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A CHEAP VIND MACHINZ ;
FOR PUMPING WATER |

Instructions for building a Savenius Rotor

" available

for Water Pumping

Juction

intro .
The Savonius Rotor is a vertical-shaflt wind- -

machine,  developed by  the Finish  engincer,
S. J. Savonius, during ihie years 1925—28.

A test prograni was carricd out on this type
¢f machine by the Brace Research  Justitute
to find out iis poicatialities {or low cost water
puping.

From the tests the following conclusions can
be drawn: The Savonics Rotor, «lthough no!
as efficient as a wiadmili of comparable size,
ieads itself to waler pumping for irrigzation in

uaderdeveloped arcas  due to  its low initial
cost, simplicity of raterials and construction,
arnd low muaintenance cost.

¢ 3t will successfully operate in arcas  where

the wind speeds are in the region of 8 to {2

wpi aad above, and thbe water level is not more -

thar 10 to 15 1. below ground. The rotor.
deive und pump  are emineatly suitable for
home coastruction by the handyman with  buat

a f>w Locls and access o a welding set. It can
be :nade from a varicly of materials at Jow cost
since uo eritical machining is necessary.
<fhe only timportaut points to be observed in
ereciing such a wmachine is the proper choice
lof tire site and carclul assessimen? of the average
“wind-speeds, From ihis informmation the proper
pump size and strore can be chosen from  the
geaphs at the back of this pamphlét. It will also
be  pecessury to provide some sort of water

h

Tig 1.

1. Tlke Rotor

It consisis of two 43 gullon il deiins, bisccted

leagthwise and welded together to form two
troughs. {Fig. 2). These two troughs  wre

mounted between two end plates, made from 14>

B0

storage into which water can Le pumped at good ..

wind-speeds and later used far irrigation when

tiedded. The bigger the slorage capacity the:

ware flexible the systen becomes,

The rotor described here  is the one
for ull the tests carriced oul at the Brace Research
Institute wnd was buill from locally (Barbadas)

scteriuls iu a8 small workshop  with
anskilled labor at very low cosl, ‘

The whole puiping system comprises 3 units:
The rotor, the drive and the pump, '

Each unit will be deait with separately. These
iustructions  apply to tlic {ype buiit at Brace,

used

Fig. 2

plywood, 48" dinmcter. They can pboth be cut
from one  single sheet  ef standard  plywouil.
which easures 48 ins. by 96 ins, Fhe dinen-
sions for mounting the drum halves are given
i g 3. The ends of the oil devans are shaply
bolted to the wooden disks  with 3/8 in. slove
bolts, washers and nufs.  The shaft  through
the center of the volor is 1-1/4 in. ID water
pipe, whiclh should extend about § ins, beyond
either  end of the  ead plates. To the
shaft to the end plates two  {langed collurs are

seLase

but it is left to the buiider’s ingeauity to sub-- od. as shawn in Fig. 3. They should b ;
stitute othier wmslerials or processes of construe-- :‘,10( * ":l Sk "_]_ l-‘ )’lbt'l‘ ) _“);{\ '\:;f;u & he ‘: s{“‘; i
tion to suit loeal  conditions. The only  impor ;‘ ;:“ ;‘{\:'):o:‘\tr'*‘f b ;.,n v ;y e f‘“),“ 3
tani measurcinents to be adhered to are the’ :;‘ e fﬁ) T d-iyx‘..z‘q‘ ni " '.:':‘r l s .‘mff";'m” 3
proportions of  the rotor itself, as shown in € saall, are drided aha - secured 0 wala oy
Fig. 1 ‘ 3/4 in. bolt, spring washer and n}n. To support §
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MeTH00 Fer BaLancing fotor,
Fiz. 3. Fig. § . °
the rotor shaft in the frame, two  self-aligning -
ballebearings are requiced, the ones used in the )
profolype being “Falnie 143, 1 in. Bore™ but
any cquivalent flange-type hearing cun be used,
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Two adaptors, as shown in Fig, 4. have o be . : ‘ | -
nade 1o fit the two  ends of the  shaft to the EXCENTQKC =i ro- HALF STRoKE
Learings,  The lower adaptor st be  long K (EKCE'-‘\‘RIR‘I)
enough to take the ecceenteie at its  lower end, ) g 4
after passing  through o clearanee hole in the THE FRAME
lower franie member. S The franie consisis of four pieces of 4 in. by
Before  mounting the rolor in the  frame it . 2 in. timker, as shown in Fig. 6. The joiais
must be carefully balanced to avoid vibrations : should be sccurely bolted with gusset plates, (o |
at high speeds.  ‘Chis is casily dane by placing make it as stiff as possible. It mus! be s.ecadied
the asscibled rotor hnvizontally  on twa level with wire guys, sccurcly anchered to the
straight edges and addiag weights to the cir- ground and tcasioned by turnbuckles, The
cumfcerence in  the center of the rotor, until lower cross mecmber should be about § it. sbove
perfect balance is achieved.  (See Fig. 5). ) the ground, but can be ore if practicable.
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2. 752 Dn’ve

