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The waterwheel and pump in operation on the Mann River in Northern New
South Wales. It is all done with old bicycle wheels and scrap metal.

Here is one approach to building a simple
waterwheel from an old bicycle wheel.
When Zeb King found he needed extra water
for the garden of his house near the Mann
River in Northern New South Wales, the
river itself was the logical place to get
it from. However, how was he to get the
water from the river to his home about 500
metres away. Well the river also provided
the solution.
So it was that this undershot waterwheel
was built. The river provides the power
to push the paddles and turns the wheel.
This then turns a small pump which pumps
the water up to his house.
It's simple, with little to go wrong and
because of its small size has no adverse
environmental impact on the river.

How it was built

The waterwheel is based on a bicycle wheel
(the source of many good home made
gadgets). Because the wheel was too small
to get much usable power it was extended
by the addition of extension shafts made
of square section steel (3" x 3" R.H.S.,
rolled hollow section).

On the end of these extensions go the 12
paddles which are 10 inches square and
made of 24 gauge galvanised iron. Smaller
pieces of square section steel (1“ x 1"
R.H.S.) strengthen the paddles by running
along the top and bottom of each paddle.
These smaller pieces of steel are welded
to the larger pieces which are in turn
welded to the bicycle wheel.
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The paddles themselves are pop-riveted to
the steel. Two strips of steel run around
the outside of the wheel adding strength
and stability to it.
All put together this makes a wheel five
and a half feet in diameter, but which is
very light and quite strong. The bicycle
wheel was a 28" with a heavy duty rim. It
needed to be heavy duty to take the
welding. The wheel sits on a 1" shaft
which transfers power to the pulley. Two
standard bearing blocks allow the shaft
and wheel to turn freely.
From the wheel power of l/4 to l/3 horse-
power, goes via a 10" pulley through a "V"
belt to a 4-l/2" pulley at the pump. The
pump is double acting piston pump with a
l-1/2" bore and a l-1/2" stroke.

How about floods

mounted his waterwheel on a hinged pole.
With the use of an old winch fixed to a
tree, Zeb can hoist his waterwheel out of
the river until it is 3 metres above the
normal water level.
The whole thing is fixed onto a steel pole
which is concreted onto some very large
river rocks sitting in the bed of the
river.

The winch came from the tip, and Zeb
believes any reasonably heavy winch could
do the trick. He uses 6mm cable for the
raising and lowering of the waterwheel.
Two other cables (both 5mm) are secured to
trees upstream and downstream from the
wheel. When the wheel is lowered these
cables (which are attached close to the
end of the supporting arm), give added
strength to the whole structure; an extra
protection against flood or high water.

Probably the worst enemy of waterwheels
are floods. To get over this problem Zeb



How Well it Works

The waterwheel which turns at a sedate 16
R.P.M. can pump 40 gallons an hour. Zeb
uses this to top up his dam. It works
well but after some thought a number of
ways to improve the wheel have suggested
themselves and now Zeb plans to build a
bigger and better wheel. There is
certainly enough water and stream flow' to
build a larger undershot wheel and maybe
even a breast wheel, where the water
enters half way down the wheel rather than
at the bottom.
This wheel certainly proves one thing.
That is that you don't have to have a lot
of fall to get a usable amount of water
power.

MICK HARRIS

Hoisting the waterwheel out of the river
to avoid flood damage.
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SOLAR
SEEKER

“We made it !”

The solar car crosses one of the cattle
grids after boards have been carefully put
in place to make the crossing easier.

Last issue we reported on the
preparations of a group of school students
planning to take a solar car across
Australia from North to South. The trip
has now been successfully completed and we
report on how it went.

For much of 1985, students and staff
of Warrigal Technical School in Eastern
Victoria, spent their time building a
lightweight solar car and preparing for an
epic trans Australian journey.

The car left for the Gulf of Carpen-
taria by truck on September 27th. Some
last minute hitches which included the



When Lawrie Lang decided to build a
water wheel on the creek at the end of
his property he found he had an uphill
battle. Experts told him it could not
be done. The creek did not have
enough water, it didn't have enough
fall. So he went off to find printed
information to help, only to find the
little information that was available
was inaccurate, contradictory and con-
fusing and more a hindrance than a
help.

