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ABSTRACT

An automatic sprinkler system is one of the most effective methods of
controlling or suppressing the fire. Sprinklers are generally located at the ceiling level of
the level of a building. They are equipped with a fusible link that melts when the heat
given off by a fire heats the sprinkler. Currently there is no sprinklers system that
nstalled in UMP (Universiti Malaysia Pahang) lecture room. In this project by using
CFD (Computational Fluid Dynamics) a simulation of fire occurred is created to prove
the effect of sprinkler in one of the lecture room (Block Y-BKS). For this simulation,
assume that the fire happen due to shock circuit at personal computer. Now from CFD,
simulation required finding out boundary condition in that room like power output of
lamp and PC. Also air flow rate by air conditioner and sprinl;ler. From the result of
simulation, the sprinkler system is effective if the fire occurred in the lecture room. As a

conclusion, a sprinkler system can be installed as a precaution at the lecture room.



ABSTRAK

Sistem sprinkler yang automatik adalah kaedah yang paling berkesan untuk
memadam dan mengawal kebakaran. Sprinkler secara umumnya terletak kat atas siling
bangunan. Ia dilengkapi dengan fius yang akan cair bila terkena haba. Pada masa ini,
tiada sistem sprinkler yang di pasang di bilik kuliah kat Universiti Malaysia Pahang
(UMP).Dalam projek ini, dengan mengunakan CFD satu simulasi kebakaran maya dicipta
untuk membuktikan keberkesanan sprinkler dalam satu bilik kuliah (Blok Y-BK8). Untuk
simulasi ini, diandaikan kebakaran terjadi kerana litar pintas dekat PC. Untuk
menjayakan simulasi ini, bacaan dan keadaan sekeliling seperti haba dikeluarkan oleh PC
dan lampu diperlukan. Selain itu halaju udara dikeluarkan oleh penyaman udara dan
sprinkler. Daripada keputusan simulasi, dapat dibuktikan keberkesanan sprinkler dalam
menangani kebakaran yang berlaku di bilik kuliah. Sebagai kesimpulan, sistem sprinkler
boleh dipasang sebagai langkah berjaga-jaga di bilik kuliah. ‘
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CHAPTER 1

INTRODUCTION

1.1 Project background

Sprinkler system is used to contain fire and in many cases put it out, even before
the fire department arrives. Currently, in Universiti Malaysia Pahang (UMP) there is no
sprinkler system installed in lecture rooms. There is possibility that the room may have a
fire due to short circuit at electronic appliances such as computer in the room. So, to
prevent hazard to the room, sprinkler system is essentially needed. Usually the sprinkler

system is installed following the rule set by fire department.

1.2 Objective

Using CFD to analyze the effect of sprinkler system in the lecture room at UMP
(Block Y-DKS8}



13  Scope of Study

The scopes of this project are divided into 3 mains part:

a) Predict fire propagation inside the room
b) Understand sprinkler system
c) Using CFD to analyze fire in the room
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Flow Chart

Literature review/study on sprinkler
system and CFD analysis in room
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Figure 1.1: Flow chart




CHAPTER 2

LITERATURE STUDY

2.1  Fire

Fire is essentially a chemical reaction known as combustion. It can spread in
minutes and kill in second. Knowing the characteristics of fire and understanding how
can help Architects, Engineers and other professional to formulate strategies on life

safety and property protection in building designs.

Three factors are needed to start a fire are FUEL, OXYGEN AND HEAT. This
is known as the “Fire Triangle”. If this chemical reaction is allowed spread unchecked, a

very small fire will quickly develop into an inferno and involve the entire building.



Heat FIRE Fuel

Oxygen

Figure 2.1: Fire Triangle (Prof Datuk Dr Soh Chai Hock, 1998).

2.1.1 Fire Growth Stages

2.1.1.1 IGNITION

Combustion can be very fast, as in a gas explosion or it can be slow smoudering

process.

2.1.1.2 GROWTH

A fire can once started can grow rapidly as it creates the conditions for its own
growth. In an enclosed compartment, a critical stage may be reached where all the
combustion materials are heated to flammable concentrations of gases and the fire

suddenly flashes through out the whole compartment. This is known as a “Flashover”.



2.1.1.2 DEVELOPMENT

The fire passes through a development stage after the initial rapid growth. During
this stage the fire temperature increases more slowly. However the fire continues to

spread into other areas, which then in turn continues the process of rapid initial growth.

2.1.1.3 DECAY

In the final stage, the fire will bum itself out due to lack of fuel or oxygen. In an
enclosed compartment, a fire may smolder for a long period. A sudden rush of oxygen,

example breaking a window, can reignite the fire with explosive violence.

2.1.14 FIRE LOAD

The total amount of combustible materials available to fire. Certain combustible
materials released more heat than others when they bum and so contribute more to the
fire load. For example 1 kg of kerosene will release 46050 kJ of heat where as the same

weight of paper releases about 16900 kJ.
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2.12 How Fire Spread

Through natural laws, heat and smoke will travel from hotter to cooler areas by
any of the tree methods.

