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Ahstract:

This project is a desipn and huilds a water pumping system driven by a wind,
Alter we did & field study with farmers and rural places found that many peonle
suflerers lack clean and mnning water, The intention is that local people should be
able to yse windmill, Tmportant throughout the praject has been to minimize cost and
ta only use material that can get hold of. Building and assembling of the wind turbine
were then performed by the ealeulations of windmills and malenals available to our

results,

The major problem for the azriculturists al the present seenario is the energy crisis
atd the major source of water [or Lhe fields is wells and bore wells. Peopie use pumps
@ pump ott water from wells and bore wells so this process involves a loL of ¢nergy
conswmption every day. Our project deals with the process of pumping oul water from
wells and hore wells by desiened wind null, Qur setup does not require any electrical

devices and thus thereby the losses are avaided.
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1.1 Introduction:

Power has Been extracted [rom the wind over hundreds of years with historic designs. known
as windmills, constructed from wood, ¢luth and stone for the purpose of pumping waler or
producing electrieal pawer.

Historic designs, typically large, heavy and inefficient. were replaced in the 19th century by
fossil fuel engines and the implementation of a nativnally distributed power network. A greater
understanding of acrodyramics and advances in materials, particularly polymers. has led o the
returns of wind energy extraction in the latter half of the 20th cenwry. Wind power devices are
now used to produce eleeiricity, and commonly termed wind turbines, now it’s the world's fastest
srowing energy source: it's a cleun and renewable source of energy that has been in use [or
centuries in Kurope and more recently in the United States and other nations. And teday’s world
wind is one of the cheapest and cleanest energy souree figure (1.1) illustrate the percentage nf
the energy source dismributed over the world,

® getrolsum ®natural gas Wooa! Wruclesr Eother Whiomass = hydre ¥ wind ¥ geotharmal B zalar
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Figure 1.1 Energy source over the world




1.2 Background:

In the last decade, crisis of energy has been considerad as ane of the higoest problems
around the world. In particular, and Palestine sufférs from the luck of traditional resources.
including energy Moreover: it witnesses an increase in conscoutive consumption of non-
renewable sources in various [ields of life. Ameng the critical political sitation, the sigpe
imposed, the need 1o an alternative source of energy is vital, thal’s lead us to think in a different
way to produce energy by using wind encray for driving a water pump, and this projeet will he
readily accessible and easily for evervone,

1.3 Seope of project:

The project scope can be applied in multiple places, because of its eompatible size. so
water can be delivering to rural where there is no electricity or enargy, also il used as a substitute
for water pumps which operate on [fucl, or anywhere that use water pump. The zlobal wind
power cumulative capacity is increased as we see in figure (1.2), so that the curtencies af the
wind power over the world increase by years,

I this project many people can uss the turhine and there are some examples of places the project
could be used in:

* Large or small farmland

* Pxtract water from wells

* Outlying areas. from city centers can use il as an energy source
* Everywhere using pump,

Global Wind Pewer Cumulative Capacity
(Data: GWEC)
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1.4 Objeetive:

The main objective of the project is w design and build a wind turbine driven water
sumping system to cnable people who do not have them household clectricity or possibility is
w0t svailable to them from the provision of electricily 1w run the water pump and people who use
foesil fisels to run water pump so the reliance on fossil fuels will decrease and this project will he
an environmentally friendly.

1.5 Deseriptinn for project idea:

The idea of the praject hased on (he work of a true model of the system pumping water
driven by wind turbine thar to utilization wind energy. which through design a Piston mechanical
sump and trbine blades to match the air in speed in West-Bank area and a connection
mecharical design intended ta compatibility between the piston pump motion and the rotation of
wind wurbine, work Stretched water tank to maintain the waler pressure,

'he rotor Blade is on the front of a wind as wind passes by, the kinetic cnergy (energy ol
mavement) il conlains makes the hlades spin around (usually quite slowly). The blades have g
special curved shape so they capture as much energy from the wind as possible the sccond part is
s rolor center transmit the rotational speed from turbing o gear which transmit the motion and
convert it to the pump as sce in figure(1.3),

Flzura 1.3-Tha final project




1.6 Time tiable:

Table 1.2- Time teble for first sampster

Task/ Week o 30 [ 1r |12 113 (14 |15 |16

Project
selecton

e
=1
oo

Inlvrmation
- pathering

Writing

intraduction

Power and
design
calculation
Windinill
Sysiem
Review the
project
book
Printing
final copv

Table 1,2- Time table for second semester

TaskiWeek [t [2 [3 (4 |s|6 |7 [® |9 |10 |11 J12 J13 [14[15 16
Correction ' '
N project
book

Dirawing
the project
Biade

caleulation

Pump
calculation
Craving the
| _ woind
Sefect
pump
Welding
and
2ssemble

.:'f.;:_ii_J,il,




1.7 Budget:

Table 1.3- Budget

Companent Price {usa §)
Piston pump 100 |
Basic of turhine 70
Wood 200
Pipeline and tank 30
Cutting wood | 300
Dis¢ and rod 3
Bearing 20
e 80

Tatal cost =B50%

1.8 Methad:

As g start. a project plan was outlined that considered the delimitation and time frame. A
Cantl chart was used to visualize the deadlines for the project. An important part of the project
was the field study to Palestine, to realize the windmill construction and gather data lor
Sesigning Lhe system.

mformation was guthered in different ways, Intemct scarches and literature studies were
conducted during the whole project to find the information needed. Knowledge aboul Palesting,
the project area. culture and other condilions was mostly acquired by 1alking w local people and
Srmers and working with them. The information was verified by other sources, such as different
sooks, websites or people, to aveid misinterpretations and prevent misunderstandings due to
smeuave difficultiss.
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2.1 Palestine region
2.2 Wind
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L1 Palestine region:

Is u geographic region in Western Asia between the Mediterranean Sea and the Jordan
River [t is sometimes considered to include adjoining territories. The name was used by Ancient
Greek writers,

s Border extends longitudinally from north to south at about four degrees View, where strelehes
betwoeen latitudes 2930 and 33,15 north, between latitudes 34,15 and 335.40 East Longitude. an
aren of 26 990 km 2. including the Sea of Galilee and a half sea dead. 1t bounded on the west
Medilerranean coast length of 224 km, on the east by Syria, Jordan. Lebanon and the north.
the south by Ezyprt and the Gulf of Agaba. And Palestine rectanguiar leneth from north to south
and 430 km, and the display in the north ranges between 51-70 km, and in the center 7295 km 2

Jerusalem. while in the south. the supply can
PP Pa[eshman;

sccommodate up to 117 km at the Rafah and Khan Toreitenios {
Younis to the Dead Sca. The region has a very B Arca A f
diverse  land, divided peogeaphically into  four B Avca B

regions, namely from west to 2ast coastal plain, and 3 Area C
the hills, and mountains (the Galilee Mountains and B Annixed |
the mountains of Nahlus and Jerusalem Mountains by lsracl |
and the mountaing ol Hebron) and the Jordan Valley - ! :
the Jordan Valley) fipure(2.1) show Palestine west CAZAN
sank region. In the far south there MNegev deserl.  WaTERS
siween Nablus Mountains and the mountains of -
Galilee it is located Jerzeel Vallev and cut Mount
Camel, which rung from the mountains to the porth 7071, CAZASTRIT
west of Nablus, the ceastal plain. Clevations ranging Figure 2.1- Palestina ragian(1]
from 417 meters below sea level in the Dead Sea (the
fowest point on the surtace of the world's land) to 1204 meters ahove sea level on Mount Merion
summit [1].

