow  rate | calculation | from chart | rectangular | (m/s) loss
(kw) (m?/s) (mm) (mm) Duct(a*b) (Pa/m)
(mm)

Main duct 1-1 46.22 0.886 475.11 500.0 400.0*550.0 | 5.0 0.60

preparation | 1-2 2.20 0.886 475.11 500.0 400.0*550.0 | 5.0 0.60

room

Operation 1-3 44.02 0.85 470,0 500.0 400.0*550.0 | 4.90 0.60

room

Table 6.7 Distribution of flow rate of duct sizing for operation room
To select the required size for round ceiling diffuser, we refer to table 3-22 (See
in Appendix B) and select 4.0 round ceiling diffuser each has throw range from 4.50
to 9.10 m and a diameter of 45.0 cm which give a volumetric flow rate 0.875 m*® /s

the diffuser pressure drop is 19.90 Pa and noise criteria NC of 38.0 which is
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consistent with the application considered in the Obstetrics & Gynecology

Department in Alia hospital.

If square diffusers are to be selected then from table 3-23 (See in Appendix B)
indicates that a diffuser size of (53.0%¥53.0) cm gives a volumetric flow rate 0.895 m®

/s which has throw ranging from 7.90 to 12.20 m with pressure drop is 31.40 Pa.

Note: - in the operation room we can use two diffusers instead of the one chosen

which must give a total volumetric flow rate as the same as the one chosen.

Note: - the design of return ducts is based on many methods usually equal friction
method is used. For the return duct system, air flows through branches into the main
duct and back to the fan. The total pressure drop of the return system must not exceed

the allowable negative suction pressure of the fan

And so the total cooling load from the two air handler

Q total for air handlers = Q cicl = Q c.c2

Q total for air handlers = 6001+3605 =96.06 KW

6.6 In Alia hospital:-

In the Obstetrics & Gynecology Department in Alia hospital the cooling system
exists consist of tow air handler with the following value:
First Air handling unit using in delivery room which it gives =25.23 ton = 88.73 kW

Second Air handling unit using in operation room which it gives = 6 ton=21.10 kW

Then the total cooling load used in Alia hospital from First and second Air handling
units =88.73 +21.10 = 109.83 kW
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CHAPTER SEVEN

PLUMBING SYSTEM CALCULATIONS
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Figure 7-1 Plumbing System
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7.1 Water System

7.1.1 Calculations For hot and cold water:-

To determine the pipe size for cold and hot water we must calculate the water
supply fixture unit (WSFU) for each fixture and fixture unit total on each piping run

out and determine the minimum flow pressure required at the most remote outlet.

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

data calculated and the friction head chart as follows:-
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Floor name total Total | Total Total Total Pipe Total Total
Lavatory | sink | Water | Water Separat | diameter Water Another
closet / | closet e closet things
flush /flush | Shower White flush
valve tank pipe
at right at atright | ---------- at right at right at right =8& | -----—----
Ground =10& at right | =8& at = =2(01.25) at left =1
floor left =5 =1& | left =1 & at left Total =9
Total =15 | atleft | Total Total =3 =1(D3/4)
= = Total =
Total 2%(01.25)
=10 (23/4) *1
at right at atright | atright | atright at right atright =15 | ===e=—m-
First floor =26& at | right | =10& | =5&at | =6& at =3(03/4)&1 | & atleft =9
left=10 | =10& | atleft | left=4 left =6 V& Total =24
Total =36 | at left = Total =9 | Total 1(01.25)
=12 Total =12 at left =
Total =15 2(03/4)&
=22 3(91)
Total =
5%(3/4)
4*(Q1)
1¥(@1.25)
Basement at right
4*%(0D3/4)
Total
=4*(Q3/4)
CONTENIO - atright | ----emeeem | mmeeeeee-
US FLOW 3*%(01/2)
AT 1*(22)
GARDEN Total=
3*%(01/2)
1*%(02)

Table 7-1 Total number for water supply fixture unit for cold and hot water
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So WSFU for each floor as in the following table:

Total no. of Total no. Total no.
Fixture Unit No. of WSFU WSFU of WSFU of WSFU
Units From table For Cold Water For hot For hot
9.3) Water Water
Cold
Water &
BASMENT FLOOR - -o===---- =oossswssss oo 7
4*OUT LET 4 ¥4 *¥6 18 18 24
FOUCET
(GENERAL) (3/4")
GROUND FLOOR - —w=s oooowsssssss o e
Lavatory (general) 15 Ya *¥2 22.5 22.5 30
Kitchen Sink(general) 10 Ya* 4 30 30 40
Water Closet FLUSH 9 10 00 @ e 90
VALVE (general)
SHOWER 3 % * 2 4.5 4.5 6
(PRIVAITE)
Spray Bibb 9 Ya *6 4085 2 = 0 e 56
(general)(03/4)
1* DEVICE (3/4") + 3 ¥ *6+ 2325 23.25 3l
2* DEVICE ¥ *12.5
(1.25")(GENERAL)
FIRST FLOOR m memmmeememm ERwemeean Eeeseses
Lavatory (general) 36 Ya *¥2 54 54 72
Kitchen Sink(general) 22 Ya* 4 66 66 88
Water Closet FLUSH 15 10 150 2000 e 150
VALVE (general)
Water Closet FLUSH 9 5 45 =0 e 45
TANK (general)
SHOWER 12 ¥y ® 3 18 18 24
(PRIVAITE)
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Spray Bibb 24 Ya *6 108 2 e 144
(general)(93/4)
5%« DEVICE (3/4") 10 ¥ *6 22.5+ 30+9.375 22,5+ 82.5
4* DEVICE (1'")+ 1* + % *10 + =61.88 30+9.375
DEVICE (1.25") Y *¥12.5 =61.88
(GENERAL)
T =731.63 $=208.13 Y =882.50
WSFU WSFU WSFU

Table 7-2 Water supply unit for cold and hot water

7.1.2 Flow rate calculations

To calculate flow rate in gpm:-

By using table 4-2 (See in Appendix C) for supply system predominantly for

flush meter (flush valve) the estimating dem

WSFU.

So by using interpolation =1 72.43gpm

and in gpm for cold water = 731.63

By using table 4-2 (See in Appendix C) for supply system predominantly for

flush meter (flush valve) the estimating deman

WSFU.

So by using interpolation =1 09.63gpm

d in gpm for hot water = 298.13

By using table 4-2 (See in Appendix C) for supply system predominantly for

flush meter (flush valve) the estimating demand

WSFKU.

So by using interpolation =197.79 gpm
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Note: - For supply outlets likely to impose continuous demand, we estimate
continuous separately and add to the total demand for fixture

We have 3 faucets (91/2) &1 faucet (@2) so from table 4-2(See in Appendix C)

The total flow in gpm = 3*3.34 + 1¥13.36 = 23.38 gpm

So the total cold and hot water demand needed = 197.79 + 23.38=221.17 gpm

7.1.3 Pumps pressure at the hospital:-

We can see Pumps pressure for water system used at the hospital from the
pressure gauge installed at the discharge line (discharge pipe)
Pump indicate a pressure = 4.0 bar

Pump has a pressure = 4.0 ¥14.50 = 58.0 psi

To calculate static head:-

Floor to floor height = 4.00m
Water closet with flush valve outlet above ground level =0.70 m

& Pump outlet above first floor level = 0.70

So there is no static head in this case ad goes to zero

To calculate the equivalent length:-

Pumps at first floor transfer the water through pipes to the boiler room at the
ground floor from which it distribute the water through pipes to the collectors at the
ground floor and the riser at the riser room from which it distribute the water through

pipes to the collectors at the first floor and to the basement floor.

So we will calculate the equivalent length from the pumps to the farthest outlet at

the first floor (water closet with flush valve) at farthest collector no (15).
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FOR COLD WATER
Total length from first floor (from pumps) to the boiler room in the ground floor

=4.50 m

Total length in the ground floor from boiler room to the riser = 80.0m

Total length through shaft room from ground floor to the first floor =4.0m

Total length in the first floor from riser at the shaft room to farthest out let (water

closet with flush valve) at farthest collector no (15) = 52.80m

So the total length from pumps to the farthest outlet at the first floor (water closet

with flush valve) at farthest collector no (1 5)

Total length = 4.50 + 80.0+4.0 + 52.80 =141.30 m

To calculate the equivalent length we assumed 50% additional equivalent length
to account for fittings there for the total developed length or the equivalent length as

follows:

Equivalent length = Total length * 1.5
Equivalent length = 141.3 * 1.5 =211.95m
Equivalent length =211.95 * 3.28 = 695.20 ft

FOR HOT WATER

Total length in the ground floor from boiler room to the riser = 78.30m

Total length through shaft room from ground floor to the first floor =4.0m

Total length in the first floor from riser at the shaft room to farthest out let (water

closet with flush valve) at farthest collector no (15) = 52.80m

So the total length from pumps to the farthest outlet at the first floor (water closet
with flush valve) at farthest collector no (15).

Total length = 78.30+4.0 + 52.80 = 135.10 m
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To calculate the equivalent length we assumed 50% additional equivalent length
to account for fittings there for the total developed length or the equivalent length as

follows:

Equivalent length = Total length * 1.5
Equivalent length = 135.1% 1.5 =202.65 m
Equivalent length = 202.65 * 3.28 = 664.70 ft

The minimum required flow pressure:-

The minimum required flow pressure at the most remote outlet on the first floor

(water closet with flush valve) is 15.0 psi from table 4-2 (See in Appendix C).

To calculate the friction head

After calculating the above requirement we can calculate the friction head from
the following equation:
Main pressure = static head + minimum required flow pressure + friction head

58.0 = 0.0 + 15.0 + friction head
So friction head =58.0-15.0 =43.0 psi

Note:-
Main pressure = pumps pressure =58.0 psi

The usual design aims for uniform friction loss along the entire pipe length to do
this we establish a fiction loss per 100 ft by dividing total loss by total length and then
size the pipe accordingly.

Uniform design friction loss in psi/100ft is:-
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FOR COLD WATER
Friction /100 ft = available friction head/ total equivalent length
Friction /100 ft =43.0 psi / 695.20%100 ft = 6.19 psi / 1001t

So for flow rate 221.17 gpm and friction head loss 6.19 psi / 100ft from figure 4-
9 (See in Appendix C) the diameter of the pipe from the pumps to the riser 4" and the
velocity is 5.5 fps and the friction head is 2.9 psi / 100ft

FOR HOT WATER
Friction /100 ft = available friction head/ total equivalent length

Friction /100 ft =43.0 psi / 664.70%100 ft = 6.47 psi/ 100ft
So for flow rate 109.63 gpm and friction head loss 6.47 psi / 100ft from figure

4-9 (See in Appendix C) the diameter of the pipe from the pumps to the riser 3" and
the velocity is 4.70 fps and the friction head is 3.0psi / 100ft

Note: - branches supplying mainly flush valve load should be limited to a water

velocity of 4 fps to avoid water hummer

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

in the hospital as shown:-
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Pipe section Equivalent | Pipe size in Friction Velocity(fps) Section
length in (ft) (inch) (psi/100£t) friction(psi)

From pumps to 22.14 4.0 2.90 5.50 0.64

hot water tap

(221.17 gpm)

Hot water tap off 393.60 4.0 2.40 5.0 9.45

to first riser

(195.81 gpm)

First riser 19.68 3.0 4.90 6.20 0.96

section(140 gpm)

Run out (91.32 259,78 2.50 6.20 6.0 16.10

gpm)

Table 7-3 Pipe size, veloci

ty of cold water and friction head for each pipe in Alia

Hospital
Pipe section Equivalent | Pipe size in Friction Velocity(fps) Section
length in (ft) (inch) (psi/100ft) friction(psi)

Hot water tap off 385.24 3.0 3.0 4.70 11.56

to first riser

(109.63gpm)