2.1.2.1 Convection

More than 75 percent of the combustion products of a fire example smoke,
buming brands, toxic gases are dissipated in rising convection currents of hot gases at
temperatures of 800-1000 degree centigrade which heat anything in their path. It will
create a “mushroom effect”, when the convection current is blocked example by
underside of floor or ceiling. It can also smoke log escape routes and prevent means of

escape (Prof Datuk Dr Soh Chai Hock, 1998).

2.1.2.2 Radiation

Radiant heat is transmitted to buildings or material not shielded from fire —it is
the transfer of heat energy as electromagnetic waves. Radiation passes through normal
glass window easily, and building with many or large windows are more likely to spread

fire to other building.



2.1.2.3 Conduetion

The movement of heat through materials example metals is better conductors of
heat than stones. Conducted heat can travel through partitions, floor, ceilings, and walls,
to a,'cﬁqcept rooms, especially through metal pipirng, metal frames and joists. Combustible
materials or iptemal linings of adjacent rooms can be heated to their ignition temperature
by eqpducted heat.

2.2 Spripkler System

An automatic sprinkler system is intended to detect, control and extinguish a fire,
and wam the occupants of the occurrence of fire. The installation comprises fire pumps,
water storage tanks, control valve sets, sprinkler heads, flow switches, pressure switches,

pipe work and valves. The system operates automatically without human intervention.

Sprinkler is equipped with high water pressure to put out fire instantly like
fireman hose. It is made with specific pipe called Chlorinated Polyvinyl Chlonide or
CPVC and discharged about 25 gallons water per minute (around 113.65 liters per
minute). The sprinkler is equipped with a fusible link that melts when the heat given off

by a fire and then the water is spray out. For example:



2.2.1 Automatic Sprinklers Model HC Bulb Spray Series

CROSS SECTION

Figure 2.2: Sprinkler Figure 2.3: Cross Section of Sprinkler

2.2.1.1 Description and Operation

The Globe Model HC Adjustable Concealed Sprinkler is an independent
sprinkler designed for use with concealed piping systems for those areas where an
attractive appearance is of primary importance. The Model HC is an assembly provided
with a cover plate which completely hides the sprinkler head. After installation all that is
visible is the small flat cover which can be factory painted any color you wish.
Incorporated in its design is an adjustable feature which is infinitely variable for a full
1.27 cm. This will compensate for uneven ceiling heights and allow adjustment of the
sprinkler cover at any time. The feature will also allow the removal of the cover plate to
facilitate the changing of soiled or damaged ceiling tiles without the removal of the

sprinkler head. This provides significant savings for building maintenance.
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The cover plate is designed to fall away during a fire and expose the concealed
sprinkler to the rising temperatures of the fire. The deflector drops down to a point
below the ceiling line. The heat of the fire then operates the glass bulb sprinkler and

water is discharged onto the fire.

2.2.1.2 Technical Description

a) Temperature ratings

155°F (68°C) Sprinkler, 135°F (57°C) Cover Plate

200°F (93°C) Sprinkler, 165°F (74°C) Cover Plate
b) Water Working Pressure Rating - 175 psi (12 Bars)
c¢) Factory tested hydrostatically to 500 psi (34 Bars)
d) Maximum low temperature glass bulb rating is -67°F (-55°C)
e) Frame — brass Deflector — bronze Screw — brass
f) Bulb seat — copper Spring - nickel alloy Seal — Teflon

g) Bulb - glass with glycerin solution, Smm

2.2.1.3 Specification of Sprinkler

a) Orifice size: 1/2" (15mm)

b) K Factors: 5.6 (80 metric)

c) Thread Size: 1/2" NPT

d) Finishes: Bright Chrome White Printed
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2.2.2 Sprinkler System Design Requirement

2.2.2.1 Design Standard

Under the Uniform Building By-laws 1984, By-laws 226 and 228 refer to the
requirement for sprinkler systems. The accepted standards for automatic sprinkler

installations are:

a) LPC Rules for Automatic Sprinklers, UK
b) B.S.5306: Part 2- Specification for Sprinkler systems

In the addition to the above, the other standards may be accepted by the Fire and
Rescue Department Malaysia but prior approval must be obtained. Some of the

standards which have been accepted are:

a) NFPA 13
b) Australian STD A.S. 2118
¢) Factory Mutual

Sprinkler systems are designed based on the hazard classification described in B.S.
5306: Part 2 as follows:

a) Light Hazard for non-industrial occupancies with low quantity and

combustible contents. For example: apartments, schools and home.
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b) Ordinary Hazard for commercial and industrial occupancies handling and
storing ordinary combustible materials. For example: Offices, restaurant and
hotels.

¢) High Hazard for commercial and industrial occupancies having abnormal fire
loads covering process hazards, high piled storage hazards and o1l and
flammable liquid hazards. For example: Furniture and textiles factories.

For this project case, the sprinkler system should be design according to Light Hazard.

2.3 Computational Fluid Dynamics (CFD)

CFD is the systematic application of computing systems and computational
solution techniques to mathematical models formulated to describe and simulate fluid

dynamic phenomena.

CFD is part of computational mechanics, which in tum is part of simulation
techniques. Simulation is used by engineers and physicists to forecast or reconstruct the
behavior of an engineering product or physical situation under assumed or measured

boundary conditions (geometry, initial states, loads, etc.).