It consists of the cceentrie, horizoais! con- |
neckHng rod, bell erank and vertical punp rod,
See Fig.o 7. )

The eccentrie is a picce of weel, Yorod 1o fii
tiie end of the lower aduptor and secureid o it
by a thirounh boli The fuece is drilled  end
tipned to reccive a boll which must be & geed
in in the bore of e ball bewsing, forming the
iz ead. The eccenteicily is 7/32 ins. aiizh
rives o srose of 7/16 in. Vhe big end ol e
connecting rod isT & ball bearing, % ia. Lose,
which is held in a split fiiting aitached to ihe
sud. The connecting roé of ¢ ctoreycle
snail car engine wiil do nicely for this pursose,
Cat the shank off and  weld nicce of 1 in. 12
tubing to it, about § ias. lory 1o receive S
wooden connecting rod. (Fig. 8C).
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Sinee the pump is u/singlo ucting  diaphragm ' backlash. There should alse be an oil hole fer ]

pumip, the two actuating rods are only in  ften- labrication. The overall widih of the hushes
sion,  und are therefore made of wood, 1 in, must be a close fit in  the fork ?0 preevnt any
square. With the  amall  eccentricity and  the side play.
flenibilily  of the wood it s not  necessary
to  have a universal  joint at the bell  erank " 3. The Pump )
end,  The wooden eonuecting rod  earries a The pump  scleeted for this anplication is a

voo e fork on iy small end,  with a good fitting  pin single acting diaphragin pump. This desigza hos

! of 1z oin. dia, through a hole in the upper arm beea chosen because it is simple to build, with
of the bell crank. ‘he pump rod is a  similar minimum  machining required. Tt is practically
pivee of 1 in square wood with an  adjustable mainienance Ifree and it §s cheap. All pipe con--
fork eud on top., lefer to Figs. SA and 8B, acctions are standard 1 inceh water-pipe nipples
which are scif-explanatory, -~ =wd iy amd  elbows. The valves cun  be any com-

Tne bell crank s made from a picce of 1/4 mercially availabie type of nonercturn valve,
in. steel plate, cut as shown in Fig. 9. The The pump itself is mounted just below water
holes are reinforced  with welded  bosses us level ({ully subinerued) so that there is no
shown and drilled after welding. If possible compression in the rod on the suclion stroke,
these bearing holes should be bushed with a A screen should Le fitted ‘on the infake valve to °
bronze bush, this will increase the life of the preveat_foreign matier entering the pump. The
pin and ; prevent the aystein from developing diaphragm is made jrom a plece of inner lube,
,:,” LV/“],V . ) 3732 to 1/8 in. thick. The f{lange should be at
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least 1174 in, wide and have & bollts around chamber. The dimensions of the pump are not
the circunference, to ensure a good seal. too critical once the diameter and stroke have -
As can be scen in Figs. 10 and 33, the pump been determined. The sticrup must be  dimen-
is inverted, the  disphragm  being  operated sioncd so that it provides a definite stop on the
through o stircup abtached  fo the pump  rod. up and dowa stroke. This will prevent danage
This gives the pinup  greaster flexibility and s to the diaphragin duving handling and instsle
sumpler than leading the vod through the pap lation.
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The main body of the pump  consists of 8
pitece of pipe or welded ring, closed at one end
and having o welded flange on the other. A
flange ring povides the chmping of the rubber
diaphragi. See Fige 1L Two 1inch watee-pipe
uipples are weld®d on  ecach side for the inlet
and outlet vaives. The twa dises supporting the
rubber diaphirapm wade from “Tufnol™,
a hard, resin impregnated fabrie,  bat any
sitaddar hard aterial can be used, even  hard-
wood wiil do, il nothing else can be procured,
The clearance between dises and pump-hody is
0.333D and the inside corners of ‘the dises must
L prevent cutting the rubber

