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ABSTRACT

This study describes new considerations in thegdeand development of Archimedean’s Pipe-Screw
especially for water pumping in case of low heaghhivolume form open farm pond at Rajamangala
University of Technology Rattanakosin, Thailand.eThbjectives of this research is to develop an
Archimedean’s Pipe-Screw especially for water purgpn case of low head high volume form open farm
pond used for water pumping with Thai sail windmét any location of low wind speed of Thailand and
tests the performance of an Archimedean’s PipevBtdedel (APSM). The experimental was carried out
on diameter of Archimedean’s Pipe-Screwp$8”, the pitch Archimedean'’s Pipe-Screw (P) is, 0.8, 1.0,
1.2, 1.4, 1.6, 1.8 and 2.0 D for angle slope ofstrew with the horizontab] is 20, 25, 30°C in laboratory
scale Archimedean’s Pipe-Screw model. Archimede®&ifse-Screw tests were conducted to assess the
performance of characteristics of Archimedean’'seF3grew model. A model of pump has been
manufactured; 1.0 m long with the blade small rulthbe was constructed. The output of the experisnen
recommenced for development the prototype of Areldean’s Pipe-Screw for the Thai sail wind pump.
The prototype of pump has been manufactured, 4l0ng, 8 m diameter. This wind pump has twelve
triangular sails sweeping a circle of 8 m diamekan the construction of this Archimedean’s PipeeSc
wind pump all efforts were made to use maximizeemals and local parts available in the marketidoge
scale of Archimedean’s screw-pipe for Thai saildvpump. The cost of material and parts is 145,086tB
excluding the cost of machining and fabrication.t&vaischarge was in the range 0.005-0.081 Ilpsaritbe
seen maximum water discharge of pitch ArchimedeRip&e-Screw (P) is 1.4D at 80 rpm o~ 20° was
0.081 Ips. For the result of prototype of Archimad's Pipe-Screw for Thai sail wind pump, it wasrdu
that the curves for the prototype of Thai sail wimldl coupled to twelve Archimedean’s Pipe-Screw jpum
of wind speed and the discharge of was increaspdnifing on wind speed. The discharge amount varied
between 9.56-38.23 ¥ at head of 1.5 m in wind speeds from 1.0-5.0 hihst the overall efficiency of
this windmill for water pumping was highest (76.968bwind speed of 1.4 m’s
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1. INTRODUCTION Roman machine designs with the aim to develop dg ea
approach for modern theory of mechanisms (Cecd¢arell
Thailand is developing and growing very rapidly. 2014). One of the oldest machines still in usehis t
This region’s location, close to the border witheth Archimedes screw, a device for lifting water for
largest economy of the world, has encouraged anirrigation and drainage purposes. The Archimedean
important  industrial  corridor, increasing water screw in the pumping role has been known since
consumption in a zone where this resource is highlyantiquity. It consists of an axis with helical bésd lying
stressed and not available in large quantities. Byin a channel with a semi-circular or even closedutar
contributing to hygiene, agricultural and publicahb, cross section (Muller, 2009). The Archimedean screw
the availability of water constitutes an essentiatfor is can only operate through low heads, since it is mtexn
development. The lack of water has particularlyvgra with its axis inclined so its lower end picks uptema
consequences in Thailand, whereas a widely distabu from the water source and the upper end dischanges
means of water supply would contribute, moreowefood a channel. Each design has an optimum angle of
self-sufficiency through an increase in produggivén the  inclination, usually in the region of 30° to 40°
land and in cultivated areas. Production of wayewhter depending on the pitch and the diameter of theriate
ladder pump is becoming a major issue in the entirehelix. Windmills have been in use for many centsifier
Thailand, where people are willing to pay very hmglttes pumping water, United Nations Economic and Social
for this sought-after resource. The water and tleegy can ~ Commission for Asia and the Pacific. According to
be considered the twbasic elements supporting life and (Major et al., 2008) studied a wind map, which has been

