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The progress on the ressarch and application of Portable Fire Fighting System in fire suppression
has been substantial over the last decade. To bring this work into focus, a review has been
undertaken to identify future developments and potentisl efficacy improvements for portable fire
suppression system. This report, provides a review of the fundamental research in water [ire
suppression systems, This includes a review of extinguishing mechanisms and the factors that
influence the performance, such as spray characteristics, enclosure effects, dynamic mixing, the
use of additives and methods of gencrating water mist.

The overall aim of the project is to finalize a design and building a portable water mist based fire
fighting systam which will ensure rapid extinguishing of fire with easy operation.

The system should be suitable for various types of fire, the total weight of the system about (20-
30) kg to be easily carried and the lunching distance of water betwsen (10-20) meter to reach the

fire and increase safety to the fire man .
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Chapter One

General Introduction

1.1 Project Background.

1.2 Project Goals and Objectives.

1.3 Project Choice Justification.

1.4 Project Implementation Plan.

1.5 Preliminary Budget.




1.1 Project Background

Fire is arguebly one of the most dangerous and most usefiil ¢lements. Fire
represents the power of civization, thiough cocking, and the praduction of light and
puwer to indnstry, It represents the power of destruction in that it is 2 thraat to hwman

farm, forest, and city alike

According to the Palestine based on data received from the Palice Departmiant
aitd reports of the Ministry of Health in 2003 recards 1587 injuries resulting from fires,
distributed to 63 fres in Gaza and 104 fires in West Bank

M a report to the Department of Public Relations and Humanity in the Civil
Defenze for accident statistics and interventions and a summary of the achisvements
that have dealt with the crews of rescne and fire within the statistcal anmmal, with en
explicit note i a high incidence of reseue (15%) and f rise in fires and incidents of
Lre (48%), which resulted Reported 4 rise in the nomber of casualtics by (61%%) fram
last year, and was more canze of the fire comm on is neglect (30%), mavars by (20%)
and the futility of children (1226 and to sesk power (4% of the total accidents and
accounted for raad accidents The highest in the rescue and incidents recorded (42%)
and evacuate the population amd water dramage rate (33%) of the total accidents
rescue crews spetted in attacks by zettlers and the army of occupation on the

Palestinian Ternitories and sct firz to (1 16) times,

As written above there is lake in materials and 50 in maching that can meet the
needed of fire fighting, to face these problems the civil defense department in
Bethlehem proposed this project that must be small, light to be carried by the fira
man, this portable fire fighting device will be easy o carry ta able the fire fighting
man reach the high buildings and far places that can'l be reachsd by the fire fizshting
vehicle .

1.2 Project Goals and Objectives.

The overall aim of the project 15 to finalize g design and building a portable
water mist based fire fighting system which will ensure rapid extinguishing of fire

with easy operation. Specifically the project intends to:




1. Finalize the design of water mist based fire fighting system using comprossed
E8s as propellant.

2. Design the complete system which will be backpack and handheld as well.

Build this device locally.

Make it casily to have by the famous public place,

LT M T |

Can Tace most of the fire elusses

1.3 Project Components and Concept.

The system consists of two cvlinder one of them contains water with capacity
of 10 Inter that is suitable to this portable svstem . mnother cylinder containg
pressunced pas at specific pressure that will be determined later by ealculation | the
selection of other compenent that needed such as valves » Pipes and nozzle based on
the pressurs developed in calculation.

The system should be suitable far various types of fire that will be discussced in
Chapter Two, the total weight of the system abour (20-30) kg to be easilv carried
and the lunching distance of water between (10-20) meier to resch the fire and
increase safily to the fire man . '

The concept of the system is that the pressurized gas from the gas ¢ylinder
through pipes and valves will force the water from water cyhimder to exit though the
npzzle taward the firs

Figure (1.1) show the main companent and concept of the system.

o b
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J Figure 1.1 : Main Componeats and Concept of the System.




1.3 Project Choice Justification

Civil defense department in Bethlehem requires a design of a firc fighting system
which can ke easily carried to extinguish fires in the unreachable places and high
building by fire fighting vehicle. The project will create sufficient experience for the
students, which assist them in having an employment opportunity after graduation. Such
a project provides the opportunity 1o apply what have been studied in five vears in the

engineering college.
1.4 Project Implementation Plan

The project will be performed at two stage the first one at the first semester and the

other one in the second semester , the two stage will be discussed as follow
¢ The first one is for:
1. Design the system .
2. Choose the materials.
3. Select the valves and nozzle.
= The second one will be [or:
1. Cheek the design.

. Build the system.

]

3. Check the safety.

1.4.1 Main Tasks and Activities
The main tasks for the first semester include:
1, Selecting the project name and problem

2. Finding the concepls and goals.

3. Scientific background on fire fighting systems.




4. Literature review and gaining.
5. Design calculations including mechanical design ol eylinders, fluid mechanical.

6. Choose the valves and ancillary system.

.--J

Ensure safety of the system and its efficiency,

. 8. Preparing the report for the first stage.




1.4.2 Time Tuble

The time table for the first semeaster ig {llustrated in Table 1.1.

Table 1.1: The time table for 1" semester.

Week number
Objective 12 34 567 |8 9|10 01 pz 13 (14 15 Q16
Selecting
project title
Planning and Setting Project

Concepts and Goals

lishing Scientific Background

Literature Review

Make a Preliminary Design for
Project
Choose the Material and Find it

% nd the Ancillary System, and
Valve
Check the Safety

Write the Final Report




The main tasks [or the second semester include;

], Building and installing the project and its control.

2. Test the project and its operateablity

3. Preparing documentation, summarizing the results and recommendation, and

making presentation about the project.

Tahle 1.2 Time table for the 2™ semester

Week number

Objective 11213 4 s5|6[7/8]9ft0]11]12 13][14]15]16

Cpllzct the
Material

Build the Final
Diesign

Check the Safety

Try the Device . ‘

Recheck the | ‘
Survivability

Write the Rezult

Write the

“ I
Recommendation

' Final Report




1.6 Preliminary Budget

Preliminary estimates are made for the project components as listed in table 1.3.

! The total estimate budget is 650 JD

Table 1.3: Preliminary budget
Ttem | Estimated cost (JD) Note
Materials 100
Transportation 50 Will cover by Project
Team
Valves 500
Cylinders : Will given from CDD by
. free
Others 20
Total 670 1D




C hapter Two

General of Fire and the Principle of Fighting

2.1 Basics of a Fire.
2.2 Fundamentals of a Fire.

2.3 The Fire Triangle.

| 2.3.1 Fuel

2.3.2 Oxygen
2.3.3 Heat

2.4 Hazardous/Combustible Materials.

2.4.1 Flames
2.4.2 Heat
2.4.3 Gases
2.4.4 Smoke

2.5 Classification of Fires.

2.6 Extinguishing agents.

2.7 Extinguishing Capabilities of Water.




2.1 Basics of a Fire

Fire is a phenomenon with which everyone is familiar. We use it daily to heat our
homes and cook our meals, When harnessed, the power and encrgy fram fire serves us
well: however, when it is uncontrolied, a fire can quickly consume and destroy
whalever lies in its path. While we are all familiar with fire, few of us are aware of its
nature and complex processes. This Section examines the phenomena and various
mechanisms at work within a fire and is intended to provide a better understanding of

the requirements in fire-fighting scenarios.