First riser section 19.68 3.0 2.85 4.50 0.56
(106.03 gpm)

Run out (91.0gpm) 259.78 2.50 6.20 6.10 16.10

Table 7-4 Pipe size, velocity of cold water and fr

Hospital

Note: - the total friction to drop for cold water of 27.15psi is ¢

the permissible maximum of 43.0 psi
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Note: - the pipe size could be reduced considerably by using water closet with flush

tank

7.1.4 Boiler calculations:-

From table we chose consumption of hot water per person for the hospital as for

hotels and we take the mean value as 15 gal /day/ person

Number of persons at hospital =800 person

Water consumption = 15 gal /day/ person

Total consumption= Number of persons at hospital * Water consumption

Total consumption (daily consumption) for person = 15*800 = 12000 gal / day

But we have two clothes washer each have additional 40 gal /day
So Total consumption (daily consumption) =12080
Maximum peak hourly demand = (1/7) * 12080 = 1725.72 gal / hour

Duration of peak demand = 4 hours

Total peak load = Duration of peak demand*Maximum peak hourly demand
Total peak load = 4 * 1725.72 = 6902.88 gal

Storage capacity = (1/5) * 12080 = 2416 gal

Heat capacity = (1/7) * 12080 = 1725.72 gal / hour

Recover rate = Total peak load — (3/4)* Storage capacity/ Duration of peak
demand

Recover rate = (6902.88 - (3/4)* 1725.72)/4 = 1199.65 gal / hour

So
Q=m-. Cp. AT
Q: heat flow through water (KW)

m-: Flow rate of water (liter/s).
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Cp: Specific heat for water = 4.18 (KJ/Kg.K)
AT: Different between inlet temperature and outlet temperature (°C)

‘Note: - Note: - 1gallon = 3.7854 liter &we will take AT = 50°C

So
Q=m-. Cp. AT
Q =(1199.65* 3.7854/3600)*4.18*50 = 263.64 Kw

We will take 25% as safety factor so
Q TOTAL = Q + Q* Safety factor
Q TOTAL =263.64 + 263.64 * 25/100

QTOTAL =329.55 kW

So we need a boiler that its output gives 329.55 kW
In the hospital they use a boiler that its out put gives 385.0 kW
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7.2 Drainage system

7.2.1 Drainage fixture unit calculations

In order to calculate the diameter for branches and sewer building in Alia

hospital we must first calculate the total number of (DFU) from tables then from the

total number of (DFU) we calculate we can chose the pipe diameters.

By using table 4-4 and 4-5 in Appendix C the Drainage fixture unit value as

follow:

Basement floor

Manhole number total Total | Total Total Pipe Total Total
Lavatory | sink | Water Separate | diameter | Floor DFU
closet/ | Shower Drain
flush
valve
through pumps to 3 0 0 0 0 2 7
manholes 39
Table 7-5 Fixture unit in each manhole in basement floor
Ground floor
Manhole number total Total | Total Total Pipe Total Total
Lavatory | sink | Water Separate | diameter | Floor DFU
closet/ | Shower Drain
flush
valve
1 0 0 0 0 0 1 2
2 0 0 0 0 0 1 2
3 1 0 1 1 0 3 15
5 3 1 1 1 0 3 19
6 2 1 E 0 1 3 37
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7 2 0 2 1 0 2 20
8 4 0 0 0 0 2 8
10 0 0 0 0 0 1 2
11 0 0 0 0 0 1 2
12 0 0 0 0 0 4 8
14 0 0 0 0 0 3 6
15 0 0 0 0 0 2 4
29 0 0 0 0 0 1 2
33 2 0 1 0 0 1 10
34 0 0 0 0 0 1 2
35 0 2 0 0 0 2 8
36 0 0 0 0 0 - 8
38 0 0 0 0 0 1 2
39 1 0 0 0 0 4 9
42 0 2 0 0 0 1 4
Table 7-6 Fixture unit in each manhole in ground floor
First floor
Manhole number total Total | Total Total Pipe Total Total
Lavatory | sink | Water Separate | diameter | Floor DFU
closet/ | Shower Drain
flush
valve
1 0 0 0 0 0 1 2
3 1 2 0 0 0 3 9
4 4 1 3 2 1 2 39
5 0 1 2 1 1 2 21
6 3 0 3 1 0 0 23
7 0 0 0 0 0 2 4
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8 3 0 3 1 0 3 29
9 0 1 0 0 0 1 4
10 3 2 1 1 0 3 21
11 0 2 0 0 1 2 9
12 1 ) 1 1 0 2 17
15 0 0 0 0 0 2 4
21 2 0 2 0 0 1 16
24 0 2 0 0 0 2 8
25 3 0 1 0 0 3 15
26 5 1 2 2 0 2 25
27 0 0 0 0 0 4 8
31 2 0 1 1 0 3 12
32 1 -+ 0 0 1 3 16
36 1 0 0 0 0 1 3
37 2 0 2 2 0 2 22
38 0 2 0 0 0 1 6
39 1 0 1 1 1 2 14
40 1 0 0 0 0 1 3
42 3 2 1 0 1 3 20

Table 7-7 Fixture unit in each manhole in first floor

Note: we take 2 dfu for each floor drain
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7.2.2 Pipe sizing Calculations

By using table 4-6 Appendix C the branch diameter in ground floor as

following:

Manhole number Total Branch Diameter
DFU
1 2 L.§3”
2 2 1.5”
3 15 3”
5 19 37
6 37 4»
7 20 3”
8 8 25"
10 2 L5”
11 2 1.5
12 8 2”
14 6 2”
15 4 27
29 a 1.5%
33 10 2.5”
34 2 o
35 8 2.5”
36 8 2.5”
38 2 K o
39 9 1.5
42 4 2¥

Table 7-8 Branch diameters in ground floor
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By using table 4-6 and 4-7 and 4-8 in Appendix C the branch,

diameters in first floor as following:

stack, building

151

Manbhole Total Branch Stack Building
number DFU Diameter Diameter Diameter
1 2 1.5 15" 2.5” Slope 4%
3 9 3" 3 3” Slope 4%
4 39 4” 4> 4” Slope 1.8%
5 21 3” 3" 3” Slope 4%
6 23 4 4 4” Slope 1.8%
7 4 2 2> 2.5” Slope 4%
8 29 4» 4 4” Slope 1.8%
9 -+ 27 2° 2.5” Slope 4%
10 21 3 3 3” Slope 4%
11 9 3 3” 3” Slope 4%
12 17 3> Ly 3” Slope 4%
15 4 2 27 2.5” Slope 4%
21 16 3” 3” 37 Slope 4%
24 8 2.5 257 2.5” Slope 4%
25 15 3 3” 3” Slope 4%
26 25 4» 4” 4” Slope 1.8%
27 8 2.5" 2.5” 2.5” Slope 4%
31 12 2.5” 2.5” 2.5” Slope 4%
32 16 3” 3” 37 Slope 4%
36 3 1.5% 1.5” 2.5” Slope 4%
37 22 4 4 4” Slope 1.8%
38 6 2” 27 2.5” Slope 4%
39 14 3 3” 3” Slope 4%
40 3 1.5 1.5 2.5” Slope 4%
| 42 20 i 3” 3” Slope 4%
Table 7-9 Branch, stack, building diameters in first floor




All branches piping in the hospital is 4” PVC
All stacks piping in the hospital is 4” PVC

We take all sewer pipes 8” at Slope 1%
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CHAPTER EIGHT

Conclusions

And

RECOMMENDATIONS
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8.1 Recommendations of Central heating system

No. Description Result of calculations Installed in hospital

1 Heating load at the
Obstetrics & 47.13 44.24
Gynecology

Department (kW)

2 Pump flow rate 93.06 97
(m*/h)

3 Pump head (kpa) 15 14.7

+ Main pipe diameter
in the Obstetrics & ® i
Gynecology
Department

According to the above comparison table we notice that:

1) Heating load calculated is nearly the same as the load of radiators installed, which

means that it is sufficient.

According to our questioner we noticed that there are no complains from employers,
visitors and patient.
2) Pump specification: the selected pump and the installed pump have the same

Specification either from flow rate or head.
But from our questioner, the employees complain that the farthest radiator does
not give the required heat, since the pump is sufficient, then mostly the reason

For that is air leak to that radiator.

3) The pipe diameter calculated is nearly the same as the pipe diameter installed,

This means that it is sufficient
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8.2 Recommendations of Air conditioning system

INSTALLED IN | RESULT FROM RESULT
No. DESCRIBTION THE CALCULATION FROM
HOSPITAL CHART
Dimension,
diameter, flow
rate of Main (85%35) (60*50) (60*50)
1 supply duct near
east wall in @ =58.2cm @ =56.4cm @ =60.0 cm
Obstetrics &
Gynecology 3250.0 cfm 2650.0 cfm 2650.0 cfm
Department
Dimension,
diameter, flow
rate of Main (95*40) (65*40 (65*%40
supply duct near
2 west wall 0 =65cm @=514cm @ =55.0cm
Obstetrics &
Gynecology 4210.0 cfim 2204.0 cfm 2204.0 cfm
Department
Dimension,
diameter, flow (55*30) (55*40) (55*40)
3 rate of Main
supply duct in @ =439 cm @ =47.51 cm 9 =50.0 cm
operation room
1600.0 cfim 1877.43 cfim 1877.43 cfim

Table 8.1 Comparison between the result of calculation and the installed in

Hospital in air conditioning system

1) Heating load calculated for the first air handler in the Obstetrics & Gynecology
Department in Alia hospital is 60.01 kW which is less than that installed which has
88.73 kW which means that there is an extra cooling and heating in the Obstetrics &

Gynecology Department which it is not necessary, also this will means extra cost

According to our questioner we noticed that there is complains from employers,
visitors and patient. That in the winter season they feel of an excess heat in the

conditioned space and in the summer season they feel of an excess cold.
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2) Heating load calculated for the second air handler in the operation room in Alia
hospital is 46.22 kW which is more than that installed which is 21.10 kW and this
means that there is a lack in there cooling and heating load calculation, mostly due to
a lack in there infiltration calculation which is necessary and very important in the

operation room

3) In Alia hospital if we see the AutoCAD drawing we noticed that there is a return
duct from the operation room which will return the air to the air handler and this is not
true because operation room need 100% fresh air and don’t use any quantity of return

air or mixing

4) For the first air handler used in the Obstetrics & Gynecology Department in Alia
hospital the percentage of mixing used is 20% fresh air and 80% return air which is
insufficient to the ventilation requirement in Alia hospital so from our calculation we
see that a mixing with 30% fresh air and 70% return air is sufficient and more

comfortable for employers, visitors and patients

5) From our questioner, we see that the employees in the winter season complain from
feeling of excess heat in there body and this is a result of an excessive latent heat
which will rise the relative humidity in the conditioned space and cause un
comfortable sense, so it is better to increase the ventilation quantity by increasing the

quantity of fresh air mixed which will give more comfortable sense

6) Usually in air conditioning system it is advices to use an undersized units in order
to operates continually and this will maintain a certain temperature and relative
humidity in the conditioned space as desired which will mean more comfort for the
occupancy, using an over sized unit will means stopping of the unit several time
through the day and this will cause a change in the temperature and relative humidity

of the conditioned space which will mean un comfort for the occupancy
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8.3 Recommendations of plumbing system

8.3.1 Recommendations of hot and cold water system

)

2)

In Alia hospital the water system operates by pumping water from a suction
tank in the ground floor up to a roof tank, from which the building outlets are
fed by another pumps at first floor, and this case will cause fluctuation in the
quantity of water which will arrive to the outlets of the building also this
system is expensive, and so it is better to use pumps to pump water from the
suction tank in the ground floor up to the building outlets (using up feed

system) also it is more economic system than that used in the hospital

Pump specification: the selected pump and the installed pump have the same

Specification either from flow rate or head.