the naturalenvironment (Chaabergeal., 2013). Energy is  Produced for Thailand, which combines and updates t
available in two different alternative (coal, fuehtural gas) ~Wind speed data previously available. Thailand
and renewable energy (solar, wind, hydro, wavejcasu  €Xxperiences generally very low wind speeds with
Wind energy can be utilized for a variety of fuoo§  typically average speeds of not above 3 s
ranging from windmills to pumping water. The objectives of this research is to develop an
The wind energy boom includes more and more Archimedean’s Pipe-Screw especially for water purgpi
countries. The production cost at a given locationin case of low head high volume form open farm pond
depends predominantly upon the wind speed and to ased for water pumping with Thai sail windmill, @ty
lesser extent the type, size and configuration hef t location of low wind speed of Thailand and tests th
turbines. The placement of wind turbines in offghor performance of an Archimedean’'s Pipe-Screw Model
locations is a relatively recent occurrence and ian (APSM). A model of pump has been manufactured; 1.0
offshoot of commercial wind turbine developmenteTh meter long with the blade small rubber tube was
necessary conditions where offshore wind farms makeconstructed. The output of the experiments
sense are the combination of a strong wind respurcerecommenced for development the prototype of

large areas of shallow waters located near lamthiarea  archimedean’s pipe-screw for water pumping with the
where a demand for the electricity exists. Since Thai sail windmill.

installation in water is more expensive than land

installation, the wind resource must be suffici@ntover 2. MATERIALS AND METHODS

the added cost (Ahilagt al., 2009). Identifying the wind

field in a zone is not limited to wind energy 2.1. Materials

considerations and wind field influences some other o ] . ]

additional actions as follows: (i) Emission andpéision Thai sail windmill Archimedean’s Pipe-Screw Model

of air pollutants in the atmosphere, (ii) issudateel to the ~ (APSM) for water pumping was used as in this

aerodynamic of buildings including stress and press €xperimental study. The equipment were consisotufrr

distribution, heat loses and ventilation (i) effe on  assembly (hub plate, tubular steel spars, suppoetand

transportation, such as location of airports, agnachic of ~ nylon rope), sail (cloth and nylon rope), power

automobiles and so forth and (iv) agricultural transmission (rear axle, drive shaft, universahtjcnd

considerations such as soil erosion as well asaéer  lower gear box), tail assembly (steel pipe, galzedi

vaporization and growth of plants (Patel., 2008). sheet metal and cable), turntable (steel structure
Renaissance Archimedes’ mechanics has beerbearings), tower structure (steel pipe, plate fand

reconsidered together with a new attention to Greek foundation) and pump (Archimedean’s Pipe-Screw).
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2.2. Experimental Methods which is 8.0 m in diameter as shownFiy. 9. The rotor
. , . hub is keyed to the shaft, which is about 800 mmayaw
2.2.1.Laboratory Scale Archimedean’s Pipe-  fom the center of the output shaft in order to éhav
Screw Model sufficient clearance between the rotor spars arm th
ower. The end of the spars is connected by mehas o
2 mm diameter nylon rope, which is stretched adoun
the rotor circumference between the tips of eadr.sp
The 12 support pipe of 34 mm outer diameter, linthe
one meters of the spars from center of rotor askeanb
connected through steel pipe of 42.7 mm outer diame

Water pumping tests were conducted to assess th
performance of characteristics of Archimedean’sePip
Screw model. A model of pump has been manufactured
1.0 m long with the blade small rubber tube was
constructed Archimedean’s Pipe-Screw model testing

and Archimedean’s Pipe-Screw (APS) are showRid 1, 3 forward axial projection from the hub platenist

1. The diameter of shaft Archimedean's Pipe-Screw support pipe adds stiffness in the bending to spéuen

model is 15 cm and 1.0 m long. _ sails are opened to face the wind, allows the Ilslade
Experiments were carried out the capacity of thev8C  teather in high winds or when overloaded. Sailse Th

to optimize the different parameters by very theapeter gy, triangular in shape, are 12 in number andena

as follow: The ”L_meer of bIaQes, the size O_f thee pis cloth. The base of sail dimension is 1x286x3.0 nf.
diameter of Archimedean's Pipe-SCregAPsS) is¢b/8”, o, the longest side of the sail, round holes aréareed

the Diameter of the Archimedean's Pipe-Screw (D& intg the rotor spars. The loose end of the sails is
outer diameter of the APSM (diameter of shaft add connected on to the rotor circumference betweettipise
diameter of Archimedean’s Pipe-Screw) case andfdest ¢ oach spar by means of a nylon rope of 4 mm diame
pipe-screwgb/8”, the pitch Archimedean’s Pipe-Screw (P) Power transmission: The windmill is design uses a
is 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8 and 2.0D &®@M8 in  (igiq rear axle and differential from a small carde
_F|g. 2, rotation speed O.f the pump shaft (n), lift head, for the upper gearbox as shown kig. 4. The rotor
|n.take submergence.% is 50% angle slope of thawscre center plate is bolted to the rear axle of a siwall The
with the horizontald) is 20, 25, 30°. rotational speed of the drive shaft will then be