2.2 Fundamentals of a Fire

The combustion process, or buming , is in fact the rapid oxidation of millions of
fuel molecules in the vapor form. Once there is sullivient oxygen and the fuel vapor
molecules properly mix, an ignition source is typically needed for oxidation to be
initisted. However, once oxidation is initiated, it is an exothermic process. If
sufficient energy is released during the reaction lo mainfain the elevated temperature of
surrounding oxygen and fuel molecules, and there arc sufficient oxygen and vaporized
fuel molecules available, then the oxidation process will continue, The heat released by
the cxidation of the fuel molecules is radiant heat, which is pure energy, the same sort
of energy radiated by the sun and felt as heat. It radiates, or travels, in all directions.
Thus. part of it moves back to the seat of the fire, to the "huming” solid or liquid (the
fuel). The heat that radiates back to the fuel is called radiation feedback. This part of »
the heat serves to release more vapors and also serves to raise the vapor (fuel and
oxygen molecule mixture] to the ignition temperature. At the same time, air is drawn
into the ar=a where the flames and vaper meet The result is that the newly-formed
vapor begins to burn and the flames inerease, which staris a chain reaction. The
burning vapor produces heat. which releases and ignites more vaper. The additional
vapor burns, producing more heat, which releases and igniles still more vapor. As long
as there is fuel and oxygen available, the fire will continue to grow. For a luel source
with a Timited amount of surface arca available, the amount of vapor released from the
fuel reaches a maximum rate and begins to level off, producing a sieady rate of
burning. This usually continues until most of the fuel has been consumed When there

is less fuel vapor available to oxidize, less heat is produced and the process begins to

10




die out. A solid fuel may leave an ash residue and continue 1o smolder for some time.

while a liquid fuel vsually burns up completely.

1.3 The Fire Triangle
There are three components required for combustion 1o occur.
1. Fuel — to vaporize and bum .
2. Dxygen —to combine with fuel vapor.

4. Heat — to raise the temperature of the fuel vapot to its ignition temperature .

The following is the typical “fire triangle”, which illustrates the relationship

between these three components:

Oxygen Hemi

/

Fuel

figure 2.1: firc triangle

There are two important factors to remember in preventing and extinguishing a
fire:

il I any of the three components are missing, then a fire cannot start.

i) If any of the three components are removed, then lhe fire will go out.

It is important to have a clear understanding of these three components and
their inter-reactions in a fire. The following Poragraphs examine each of these jtems
in further detail.

I




2.3.1 Fuel

Fuel is necessary to feed a fire, and without fuel, the combustion process will
terminate. The fusl molecules invelved in a fire must be in the vapor (gas) state.
However, the initial fuel source may be in a solid, liquid or gaseous state. Many

examples of each type of these fuels can be found onboard a vessel,
2.3.2 Oxygen

Because the combustion process invalves the oxidation of the fuel molecules, the
availability of oxvgen is vital for the process to exist. Accordingly, the second side of
the fire triangle refers to the oxygen content in the surrounding air. Air nommally
contains about 21% oxygen, 78% nitrogen and 1% other gases. principally argon. and
therefore, sufficient oxygen is typically available unless some type of controlled

atmosphere (i.¢., inerted, etc.) 1 involved.
2.3.3 Heat

For fuel molecules to undergo the oxidation process and result in a self-supporting
fire. the molecules must be at elevated temperatures (1.2.. ignition temperature).
Without this elevated temperature. there will be no rapid oxidation or combustion of
the fuel molecules. Further, the generation of additional fuel vapors is largely
dependent upon feedback radiant heating of the fuel, except for gaseous fuels.
Therefors. heat is the third side of the fire triangle. The production of energy from the
initial reaction lends to raise the temperature of other molecules to the necessary

elevated temperatures and tends to create the self-supporting nature of fira.

12




2.4 Hazardous/Combustible Materials

There are a number of hazards produced by a fire, including flames, heat.
gases and smoke. Each of these combustion products can cause serious irjuries or
death and should be considered in the overall scope of fire-fighling arrangements

onboard a vessel.

2.4.1 Flames

The flaming region of a fire is that portion of the combustion zone where the
fuel and oxyvgen molecules are of an appropriate mixture and temperature to suppart
the oxidation process. The direct contact with flames can result in totally or partially
disabling skin burns and serious damage fo the respiratory tract. To peevent skin burns
during a fire attack, crewmen must maintain & safe distance from the firc unless they
are properly protected and equipped for the attack. This is the reason that protective
clothing, such as fireman’s outfits, is required by the Rules. Respiratory tract damage

can be preventad by wearing breathing apparatus.
2.4.2 Heat

As a resull of a fire, the temperature in an enclosed space can reach
temperatures in excess of 93°C (200°F) very rapidly, and the temperature can build up
to over 427°C (§00°F) quickly. Temperatures abave 50°C (122°F) are hazardous to
humans, even if thev are wearing protective clothing and breathing apparatus. The
dangerous effects of heat range from minor injury to death. Direct exposure to heated
air may cause dehydration, heat exhaustion, burns and blockage ol the respiratory
tract by fluids, Heat also causes an increased heart rate. A firefighter exposed to

excessive heat over an extended period of time could develop hyperthermia, a

dangerously high fever that can damage the nerve center.




2.4.3 Gases

The particular gases produced by a fire depend mainly on the fuel. The most
common hazardous zases are carbon dioxide (CO2), the product of complete
combustion, and carbon monexide (CO), the praduct of incomplete combustion.
Carkon menoxide is the more dangerous of the two. When air mixed with carhon
monexide is inhaled, the blood absorbs the CO before it will absorb oxygen. The
result is an oxygen deficiency in the brain and body. Exposure o a 1.3%
concentration of CO will cause unconsciousness in two or three breaths and death in a
few minutes, Carbon dioxide works on the respiratary system. Above normal COZ
concentrations in the air reduce the amount of exygen that is absorbed in the lungs.
The bedy responds with rapid and deep breathing, which is a signal that the
respiratory system is not recsiving sufficient oxygen. When the cxygen content of air
drops from its normal level of 21% to about | 5%, human muscular control is reduced.
AL 10% fo 14% oxygen in air, judgment is impaired and fatigue sets in.
Unconsciousness usually results from oxygen concentrations below 10%. During
petiods of exertion. such as fire-tighting operations, the body requires more oxygen.
and these symptoms may then appear at higher oxygen percentages, Depending upon
the fuel source, there may be several other gases generated by a fire that are of equal
concern to firefighters. Therefore, anyone eafering a fire must wear an appropriate

breathing apparatus.
2.4.4 Smoke
Smoke is a visible product of fire that adds 1o the problem of breathing. It i

made up of carbon and other unburned substances in the fiorm of suspended particles.

