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ABSTRACT

Metal meshes have a number of applications such as security screens, fencing, screening,
filtration, equalization of flow, heat processing etc. Tlaeg available in different materials,
element shapes, sizes and weavings. The work presented here examines the drag force on the
metal meshes as it is particularly important if a large size mesh is used at high wind velocities.
The flow of air through céd in a mesh such as perforated (holes drilled in a sheet metal) or
woven wire encounters drag force and a pressure drop. This effect of pressure drop associated
with the mesh is not desirable in certain applications such as uniform supply of hot ebiria tu

using the resistance of wire mesh to increase the internal energy of air molecules as an attempt
to increase the overall efficiency of turbine. But the added wire mesh faces large drag force at
higher wind velocities and since it is at high tempegthat makes it vulnerable to tear apart.
Various researches have carried work to establish empirical relationships of flow around
cylinders when placed in wind tunnel, but hardly any attempt has been made to study air flow
through two layers of mesh septed by a finite distance. The work presented here is
experimental and intended to investigate the effect of using two layers of mesh on the drag force
by using mesh of varying porosity and at different spacing, with a probability to lower the net
drag face than that obtained by using single mesh.
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Chapter 1
INTRODUCTION

1.1 CHAPTER OVERVIEW

Metal meshes have countless applications such as screening, filtration, equalization of flow, heat
processing etc. The biggest problem with the meshes installed in the aerodynamic facilities and
even in the open spaces is drag force which is especially important at high wind velocities. The
work presented here is intended to investigate the effect of wsinayers of mesh on the drag

force by at different spacing with a probability to lower the net drag force than that obtained by

using single mesh. The meshes used in this work have a porosity range of 34% to 77%.

The wind tunnel at the facility of Univatg of Southern Queensland has been used as the main
equipment to carry out these experiments. This section of the dissertation details a potential
application of the outcome of these experiments, defines the terms used in this report, and
throws some lighon the background of the project and the methodology used to achieve the

required results.

1.2 POTENTIAL APPLICATION

The outcome of this project work coned to lead a potential application of fire prevention in the
fire prone areas. The Australian Slard for construction of the building in bushfire prone areas

AS 39591999(Standards Australia, 19983commends the use of wire mesh of aperture size of

1.8 mm or less on all openings to the house. During the experiment different aperture sizes have
beenused to establish the trend that drag force follows with the varied spacing between two
layers of mesh of different porosities.



1.3 BACKGROUND TO FIRE PREVENTION

There have been occasional reports that mesh fencing may prevent fire propagatiorhand suc
properties are apparent from the use of Bunsen burner in many chemical labs. An army firing
range in Surrey (UK) during a fire in summer seasod 36 kased on such observation Dr.
Grantham(Fr om mi ner 6 s | a mp, vdldonod pps34F47, T9&4)conmentee ct i o n
in1984 that it is worthy to investigate the fire protection properties of meshesA bushfire

spreadsn threemodes as discussed hereunder.

EMBER ATTACKS

Previous studies have identified that embers (burning debris that fliesawjthare the
predominant cause of spread of a fire. These embers are carried by strong winds ahead of the
fire front and it is because of these embers that spot fire begins which in the vicinity of fire fuels

such as dry gross turns out to be a major fire.

DIRECT CONTACT

This mode of fire allows the fire to spread if comes in contact with the fuel such as dry grass
directly and constitutes the fire front. The fire front advances further depending on the wind
velocity and directionThe application of metahesh such as lid of a Bunsen burner and Davey
Safety Lamp indicated that metal mesh has the potential to prevent direct flame contact. Other
researchers have observed that small fiesmottransverse fire meshes with aperture less than

1.8 mm at low speds.



RADIATION HEAT FLUX

The heat radiated from the fire is the main cause of causalitiesnetal mesh has the ability to
reduce RHF (Radiant Heat Flui employed between an object and fire. Radiation at bushfire
zone has been measured ati 8000 kw/m? (Australian surveying and land information group)
which shows that the metal mesh need to block 90% of RNéw Soth Wales Government,
2006)to prevent spread of fire. If we put a single mesh at this RHF, the mesh loseits
strength and iflte wind velocity is high the mesh can be torn because of high drag force.