To setup the testing gfAPS ¢5/8” APSM-1, APSM- . . -
2. APSM-3, APSM-4. APSM-5. APSM-6. APSM-7 and approximately four times higher than that of théoro _
mounted on the wheel drum. The other wheel is

APSM-8 are shown ifable 1 The rotation speed of the S L
pump shaft APSM (n), coupled with speed adjustablepermanently locked, resulting in a transmissiotoraf

motor, is 6, 15, 33, 55, 73 and 80 rpm as shovliabie 2 about 1:4 from the horizontal to the vertical, abaul
Wind velocity is measured with digital anemometer for the second an automobile lower gear box coeld b

type K, J model: DA-41A, 0.4-25.0 m's Rotational ~ used to decrease the rotational speed and drive to
speed of the rotor is recorded by a non-contace typ water ladder pump. The rear axle is free to swakelut
digital tachometer model: UN-360P, 0.5-19999 RPM.  the vertical on a turntable. The whole assembly is
2.2.Large Scale of Archimedean's Pipe-Screw mounted on a small platform on a tur_ntable, a singl
for Thai Sail Wind Pump pipe on head .of. tower structure. The drlve shadt tre
two universal joints are used to transmit the rqower
The characteristics of the prototype the Thai sail to the driven machinery. Using pipe of approximatel
windmill model as shown ifTable 3. The prototype of 48.6 mm outer diameter can lengthen the drive shaft
12 blades Thai sail windmill for water pumping cists  and the drive shaft is passed through the centé¢heof
of six major components: Rotor assembly, the tower structure. Tail assembly: The tail of the il

tragsmissior_},h tail assembl)]:,1t2qu|1ta(ljble_l,_htqwerl $t_’_'m“(’j3 is 5.2 m long and made of Galvanized sheet metal
and pump. The prototype o ade 1hai sall wiridm approximately 0.5 mm thick mounted on a framework

(12B-RMUTR) was tested at Rajamangala University of of conduit pines. The area of tail vane has a’Z6as
Technology Rattanakosin, 96 moo 3, Puthamonthon Sal PIpes.

5, Salaya, Puthamonthon, Nakhon Pathom 73170shown inFig. 4. Turntable: The turntable provides a
Thailand as shown ifig. 3 ’ ' rigid frame for the rotor head of windmill mechamis

Rotor assembly: The rotor assembly has beenrOtor assembly, tail assembly, the transmission and
designed to face the wind ahead of the tower. fisigts ~ turns over the tower pipe to orient itself towarttie
of a circular plate hub plate on which 12 tubultwes  wind as shown irFig. 4. Basic materials for these are
spars of 42.7 mm outer diameter are mounted, ttee ro angle iron, some flat iron, bolts and nuts.
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Fig. 2. Archimedean’s Pipe-Screw Model rubber tgbé8” for pitch of pipe screw 0.6D-2.0D
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Rotor assembly

Sail rope

Circumference rope |

Cloth sail

Plat form

Tower

Archimedean’s
Pipe-Screw
IJIIII:'I.]]

Fig. 3. The prototype of 12B-RMUTR Thai sail wind pump

Tower structure: The tower is 9.0 m high and is  The Archimedean’s Pipe-Screw pumps coupled by
fabricated out of 48.6, 60.5 and 76.3 mm outer of norizontal drive shaft, universal joint, connectldover

g:?nrgﬁﬁéntg’;egz SsxtrlZJCStunr?aspispheo'er?;igbise of tOWer yaarhox of the prototype 12-blade Thai sail windimil

Pump: Large scale Archimedean’s Pipe-Srew testing2.3. Wind Power

for rubber tubep?2"used with the windmill as shown in S )
Fig. 5-7, head of water pumping 1.5 m. The size of Tests on the Thai sail windmill rotor model haveie

Archimedean’s Pipe-Screw pump is 4.0 m long an 0.5 carried out of wind tunnel. The horizontal axis alimill
m diameter. rotor was away from the exit of the tunnel in dithe tests.