In the end, ignoring "expert" advice
and "authoritative'* publications and
working from basic principles, Lawrie
found it was possible to generate
several kilowatts of electrical power
from a breast water wheel on his creek.

Construction

Because fabrication of the components
of the water wheel would have been
difficult and expensive Lawrie chose to
use what materials were readily available
He obtained the basic wheel, pulleys and
shafts from an old derelict timber mill
for $10.00. He bolted on some additional
metal work and timber paddles (which
were made of old floor boards). This
increased the diameter of the wheel

from 6 ft. to 9 ft. To increase the
speed of the output shaft gearing was
used to take the speed from about 12
r.p.m. at the water wheel up to about
3,000 r.p.m. at the generator. This
gearing was done in three steps; 8 to 1,
5 to 1 and 6 to 1 giving a total of
241 to 1. The belts running between
the gear wheels were made of "Habasit"
nylon.

The alternator was "Marcon", 240
volt AX. with a maximum output of 2.5
kilowatts. It gives 1.8 kW when the
water wheel is running with a flow of
12 cu.ft./sec. It was specially re-
wound to tolerate a 50% increase in
rated speed.

The system uses an electronic gov-
ernor which varies the speed of the water
wheel according to the load. When more
power is generated than is needed the
excess electricity is used to heat water.
Because the water wheel supplies power
at 240 volts and runs throughout the
year (assuming no droughts) no batteries
are needed to store the power; unlike
wind and solar electric systems where
batteries are essential.

Because he had a limited head of
water, Lawrie chose to use a breast
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WATER POWER

wheel, that is a water wheel in which
the water enters halfway down the wheel.

At its deepest point, the dam is
about 5 ft. deep. Water enters the
buckets about 4½ ft. from the bottom of
the wheel; half of its 9 ft. height.

The paddles of the wheel do not have
sides, This is because the paddles run
through a close fitting concrete sluice.
The sluice has a maximum of about 1/8th
of an inch between the wooden paddles
and the concrete. This minimizes turb-
ulance and water leakage both of which
would reduce efficiency. The sluice
was made of a coarse grade of cement
with the last two centimeters finished
with a layer of fine cement rendering.
A scraper attached to the wheel was
used when the concrete was drying to get
the initial shape. The almost perfect

 shape was achieved by allowing the
wooden paddles to actually rub against
the newly formed concrete sluice until
the concrete and wooden paddles had
worn into a perfect fit,

The dam spillway is made from heavy
removable boards which are slotted
into position, These can be removed to
lower the level of the dam in the event
of flooding.

Getting There

The water wheel was the evolution
of several years work. The original
wheel was somewhat different. However
when the initial design proved impractical
changes were made until the current
design was evolved.

Originally a Dunlite alternator
(costing $500) was used, but after burn-
ing out twice, this was disposed of.
The Dunlite alternator could not cope
with continuous running. The replace-
ment Marcon generator which was obtained
from Tamar Design has proven much more
reliable.

Facts and Figures

The overall system is 65% efficient
when it finally reaches the appliances
in the house. The cost of the system
is as follows:

Steel in paddles of whee1......$300
Marcon alternator..........,....$300
Main shaft pulley 6" x 8"
on 2" shaft....................$ 80
Pulleys, wheel and shafts......$ 10
Concrete for dam and sluice....$300
Governor and control system...$1200

Total cost of 240 volt, 23 kW system,
excluding wiring and appliances..$2220.
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Finding the Flow
To work out how much power you can obtain the total stream flow in cubic

get from your stream, the first thing
you must do is find its flow. This can
be done by three methods.

1) The container method is only suitable
for small mountain streams and involves
diverting the whole stream into a cont-
ainer of a known size and seeing how
Long it takes to fill.