But from our questioner, the employees complain that there is fluctuation of

Water at the building outlets.

3)

4)

in Alia hospital they use two pumps in the first floor to distribute water to the
building outlets ( one pump operates and one stand by ) and so this will cause
a height fluctuation in the pressure inside the pipes which will cause a
fluctuation in the quantity of water which will arrive to the outlets of the
building and so its better to use three pumps instead of the one used which
will give the same flow rate and head used in ali hospital, but they will
controlled to operates proportional to the required quantity of water in the
building and so this system is more better and will reduce the fluctuation of

water at the building outlets.

Pipe diameter calculated is nearly the same as the pipe diameter installed,

which means that it is sufficient
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5) The Boiler capacity calculated for hot water gives 329.55 kW heat out in order
to be sufficient to the building requirement and it is nearly the same as The

Boiler capacity installed, which gives 385.0 kW which means that the boiler

installed is sufficient and safe.

8.3.2 Recommendations of sanitary system

1) Most of our branches and stacks pipe selections as noticed from table (7-8 & 7-9)

are less than 4”

2) Most applied diameters are 4” this due to that the available pipes and fitting in the
total market are 4 diameter which safe
For what concerning economical aspect we find that there is no much difference in the

price of pipe and fitting as long as we are taking a bout diameter < 4”

3) Building drains: according to the hospital network it seems that the pipe diameter
between manholes is 6” with 1.5 % slope; we did calculation for pipe 8” at slope 1%

since we find that the price of pipe is less than the price of excavication

4) for building drains the recommended velocity is 3 fps and if we use a pipe diameter
between manholes 6” with 1.5 % slope, as built in Alia hospital the velocity will be
2.52 fps from table 4-8 (See in Appendix C) which may be in some cases insufficient
to carry the solids such as sand and human waste along the flow, instead they will
stele out in the piping, actually building up to cause blockage of the piping ,so we did
our calculation for pipe diameter 8” at slope 1% and from table 4-8 (See in Appendix

C) the velocity will be 3.07 fps which is sufficient and safe and as recommended
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APPENDIX A



2.1 catalogue of radiator

HEAT OUTPUTS OF ALL RADIATORS AVAILABLE IN SIMPLE
HORIZONTAL RANGE, AT AT 60°C @w

| OUTPUTS IN W APPROX. OUTPUTS IN BTUrh 1
Number| Length
| MODEL of Height (mm) Height (mm)
sections| (mm) 1 — T
300 | 400 | 500 | 600 | 720 | 800 1000 | 300 | 400 | 500 | 600 | 720 800 | 1000
[ 2 400 222 | 274 35| 386 427 | 528 757 [ 935171108 [ 1317 | 1456 | 18071 |
15 | 500 278 | 342 | 407 | 483 | 534| 660 948 1167 | 1388 | 1647 | 1821 | 2251 |
18 600 333 | 410 488 580 641 s92 1136 | 1398 | 1665 | 1978 | 2186 | 2701 |
21 | 700 389 | 479 | 569 | 676 748 | goa | 1327 | 1634 | 1941 | 2306 | 2551 | 3152
24 800 444 | 547 | 650 | 773 854 | 056 1514 [ 1866 | 2217 | 2637 | 2913 | a6o2
B2 1900 500 | 616| 732| 869 ( 91| 1188 | 1705 | 2101 | 2497 | 2064 | 3278 | 4052
30 | 1000 555 | 684 | 813 966 | 1068 | 1320 1893 | 2333 2773 | 3295 | 3643 | 4502
P e 00. ] 11| 752 | 894 | 1083 1175 | 1452 2084 | 2565 | 3049 | 3626 | 4008 | 4953
C10 [~26Tji1200 | 866 | 821 976) 1159 | 1282 | 1584 | 2272 | 2800 | 3329 | 3953 | 4373 | 5403
e 39 | 1300 722 | 889 | 1057 | 1256 | 1388 | 1716 2463 | 3082 | 3605 | 4284 | 4734 | 5853
42 | 1400 | 7771 958 | 1138 | 1352 | 1495 | 1848 2650 | 3268 | 3382 4612 | 5099 | 6303
45 1500 833 [ 1026 | 1220 | 1449 | 1602 | Toso 2841 | 3500 | 4161 | 4942 | 5464 | 6754
51| 1700 944 | 1163 | 1882 1642 | 1816 | 2244 3220 | 3967 | 4714 | 5601 | 6194 | 7654
‘ 57 | 1900 1055 | 1300 [ 1545 [ 1835 | 2009 | 2508 | 3599 [ 4434 | 5270 | 6259 | 6921 | 8555
| 60 | 2000 1110 | 1368 | 1626 | 1932 | 2136 | 2640 3786 | 4666 | 5546 | 6590 | 7286 | 9005
63 | 2100 1166 | 1436 | 1707 ‘ 3977 | 4898 | 5823
_ 72 | 2400 | 1332 | 1642 | 1951 4543 | 5601 [ 6655
81 | 2700 | 1499 | 1847 | 2195 5113 | 6300 | 7487
90 | 3000 1665 | 2052 | 2439 5769 | 6999 | 8319
12 | 400 | 252 | 3291 404 480| e8| 628 773 860 1221 1378 | 1637 [ 1987 | 2142 | 2637 ;
151 500 | 315| 41| s05| 600| 710 785 966 1074 | 1402 | 1723 | 2047 | 2422 | 2678 | 3295 |
18 600 | 3781 493| 607 [ 720 | 851 | 941 | 1159 | 1289 | 1682 2070 | 2456 | 2903 | 3210 | 3053 '
21 | 700 | 441 | s575| 708 840 o993 | 1098 | 1352 | 1504 | 1961 | 2415 | 2865 | 3387 3745 | 4612 |
24 800 | 504 | 658 803 | 960 | 1135 [ 1255 | 15467 1710 | 2244 2750 | 3275 | 3871 | 4281 | 5273 |
27 | 800 | 67| 740| 910 | 1080 | 1277 1412 | 1739 | 1934 | 2524 | 3104 | 3684 | 4356 | 4816 | 5932 |
S0 | 1000 | 630 822 | 1011 | 1200 | 1419 | 1569 | 1932 | 2149 2804 | 3448 | 4093 | 4840 | 5352 | 6590 ‘
733 [ 1700 | 693 | 9| 1112|1320 1861 [ 1726 | 2125 [ 2364 [ 3083 | 3703 | 4s02| sazs 5887 | 7248 ,
986

Ci1 36 | 1200 | 756 | 986 40 | 2318 | il £ 12| 5809 | 64

39 | 1300 | 81811069 [ 1314 | 1560 | 1845 | 2040 | 2512 | 2794 | 646 | 4483 5321 | 6293 | 6958 | 8568
42 11400 | 882 | 1151 | 1415]| 1680 1987 | 2197 | 2705 | 3008 3926 | 4827 | 5730 | 6778 | 7494 | 9207
5 | 1500 | 945 | 1233 | 1516 | 1800 | 2120 | 2354 | 2898 | 3223 | 4308 5174 6140 | 7262 | 8029
5111700 | 1071 | 1397 | 1719 | 2040 | 2412 | 2667 | 3284 | 3653 4765 | 5863 | 6958 | 8227 | 9097 | 11202 !

1213 | 1440 | 1703 | 1883 | 2318 | 2579 | 3383 4137 | 4912 | 5809 | 6423 7907

5711900 | 1197 | 1562 | 1921 | 2280 | 2696 | 2981 | 3671 4083 | 5328 | 6552 | 7777 | 9196 | 10168 | 12522

60 | 2000 | 1260 | 1644 | 2022 | 2400 | 2838 | 3138 | 3864 _ 4268 | 5608 | 6897 | R186 | 9680 | 10704 | 13180

63 | 2100 | 1323 [ 1726 | 2123 | 2520 | 2980 4513 | 5887 [ 7242 | 8596 | 10165
72 | 2400 | 1512 | 1973 | 2426 | 2880 | 3406 5157 | 6730 | 8275 | 9824 | 11618
81 [ 2700 | 1701 | 2219 | 2730 | 3240 | 3831 5802 | 7569 | 9312 | 11052 | 13067 .
90 | 3000 | 1890 | 2466 | 3033 | 3600 | 4257 6447 | 8411 | 10346 | 12280 | 14521 |

12 | 400 | 506 es2| 792 | 929 1090 | 1195 | 7ase | 17261 2553 2701 | 3169 | 3718 | 4076 | 4953

15 |/500) 33| 815| 990 | 1161 1362 | 1494 | 1815 2159 2780 | 3377 | 3960 | 4646 | 5096 | 6191 |

18 | 8001 760 | 977 ["1188 [ 1393 | te24 | 1793 | 2178 | 2580 | 3332 | 4052 4751 | 5539 | 6116 | 7429

21 | 700 aacj{ 1!&_‘_ 1303‘__ 16251 1907 | 2052 | 2541 | 3022 | 3888 | 4726 | 5543 | 6505 | 7136 | 8667
1303 | 1584 | 1858

24 800 11013 1 2179 | 23901 2904 | 3455 | 4444 | s403 6338 | 7433 | 8152 | 9905 |
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2.2 catalogue of boilers

STEEL BOILER FROM CHAPPEE

ARIZONA

o
1} ) Y8 " J, 1/,
Boiler Weight | Reconnectings | LI 12 L3 L5 L6 17 Hl H2 03 oIL* GAST}
HR2 BURNER | BURNER |
model water | flux gas burner nose| burner nose |
CE X kg mm | mm mm | mm mm | mm | mm | mm | mm | mm mm ML ML
200 | 220 | 780 [50/60] 200 [ 1989 | 250 | 810 900 | 1010 ] 150 | 1025 | 930 | 500 | CFO8 1A CGoS Ty
250 | 275 | 1280 [50,/60] 200 | 1579 | 250 | 1100 | 900 | 1300 150 [ 1095 [ 050 | 500 [ croson
290 | 819 | 1250 | S0 | 300 | 1962 | 350 | 1200 | 1100 | 1500 200 | 1300 [ 1150 | 600 [nS3s Alesmon

¥ 8859 1270 80 300 1962 | 350 1200 | 1100 | 1500 | 200 | 1300 | 1150 | 600 MSH8 20| GS 189y |
it 1290 80 300 1962 | 350 1200 ] 1100 | 1500 [ 200 | 1300 | 1150 | 600 MS 68 23 | S as 2y |

465 | 511 | 1320 | 80 | 300 [ 1962 | 350 | 1200 | 1100 | 1500 | 200 | 1300 T 1150 T 800 NS 8024 | S 80 24
520 | 572 | 1700 [ 100 | 400 | 2240 | 350 | 1500 | 1950 | 1800 | 200 | 1150 | 1300 [ 675 |MS 130 2]GS 130 24

580 | 638 | 1830 | 100 | 400 [ 9940 | 350 | 1500 | 1250 | 1800 | 200 [ 1450 [ 1300 675 |NIS 130 20| GS 130 21
1840 | 100_| 400 | 2240 | 350 | 1500 [ 1250 [ 1800 | 200 | 1450 | 1300 | 675 M 130 20[cs 10 9%
1870 | 100 ] 400 | 2240 | 350 [ 1500 [ 1250 | 1800 | 200 | 1450 | 1300 | 675 ]S 1309 GS 13097
1930 | 100 | 400 | 2255 | 400 | 1500 | 1450 | 1800 | 950 | 1650 | 1466 | 766 |MS 130 20[CS 130 2
2130 | 125 | 500 | 2955 | 400 | 1500 | 1450 | 1800 | 250 | 1650 | 1466 | 766 MS 130 9] GS 130 9.4
2350 | 125 | 500 | 9955 | 400 | 1500 [ 1450 | 1800 | 250 | 1650 | 1466 | 766 |M5 131 201G 151 o
2780 | 195 | 550 | 2680 | 450 | 1750 | 1750 | 2150 | 950 | 1950 | 1800 | 925 |MS 151 2n (;sm’
3000 | 125 | 550 | 2680 | 450 | 1750 | 1750 | 2150 | 250 | 1950 | 1800 | 925 |55 9402l 191 2|
3650 | 150 | 600 | 2900 | 450 | 2000 | 1900 | 2400 | 950 | 2125 | 1970 | 1020 [ws o onlcs 2093
) | 3870 | 150 | 600 | 2900 [ 450 | 2000 | 1900 | 2400 | 950 | 2195 | 1970 | 1020 |3 o591 GS 945 90
{ 4100 | 150 | 600 | 3100 | 450 | 2200 [ 2175 | 2600 | 250 | 2295 | 9175 | 1112 [MS 35091 GS 330 91
1 2750 | 5200 | 200 | 650 | 3335 | 450 | 9250 | 2350 | 2735 | 250 | 9545 | 2400 | 1225 MS 350 2] GS 350 2]
2900 | 5200 | 200 | 650 | 3335 | 450 | 9950 | 9350 | 2735 | 250 | 2545 | 2400 1225 | - 2 ]