,///4 Science Publications 248 AJES



Ronnakorn Thepwoneg al. / American Journal of Environmental Sciences3)0244-259, 2014

B /7 Cloth sail
/_ Rotor

[/ assembly

4 9.0m

Connect to
Archimedean’ Pipe-
Serew pump

Lower
rear box

Angle of 5° away from the vertical
Turntable

Upper gear box
L d.2m/ .

/— Tail assembly

/..

4.5m

1.8m

Plat form

>xTower structure

Fig. 4. Diagram of the prototype of 12 blade (12B-TSRM) Teil windmill rotor model for water pumping, 8 madieter of Thai

sail windmill having twelve triangular cloth sail

Pump shaft of
Archimedean’s
Pump structure of Pipe-Screw connect

Archimedean’s Pipe- to lower gear box
Serew gear box

Fig. 5. The prototype of six Archimedean’s Pipe-Screw&\Bs) of rubber tubg2” at pitch of pipe screw 1.4D
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Pump shaft connect to
lower gear box

Pump structure D=05m
W

Rubber tube ¢27 Jater level

Pitch of Pipe Serew ——
(p)=1.4D

Water level

L=4.0
o =20°

Intake submergence (%) = 0.5D

Fig. 6. Large scale Archimedean’s Pipe-Screw testingdbber tubep2”

- - e -
- -~
(a) 1-APS (b) 2-APS (a) 3-APS (b) 4-APS
-
(a) 5-APS (b) 6-AFS (a) 7-AFS (b) B-APS
(a) 9-APS (b) 10-APS (a) 11-APS (b) 12-APS

Fig. 7. The prototype of Archimedean’s Pipe-Screw (APSjutifber tubep2” and pitch of pipe screw 1.4D for 1 to 12-APS

Measuring the air velocity at the exit of the witushnel Thus, for a horizontal axis windmill the generabation
and using the relation determine the wind poweuinp for estimate of wind power Equation (2.1) is.
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Table 1. Testing of @APS 5/8” diameter Archimedean’s Pipe- 3. RESULTS
Screw Model (APSM)
Pitch of Angle Intake Water pumping tests were conducted to assess the
Model  the APS P(cm) slopeX submergence (%) performance of characteristics of Archimedean'sePip
APSM-1  0.6D 111 20,25,30 50 Screw Model, were carried out single Archimede®tigze-

APSM-2 0.8D 14.8 20,25,30 50

Screw (APS) blade to optimize the different paramget
APSM-3 1.0D 18.5 20, 25,30 50

APSM-4  1.2D 22.2 20, 25,30 50 3.1. Effect of the Pitch of Archimedean's Pipe-
APSM-5 1.4D 25.9 20, 25,30 50 i

APSM6 16D 596 20,25 30 50 Screw, the Rotation Speed of the Pump Shaft
APSM-7 18D 33.3 20 25 30 50 (n) and Angle Slope on Water Discharge

APSM-8 2.0D 37.0 20,25,30 50

For the pitch of Archimedean’s Pipe-Screw testing
Remark D is outer diameter of the APSM (diametestudft

are the pitch Archimedean’s Pipe-Screw (P) is 0.8,

and pipe screw) 1.0, 1.2, 1.4, 1.6, 1.8 and 2.0D, average dischafge
Table 2. Rotation speed of APSM Archimedean’g Pipe—Screyv (AP®)/8 ata = 2(_), 25 and
Speed Rotating speed n (rpm) 30°, .the optlmlze_water d|schar_ge was obtalnedlhghp

1 6 Archimedean’s Pipe-Screw (P) is 1.4D as showhRi(n

2 15 8 and Table 4The experiment was also monitored with
3 33 respect to changes in water discharge for different
4 55 designed. For the rotation speed of the pump ghafbf

2 ;g Archimedean’s Pipe-Screw testing are (n) are 6,385,

55, 73 and 80 rpm at the pitch of Archimedean'sePip
Screw testing 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.820d, of

Table 3. Characteristics of the prototype the Thai sail vl Archimedean’s Pipe-Screw (AP®5/8 ata = 20°, 25°