Wete

e well rounded to

on tie up and down stroke. This is very im-
portant. When asscabling  the pump, sealing-
compound s appiied “lo the mbber between

thie disces and the flanges lo  assure a good seal.
The mounting bar on top of the housing must
be very stiff and can be either welded or bolted
o the top plate. If bolts are used they must be
a good [fit and should have copper washers to

to lenpthen the rod, insert the pin andg secure

it. This witl prevent e pump hitting the  top
at its fall stroke,
Thas adjustinent  must be  carried out very

cartfully, otherwise the pumyp will be wrecked
during the fiest moment of aperation. It might
also be necessary to install one or two pumnp-
rod guides € the rod is longer than 16 (t. They
should be fitled after the whole system is fixed
i place. ISee Figo 12)0 They must not
the pump-rad whon it is stutionary.
Selecting the Diameter & Strake of Pump
Oun grapheNo. 1. scleet  the head of water to
be pumped, This is the  vertical distance  be-
tween the water level in the well, and the ontlet
in the reservoir, The graph is aiready corrected
for the dynamic head, which includes the frie-
tion in the pipe and the valves, From the head
~of waler on _the left scale draw a  horizontal
“line until it intersects THE  appropriate  wind
speed curve and draw a wvertical line through
this point. This will inlersccr one of the four

insure against leaks. It is most mporiant when wee . ~-straight  lines marked: Pump 1, 2, 3, and 4.
““mounting” the pump in the well, to secure the Each is for one pump of a given diameter and

mounting bar very lirmly either by concreting, cives on the right hand scale the pronor sicoke

or bolting to u couple*of cross-timbers in the for this particular pumjp and head combination.

well “Ihe tension forces in the pump-rod are in v RO

$he region of 200 lbs. and at high revolutions_ . . ¢ Example: (Follow dotted line on graph)

e R . .
this_hamwering will  soon shake 10_<_Js_c_a___§'_e__:_\_§:-——\_ oLy Head 15 1L windspeed 10 uph.

o
Y

'F.m/u;lting. The pump-rod should be eft longer
than the requircd lenzth  before mounting the
pump in the well.  After the pump has  been
installcd and the bell erank is wmounted on the
frame, the bell erank is broughl to its  neutral _ -
position and the adjustable fork— énd of "the ™, 7
punp-rod to halfway on the thread. The rod is "".‘/Cj
now cut so that it will fit {clly into the tube of
the fork, drilled and secured  with 4 bolts, as
shown in Fig. 6A. Now tuc pump-rod is pulled
uyp ugainst lhie stop, the ecccentric turned to
full siroke and the fork adjusied so thal the pin
goes ireely through ihe hole in the bell crunk.

Now turn the fork anotiaer one aund a hall turns |

A

Lo
VRN Y 1

.-v_ Draw horizontal line at 15 ft. head.

Al intacsection  with 10 mph. curve
vertical line.

It intersects straight line of puinp 2
-,./. From this point draw horizontal line to the
“Fight hand stroke-scale.

‘This gives a stroke of 0.56 in.

The pump has ta operate at this stroke to
give the best eificicncy of the rotor. To oblain
this  stroke from  the beil cerank, procecd as
follows: The ratios of stroke and distance {rom
pivot are equal.

Therefore:

~ .
. /Qr L2y

draw

0.4375:6=0.56|:x
_ 6x0.50 = 7.7

0.4375
The horizontal arm of the bell crank will
have 1o be 7.7 ins long to give a  pump sirck
of 0.56 in. Fig 9.

The bottom scale of Graph No. 1 gives the
actial volume in cubic ins. per sircke pumped
at various wind spceds.

This makes it possible to determine the size
and stroke of any other available pump, such
as a piston pump.

Find the head to be pumped and the wind
speed as before, draw a vertical line from this
point to the bottom  scale and read the volumie
per stroke. Divide this voluiue by the pision
arca and iits will be the stroke requirad.