"l ARIZONA, CF vervin

162



TECHNICAL FEATURES

HR? Combustion chamber | Smoke Comlmﬁnﬂ Water | Water Water Smoke Smoke | Standing
ARIZONA CE/CX creuit | chamber | volume | circuit flow rate (TETa) | temperature loss
model volume | pressure | Nom. | resistance X CX¢) | flowrate CX |(3t=50°C)
(combustion CE/CX | Mini X
Output | dia. | L |Volume| chamber CE/CX [At=20] P/45 Gas | Domestic
inchied) ol
CE | X CE/CX [ CE|CX
KWIKW | mm | om | o) | wS |wharlmbe| w3 | wbar |mh | mdm| °C | mihrmih| %
EOU 220 | 440 1 930.510.043) 0,235 11.0]1.7] 0957 10 946 | 4.2 190 300 1 280 | 040
I‘.’50 205 [ 440 | 1288 [0.188] 0.991 [1.5] 90 0.25h5 10 11.83| 5.3 190 375 | 950 0.40
;290 3191 600 | 1385 [ 0.3921 0.602 |28]95] 0433 10 13.7 | 6.1 190 435 | 486 | 040
[ 350 | 385 | 600 | 1385 [0.392] 0.602 [292]36 0.433 11 165 | 74 190 525 | 490 | 0.30
;-105 4451 600 | 1385 10.392] 0.615 [3.2]27] 0415 11 19.1 ] 856 190 607 | 566 | 0.94
465 [ 511 | 600 | 1385 [ 0.302 0615 | 24]5.6! 0415 12 219 ( 98 190 697 | 650 U.'.ZT
520|572 | 750 | 1685 | 0.744 0.998 13.215.0] 0.639 12 246 | 11.0 190 780 | 798 ().‘_’L’
3801 638 | 750 | 1685 | 0.744] 0.008 |45 6,2 0.639 14 274 | 122 190 871 | 812 ().‘_’(ﬂ
640 | 704 | 750 | 1685 [ 0.744| 1.010 2.6[6.0] 0.618 14 205 135 190 961 | 896 ().‘.)(T
'TJ) 770 | 750 | 1685 [0.744] 1.010 |54 721 0618 16 330 | 14.7 1901 1051 | 980 0.18
{LSOO 880 | 800 | 1684 | 0.846| 1.231 |6.5]6.0 1143 16 3781 16.8 190 1200 ] 1120 0.18
L1900 990 | 800 | 1684 0.816 | 1287 [4.5(55] 1.100 1’7 326 | 189 190 | 1351 19260 [ 0.18
vll()() 1210 80() 1684 | 0.846 | 1.327 [5.0(556] 1.060 17 520 | '23.1 190 1651 | 15340 | 0.15
14001540 950 | 2030 | 1489 2981 [5.0 550 2100 18 66.0 | 29.4 190 | 2102 | 1960 | 0.15
1650(1815{ 950 | 2030 | 1.480 | 2377 [5.016.1 2.780 18 78.0 | 35.0 190 | 2477 1 2310 | 0.14
1850{2035] 1050 | 2975 | 1.970 | 3.09% |55 6.1] 2.780 I8 875 L.‘ﬂ).() 190 [ 2777 2390 | 0.12
210012310] 1050 | 9275 | 1.970 .'":(H7 hA6.0| 2750 18 99.3 | 1.0 190 [ 3153 [ 2040 .19
2350(2585) 1300 [ 2480 [ 8.902 | 4516 [5.5 6.1 2.650 18 HTLO| 50.0 190 | 3328 [ 3290 | 0.12
250012750( 1400 | 2600 | 4000 700 [55]6.1] 3.100 | 20 129.7 | 58.0 190 | 3740 | 3492 0.]07
29001 1400 | 2600 | 1.000| 1700 | 6,70 $.100 ) [48.01 65.4 1 190 | 3958 | 3690 | 0.10

Fomlfurd smoke fominra
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Figure 2.1 Grandffoss NB 80-200/222 pump catalog

96125134 NB 80-200/222

H [ NB 80-200/222
(m) Q=964 mhn
H=147m
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Eta pump = 78.1 %
0 10 20 30 40 50 60 70 80 90 100 110 120 Q(m?h)
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APPENDIX B



TABLE 3. | Cooling load temperature differences for calculating cocling load from sunlit roofs,

i
l Solar Time &
8 9 10 11 12 13 14 15 16 17 18 19 20 21

Roof Description of
No. Construction

‘ Uvalue

o
™~

23 24

I Steel sheet with 25.4 mm (or
50.8 mm) insulation
2 25 mm wood with 25.4 mm
nsulation

e
to
(=]
|
J
2
[
t9
|
(F5)
o
[
~
=)
(3%
E=
s
»
a3
o
L

4 39 35 29 21 15 11 8 §

254 mm wood with 50.8
mnsulation
1524 mm L.W. concrete

8 13 I8 24 29 33 35 36 35 32 2 24 19 16

k! Mo % a
101.6 mm H.W. concrete with
254 mm (or 50.8 mm)
msulation
10 63.5 mm wood with i

9

254mm |
(or 50.8 mm) insulation

Steel sheet with 25.4 mm (or
50.8 mm) msulation

2 25-mm wood with 254 mm
msulaton

~Continued-

Solar Time &
1nm 12 13

Roof Description of | Uevalue

No. Construction

' igh o S

5 254 mm wood with 50.8
insulation

6 1524 mm L.W. concrete

Vil o™

14 15 16 17 18 19 20

254 mm (or 50.8 mm)

insulation 1 ‘ 0 a ”
10 63.5mmwood with 0.8 mm | 0.409] 19 18 17 16 14 13 2 11 10 10 10 11 12 14 16 18 19 21 22 2 2N Lo -




TABLE 3.

2 CLTD correction for latitude and month applied to walls and roofs, norih latitudes.

NINE INE EINE E ESE SE
L.ave. Nionth NN o N W WIN W W IWWSHW SW
A6 - Deq, - s ;3% )—444»—4‘}" SRR 120" =0 S EI D
Jan/No s 3 s

* 1 Febrocts i B
= Max/Sept
. Apt/Aug.

Dec
Jan/Nov
Feb/Oct
Nlar/Sept
ADpr/Aaug
May/Jul
Jun

Dec=Hs" .
Jén/NO\_i
Feb/Oct
Mar/Scpt
Apr/Aug
May/Jul
Jun

Dec
Jan/Nov
FebrOct
Mar/Sept
AprrAug
May-7Jul

Jun
Decl. X
. Jé,n/Nov -
b =" | Feb/Oct .
"":‘ NMa r/Sept i
% Apr/Aug
_¥§' May/Jul
T dmee. |Tun

30 :"§§g’3 : = ..

—3.8 —-5.5 —6.1 —i.4 -2.7 1.1 50 6.6 —9 .4
-3.3 —4.4 —S5.0 —3.3 —1.6 —1.6 5.0 7.2 —6.1
=27 =3.3 -3.3 —1.6 —0.5 1.6 3.8 5.5 —3.8
—2.2 —1.6 —1.6 —0.5 —-0.5 0.5 1.0 2o —1.6
—0.5 Q.0 —0.5 —0.5 —iI.1 —0.5 —-1.1 —-1.6 0.0
1.1 1.1 0.0 0.0 —1.6 —1.6 —2.7 —3.3 0.5
1.6 1.6 0.5 0.0 —-1.6 —22 —3.3 —3.3 0.5
=207 BB =3.8 TS STIEEE L a4 0 et d (L3 5.0 6.6 | 9.4
27 e =53.8. '=5.0 "'"—6 1-,; T —2.3 100 TR S0 46.65 8.3
=D > B Iy AT 3 o g 347 —22 - —Lil-o2n2 A% 43.6.1" S —5.5-
—1.6.0 —2.2 v —2.2 . g2.2 iy Tl g 570.55, 165, 2.7 . 3.8 ee—2.7
— LIS 1.100 .20, 5 10700 Lt =0.5-7T0.05.: 5.0,77°0.5,. " —0.5
Q.57 -, O.5%yaz, 0.5 4.0, 96& 0.0 - —0.3:%0,5: L. 6 - =176, O S
COST G 1 1 a0, S 0.0 ﬁ—1:1 ezl i~ NG D MED D T T
—3.3 —31.4 —5.5 —-7.2 —5.5 —=3.8 0.0 3.8 S.5 —-11.6
-2.7 —-3.8 -5.5 —6.6 =3.0 =3.3 0.5 .4 (S| = 10.5
— 7 -3.8 —. 4 =5.0 —3.3 —1.6 1.6 4.4 6.6 — T
=22 .2 —2i7 2.7 -3.3 =1.6 .5 2:2 3.8 IS — .4
—71.1 —-1.6 —1.6 —1.1 Q.0 0.0 1.13 1.6 2.2 1.6
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 .5
0.5 0.5 1.5 0.5 0.0 0.5 0.0 0.0 —-0.5 1.1
P e S T L A | si7:Z0s —Ti2rp 5.5 d.68ET%1.1,78 3 ws13.8
3.3 —4.4 .. 6L g2 6wy —4 05w Y 2.7 4.4 —13.3
—2.7..4=38" "—55& —6.1 . —4.4  —277.0.5.3+3:4:-°6:1 —10.0
—2.2 —33 —3.3 —3'8 —2.2 —0.5 22" -"aa° 6.1 —6.1
=1.6 - 22).0%, —16 . =16, .-0.5 0.0 22 33 3.8 —-2.7
0.0 ¥4 0.5 >..0.0 ¢+ 0.07% | 0.5 0.5,31.6." “~1.6_2.2 . 0.0
0.5 .. 28%0.5" 50 1. 050 Q.57 111 ‘o5 iy i1 1

TABLE 3. 3 Solar heat gain factor (SHG), W/m2, for a latitude angle of 32°.

Month

Jan Feb Mar Apr May Jun Jul Aug Sep

Oct Nov Dec

N dals B
NNE/NNW
NE/NW

. ESE/WSW
SE/SW
SSE/ SSW

e, Rl £
#S. TN T
V3 G J.

E SUPE b, o fRde e, ot
| TR APt e |
. . . & -~

THOrXIZ. - & g

1722:.764 . 7487691 628

1e,76 85101 114.Jzo 139

1476785 117, 252 1350-

91 205 338 461 536
331 470 577 631 656
552 647716 716 694 675
596
786 782 716 590 489 439
789 732 615 445 213 262
773’ 973”35f"

. 6 5,555 363 233" 189
555 685‘795‘855”874 871

R =

117
249

126
350

527 445

615
691
663
571
429
1350

836-

104

88
88
199
451
615
738

110
325
546
678
716
688 754
596 710
540 678
770 672

76 69
76 69
91 69
325 265
546 511
710, 688
773 776
776 795

:767 795

552498

a T
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TABLE-3.4 Shading coefficient (SC), for single, double and insulating glass without interior shading.
Shading Coefficient (W/m?* K)
nr,=22.7

Hcat absorblng

Regular
Plate
‘Reflective

< feat absorblng

TABLE 3.5 Shading coefficient for single, double and insulating glass with indoor shading by
venetian blinds or roller shades.