There is a lot of data available for drag force on a single layer of mesh and according to those
results the drag force on a single layer of mesh relates only to porosity of meRleyarudds
number of the flow. Therefore we can reduce this drag force either by increasing wire diameter
which is undesirable here as Australian standard AS3999 allows a maximum aperture size

of 1.8mm or we can increase the porosity. This means thateed to increase the number of
layers.To address the issu@sentionedabove we can employ two layers of mesh instead of
one. If we use two layers of mesh, that would protect the direct contact of the fuel such as dry
grass to protrude through two lay@fsmesh and hence burnt ends of the grass in case of fire
would not start a spot fire on the other side of the second layers, provided the area between two
layers at the base is clear and does not have any debris. The RHF has \&bto plecrease if

we use two layers of mesh instead of dnesuch a way that finer the mesh the more is the
radiation blockage we can achieve but an inherent drawback of this is the increased drag force

on such a fine mesh especially due to high wind velocity.

14 TERMINOLOGY AND DEFINITIONS

Various terms used in this project work have been explained hereunder.



MESH

A mesh is a structure used to block some particles mixed in a fluid (eg. Sieve) or to increase or

decrease the turbulence of flow, see figaré (http://www.bopp.ch viewed 15/07/2008)

Meshes are available in the market in different sizes and they differ in the methods used to make
them, such as performed meshes are made by punching holes in thin sheets of metal welded
meshs and woven meshes. For the work presented here, all meshes are of square opening with
plain weave.

3
Aperture

v

Figure 1.1atypical meshexplained

CELL

The smallest structure (in this case is a square) that is replicated in the entire structure of mesh;

it is also called an elemeithis is shown in figure (1.1) withsolid black square.

APERTURE

The distance between the centers of two consecutive wires (in case of a square opening) of a cell

along length or width of the mesh is calkegerture and is meased in mm, see figure (1.1).


http://www.bopp.ch/

POROSITY OR OPEN AREA

It is defined as the ratio of open area to the total area of mesh. It measured the percentage of

area available for a fluid to pass through the mesh and is given by the relation

Where Lis the aperture and d is the wire diamdéteth measured in millimeters in this case.

DRAG FORCE

Drag force is the force experienced by an object as it moves in a fluid (air in this case) or fluid
moves over a stationary object and is measured in SiltUs of Newt onds ( N) .
given by the following relatiofAnthony Esposito, Oxford Ohio)

02 0y
¥ 0121 1)

CD:

WhereCp in an experiment determined parameter called the drag coefficietiarttle frontal

area of the bodyR andV are density and velocity of the fluid (air in this case).

SPACING

The distance betweenwire on first mesh and a wire on the second mesh corresponding to the
weaving pattern such that at zero spacing second wire touches the first wire along all the curves
in the weaving pattern at all times. The spacing for the work presented here hastedn

from zero to 25mm depending until the required results were achieved.



TANDEM

Two meshes are said to be in tandem when a cell of first mesh is exactly in front of a
corresponding cell on the other mesh such that at zero spacing between the twothesshe
cells overlay.In general words if look at the mesh in front, we should not be able to see the
other mesh behind the first orfégure 1.2 shows two layers of mesh in tandem while figure 1.3

shows two layers that are not in tandem.