22 Wind:

Wind primarily occurs hecause of temperature differcnces in the air capsad by sun
radiation. When air is heated it becomes less dense and therefore rises, The pressure at ground
evel decreases, and because air always Nows from high pressure to low pressure.  thermal
circulation is then developed,

Une example of this thermal circulation is the sea brecze; a local wind faund in coastal areas or
= large lakes. It accurs on relatively clear days when the sun hears the land more than the sea,
=ausing the air above Lhe land to rise and flow out over the water. The air couls off. sinks. and
Hows hack in over land. The sea breeze can eceur all year round in the tropics, and can reach a
peed of 5-10 m/s al ground level. It is most extensive during the aflernoons when the sun has
scated the ground to a high temperature.

13




Wind speed and wind direction are the most required factors to identifying the power which
gercrated [rom wind, and total wind encrgy production is growing rapidly and has resched
around 4% of worldwide eleetricity psage,

2.3 Density of Air:

The kinetic energy of a moving body is proportional to its mass, The kinetic enargy in the
wind depends on the density o the air, i.e. its mass per unit of volume.

in other words, the “heavier” the air. the more cnergy is received by the turbine. At normal
atmospheric pressure and at 13'C, the density of air is 1,225 ke/m’, which increases to 1.293
kg/m” at 0'C and decreases to 1.164 kg/m® at 30°C, In addition to its dependence upon
temperature, the density decreases slightly with increasing humidity. At high aititudes (in
mounLains), the air pressure is lower, and the air is less dense 19].

ur density varies with temperature and elevation. Warm air is less dense than cold air, Any
siven wind turbine will produce less in the heat ol summer than it will in the dead of winte ' with

Air Density

»m -
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':f ;

Figure 2.2- Alr dengity

izure (2.2) shows the average air density in Hebron city ar 900-meter clevation while the annual
average is |1 14 ] kg/m3.

2.3.1 Wind power:

Wind energy or wind power is extracted from air flow using wind turbines or sails to
produce mechanical or electrical energy. Windmills are used lor their mechanical power, wind
pumps [or water pumping, and sails Lo propel ships, Wind power a5 an alternative to fossil fuels.

14




15 plentiful. renewahle, widely distributed, clean, produces no greenhouse gas emissions during
operation, and uses little land. The net effects on the environment are far less problematic than
those of nonrenewahle power sources. It can also produce disturbing noise while running.

Wind power technology has come forward since the 12th eentury when the first windmills were
built in Europe for grinding grains into flour, In [9th century America, windmills were used for
pumping water at farms. lToday's wind power stations are very advanced and use complex
technology, but the old-fashioned type of windmill is still being built and used. 1t is commuon all
over the world. especially in developing countrics, bul also among lamers in America and
Australio [2].

One disadvantage with wind power is that it is unreliable, as the wind cannot be controlled. Hills
and Irees cun reduce wind speed and cause the wind o change direction. With a suitable location
and with good wind conditions, wind power is a good energy source.

2.4 Wind tarbine:

A wind turbine is 2 rotary engine thal extracts energy from the flow of wind, The
simplest turbines have one moving part, a rotor assembly. which is 2 shaft with blades attached.
It's a machine which converts the kinetic energy in wind into mechanical encrey, Wind turhines
can he separated into two types based by the axis in which the turhine rofates; mirhines that rotate
around a horizontal axis are more common and Vertical-axis turbines are less frequently used
and in next section we will discuss these two fypes.

2.4.1 Horizontul uxis wind turbines:

Horizontal-axis wind tarbines (HAWT) have the main rotor shaft and gear box at the top
of a tower, and must be pointed into the wind. Most have a gearbox, which turns the slow
rotation ol the blades into a guicker rotation that is more suitable to drive an elecirical generator.
Since & tower produces turbulence behind ik the turbine is usually pointed upwind of the wwer.

Turhine hlades are made stiff to prevent the bludes [rom being pushed into the tower hy high
winds, Additionally, the blades are placed a considerahle distance in front of the rower and are
sometimes tilted up a small amaunt.

Dawnwind machines have been built, despite the problem of turbulence. beeause they don't necd
an additional mechanism {or keeping them in line with the wind, and because in high winds the
Hlades can be allowed Lo bend which reduces their swept area and thus their wind resistance.
Since cyclic (that is repetitive) turbulence may lead to fatigue failures most HHAWTSE are upwind
machines as it show in figure 6(h).
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HAWT Advantages:

» lhe t@all tower hase allows access o stronger wind in sites with wind shear. In some wind
shear sites, cvery len meters up the wind speed can inerease by 20% and the power uutput
by 34%.

« High efficiency, since the blades alwavs moves perpendicularly to the wind, receiving
power through the whole rotation. Tn contrast. all vertical axis wind turbinas. and most
propased airborie wind turbine designs, involve various Lypes of reciprocating actions.

requiring airfoil surfaces to backirack against the wind for part of the cyele, Backtracking

against the wind leads o inherently lower efficiency.

HAWT Disadvantages:

L ]

i—

Massive tower conslruction is required to support the heavy hlades. searbox, and
generalor.

Components of a horizontal axis wind turbine (zearbox. rotor shaft and brake
assembly) being lifted into position.

Their height makes them obtrusively visible across large areas, disrupting the
appearance of the landscape and sometimes creating local oppuosition.

Downwind varants suffer from latigue and structural failure caused by wrbulence
when a blade pusses through the tower's wind shadow (for this reason, the
majarity of HAWTS use an upwind design, with the rotor facing the wind in tront
of the tower).

HAWTSs require an additional yaw contral mechanism to tmm the blades toward
the wind.

HAWTSs generally require a braking or yawing device in high winds to stop the
turbine from spinning and destroying or damaging itself

RS EEEEr FEFFyrrrErrr

i) (B}

Flgurs 2.3 Types of Turbine
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2.4.2 Verlical axis wind turbines:

Vertical axis wind turbines, as shortened o VAW s, have Lhe main roter shafll arranped
vertically, The main advantage of this arrangement is that the wind wrbine does not need ta be
sointed inlw the wind, This is an advantage on sites where the wind direction is highly variable ot
s (urbulent winds, With a vertical axis. the generator and other primary components can he
slaced near the ground. so the lower docs not need to support it, also makes maintenance easier.
Ihe main drawback of a VAWT is it generally creares drag when rotating into the wind. It is
difficult ta mount vertical-axis turbines on towers, meaning they are often installed nearer to the
bhase an which they rest. such as the ground or 3 building roofrop. The wind speed s slower at 2
ower altitude. so less wind energy is available for a given size turbine. Air flow near the ground
and other objects can create lurbulent Mow, which can introduce issues of vibration, including
noise and bearing wear which may increase the maintenance or shorten its service life. However.
when a turbine is mounted on a ronftop. the building generally redirects wind over the roof, thus
loubling the wind speed at the wrbine, [T the height of the rooftop mounted turbine tower 15
soproximately $0% of the building heighr, this is near the optimum for maximum wind energy
and minimum wind turbulence we can see this Lype in Ligure (2.3-a}.[6]

VAWT Advantages:
« They can produce electricity in any wind direction.

« Strang supparting tower in not needed because generator, gearbox and other components
are placed on the ground.

« Low praduction cost as compared 1o horizontal axis wind turhines.

» Asthere is no need of pointing turbine in wind direction ro be efficient so yaw drive and
pitch mechanism is not needed.

« Easy installation as compared to other wind turbine.
« Easy to transport from one place to other.
« Low maintenance costs,

» They can be installed in urban areas.
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VAWT Disadvanlages:

» Asonly one blade of the wind turbine works at a time, efficiency is very low compared 1o

HAWTS.
I = They nead an initial push to start; this initial push that to make the blades start spirning
1 on their own must be started by a small motor.
| : . : . . 3 =
| = When compared Lo herizontlal axis wind wrbines they are very less elficient because of

the addirional drag created when their blades rotate.

. ey have relative high vibration because the air flow near the eround creates turbulent
Tow.

»  DBecause of vibration, bearing wear incréases which results in the incrzase of maintenance
costs,

» They can create noise pollution.