It also carries the vapors of water, acids and other chemicals, which can be poisonous

or irritating when inhaled.




2.5 Classification of Fires:

In fire fighting, fires are organized into several fire classes that describe what kind of
fuel or heat source it has, and by extension which methods will be necessary to contain
it or put it out, This paragraph deals with both the United States system and the
European-Australasian system of classitying fires.

» The United States Fire Classificatinn

— Cluss-A fires: are the most commen type of fire, that occurs when a material, such
as wood, becomes sufficiently hot, and has oxygen available to it, causing combustion.
When the material bursts into flame, it will continue burning as long as heat, fucl, and
oxygen continue to be available to it. Class-A fires are used all around buildings and
everywhere in the world in controlled circumstances, such as a campfire, lighter,
match, or candle. When a elass-A fire burns in an environment where fuel and oxygen
are in accessible positions, the fire can quickly grow out of control: this is the case

where fire fighting and fire control technigues are required.

— Class-B fires: are comhbustible fuels, hvdrocarbons or solvents on fire.Class-B fires

follow the same basic as class-A fires, except that the fuel in question is a hydrocarbon
or solvent

— Class-C fires: are electrical fires, where the heat is caused by, for example, short-

circuiting machinery or overloaded electrical owtlets,

— Class-D fires: are metal fires. Certain metals, such as sodium, titanium,

magnesium, potassium, uranium. lithium, plutonium, calcium and others are

flammable,

— Class-K fires; are fires that invelve cooking oils.

15




* Enropean and Australusion classifications

In Europe and Australasia. a different classification system is used. The system is more
or less the same as the U.5. systen, with letter designations shifted asround while the
basic concepts and definitions are quite simitar (for mstance, Class C fires m the US

system are known as Class E in Eurape).

= Class A: fires thar involve flammable solids such as wood, clath, rubber, paper, and

some types of plastics.

— Class B: fires that invelve flammable liquids or liquefiable solids such as
petrol/gasoline, ofl, paint, some waxes and plastics, but not eonking fats or oils

= Class C: fires that involve flammable gases, such as narural pas, hydrogen, propane,
butane.

— Class 1) fircs that involve combustible metals, such as sodium, magnesium. ond

potassium,

- Class E; fires that involve any of the materials found in Class A and B fires, but with
the mtroduction of an elecirical apphances, wiring, or other electrically energized
objects in the vicinity of the tire, with a resultant electrical shock risk if a condnctive

agenl 15 used to conrral the fira,

— Class F: fires mvolving cocking fats and oils.

A generic fire accurring in a high rise bnlding 15 usnally a Class-A [fire, and it could be
partially a Class-B and/or a Class-C (1.e. Ewropean Class-E) fire.




1.6 Extingunishing agents

Each class of fire is best fought by a specific extinguishing agent. Class-A fires are
fairly simple to fight and contain. This is done accordingly to a quite simple principle:
by remaving the heat or exvgen (or in some cases fuel), the fire should dis put. The
most common way to do this is by taking away the heal by spraying the fire with
water. Other means of control or containment would be to *smother” the fire with
carbon dioxide or nitrogen from a fice extinguisher, cutting off its oxygen and causing
the fire to die due to its ‘suffocation’. Class-A fircs are the most commenly
emcountered fires, and this i the reason why most fire departments have equipment (o

handle them specifically.

With Class-B fires. the strategy to be used when fighting them must change
considerably, even if they follow the same basic as Class-A fires. As a matter of fact,
the fuel in question is a hydrocacbon or solvent: if the fuel is a lighter than water hiquid
such as oil or gasoline, water that would ardinarily be used for fighting a Class-A fire
would end up spreading the fire, as the on=fire hydrocarbon would float on top of the
water and continne burning. Specialized methods are required to contain and put cut
this kind of fira, aven if they ars not usually available to reguler fire departments. One
method would be dropping ot spraving a chemical retardant, such as slurry, onio the
fire. This is usually done by plane, and the pumps required to handle a ¢hemical
retardemt would not often be available 10 ground fire crews: this makes its use against
class-B fires limited On small class-B fires & carbon dioxide fire extinguisher may be

used, though some fire extinguishers

are not designed to fight azainst all classes of fire, However, the most comumon methad
for fighting class-B fires would be to use a type of protein based foam to cut ol the
exypen of the fire and cool the hydrocarbon/solvent: since it does not require any
specialized equipment, this can be fired from any pump , even ones that were designed
ter hold only water. Unfortanately, most fire departments do not have direct access (o
foam and require it to be teansported to them: this can deluy firg fighters severely and
make fighting class-B fires a logistical problem.

By definition, Class-K (i.e. Enropean Class-F) is & subclass of Class-B, but the special

17
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characteristics of these types of fires are censidered important enough to recognize it
a3 an indepandent fire class. The high temperature of the oils when on fire fur exceeds

that of other flammable liguids making normal sxtinguishing agents meffective.

11.8. Class-C fires (i.e. European Class-E {ires) can be a severs hazard to fire fighters
nsing watar; when the solid stream of water hils the electnicul fire, the electricity is
conducted through it and into the hose, then into the body of the fire fighter: electrical
shocks have coused many fre Aghtar deaths. There are two main ways of fighting a
class-C! fire: cotting off its oxygen, or simply tuming off' the electricity to the fire
from a breaker. This last method is the paimary approach, but if tuming, off the power
could not be very simple, a class-C fire ¢an be put out with a fire extinguisher rared for
class-C fires, or with protein foam.