EEEEEE TSI fINTRIATEL NI
EEEEEE T EA| g OO
EEEEEETEEEN] HHEHHEHIH“IIIIIII
PR LT R ,
ENEEEEEEE- DNIKI A AN FR (W RN E TR
, HEl T
ANEEEC CNEEE NAIA e
EEEEEEEEE NN Ann ool
hakal-lel Bl LY} N
Figure 2.2 two layers of mesh in tandem Figure 1.3 two layers of meshnot in tandem

15 METHODOLOGY

A. Sharifian and D. ButtsworttFOES,University of Sothern@ensland, Australia) et.dlave

used computational simulation to correlate the drag force of a single mesh in terms of its
porosity using software package called GAMBIT and FLUENT. They used 2.5 million elements
in their workto successfully model a silegcell. In the work presented to successfully model all
the cells of two layers it would take a lot of computed memory and the computational time
would be so large to prove its validity in the work presented. Hence the experiment technique

was the optioro study the behavior of two layers of mesh in the time allotted.

The experiment technique is based on testing the two layers of mesh in wind tunnel. The other
apparatus used is manometer to take the pressure difference, barometer to measure atmospheric

pressure and thermometer to measure air temperature. A frame is designed to hold the mesh in



place inside the wind tunnel ds testing sectd.i

mechanism to hold mesh.

The raw data is collected using the presdtifeerence reading and then converted to the
desirable form to achieve the results by applying various formulae. The results are programmed
using software called MATLAB and variation of the drag coefficient, pressure drop; pressure
ration, Reynolds numbeatc. have been plotted. The final conclusion is based on the output of

the programmers

The present work is based on the experimental results for the effect of spacing between two
layers of wire mesh on the drag force as air flows through.tii@e presentvork builds upon

the work of previous researchers who have done similar work especially the empirical relations
obtained by them for flow around cylinders and wires kept in a flow stream are used. The

present work would began with a literature reviewh#f telated theory involved and the study

of instrumentation such as wind tunnel, manometer, digital read out system etc. to assist in

taking accurate readings.

The first stage involved designing a fixture to hold wire mesh insideegtesection of wind

tunnel to ensure minimal effects on the test section after the experiments were finished. The
researchers who have done similar experimentation have done so, by putting meshes in the path
of air flow without the use of a fixture to ltbthem inside the wind tunnel. But because of non
availability of such an option and the fact that no modifications (cutting test section and putting
mesh across) are allowed on the test section, | have decided to hold wire mesh inside the test
section usig a fixture. Now, this fixture itself provides resistance to the air flow, as a sudden

reduction in flow area would occur.

The next stage involved searching for the requiredmaailable in the market and once these
resources weracquired, the experiemtation began at the hydraulic lab of USQ (University Of
Southern Queensland, Australia) using the apparatus such as wind tunnel, manometer,

barometer, thermometer etc.



For the experiments to be accurate, the wire meshes were aligned perpendicelatirection

of air flow with the cells of one mesh aligned with those of other (in tandem), so that at zero
separation/spacing the cells superimpose on each other. The meshes were stretched sufficiently
to stop them curling when air flows through them, #relcare was taken not to distort the cell

geometry.

The results were then accumulated to form a mathematical model to determine the minimum
drag force that occurs between two layers of mesh at a finite spacing. The results obtained here

were reviewed irthe light of existing literature and the work of earlier researchers.

1.6 OVERVIEW OF DISSERTATION

This section of chapter 1 gives a broad idea of what to expect in the subsequent cHaigters.

report will have the following organization structure:

Chapter 1 This chapter introducgthe reader to the topiaf the project and some reasoris o
doing this particular project and how they would be done. A potential application of the project

would also be discussed.

Chapter 2 This chapter covers the literature review associated with this project. Various

equatons would be discussed to assist in the conclusion of the preset work

Chapter 3 Experimental setup will be explained in this section including various instruments

used. A risk assessment would also be detailed.

Chapter 4 Chapter 4 covers the expmental part, the procedure followed, raw data collected

and the general errors associated with the experiments

Chapter 5 This chapter covers the data conversion into the useful form required for analysis.

A detailed error analysis would also be caroed in this chapter.



Chapter 6 The plot results of different MATLAB programs adescribed here on individual
basis;this would follow discussion of the results obtained.

Chapter 7 This chapter concludes the outcome of the project and gives fewligesl to
follow for future work.