»  VAWTs may need guy wires to hold it up (guy wires are impractical and heavy in farm
areas),

-

S Pumps:

A hydraulic pump is a mechanical source of power thal converts mechanical power inta
nvdraulic energy (hydrostatic enerpy i.e. flow, pressure), It gencrates flow with enough power Lo
wercome pressure induced by the load al the pump outlel. Tlydraulic pumps are used in

Avdruulie drive svstems and can be hydrostatic er hydrodvnamic, There are Lhree general types
2 water pumps: centrifugal pumps and Gear pump and pision pumps. These types follow the

came purpose. which is to move water from one point o another continuously and it will
lustrate each pump in the next sections.

-

2.5.1 Centrifugal pumps:

A centrifugal water pump uses a retaling impeller 0 move water into the pump and
pressurize lhe discharge low. Standard, trash and submersible models are three different
shiernatives to centrifugal water pumps. All liquids can be pumped using centrifupal water
oumps, even liguid with low viscosity. These pumps work greal with thin liguids and high flow
rates sce Tioure (2.4) that illusteate the centrifugal pump,

specd of this pump equal from 3000 to 1200 rpm and the from 135 to 800 bar and the eflicicncy
#-98%.
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Figure 2.4 Cantritfupsl pump

2.3.2 Gear pump:

Pasitive displacement designs are the ones which deliver a fixed amount of flow through
the mechanical contraction and expansion of a flexible diaphragm. These pumps are ideal in
many industrics that manage high viscosity liquids, or where seasitive solids are also present.
Recommended water pumps ta be used for low flow
and high pressure combination or other

Speed of this pump equal from 1200 1o 2300 rpm and
from 130 o 200 bars and the efficlency 80-90%.

\pplications figure (2.3).

Inlet

Figura 2.5 Gear pump
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253 Piston pump:

A piston pump is a simple construction. Tt consists of a eylinder pipe with a piston inside
snd two non-return valves placed opposite each ather. When mechanical work is exerted on the
conpecting rod the piston moves up and down. sucking water in o the nipe and then pumping it
sul. As the piston is pulled upwards. water enters the pipe through onc ¢f the valves because of
the low pressure that has arisen in the pipe. When the pision is then pushed down. the water is
forced out through the sccond valve because the first valve is closed. By repenting this
movement water is transported

Ihe torgue required to start a piston pump is relatively high, because 1t needs to avarcome hoth
the weight of the pump rod and that of the waler being lifted. Once the retor is tuming, wind
speed can drop to about 23 compared to the start speed,

The capacity of a piston pump is relatively low and the water flow will not be constant, but it is
cheap to manufacture and easy to use. A piston pump can produce large head even with low
motation spead,

4 niston pump Test required pressure and the required speed and is almost 200 m and do not
~equire u large mechanical ability to operate and also simple figure (2.6) show piston pump.
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Flgure 2.6- Piston pump

2.5.3.1 Semi rotary pump:

A semi-rotary pump works |ike a piston pump. but instead of a straight connecting rod it has
1 laver, The lever is rotated back and forth in @ semi-circular path, The leverage means that the
semi-rotary pump does not need as much force as a piston pump to perform the work of pumping
quids,
It is suitable for liguids with low viscosity, such as water or diesel. and it is generally used as o
wand pump. Sinee il is sensitive to dirt that muay come in the system it is not optimal to use this

ovpe of pump lor irrigation.




Chapter Three

Pumps Selection

3.1 Introduction

3,2 Operating speed

3.3 Performunce
3.3.1 Mechunical efficiency of a piston pump {(ym)
3.3.2 Volumetric elficiency of a piston pump {(1v)
3.3.1 Owverall efliciency of a piston pump (10)

3.4 Sizing

3.5 Reciprocuting pump
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21 Introduction

Choosing the right pump in this projeet is very important; where the power delivered to
S pump is not constant sa the selection depends on the reguired flow ratz and the angular
selocity which delivers from the lurbine and as we know the output speed from turbine is nat
constant and the range of speed doesn™t high so we nesd a pump where could run and deliver
pressure dl these condition, as we discus in the previous chapter | the choose were on the piston
pump which could work over all these conditions and it°s the hest pump for this project, which
could give flow under small and higher input speed.

Sole that. we were not used other pump because they required a high input speed for working
some of pumps needs more than 1000 rpm to run, the desian depends on many properties which
1 discussed in the next seetions.

3.2 Operating speed

I'he operating speed in pumps; is the range between minimum running speed and
maximum, it’s an important specification o choosing the pump in this project, also Minimum
speed s less than the input speed and goes from idle state. Operating at less than the minimum
speed limits the ability of the pump to maintain adequate flow, Maximum speed is the highest
operating speed permitted. Exceeding maximum speed reduces from pumps life and can cause
wss of hydrostatic paower and braking capacity and it could make a failure.

2.3 Performance:

3.3.1 Mechanical efficiency of a piston pumps (3,,):

Mechanical clliviency of a pump (n.) is the ratio of theorstical power that must be
sipplied to operate the pump (o e actwal  power delivered to the pump
Mechanical efficiency can be vsed to determine the power lnss in bearings and other moving
parts of @ piston pump [3]. It determines the actual power that must be supplied o 4 piston pump
for desired resulr

Tl teal rer that b ivered 1
siechanical efficiency {nm)= neprelical power that mist be delivered 1o a pump

» 100
e

Actual power debivered 10 the pump
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3.3.2 Volumetrie efficiency of u piston pumps (n,):

Volumetrie elliciency of 4 pump (1) is delined as Lhe ratio of the actual How rate
Selivered by the pump to the theoretical discharge flow rate (fJow rate without any leakage) that
must ke produced by the pump [3].

Volumetric efliciency can he used o determine the amount of loss of liguid due to leakaze in a
sump during the Oow.

Actul Dow rate produced by a pom
l J P P % EI- :l[_l I!":I'u

¥olumetric efficiency (nv)z - =
Theoreticel ffow mie that mest be poduced by the pump

oy y
......... 1)

3.3.3 Overall efficiency ol a piston pumps (17,):

Overall efficiency of a pump (1)) is the ratio of the actual power output of a pump to the
wtunl power input to the pump. It is the efficiency that determings the overall energy Toss in a

piston puinp (3]

Peerall elficiency of a piston pump is the product of the valumetrie efficiency and mechanieal

=fficiency of a piston pump.
verall cfficiency of a piston pump (1) = (m) * Volumetric efficiency (1) coivinn(3)
fgure (3.1) show a peneral chart for pumps efficieney .
b Volumelris Efisiensy. | T ——— | | |
o] it =l B —— |
o o Cwerpll Effficiency
B R | —
| =¥ i
s | : { ' ! —t
| = ] — | ~100
Efficiency, n  so ! ‘ = 4 {2
4 i A | | Flow ;| | 0
™ 5 | { i 1 {mee
|J_____._ a0 o ) <7 S af
sl ' 1 :__ e Rated
0 1 - e — A LLE L [ Flow
! | a1
20— T T ] T B I 1L | Jup
Foct—— 1 — S 20
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L] . e o
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Figure 3.1- Pump performunce curval3]




2.4 Sizing:

Sizing of @ pump is the maximum ahility of the svstem belore failed and to determine that
sz must o know the flow rate of liquid the pump is required o dellver and the total differential
nead the pump must generate to deliver the requircd flow rate. in this small turbine praject we
will not need to ealculate the sizing cause the wrbine don’t deliver a very high speed and it will
sever reach o failure,

2.5 Reciproeating Pumps :

Ry definition a reciprocaling pump is any machine using reciprocating maetion 1o cause
Tuid 1w be moved from onz location to another, the most enmmen form of recipracating pump is
e positive displacement Lype.