Between Class-D fires, magnesium and titanium fires are common. When one of these
combustible metals ignites, it can easily and rapidly spread to swrrounding class-A
materials. Generally, masses of combustible metals do not reprezent usnal fire risks
bezause they have the ahility to conduct heat away from hot spots so efficiently that
the heat of cambustion cannat be maintained. This means that it will reguire a lot of
heat to ignite a mass of combustible metal. Commoaly, metal fire nisks exist when
sawdust, machine shavings and other metal ‘fines’ are present, because they can be
ignited by the same types of ignition sources that would start other common fires.
Water and other commeon Lre fighting agents can excite metal firez and make them
warse. For this reason, the NFPA recommends that Class-D fires be fought with “dry
powder’ extinguishing agents, which weork by smothering and heat absorption, The
most common of these agents are sndium chleride granules, graphite powder. and in
racent years powdsred copper has alse ¢ome inio use. Some extinguishers use dry
chemical extingnishing agents, and thiz is easily confusable with dry powder, but they
are guite different: using one of these extingnishers in error in place of dry powder et
actually increase the size of a class D fire much like water. Class-D fires represent a
unique hazard becanse people are often nut aware of the characteristics of these fires
sntl are not properly prepared to fight them. Therefore, even a small Class-D fire can
spread Class-A fires 1o the surrounding combustible materials. Most fire stations de
not have class-D extinguishing agents available to them, making fighting these fires a
logistical problem, though in most places where these materials are found there is a

hopper filled with the proper extinguishing agent
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Table 2.1 15 a first resume of firs classes related to their fuel sources end extinguishing
agents. Between these agents, halon is mentioned referring to itsell or to chemical
agents which substituted it dunng the recent years. In fact halon extinguishers are no
longer made {even if some may still be in use), Since a HRE fire should be a Class-A
fire (and partially it could be a Class-B and Class-C/T fire), it iz important to opt for
one or more specific extingnishing agents m order to select the appropriate type of fire
extinguishers. The following is a list of commonly used fire extingmishing systems and
their corresponding A-B-C classes of fire (indicated in parentheses):

» Multi-Purpose Dy Chemical (A, B, C): a dry chemical agent called mono
ammoniim phesphate. The chemical is non-conductive and can be mildly corrozive iff
moisture is present. In order to avoid corrosion, it is necessary to scrub and tharonghly
cleanmp the contacted arsa once the fire is out, A dry chemical fire extinguisher is

usunally used in schools, general offices, hospitals, homes, ste.

* Haloren (A, B, C): a vaporizing ligmd that 15 ozone fmendly and lzaves no
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residue. Because it reguires no cleanup, fire extnguwishers with Halotron are
1dzal for compursr rooms, telecommunication sreas, theaters, el

+ Foam (A, B): foamn oats on flammable liquids to tame the fire and helps
prevent reflashes. To cleannp the affected aren it must be washed away and
left 1o evaporate. Firs extinguishers with foam are usually used in garages.
homes, vehicles. warkshops, etc.

* Regular Dry Chemical (B, C): a dry chemical agent called sodium bicarbanate. It is
non-toxic, non-cotiductive and nan-corrosive. It is easy to cleanup, requiring only
vecuwning, sweeping or fushing with water, Extinguishers with sodiovm bicarbonate

are usually used n residential kitchens, laboratories, garages, ele,

« Carhon Disade (B, C): Carbon dioxide removes oxygen to stop a fire but
has limited range, It is eavirommentally friendly and leaves no residue, so
cleanup is unnecessary, Extinguishers with carbon dioxide are usually vsed
in cuntamination-sensitive places such as computer rogms, labs, food storags
araas, processing plants, etc

» Parple K Dry Chemical (B, C); a dry chemical called potassium bicarbonate. It is
non-conductive and non-corrusive, Clesn up requires vacuuming , sweeping or
flushing with water. Extingnishers with polassium bicwrbonale are usually used in

military facilitics, oil conzpanics, vehicles, ete.

» Water (A): the mos!t common agent is water; however, usuatly it can not be used for
class B or C fires because it is conductive, Water bassd fire extinguishers are usually

used in stackrooms. schoaols, offices, ete.

Of all the agents cited above, water 15 one of the best to fight against Class-A fires, The
major wsefil property of water as an extinguishing agent 15 its capacity to coal burning
fucls t0 a temperature below which they cease te bum, In pencral this capacity
substantially exceeds that of other extinguishing agents, mcluding carbon dioxide and

nitropen, as imdicated in table 2.2 T he exception is the inability of water to cool fuels
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that can bum nezr or below normal ambient temperatures, particalarly low {lash point
liquids like gasoline.
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The most probable mechanisms acting when water droplets are supphed in the
combustion zone, is a combination uf exygen depletion by production of steam, and
cooling by the evaporation of water. The waler may influsnce the heat transfer fram
the fire to the campartment and the swrrounding in several ways: it may reduce the
temperature of the gases inside the room and in the effluent gases, leading to less heat
transfer ta the walls, the ceiling, the floor and to objects close to the outlet opening.
Surfaces are directly cooled by impinging water droplets, Moreaver, the content of
water droplets and vapor increases the absorptivity of the gases inside the fire room,
reducing consequently the radiation from the flames to surfaces. The amount of heat
removed by the water is dominated by the amount of warer which is evaporated. The
proportion of heat necessary (o bring the water from the normal tap water tempearamirs
to the bailing point and the heat of evaporaticn is (1/6). This means that evaporating
the water inside the room is the most effective way of taking heat out of a fire

Compariimenl,
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1.7 Extinguishing Capabilities of Water

Water primarily extinguishes a fire by the removal of heat. Tt absorbs heat
mere effectively Lhan any other commenly used extinguishing agent due to its good
thermal conductivity and itz high latent heat of vapuorization. 1t is most effective when
it zhsorhs enough heat to raize itz temperature to 100°C (212°F). At that temperature,
water absorbs additional heat as it goss through the transition from a hquid to a vapar
(i.e., steam). In the process of hoating the water from normal temperamres, wp through
its conversion into steam, water absorbs approximarely 2.6 kilo-joules of heat per
gram (1117 BTU/Ab) of water, which is o mch higher heat absorption value than any
other agent. This absorption of heat reduces the temperature of the burning vapors and
also reduces the amount of vapor being generated by the cooling of the fuel surface.
With adequate cooling; there is insufficient heat to maintain the self-supporting
combustion process and the firc gocs out, Water also has an imporant secondary
effect When it tarns to steam, it expands about 1600 times in volume at ammosphene
prassure, As g result, one cubic metar (cubnc foor) of water can generate up to 1600
ctbic meters (cublc foet) of steam vapor, This great cloud of steam surrounds the fire

displacing the air that supplies oxygen [or the combusiion progess, Thus, water

provides a smothering action as well as cooling.
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3.1 Portable Fire Extinguisher

Portable fire extinguishers are veed aboard all Navy ships, and rhe three types

most often uzed are az follows,
* Dry chemical
» Carban dioxide (C0O2)

» Aquegus film-forming foam (AFFF)

J.1.1 Dry Chemical Extinguisher

Portable dry chemical extinguishers (fig. 3-1) are used primanly en class
BRAVO fires, Purple-K-Powder (PKF) is the chemical most often used in these
extnguishers. The dry chemical dispensed from the extinguisher interrupts the

chemical reaction producing a fice and this action stops combustion, Dry chemical 1s

glso safe and effective for use on class CHARLIE fites; howeyver, carbon dioxide 15

preferred because PEP fouls electrical and electronic components. Also, PRI should
not be used on inter fires of gas turbines or jet engines unless absolutely necessary
because it olso fouls engines. PEP is not effecove on class ALPHA firgs and can only
be used to knock down flames and kesep the fire under contrel until an appropriate

extinguisher can be usad.
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Figure 3.1: Portable Dry Chemical Fire Extinguisher.