2) The Weir method is the most accur-
ate method for medium sized streams.
A weir is built like a dam across the
stream, which causes all the water to
flow through a rectangular notch of
known dimensions. The notch should

feet per minute.

have a width to height ratio of at
least 3 to 1 and capable of taking

Example: A weir is 3 ft. 6 in. wide and the depth of water at

the maximum flow of the stream.
the stake is 10 inches. The flow in cubic feet per
minute is therefore 42 X 12.7 = 533 cfm. Once the

To measure the depth of water weir is constructed (easier said than done) it is a sim-

flowing over the weir, drive a stake in ple matter to take frequent readings.

the stream bed three or more ft. upstream
from the weir, to a depth such that a
mark on the stake is exactly level with
the bottom of notch "B". Measure the
depth "D" in inches of water over
the mark, and read the volume of flow
in cubic feet per inch of notch width
from the table. Multiply this volume
by the notch width in inches, to

3) The float method is the easiest
but also most inaccurate method of
finding a stream's flow. Mark off a
section of the stream (at least 10
meters) where its course is reasonably
straight and smooth, On a windless
day throw the float in the stream and
time how long it takes to cover the
distances. A bottle partly filled
and submerged to its "shoulders" makes
a good float. Repeat the procedure
several times and average the time.

Fig, Wei;

Reduce this time by multiplying by
a correction factor of 0.8 for a
stream with a smooth bed and 0.6 for
a rocky bed. Divide the distance
covered by the time taken for the
float to cover this distance, then
multiply by 60 to get meters travelled
per minute. Find the average depth
and width of the stream. Multiply
the width and depth together to find
the streams cross sectional area. Next
multiplythe speed by area to get the
flow.

Source: Harnessing water power for
home energy. Dermot McGurgon.
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WATERPOWER

When you consider it would cost While solar and wind systems are likely
$5000-$10,000 for a wind or solar to produce power less than half the
powered system of a similar capacity, time due to unreliability of the sun
this water wheel system is very cheap. and wind, a water power system will
Water power systems have a number of generate power 24 hours a day, 7 days
advantages that cannot be ignored. a week for the whole year. This means

(Continued page 23)

How Much Power Can You Get ?
Once you have worked out the flow the

only other thing you need is the head.
That is the amount of fall.
There are a number of ways this can be

found, You can use a surveyors level
and pole, build a small dam (you could
do this as part of method 2 of measuring
flow). Perhaps the easiest is to get a
long length of plastic pipe, fix it just
below the water level at what you ant-
icipate will be the upper reaches of
your dam. Run the pipe down stream
along the bottom of the bed of the
stream making sure there are no air
bubbles in the pipe. Take the other end
of the pipe out of the stream where you
plan to have your water wheel, Assuming
there are no air bubbles in the pipe,

water will continue to flow out of this
end of the pipe as long as its height is
lower than that of its top end. Lift the
pipe out of the stream until water stops
flowing. Measure the height of the pipe
above the water in the stream; this will
be your head.

The power of the stream in kilowatts
is the water flow (in meters cubed per
second) multiplied by the head (in metres)
multiplied by a constant of 9.8. If you
want to express this as a formula you can
write it like this P = 9.8 Q H

where P = power in kilowatts
Q = flow in meters cubed per

head
H = head in meters

and 9.8 is the constant.
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WATER POWER (Continued from page 10)

you can have a much smaller power
system. For example a 2 kilowatt
water power system could be roughly
equivalent to a 4 kilowatt solar
electric system. With a water power
system you can often generate 240
volts AC, which means you do not need
an expensive inverter. Also because
power is likely to be available 24 hours
a day all year round you don't have to
use storage batteries. Not needing
storage batteries and an inverter sub-
stantially reduces your costs.

Small scale water power is potentially
one of the best sources of domestic
electricity if you have a suitable site.
It only takes a moderately sized stream
to supply a significant amount of power.
Even if this is only seasonal, it
could still be well worth while invest-
igating.

MICK HARRIS
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Cross-flow Turbine

The cross-flow water turbine is
an efficient and robust flow
machine that works under a

wide range of head and flow condi-
tions. The efficiency curve of a cross-
flow is roughly flat from half to full
flow, giving around 60 to 70% of the
available stream energy to the turbine
shaft across a wide range of flow con-
ditions. The main purpose of this article
is to provide the standard engineer’s
algorithm (i.e. recipe) for hydraulic
design of such a machine, accessible to
all including those with minimal maths
and engineering skills. The algorithm is
called XFLOW. The effort to use such
an algorithm is well worth the effort in
terms of greatly increased efficiency
over a ‘cut and try’ approach.