Diameter A B C ch))tl?drity and 30°, in this results, it was found that watiecliarge
Model (m) (m) (m) m 4 increased with increasing the rotating speed oftimap
12B- Rmutr 8.0 148 296 3.0 05 shaft. Compared to water discharge from differemce
20°, 25° and 30°, it was found that water discharge
The wind power (P) equation: increasing with decreasing the angle slopg Water
discharge was in the range 0.005-0.081 Ips. It lzan
1 s seen maximum water discharge of pitch Archimedean’s
Ry :EpAV (2.1) Pipe-Screw (P) is 1.4D at 80 rpm for= 20, 25 and 30°
were 0.081, 0.079 and 0.075, respectively. Thesaltse
Where: indicated the pitch of Archimedean’s Pipe-Screw the
p = The air density angle sloped) had affected the water discharge.
V= The wind speed 3.2.Field Performance of the Prototype of
P, = The power
A =

Archimedean’s Pipe-Screw for Thai Sail
Wind Pump

Relationship between wind speed and rotating
speed of Thai sail windmill 12B-TSRM rotor model in

The projected area of rotor

The hydraulic power (water power) required to btfe
pump water is Equation 2.2 and 2.3:

- free load as shown iRig. 9, for wind speed from 1.5-
Py =rgH,Q (2.2) 1 h A )
6.5 m §7, rotating speed of a Thai sail windmill rotor
Where: assembly from 10-45 rpm and rotating speed of drive

shaft from 20-90 rpm. During tests wind direction
varies continuously and the new Thai sail windmill

r Density of water

g = Acceleration due to gravity
H, = Verticle height operated correctly. _ . .
Q = Flow rate The results of relationship between rotating spaatl

discharge of Archimedean’s Pipe-Screw pump coufied
The overall efficient = water power/wind power (2.3 adjustable rotating speed motor as showFign 10,
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Fig. 8. Water discharge of Archimedean’s Pipe-Screw (ARSB” for the pitch Archimedean’s Pipe-Screw (P)0i$, 0.8,
1.0, 1.2, 1.4, 1.6, 1.8 and 2.0D at a¥ 20°, (b)a = 25° and (cp = 30°
100
90 A
80 A
70 1
60 A
50
40
30 A
20 A
10
0 T T . .
0 2 4 6 8
Wind speed (m's)

Rotating speed (rpm)

B driving shaft
A sail windmill

Fig. 9. Relationship between wind speed and rotating spéée new Thai sail windmill in free load

It was found that the rotating speed of drive slaft) (2-APS) pump from 10.27-53.90 rpm and discharge of
one Archimedean’'s Pipe-Screw (1-APS) pump from Archimedean’s Pipe-Screw pump from 0.37-2.10 Ips,
10.37-54.70 rpm and discharge of Archimedean’s Pipe discharge equation is y = 0.0374x-0.0097, (iii)ethr

Screw pump from 0.21-1.04 Ips, discharge equasoni Archimedean’s Pipe-Screw (3-APS) pump from 10.07-
= 0.017x+0.0618, (ii) two Archimedean’s Pipe-Screw 53.72 rpm and discharge of Archimedean’s Pipe-Screw
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pump from 0.51-2.87 Ips, discharge equation is y =0.3881, (xi) eleven Archimedean’s Pipe-Screw (11-
0.0516x-0.0197, (iv) four Archimedean’s Pipe-Screw APS) pump from 7.80-50.87 rpm and discharge of
(4-APS) pump from 9.87-53.53 rpm and discharge of Archimedean’s Pipe-Screw pump from 1.67-13.95 Ips,
Archimedean’s Pipe-Screw pump from 0.82-4.52 Ips, discharge equation is y = 0.2841x-0.3863 and (Xxii)
discharge equation is y = 0.0833x-0.0544, (v) five twelve Archimedean’s Pipe-Screw (12-APS) pump
Archimedean’s Pipe-Screw (5-APS) pump from 9.70- from  11.47-48.37 rpm and discharge of
53.43 rpm and discharge of Archimedean’s Pipe-Archimedean’s Pipe-Screw pump from 3.82-14.53 Ips,
Screw pump from 0.94-5.26 Ips, discharge equatson i discharge equation is y = 0.2897x+0.2272.

y = 0.0981x-0.0108, (vi) six Archimedean’s Pipe- It can be seen fronkig. 10 that 12-APS has a
Screw (6-APS) pump from 9.53-53.33 rpm and highest the rotating speed. It provides an uppembo
discharge of Archimedean’s Pipe-Screw pump from for the amount of water that can be pumped higher
1.11-6.29 Ips, discharge equation is y = thanlower-APS.

