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How To Construct

A CHEAP WIND MACHINE
FOR PUMPING WATER

Instructions for building o Savenius Rotor
for Water Pumping

Introduction _

The Savonius Rolor is s vertical-shalt wind-
machine, developed by the Finish enginecr.
5. J. Savonius, during the years 192528,

A test program was carried out on lhis type
of muchine by the Brace Research Instilutce
to tind out its potentinlities for low cost wafer
pumping.

From the tests the following conclusions can
e drawn: The Savonius Rotor, although not
as efficient as a windmill of comparable size,
lends itself to water pumping for irrigation in
underdeveloped areas due to its low inilial
cost, simplicity of materials and consiruction.
and low maintenance cost.

It will successfolly operste in arcas where
the wind speeds are in the region of 8 to 12
mph. and above, and the water level is not more
than 10 to 15 ft. below ground. The rotor.
drive and pump are eminently suilable for
hoeme coastruction by the handyman with but
a few tools and access to a welding sel. it can
be made from a variety of materials at low cost
since no critical machining is necessary.

The only important points to be observed in
erecting such a achine is the proper choice
of the site and careful assessment of the average
wind-speeds. From this information the proper
pump size and stroke can be chosen from the
graphs at the back of this pamphlet. It will also
be necessary to provide some sort of water
storage into which water can be pumped at good
wind-speeds and later used for irrigation when
needed. The bigger the storage capacity the
more flexible the system hecomes.

The rotor described here is the one wused
for all the tests carried ont at the Brace Research
Institute and was built from Jocally (Barhados)
available materials in a small workshojp with
anskilled labor at very low cost.

The whole puping system comprises 3 units:
The rotor, the drive and the pump.

Each unit will be dealt with separately. These
instructions apply to the {iype buili at Prace,
bat it is left to the builder’s ingenuity to sub-
stitute other materjals or processes of consiruc-
tion to suit Jocal conditions. The only  finpor-
ftant mensurements to be adhered to arc the
proportions of the rotor itself, as shown in
Fig. 1.
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Fig. 1.

1. The Rotor

it consists of two 45 gallon uil drums, bisccted
lenglhwise and welded together to form two
troughs. (Fig. 2). These two froughs are
mounted beiween two end plates, made from 4"

ui

plywood, 48”7 diameter. They can both be cut
from one single sheet of standard plywood.
which measuies 48 ins. by 96 ins. The dimen:
sions for mounting the drum halves are given
in Fig. 1. The ends of the oil drums are simply
bolted to the wooden disks with 3/8 in. stove
bolts, washers and nuts. The shaft through
the cenler of the rolor is 1-1/4 in. 11} water
pipe, which should extend about G ins. beyund
cither end of the c¢nd plates. To secure the
shalt to the end plates two [fanged collars are
used, ns shown in Fig. 3. They should be & snug
fit on thie oulside of the shaft. ‘Fhey are holted
to the plywood with 4 bolts, and after inserting
the shaft, are drilled and securcd 1o it with o .
/4 in. boll, soring washer and nut. To sapport

Fig. 2
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the rotor shaft in the frame. two  self-aligning

balt-bearings are required. the ones used in the

protolype being “Faloir LCE it in. Bure”™ bu!

any cquivalent fhwnge-tvpe beartase can be ysed.
i
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Two adaptors, as shown in  Fig 4. have o I
wade to it the two  ends of the shafi to the
bearings. The lower adaptor nmust be  long
envugh to lake the eccentric at its  lower emd,
after passing through = clearsnee hole in the
lower frame member.