Chapter 2

LITERATURE REVIEW

2.1 CHAPTER OVERVIEW

A mesh can be thought of as resistance that causes the pressure drop as a fluid passes through it
and has the ability to change the direction of flow. Mesime a flow stream act both as
turbulence supgssors or turbulence generat(ies M. Laws and J. L. LiveseyAs a suppressor
(typically fine mesh), they reduce the intensity and scale of turbulence than the upstream value.
As a generator (typically coasneshes), they increase the turbulence (by 10% or higher) than

the upstream flow. A screen may be used for both of these modes to remove or create time mean

velocity distributions.

2.2 SCREEN PROPERTIES

The weaving process used to manufacture wirehngas cause variation in the dimensions of
mesh and presence of contamination such as dirt particles can further distort the uniformity of
flow. In present work, the dimensions of the mesh are considered uniform. The drag force on the
mesh is due to pressudrop across the mesh as air flows through it. The coefficient o{Brag

M. Laws and J. L. LiveseyQy is given bythe followingequatior:

02 0y
¥ m012(1 1)

Cd =

Where B-P,isthepessur e dr op a4 isthesdensity of mie wise vetogity gf
air incident on mesh and b is the porosity or

10



Where d is the diameter of wire and L is the distance betweegdanters of two consecutive
wires of any single cell/element.

2.3 RESISTANCE LOSS COEFFICIENT

The resistance or pressure loss coefficieptMien air isincident perpendiculaio the mesh i.e

d=0 is a function of ReyYybhdl ddrnwambemcoRed ea s

Mach number). K decreases with Reynolds number based on wire diameter and incident

velocity until Re > 250 after which§{s a function of porosity alone. Pinker and Herbert (1967)

found the functional relationshipetween resistance coefficieng KReynolds number Re and

porosity Db is given by

01 (YO T2)

0, =
€ (¢ 2)

where A is a constant nubrer whose value can be found from figur@E2 M. Laws and J. L.

Livesey) At higher Mach numbers the resistance coefficient increases at a rate dependent on
porosity until choking occurs.

A rippled screen gives high irregularities in the variations irlldansverse velocity which
could be quite different from the analytical results.

11



2.4 FLOW THROUGH MULTIPLE MESHES

Davis (1957) and Elder (1959) have considered flow through two shaped gauge meshes that
cause interferencéhough no experimental comparisons were included), and have shown that
two aerodynamically interfering meshes cannot completely remove the upstream velocity
variation and will not produce uniformity unless the meshes are positioned sufficiently far apart.

For a single gauge mesh, a uniform profile is produced irrespective of the profile upstream if

_ (2 0)
K= (1 06)

Where K is the resistance coefficient and B is deflection coefficient. However, in case of two
overlaid meshes with K B; and K. B, respectively a individual resistance and deflection

coefficients, the relation becomes

1

2K +K2) = 1+ T8y By

Any two meshes satisfying the above equation would produce uniform velocity profile at zero
separation. In some circumstances, it is possible to have wedkesistance coefficient lower

than either of the individual meshes, but would always incur a higher pressure loss than the
single gauge mesh. The velocity distribution will decay further from the mesh as the shears
within the profile establish a turbuiee that interacts with the meanaweragdlow.

25 FLOW INSTABILITY

Bainesand Parson (195Dbservedhat flow instability occurs becausé local mnute variations

in wire diameter owing to contamination and spacing between the wires inska wiech

12



produces significant local variation in velocity and pressure. The jet flow through different cells
could diverge or <converge especially if the
(1964) suggested the use of multiple meshes to relgaipressure lost by flow through a single
mesh. Cowadsy (1968)further supported the argument that in certain cases the instability could

be eliminated by displacing certain rods a small distance downstream the flow.