CFD also is a computational technology that enables us to study the dynamics of
things that flow. Using CFD, we can build a computational model that represents a
system or device that we want to study. Then we apply the fluid flow physics and
chemistry to this virtual prototype, and the software will output a prediction of the fluid
dynamics and related physical phenomena. Therefore, CFD is a sophisticated
computationally-based design and analysis technique. CFD software gives us the power
to simulate flows of gases and liquids, heat and mass transfer, moving bodies,

multiphase physics, chemical reaction, fluid-structure interaction and acoustics through
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computer modeling. Using CFD software, we can build a 'virtual prototype' of the
system or device that we wish to analyze and then apply real-world physics and
chemistry to the model, and the software will provide us with images and data, which
predict the performance of that design.

To run a simulation using CFD, the lecture room’s boundary condition must be

figured out first.

2.3.1 Lecture Room’s Boundary Conditions

A general room has heat and flow boundary that is as follows:

2.3.1.1 Air Conditioner

Figure 2.4: Air Conditioner (YORK Prestige Ceiling Exposed)

The function of this conditioner is to cool the room. When this air conditioner

operate, it produce air flow rate. This air flow rate is one of the boundary condition that
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needs to figure out for CFD analysis. There are two air conditioners that used in the
room. Both of them are from York’s model but have different power. Technical

descriptions about these air conditioners are below:

Model 1: YMSD1020A (2HP)

Power Source: 220-240 V/50 Hz
Compressor Type: Rotary

Input Power: 1971 W

Casing Material: Galvanized Mild Steel

Model 2: YMST1515125A (2.5HP)
Power Source: 220-240 V/50 Hz
Compressor Type: Rotary

Input Power: 2430 W

Casing Matenal: Galvanized Mild Steel

2.3.1.2 Lamps

Figure 2.5: Lamp



There are 12 lamps that used in the room. Each one produces 60 Watts.

2.3.1.3 Personal Computer

Figure 2.6: Personal Computer (PC)

Desktop or personal computer (PC) that used is from Dell’s model.
230 Watts.

It produces

15
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2.3.1.4 Wall and Window

These two things are assumed as adiabatic (heat insulated walls) that means there
are no heat transfer activities (Yunus A. Cengel, 2002).



23.2 CFD Flow Chart
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Figure 2.5: CFD Flow Chart
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CHAPTER 3

METHODOLOGY

3.1 Problem Solving Method

In order to propose a design of sprinkler system based of CFD analysis of the lecture
room there are a few requirements needed. Firstly, to run a CFD analysis we must build
a room simulation model using SOLIDWORK and actual measurement of that room
must be taken. Then, the boundary condition of that room such as mass flow rate by air

conditioner, PC and lamp’s power output must be figure out.

3.2 Activities In Each Methodology



3.2.1 Modeling

After taking actual measurement of the lecture room, the 3D room model is
designed using SOLIDWORK. Below is the room model:

Sprinkler

Figure 3.1: Lecture Room (Block Y-BK8) 3D Model

19
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3.2.2 CFD (Computational Fluid Dynamics)

This computational software can build a virtual model that represents a lecture
room for study. When the boundary condition (fluid flow physics such as flow rate by
air conditioner) is applied to this virtual room prototype, the software will output a
prediction of the fluid dynamics and related physical phenomena. The CFD’s software
that used for this analysis is COSMOSFLOWORKS.

3.2.3 Anemometer

This device is used to measure air conditioner output velocity in order to get its

mass flow rate. The mass flow rate then s apply through CFD for analysis of the room.

Figure 3.2: Anemometer



3.2.4 Measurement Tape

For taking room actual measurement, this device is used.

Figure 3.3: Measurement Tape

21



CHAPTER 4

RESULT AND DISCUSSION

4.1 Introduction

The main objective of this work was to study the effect of sprinkler using CFD
for simulation. As a comparison, simulation of the room without sprinkler was also
made. Before the simulation can be done, boundary conditions of the room must be
found to fulfill the requirement for running the simulation. These are such as, flow rate

of the air conditioner and sprinkler.

This simulation will prove the effect of sprinkler in order to suppress fire due to

short-circuiting on a PC (personal computer).

4.2 Mass Flow Rate of the Air Conditioner

There are two air conditioners that are used in the lecture room. Both of them
were to be from the same brand but have different power outputs. By using anemometer,
velocity of the air flow from the air conditioner can be measured. Firstly, both air
conditioners are set at fully maximum condition and readings were taken when steady

state condition is arrived. Below is the result from this experiment:



Table 4.1: Velocity of the Air Conditioner

23

No Air Conditioner 1 (2 HP) Air Conditioner 2 (2.5 HP)
1 2.0 m/s 3.4 m/s
2 2.1 m/s 3.5m/s
3 2.1 m/s 3.5m/s
4 2.1 m/s 3.4 m/s
Average 2.075 m/s 3.45 n/s
To determine the flow rate the equation used is:
th=pAV 4.1)

With, p=1.1674 kg/m’ is taken from Table A.4 (Thermo physical Properties of Gases at

Atmospheric Pressure) when temperature at 25.7 °C (298.7 K) and area of the both air

conditioner, A=0.1¥*1.10 =0.11 m?