3.1.2 Carbon Diexide Fire Extinguisher

The standard Navy CO2 fire extinguisher (Fg. 3-2) has a rated capacity (by
weight) of 15 pounds of CO2. Remaving the locking pin and squeezing the release

valve built into cylinder valve operates it. CO2 extinguishers are primarily vsed on
small electrical fires (class CHARLIE) and have limited effectiveness on class
BRAVO fire
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Figure 3.2: Carbon Dioxide Fire Extinguisher

3.1.3 Aqueous Film-Forming Foam Fire Extinguisher

Portable agueous film-forming foam (AFFF) fire extinguishers are used to

provide a vapor seal over a small fuel spill, extinguish small class BRAVO fires

(such as deep fat fryers), and for standing fire watch during hot work. The portable
AFFF fire cxtinguisher (fig. 3-3) is a stainless steel cylinder containing 2 1/2 gallons
of premixed AFFF concentrate and water. It is pressurized with air to 100 psi at 70°
and weighs approximately 28 pounds when fully charged. The mixture will expand
shout 8.5 to 1 and will produce about 16 gallons of foam. The AFFF extinguisher has
a 55-65 second continuous discharge time and an inilial range of 15 feet, which

decreases during discharge.
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Fisure 3.3: Portable Aqueous Film-Forming Foam Fire |

Extinguisher,

3.1.4 Portable Water Mist |'

In these chapter to study of water mist fire extingnishing using pressure arc and to

study characteristic of water mist, In figure{3.4) describe initial idea for the project. 1
|
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Figure 3.4: High Pressura Water Mist
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3.2 Water Mist

The term * water mist’ refers to fine waler sprays in which 999 of the volume of
the spray is in drops with diameters less than 1000 microns.! The use af waler mist in
fire suppression, comparsd lo the use of gaseons agents and conventional sprinkler

systerns, has demonstrated advantage incluching the following:
1- No toxic and asphyxiation problems.

2= No environmental problems.

3- low system coast.

4 -limited or no water damage.

5. High efficiency in suppression certain fires

WWater mist tachaolopy reached a new and critical stage. A water mist gystem is a
disribution system connected solely Lo a water supply or alternatively to a water
supply and an alomizing media (air or nitrogen), that is equipped with one of meore
nozzle capable of delivering water nust intended to contrel, suppress. or extinguish
fres Water mist system have to potential 1o serve as replacement svstems for
occtpancies formerly projected by halon systems, Water mist systems are similar in

cost 10 ¢lean-agent systems,

3.2.1 Water Mist System Description

Water mist systems are fug protection systems which use water in small droplets
to extinguish fire. The mechanisms of extingnishment include flame cooling by
droplet heating and evaporation, OXYgen depletion by sleam Expansiot and
combustion products, and wetting of surfaces. While the water mist fire suppression
system has been swdied for at least 50 years, its practical application is relanvely
new. The designs of commeccially available systems are distingtly different,

Grenerally they can be categorized as follows:”

1, Type of atomization method. single flud, twin flaid.
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2 Delivery type: wel pipe. drv pipe, pre-action and deluge system,
3. Prassure supply method: gas propellant, pumps,

4, Operation pressure level: low pressure {<12.5 bar), medium pressure (=12.5 bar and
<34.5

bar), high pressure (234.5 bar).

5. Water source: self-conlained water lank/cylinders, private water source, public

Walsr soutce,

6. Mist discharge type: continuous discharge, eyelical discharge.

Although differences exist in the various products, there are sight typical
canfigurations which are commonly used and listed 1n the National Fire Protection
Association Standard 750 °. The characteristics of these eight systems are simplified

as follows:

System A high pressure and gas driven system with stored water,
Systern B: high pressure and gas driven with multiple accumulator units.
System C: low pressure twin fluid water mist system

Svstem D zingle fluid mist system.

System E: pump driven water mist system.

Svstem F- positive displacement pump assembly with unloader valves on each pump

and pressure rclief valve on discharge manifald.
System G gas puinp unit for machinery spaces and gas mrhing enclosure.

Svstem H: gas pump for light hazard applications.
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3.2.2 Extinguishing Mechanisms

Waler has favorable physical propertics for fire suppressien. Its high hest
capacity (42)/gK) and high latent heat of vaperization (2442)/g) can absorb a
significant quantity of heat from fames and fucls. Water also cxpands 1700 umes
when it evaporates to steam. Which results the dilution of the surrounding oxygen and
fusl vapors. With the formation of fine droplets, the effectivensss of waler in tire
supprecsiaon e farther increascd due to the significant increase in the surfacs area of
water that is available for heat absorplion and evaparation. Such an increase in the

surface arca of water in shown in Tablz | for a given volume of water (0.00 ).

Table 1. The Variatian of Surface Aria of Water with Droplet Size(Volume of Water
0.001 m’).

Droplet Size (mm) 6 1 0.1
Total Number of 8.8%10° 1.9%10* 1.9%10°
|3i‘ﬂpl¢t |
Taotal Surface Area 1 b 60
(m?)

Watsr mist in fire suppression. however, dosc not behave ke & " e’
gaseons agent When water is mjecied mto a compartment, not all the spray that are
farmed are dircetly involved in fire suppression. They are partitioned into & number of

fractions as follaws
1-Droplets that are blawn away before reaching the fire.

2-Droplets that panstrate the fire plume, or otherwise reach the burning surfaces under
the fire plume, to inhabut pyrolysis by cooling, and the resultant steam that dilutes the

available exygen.
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3-Droplets that impact on the walls, floor and ceiling of the compartment and cool

them, if they are hot, or otherwise run-off 1o waster.

4-Droplets that vaporize o steam while traversing the compartment and contribute to
the cooling of the fire plume, hot gases, compartment and other surfaces.

S-droplets that pre-wet adjacent combustibles to prevent fire spread.

They classified the extinguishing mechanisms of water mist in fire suppression

25 primary and sccondary mech anisms®, which can be summarized as figure (3.5)

Figure 3.5:They Classified The Extinguishing Mechanisms of Water Mist in Fire

Suppression
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3.2.3 Water Mist Droplets

VWater mist @s a water spray with water dropless of "less than 1000 microns at the
rinimum operation pressure of dischargs nozzle." Size of water droplets 182 function of the
discharge pressure through an orifice of fixed diameter, and 18 2 way contribuung factor in
ability of waler spray to evaporaie and cool a flame for ceman configurations ef
combustitles, The total ghsorption of hest per unil tirae increase preatly as drop size
decreasca, grven a Tixed watef volame,; hecause the availabie surface arca for heat transter

increases, 85 1llustraled in figurs 3.6.