Before mounting the rolor in the (rame il
must be carefolly balanced to aveid vibrations
at high speeds. This is casily done by placing
the assembled rofor horizoninlly on twa level
strasght edges and adding weights to the cir-
comference in the center of the rotor, until
perfect balance is achieved. (See Fig. §).
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THE FRAME
The frame consists of four pieces of 4 in. by
2 in, timber, as shown im Fig. 6. The joiots
should be securely bolted with gusset plates, to
make it as stiff as possible. 1t must be steadied
with wire guys, securely anchored to the
ground and temsioned by turnbuckles. The
Jower cross member should be about 6 ft. above
the ground, but can he more if practicable,
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2. The Drive

It consists of the eccentric, horizontal con-
negting rod, bell crank and vertical pump rod.
See Fig. 7.

The sceentric o a picee of steel, bored 1o fit
the end of the lower adaptor and sceared to #f
by a through boll. The face is  drilled and
lapped o Feccive a boll which must be a good
fit in the bore of the ball bearing, forming he
big enil. The eccentricity is 7/32 ins.  which
gives a  wivoke of 7716 in, Fhe big end of the
connecting rod  is a ball bearing, % in. bore,
which is held in a split titting attached to the
rod. The connecting rod of a motorcycle or
small car chgine will do nicely for this purpose.
Cut the shank ofi and  weld a piece of 1 in. 1D
tubing fo it. about 6 ins. long to receive the

Fig. 7. 3 wouden connecting rosl. (Fig. 8C).
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Since the pup is a single acting  Jdiaphragm
pump, the two actuating rods are only in  ten-
sion, andd are thevefore made of wood. 1 .
sguare. With the  small  cccentricity and  the
fiexibility of fhe wouod H i5 not necessary
to  bave u universal joint ut the bell erank
enil.  The wooten vonncciing rod  carries a
fork on its small ek, with a good fitling pin
of % in. dia. throngh a thole in the upper arm
of the bell crank. The pump rod is a  similar
picee uf 1 in. sguare wood with an  adjustable
tork eud on top. Refer to Figs. 8A and 3B,
which are self-explanatory. '

The bell crank is made from a piece of 1/4
in. steel plate, cat as shown in Fig. 9. The
holes are reinforced with welded bosses as
shown and drifled alfter welding. If possible
these bearing holes should be bushed with a
bronze bush, this will increase the life of the
pin amd  prevent the system from  developing

backlash. There should also be an oil hote for

lubrication. The overall width of the boshes
must be a close fit in  the fork tc preevnt any
side play.

3. The Pump

The pumsr  seiecled for this application is a
single acting disphragm pump. This design has
been chosen because it is simple to build, with
miniipwin machining reguired. Tt is practicallv
maintenance Ieee wmmd i is cheap. AN pipe con-
neclions are stamdliond 1 inch water-pipe nipples
and  eibows, Tihe valves can be any com-
mercially available tvpe of non-return valve.

The pump itsell is mounted just below water
level (fully submerged) so that there is no
cvemnpeession in the rod on the suction stroke.
A sereen should be fitted ‘on the intake valve to
prevent foreipn matler enteving the pump. The
diaphragm is e from a piece of inner tube,
3732 to 1/8 in. thick. The flange should be at

BeLL CrANK
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lexst  1-4/74 in. wide and have 8§ bolis arownd
the cireumference, to ensure a good seal

As con be seen in Figs. 10 and 11, the pump
is inverted, the diaphrsgm being operaled
through a stivrup attuched to the pump rod.
This gives the pomp  greater Mexibility and  is
simpler than leading the rod through the pump

Fig .

e PUMP ROD
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STIRRUP

Puwptoby FLANGE
Rues&ER Dwupunagm
FLANGE RuG

chamber.  The dimeasions of the pnp are not
too criticn] once the  diameter and steoke have
heen determined. The stirrup must be  dimen
sioned so fhat il provides a delinite stop on the
up aml down stroke, This will prevent damage
to ihe disphragm ducing handling and instal
lation.




—- SHEETMETAL BRACKET,
WELDED To StirRUP.

8 ¥Bouts. Seuced
EquaLty. As Swoww

Mixg Srinrue FRom
¥ FhncLe, Wene
AsSuown Tofoun
Seuare Tuse.