This type of pump traps a fixed valume of fluid and displacas it from suction conditions to
discharge conditions by means of check valves placed in scries, with at least one on the suction
side and at least one on the discharge side. These check valves ensure fluid movement is in one
rection from pump suction toward the pump discharge as we can see in fipure(3.2) . Since a
sed volume of fluid iz displaced, the rate of flow is directly proportional to speed. Lising a
pump with multiple plungers or pistons can also increase capacity, Pump speed and number of
plungers/pistons available is limited hy mechanical considerations. As a result of the fixed
displaced volume per pump revolution and the faet that pressure is independent of pump speed
and flow ratc. When the pump starts on suction stroke. the pumping clement bagins to withdraw
from the pumping chamber (ared hetween suction and discharge valves), and pumping chamber
pressure drops below suction manifold pressure. The suction valve then opens. allowing flow to
enter the pumping chamber, hefore clasing at the end of the suction sfroke. The pumping element
begins to reenter the pumping chamber on its discharge stroke. This compresses trapped fluid
until the pressure in the pumping chamber is above that in the discluarze manitold, causing the
discharge valve 1o open and allawing a fixed volume of fuid to flow info tile discharge
manifold. Tach time this happens. the pump element is ‘acting’ upon the fluid that causes
pumping.

R H
I
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outlet valve

inlet valve

Figure 3.2- Piston reciprocating pump

4 comimen type of reciprocating pump 1s piston pump , the main operating component of the
piston pump is eylinder in which piston is moving, The piston reciprocares by means of crank
mechanism, thus previding consistent variation of operating chamber velume. In one complete
twrn of crank from the end point the piston makes full forward stroke (discharge) and roverse
stroke (suction). During discharge in cylinder the piston creates overpressure, under the action of
which suction valve opens and discharge valve closes, and [uid being pumped is delivered to the
delivery pipeline. During suction reverse process takes place, during which vacuum is ereated in
cvlinder through piston backward movement: discharge valve closas preventing relum [low ol
pumped fluid, and suction valve opens and ceyvlinder is [lled through it. Real performance
capacity of piston pumps is sumewhat different from theoretical, which is related 1o a namber of
tactors. such as fluid leakages. degassing of guses dissolved in pumped Muids, delays in opening
and ¢losing of valves, 2t¢.

For singie-acting piston pump the caleulation design will be as the next point.
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= flow rate formula :

e R O e Vs O R LA R o e R 1
Whers:

L) [Taw rate

F: piston cross-sectional area
S: piston stroke fength

n: shaft rotation speed

nv: volumetric efficiency

In this project the selection pump has the
iollowing value:

F=0.000192m"
5=0.135m
N=200rpm
nV=25%

Qibacrar :ﬁ'szL:’I]'l‘.I]'n

Figure 3.3- Piston pump parls

o  Culewlation of head

As it was stated ahove. the head is not geometrical characteristic and cannot be identified with
height to which pumped uid has to be lifted, The requived head value is composed ol several
summands, with cach of them having its own physical sense.

In oplimum design the major and manaor losses take as one and multiply the height of pipes with

3 factor which is 1.5 that's how we get the height losses in pipe, where we have L0 merter height
after multiply by Factor 1.5 it will be 15 meter head from tank to maximum height. [8]
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e Calculation of pump power consumption :

Several kinds of power are singled out according to transmission losses taken into account hy
different efficiency coelMicients. Power spent dircetly on tmnsmission of pumped Nuid enerzy is
caleulated by the formuls:

LF
i

Where :

NI = pselul power

p - dengity of the pumped medium
2 — aravity acceleration

) —flow ratc

I —tntal head

In this project the theoretical variable value 1s:
o=1000ke/m’

=4 §lm/s”

O=0.000833m 13

H=10m

PR Ldwatt

Power developed on pump shaft is larger than the useful one, and its cxeess is consumed for
compensation of pump power losses. Interrelation between uselul power and shaft power is set
ov pump efliciency. The pump cfficiency includes leakages through seals and openings
(volumetric efficiency), losses of head while pumped medium is flowing inside pump Chydraulic
elfficiency), and friction losses belween moving pacts of the pump, such as bearings and glands
(mechanical efficiency).

"_I=N|_'l'|lNu N R R B R R I S I R R SR U N LI R S L {{,:l
where :

NB - power on pump shalt
NIT - usetul power
nll —pump efficieney

Ax we see the power inpol is egual 126, 18wall and the outpul is Bl.dwatt , so the theorerical
efficiency for the pump is 64%5.
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Chapter four
Basic design for turbine

4.1 Wind speed and power
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4.1 Wind Speed and Power:
Before venturing into the dynamics of wind flow, we should first differentiate between
wind speed and wind power.

<.1.1 Wind Speed:

Wind speed is the rate at which air llows past a point above the earth’s surface. Wind speed
can be guite variable and is determined by a number ol lactors, also local airpont and weather
sations can sometimes provide us with this information. The National Renewable Encrgy
Laboratory in Golden. also Windyty com publishes an excellent wind Unergy Resource for free,
The Available data is [or 5 vears range at elevation of 900-meter above sea, figure (4.1) shows

the average wind speed per months,

e
|

winid rrl:#ll: fmlal

:qu Feh :».1_.r A _.'n.-'l-lg. Sien dal Ag _"\'LI' D Mame  Fhett

Flgure 4.1- Mean wind speed in Hebron over maths

and figura (4.2) show the wind speed in Hebron on Saturday 5/12/2015 at 7PM the wind speed s
4 6 mis.

-

EWand
5(° 1 4.6 mis
Delallea lorecas! for
s lgualon : i

Flgure 4.2 Wind specd In Helbron
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4.1.2 Turbine Wind Power:

Wind power is a measure of the energy available in the wind. Tt is a function of the cube
(third power) of the wind speed. If the wind speed is doubled, power in the wind increases by a

factor of eighl from the cquatien :
e PR I e e e M) ) e
Where:

o Effcer of air density.

L power cosfhicient “Turhine elficiency™.
A: Effect of swepr area.

- 4 * *
Swept Area; A —wR° Area of the circle swept by
the rotor (m"),

V: Effect of wind speed.

In this project the theoretical variable value are
o—1.12ke'm?

Cir—33%

\=7.065m*

V=01.123m/s

Poin= 20,1 Bt

And Fieurerd 3yillustrate the egquations parameter.

This cquation states that the power 15 equal to
ane-half. times the air density, times the rotor
areis, limes the cube of the wind speed. Air (o 0 434 wing turbine parametes

density  varies  according o elevation,

temperature and weather [ronis and the figure(4.4) show the power putput at each wind specd.

F S T T 0 B S

The power coefticient deseribes that fraction of the power in the wind that may be converted by
the turhine into mechanical work, It has a theorctical maximum value of 0,593 (the Batz limit)
which is tallkad aboor in the next section,
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Turbine Output vs Wind Speed

: &

:

Turbine Ponus s [Wal I}

B 1 4 ] B 1

ded

s

‘Wind Speed (m))
Flgured.5- Turbing Powsar cuirva

4.1.3 Berr’ Law:

Betz's law calculates the maximum power that ean be extracted from the wind,
“dependent of the design of a wind turbine in open flow. 1L was published in 1919, by the
serman physicist Albert Betz. The law is derivad from the principles of conservation of mass
@d momentum of the air stream flowing through an idealized “actuator disk” (hat extracts
sergy [rom the wind stream. According to Betz's [aw, no turbine can capture more than [6/27
#9.3%) of the kinetic energy in wind as the [ollowing eguation illustrate:

P =§ mass flow rate per second, {V? — EAT o irissnseseraimscesmvisebaens e e (8

Where [ =mechmical power extracted by the rotor, e, the turbine outpul power.
¥ = npstream wand velociry ar the entrance of the rotor blades.
K. = downstream wind velocity at the exit of the rotar hlades.

this factor 16/27 (0.593] is known us Betz's [4] coefficient. Practical utility-scale wind turbines
achieve at peak 75% to 80% of the Betz limil.