So the flow rate is given in table 4.2.

Table 4.2: Mass Flow Rate of Air Conditioner

Air Conditioner Mass Flow Rate, m (kg/s)
2 HP 0.2665
2.5HP 0.443
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4.3  Sprinkler’s Air Velocity

The simulation has two types which is fluid type and gas type. The sprinkler
discharge water about 113.65 liters per minute. But if we use fluid type, the room in the
simulation will contain water from sprinkler and air conditioner. So, as a solution, gas
type’s simulation is chosen and water discharge from sprinkler is converted to air using

Reynolds similarity equation.

Re water = Re air
As we know Reynolds equation;

Re — Dynamic pressure  pv2/L  pv,I.  w,L  Inertial forces
Shearing stress pug /L2 7’ v Viscous forces

Figure 4.1: Reynolds Equation
Where;

v, is the mean fluid velocity in ms™

L is the characteristic length in m

1t is the (absolute) dynamic fluid viscosity in Nsm™ or Pa-s
v is the kinematics fluid viscosity, defined as v = w/p, in m*s™

p is the density of the fluid in kgm™



At T=2932K;
From the Table A-4, the results are shown below:

L= length of sprinkler

Q=VA

Vwater= (Q/A) sprinkler
=1.89417/0.0042
=451 m/s

Table 4.3: Properties of Sprinkier for Water and Air

23

WATER AIR
Density, p (kgm™) 0.6238 726.38
Viscosity, v (in m’s™) 291X 10° 8.872X 107
Velocity, vs(ms™) 451 1.1808

( density* veIocity)water _ (density . velocityJair

viscosity Vis cosity

V= {0.6238*451/2.91*10°}*(8.872*107°)/726.38
= 1.1808 m/s
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4.4 Simulation Results

The simulation results shows the final result for both condition tested, where the
first condition is where the lecture room model without sprinkler and second condition is

where the lecture room model with sprinkler.

4.4.1 Simulation Result without Sprinkler

During simulation there are no sprnkler activated. The purpose of this

simulation is to study the heat or temperature distribution in the room at room

temperature.

sy e ’Z‘ < s
b 2B Tt F T (oo TUEE S PV

Lamp

Figure 4.2: Simulation for lecture room without sprinkler



27

From simulation result in Figure 4.2, it shows that the highest temperature
located at the PC which the location that produce higher power output, 230 W. But
overall temperature at the room is at room temperature, 293.2 K. There is also a
temperature change at the wall close to the PC due to the heat output from PC. The
distribution is more at the PC as the temperature increases due to PC operations.
Looking at Figure 4.3 the final highest temperature is seen on the PC it self making it a

high possibility to ignite in case of some fire in the room.

Highest temperature
* . " . spot at PC

Figure 4.3: Highest temperature spot at Personal Computer (PC)

To identify the highest temperature that spotted at the PC. A line graph plot is
sketched as Figure 4.4, to create a Temperature versus Length graph like Figure 4.5.
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Figure 4.4: Line Graph Plot (vertical) at PC
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Figure 4.5: Temperature Distribution-Length Graph

From the graph, the highest temperature detected is around 301 K at PC. The
room’s temperature is at 293.2 K. But overall result show above it. The lowest
temperature is at 294.5 K (close to room’s ceiling). This is because of the heat transfer

spread due to PC’s operation.

The result in Figure 4.5, show the heat transfer from PC to ceiling of the room
through a vertical line in Figure 4.4. Then, to study heat transfer from PC to door, a line
graph plotted hornizontally as Figure 4.7.
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From the line in Figure 4.6, a graph likes Figure 4.7 come as a result.
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Figure 4.7: Temperature Distribution-Length Graph (horizontal line)

From the result in Figure 4.7, the highest temperature start at PC around 300 K
and decreased to 293.9 K (at the door). Overall temperature is above room temperature,
293.2 K but it just a slight different cause by heat transfer spread due to PC’s operation.

Actually PC’s temperature at 300 K not a crtical temperature, but as a
precaution that PC should not be operate at long time and must be shut down if no need

to used.
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4.4.2 Simulation result with sprinkler

For this simulation, assume the fire occurred due to electric shock circuit at
PC. Before simulation, as boundary conditions, PC’s temperature is set at 341 K which
is the temperature that will activate the sprinkler to discharge water. Normally the fire
temperature is higher than that but in case of sprinkler; at 341 K it will start operating.

&

% @

&

oy

S '“Ail‘ Conditioner

Figure 4.8: Simulation for Lecture Room with Sprinkler

From the simulation result, the PC’s temperature is decreased from 341 K to 297
K. The room temperature is 293.2 K. It proves the effect of sprinkler to suppress the fire.
But, there are still a bit of higher temperature spot at PC.
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Figure 4.9: Line Graph Plot for Simulation with Sprinkler

To analyze the temperature distribution in the room, one line graph plot across
room is created like Figure 4.9. Then, graph Temperature versus Length like Figure 4.10
below is plotted.
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Figure 4.10: Temperature-Length Graph (with Sprinkler)

From the graph, the PC’s top surface temperature (green color area) in Figure
4.7 is at 295.4 K. It is higher than the room temperature, which is at 293.2 K but. In this
simulation, to create a fire simulation at PC, all PC’s surface is set at 341 K which is the
temperature that will activate the sprinkler. Overall room temperature is at 293.3 K and

it proves the effect of the sprinkler to contain or put out a fire.
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Another line graph plot is created to analyze temperature distribution in the room

like Figure 4.11 below.