— =2 § CHANNEL LENCTM
As Req, WeLD To Pump,




The main  body of the pump consists of &
piece of pipe or welded ring, closed at one end
and having 2 welded flange on the other. A
flange ring povides the clamping ol the rubber
diaphragm. See Fig. 11. Two 1 inch water-pipe
nipples are welded on  each side for the inlet
and outlet valves. The 1wo dises supporting the
rubber diaphrngm were made {rom “Tufnol”,
a hard, resin impregnated fabric, bul any
similay hard malerial can be nsed, even  hard-
wonill will do, il aothing ¢lse can he procured.
The clearnnce between dises and pamp-hody is
0.055D and the inside corners of the discs mus)
be well rounderd to  prevent catiiag the rubber
on the up and down siroke. This is very im-
portant. When asscmbling the pump, sealing-

compound is aphlied to the rubber helween

the dises and the flanges to  assure a good seal.

The mounting bar on top of the housing must

be very stiff and can be either welded or holted
to the top piate. If bolis are used they must be
a gond fit and should have copper washers o
insure against leaks. It is most important whep
movnding ihe pump in the well, o secore ihe
mounting bar very firmly cither by concreting.
or bolling to a vouple of cross-timbers in the
well. ‘1he tension forces in the pump-rod are in
the region of 200 lbs. and at high revolutions
this hamwering will  soon shake loose a  weak
monnting. The pump-rod should be left longer
than the required length  before mounting the
pump in the weil. After the pump has  been
installcd and the bell crank is wmounted on the
frame, [he isetl erank is broughl to ils  neutral
position and the adjustable fork cond of  the
pump-rod 1o halfway on the thread. The rod is
now cut so that it will fit fully into the tube of
the (ork, drilled and secured with 4 holts, a»
shown in FFig. 8A. Now the pummp-rod is pulled
up against the stop, the eccentric lurned o
full stroke and the fork adjusted so thal the pin
goes freely ilhrough the hole in the bhell crunk.
Now turn the fork annther one and a half turns

to lengthen the rod, insert the pin ana secure
it. This wih prevend the  pnnp hitting the  Yop
at its [oll stroke,

This wiljustnent  mast be carried it very
carclully. otherwise the pump will be wreeked
during the first snoment of operation. Honight
also be necessary ko inslall  one or bwo pomp-
rork guides i the rod is longee than 16 {f. They
should be fHled afler Ihe whole system is Cixed
in plice. (See Fig. 12, They must oot touch
the pumpral wlun it is stationary,
Selecting the Diameter & Stroke of Pump

tn greaph No. L, select  the head of water fo
be pumped. This is e  vertical distanee  be-
tween the water leve) m the well, and the owilet
in the reserveir. The greaph is already corrected
for the dynmnic head, which includes the fric-
fion in the pipe and the valves. From the head

il ey Tnfé ool ceme o Tiveisim ot

(11 “ﬂ!lr on s .'ll.l.l. iCHNE llll.l\u Wl NOTIZONA
line until it intersccts the approprinle  wind
speeit curve and draw o vertieal line through
this pnint.  This will inlersect cne of the four
straight lines marked: Pump 1. 2, 3, and 4.
Each is Lor one pumj. of a given diameter and
gives on the right hand scale the proper stroke
for this particular pumnp and hevl combication.

Exumple: (Foliow detted line oo graph)

Head 15 . windspeed 10 mph,

Draw horizontal line al 15 tt. head.

Al interscction  with 19 wuph. corve  draw
vertical line.

It intersects straight line of pamp 2

From this point dreaw  hovizontal line to the
right hand strokce-scale.

T'his gives a stroke of 0,046 in.

The pump  has to operate  at (his stroke ¥
give the best efficiency of the rotor, To obtain
this stroke from  the bell c¢rank, proceed as
follows: The ratios of stroke and distanee from
pivot are equal

‘Frerefare: 4375 :8 = 0.4506:x

Hx80.30
0.4475

The horizontal arm of the bell crank will
have to be 7.7 ins long to give a pump stroke
of 056 in. Fig o

The hbollom scale o (raph No. 1 gives the
actual volame in cubic ins, per stroke pumped
at varions wind specds,

This makes il possible 1o determine the size
and stroke of any other available punp, such
as i piston pump.