=.1.4 tip-speed ratio:

The tip-speed ratio “4” or TSR for wind turbines is the ralio between the tangential speed
the tip ol i blade and the actual velocity of the wind. The tip-speed ratio is related to
= Sciency, with the optimum varying with blade design. Higher tip speeds result in higher noise
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levels and require stronger blades dus to large centrifugul forees and we can calculate the ratio
from the equation:

TSR = (Blade tip speed)/ (wind speed) ..o 9y

The number of blades and the total area thev cover affect wind turhine performance. For a lift-
wpe rotor 1o function effectively. the wind must flow smoothly over the blades figure (4.5). To
avoid turbulence. und spacing between hlades should be great enough so that one blade will not
encounter the disturbed, wealker air low caused by the blade which passed before it figure (4.3)
Alusirate the tip speed ratio.
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Figure 4.5 Tipg speed ratio

4.1.5 Cut-in Speed:

Al very low wind speeds, there is insulficient torque exerted by the wind on the turbine
alades to make them rotate. 1owever, as the speed increases, the wind turbine will begin to
ratate. The speed at which the turbine first starls o rotate and gears rotate is called the cul-in
speed und is lypically 3 meters per second [igure (4.6) shows the speed 1o power curve and cul-in
speed.

4.1.6 Rated nutput power and rate ontput wind speed:

As the wind speed rises above the cul-in speed, the level of slectrical oulput power rises
* x 3 1 i .
rapidly as shown, However, typically somewhere P v i S
between |12 and 17 melers per sccond, the power  m == =
i Teietapersd  Shisheown speded
output reaches the limit that the power generator v ———— —
is capable of. This limit 1o the power output is Sl — : o
called the rated power output and the wind speed i
i

Cun-la apped

st which it is reached is called the ruted output
wind speed. At higher wind speeds, the design of

e e
Ve Taewd [myil

32

Figura d.6- Power spead characieristics




the turbine is arranged to limit the power to this maximum level and there is no further rise in the
sutput power figure (4.6) show the rated power curve with wind speed and turhine power.

4.1.7 Shut-down speed:

Cut-out or shui-down speed, as the speed increnses above the rate output wind speed, the
forces on the turhine structure conlinue Lo rise and, at some point, there is 4 risk ol damage o the
rotor. Az a resull, a braking system is emploved to bring the rotor to a standstill. This is called
the cut-out speed and is usually around 23 meters per second.

4.1.8 Lift and Drag loree:

Lifl coelTicient is & dimensionless coeflicient that relates the lifl generated by a lifting
fody 1o the fluid density around the bady, the fluid velocity and an associated reference area, A
lifting body is a foil or a complete foil-bearing boidy such as wrhine blades. CI. is a function of
the angle of attack, Lift force is defined as the component of the total acrodynamic force
perpendicular to the flow direction and it refers to the dynamic lifi characteristics of a two-
dimensional foil section. with the reference area replaced by the lil chord. as in the lollowing
squation

R R SR Y SR ||

Fio the left foree and equal 6.5 kN
o: fluid density
v: air speed

A; planc arca which cqual the chord multinly by hlade length

i lift cocfficiont

Frgure 5.7- Forcas pirsmeisr




\ad drag [orce is the same, {igure(4.7) show the variable at chord but it's the component parallel
o the flow direction dynamic and its formula look as the following

where:

Fo: Drag force and equal .12 kN

A plane area which cgual the chard multiply by blade length.
. Drag coefficient,

Vi relative Velocity.

o Density of fluid.

50 the figure (4.8) shaw the relation between lift and drag coetticients and angle of attack.
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Figure 4.8 Ift and Drag forces vs angle of attack

4.2 Tower:

A wind turbine tower iz not just a supperl
sructure. It raises the wind turbine so that its blades
safety clears the pround and so it ¢an reach the
cleaner. stronger winds at higher elevations. As a

Figers 4 9. Tirbine campanant




seneral rule il 15 better to go for as high a tower as makes economic sense, At higher clevations
“= wind is usually much stronger. Power outpot from a wind turbine is a lunction of the cube of
% wind speed 5o even small increases in wind speed from a taller tower can have a huge impact
o energy production, The decision of what height tower to use will be based on the cost of taller
wwers versus the value of the increase in energy production resulting [rom their use. Usually
“when you huy a small wind system it comes packaged with & wind tower which is a good match
e the size and seale of the turbine, These towers represent 30% — 65% of the turhine weight and
serefore account for a large percentage of the turbine tamsportation costs lgure(4.9) show the
arbine component include the tower, So the use of lighter materials in the tower could greatly
s=duce the overall transport and construction cost of wind turbines, however the stabilitv must be
=aintained and it’s important that works as supporl struclure.

4.2.2 Turbine steel tower:

he tubular steel tower is a proven concept that delivers short installation time. optintized
ogistics, and exeellent cost eficiency. Steel sepments tower with diameter 0.08 meter and 180
water helght which stacked and joined at the construction site as show n fizure(4. 10},

Flgure 3,10- Turbine Stesl tower

The base tower connceted to another tower by joints and bearing the other rod wwer have a
Sameter with 0,05 meter and height of |.2 meter are stacked and joined 1o the base tower as
“how, this design allow the turbine to rotate owing to the bearing connected in the tower as
Hgure(4.10) illustrate.
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4.3 Acrodynamic consideralion:

The primary application of wind turbines is to extract energy [rom the wind. Henee, the
scrodynamics is a very important aspect of wind turbines, Like many machines, there are many
different types all bused on different ensrgy extraction conceprs. Similarly. the erodynamics of
one wind turbine 1o the next can be very dilTerent

Overall the details of the aerodynamics depend very much on the wopology. There are still some
fundamental cancepts thal apply (o all wrbines. Every topolopy has a maximum power [or a
siven flow, and some topologics are better than others. The method used to extract power has a
strung influence on this. In general all turbines can be grouped as being lift based, or drag based
with the former being more ellicicnl. The difference between these groups 13 the aerndynamic
force that is used to extract the energy [ 5]

The governing equation for power extraction is given below:
B L R e R e U2
Where:

P: the power

: the force vector

-

" the velocity of the moving wind turbine part.

The force F is generated by the wind interacting with the blade. The primary focus of wind
wurhing serodynamics is the magnitude and distribution of this force. The mest familiar tvpe of
serodynamic loree is drag, The direction ol the drag foree is parallel to the relative wind.
Tvpicallv, the wind turhine parts are moving, altering the flow around the part. An cxample of
relative wind iy the wind one would feel cyeling on a calm day.

Ta extruct power, the turbine part must mave in the direclion ol the net foree. In the drag force
case, Lhe relative wind speed deereases subscquently, and s does the drag force. The relative
wind aspect dramatically limits the maximum power thar can be extracted by a drag based wind
wrbine. Lill based wind turbine typically have lifting surfaces moving perpendicular to the flow,
Here, the relative wind will not decrease in fact il inereases with rotot speed. Thus the maximum
power limits of these machines is much higher than drag hased machines
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4.4 Airfoil geometry and classification:

Airfoil is the shape of'a wing, blade at'a propeller, rotor, or turbine, or sail, an airfoil-shaped
pody moved through & fluid produces an aerodynamic lorce ligure (4.11) show airfoil picces,
The compenent of this force perpendicular to the dircetion ol motion is called lilt. The
component parallel to the direction ol motion 1s called drag. Sobsonic flight airfails have a
characteristic shape with a rounded leading edge, followed by a sharp Lrailing edge. often with a
symmetric curvature of upper and lower surfaces.