Line Graph Plot (from
right to left)

Figure 4.11: Line Graph Plot for Room with Sprinkler

Then, from the line in Figure 4.11, a graph as Figure 4.12 is produced.
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Figure 4.12: Temperature-Length Graph 2 (with sprinkler)

From the graph, the temperature only increased close to the PC. The highest
temperature detected is around 295.5 K and only a slight different than room
temperature, 293.2 K. Temperature that activates the sprinkler is 341 K which is set at
PC to create a fire simulation. Then, as a comparison, result that shows in Figure 4.12,

prove the effect of sprinkler to contain a fire. The overall temperature is around 293.3 K.
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CONCLUSION AND RECOMMENDATION

5.1 Conclusion

Sprinkler system is the most efficient methods of controlling and suppressing a
fire. According to the NFPA, sprinklers typically reduce your chances of dying by one-
half to two-thirds in any kind of property where they are used. Despite what many
people think, generally only one or two sprinklers open up and flow water during fire-all

of them do not go off at once.

Currently, there is no sprinkler system installed at lecture room in UMP
(Universiti Malaysia Pahang). Using CFD (Computational Fluid Dynamics), a
simulation of fire is created to prove the effect of sprinkler. But before that, one lecture
room is chosen for this project (Block Y-BK 8). Using a measurement tape, that room is
measured then a 3D model is designed using SOLIDWORK.

The simulation need a room’s boundary conditions to run such as power output
of PC and lamps, air conditioner flow rate and sprinkler flow rate. The wall of the room
is assumed as adiabatic. That mean no heat transfer that flow from inside and outside
room.From an experiment using anemometer and some calculation, air conditioner’s
mass flow rate can be found. Simulation has two type which are gas type and fluid type.

If fluid type is chosen, all room will filled with water from sprinkler and air conditioner.
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So, as a solution gas type simulation is used. Sprinkler discharged water at certain
amount. Reynolds similarity equation is used to calculate sprinkler’s air velocity. Then,

simulation can be run.

After all the simulation data and analysis is completed, all the objective had
archived, all the scope has successfully fulfill. This project become one of the research

to prove the efficiency of sprinkler to put out fire.

5.2 Recommendation

As for the future researches, additional element can be carried out to improve the
result of the simulation such as;

Add material to the model. For example, PC is made from aluminum.

¢ Find out wall’s heat transfer rate and not assume it as adiabatic.

¢ Build areal model of the room including chair and table.

e Use other Computational Fluid Dynamics (CFD) software such as FLUENT
to do the same analysis and compare the result.
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APPENDIX A

FULL REPORT (Room without Sprinkler Analysis)

System Info

Product COSMOSFloWorks 2005/ PE SP0.0. Build:
157

Computer Name UMP-76972E8C0C8

User Name W@N

Processors Intel

Memory 510 MB / 2047 MB

Operating System Windows XP Service Pack 2

CAD Version SolidWorks 2005 SPO

CPU Speed 586 (2414 MHz)

General Info

Model C:\Documents and
Settings\W(@N\Desktop\PSM 2
Draft\Result\without sprinkler
(5.03.2008)\BK8.SLDPRT

Project Name Default (2)

Project Path C:\Documents and
Settings\W@N\Desktop\PSM 2
Draft\Result\without sprinkler
(5.03.2008 \1\1 .fwp

Units system

Analysis type Internal

Exclude cavities without flow conditions On

Coordinate system Global Coordinate System

Reference Axis X

INPUT DATA
Initial Mesh Settings

Automatic Initial Mesh: On
Result resolution level: 3

Advanced narrow channel refinement: Off

Refinement in solid region: Off

Geometry resolution

Evaluation of minimum gap size: Automatic

Evaluation of minimum wall thickness: Automatic



Computational Domain
Size

X min

X max

Y min

Y max

Z min

Z max

Boundary Conditions
2D plane flow

At X min

At X max

AtY min

AtY max

At Z min

At Z max

Physical Features
Heat transfer in solids: Off
Time dependent: Off
Gravitational effects: Off

Flow type: Laminar and Turbulent
High Mach number flow: Off

Default roughness: 0 micrometer
Default wall conditions: Adiabatic wall

Initial Conditions
Thermodynamic parameters

Velocity parameters

Turbulence parameters

Material settings
Fluid type: Gas

Sm
5.1m
Om
3m
-5m
Sm

None

Default
Default
Default
Default
Default
Default

Static Pressure: 101325 Pa
Temperature: 293.2 K

Velocity vector

X component of velocity: 0 m/s
Y component of velocity: 0 m/s
Z component of velocity: 0 m/s
Turbulence intensity and length
Intensity: 2 %