] Type Of Shading
Nominal Venetian Blinds Roller Shade

Thickness Opaque Transluccnt
Type of Glass i _io White

‘Pa ttel;n ,.01.“

At > 25

Heat absorbing 5.0-6.0 0.57 0.53 0.45 0.30 0.36
Partterm or Tinted 3.0-5.5 —_ — —_— - -
HeatAbsoibing | & . 10 : 0.54 0.52 0.40 0.82 0.32
or Pattern Heat ' R : 4 . : i i
ABSOIhIing! . v

Hcat Absorbing - 0.42 0.40 0.36 0.28 0.31

or Pattermn

Rcﬂcchchoated PR e o L kX MRS o T To JELAy 0.25

Double Glass
0.57
"0.57 0.51
0.20-0.40 —
Insulating Glass

Heat Al)sox bu)g_
Refiective Coated
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TABLE 3.6 Cooling load factors for glass without interior shading, north latitudes.

Fenestration
Facing

Room
Consm:mon 1 2

Solar Time h

3 4

7 8 9 lO

0”17‘#‘-0}3

Y0, 1% 08 “omﬂ om*‘sﬁo,«;a
&v 3 é& 4-
: ‘0 16 ?\}’ ¥

GRS

’yr yo 14,
Shaded ‘.&m 38150458
A " .ﬁ-.'.'..__'. o E\' ‘" ‘@ . ‘s 'y
NNE 38 .50.42» 039 0,37 0374 :
5039 0425305 036 0,358
NE 5,.0.40' “036.% 033~~031 ﬁ{u%
ENE %035 5,,045” 095047
220,36 70 43 $0.49i,.0.45"
E os, \p_,m. : o‘ssu- o."
B % i,
o 0740204 0,34
ESE
~Continued-
Fenestration Room Solar Time h :
Facing Construction| 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

s i
SSwW . w -
.SW

ww g

.10 0,080,073 006400'5’;‘..006
b 014«0124,011 ,oog 0.08 #40

015 014 013

aﬁ};

' A S 2

RSeser

{ £0.06:520.09
*506“ ﬁ‘

,12," 011 1 Oll

o "v TR

T 022TARY TR é'*“ ?‘"os?”soso 043

Ay |- s

50240.43,.037

S -
.»,009”_" 011 £075 067 \*0355’ 53!
g,u\osﬁ 059" 053!

o %‘}f? AT

7034570447052 056" 056 ¢

012 013 ‘0)4,;.015'-"016 :19‘ 026 036”046 +0.53, 056 !
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TABLE 3.7 Cooling Load factors for glass with interior shading, North latitude.

Fenestration Solar Time &

Facing 1 2 3 4 5 6 7 8 9 10 12

003 003 0.02 0.02 002 0.30 0.57 0.74 0.81 0.79 0.68 049 0.33 028 0.25 0.22 g0
SSH 004 003 0.03 0.03 0.02 0.12 0.31 0.54 0.72 0.81 0.81 071 0.54 0.38 0.32 0.27 0.2z
S 004 004 003 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 0.25

TABLE 3.8 Cooling load temperature differences for glass convection,

Solar
Time

CLTD -
. 10—1—1—1—1—1012457/8877643221
LA

2 3 4 5 6 7 8 9101112]31415161718192021222324

TABLE 3.9 heat gain rate fromn miscellaneocus appliances (W)."

Without Hood Hood

Sensxbl c Latent Se_nsi!ﬂ e

Coffee urn (electrlcal)
Coffee urn (gas)
Deep fat fryer (electrical)
Deep fat Fr_yer (&as) '

-
L4 2
O

Egg boiler
Frying griddle
IIotplate

%r meter length

a s 28

%ro Y5 P *‘ %

i o oooias,oob» o
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TABLE 3. 1 O Cooling load factors for lighting.t

Fixture X< Fixture Y<
No of hours after hours of operation hours of operation
lights are turned on 10 16 10 16
: 0.8 3: sg
3 0.69 0. 77 0.84 0.87
4 0.73 0.80 0.88 0.89
5 0.75 0.82 0.90 0.91
= - . " .-l 3 2 st Y
o 0.84 0.88 0.96 0.96
10 0.85 0.89 0.97 0.97
11 0.32 0.920 0.22 0.98
& : 3 it
15 0.21 0.94 0.09 0.99
16 0.19 0.94 0.08 0.99
17 0.17 0.40 0.06 0.24
18 0.15 0.36 0.05 0.20

« Fixture description: X, recessed lights which are not vented. T he supply and return air
registers are below the ceiling or through the ceiling space and grille. Y, vented or free-
hanging lighrts. The supply air registers are below or through the ceiling with the rerurn air
registers around the fixtures and through the ceiling space.

TABLE 3. 1 1 Diversity factor for selected applications.$

Diversity Factor

AT AT R W R P g
Apartments and hotel bedroo 0.30-0.50
Public rooms in hotels 0.90-1.00 0.4-0.6
Department stores and supermarkets 0.90-1.00 0.8-1.0

TABLE 3. 1 2 Sensible heat cooling load factors for people.s

Hours after each

Total hours in space
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TABLE 3.15 CLTD for light medium and heavy weight walls

IS e Gs T == ENet T s o - e e
L o Wall rons. nsciio: R
Solar o Fight - | MMedisrn
Thae B E 8§ Wi N 7 s
g M R L s e . -
9 — B == =] e 6 - :
1i - 21 2 !
11 T 7 — —_ 14 -
12 . {2 iz — =1 i :
13 9 iP5 3 i 7
id 3 7 I¢ 13| — iz 9 E
HI 7 1 i 1 T i G
16 ': & 11 27| 2 SRV
17 4 5 7 30| 2 g 11 17| — : -
13 4 4 271 3 v o220 L
19 : 1 1174 3 7 23 i =
20 . s o 6] 3 A 5 20 H 7
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TABLE 3.16 CLTD corrections for latitude and month applied to walls and roof,
North latitude

T R IR OGS YL M TSy TS T e T T = - =
' NINE NE ENE i ESE SE SSE
fjearh N NNV NWOOWNW W WIW SW  SSW S iloriz.

=33 e e I I R I -Q).5

58 7= 3.0}

Vi

{Dex ~2 -3 2.2

[fan/ov 1 ~22 23 38 38 -22 05 22 14 66 -8

Feb/Oct | ~1.é =27 =27 =22 11 00 1.1 . 2.7 38 -2
0.0

0.0 0.0 =05
16" 27548877 oo
8 -38 0.0
-33 34 -38 0.0

&
A

Mar/Sept | -1.6 -15 =11 =11 -05
Apr/Aaug -0.3 -0.5 =05 -05
May/Jul 22 15 1.6 0.0 -

Jun 33 22 227 05 -05

o
I
!J !\) —
19 o D
i
o]
R
(V¥
o

~-9.4
~6 1
-8
=]
0.0
0.5
(.3

i

n
-~
(o
o))

Dec -2.7 =38 =35 -6.1 -44 -2,
Jan/Nov | <29 .37 4 =30 =27

Febs/Oct 23 =27 =33 {
Mar/Sept -1.6 =22 16 -1.6 -035 -0
ApriAug e I VB 00 =05 =03 -1.1 -05
May /Jui 0.5 1.1 1.1 0.0 0.0 -16 —1.6
Jun 1.6 1.¢ 1.6 053 0.0 -16 -22

<
~
(]

-33 -16 -

19 W

5 0.3

o\ 1 Wi

|

3 1) = e 90 B

W U= = o
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wow

wh
o
o
A
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6
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05 L1 0.5 ;00507037505 .
205.700. 00 -0.5-05 .-1.6-1.6 - 0.5
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TABLE 3.17 Recommended and maximum air velocities for warm air heating system

Recommended Velocity (m/s) Maximum Velocity (m/s)

Residence Public Industrial | Residence Public Industrial
Description Buildings Buildings Buildings | Buildings Buildings Buildings
Outside air intake 2.5 2.5 2.5 4.0 4.5 6.0

Heatingoolls 2 2.5 28 | 25 2.8 3.8

f R
s

"
O

g e

Banchducts 30 3045 4050 | 3550 4045
Branch riser 25 3035 40 | 3540 4060

TABLE 3.18 Recommended values of noise criteria (NC)

Ne  Application ¥ NC
1 Concert halls, studios, opera halls 22
2 Offices, privade rooms 25
3 Theaters 27
4 Conlerence rooms, houses, villas 30
5 Lecture rooms, hotels, libraries 35
6 Restaurants, recreation halls 40
7 Supermarkets, cafeterias 45
8  Accounting offices, coliscums 50
9 Factories, machine rooms “'__6( )-65
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TABLE 3.19 circular equivalent of rectangular duct for equal friction and capacity

175

Lath Length of One Side of Rectangular Duct |, mm
g. ;
Adj 100 125 150 175 200 225 250 275 M0 350 480 450 500 550 600 650 700 750 800 ¢80
100 109
150 133 150 164
200 152 1712 189 204 219
B0 169 190 210 28 44 29 N3
300 183 200 229 248 266 283 299 34 3B
400 207 235 260 283 305 325 343 36l I8 49 47
00227 258 87 33 337 360 8L 401 420 455 488 S18 547
600 245 279 310 339 365 390 44 436 457 496 533 567 598 628 656
00 261 298 331 362 9L 418 443 467 40 533 ST3 610 64 617 T8 1N 765
800 215 314 350 383 414 442 40 496 S0 567 609 649 687 722 755 787 BIB 841 7S
%00 289 330 367 402 435 465 494 522 S48 597 643 686 726 763 799 83) B66 897 927 op
1000 301 344 384 420 454 486 51T S46 S 626 6N 719 762 802 8B40 876 911 %44 976 1037
1200 324 370 413 453 490 525 55B S0 60 677 T OO B 812 914 954 9931 1030 1066 1133
1400 344 394 439 482 522 SS9 595 629 662 T4 78 BI5 BB6 934 980 1024 1066 1107 1146 1220
1600 362 415 463 S08  SS1 S91 629 665 00 766 827 B85 939 991 1041 1088 1133 1177 1219 1298
1800 379 434 485 533 5T7 619 660 698 75 804 869 930 BB 1043 1096 1146 1195 1241 1286 137
000 395 453 06 5SS 602 646 688 T8 767 840 908 973 1034 1092 1147 1200 1252 1301 1348 1438
2200 410 470 525 577 625 671 TS 15T 191 84 945 10131076 1137 1195 1250 1305 1356 140§ 1501
400 424 4B6 543 59T 647 695 740 B4 825 905 980 1050 116 1180 1241 1299 1355 1409 1461 1361
2600 437 501 560 616 668 717 764 B0 BS) 935 012 1085 1154 1220 1283 1344 1402 1459 1513 1617
W00 450 516 51T 634 688 M8 BT O8I B9 964 1043 1119 1190 1259 13241387 1447 1506 1562 KW
Lath Lzngth of One Side of Rectangular Duci (a), mm
gth, — _
Ad].' 1000 1100 1200 1300 1400 1500 1600 3700 1300 1900 2000 2100 2200 2300 1400 1500 2600 2700 2800 2900
1000 1093
1100 1146 1202
1200 1196 1256 1312
1300 1244 1306 1365 142)
1400 1289 1354 1416 1475 1530
1500 1332 1400 1464 1526 1584 1640
1600 1373 1444 1511 1574 1635 1693 1749
1700 1413 1486 1555 1621 1684 1745 1803 1858
1800 1451 1527 1598 1667 1732 1794 1854 1912 1968
190 1488 1566 1640 1710 1778 1842 1904 1964 021 2077
000 1523 1604 1680 1753 1822 1889 1952 2014 2013 2131 2186
200 1558 1640 1719 1793 1865 1933 1999 2063 2124 218) 2240 229
200 1591 1676 1756 1833 1906 1977 2044 2110 273 2233 2292 2350 2408
1001623 1710 1793 1870 1947 2019 2088 2155 2220 228) 234} 2402 2459 2514
00 1655 1744 1828 1909 1986 2060 2131 2200 2266 2330 2393 453 2511 2568 2624
2500 1685 1776 1862 1945 2024 2100 2173 2243 2311 2377 441 2502 2562 2621 2678 2113
2600 1715 1808 1896 1980 206! 2139 2203 2285 2355 2422 87 2550 2612 2672 2130 287 2842
70017441839 1929 2015 2007 M 283 B 198 2466 2533 2598 2661 2722 278 2840 28% 2952
800 1772 1869 1961 2048 2I3] 2214 2292 2367 2439 2510 2578 2644 2708 277 2830 2891 2949 3006 3051
2%0 1800 1898 1992 2081 2167 2250 2329 2406 2480 2552 2621 2689 2755 2819 BRI 294] 3001 3058 315 3170
Table based on D, = 1.30{at)> /(0 + p)°*,
" Length of adjacent side of reclangular dut ,mm.