2.6 BOUNDARY LAYER DEPENDENCY
The drag force on the mesh cannot be calculated properly if boundary layer around the wires is

ignored. The thickness of the boundary layer around a cylinder depends on Reynolds Number and
can be calculated from the following equat{@vhite. F. M, 1974}

=275

Cc
w|ml|

Where U is the thickness of the velocity bounc

the stagnation point velocity gradient which can be estimated by the followiatjaqu

Where d is the wire (Cylinder) andb\s the far field velocity of the fluid (air in this case). These
two equations can be combined together to obtain the following expression

= 1375Re 05

o]

13



This indicates that the thicknesd the velocity boundary layer decreases with increasing

Reynolds number.

2.7 COMPUTATIONAL ANALYSIS FOR A SINGLE MESH.

Some work has been done to analyse wind force on a single mesh by A. Sharifian and D.
Buttsworth and they have found the following relation between coefficient of drag, (C
Reynolds number (Re) and the porosity of the mesh (p)

047 749 6.475

OQI) = 0491 + h1'773 “YCP.661 + r‘]2.244'YQ-661

for the range 10 O Re O 1000 and 0.27 O p O 1
is 6.5%.

Their work suggests thatyGs largest at low Reynolds numbemndasharply decreases as the
Reynolds number increases. But at higher Reynolds number (around 200) the change of C
with Reynolds number is relatively small and reaches an almost constant value at Reynolds

number further up the range.

28 CHAPTER SUMMARY
This chapter describeéke Literature involved in this project work covers the information that

is currently available to compare the results with. Screen properties, flow through multiple

screens and a computational work is also presented isetttion.
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Chapter 3

EXPERIMENTAL SETUP _AND RISK ASSESSMENT

3.1 CHAPTER OVERVIEW

This chapter details the instruments and the equipment used for the experiments which include
wind tunnel, manometer, barometer, thermometer etc. Each of thesengmstsuused have an
error associated with them which would be discussed in the latter chapters. While performing
these experiments all the safety measures were taken care of and this chaptiscakses the

risk assessmenindertaken for these experimgnt

3.2 INSTRUMENTS AND EQUIPMENTS

The experimental technique is selectedatthieve the aim of thigroject;the basic purpose of
the experiment al setup is to hol d tomakesthe i n pl
pressure drop readingg different points of interesiThis section describes the equipments,

instruments and apparatus used.

3.21 WOVEN WIRE MESH

Meshes come in different materials and are made using different techniques such as perforated
meshes (by punching holes in a thireshof metaljvelded meshes (rods of small diameter
welded together) and wire mesh (weaved from wjresg figure 3.1 of a typicahesh These
meshes have different shapes of the openings. For this project woven wire wfesheare
opening andnade of dferent materials such as stainless steel, mild steel, galvanized stéel, etc.

depending on the availability from the manufacturer) have been used. Meshes used are:
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Figure 3.1 A typical mesh

1) Wire dameter 0.45mm andopen area 34%
2) Wire dameter 0.44mm andopen area 47%
3) Wire dameter 0.56mm andopen area 67%
4) Wire dameter 1.18mm and open area 61%
5) Wire dameter 1.60mm  andopen area 67%
6) Wire dameter 1.60mm andopen area 57%
7) Wire diameter 1.60mm andopen area 77%

The Costof these meshesariesfrom $ 11 to $ 91 pdinearmeter of lengthwhich is normally
1200mm wide.
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322 FRAME

The wind t useatianlitselsdoes ads haveradacility to hold mesh in place hence a
piece of equipment which has been termed as frame in this project was required to hold mesh in
placeinside the testing section of wind tunnel. A frarkggure 3.2amade of alumirum has

been designetbr this purpose. The material specified is aluminium because of its light weight

to reduce wear and tear on the testing section.