Length: 0.000541670243 m

41



Fluids
Air

Boundary Conditions
Static Pressurel

Type

Faces

Coordinate system
Reference Axis
Thermodynamic parameters

Turbulence parameters

Boundary layer parameters

Inlet Mass Flowl
Type

Faces

Coordinate system
Reference Axis
Flow parameters

Thermodynamic parameters
Turbulence parameters

Boundary layer parameters

Inlet Mass Flow2
Type

Faces

Coordinate system
Reference Axis
Flow parameters

Thermodynamic parameters
Turbulence parameters

Boundary layer parameters
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Static Pressure

Face <84 >

Face based coordinate system
X

Static Pressure: 101325 Pa
Temperature: 293.2 K
Turbulence intensity and length
Intensity: 2 %

Length: 0.000541670243 m
Boundary layer type: Turbulent

Inlet Mass Flow

Face <53 >

Face based coordinate system

X.

Flow vectors direction: Normal to face
Mass flow rate normal to face: 0.2665 kg/s
Fully developed tube flow: No

Inlet profile: 0

Temperature: 293.2 K

Turbulence intensity and length
Intensity: 2 %

Length: 0.000541670243 m

Boundary layer type: Turbulent

Inlet Mass Flow

Face <62 >

Face based coordinate system

X

Flow vectors direction: Normal to face
Mass flow rate normal to face: 0.443 kg/s
Fully developed tube flow: No

Inlet profile: 0

Temperature: 293.2 K

Turbulence intensity and length
Intensity: 2 %

Length: 0.000541670243 m

Boundary layer type: Turbulent



Heat surface sources

SS Heat Transfer Rate 2

Type Heat Transfer Rate

Faces Face <18LPattem7>
Face <15LPattem7>
Face <4LPattem7>
Face <14LPattem7>
Face <5LPattem7>
Face <17LPattem7>
Face <12LPattem7>
Face <8LPattem7>
Face <16LPattem7>
Face <13LPattem7>
Face <3LPattemn7>
Face <2LPattern7>
Face <6LPattemn7>
Face <9LPattern7>
Face <19LPattem7>
Face <10LPattem7>
Face <11LPattem7>
Face <7LPattem7>
Face <1LPattem7>

Coordinate system Global Coordinate System

Reference Axis X

Heat Transfer Rate 60 W

SS Heat Transfer Rate 3

Type Heat Transfer Rate

Faces Face <14Extrude8>
Face <12LPattern6>
Face <20LPattem6>
Face <19Extrude8>
Face <5LPattern6>
Face <3Extrude8>
Face <11Extrude8>
Face <1LPattern5>
Face <6Extrude8>
Face <2LPattem5>
Face <18LPattem5>
Face <16LPattern5>
Face <17LPattem5>
Face <8LPattern5>
Face <7LPattem5>
Face <15LPattem5>
Face <4LPattermn6>
Face <13LPattem6>



Coordinate system
Reference Axis
Heat Transfer Rate

SS Heat Transfer Rate 1

Type
Faces

Coordinate system
Reference Axis
Heat Transfer Rate

SS Heat Transfer Rate 4

Type
Faces

Coordinate system
Reference Axis
Heat Transfer Rate

Face <10LPattem5>

Face <9LPattern5>
Global Coordinate System
X

60 W

Heat Transfer Rate
Face <5Extrude4>
Face <4Extrude4>
Face <1Extrude4>
Face <2Extrude4>
Face <3Extrude4>
Global Coordinate System

X

230 W

Heat Transfer Rate
Face <19LPattem8>
Face <18LPattem8>
Face <15LPattem8>
Face <SLPattern8>
Face <20LPattem8>

Face <14LPattem8>. .

Face <4LPattern8>
Face <6LPattem8>
Face <13LPattem8>
Face <8LPattern8>
Face <17LPattem8>
Face <16LPattern8>
Face <12LPattem8>
Face <3LPattern8>
Face <2LPattern8>
Face <9LPattern8>
Face <11LPattern8>
Face <7LPattern8>
Face <1LPattern8>
Face <10LPattern8>
Global Coordinate System
X

60 W
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Calculation control options

Finish Conditions

Finish Conditions If one is satisfied
Maximum iterations 202
Maximum travels 4
" Goals convergence Analysis interval: 0.5
Solver Refinement
Refinement: Disabled
Results saving
Save before refinement On
Advanced control options
Flow Freezing
Flow Freezing Strategy Disabled
RESULTS
General Info
Iterations: 149
Calculation Mesh
Basic Mesh Dimensions
Number of cells in X 20
Number of cellsin Y 6
Number of cells in Z 20
Number of Cells
Total Cells 11983
Fluid Cells 5441
Solid Cells 341
Partial Cells 6201
Irregular Cells 0
Maximum refinement level: 3
Min/Max Table
Name Minimum Maximum
Pressure [Pa] 101324 101326
Temperature [K] 2932 313.433

Density [kg/m”3] 1.12601 1.20371



Velocity [m/s]
X-velocity [m/s]
Y-velocity [m/s]
Z-velocity [m/s]

Heat Transfer Coefficient
[W/m"2/K]

Shear Stress [Pa]

Heat Flux [W/m"2]

Air Mass Fraction [ ]
Air Volume Fraction [ ]
Fluid Temperature [Kg

Engineering Database

Gases
Air
Path: Gas FW Defined

0
-0.426749
-0.288248
-0.32251
0

1.08569e-011
0

1

1

2932

Specific heat ratio (Cp/Cv): 1.399

Molecular mass: 0.02896 kg/mol

Dynamic viscosity
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1.88769
0.391697
0.297079
1.88713
51.6869

0.00510355
73.6454

1

1

313.433

0.00012 -~ » = = = o e s e

0.0001

1

0.00008

0.00006

1
i

(=]
g
o

.