TABLE 3.20 equivalent lengths Le, of various fitting

Fitting
45° Round elbow
90° Four pieces clbow
Gradual reduction
45° Round Tee

Main run

Branch
Q0" Round Tee

Miin run

Branch
90° Rectangular clbow
Abrupt round contraction or
expansion

TABLE 3.21 Pressure drop of dividing flow fittings (pa).

v Y ’ . :

Vy(m/s)

/s 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 12.5 15.0

3.0 0.25 0.75 1.00

1.0 0.75 0.50 2.00 250 250

5.0 1.00 0.7 0.75 1.25 2.50 2.5

6.0 1.75 1.50 1.25 1.25  2.50 2.50 275 3.00
7.0 250 2,50 2.00 2.00 1.50 250 275 3.25
8.0 4.25 375 350 250 2.00 3.00 2.75 3:25
9.0 5.50 5.00 4.50 3.00 2.75 3.00 3.00 3.25

10.0 6.75 5.00 475 4.50 4.25 4.25 3.75 2.50 50 75
12.5 7.50 5.0 5.0
15.0 10.00 15 7.5
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TABLE 3.22 Performance data for round diffusers

Neck
Dia, Velocity
(cm) (m/s) 3.5 4.0 4.5 5.0 5.5 6.0 6.5
V,Q@L/s) 45 50 55 60 70 75 80

Thr,(m) 0.9-1.5 0915 0915 09-1.8 09-1.8 0921 1221

AP,(Pa) 174 224 299 374 438 523 623
18

12.5

43‘**?69 o

14 (L/s) 110 125 140 160 175 190 205
Thr, (m) 1221 1224 1227 1530 1533 1536 1836
AP, (Pa) 149 199 249 324 398 473

35

20.0

' 5 ':?u.'« #L R,
12’ 2y

3

250 285

Thr, (m) 2142 2145 24-50 24-50 2754 2757 3960
AP, (Pa) 12,3 14.9 19.9 24.9 29.9 34.9 42.3

30.0

"ty aﬁ&i’if-.&.«e\.‘n RTINS

875 955
Thr,(m) 3.3-6.6 3675 3978 4284 4591 4596 4899
AP, (Pa) 7.5 100 125 149 199 224 274
NC 26 30 32 35 38 41 43

45.0
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TABLE 3.23 Performance data for square diffusers

Neck

Size Velocity
(cm) (m/s) 2,00 2.25 2.50 2.75 3.00 3.25 3.50

- Vo, (/v 45 50 58 60 65 70 75
o Ty (m) 122300 1237 1543 1855 2460 2461 2467

AL, (I'a) 8.7 10.5 134 14.9 17.9 20.2

R A

W ars)

-o' i : . - .
R A

225 250 270 295 35

Thr, (m) 2443 3.04.9 3755 4367 4373 4979 4985
13.7 172 204 23.7

505 560 610 660 700

©

-

§ Thr, (m) 4.9-73 35579 6191 6.1-93 6.1-104 6.1-11.0 6.1-11.6
AP, (Pa) 13.2 16.2 19.2 25.4 26.2 30.6

990 1213 1305

o)
b Thr, (m) 6.7-104 7.3-11.0 7.3-11.6 7.9-12.2 8.5-14.0 9.1-14.6 9.1-15.2
-]

14.7 174 319 36.6
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TABLE 3.24 Performance data for rectangular diffusers

Neck
Size Velocity
(cm) (m/s) 2.00 2.25 2.50 2,75 3.00 3.25 3.50

V,(L/s) 65 70 75 90 100 110 115
Thr,(m) 1.2-3.0 1837 2443 2449 2449 2460 2.46.7
AP, (Pa) 8.5 o2 125 144 M4 197 224

=P PV A I:ZT':G%‘\"T»*e ﬁTﬁ“”'W‘i‘.ﬁr R R
fr-.Lﬁ"’ s,m s;f’ i R hYar 1"“.145_#%&%1;5 -'m]

A
2 230
X Thr,(m) 2443 3049 3755 3760 4367 4373 4378
- AP, (Pa) 10.7 . 57 184 214 247 281
i} = L Mz 7 'g"!- L A L{_‘ﬁ!‘& .‘""]F 5 AT ."‘_ & R : I LR ]

I
i

é'wfr i
Sl

3
X Thr,(m) 3.155 4360 4367 4373 4379 4385 4391
- AP,@Pa) 122 152 187 214 276 286 334

250 270 305 34 360 390
4375 4379 4385 4990 4998 4.9-116
15.7 18 9 24,7 27.6 289 33.6

v, (L/s) 60 405 450 495 540 585 630

v
L~

P Thr,(m) 4979 5589 55110 6.1-11.6 6.1-12.2 6.1-13.0 6.1-13.7
~ AP, (Pa) 13.2 16,2 194 22,7 26.6 30.4 35.1
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TABLE 3.25 Performance data for return air diffusers

e

Face Velaoi ]

; 050 0/ 100 1.25 1.50 1.75 2.00 2.25 2.50 2.75

(s /o

AL (1'a) 20 40 7.5 125 174 224 299 398 498 69.7

Si1ze (¢m) VYolumetric Flow Rate (m3/s)

"~ 15x15 I8 23. 30 36 45 47 54 65 74 77
15% 23 23 32 43 54 63 14 85 97 108 117
15 % 30 27 40 51 68 83 97 110 124 137 150
2.3 x 23 32 a5 60 77 92 108 125 140 155 170
23 x 30 38 60 77 97 117 135 155 173 195 212
23 x 38 47 70 92 115 140 162 185 207 230 254
30 x 30 50 72 97 122 145 170 195 218 243 26K
30 x 46 70 105 137 173 207 240 276 310 345 /K
30 x 53 80 120 160 198 240 280 320 358 304 a1y
38 x 53 97 145 195 243 293 340 390 435 4AXS 534
38 x 61 110 165 220 275 330 387 440 495 550 603
46 x 61 120 170 230 288 347 403 465 522 507 637
53 x' 61 150 225 304 378 456 530 603 684 765 837
61 x 61 170 260 350 437 518 612 702 783 H‘/Ii ‘{b-’l_

TABLE 3.26 Circular equivalents of rectangular duct for equal friction and capacity

Side ce

IRectan-| Rectzr
gular gular
Duct |1000 1100 1200 1300 1400/1500 1800 1700 1800 1900[2000 z~30 2200 2300 2400 2330 2500 2700 2800 2900| Duc:
1000 | 1093 1000
1100 | 1146 1202 1100
1200 | 1196 1256 1312 1200
1300 | 1244 1306 1365 1421 1300
1400 | 1289 1354 1416 1475 1530 1400
1500 | 1332 1400 1464 1526 15841640 1500 |
1600 | 1373 1444 1511 1574 1635(1693 1749 1600
1700 | 1413 1486 1555 1621 1684|1745 1803 1858 1700
1800 | 1451 1527 1598 1667 1732|1794 1854 1912 <233 1800
1800 | 1488 1566 1640 1710 1778/1842 1904 1954 2C21 2077| 1800 |
2000 | 1523 1604 1680 1753 1822/188¢ 1952 2044 2073 2131|218¢ 2000
2100 {1558 1640 1719 1793 1865 1833 1933 20383 2124 2183|2247 z2:2 2100
2200 | 1591 1676 1756 1833 1906 1577 2044 2710 2173 2233|2282 Z [ 2200
2300 | 1623 1710 1793 1871 1947 2019 2088 2155 2220 2283|2343 = < | 2300
2400 | 1655 1744 1828 1909 1986(2060 2131 2200 2266 2330/ 2383 2433 2511 2388 2624 2400
2500 | 1685 1776 1862 1945 2024/2100 2173 2243 2311 2377|2441 2322 2582 28621 2678|2733 2500
2600 | 1715 1808 1896 1980 2061|2139 2213 2285 2355 2422|2487 2531 2812 2672 2730{2787 2842 2600 |
2700 | 1744 1839 1929 2015 2097|2177 2253 2327 2398 2466|2533 2235 2661 2722 2782(2840 2896 2952 270
2800 | 1772 1869 1961 2048 2133|2214 2292 2367 2439 2510|2578 2644 2708 2771 2832|2891 2949 3006 3061 2800
2900 | 1800 1898 1992 2081 2167|2250 2329 2406 2480 2552|2621 2€83 2755 2819 2881{2941 3001 3058 3115 3170, 2800
Side | 1000 1100 1200 1300 1400(1500 1600 1700 1800 1900|2000 2100 2200 2300 2400|2500 2600 2700 25

Rectan- |
gular
Duct | s

Equation for Circular Equivalent of a Rectangular Duct:

D. = 1.30 [(ab)®$35/(a + b)°-250)

where

a = length of one side of rectangular duct, mm.
b = length of adjacent side of rectangular duct, mm.
D, = circular equivalent of rectangular duct for equal friction ana capacity, mm.