The outside dimensions of the frame are 305x305mm~2 to have a slide fit inside the testing
section so that lealge of air can be blockeBach wall of the frame is 40mm wide and 15mm
thick. A radius of curvature of 85mm is provided on all sides at the inlet as shdviguire 3.2a

to reduce the turbulence at the inlet to reduce error in the measurement of rd2oivejpins

are mounted on the supporting platggure 3.2cthat go into the corresponding holes at the
back of the frame to clamp the meshes in place using long screws of M4(metric screw of
diameter 4mm). The gap/space between the meshes was variedpasbegs-igure 3.2b of
different thickness varying from 0.5mm to 10mihe frame and mesh assembly was put into
place and clamped from the sides of the testing section using two screws on either side of the
frame(see Figure 3.5a for assembly).
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Spacer supportingplate

Frame

screw

305mm

Dowel Pin

A\ 4

Figure 3.2a Frame used for holding the mesh
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Figure 3.2b Spacers



Figure 3.2c Supporting plate with dowels pins attached

323 WIND TUNNEL

The mostimportant piece of equipment used is the wind tunnel. Wind tunnels have been used
all over the world to test aerodynamic properties of the vehitdestudy flow pattrn across
different shapes of objects. The wind tunnel used for these experikigate 3.3das an open
circuit subsonic wind tunnel at the facility of University of Southern Queensland, Australia. The
air in the wind tunnel is sucked in through a hooemb structure followed by a fine wire mesh

to even the flow profile. The suction is caused bgeataxial type bower mounted at the

opposite end.

For this wind tunnel the velocity profile is flat over more than 95% of the testing s&atjiore
3.3cwhich is made of high quality laminated fiber glass to have the visibility and the inside
crosssection of the testing area is 305x305mm”2. The turbulence within the test section is less
than 0.25%. Speed control is accomplished by a simpleaby arrangemerrigure 3.3bby
rotating a screw thdileeds the vacuum created by the blower peanits continuouselocity
variation down to ¥ of the maximu(&ngineering Laboratory Design, Minneapolis, Minnesota,
55427) Convenient access to the interior of the testection is provided through a lid at the

top of the section.
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Air inlet

Figure 3.3a open circuit subsonic wind tunnel

Screw to expand the spacing Lid of testing section for easy access

Figure 3.3b Bypass arrangement Figure 3.3c Testing sectionof wind tunnel
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324 MANOMETER

The manmeteris adevice used to measupeessure difference between two points using static
fluid properties. The manometdfigure 3.4 used for these experiments & type SJ8
(Manufactured by Airflow Develpoments Ltd. England-tube filled with a gage fluictdled
Narrow ¢ u t petr ol eum diAsdale Islatsathed tq thel manométdr Witch )s
calibrated to read off the distance between the fluid levels on two sides of-tiige las
millimeters of water instead of the real gage fliBdth the open edsof manometehave been
connected to rubber tubes that can be conneatbdequently tdwo points to measure the
pressure difference between thehme high pressure side would push the level of fluid down
and viceversa,and the difference in the legel 6éould be read frorthescale The pressuré P 6
can then be calculated using the relatior,' Rawerx g xh, where water is the specific weight of
water in units of N/m”"3&and h is measured in millimeters.manometer can measure suction

pressures and larger pressures than a piezometer.

The manomieris mounted on the testing section of thedvinnnel.The relative density of the

fluid is 0.784 at 20°C. The connections to the manometer were broken many times to have
pressure readings at the required points, but a due care was taken to ensure that the wind tunnel
is not operating while these awections were made as that would cause the fluid to be blown

out of the manometear sucked into the wind tunnel.
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Manometer

Testing section Winddlu

Figure 3.4 Manometer attached to the testing section of the wind tunnel

The manometer shown Figure 3.4 (only one side of the 4tube is visiblehas a least count of

1mm on the scale that has a range of Omm to 2Q0Rms manometer has an error of 3mm in

the readings because an amount of fluid equivalent to 3mm height of the manometer has already
been lost becausef previousexperiments. This error has been taken into consideration by

subtracting 3mm from each ofaélmeadings obtained.