Find the head to be  pinnped and (e wind
speed as before, draw n vertical line from this
point te the bottom scale and read the volume
per stroke. Ddividle 1his volume by the piston
area and this will he the stroke required.

I, for example, a piston puwp of 2 in,  dia-
meter were  available the head is  again 15 fit.
and  the wind soeed 10 mph., continue  the

-— 7_?



vy
pyyaEaat

iy
1HY

|

it

i

i

1

Iiy

1

1

av3aH .

-



verlical doited hne to the baxce seale and read
off 13.3 cu. ins./stroke. 133 divided by 314
(area of piston) gives a storke of 4.23 ins,

To oblain  this stroke of  1.23 ins. framm the
hell crunk, it would  be slvisable to alter the
ecventricity to gel o more suitable rativ a1 1he
bell crank. IF the eccentricily is made ' in..
then the stroke of the conneeting rod becomes
1 in. This leaves a ratio of 1:4.23 al the bell
erank, which cowld be divided inte a  vertical
leg ol, say, 2% ins, and a lLorizontal eg of
10.58 ins. long. The bell crank would have lo
be shaped to conform to these measurements.

It a piston, pump is used for this purpose, it
must be a single acling pump, mounted below
water level and operated so that the pump rod
is only in tension. This will assure that there are
no problems either due to buckling of the pump
rod and connecting rod, or trouble with prim-
ing of the pump.

Estimating the Qutput of the Pump

Graph No. 2, Curve A, gives the ouiput of the
prenp at the selected (raled) windspeed for the
site in quostion, when pumping against a head
of 16 feet.  The output af the  rated windspeed
when  pumping  against a head  olher than
10 feet may be calcuiated from Curve A by
simple  proportion.  For example, the  pump
whirh has already been selected froam  Graph
No. 1, to pump against 2 head of 15 feet most
cfticiently in a windspeed of 10 mph, will
have an output at 10 mph. of

W o= 272 x 1—“- = 181 Imperial gallons poer
hour, :

Note that. at windspeeds other than the rated
windspeed, the pump will give-an oulput some-
what lower than the figure read fromm Curve A
of Graph No. 2, as it will no longer be operal-
ing at its best efficiency. For cxample, the
performance of a particolar pomp is indicated
by Curve B on Graph No. 2, which refers to a
pumy with a hore of 7-1/4 in. and a stroke of
7/16 in. The stroke has been  selected to give
optimum performance at a windspeed of 9.2
mph., and Carve B coincides with Gurve A ot
this windspeed. However, as  the windspeed
increases (or decreases) progressively beyond
the rated windspecd of 9.2 mph., the relative
performance of the pump drops off and  the
actual output, read from Curve B, hecomes a
progressively smaller fraction of the optimum
ontput. read from Curve A.

Pumping at Heods of More Than 30 Feet
In this ‘eaflet consideration bhas been e
strictet to a very low cost pump and the
simplest form of power transmission sysien.
The equipment described above has been {iested
when pumping against heads of up to 30 feet.

However, it is frequently  necessary 1o pinap
water to greeater heighls  thae 30 feet.  but it
must be vmgpiasized  thal ot higher hewds aned
higher windspeeds the sleesses in the pump asul
Irmsmission  incvease  consisdderably and the
whole systeor wasmtld pve o he shioager, e
sophisticaded ol therefore moare expensive.
There would come a point when the  simplicity
and cheapoess of the eotar woold be cancelled by
the cost of the dvive andd pramp. No oactual e
periments finve vel beer madce this direction,
but it is proposed (o do < in the near Tature.