Igur: 3,6 : Droplet Size.

orie gallon of water divided Into ve |
Svided into very small droplets : dfn‘pt!:lt-un er divided Into very large

3. Larger water surface area exposed to 1. Fewerdroplets.

haat
2 ware drops will evaporate an e 2- il-':r:::!uer water surface ares expose to
§t2am :
S More Aroplats, 3- Maore d:up_swhll remain un evaporatad
& tresm absorbs more heal gef unit s mn'.the surface of the
- cambustibles.

4- A combustible coated wiith water is

cooled by the water fram the flame;
reducing the flame temperature.
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Small droplets absorh heat quickly and evaporate readily, creating steam, whereas
Jarger droplets are less prone to do so. Large droplets are much mere likely to provide coating
of exposed combustibles, which is an important performanice objective of class A fires. Large
Srops ars more prone to agitaie the surface of & flammable liquid fire, which explains why
smaller droplets are more conductive to extinguishment of class B fires.

1.2.4 Water Mist Pressure and Droplet Size

Pressure, either by fire pump or by pressurized air or gas, it a strong contributor fo
the size of water mist droplets, given a nozzle of fixed diameter and orifice characteristics, In
addition, the pressure at the nozzle is signilicam contributor te the ability of a nozzle to
project watsr mist droplets at atendad distances from the nozzle, Generally, the lower to
cressure at the nozzle. The lower of the fluid veloeity and resultant projecied range, and the
closer the nozzle is requirsd to be to the axes of the plume centerline, They are three
slassification fications for system pressurization.

1.Low-Pressure Water Mist System

“T'he svstem piping are 175 psi (12.1 bar) or legs, the same pressure range used for
most stondard sprinkler systems.

1. Intermedate-Pressure Water Mist System

In which the pressure encountered by the system piping are between 175psi (12.1 bar)
and 500 psi( 34.5 har).

3 High-Pressure Water Mist System
Tn which the pressure cicountered by the sysiem piping are 500 psi ( 34.5 bar) or grewter.

System pressure becomes extremely important in specifying material characteristics
far water mist system. such as piping. fittings, nov=le, and valves, System components are
required to be capable for mesting of cxceeding the highest pressures expectad to

encountered on A water mist SYSTEM.
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Table 2. 7 It can be seen that the optimum size of droplets for fire suppression 18
strongly dependent on many factors, such as the properties of the combustibles, the degres of
~bstruction in the compertment, and the size of the fire. The droplel size distribution that is
mast effective in extingnishing on fire scenario will not necessarily be the best for other
seeparics. The is niot-size distribution to fit all fire svenarios. Actually, the performance of
water mist with a well-mixed distribution of fine and coarse droplet is better than that with a
yniform droplel size .1 41 Further-mote, any changes in fire size, spray velogity and enclosure
sffzcts will changs the optimum droplet size for fire suppression.

Table 2. Comparison of Optimum Droplet size for Fire Extinguishment

[ anthr Date | Droplet Size lun  Nelas |
| w0 | Applid verely desn |
Broidech & Negle | 1955 100150 Applist horizontally
130 =300 Low Jush pois, imetiseble el
Hatlerich | 1980 | 450
g0 Balathac 2 4:15.!35;1& E:ﬁ:ﬁﬂu
Vientorel | 1878 ) s exploson srgpressi
el i > 100 | E:;:;ﬁjhpﬁmmﬂmn |
[ietrzak & y 200300 Flapeizas Layer cooling T
e |
Hashash 1933 o | High flash podat, imeniacbla frek
i i 507990 E:;:Hzfzpmﬂ;mgaa Vager |
L*s;';m 1 e 25— Tand-held fog pomle "
Tour & Andeseon | 1950 | T Felghorvoals, sodbdd |
i _ Mrrafl ‘ I'AFII-_'__h Y 1 Pressure fug fuize _J
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3.2.5 Methods of Generating Water Mist

In ganeral, water mist gencrating systems can be divided into threz basic caregones
based on the atomizing mechanisms used to product the fine droplets; impingement nozzle,
pressure jet nozele, and twin fivid nezzle 1 Aoy other type of nozzle is a combination of

thesa thres hesic lypues.

These thres nipes of nozzle work under different operating pressurca and can produce
differert spray charactenstics. NFPA 750 4% defines three pressure regions for water it
generating technologies: low, intermediate and high pressure systems . Low pressure systems
operate of pressure of 120 bar (175 psi ) or less, intermediate pressure systems operate al
pressurcs greeter than 12,0 bar (175 pai) and less than 34.0 bar (300 psi ), and high pressure
systoms operate at pressure greater that 34.0 bar (300 psi).
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4.1 Introduoction

The previoss chepters discuss the hasic of fire, fire twiangle, classification ol fire,
extinguishing fire using water, and also it discusses different tpes of por table fire
sxtinguishers, such as: dry chemical, carbon dicxide, and eater mist extinguisher,

This chapter will discuss (he two design ideas that have been implementsd, alzo it wall diseuss
the design concept of each devies, and its advamages wnd disadvantapes, and other

parameters.
4.2 Design Concept

As shove the figure 4.1 below, there were two cylinders, one of them for CO2, and
the ather for water, with different capacities and pressures. Also there were a cylinder that

sanitaing fwe rooms, one for CO2, and the other for water,
Hene; shooting criteria depends on the design idez used,
4.2.1 First Design Coneept

The first desizn is a partable fire fighting disunguither based on Bemoulli principle. The
voncept of the design is compased of the following,

The first cylinder contains €02, at a pressure of 47 bar, and a capacity of 3 Liters.

3, The second oylinder contnins water &t an simospheric pressurs, and a cepacily of 1€
Liters.

3 The pressure regulator is used to regulate the cutput pressure from the CO2 cylinder,
and it's operasion I'ﬁl!%m"; between 0-10 bar,

4 The nozzle formmulates the venturi, and controls the angle of sweam, usually made of
Acrylic shows in figure 4.2,
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Fipured 2 Nozzle Front and Side View

5. The desion mncludes also three pipes, one for €02, and the second 15 for water, and
the third which is the main ane combmnes the previous bwo mentioned pipes.

6. The Gun, which is the main operator of the device, once a fire man presses the trigger
of the gun, this allows COZ2 to flow.

WaTer

_____ e i ~-: — ]

<od

Figure 4.3 Design Coneept
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4.2.1.1 First Design Methodology

At the beginning, the nozzle is lo be normally closed via CO2 pipe, when the fire
man press the trigger, this allows CO2 to flow from CO2 evlinder through the pipes and
exit toward the fire to extinguish it alone without water shown in figure 4.4. When the fire
man pulls the gun back, this opens the nozzle allowing CO2 stream moving fast through

the venturi, and this leads to a pressure drop and increasing velocity.

The exist pressure drop allows the water 1o be pulled from the waler cylinder and
cxits in the form of droplets due to CO2 stream, In the case, the fire is extinguished using
CO2 and water a3 shown in figure 4.5.

Figure 4.4 CO2 Exit Withowt Water

as




Figure 4.5 CO2 Stream Pulling Water Through the venturi.