325 PITOT TUBE

Pitot tu b e i s a velocity measuring 8.Xv(Antheny by us
Esposito,p219 between a static poir® at the base of test section and a p@ridn the air

stream.The Pitot tubefigure 3.5a and 3.5bs of inverted Lshape with a small opening that

protrudes through the testing section and makes a right angle turn to face the air figwe
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3.5a and 3.5kthe air flows from left to righshown by arrows in figure 3.4mnd enters throug

this small opening and stagnates. The Pitot tube is connected to one end of the manometer and a
tube connects the static point to the other end of the manometer. Since the pitot tube stagnates
the fluid, it senses a higher pressure and thus registeasgar Ihead than does the tube
connecting static point with the manometer. This difference in these two heads is labeled as

(hg she) . By applying Bernoullids equation betwee

of the fluid Vi, (which is air in ths case) using the

Point BO Point B

Figure 3.5a Front view of the installation of Pitot tube into the testing section.
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Mesh frame assembly

Figure 3.5b Top view of the installation of Pitot tube into the testing section.

following relation.

Qe Q@ Xloga x2x10 3
" G0

d?,’j’ﬂ =

Wherel water is the specific weight of water in units of N/m#8elocity of airV, is measured in
units of m/sand (hg shg) is measured in millimeter§.he volume flow ra of air can also be
obtained using the relation Q % A, where Q is the flow rate and A is the area of the testing
section Another application of theitot - statictube is to measure the velocity of an airplane
with respect to the surrading air, h which case the Rit-static tube is mounted straight on the
wings of the airplane.

326 OTHER INSTRUMENTS

Some othemstruments such barometer to measure the atmospheric pressure in units of kpa and
thermometer to measure the air temperature bedwery experiment. Verniarallipers and
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profile projector were also used to measure the cell size accurately.

3.3 RISK ASSESSMENT

Risk assessment is a two stage process that involves assessment of the risk both before as well as

after the projects finished. These stages for the present work are discussed hereunder:

3.31 RISK DURING THE EXECUTION OF PRESENT WORK

Hazard: Excessive noise when wind tunnel is running (>90 dB).

Parts of body at risk Hearing ability.

Exposure  Frequently (during the period of experimentation).

Risk level  Low (exposure time is less).

People at risk  All, working in the lab at the time when wind tunnel is running.

Control:  With the use of ear muffs/plugs (a personal protective eqnpthe risk could be

avoided.

Hazard Frame, nuts, mesh etc. can fall on feet.
Parts of body at risk Feet.

Exposure Rare.
Risk levei Low.

People at risk self.
Control:  Wearing enclosed shoes/steap shoes would eliminate the risk.

Hazard: Lid not closed properly before turning wind mill on.

Parts of body at risk Fingers(pinch point).
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Exposure  very rare (during the period of experimentation).

Risk level  moderate.

People atisk:  Self.

Control:  Care must be taken to ensure that the lid of the test section is closed properly before

switchingon the wind tunnel.

Hazard: Sharp edges of the mesh.

Parts of body at risk Hands.

Exposure  Frequently (during the period of experimentation).
Risk level Low (exposure time is less).
People at risk  Person working with the mesh (myself in this case).

Control: With the use of tough work gloves the risk could be avoided.

Hazard:  Any part left loose in the wind tunnel.
Equipment at risk  suction unit of wind tunnel and velocity probe.

Exposure Very rare.
Risk level moderate (equipment damage)

People at risk None.
Control: Ensuring tlat no loose items are left in the test area before closing the lid.

3.32 RISKAFTER THE EXECUTION OF PRESENT WORK

Hazard: Holes left in the test section left unplugged after the experimentation is finished.

Equipment atrisk  Test setton of the wind tunnel.

Consequences Improper experimental readings for the following researchers.

Control:  Holes drilled in the test section to put frame inside the test section must be plugged

back to prevent the leaga of suction and thus to maintain the accuracy of work
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that follows.

The fixture and the wire meshes could further be used by other researchers for similar
experiments as required hence need not be discarded.