If, for example, a piston pump of 2 in. dia-
meter were available the head is again 15 &
and the wind speed 10 wph., contiaue the

X

touch
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vertical dotted ine to the base scale and read
off 13.3 eu. ins/stroke. 133 divided by  3.14
(arca of piston) gives a starke of 423 ins,

To obtain  this stroke of 123 ins, fram  the
bell erank, it would  be advisable to  alter the
eceentricity 1o get o more suitable vatio at the
bell erank. If  the cecentrieity is made 'z in..
then the stroke of the conaceting rod becones
1au. This leaves a ratio of 1:4.23 ot the bell
crank, which could be divided into o vertieal
leg  of, say, 2% dns, and a  horizontal leg of

10.58 ins. long. The bell ccank  would have to

be shaped 1o conform to these measurements,
If a piston, pump is used for this purpose, it
must be a single acting pulip, mounted below
water level and operated so that the pump rod
is only in teasion. This will assure that there are
no problers either due to buckling of the puwnp
rod and connecting rod, or trouble with prim-
ing of the pump.
Estimating the Cuiput of the Pump
Graph No. 2, Curve A, gives the output of the
pump at the selected (rated) windspeed for the
site in question, when pumping against a head

of 10 feet. ‘The output at the  rated Windspeed |

when  pumping  against a  bead  other than
10 feet may be calculated from Curve A by
simple  proporvtion, For example, the pump
which has already been scleeted from  Grapl:
No. 1, lo pump against a head of 15 fcet most
efticiently in a windspeed of 10 mph,. will
have an output at 10 mph. of .

10
W = 272 x — = 181 Imperial gallons per
13

hour.

Note that, at windspeeds other than the rated

windspeed, the pump will give an outpul some-
what lower than the figure read from Curve A

of Graph No. 2, as it will ne longer be operat- -

ing at its best efficiency. For example, fthe
performance of a particular pump is indicated
by Curve B on Graph No. 2, which refers to a
pump with a hore of 7-1/4 in. and a stroke of
7/16 in. The stroke bas heen  sclected to give
optimum  performance at a  windspeed of 9.2
mph., and Curve B coincides with CGurve A at
this windspeed.  However, as  the windspeed
increases (or deercases) progressively heyond

the rated windspeed  of 9.2 mph., the relative - -
performance of the puwmp deops  off and  the- -

actual output, read from Curve B, hecomes a

progressively smaller fraction of the optimam |

outpul, rewd from Curve A,
Pumping at Heads of More Than 30 Feet

In this  leaflicl  consideration  has bees  re-
stricted  to a very low cost pump and the

simplest form of  power transmission  systeni.
The cquipiment described above has been tested

when pumping against heads of up to 30 feet. .. . -

(SN
.

Hlowever, it is frequently  necessiry 1o P
water o greater sheighis  than 30 fect, byt
wast be emphasized  that ot bigher bheads e
higher windspeeds the stresses in the P
transnnssion  increase  considerably ang !|11

whole system wonld have (o be sStronger, nuoped
sophisticated  and thevefore  more  expensive
Theve would come o point when the siimplicity
and eheapness of the rolor would be caneelied by
the vost of the dvive and pamp. No et L'.\'J
periments have vel been made i this (lira-ctimﬂ
hut it is proposed to do so v the near future, ’

Until sach vesalls can be obluined, it is up ¢
the: builder to adapt 1he present system fo
different conditions il vequirenients,  bearing
in mind that the system heve  deseribed applic
only  to the maderate wind  speeds and  head
given in this pamphlet,

Cost ‘dnd Materials

It is extremely difficult to  define the aclug
cast of a project like this 1w dollars and cenls
As in any “Do-lt-Yourself™ project, the higaes
part of the job is the labour, whichl is assumc
to be free. Depending on  the skill, patienc
and resources of the home-huilier, even th
cost of the malerials can vary considerably.

In the prototype deseribed  here, only th
ball beurings, wood for the frame, and plywaoog
for the rotor were purchased new. All olhe
malerial was found around the place. The bac
of a garage or small machine shop is usually
gaod place to look for things like picces ¢
pipe, angles, bolts, ete.  If no welding  equip
ment is at  band, all the pieces to be welde
should be carefully prepared, wired or clampe
together  and  taken to the nearest  weldin
shap. If everything is properly prepared, th
actual welding for the whole job will not tak
longer than 1 hour. The only parts. requirin
machining are _the shalt adaptors, the ccceniri
for the rotor, the flanges and dises for tly
diaphragm pamp. All other work requires
drill only.