4.2.1.2 First Design Advantages

r3

. Uses two extinguishing techniques, either using COZ alone, or CO2 with water

together.

The usage of CO2 as an inert gas, which is usually used v extinguish [ire, with a
density higher than Oxygen and air, 50 that CO2 insulates oxvgen away from fire,
and this helps in fire fighting process.

The device has a light weight which enables the fire man to carry it, with a total
weight of 20 kg.

C02 ¢vlinder malntain a constant pressure during the time of operation.




4.2.1.3 First Design Disadvantages

The water dossn’t reach the desired distance so this may be cause danger to

fireman.

I, The availsble capacity of water and CO2 is limited so the deviee will be used
only for small fires.

2. The water should be clean to prevent closing the norzle.

%, The exit CO2 cause freezing of water at nozzle head.

4.2 Second Design Coneept

The second design is a portable fire fighting extinguisher based on continoeity

equation and Bernoulli equation. The concept of the design is composed of the following:

1. The first cylinder contains COZ, at a pressure of 40 bars, and a capacity of 3
Liters.

2. The second cylinder contains water at a pressure of 3 bar and a capacity of 10

Liters.

The design includes also two pipes, one for CO2, and the second is for water.

4. The main component of the device is & big cylinder which contains two rooms
shown in figure 4.6, one for COZ2, and the other for water, and the gate between
the two rooms should be closed.

Led

i -I &lﬂ: i:_q

= a——
e

Figure 4.6 Device Contain Two Rooms
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5. The gate between the two rooms contains [our holes. naturally are normally
closed. Hence; the upper half the holes is normally closed due to the cylinder
iself. and the lower half of the heles is narmally closed due to the rod stopper
shown in figure 4.7( red color is normally closed due to the cylinder itself and

black color is closed via gate, the gray color is open when fire man press the gun.
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Figure 4.7 Gate Side View When is Open and Closed

6. ‘Thers is 2 nozzle at the top of water room, in order to separaie waler when
shooting shown in figure 4.8

167°

o
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figure 4.8 Side View the Nozzle




7 Atthe center of the cylinder, thers is a rod extended align with the cylinder itself,
1 order to control the shooting provess shown in figure 4.9

= —

Figure 4.9 Side View of Red

§. the pressure regulator is psed fo regulats the output pressure from the co2
cvlinder, ond it's operation rangss hetwesn 0-10 bar.

9 Pressure Gauge in the CO2 room to menitor the internal pressure of COZ.

10, One way valve which is fixed to the inlet of the water room, in order control the

process of allowing water 1o gt in not oui.

4.2.2.1 Second Desizn Methodology

CO2 from main cylinder at high pressure, and via pressure regulator, regulates the
pressure, end so, COZ geis inte the gun at 4 pressurs equals 10 bar.

Al the natumal case, the nuzzle and the gate is closed by means of the rod. In addition
to that, the CO2 inlst is opened. so (hat water fulfills the first room, whereas COZ fulfills

the secom! room.




When activating the device, the rod will ge back and the gate between rooms will
ppen. which leads to a mixing operation between COZ and water, maintaining high
pressure inside water room, then the nozzle will open allowing the mixture to get out with
high speed and pressure.

Afier deactivating the device, the rod recovers back to it's original location. allowing
16 the possibility of start the process again.
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Figure4.10 Design Two

45




4.2.2.2 Froblems pud Solutions

- Problems:

1. Hew 1o contral the inlet of CO2 while the gate and the nozzle are being closed. 50
25 to be a mechanical way insuring to wark in a dangerons situation.

Solution: Two ways have been founded for this problem, and will discuss the two

methodologies. The first one, is to use a manual valve that is capable to control the

inlet and the gate with the nozzle, but there is a reason to refuse this solution, that 1s;

this valve needs moare time 1o fill up the room of water. In addition to that, this valve

is commercially mvailable, but expensive, The second methodology which has been

need. is to use the rod, that it is a mechanical method, and gives the needed control.

3. Probiem in how to completsly close the COZ inlet.

Solution: The smother way (o solve this problem is to use another room before the

€02 room, and between them there should be a gate with a Stﬂppm:. this gives casy

control for opening and closing the inlet of CO2, Bug; to avoid the heavy weight of
the device, an internal - small room has been used at this method, in order to simplify
the operation, and Lo achisve the purpose.

3. Troblem in different pressure ranges watcr between the room and the cylinder
during opining the gate betwesn the two rooms, that lepds to return the water from
it's room 1o the cylinder instzad of getting out of the gun, to prevent loss ol water.

Solution: The problem here depends on the difference in pressure between walcr

room and water cylinder, during the shooting procesa and to solve this, a one way

valve was used, located at the inlet of water to avoid walter from returning back to the

water cylinder.

4. In using the rod, when pulling it to the left side, the sod will lozs 1t's balance, and
thera it a chance to not return back to it's place, and this leads to not fully closed

(e nozzle and the gate.

4B




Salution: A hole has hesn uged on the gate between the two rooms, and so the rod can

go through that hole, in order to maintain a rod balance.

5. The gaté and the nozzle opens together, when pulling the rod.
Solution: The head of the rod was made in a conic shape, so as to delay the nozzle

opening process. in relevance with gate ope ning.

6. The weight of the device was the main problem during the implementation, that's
because the gun is made of a stainless steel material, which can handle with high
pressures and resists corrosion, but; stainless al the same time is considered a
heavy material.

Solution: Weight should be taken as the highest priority consideration for this project,

and when using stainless stecl as a material for making the stopper, stainless is &

heavy material, s0; an Acrylic meterial should be used instead, but; the problem was
still occurred due to the weight of CO2Z and water, and this has been handled in the
build of the first design methodology.

7 Pressure: the CO2 cvlinder is maintained under 40 bar, where as the device should
operate maintain a pressure of about 10 bar.

Solution: This problem has been resolved dug to the occurrence of the main valve,

which reduces the pressure that gets out of the CO2 cvlinder.

& Gun maintenance: the problem is how to ¢lean, repair. and changs it's parts when
necded.

Splution: In order to facilitate the process of separaling the two rooms, screws for

fastening them were used, so that separation will be easy through serew driving. And

to resolve of the problem of the rod, it can be removed easily through threading iL.
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4.2.2.3 Secnnd Desipn Advantages

1, Uses twa sxtinguishing cechnigues, either using CO2 elone, or COZ with water
together.

2 The uzaze of (02 &s an inert gas, which iz usually used to extinguish fire, with a
density higher than Oxygen and gir, 50 thet CO2 insulares oxygen away from fire
and this, helps in fire fighiing process.

3. Simpliciyy in removing and instell parts,

4.2.1.4 Second Design Disadvantages

1. The devies has a heavy weight which enables the fire man to carry it, with 2 total
weight of 26 ka.
2 The water should be clean to prevent closing the nozzle

4.3 Fluid Properties Affecting the Spray

A variety of [actors affect droplet size and how easily & stream of Liguid atomizes after
emerging from an orifice. Among these factors are fluid properttes of surface tension,

viscosity, and density.