Introduction
There are definite advantages to the use of

a cross-flow turbine over quite a range of
head and flow conditions. They will serve
heads of 2 to at least 40 m, and flows of 0.02
m3/s (20 litres/second) to thousands of litres
per second. One needs to be conscious that
at high head/low flow extremes, a Pelton
wheel may be more appropriate, and at very
low head/large flow extremes an axial flow
reaction turbine suits better (one ought to
determine this on the basis of specific speed
-using XFLOW will give you a clue). How-
ever, cross-flow turbines suit a very wide
range of conditions, are relatively insensi-
tive to flow variations, are among the
cheapest and simplest of turbines to con-
struct, need little in the way of site works -
and are self cleaning! Debris entering the
turbine blades tends to be washed out one-
half revolution later, when, from the point
of view of the blades, the flow is reversed.

The name, cross-flow turbine, gives
some clue as to its nature. In general terms
it is an impulse type turbine; water is fed

by Ian Scales

Design

The APACE see-through experimental cross-flow turbine. The typical
flow pattern at rated speed is exhibited.

under pressure through a nozzle (where
pressure energy converts to kinetic energy)
into the turbine mechanism, which is open
to the air. The jet of water issuing from the
nozzle hits the blades and so does work in
spinning the turbine around. Ideally, all
energy contained in the water is converted
to mechanical energy at the turbine shaft,

The peculiarity of the cross-flow turbine
is that the jet passes through the blades
once, passes across the diameter of the
water wheel (rotor) and then hits the blades
again just prior to exit. Hence ‘cross-flow’.
The first stage develops about 70-80% of
the power, and the second stage the remain-
ing 20-30%. You will see this turbine
variously referred to as a Michell turbine

and the water drops from the turbine quite (after the Australian engineer who patented
spent. it in 1903), a Banki turbine (after the Hun-
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garian who developed it between 1912 and
1919), or a Michell-Banki turbine. Essen-
tially the same machine is used in reverse as
a cross-flow fan, most commonly found in
domestic electric ‘blow heaters’. Pull one of
these apart, and train a hose on the fan. It
definitely works as a turbine - it can sound
like a tiny jet engine; but you will notice
water sprays everywhere. We can do a little
better with a few calculations.

Design Algorithm
The purpose of publishing this algorithm

is to fill a gap in the literature as to design
of cross-flow turbines. Existing treatments
of the subject have not provided a full algo-
rithm. The XFLOW algorithm has been
patched together from a number of sources.
It first existed as a computer program,
receiving various refinements along the
way. It has been transcribed almost ver-
batim from the program listing; and as you
may appreciate, a computer will not run
anything that is not complete to the last
detail. And so XFLOW is a useful algorithm
for people who primarily possess mechani-
cal fabrication skills with little maths back-
ground - despite the listing’s appearance!

The calculations and diagrams below may
be worked with a hand calculator or written
as a computer program. A computer pro-
gram is useful if you want a robot calculator.
By transferring the equations into a com-
puter code, it is possible to perform experi-
ments quickly and so more easily under-
stand the effects of different parameters on
turbine geometry. Calculator or computer,
the equations below are presented in se-
quential order, interspersed with essential
commentary. All one needs to do is work
through them one after the other. Double or

η tot = ?

1. Efficiency curve of cross-flow
turbine

2. Determination of net head at turbine

even triple-check your calculations (some
hours apart) - it is very easy to make uncon-
scious mistakes.

Listing
All lengths are measured in metres,

velocities in metres/second, and angles in
degrees unless otherwise stated.
Trigonometric functions arctan, etc. are in-
verse functions, i.e. tan-1 etc. on your cal-
culator. The dots in equations mean ‘times’.
Fractional powers, e.g. H¾ means ‘H to the
power of 0.75’. and as such can be entered
into a scientific calculator.

Constants

π = 3.14159
g = 9.81 ms-2; acceleration due to gravity

γ= 1000 kg m3; specific gravity of water

Input
Enter net head at turbine, H

H = ?

This is the net head available at the site
minus head loss in the distance between
turbine runner (measured from its lowest
point) and tailwater level, and hydraulic
losses in penstock, penstock intake, and
headrace, if there is one, etc.

Enter flow, Q (m3/s)

Q = ?

This is the rated flow, which will be the
design point for the turbine - you will need
to choose some sort of average over the year
with the aim of optimising annual energy
extraction.