Fiaally, to give a rough idea of the cost, tly
main items are listed  here as  pucchased i
Barbados, in the cquivalent of U.S. Dollars:—

2 Ol druns (good condition) .. $ 2.5
2 Sclf-alighing Ball Bearings, flange
type .o .. .o 14.0

. 7.3

3G ft. 2 x 4 Tunber

1 sheet % i Plywood (4 L, x 8 [t.) 32.5
80 t. /8 dimmeter Gidvanized Steel &

Wire e e . e 3
6 174 x 4 ins Turn Buckles A A
7 0, 1-174 LD Water Pipe (Rotor

shaft) ce e 221
1 % in. Bare Ball Bearing (big-end) L
15 (6 Plastie Pipe (delivery) .. 4-1‘
Bolts, Nuts, Washers, cte, .. . 2.4

Tatal: US. 8 51.\1
| !
3
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"‘""‘HNICAL NOTES ON TUE DIAPHRIGH PUMP

, 1, The diaphraym should be ¢f fairly thick ruobex
~ rucoer £rom hoavy truck of tractor inner tuba is good
« rubdoer that is too thin or too flexible is not sctisfactory |
since under a large heal the difoxmation of the diaphram ten.ds
o neguce the full diapiaraga dicplacement, 4 ! {

4. The stroke may waoll haove to be increased to ons or two inches a&-—
pending oa the rubber flexdibility. In ordar to effect this, it
may bo nccesgaxy o increass the clearance batween tha discs ang ﬂg
puxp body. ST 3.

' 8 It was found, in practica in very remute coanditions, that a fajr
bit of axporimcontation was needad inm oxder to doteraine the bedt
lecation of the pump yalativa to both tha souxrce and tha d-‘.chﬁrge
This pump lg most cificicat when .m:‘.auod, howaver thd pressuisa
head then beccueoy too great and dicshraga difoxmacion kecomes um

significant, PFor oux 4\* pump, & sactioa head of about 6 to gl ee,f-

with a pressure head 0f some 8 to 10 feet was feolt to bo about
optimum conditions.

4y The pump rod and connecting xod end connections should ba firm,
bny play in these takes away frca the length of stroke.

Brace Research Institute . !
. s MacDonald College of McGill University
Ste. Anne de Bellevue 800
Québec, Canada
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MOLINO CARIMAGUA

Cada aflo se presenta una tragedia en los Llanos Orientales de Colombia
cucndo se muercen miles de vacas por falta de agua. £n Casancre las dige
tancias entre los rios y caiios (que son las Gnicas fuentes de agua duran-
te ol verano) son largas y cl ganado se ve obligado a mantencrse cerca
al agua, y por lo taanto sc acaban los pastos aledaflos al agua, 0 a cani-
nar distancias demasiado grandes. En Meta y Vichada, los caflos y rtos
veraneros son rucho mis abundantes pero a medida que el agua baja se au-
menta el riesgo de que el ganado (especialmente las vacas viejas) se cas
tierrc. cn busca de agua y si no lo sacan dentro de pocas horas de habar-
se enterrado, se muere.

La tragedia descrita parece absurda al darse cuenta que 2n todas estas
reglones existe agua subterrfnea abundance a muy pocos metros de pro-
fundidad. :

El ICA y el CIAT en su precocupacién por encontrar una solucion econémica

a—

S narm . mairen o v

al problema de agua han instalado un molino experimental en Carimagua que :

parece muy promisorio. E1 molino representa una modificacién de un disc=
fio realizado, probado y publicado por la "Brace Research Station" en Zar-

‘bados. El disaﬁo fue basado en un xotor inventado por el finlandés Sa-

vonius en 1925.

El Molino es de construccion muy sencflla, bajo costo y fdcil manteni-
miento. Se ha estimado que el costo de materiales, incluyendo trabajos
de taller que no serian factibles en el campo seria de aproximadamante
$2.500 (pesos colombianos equivalentes a $125.00 U.S.) EL costo estd
bagado en un pozo de 9 metros de profundidad, con anillo de boca y tapa’
en concreto reforzado y en una torre de 8 metros hecha de madera rolliza

an forma de tripode con bases de concreto, - 5

4

En la zona de Carimagua se ha estimado el costo del molino, hecho por
econtrato e incluyendo el molino, la excavacidn del pozo, hechura del

anillo y 1la tapa ¢n concreto y la torre en madera rolliza cortada em

la finca en $46.500.00 ($225.00 U.S.)

tante rGstica un rendimiento de aproximadamente 500 galones/hora cuaae
do el nivel del agua estaba a 8 metros, con un cilindro de molino de

3" y una brisa estimada de 6-8 Xm/hora. La carrcra del piston era de

2 emt., Se puede variar la carrera del piston facilmente segtn la estse
c¢{én. En &poca de verano cuando hay rmucha brisa, parece indicado aumen=
tar la carrera y asl reducir la velocidad del rotor. En cambio, en ¢po-
¢a de iavierno, es convenicnte reducir la carrera, para que al molino -3
misnce a prbeat con una brisa minima, . |
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