Turbine Blade Asrodynamics
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Flgura 4.11- Aarpdynamic characteriotic at hlade caction

4.5 Blade Characreristics:

The design of the outer contour of a wind turbine rotor blade is based on acrodynamic
considerations. The cross-section of the blade has a streamlined asymmerrical shape, with the
Jattest side facing the wingd. Once the aerodynamic outer contour is given. the blade is to he
fesigned to be sufficiently strong and stiff. The blade profile has two faces the upper on the
swuction side, and the lower shell on the pressure side 1o make the blade sufficientlv strong as we
2an see in fizure (4.12), From a structural point of view, this web will act like a beam, and
ample beam theory can be applied ro madel the blade for structural analvsis i order to

f

feterming the overall strenuth of the blade [6].
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Fizure 4.12- alrfoll upper and lower shells

The blade sections near the hub are able 1o resist forces and stresses [rom the rest of the blade,
Therefore, the blade profile near the root is both thick and wide. Further, along the hiade, the
blade profile becomes thinner so as o obtain aceeptable aerodynamic properties. As the blade
speed increases towards the tip, also the lift force will inerease lowards the tip, Decreasing the
chord width towards the tip will contribute Lo counteract this clffeer, In other words, the hlade
tapers from a point somewhere near the root towards the tip as seen in figure (4.13). In goneral,
the hlade profile constitutes a compromise between the desire for strenpth and the desire for
sond aerodynamic praperties. At the root. the blade profile is usually narrower and tubular o fic
the hub,

Figure 4.13- Side viaw of Riade

The modern blade can be divided into lhree main areas classified by aerodynamic and structural
funcrion:

The blade roat: The transition between the circular mount and the first airfoil profile this
section carries the highest loads. [ts low relative wind veloeily is due 1o the relatively small rotor
radius. The low wind velacity leads 16 reduced acrodynamic lift leading to large chord lengths.
Therefore the blade profile becomes excessively large at the rotor hub. The problem of low lift is
compounded by the need to use excessively thick airfoil sections o impreve steuctural integrity
at this load intensive region. Therefore the root region of the blade will typicaily consist of thick
girfoil profiles with low acrodyvnamic efficiency figure (4.14) show the regions.

The mid span: Acrodynamically significant the lift to drag ratio will be maximized therelore
ulilizing the thinnest possible airfoil section thal structural considerations will allov,

The tip: Acrodynamically critical the Il o drag ratic will be maximized: Therefore using
slender nirfoils and specially designed tp gecometries 10 reduce noise and losses. Such tip
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seonictrics are as vet unproven in the field: in any case they are still used by some manulacturers
[4].

MM TIMNGE BOLTS OF FLARNGE

FADILS (T
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Figure 4, 1d- Blado region

4.6 structure dynamic:

Support structure dvnamics, it is desirahle lo be able o replace the rotor in the numerical
1wdel by a simplified, computationally more ¢fficient representation. Ideally, this would anly be
d force/momentum time series acting on the tower top and a single damper element (o represent

the gerodynamic damping.

4.7 Blades design:

Wind turbine rolor blades look a lot like the wings of an aireraft In fact; rotor hlade
designers often vse classical aireraft wing profiles as cross sections in the vutermosi part of the
blade figore (4.15) show a blade.

The thick profiles in the innermost part ol the blade. however. are usually designed specifically
for wind lurbines. Choosing prefiles for rotor blades invelves a number of compromises
including reliable lift and stall characteristics. and the profile's ability to perform well even it
there is some dirt on the surface (which may be a problem in arcas where there is little rain
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Fipura4.1%- 3 Retor blade

Most madern rotor hlades on large wind webines sre made of glass fiber reinflorced plastics.
{GRP), i.e. glass fiber reinforced polyvester or epoxy,

Using carbon fiber or aramid (Kevlar) as reinforcing material is another possibility, bur usually
such hlades are uneconomie fur large urbines.

Waod, wond-epaxy, or woad-liber-epoxy compoesites have nol penetrated the market [or rotor
Blades, although there is still development going on in this arca. Steel and aluminum allovs have
problems of weight and metal fatigue respectively. They are currently only used for very small
wind turbines.

471 Number of rotor blade:

The number of blades is selected for aeradynamic efficiency, component costs, and
svstem  reliability. Noise emissions are alfecied by the Incation of the hlades upwind or
downwind of the tower and the specd of the rotor. Given that the neisc emissions from the
Blades' trailing edges and tips vary by the power of blade speed, a small increase in tip speed can
make a large dillerence |7].




Wind rurbines developed over the last 30 years have almost universally used cither two or three
slades. 1owever, thers are patents that present desizgns wilk additional blades, such as Chan
Shin's Multi-unit rotor blade system integrated wind turhine. Aerodvnamic efTiciency increases
with number of blades but with diminishing return. Increusing the number of blades from one to
wo yields a six percent increase in aerodynamic efficiency, whereas increasing the blade count
ffom twe to three yiclds only an additional three percent in efficiency. Further increasing the
olade count yislds minimal improvements in aerodynamic clficiency and sacrifices too much in
olade stiffhess as the blades become thinner but i need ro three blade curve (igure (4.16) show
the relation between power and number ol blades.

Power Curve of Blade Number (Blade length avg)
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Frgurid d.16- Pover curve vs blade number
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4.7.2 Blade angle:

the angle berwizen the chord of n propeller or rotor biade and a plane normal Lo the axis of
rotation, its value varying along the span and decreasing from raot ta tip beeause of blade twist |

Blade angle () =atan (2R/3r3) — o

Wheie:

R: Blade radius

r: Radius at calculation
L: Tip speed ratio

1 Angle of artack

From the squation we found out the
each section is:

Takla 4.1- Blada anpla

blade angle for %

1.7

Slation Blade angle
*. | 18.17°

2 | 9.88 ¢

3 551°

- 367

3 21"

6 .04 °

Faure 4.175- Blade anpiz at each section
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4.7.3 Chord width :

The Chord of the blade is the width (the distance between the leading edae and the
trailing edee) and it wels less (the blade gets narrower) as the diameter gets larger, With certain
simplifications, mainly by neglecting airfoil drag and tip vortex losses, a mathematical formula
which can be analytically resolved can be derived for the acrodyvnamically optimum chord
distribution over the blade length :

16 T R2

i Srftsr2 Cl (14)

Whare:

R: blide radius Lé/'———- ——ir 1-

S e e L I S S SEL e

r- radius ol caleulation 1 i
= L Aoy |
B: number of blade 3007 _HJ—'_- M =N ne

L4r: tip speed ratio

{_‘t coelleient of il Figure 4,1B- chord length parameater

Tanle 4.2- Chord width

Station Chord (m)
g 0227

f. 0142

3 0103

4 0.081

T gl 0.0669

& 0.0560

This formula provides useful results for an approximated caleulation of the blade contour, it's
The optimum chard length distribution of the blade length and the fipure(d.18) show the

parameter of equation[6].

4.7.4 Blade thickness :

I'he blade as a sorueteral beam The il Toree on Lhe blade, which drives the wrbine round,
15 distributed along the blade approximately in praportion ta the lecal radius, i.c. there is more
lift force close to the tip than there is near the huh.
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The lift foree tends to make the hlade bend. If we lovk at a seetion of the blade at some point
song its length, all the lift forces ovutboard of that point will have a cumulative effect on the
wendency Lo bend. with those furthest away having the greatesl effeet as they have the greatest
weversze, The effeet is called hending moment. The bending moment is greatest at the root of the
slade; ar this paint thers is more blade outhoard {confributing to hending moment) than al eny
ather point along the blade. At the tip the bending moment dreps to zero,

%o il is intuitive that the blade must he thickest. ie sirongest al the root and can taper in
thickness towards the tip where the bending momient is less. As it happens, thal suils the
serodynamics ton: the hlade needs a thinner section at the fip where drag is most critical and the
local chord (width) of the blade is small.