Enter estimated net efficiency of turbine,
η tot

η tot is the turbine efficiency expressed as
a decimal coefficient (i.e. 65% becomes
0.65). η tot includes hydraulic losses in the
nozzle and blades, and mechanical losses in
shaft bearings. You will simply have to
guess this, because there is no way in the
world of accurately predicting η tot. A figure
of 0.65 would be safe to assume if the
fabrication work is of good quality, 0.70 if
you think you are able to do a really good
job (e.g. accurately curved blades, balanced
rotor, hydraulically smooth surfaces, etc.).
0.60 or less is a safe figure if your work will
be a bit ...ah. rustic. Once you’ve built your
treasure, you can get to know how well you
guessed, but the above figures are common
experience. None of the university

Soft Technology Number 35 Page 34



laboratory results (see bibliography) give
higher than 70% peak efficiency.

Parametric equations
Here we set the major variables determin-

ing the size and speed of the turbine.

Estimated Power output, P (kW)

Choose type of speed input;

1. Rotational speed, N (rpm)
2. Specific speed, Ns

To begin, design the turbine to rotate at a
speed in simple ratio with the generator
speed; e.g. if you are using a 1500 rpm
synchronous alternator, then choose a 1:3

ratio to make buying pulleys easier, and so
try out the equation for specific speed for
the turbine at 500 rpm to see if the cor-
responding specific speed is O.K. Specific
speed is a standard measure of speed of all
sorts of turbines under common conditions
- it is useful for selection of the right sort of
turbine for a particular site, and for setting
guidelines for design of a particular type of
turbine irrespective of its size and power
rating. In the case of a cross-flow, specific
speed should be between (depending on
who you believe) 20 and 80 (Khosrow-
panah et. al. 1984). or 40-200 (Hothersall
1985) to work at its best. Probably
anywhere in this range will be fine. Note
these values are in terms of kW, not metric
horsepower or PPS units. If you find the
specific speed suitable for your site is below
this range, choose a Pelton wheel, while if
it is above this range, choose a reaction
turbine.

3. Flow geometry of rotor

Specific speed, Ns

Rotational speed, N (rpm)

Peripheral velocity of Row at turbine exit,
Vu4 is zero, indicating the perfect condition
where the turbine absorbs maximum ener-
gy.

Work coefficient of turbine, Ψ

This condition is commonly assumed for
impulse turbines as this implies the degree
of reaction is zero. In actual fact, a cross-
flow turbine where the nozzle is in close
proximity to the turbine rotor will not be
operating at the inlet stage under this con-
dition, since the fluid enters the turbine at
some value above atmospheric pressure.
(cf. Eck, 1973:161-63, Inversin 1986:179,
Durali 1976:21)

Hydraulic efficiency of nozzle, η hn

η hn = 0.95

Flow geometry of inlet stage

Inlet absolute flow angle, α1

(conventionally set at 15° or 16°)

αα1 1 = = 15°

Velocity of flow from nozzle, V1

Tangential component of absolute inlet
velocity. Vu1

Vu1 = V1• cos α1

Radial component of absolute inlet
velocity, VR1
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Blade spacing (pitch) at inner radius, t2

Blade pitch arc angle, Φ

Radius of blade curvature, r

Blade curvature arc angle, Θ

Chord length across blade, L

Rotor solidity at inner diameter, σ

Nozzle Shape
The nozzle of a cross-flow turbine is as

wide as the axial length of the rotor, and its
arc follows the circumference of the rotor
with as little clearance as possible in order
to diminish leakage. The outline of the
casing remains to be determined. To close
approximation, the geometry of most effi-
cient flow in the nozzle casing determines
an outline calculated by logarithmic
relationship, as this reflects the conditions
of vortex flow. However, it has been found
that a circular arc will do as an outer casing
with virtually no loss in efficiency (Nakase,
et. al. 1982). Hence we will follow this
procedure for simplicity.

Nozzle throat width, S0

Chord length of nozzle outer casing, c

Angle between nozzle entry arc and nozzle
entry chord, τ

Chord length of nozzle entry arc, f

Angle between nozzle entry chord and noz-
zle outer casing chord µ

Angle between nozzle entry arc and nozzle
outer casing arc, α0

Angle between nozzle entry chord and noz-
zle outer casing arc, ϕ

Radius of nozzle outer casing, R0

Fabrication
The subject of fabrication of a turbine is

another full article, and in any case there are
many ways of tackling the problem. The
guides by SKAT, GATE (both in bibliog-
raphy below), among others, give intricate
documentation of specific designs. Here are
some general pointers.