0.1195x+0.075. (vii) seven Archimedean’s Pipe-  According to relationship between wind speed and
Screw (7-APS) pump from 9.35-53.10 rpm and rotating speed of Thai sail windmill coupled to twe
discharge of Archimedean’s Pipe-Screw pump from Archimedean’s Pipe-Screw (12-APS) pump s
1.27-7.51 Ips, discharge equation is y = 0.1469x-equation y = 6.8731x+1.5082 as shownFHig. 11,
0.0273, (viii) eight Archimedean’s Pipe-Screw (8- wind speed from 1.0-5.1 m’s rotating speed of drive
APS) pump from 9.17-52.87 rpm and discharge of shaft of twelve Archimedean’s Pipe-Screw (12-APS)
Archimedean’s Pipe-Screw pump from 1.49-9.33 Ips, pump from 8.56-37.7 rpm as shown ihable 5.
discharge equation is y = 0.1895x-0.238, (viiin@i  Performance curve of the prototype of Thai sail
Archimedean’s Pipe-Screw (9-APS) pump from 8.30- windmill 12B-TO of wind speed and discharge of
52.03 rpm and discharge of Archimedean’s Pipe-Archimedean's Pipe-Screw pump are showifiig. 12
Screw pump from 1.60-11.85 Ips, discharge equationand 14 It can be observed that the discharge of
is y = 0.2319x-0.4131, (x) ten Archimedean’s Pipe- twelve Archimedean’s Pipe-Screw (12-APS) pump
Screw (10-APS) pump from 8.20-54.70 rpm and was increased depending on wind speed. The
discharge of Archimedean’s Pipe-Screw pump from discharge amount varied between 9.56-38.2thmat
1.74-13.46 Ips, discharge equation is y = 0.2578x-wind speed from 1.0-5.0 m’s

#1-APS W2-APS

16 7 a3-APS X 4-APS
14 4 X35-APS ®5-APS %
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Fig. 10.Relationship between rotating speed and dischafgeus Archimedean’s Pipe-Screw (1-12-APS) pump fed to
adjustable rotating speed motor for 1.4 D of theetpiArchimedean’s Pipe-Screw and= 20°
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Fig. 11.Relationship between wind speed and rotating spéatie new Thai sail windmill coupled to twelve Aimedean’s
Pipe-Screw (12-APS) pump for 1.4 D of the pitch Wimedean’s Pipe-Screw amd= 20°
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Fig. 12.Performance curve of wind speed and discharge @ps)velve Archimedean’s Pipe-Screw (12-APS) punoped
by the new Thai sail windmill for 1.4 D of the pité&rchimedean’s Pipe-Screw and= 20°
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Fig. 13.Relationship between wind speed and overall efficie of twelve Archimedean’s Pipe-Screw (12-APS) pum
coupled by the new Thai sail windmill for 1.4 Dtbfe pitch Archimedean’s Pipe-Screw amd 20°
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Fig. 14. Performance curve of wind speed and dischargéjrof twelve Archimedean’s Pipe-Screw (12-APS) putnupled by the
new Thai sail windmill for 1.4 D of the pitch Arahedean’s Pipe-Screw aad= 20°
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Table 4. Water discharge of Archimedean’s Pipe-Screw (ARS®B” for the pitch Archimedean’s Pipe-Screw (P)i$, 0.8,

1.0,1.2,1.4,1.6,1.8 and 2.0 D at ¢a¥F 20°, (b)a = 25° and (ch = 30°

Water discharge of 5/8” in pipe screw model (Ips)

a = 20°speed
6

15

33

55

73

80

a =25 speed
6

15

33

55

73

80

a = 3Cspeed
6

15

33

55

73

80

0.6D
0.005
0.015
0.031
0.046
0.059
0.070

0.6D
0.007
0.015
0.030
0.045
0.061
0.070

0.6D
0.006
0.015
0.030
0.044
0.058
0.069

0.8D
0.007
0.016
0.034
0.049
0.061
0.071

0.8D
0.007
0.015
0.031
0.046
0.057
0.068

0.8D
0.006
0.015
0.031
0.045
0.055
0.067

1.0D
0.007
0.020
0.037
0.054
0.068
0.071
1.0D
0.007
0.016
0.032
0.053
0.068
0.071
1.0D
0.006
0.020
0.034
0.049
0.063
0.071