Figure 4.19- Blade thickness

\lsa for turbines that reby on stell for power regulation in strong winds, a thin section stalls more
easily so is heneficial at the tip. Closcr to the raor the chord is wider, but to avoid making it very
wide (hence expensive) the blade needs to be thicker o gencrate eneugh [l given the lower
wind speed close to the huh (thicker atrfvils can generate a greater maximum lift hefare they
stall). Unlortunately the thickness needed to make the Hlade stiff and stromg enough is greater
than that required for serodymamic efficiency as we can s¢e in lgure (4.19),

The existing thickness-to-chord ratios of the airfoils vsed must, therefore, be chosen with
consideration of stiffncss and strenith aspects, Ln the outboard section of the rotor blades, which
i5 of special interest from the serndynamic point of view, a thickness ralio of belween 15 and

12%% 1v usual. In the inner-sectjion, tear o _

the blade root, blade thickness , The _5!.:1[1011 Rlade thickness (mm]
blade plan [orm in most cases is |1 34 _
chamfered at the root so that the airfoll | 2 213 i
=sction car converge inte the circular | 3 . 154

crozs-section of the hub flenge 15 | 4 12.15

mereased, 2 10

The table below show the thickness at — Y

each station

Tabkla 4.3- Biade thickness
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4.8 Carving the wood:

Afrer we calculnte the dimensions and angle of the blades we want to crave each blades as the
following steps:

The fivst step:

We specity the shape at a series of stations along the length of the blade each station has 250mm
length and at cach station the blade has chord width, blade angle and thicknesses, When carving
a blade from a piece of wood (2 work picce) we can instead specify the width of the work piece
and also what call the drop. These measurements will then produce the correct chord width and
blade angle. The drop is a measurement [rom the face of the work picee to the wailing edge of
the blade us we van see in ligure (4.200.

PENCIL LINES AT STATIONS

I I I I I
| | I | I

Flpure £.20- wood bladi i pe inte b stations

The second step:

After we specify the shape into o series ol stations, mark the correct width at each station.
measuring fram the leading edge start from 227mm and end at 56mm as show in table(3) , and
then we join the marks up wilh lincs as illustrate in figure(4.21), then we cul and remove as the
width line .
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Figure 4,21- hatghinz the chord at each stetian

And then we cut the hatching area which shown in the Gigure (4.21) and the shape of the wood
pice will took like the figure(4.22).

Figure 4. 22- the shape aftar romoving the hatching-area

|'he third step

In this step we wanl to carve the angle of the blade which leads to make drop in the hlade Start
by marking the stations (with a squarc) on the face vou cut in Step One. Then mark the angle
drop’ on each of these new lines, measuring from the face of the wood and marking the position
ol the trailing edge at each station. .as we can seg in lgure(4.22)the windward face of the blade
will be angled, but somewhat flat. like the underside of an aircraft wing. The angle will be
slegper (removing more wond) at the root than it 1s at the tip. The reason why hiade-angla should
change is because the blade-speed becomes slower as we approach the center. This alfects the
angle of the apparent air veloeity striking the blade at each the angle start from (18 and ¢nd at
0.83) degree as show in lablel(4).
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Figure 4.23- Carving the blade angle

The fourth step :

Carving the thickness, at each station we measure Lhe thickness so we draw the thickness in the
shape and cut in at sach station we storl from 24mm and end at - A2mm as in table(6). then we

will have the final blade shape as we sce in figura(4.24)

Figure 4.28- linihg the thickness
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As in fipure(4.24) the hatch area will removed at each station to make the wood shape thin
enough to allocate the blade to rotate and more efficient the shape after cutling will look like
figurc(4.23)

Freurs 4,25 After canving the thicknass

The [ifth step:

In this step we wanr ta cut the rool Lo have a good shape for installing in the dise as we can see iv
figure(4.26) we take a center line from the middle of the blade, we Cutting the roots 1 120
degrees

We draw angled lines connecting the ends of this line to the pomt where the mid-lTine hils the end
as shown. These two lines should lurt out to be angled at 120 degrees o lhe edge of the wood,
Saw off the triangular picees from the corners by cutting along the angled lines, leaving a central
| 20-degree point on the blade rool. We set the lines up vertically while we cut the wark picee.

[-'-1TTIT]

Flaura 4. 36- Cantar line root anple
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Raotor Huh (the mid dise):

We have to prepere two of them in order to eombine them on blade each disc on side the first on
the lront and the other on the other side So as to give shape and Durability 1o blade, the first dise
will be the master and conneet directly to the blades and the second is connected with the system
to translate the motion as we see in figure(4.27).

Figure 4.27-rotor hub

Then to attached the blades in 120 degree each blade attached with the ather hy the angle 60
degree ass see in figure(4,28),

Fipure 4,28 Blades attached in the disg




The blades will scttled into the tow dise and drilled 12 hole and connect by bolts to the disks and
drilling a mid-hale in the disc to conncet the shafi which will transmil the motion as in

fieure(4.29)

Figura 4.2%- Disc holes and center rotor conmect

The final step:

Carve the curved shape on the back of the hlade. Draw two lines along the back of the blade, at
both30% and 50% width measured from the leading toward the trailing edge. The 50% line is to
guide you in carving the feathered trailing edge. Now carve off the part shown hatched. belween
the trailing edge and the middle of the blade width. This will lorm the correct angle at the trailing
edge. When you have finished, it should be possible 1o place a straight edge between this line
and the trailing edee. The trailing edge should be less than | mm thick as we see in figure(4.30).
When this is done, the blade has to be carved inlo & smoothly curving shape according ro the

seotionshown

[

Figure 4.350- The lower side of the blade
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4.9 Yaw systcm;

Yaw denntes the rotation ot the nacelle and the rotor aboul the vertical tower axis. Ry yawing the
wind turbine, the rotor can be positioncd sueh that the wind hits the rotor plane at a right angle.
I'he yaw svstem provides a mechanism to vaw the turhine and to keep the rotor axis aligned with
the direction of'the wind. If situations oceur where this alignment is not achieved. yaw errors are
produced. ‘I'he vaw error, or the yaw angle. is defined as the angle between the horizontal
projections of the wind direction and the rotor axis The vaw svstem coan be gither passive or
aclive as we see in figure (4.21). A passive yvaw system implies that the rotor plane is kept
perpendicular to the direction of the wind by utilization of the surface pressure, which iy set up
by the wind and which produces a restoring moment ahout the vaw axis. For upwind turbincs.
this usually requires a tail vane in order to work properly |7].
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Figure 4.3 1-turbine rotate with vaw

In this project the design of the rotale for
lurbine with rotor digmeler 3m Lhe
optimum  dimension  for vaw will he
30%50cm and the thickness is 0.lem as
the Mgure (4.32) illustrates [2].

E1 fimre 4 32 Yaw svstem




4,10 Other connection;

The connection hatween wind turhine and piston pump divided into three tvpes: hinged.
rod and hearing this connection is important beeause a piston pump has a fixed stroke, the energy
demand ol this type of pump is proportional to pump speed only. On the ather hand, the energy
supply of & wind rotor is proportional to the cube of wind speed. Because of that, we have to
transmit the power wilh less friction and vibration, in the next saction we discuss each part and
why il necdad.

4.10.1 Bearing:

A bearing is a machine element that constrains rclative motion to only the desired
motion, and reduces friction berween maving parts. The design of the bearmg may provide for
free linear movement of the moving part or fur [ree rotation around a fixed axis; or, it may
prevent & motion by controlling the vectors of normal forces that bear on the moving parts. Many
bearings also facilitate the desired motion as much as possible, such as by minimizing friction.
Bearings are classilied broadly according to the type of operation, the motions allowed, or to the
direclions of the loads (forces) applied to the parts figure(4.35) show different type of bearings.

self-aligning ball bearing bearing block

thrust bearing anguiar <

-

- o
onfacl ball bearing  needie roller bearing

Figura 4 33- Bearing types

Bearing being a machine element that allows one part to bear (i.e., to support) another. The
simplest bearings are bearing surfaces, cul or [ormed into a parl, with varying degrees of contrul
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over the form, size, roughness and location of the surlace. Other bearings are separate devices
installed into a machine or machine part. The maost sophisticated bearings Tor the muost
demanding applications are very precise devices: their manufacture requires some of the highest
standards of current technology.