431 Sorface Tension

Surface tension tends to stabilize a fluid, preventing ite breakup into smuller dropists.
Everything else being equal, fluids with higher surface tensions tend to have 2 larger average
droplet gize upon atomization

In the project soap is mixed with water to decease the surface tension property of wates and
also this lead to fine end small droplets size which wall merease the surface area exposed to
fire and helps in quickby absorption of heat due to water droplets veperization.

Table 4 1 shows the surface tension property of familiar liquads.




Tahle 4.1 Surface Tension Property of Familiar Liquids.

Yurtace lension of Commor Fluids

Figuid Surfare Tensinn Mewtmnimersr st 20T
Ethv] aleancl 3.022
Soapy water (BRIRE
Benzene 0.025
Olivz il 0.032
Lubricating ol 0.037
Clyeerine 0.652
WWater 0.072
Meraury 0432

4.3.2 Viscosity

A fluid’s viscosity has a similar effect on droplet size as surface tension. Viscosity
causes the fluid to resist agitation, tending to prevent its breakup and leading to a larger
average droplet size. Figure 4.12 represems the relationship among viscosity, droplet tize, and

when atomization cocours .
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Figure 4 12 Effect of Viscosity on Droplets Size.

4.3.3 Density

Density causes a fluid to resist seceleration. Similar to the properties of both surface
tansion and viscosity, higlier densiny tends to result in a larger average droplet size
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5.1 First Desizn Modeling and Calculation

The Ventari affcer is a jet effcct; as with a funnel the velocity of the fluid
increases as the cross sectional ares decremses, with thestatc pressure
correspondingly decreasing. According to the laws governing fluid dyvnamics, a
fiyid's velocity must increase os it passes through a constriction to satisfy the principle
of continuity, while its pressure must deweass o satisfy the principle of conssrvation
of mechanical enerey. Thus any gain in kinetic encrgy 2 fluid may accrue due o its
increased velocity through a constriction is negated by a drop in pressure. An squation
for the drop in prassure due to the Venturi effect may be derived from a combination

of Bernoulli's principle and the continuity equation.

Referring lo the diagram to the rignt, usmg Bernoullis equation in Lhe special case of
incompressible Bows {such as the flow of water or ather liguid, or low speed flew of gas), the

theoretical pressure drop at the constriction is given by
P, s 2
po— = gl —)

whers @ie the density of the fluid, v, is the (slower) fluid velovity where the pipe is
wider, v is the ( faster) fluid velocity where the pipe 15 narrower {as seen in the figure).
This assumes the Nowing fluid (or cther substance) is nat significantly compressible -

even though pressure varies, the density 15 assumed fo remun appreximately constant,

The pressure at "1" is higher than at "I and
. @ e
the fluid speed at "1" is lower than at "2", because the __],_

eross-sectional ares at "1" is greater than at"2"




Flow rate

A venhiri can be used to measure the volumetric flow rare ().

Since

Q =t A = s
= p2 = §(e3 = i)

then

= 2 _DPE} -4 ':‘-ff-n:—rﬂz»}u _
(-9 "\ 6-6)

A venturi con also be nsed te mix a liquid with a gas, 1f a pump forces the

liguid through a abe connected to a system consisting of a venturi {0 increase
ths liquid speed (the diamerter decreases), a short piece of tube with a small
halé in it, and last a venturi that decreascs speed (so the pipe gets wider
aoain), the gas will be sucked in throngh the small hole because of changes in
pressure. Al the end of the system, a mixture of liquid and gas will appear
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Graph 5.1 Relationship between Pressure and distance

£.2 Secand Design Modeling and Calenlation

The second desizn based on projectile mution, Bermeulli and Centinuity Equations to
calculate the spaeds that getting out from the deviee |

After the operation and lesting of the device at differeat pressure, the distance thet
viter reach 15 tolen after one second which shown in graph 5.2

distance [m)
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\
|
I
|

i
£

i >

Graph 5 2 Relationshup between Pressure and Distance
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The avorage distance and time at different pressure taking for one liter of
water getting out of the gun, the graphs below show the relationship betwesn distance, angle
of stream and time wath pressure al different values.
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Graph 5.3 Relationship between Average Distance and Inlet Pressure
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Graph 5.4 Relationship between Angle Separated and Tnist Pressure
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Greph 5.5 Relationship berween Separated Time and Tnlet Pressure at one Liter

By applying the equation of metion that relates all four quanuues of moion (time,
displacement, veloeity and acceleration The distance which the water wall reach whiling

shoosing will caleulate on based on the Project:le motion eguation as follow:

Honzontal Bireetion
o A VoY)
Vertcal Direchon:
W= Yot il
y=yi+wd +12at1vta= vy
24 2aly- W)

In these equations, X is the horizontal pusition of the stream water, xi 18 the init:al horizontal
pesition of the water, vix is the initial velocity in the harizoneal direction, £13 the elapsed time,
/% i5 the final velocity in the vertical dirsction vi is the initial velocity in the y=direction, @ is
the acceleration in the y-direction, 3i is the initial height of the ball, and y is the vertical
diztanies travalled [1.e. the height)
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The initial velocities in the x and y ditection are the vector components of the initial

Veloeity, Figure 1 illustrates these relationslups

Figure 1; Vector components of the inifial velocify

[t the tnitial speed vi of the water soreum and the launch angle, u, are known. then the vector
componeats can be found using methods of tignnometry:

Vie="17 cos 1)
iy =y sm

Using these developed equations, the range, masimum boght, and total time of Might will bs
calculated. These theoretical values wall then be comparsd to expermmental values, and

caleulare initial velocity shown graph 3 6.

Idrial walacioy tmds)
i

7] ry b n & ) md is
Pratourd [Sar)

(rrapl 5.6 Relationship between Initial Velocity and Inlet Pressure




The pictures below show the sngle of the stream for the second design, while it gefting ow

from thz nozzie

Figure 52 Angle of stream 2t 8 baris 12.3 degree




Fig Angle of stream gt 10 bar is 13.3 degree

In figure helow the relationship between pressurs and angle

—— 2nglz i:iEEI"E'E}
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Graph 5.7 Relationship betwresn Stream Angle and Distance with differen Pressure.




5.3 Comparative between Two Design

The corporation 15 summarize i this table which show balow and deseribe the

properties and parameter for gach design

Table 5.1 Comparative hetween the Two Design

Comparative Design 1 Design 11
Weight Light Heavy
Shnoting Max. Distance 3m 1im
Mazx, Separated Angle 17 degree 13.5 degree
Optimal Pressure Work (10— 40) bar {6-8)bar
Time for 10 Liter (10-15) minuale 90 secand
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