1.2D
0.008
0.022
0.037
0.051
0.063
0.070
1.2D
0.009
0.017
0.037
0.050
0.058
0.068
1.2D
0.013
0.019
0.035
0.049
0.059
0.060

1.4D

0.008
0.019
0.039
0.059
0.080
0.081
1.4D

0.008
0.023
0.039
0.060
0.075
0.079
1.4D

0.008
0.015
0.033
0.052
0.070
0.075

1.6D

0.007
0.017
0.036
0.052
0.063
0.069
1.6D

0.006
0.017
0.033
0.051
0.065
0.068
1.6D

0.004
0.008
0.031
0.045
0.053
0.063

1.8D
0.008
0.015
0.036
0.058
0.068
0.069
1.8D
0.008
0.021
0.039
0.052
0.066
0.073
1.8D
0.007
0.016
0.031
0.049
0.063
0.065

2.0D
0.007
0.017
0.034
0.045
0.069
0.073

2.0D
0.007
0.014
0.029
0.043
0.063
0.067

2.0D
0.007
0.015
0.029
0.042
0.058
0.061

Table 5.Results of wind speed and dischargé/fhof twelve Archimedean’s pipe screw (12-APS) mucoupled by the new
Thai sail windmill for 1.4 D of the pitch Archimeds’s pipe-screw and = 20°

Wind speed Average rotating Discharge Discharge Wateepo Wind power The overall
(m/s) speed (rpm) Q (tir) Q (Ips) (W) (W) efficiency
1.40 13.80 15.21 4.23 62.12 80.72 76.96
1.70 14.23 15.66 4.35 63.95 144.53 44.25
2.00 13.10 14.48 4.02 59.12 235.34 25.12
2.40 16.10 17.60 4.89 71.88 406.66 17.68
2.70 19.36 21.00 5.83 85.77 579.02 14.81
3.10 22.53 24.31 6.75 99.28 876.37 11.33
3.40 25.55 27.46 7.63 112.14 1156.21 9.70
3.70 29.08 31.14 8.65 127.14 1490.07 8.53
4.10 31.53 33.69 9.36 137.58 2027.46 6.79
4.40 34.60 36.90 10.25 150.67 2505.87 6.01
Table 6. A list of components used in the prototype and 0bthe new generation of Thai sail windmill
Components Baht
Rotor assembly: Hub plate, tubular steel spargy@ugpipe, nylon rope 12,000
Sail: Cloth, nylon rope 3,000
Power transmission: Rear axle, drive shaft, unalgmnt, lower gear box 9,000
Tail assembly: Steel pipe, galvanized sheet mesale 10,000
Turntable: Steel structure, bearings 6,000
Tower structure: Steel pipe, plat form, foundation 90,000
Pump: Archimedean'’s pipe-screw 15,000
Total 145,000
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In particular, wind speed and the overall efficignc these devices is their low cost (The cost of makennd
of Thai sail windmill coupled to twelve the parts is 145,000 Baht) excluding the cost of
Archimedean’s Pipe-Screw (12-APS) pump are shownmachining and fabrication. The pitch of Archimedsan
in Fig. 13 and Table 5 It was found that the overall Pipe-Screw, angle slope)(and the rotation speed of the
efficiency of this windmill for water pumping was pump shaft (n) were necessary for the Archimedean’s
highest (76.96%) at wind speed of 1.4 m and the  Pipe-Screw water pumping. Significant differencegla

value would decrease as the wind speed increased. slope have been presented. Twelve Archimedeant- Pip
Screw (12-APS) pump coupled by the new Thai sail