In this project we need lor three Lvpes of bearing :
+ Block beanng :

A hearing bleck, also known as a Plummer block or hearing housing, is a pedestal used to
provide support for a rotating shatt with the help of compatible bearings & various accessories,
Housing material for a pillow block is tvpically made of cast iron or cast steel. in the project it
located in tow site the first is 1o connect the center rotor with turbine tower and the second
lncation is to connect the hase tower and the secondary wwer with each other while allowing the
turbine and the secondary tower to rotate with yaw as show in figure {41.34).

Flgure 4.34- Bearing block




s Housing-rod end bearing :

rod end bearing. also known as a heim joint or rose joint, it's 2 mechanical articulating joint.
Such joints arg used on the ends of control reds, steering links. Lie rods, or ..i.n} wheare a precision
articulating joinl is reguired. and where a clevis end (which [
requires perfect 90 degree alignment between the attuched shaft
and the second component) is unsuitable. A ball swivel with an
opening through which a bolt ur other attaching hardware may
pass is pressed into a circular casing with a threaded shaft
attached. The threaded portion may be either male or female. The
heim joint's advantage is that the ball insert permits the rod or bolt
passing through it to he misaligned ro a limited degree (an angle
other than 90 degrees). A link terminated in two heim joints

permits misalignment of their attached shafts (viz., other than

180 degrees) when used in tension. When used in compression. the through-rods are forced to
the extreme ends of their ball's misalignment range, which cocks the link at an eblique angle.

Figura 4,33 Housing rod end bearing

%0 in the project it were used to connect the pump shall to dise as show in Figure(4.35) .

e Fork connector bearving ¢

Fork connector is 8 bearing which connect tow shaft with each other from bath side and ir allow
thie each shaft to move one can move in verlical axis and the other rotate in their axis as show in
figure(+.36) .this fork used in project to connect the piston pump rod to the rod which connected
to center disk.

Figure 4.36- fork connector hearing
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4.10.2 Connection rad :

A rod or link is a solid or hollow shaft which used for transmitling motion and foree between a
rotating and reciprocaling part, as between a piston and a crankshaft or berween tow disc, in this
prejeet rods Uses in two cases ong to connect the center disc with the outer dise , and the second
is to connect the outer disc to the piston pump as show in figure(4.37].

Fleure 4.37- cannectinn rod
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5.1 Introduction

In order to determine if the project is acceptable or nok, so this chapter provides experimental
result we did, recommendations, and conclusion. In this chapter we are listing some goals hope

1o be accomplished or at leasl under attention.

5.2 Experimental results

We made some experiment test on this projeet among these tests was the wind turbine test; under
different position and days we did this test, we caleulate the theorstical wind power came fram
turbine afler Betz limit then we compare it with the actual wind power came from turhine were it
multiply by the power coefficient which equal 35% and the following table show these value

tohle 5.1 :

Wind Speed Wind Wind Poweracn Turhine
(m/s) POWEFhesratioa] (wart) cfficicney
{watt)
| = - -
'?_ - — -
- . : ——
35 10118 59,16 _ 0.58
4 151 383 0.58
1.5 215 12618 4 1
= 5 205 ' 172.5 0.58
= 1926 220.6 038
fi S09.7 | 298 (.58

Fable 5.1 wind Poswer
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Alse we can make a relation between the theeretical and actual wind power and we can conelude
that the relation is direetly proportional as it shows in the following figure 5.1:

Wind Power

theoretical

Wind power (watt)
o
=

Ee
W
LR

[# i 2 3 25 - £5 &

Wind speed (m/fs]

Flogre 5.1 Wind Power Vs Wind Spead

And the following figure5 2 show the mrhine
rotor while testing .

lm f

Figure 5.2 turhine rotor




The second test was for the pump . we did tow lest for the piston pump flow rate and pressure
autpul Lhe test did under difTerent davs and turbine rotational speed. then it compared with the
theoretical values and the following table show these value table 5.2 ;

Wind Speed Turbine Flow Rate Flow Rate Pressure | Pressure
rotational tcorereal somal thenretical | actal
speed

1 o = = i =

i - - - = =

3 - - : | - -

| %5 Ll 156 19.5 [ ! 3.1 0.3
4 |78.3 2228 i 4.06 2.3
4.5 200.6 253 Y 5.09 3

3 2229 27.8 12 6.30 4

S 24523 3.6 15 1.7 5

6 267.5 33.43 - 9.14 -

Table 5.2 Pump perlormanee

The following curve illustrate the relationship between the wind speed and rotational speed

figure 5.3 ;

300

-
iLn
Lo

fed
o

rotational speed (RPM)|
ey =
o u
o O

Turbine Rotational Speed

| ] L ¥ A £ - & &2 9

Wind speed (m/z)

Fioupre 5.3 Romuonnal specd VB Wind Specd

55




Also we draw the relation between the pump flow rate and rhe wind speed and it look ke the
fsllowing fipures 4

Pump Flow Rate

| 4G
3 _thearetical _
30 == T
g
£ 25 ///
=
@ 20 -
= actual
= 15 - e
=
—
0 / /
C = |
J z |
. ¥ "' e H £ & & ab 1
Wind speed (m/s) ‘
Flopre 5.4 Flow Rate VS Wind Spead

And the last curve show the relation between the pump pressure and wind speed ligure 5.5:

Pump Pressure ‘
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Mgure 5.5 Pressure Vs Waind speed
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5.3 Becommendation

Bascd on the cxperimental tests and the behavior of the project under different situations the
following recommendations can be made:

e The most specific point in the praject is wind speed and in general the wind speed were
changs daily and hourly . but it can be nolice that the speed of wind high in winter and
low in summer so the best eMiciency will be when wind speed is maximum.

s [t recommended Lo use a high tower or put the turbing in high places i.e(tower building
Jigh building) or use at least 3 meter lower. and the best location of turbines is in the
open area were localed out cilies because the roughness ol zir is low.

= |t's better to use a high efficiency pump which manufacturing under precision situation
and increase the connection rod length between pump and rofor dise fo increase forgque
delivered to the pump also it could be used a cyvlinder to increase the force exerted on the
mislen pump,

* An important point is to make a sign warning around the turbine to keep people safi, and
it recommendead to make 3 sate >one and don’Lenler into unless for maintenance and
nrofessional person.

5.4 conclusion

As we know this project aims to pull and pumping water from wells by take advantage from the
wind energy by using turbine with lower cast and [rom available material by using a mechanical
system were the design depending on equalivns and engineering calculations.

S0 this projeet providing to take advantage from green energy and limit the pollution and
decraase the CO emissinns while il replaced fossil fuel. electrie power by preen energy, also this

project achieve economic feasibility so it's good in real life.




Terms und Delinitions:

Angle of attack: Angle between the direction of the resulting wind velocity on the blade and the
chord line nf the blade sirfoil section,

Betz limit: Maximum energy conversion elliciency theorciically obtainable from a wind turbine
rotar, equal to 16/27 = 0.593 of the total kinetic energy contained by the wind at a given wind
speed within a given capture arca

Rlade Angle: Angle between the plane of the rotor and the local chord line of the blade profile,

Blade root: Parl ol the rolor blade that is closest to the hub,

Cut-in wind speed (Vin): [owest mean wind speed at hub height at which the wind mrbine
starts to produce ponver,

Cut-out wind speed (Vout): Highest mean wind speed at hub height at which the wind turbine
i5 designed Lo produce power,

WPL: wind power unit.

WEC: wind energy converter.
VAWT; vertical axis wind turhine.
HAWT: horizontal axis wind rurbine.

TSR tip speed ralia,
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