Unlil such resulls con be wistained i is up to
Me  builder 1o widapt  the presed system for
different condilions  wivb regquivemenis,  beaving
in mind thal the system here  deseribed applies
anly  to the moderate wind  speeds and heads
given in this pamphiel

Cost and Materials

It is extremety difficult to define the aclual
cost of a project like this in dollars and cents.
As in any “Tho.dt-Yoursell™ project, the bigegesl
part of the job is the labonr, which is assunied
o be free. Depending on the skill, vpatierce
and resources of the homwe-lLuilder, even the
enst of the materials can vary considerably,

Ia the prolotype  desceibed  here, oaly the
ball bearings, wood for the frome, and plywond
for the rotor were purchased new. Al olher
milerial was founil sround the pluce. The back
of a garage or small machine shop is nsualy a
good place to look for things like pieces of
pipe. angles, bolts, eic. 1If no welding eguip-
ment is at hand, all the pieces to he  welded
should be carefully prepared. wired or clamped
together and  taken to the nearest welding
shap. If cverything is properly prepared, the
aclual welding for the whele iob will nol take
longer than 1 hour. The onnly parts  requiring
machining are the shaft ardaptors, the eceentric
for the rotor, the flanges and dises [or  the
diaphragm pump. AH other work requires a
drill only.

Finatly, to give a rovgh idea of the rost, the
main  jlems are listed  here as purchased  in
Barbados, in the equivalent of 1.5, Dollars: —

2 01 drums (good condition) . 3 2.50
2 Self-aligning 3all Bearvings, flangc

type .. . .. 14.00
o 2 x4 Timber . .. 7.5
1 sheel % in. Plvwood 4 x 8 L) 1250
B It. 1/8 dizmeter Galvanized Steel

Wire - .. .. .e 30
6 174 x 4 ins. Furn uckles .. 380
7 i 1-174 LD, Water Pipe (Rotor

shaft) . - .. . 2,70
I % in. Bore Ball Bearing (big-cnd) 1.6¢
15 L Plastic Pipe éd-livery) .. 4.10
Bolts, Nuls, Washers, ele. .. 2,00

Totsl: 0.8, & 51.00

ek A T e



itk

It HT

e

LR F

i

AR




TECHNICAL NOTES ON THE DIAPHRAGM PUMP

The diaphragm should be of fairly thick rubber

= rubber from heavy truck or tractor inner tube is good

- rubber that is too thin or too flexible is not satisfactory
since under a large head the deformation of the diaphragm tends
to negate the full diaphragm displacement

The stroke may well have to be increased to one or tw> inches,
depending on the rubber flexibility, In order to effect this, it
may be necessary to increase the clearance between the discs and
the pump body.

It was found, in practice in very remote conditions, that a fair
bit of experimentation was needed in order to determine the best
location of the pump relative to both the source and the

discharge, This pump is most efficient when immersed, however

the pressure head then becomes too great and diaphragm deformation
becomes very significant, For our 4%" pump, a suction head of about
6 to 8 feet with a pressure head of some 8 to 10 feet was felt to be
about thelimiting conditions,

The pump rod and connecting rod end connections should be firm,
Any play in these takes away from the length of stroke,

-12 -
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Cada aflo se presenta una tragedia en los Llanos Orienctales de Colombia
cuando sc muercn miles de vacas por falta de agua. An Casanatve las dis-
tancias entre los rios y caifos {(que son las Gnicas fuentes de agua duran=-
te el verano) son largas y el ganado se ve obligado a mantenerse cerca

al agua, y por lo tanto se acaban los pastos aledafios 4l agua, o a cami-
nar distancias demasiado grandes. En Meta y Vichada, los caflos y ries
veraneros son nucho mids abundautes pero a medida que el agua baja se au-
menta ei riesgo de qua el ganado (especialmente las vacas viejas) se en=
tierre en busca de agua y s8{ no lo sacan dentro de pocas horas de haber-
se enterrado, se muere.