3.3. Cost of Windmill windmill for pitch of pipe screw 1.4 D has been wid
to work better than lower-APS (1 to 11-APS) in seve
water discharge. It was found that the overallcefficy
of this windmill for water pumping was highest
(76.96%) at wind speed of 1.4 m'sArchimedean’s
Pipe-Screw water pumping seems more advantageous
than the water ladder pump. The strength of the
Archimedean’s Pipe-Screw water pumping concept is
possibility to keep the structure simple. Another
advantage is its expected low need of maintenaoe.
4. DISCUSSION the other hand, Rojas-Sokt al. (2006) had study of
In this study, robust design, which was relatively Windmills it was found that the wind seed for the
simple to construct, was in essence the main i@ifer ~ Seuthern windmill (Collado) to work at an optimuevél
the design improvement and development of Was around 8.40 m’s which have a rotation spe_ed of
Archimedean’s pipe-screw for 12B-RMUTR Thai sail "unner of 60 rpm; however, for the Manchegan wiritimi
wind pump. Tests were also performed on an (Infante) such a wind speed was too high, as theeu
Archimedean’s Pipe-Screw to find the best model for Would turn at 115 rpm, too fast to produce finefommn
water pumping. The prototype of Archimedean’s Pipe- flour. The maximum permitted wind speed was arorind
Screw for Thai sail wind pump consists of six major M S, which in itself was a high speed to produce high
components: Rotor assembly, the transmission, tailduality flour which the our study shows us thatrénare
assembly, turntable, tower structure and pump. rgela  Wind speed was too low 1.4-4.4 nt as shown iTable
windmill and Archimedean’s Pipe-Screw was then 5, Which gave a average rotating speed of 13.8-#6
constructed and tested. The overall size of thedmih as the wind was sufficient to obtained the optimum
and its tower structure height of 9.0 m, the basewer  rotation speed of to produce a water pumping. Wiasl
dimension is 2.82.5x2.5 nf, the rotor that is 8.0 m in considerable amount of kinetic energy when blovang
diameter. These specifications ensure that saile la  high wind speeds. This kinetic Energy when passing
high starting torque and are able to be coupledater through the blades of the wind turbines is conwktgo
pumping applications. The windmills designed for mechanical energy and rotates the wind blades laad t
multidirectional winds have a tail vane attachecttte ~ connected generator, thereby producing electricity.
turntable. The overall size of the Archimedean’pePi  Wind turbine primarily consists of a main toweradis,
Screw structure long of 4.0 m and which is 0.5 m in nacelle, hub, main shaft, gearbox, bearing andihgus
diameter. These specifications ensure that pumpbean brake and generator. The main tower is 50-100 rh.hig
coupled to water pumping applications which 12B- Generally, three blades made up of Fiber Reinforced
RMUTR Thai sail windmill. The Archimedean’s Pipe- Polyester are mounted on the hub, while in the lieace
Screw designed for simple, cheap and easy to ube. Athe major parts are housed (Ahilanal., 2009). One of
materials used had fit for the purpose intendedh wie the principal differences between the wind turbamrel
main criteria being robustness from loads imposechf  windmill water pumping is to be found in the higlnad
wind and other forces. The results provided as aspeed and low wind speed, respectively. Therefbhe,
performance of water pumping enables suitablepresent results in practice suggest that the use of
applications to be suggested. Archimedean’s Pipe-Screw water pumping Thai sail
The wind pumping devices described here have beewindmill is advantage other type, which is operated
designed using solutions of technicality. An adagetof  low wind speed, that it is suitable in Thailand.

An estimate of parts used for construction of the
prototype of the new generation of Thai sail winmi
is given in Table 6 the total cost of windmill is
145,000 Baht.

The cost is quite reasonable and could be acceptabl
by farmers. Implementing the use of our new wintmil
would help improve farmer productivity.
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The wind pumping devices described here havereinforced polyester in order to there be long iifaise
been designed using solutions of technicality. Anin stand of cloth in the future which, it is muchoma
advantage of these devices is their low cost (Td® ¢ complex than the cloth blades. Therefore, the extra
of material and the parts is 145,000 Baht) exclgdin installation costs should be evaluated with theneac

the cost of machining and fabrication. The pitch of gain achieved due to extra Thai Sail windmill foater
Archimedean’s Pipe-Screw, angle slom) @nd the  pymping in the future.

rotation speed of the pump shaft (n) were necessary

for the Archimedean’s Pipe-Screw water pumping.

Significant differences angle slope have been 6. ACKNOWLEDGEMENT
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