Dynamic viscosity[Pa*s]

0.00002

0

CRCRI RO

Temperature[K]



Specific heat (Cp)

Specific heat (Cp){J/(kg*K)]

3500 -

3000

500

2500 /
/

2000 /
1500 / 1

1000

0 T T T T T T T e e T T T T T T T T T T T T T T

S0P P §\@§§6@§$m§-§$

Temperature[K]

Thermal conductivity

Thermal conductivity[W/(m*K)]

0.6

e
tn

o
FS

o
w

o
[N

o
-

Temperature[K]

47



48

APPENDIX B

FULL REPORT (Room with Sprinkler Analysis)

System Info

Product COSMOSFloWorks 2005/ PE SP0.0. Build:
157

Computer Name UMP-76972E8COC8

User Name W@N

Processors Intel

Memory 510 MB /2047 MB

Operating System Windows XP Service Pack 2

CAD Version SolidWorks 2005 SPO

CPU Speed 586 (2414 MHz)

General Info

Model C:\Documents and
Settings\W@N\Desktop\PSM 2
Draft\Result\with sprinkler
(8.04.2008)\BK8.SLDPRT

Project Name Default (2)

Project Path C:\Documents and
Settings\W@N\Desktop\PSM 2
Draft\Result\with sprinkler
(8.04.2008)\1\1 .fwp

Units system SI (m-kg-s)

Analysis type Intemal

Exclude cavities without flow conditions On

Coordinate system Global Coordinate System

Reference Axis X

INPUT DATA
Initial Mesh Settings

Automatic Initial Mesh: On
Result resolution level: 3

Advanced narrow channel refinement: Off

Refinement in solid region: Off

Geometry resolution

Evaluation of minimum gap size: Automatic

Evaluation of minimum wall thickness: Automatic



Computational Domain
Size

X min

X max

Y min

Y max

Z min

Z max

Boundary Conditians
2D plane flow

At X min

At X max

AtY min

AtY max

AtZ min

At Z max

Physical Features

Heat transfer in solids: Off

Time dependent: Off

Gravitational effects: Off

Flow type: Laminar and Turbulent
High Mach number flow: Off

Default roughness: 0 micrometer
Default wall conditions: Adiabatic wall

Initial Conditions
Thermodynamic parameters

Velocity parameters

Turbulence parameters

Material settings
Fluid type: Gas

-Sm
50m
Om
3m
-Sm
Sm

None

Default
Default
Default
Default
Default
Default

Static Pressure: 101325 Pa
Temperature: 293.2 K

Velocity vector

X component of velocity: 0 m/s
Y component of velocity: 0 m/s
Z component of velocity: 0 m/s
Turbulence intensity and length
Intensity: 2 %

Length: 0.000541670243 m
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Fluids
Air

Boundary Conditions
Static Pressurel

Type

Faces

Coordinate system
Reference Axis
Thermodynamic parameters

Turbulence parameters

Boundary layer parameters

Inlet Velocityl

Type
Faces

Coordinate system
Reference Axis
Flow parameters

Thermodynamic parameters
Turbulence parameters

Boundary layer parameters

Inlet Mass Flowl
Type

Faces

Coordinate system
Reference Axis
Flow parameters
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Static Pressure

Face <61 >

Face based coordinate system
X

Static Pressure: 101325 Pa
Temperature: 293.2 K
Turbulence intensity and length
Intensity: 2 %

Length: 0.000541670243 m
Boundary layer type: Turbulent

Inlet Velocity

Face <62 >

Face <31 >

Face <]9 >

Face <41 >

Face <57 >

Face <30 >

Face <66 >

Face <1 >

Face <20 >

Global Coordinate System

X

Flow vectors direction: Normal to face
Fully developed tube flow: No
Velocity normal to face: 1.1808 m/s
Inlet profile: 0

Temperature: 277.13 K
Turbulence intensity and length
Intensity: 2 %

Length: 0.000541670243 m
Boundary layer type: Turbulent

Inlet Mass Flow

Face <44 >

Face based coordinate system

X

Flow vectors direction: Normal to face

Mass flow rate normal to face: 0.2665 kg/s



Thermodynamic parameters
Turbulence parameters

Boundary layer parameters

Inlet Mass Flow2
Type

Faces

Coordinate system
Reference Axis
Flow parameters

Thermodynamic parameters
Turbulence parameters

Boundary layer parameters

Heat surface sources
SS Heat Transfer Rate 2

Type
Faces

Coordinate system
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Fully developed tube flow: No
Inlet profile: 0