180



TABLE 3.27 Circular equivalents of rectangular duct for equal friction and capacity

Dimensicns ~ ——
Side Side
Rectan- Recta:I
gular gular
Duct | 100 125 150 175 200|225 250 275 300 350 1400 437 =00 3530 800 630 700 730 800 900 Duct !
100 | 109 100
125 | 122 137 128
150 | 133 150 164 150
175 | 143 181 177 181 ‘ 78
200 | 152 172 189 204 219 200
225 [ 161 181 200 216 232 (246
250 (169 190 210 228 244 [259 273
275 | 176 199 220 238 256|272 287 301 275
300 [183 207 229 248 266|283 299 314 328 300
350 | 195 222 245 267 286|305 322 339 354 383 KE
400 | 207 235 260 283 305325 343 361 378 409 | 437 430
450 | 217 247 274 299 321|343 363 382 400 433 | 464 492 450
500 | 227 258 287 313 337|360 381 401 420 455| 488 518 547 500
550 |236 269 299 326 352|375 398 419 438 477| 511 543 573 601 550
600 [245 279 310 339 365|390 414 435 457 496 | 533 567 598 628 656 600
650 | 253 289 321 351 378|404 429 452 474 515|553 589 622 653 683 711 650
700 | 261 298 331 362 391|418 443 467 490 533 | 573 610 644 677 708| 737 765 700 t
750 (268 306 341 373 402 |430 457 482 506 550 | 592 830 666 700 732| 763 792 820 750 ,
800 | 275 314 350 3B3 414 (442 470 496 520 567 | 609 649 687 722 755| 787 B18 847 875 800
900 | 289 330 367 402 435|465 494 522 548 597 | 643 686 726 763 799| 833 866 897 927 984 | 900
1000 | 301 344 384 420 454 |486 517 546 574 626 | 674 713 762 802 B840| 876 911 944 976 1037 | 1000
1100 | 313 358 399 437 473|506 538 569 598 652 | 703 751 795 838 878| 916 953 988 1022 1086 | 1100
1200 | 324 370 413 453 490|525 558 590 620 677 | 731 750 827 872 914| 954 993 1030 1066 1133 | 1200
1300 | 334 382 426 468 506|543 577 610 642 701 | 757 808 857 904 948! 990 1031 1069 1407 *77 <227
1400 | 344 394 439 4B2 522|559 595 629 662 724! 781 835 B8RS 034 G20 1024 1088 o7 crifoczzt ocilt
1500 | 353 404 452 495 536 (575 612 648 681 745 805 860 913 963 1011 [1057 1100 1143 1183 1260 322
1600 | 362 415 463 508 551 (591 629 665 700 766 527 885 939 991 1041 {1088 1133 1177 1213 1288 | 1800
1700 | 371 425 475 521 564|805 644 682 718 785 349 908 964 1018 1069|1118 1164 1209 1253 1335 | 1700 |
1800 | 379 434 485 533 577|619 660 698 735 804 869 930 988 1043 1096 (1146 1195 1241 1286 1371 | 1800 |
1900 | 387 444 496 544 590 (633 674 713 751 823 889 952 1012 1068 1122|1174 1224 1271 1318 1405 | 1900
2000 | 395 453 506 555 602 (646 688 728 767 840 908 973 1034 1092 1147 {1200 1252 1301 1348 1438 | 2000
2100 [ 402 461 516 566 614 659 702 743 782 857 | 927 993 1055 1115 11721226 1279 1329 1378 1470 | 2100
2200 | 410 470 525 577 625|671 715 757 797 874’ 945 1013 1076 1137 1195 (1251 1305 1356 1406 1501 | 2200
2300 | 417 478 534 587 636683 728 771 812 890 963 1031 1097 1159 1218 [1275 1330 1383 1434 1532 | 2300
2400 | 424 486 543 597 647 (695 740 784 826 905 980 1050 1116 1180 1241 (1299 1355 1409 1461 1561 | 2400
2500 | 430 494 552 606 658|706 753 797 840 920 | 996 1068 1136 1200 1262|1322 1379 1434 1488 1589 | 2500
2600 | 437 501 560 616 668|717 764 810 853 9351012 1085 1154 1220 1283 [1344 1402 1459 1513 1617 | 2600 !
2700 | 443 509 569 625 678 728 776 822 866 950 11028 1102 1173 1240 1304 [1366 1425 1483 1538 1644 | 2700
2800 | 450 516 577 634 688 738 787 834 879 964 <043 1119 1190 1259 1324 [1387 1447 1506 1562 1670 | 2800
2000 | 456 523 585 643 697|748 798 845 891 977 ‘032 1135 1208 1277 1344 [1408 1469 1529 1586 1696 | 2900
Side | 100 125 150 175 200|225 250 275 300 350 <07 430 500 550 600| 650 700 750 800 900 | Side
Rectan- | Rectan-
gular 1 ‘ gular
Duct | Duct
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Figure B 3.1 Duct friction loss chart
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Figure B 3.2 (a) pressure dro

round Duct diameter

p (AP/EI). For air in galvanized steel duct, based in

{
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galvanized steel duct, based in

Figure B 3.2 (b) pressure drop (AP/E)). For air in

round Duct diameter
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APPENDIX C



Table 4.1 Water supply fixture unit and fixture branch size

Tvpe of Min. Size of
Fixture® Use Supply Control Fixture Branch in

Bathroom group€ Flushometer N -
Bathroom group® Flush tank for cluse: é =
Bathtub Faucet 2 [
Bathtub Faucet 4 s
Clothes washer Faucet 2 12
Clothes washer Faucet 4 [
Combination fixture Faucet 3 i
Dishwasher? Private Automatic 1 s
Drinking fountain Offices, etc. Faucet 3+ in. 0.23 I
Kitchen sink Private Fauce: 2 s
Kitchen sink General Faucet 4 2
Laundry trays (1-3) Private Faucet 3 2
Lavatory Private Faucet ] .
Lavatory General Faucet 2 3
Separate shower Private Mixing valve 2 :
Service sink General Faucet 3 :
Shower head Private Mixing valve 2 :
Shower head General Mixing valve 4

Urinal General Flushometer & y
Urinal General Flush tank 3

Water closet Private Flushometer o

Water closet Private Flushometertunk 2

Water closet Private Flush tank 3

Water closet General Flushometer v !
Water closet General Flushometer tank 3

Water closet Generul Flush tank 5

Water supply outles ot listed above shall he T Uthvedr omsodises deBadd Bt S trcase Tows i :

wollowimg values:

Fixtere Branch Private Use

'
o 1o —

o

“For supply outlets likely 10 impose continuous demands, estimate continuous supply separately and 2dd o total demand
for fixtures.
_"The given weights are for total demand. For fixtures with both hot and cold water suprhies, the werzhts for mavimum
separate demands may be taken as three-quarters the histed demand for the supply.

*A bathroom group for the purposes of this table consists ol not more than one water ¢lset, ware lavaton, one bathtub, cne
s}u‘m'cr stall or one water closet, two lavatories, one bathtub or une separate shower stall .

“Nominal L.D. pipe size.

"Some may require larger sizes—sce manufacturer’s instructions,

‘Data extracted from Code Table B5 2.

Source. Reproduced with permission from The National Standard Plumbing Code. published by The National
Association of Plumbing Heating Cooling Contractors.
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Table 4.2

Table for Estimating Demand

Minimum Pressure Required by

‘ Supply Systems Supply S §

i ing Fixtures e S

rypical Plumbing ¢ Predominantly for Predoming:): <
i Pressrs - Flush Tanks Flushonezors

Fixture Type

"m:u_ o R Load, Demand, Load,
sink and tub fau. g WSFL' gom WSFU™
shower ’ ;
water closet—tank flush k. 6 5 . -
Flush valve—urinal = 10 8 10 27
Flush valve—siphon jet bu| - 15 1 15 3
floor-mounted i 20 4 20 33
wall-mounted B 23 17 25 33
Flush valve—hlowout bowl ) 30 20 30 4
floor-mouried . 40 23 40 K
wall-mounied B 30 29 30 )
Garden huse . 60 33 o0 33
sig-in. sill coch ,‘ S0 39 30 02
Je-in. SI“ Cl.’\."\ -; ; 100 44 100 &3
Drinking Lo - 120 49 120 7
T . 0 L &) 33 140 P
dof by ndnal Wazer Supgls Svst 3 - . .
Sowrce. EPA Ml ,‘/,,,A it Fisatt c 1oy 57 Lot 33
1975 and manufacturers’ doe 130 6l 130 37
200 03 200 9]
213 i 225 S
" ) 1'[‘» T; 23 '
R_‘-;n!l..'ﬂ,‘lhl;‘\l. Fliw :J s = )
! ! Blymbir, 300 83 300 !
Rlates for Tvpica Plumbin: a0 13 400 BE
Fixtures 300 123 300 140
: e e 7 [70 730 i3
Fixtiirs Ty F. . "; B 1% 1) 1,300 -
Lavaton ; 13 u 1230 et
Sm:\ 23 i:‘A' -.'.-l.' [;L‘IJ oy
Bathtub - 173 300 1730 300
: 2000 333 j 113
Laundry tras : <Hk e 2000 s
Shower 3= 25 380 2500 330
Water closers 300 433 3000 433
tank tvpe 3 4 323 4000 323
flush valte (540 3000 600 5000 )
Urina] flush valse 13 » 000 630 6000
Garden hose 7000 it 7000
%a-in. sill cack 3 8000 730 8000
Yeinill cock g 9000 760 5000 7ol
Drinking foun:ain K 10.000 L 10,000 790
o —~—

Source, Data extracted from vari- “Water Supply Fixture Units
S ounes Source. Reproduced with permission from The Na-
“Wide range of flows; depends ua ow tional Standard Plumbing Code, published by The Na-
Pressure. tional Association of Plumbing Heatiny Cooling Cor-
tractors.
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Table 4.4 Drainage fixture unit value

Type of Fixture
or Group of Fixtures

Drainage Fixture
Unit Value, dfu

~ putomatic clothes washer
2-in. standpipe and trap required, direct
* connection)
? * pathtub group consisting of a water closet;
i javatory and bathtub or shower stall:
_ Bathtub (with or without overhead shower)®
Bidet
Clinic sink
Clothes washer
+# Ccombination sink-and-tray with food waste
grinder
4. Combination sink-and-tray with one 1-in.
%5 trap
L Combination sink-and-tray with separate 1-
in. trap
Denta! unit or cuspidor
““ Dental lavatory
:' Drinking fountain
- Dishwasher, domestic
i+ Floor drains with 2-in. waste
'+ Kitchen sink, domestic, with one
1-in. trap
Kitchen sink, domestic, with food waste
grinder
Kitchen sink, domestic, with food waste
. grinder and dishwasher
* l-in.trap
% Kitchen sink, domestic, with dishwasher 1-in
. trap
. Lavatory with 1-in. waste
; Laundry tray (1 or 2 compartments)
* Shower stall, domestic
* Showers (group) per head
. Sinks
surgeon'’s
flushing rim (with valve)
service (trap standard)
service (P trap)
pot, scullery, etc.
Urinal, syphon jet blowout
. Urinal, wall lip .
Wash sink (circular or multiple) each set of
faucets
Water closet, private
Water closet, general use
Fixtures not already listed
 lrap size 1% in. or less
trap size 1Yz in.
trap size 2 in.
trap size 2z in.
trap size 3 in.
trap size 4 in.

N~

4

(%)

Lo S S N PO bENwWO W NN N -

Ul B W N

“A shower head over a bathtub does not increase the fixture

unit value.

Source. Reprinted with permission from The National
Standard Plumbing Code, Published by The National
Association of Plumbing Heating Cooling Contractors.
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Table 4.5 Maximum size of non
integral traps

Trap Size,
Plumbing Fixture .
Bathtub (with or without overhead shower) 1t
Bidet 14
Clothes washing machine standpipe 2

Combination sink and wash (laundry) tray 1Y
Combination sink and wash (laundry) tray

with food waste grinder unit® 142
Combination kitchen sink, domestic,

dishwasher, and food waste grinder 11
Dental unit or cuspidor 14
Dental lavatory 1/,
Drinking fountain 1%
Dishwasher, commercial 2
Dishwasher, domestic (ncnintegral trap) 14
Floor drain 2
Food waste grinder, commercial 2
Food waster grinder, domestic 14
Kitchen sink, domestic, with food waste

grinder unit 1t
Kitchen sink, domestic 1t
Kitchen sink, domestic, with dishwasher 1%
Lavatory, common 1Y4
Lavatory (barber shop, beauty parlor or

surgeon's) 1
Lavatory, multiple type (wash fountain or

wash sink) 14
Laundry tray (1 or 2 compartments) 142
Shower stall or drain 2
Sink (surgeon's) 11

Sink flushing rim type (flush valve supplied) 3
Sink (service type with floor outlet trap

standard) 3
Sink (service trap with P trap) S 2
Sink, commercial (pot, scullery, or similar

type) 2
Sink, commercial (with food grinder unit) 2

“Separate trap required for wash tray and separate trap
required for sink compartment with food waste grinder unit.

Source. Reprinted with permission from The National
Standard Plumbing Code, published by The National
Association of Plumbing Heating Cooling Contractors.