3.4 CHAPTER SUMMARY

The experimentasetup is discussed in this chapter including different equipments and
instruments used to carry out the experiments such as wind tunnel, manometer, pitot tube etc. A
risk assessment is also carried out in this chapter, identifying the hazards and sneasoméol

them are also detailed.
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Chapter 4

EXPERIMENTS

4.1 CHAPTER OVERVIEW

This section of the present work explains how the experiments are conducted starting from
mounting the setup into the wind tunnel to data gathering. V@isources of error that could

alter the outcome have also been outlined. This section deals only with data gadinering
further analysis is carriegut in the subsequent chapters. A typical example of the data is given
in this section to assist the readeunderstanding as to how the readings are taken, however the

conversion of the raw data to the useful information is covered in the following chapter.

4.2 EXPERIMENTAL PROCEDURE

Mounting the mesh inside the wind tunnel has proved to be the maiastdis& accuracy of the
results depends on it. A frame is designed as explained in chapter 3 figure 3.2a to hold the mesh
in place inside the wind tunnel along with spacers to vary the gap between the meshes and
supporting plates with dowels fitted to pesly align and evenly stretch the mesh. A hole at the
base of the testing section after the mesh and frame assembly point is drilled to calculate the
velocity of air exiting the mesh. Following is a step by step procedure followed to perform the
experimens, see figure 3.2&.2aand 4.2b.

1 First layer of mesh is first mounted on the frame followed by a spacer of certain
known thickness, see figure 4.2a.
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The second layer of mesh is then mounted and these two layers including spacer
are clamped into posttn using M4 (metric thread, 4mm diameter) threaded rods.
While clamping due care is given to ensure the meshes are in tandem.

First mesh Second mesh

Supporting

Figure 4.2a mountingmesh on the frame
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Screw

Lid

Figure 4.2b frame assembly mounted into wind t

1 The assembly is then mounted into the testing section and clamped in place to
the wadls of the testing section by using M3 screws, see figure 4.2b.

1 The lid is closed after ensuring that the Pitot tube lies parallel to the base of the
testing section as that would ensure that Pitot tube is parallel to the flow stream
and hence would givaccurate readings, failure to do so would spoil the
accuracy of the results.

1 The atmospheric pressure and temperature of air at the testing facility is
measured using thermometer and barometer respectively to calculate the density
of air that is used toatculate the velocity of the air exiting the mesh and frame
assembly.

1 The pressure drop due to mesh and frame assembly is measured first as the

difference between the static pressure before (point A) and after (point B) the
assembly.
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The pressure drop duo frame alone is measured once and for all experiments
over a range of Reynolds number. Hetite pressure drop because esmonly
is calculated as the difference between this step and the step above

The pressure drop due to frame alone is measuresland for all experiments
over a range of Reynolds number. Hence the pressure drop ®etamesh only
is calculated as the difference between this step and the step above.

The new hole drilled at the base of the testing section is used to calcelate th
di fference between the static (point

B)

the air exits after the assi8mbusegtopoi nt .

calculatethe velocity of air after the nsé and frame assembly.

The Reynolds number then variedoy rotating a screw to widen the opening as
that would decrease the velocity of air inside the testing seaidmence the
Reynolds numbdpy sucking some air through the openisge figure 3.3b for
bypass arrangement

The wind tunnel isurned off after reading to normalize the level of fluid inside
the manometer and before making or breaking the manometer connections as
otherwise the fluid could bleed into the testing section or outside the manometer
depending upon the pressure difference

The frame is taken out aftthe required number of readings is collected to
change mesh spacing.

The process shown above is followed throughout the present work for all the
meshes considered while noting that the liquid in the manometer under no use
condition is at a level of 3mm and is never zero. This error has been taken into
account while taking all the readings.

4.3 DATA COLLECTED

By following the procedure described above the data for all the meshes is collected and
tabulated. The points be&é@n which the readings have been taken are sown in #gdaeand
are detailed in figures 4.3b and 4.3c.
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A Mesh and frame assembly

Figure 4.3a shows various points used for thexperiments

Figure 4.3b shows point A before mesh assembly Figure 4.3c shows point B after mesh assembly
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