1z tragedia descrita parece absurda al darse cuenta que en todas estas

reglones existe agua subterrdnea abundante a muy pocos metros de pro-
£ undidad. T

El ICA y el CIAT en su preocupacidn por encontrar una solucién economica
al problema de agua han inatalado un moline experimental en Carimagua que
parece muy promisorio. El molino representa una modificacién de un dise-
fio realizado, probado y publicado por la “Brace Research Station" en Bar-
bados. EL disefio fue basado en un votor inventado por el finlandés Sa-
vonius en 1925.

El Molino 28 de construccion muy sencilla, bajo costo y £acil manceni-
mienco. Se ha estimado que el costo de materiales, inclityendo trabajos
de ealler - @ no serian factibles en el campo seria de aproximadamente
$2.500 {, .33 colombianos equivalentes a $125.00 U.S.) El costo estd
basade an un pozo de § metros de profundidad, con anillo de boca y tapa’
en concreto reforzado y en una torre de 8 metros hecha de waders rolliza
en forma de tripode con bases de concreto.

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

anillo y la tapa en concreto y la torre en wadera rolliza cortada en

la finca en $4.500.00 (§225.00 U.S.)

No existen datos concretos sobre rendimiento., Se midio en forma bas-
tante rGstica un rendimiento de aproximadamente 500 galones/hora cuaa<
do el nivel del agua estaba a 8 metros, ¢on un cilindro de molino de

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

2 cm-. Se puede variar la carrera del pistén facilmente segan la estca-
cion. En é&poca de verano cuando hay mucha brisa, parece indicado aumen=
tar la carrera y asi reducir la velocidad del rotor. En cambio, en é&po-
ca de {nvierno, es convenicnte reducir la carrera, para que ¢l molimo co-
mience s bokbear con una brisa minims. :

- 13 -




Background Information on the Brace Research Institute

Brace Research Institute of McGill University was founded in 1959 to
develop equipment and techniques for making dry lands available and
economically useful for agricultural purposes. The Institute has concen-
trated on the problems affecting individuals or small communities in rural
areas and is one of the few corganizations with this basic objective.

In general, equipment developed by this Institute utilizes as many local
resources as possible, whether human, energy or material, so that the
technelogy can be easily adapted to the local environment. As a result, the
Institute has concentrated on utilizing solar and wind energy as well as
simple desalination systems, specifically concentrating on the problems that
face isolated rural populations in developing arid areas.

Instructional manuals are available describing the use of solar energy for the

1) heating of water for domestic and commercial use
2) cooking of food

3) drying of agricultural produce

4) desalination of water for human, animal and agricultural use.

The adaptation of simple greenhouses combined with solar desalination systems
for the production of food and water in arid areas is also being developed.
The Institute is also adapting greenhouses to make better use of solar energy
to reduce heating costs in colder regions.

In addition, simple windmills for the production of electricity and the pumping
of water have been developed.

Further inquiries should be directed to

Brace Research Institute,

Macdonald College of McGill University,
Ste. Anne de Bellevue, Québec,

HOX 3M1,

Canada.

Other leaflets available:

Price
L~1 -~ How to Make a Solar Still {plastic covered) $1. 25
I~2 - How to Make a Solar Steam Cooker $1.25
k-3 - How to Heat your Swimming Pool uging Seolar Energy _ 50.75
I~4 - How to Build a Solar Water Heater $1.25
L-5 - How to Construct a Cheap Wind Machine for Pumping Water $1.25
L-5F - French version of L-5 £0.75
L-6 - How to Make a Solar Cabinet Dryer for Agricultural Produce $1.25
-7 - Arabic Translation of L-6 $1.25
L-8 - Spanish Translation of 1L-6 $1.25
L-9 - French Translation of L-2 51,25
L-10 - French Translation of L-6 $1,25
T-17 - Simple Solar Still for the Production of Distilled Water* $1.25

Please remit payment with money order or add $0.25 to your cheque
for bank handling charges.
* Also available in French, Arabic and Spanish.