Table 4.6 Horizontal Fixture branches and stacks

Maximum Number of Fixture Units That May Be Connected to

=

¢ @

o5 ’ft)ch Stacks with More Than Three
One Stack of Branch Intervals -
Three Branch e T T e e
Diameter Any Horizontal - (ntervals or Total for Total at One
of Pipe, zr_z Fixture Branch,” dfu Less, dfu Stack, dfu Branch Interval, dfu
12 3 4 g 2
2 6 10 24 6
21/ 12 20 42 . 9
3 20% 48°% 72° 20%
4 160 240 500 90
5 360 540 1100 200
6 620 960 1900 350
8 1400 2200 3600 600
10 2500 3800 5600 1000
12 3900 6000 8400 1500
15 7000

aDoes not include branches of the building drain.
5Not more than two water closets or bathroom groups within each branch interval nor more than six water closets or

bathroom groups on the stack.
Note: Stacks shall be sized according to the total accumulated connected load at each story or branch

interval and may be reduced in size as this load decreases to a minimum diameter of half of the largest

size required.
Source. Reprinted with permission of The National Standarc Plumbing Code, published by The Naticnal

Association of Plumbing Heating Cocling Contractors.

Table 4.7 Building drain and sewer
—— g = rarics = — Sa—

Maximum Number of F ixture Units That May Be Connected
to Any Portion of the Building Drain or the Building Sewer

. Slope per Foot
Diameter <
of Pipe, in. s in. fg in. s in. 2 .
2 21 26
22 24 31
3 42° 50%
4 180 216 250
! 390 480 575
6 700 . 840 1000
8 1400 1600 1920 2300
10 2500 2900 " 3500 4200
12 2900 4600 5600 6700
15 . 7000 8300 10,060 12,000

aQn site sewers that serve more than one building may be sized according to the
current standards and specifications of the Administrative Authority for public sewers.

®Not over two water closets or two bathroom groups, except that in single family
dwellings, not over three water closets or three bathroom groups may be installed.

Source. Reprinted with permission from The National Standard Plumbing
Code, published by The National Association of Plumbing Heating Cooling

Contractors.
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Table 4.8 Rain velocity an sloping drains

the in.lft " indf e indft s in.dft
Sl Sl Sl Slope
Actual Inside x & i E —
Diameter of Discharge, Velocity, Discharge, Velocity,  Discharge, Velocity,  Discharge, Velaéitfi;
Pipe, in. gpm fps __em _ [ps gpm fps gpm fps;
1Ya 340
1%/ 3.13 1.34 4.44
112 391 1.42 5.53
15/ 4.81 1.50 6.80
2 8.42 1.12 11.9
2/ 10.8 1.41 153 1.99 21.6
3 17.6 1.59 248 2.25 35.1
4 26.70 1.36 37.8 193 53.4 273 755
5 48.3 1.58 68.3 223 96.6 3.16 137.
6 78.5 1.78 111. 252 157. 357 222.
8 170. 2.17 240. -~ 3.07 : 340. 4.34 480.
io 308. 2.52 436. 3.56 616. 5.04 872.
12 500. 2.83 707. 4.01 999. 5.67 1413

“Computed from the Manning Formula for '-full pipe, #=0.015.
“Half full means filled to a depth cqual to one-half the inside diameter.
Note: For Y full, multiply discharge by 0.274 and multiply velocity by 0.701. For s full, multiply discharge b}y
and multiply velocity by 0.80. For ¥ full, multiply discharge by 1.82 and multiply velocity by 1.13. For full, muift
discharge by 2.00 and multiply velocity by 1.00. For smoother pipe, multiply discharge and velocity by 0.015 /i
divide by n value of smoother pipe. g1
Source. Reprinted with permission from the Naticnal Standard Plumbing Code, Published by The National As!
tion of Plumbing Heating Cooling Contractors. C
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Table 4.11 Sewage Manholes

Table of Sewage Manholes

: : : Q ltem.
SM. No |SM Diam|S.M. Deptn| Distance [Size of pipe C::‘esr B.0.Q ltem
om m. in
c;:) 50 s |8 7212
! 7.05 8t 7212
2 80 60 6.8 6
8t. 7212
3 80 75 5 6
87 8t 7212
4 80 6
0.66 Bt 7212
5 80 100 75 6
e e Dl e S
7 100 :;g 565 6 o o
. L = = 8 7214
51D 100 140 - § 3
010 100 165 - ) 8 8t. 7215
1107 100 165 " l6.45 § 2t 7215
12.10°[ 100 180 86 8 8| 7215
13 100 204 - s L8t 7216
14 1D 100 210 8 8t. 7.2.16
A, 275
i5 1D] 100 235 16 8t 7.2.16
7 8 7213
17 100 100 . 25t.
18 80 100 29 6 25t 7.2.12
19 80 105 4,98 6 25t 7212
20 80 150 ) _ |25t 7213
21 100 340 16 é 8t 7.2.17
22 100 280 42 6 8t. 7.217
23 100 265 66| | 6 8t 7.2.17
24 100 235 . 8t. 7.2.16
25 100 205 43 6 ) 8t. 7.2.18
26 100 210 i 6 |8t 7.2.16
57 100 160 54l 22 " 8t 7.2.15
28 100 115 ) .| 8t 7.2.13
29 100 80 - : 8t. 7213
31 100 50 3| 6 g 7.2.13
32 100 70 25 6 25t 7.2.13
33 100 80 38 6 25t 7.2.13
34 100 75 508 6 L25t| 7213
35 100 95 14 7 8 25t 7.213
36 100 100 i s |22t 7213
37.1D* 100 105 . s 25t 7213
D™ 100 185 o= s L8t 7.2.15
39 100 194 - - 8t 7.215
8t.
40 100 70 . = 7.213
41 100 66 8t. 7213
= 1.35 6 a
100 72 L 7.213
1.35 6
ol
39 o] = al- 7.213
43 100 70 4l g | 25| 7213
17 - 7.2.13
43 165 | 10 7213
44 100 75 0 8 25t | 7.213
E7 Olel - no | 25t
E8 -1 - ]-] 2
+1External Drop for connecting on existing manhole

D* : Drop Manhole

Manhole Cover =25ton at traffic points , int. diam. of cover =50cm for S.M of diam.80cn
Manhole Cover =25ton at traffic points , int. diam. of cover =60em for S.M of diam. 100c
Manhole Cover =25ton at no traffic points , int. diam. of cover =500 for S.M of diam 10C
Manhole Cover =8ton at no traffic points , int. diam. of cover =500 for S.M of diam.80cn
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Table 4.12 Rain Manholes

Table of Rain Manholes

Slab+49.8
R.M. No. | Gr. Level I.L. Pipe:in I.L. Pipe out| R.M. Diam.| R.M. Depth| Distance Slope% | Size of pipe|Cover
widy | ey | pethits cm cm m in. |tons
1 +54.00 |+53.58 +53.23 60 77 5% 6" 25t.
2 +54.00 |+53.58 +53.11 +53.06 80 94 : S 2% = o 25t.
3 +54.00 |+53.58 +52.94 +52.89 80 11 751 o 2 g 25t
4 +54.00 |+53.58 +52.77 | +52.72 80 128 75 o g |25t
5 +54.00 |+53.58 +5260 | +52.55 80 145 75 , 5 g" 25t
6 +54.00 |+5358 +5243 | +52.38 80 162 : 2% : ov |25k
. +54.00 |+53.58 5226 | +5221 80 179 e 3 w7 751
8 +54.00 - 45197 | +51.92 100 208 o 1o |28
9 +53.70 |+53.16 +5174 | +51.69 100 201 R g : 2% - 25t.
10 +53.20 |+52.76 +5151 | +51.46 100 | 174 B e 25t.
11 +52.00 |+51.58 : +51.23 60 77 g e i - i | B,
12 +51.60 |+51.18 15089 | +50.84 60 76 8.5 3.2% g |8t
13 +5130 |+50.88 |+50.86 | +5065 | +50.60 80 70 75 o i ¢ 8t.
14 +50.70 | +50.27 +50.05 +50.00 80 70 ] o 8t
15 +49.98 |+50.23" |+5025 | +4933 | +49.28 80 70 3 o o | iF
16 +49.90 |va048| |- +49.09 80 81 8 % o[- 25t
17 +49.90 |+a046 3| | +4895 | +48.90 80 100 7 2% & 25t.
18 +49.80 |+49.35 '|+49.47 | 14884 | +48.79 80 101 10 (5 g" | 25t
19 +49.80 |+48.43 [+48.47 | +4876 +48.38 100 142 8 Xl o o 25t.
20 +49.40 |+4B67 |+48.67 | +4820 +48.15 100 125 8 2% : 10" 25t
21 +49.20 | +49.33 |+49.33 | +4801 +47.96 100 124 6.5 2-3% 8t.
23 +48.70 | +49.33 | +49.33 | +47.31 +47.26 100 144 10°
22 +48.85 | +49.33 | +49.33 | +47.48 +47.43 100 142 8t
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Table 4.13 Rain Manholes

Table of Rain Manholes

Slab+49.8
R.M. No. | Gr. Level I.L. Pipe in I.L. Pipe out|R.M. Diam.{R.M. Depth Distance Slope% | Size of pipe |Cover|B.0.Q ltem
\H-W_u_uzl ==wu__m,_ _am.,w%u_ cm cm m in. tons
24 +54.00 100 65 10.30 Grill 23t. 7.2.13
q +54.00 | +53.58 +53.23 60 77 - a5 25t.| 7.2.11
2 +54,00 | +53.58 +53.11 +53.06 80 130 7 ) 25t 7.2.13
3 +54.00 | +53.58 +52.04 | +52.89 80 120 _” 6 R 7.213
4 +54.00 | +53.68 +5277 |  +52.72 80 128 6.35 6" | 25t 7213
5 +54.00 | +53.58 15260 |  +52.55 80 170 . 6" 25t 7.2.13
6 +54.00 | +53.58 +5243 |  +52.38 80 190 6 7 N 8" ["25t| 7.2.13
7 +54.00 | +53.58 +52.26 +52.21 80 185 10.35 ) 25t 7.213
8 +54.00 - +5197|  +51.92 100 200 85|: ] 10" [ o5t 7276
9 +53.70 | +53.16 +5174|  +61.69 100 215 6.0 10 o5t 7.2.16
10 +53.20 | +52.76 +51.51 +51.46 100 240 ) . 10" [ o5t] 7.2.16
11 +52.00 | +51.58 - +51.23 80 70 6.20 a gt | 721
12 +51.60 | +51.18 +60.89 +50.84 60 110 7.30 6" | g | 7212
13 +51.30 | +50.88 | +50.86 | +50.65 +50.60 60 100 70 6" gt | 7.212
14 +50.70 | +50.27 +50.05 +50.00 80 130 6" 8t. 7.213
15 | +49.98 | +5023 | +5026 | +4933| +49.28 80 70 . - 7.2.12
16 +49.00 | +49.46 : +49.09 80 70 74 L ost|  7.2.12
17 +49.90 | +49.46 +48.95 |  +48.90 80 75 3 6 ost| 7212
22 100 90 165 o | 6] 25 7213
18 +49.80 | +49.35 | +4937 | +48.84 +48.79 100 100 9 o5  7.213
19 +49.80 | *48.43 | +4847 | +48.76 +48.38 100 100 6.8 . 8" 251 7.2.13
20 +49.40 | +4867 | 4867 | +48.20 +48.15 100 110 - 8 o5 7.2.13
21 +49.20 | +4933| #4933 | +48.01 +47.96 100 200 63 10 st.| 7216
23 +48.70| +4933| +4133| w731 +47.26 100 214 - e 3 gt.| 7216
25 80 60 . - 25t 7212
14 ; 12 "
76 o & e T2
15
+1External Drop for connecting on exising manhole
Manhole Cover =25ton at traffic points , int. diam. of cover =50cm for S.M of diam.80cm

Manhole Cover =25ton at trafiic points ,
Manhole Cover =8ton at no traffic points ,

int. diam. of cover =60cm for $.M of diam.100cm

int. diam. of cover =500 for S.M of diam.60cm&80cm
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