Temperature: 293.2 K
Turbulence intensity and length
Intensity: 2 %

Length: 0.000541670243 m
Boundary layer type: Turbulent

Inlet Mass Flow

Face <36 >

Face based coordinate system

X

Flow vectors direction: Normal to face
Mass flow rate normal to face: 0.443 kg/s
Fully developed tube flow: No

Inlet profile: 0

Temperature: 293.2 K

Turbulence intensity and length
Intensity: 2 %

Length: 0.000541670243 m

Boundary layer type: Turbulent

Heat Transfer Rate
Face <18LPattern7>
Face <15LPattem7>
Face <4LPattern7>
Face <14LPattem7>
Face <5LPattem7>
Face <17LPattern7>
Face <12LPattem7>
Face <8LPattern7>
Face <16LPattem7>
Face <13LPattem7>
Face <3LPattem7>
Face <2LPattem7>
Face <6LPattermn7>
Face <9LPattern7>
Face <19LPattem7>
Face <10LPattem7>
Face <11LPattem7>
Face <7LPattern7>
Face <1LPattem7>
Global Coordinate System



Reference Axis
Heat Transfer Rate

S8 Heat Transfesr Rate 3
Type
Faces

Coordinate system
Reference Axis
Heat Transfer Rate

SS Heat Transfer Rate 1

Type
Faces

Coordinate system
Reference Axis
Heat Transfer Rage

SS Heat Transfer Rate 4

Type
Faces

X
60 W

Transfer Rate

Face <14Extrude8>
Face <12LPattem6>
Fage <20LPattem6>
Face <19Extrude8>
Face <SLPattem6>
Face <3Extrude8>

ace <11Extrude8>

ace <1LPattern5>
Face <6Extrude8>
Face <2LPattern5>
Face <18LPattern5>
Face <16LPattern5>
Face <17LPattemn5>
Face <8LPattem5>
Face <7LPattern5>
Face <15LPattern5>
Face <4LPattem6>
Face <13LPattem6>
Face <1QLPattem5>
Face <9LPattem5>
Global Coordinate System
X
60W

Heat Transfer Rate

Face <5Extrude4>

Face <4Extrude4>

Face <1Extrude4>

Face <2Extrude4>

Face <3Extrude4>

Global Coordinate System
X

230W

Heat Transfer Rate
Face <19LPattem8>
Face <18LPattem8>
Face <15LPattem8>
Face <5LPattern8>
Face <20LPattem8>
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Coordinate system
Reference Axis
Heat Transfer Rate

Initial Condijtions
Initial Condition1
Components

Coordinate system
Reference Axis
Flow parameters

Thermodynamic parameters

Turbulence parameters

Calculation control options

Finish Conditions

Finish Conditions
Maximum travels
Goals convergence

Face <14LPattem8>
Face <4LPattern8>
Face <6].Pattem8>
Face <13LPattem8>
Face <8LPattern8>
Face <17LPattem8>
Face <16LPattern8>
Face <12LPattem8>
Face <3LPattern8>
Face <2LPgttem8>
Face <9LPgttern8>
Face <11LPattem8>
Face <7LPamem8>
Face <1LPgttem8>
Face <1QL.Battem8>
Global Coordinate System
X

60 W

Face <5 Extruded>

Face <3 Extrude4>

Face <1 Extrude4>

Face <2 Extrude4>

Face <4 Extrude4>

Global Coordinate System

X

Velocity vector

X component of velocity: 0 m/s
Y component of velocity: 0 m/s
Z component of velocity: 0 m/s
Static Pressure: 101325 Pa
Temperature: 341 K
Turbulence intensity and length
Intensity: 2 %

Length: 0.000541670243 m

If one is satisfied
4
Analysis interval: 0.5
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Solver Refinement
Refinement: Disabled

Results saving
Save before refinement

Agvanced _comrol apﬁam
Flow Freezing
Flow Freezing Strategy

General Info
Iterations: 200

Calculation Mesh

Basic Mesh Dimensigns
Number of cells in X
Number of cells in ¥
Number of cells in Z

Number of Celjs
Total Cells
Fluid Cells

Solid Cells
Partial Cells
Irregular Cells

Maximum refinement level: 5

Min/Max Table

Name

Pressure [Pa]
Temperature [K]
Density [kg/m”3]
Velocity [m/s]
X-velocity [m/s]
Y-velocity [m/s]
Z-velocity [m/s]
Heat Transfer Coefficient
[w/m”~2/K]

Shear Stress [Pa]
Heat Flux [W/m"2]

Disabled

RESULTS

Minimum
101325
27713
1.07465

0
-0.327306
-1.1808
-0.33646
0

3.29589%¢-012
0

22

22

48306
17894
10396
20016
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Maximum
101326
328.412
1.27351
1.85415
0.441034
0.375365
1.85406
263680

0.041146
71.9325



Air Mass Fraction [ ] 1 1

Air Volume Fraction [ ] 1 1

Fluid Temperature [K] 277.13 328.412
Engineering Database

Gases

Air

Path: Gas FW Defined

Specific heat ratio (Cp/Cv): 1.399
Molecular mass: 0.02896 kg/mol
Dynamic viscosity

0.00012

0.0001

Dynamic viscosity[Pa*s]
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APPENDIX C

Lecture Room’s Diameter (Blok Y-BK 8)