It is important to provide a slinger on the
turbine shaft between turbine rotor and
bearing; this is a metal disk of approx. 150
mm diameter. Its function is to throw off, by
centrifugal action, any water creeping along
the shaft toward bearing and pulley
mechanisms.

Remember to curve all flow passages and
round off any sharp angles or changes in
direction for the fluid: optimum efficiency
is reached by elimination of all eddies in the
flow. Be particularly scrupulous at changes
in pipe diameter, and at the entrance to the
nozzle. Everything should have smooth and
flowing lines. This isn’t just mechanics, it’s
art.

Many of the construction manuals written
by various AT (appropriate technology) or-

Example
Here are the results for a sample turbine

ganisations suggest welding of the blades to
metal end-disks. Although this is the stand-
ard procedure, it can cause stresses and
eventual blade failure at the points of attach-
ment. The AT group APACE at University
of Technology, Sydney, are experimenting
with cast polyurethane end-disks.

The same organisation has found that
pressing blades into an arc preferable to the
technique whereby a water pipe is cut
lengthways into blades. This is because
water pipe is rough on the inside, and takes
a long time to cut accurately. The press is a
steel cylinder of correct diameter and
length, which screws up into a length of
steel angle (the die).

If possible, weld the turbine from stainless
steel components. Hot dip galvanising is an
alternative. The rotor shaft may pass
through the rotor without greatly affecting
hydraulic performance, and is preferable for
mechanical strength.

Scheurer et. al. (1980:39) give a table of
blade thicknesses and number of inter-
mediate disks as a function of head and
flow. Other than very large head/flow com-
binations (c. 100 kw), blades of 2.5 mm
thick steel are satisfactory. Flows over 85
L/s require one intermediate disk, over 125
L/s - two disks, over 155 L/s - three disks,
over 180 L/s - four disks, etc.

When the rotor is completed, statically
balance it on knife edges, and, if you get the
chance, turn it down on a lathe. Possibly a
pronounced lack of balance will set up
fatiguing low frequency vibration.

As to electrical systems, DC consumer-
side systems are much easier to control
than direct AC systems, which require a
complex and expensive electronic load con-
troller. A simple DC system essentially con-
sists of a generator trickle-charging a bat-
tery. The battery buffers the turbine from
load changes.
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Efficiency
A turbine dimensioned according to

XFLOW will exhibit a fairly flat efficiency
curve above about 50% maximum flow.
Part flow efficiency is improved with a flow
regulation vane in the nozzle which chan-
nels available flow to less inlet ducts, i.e.
effectively decreases the nozzle entry arc.
The measured maximum hydraulic ef-
ficiency of 60% to 70% (as measured at the
shaft), is about as good as you’ll get with a
micro-hydro set (say 2 kW to 20 kw). In
this power range, be suspicious of claims
for higher efficiencies unless the turbine is
made by a sophisticated manufacturer; their
turbines just may have the finish and ac-
curacy (not necessarily any difference in
geometry - they are all designed with the
same sort of equations) to touch 75% or
even 80% efficiency at optimum design-
point rating.

These higher efficiencies are attained also
by the use of a draft tube (see below).
Without the draft tube, the cross-flow is not
quite as efficient as the main alternatives;
the Francis (radial) and propeller (axial)
reaction turbines. Particularly in the larger
size range (say over 100 kW) the reaction
machines become markedly more efficient,
but in the micro scale (say around 10 kW)
they suffer from high hydraulic friction los-
ses and do little better than the cross-flow.
The efficiency curves of the reaction tur-
bines are not so flat, either; so although their
peak efficiency may be higher, over a year
they will deliver less energy overall than the
cross-flow. This has been demonstrated (cf.
Haimerl 1960).

Variations
Cross-flow turbines may be enhanced by

provision of a draft tube below the turbine
runner. This is a tube full of water into
which the turbine discharges, which ex-
tends into the tailwater. The effect is to
increase the head somewhat by provision of
a certain amount of suction as a result of the
weight of the water in the draft tube creating
a negative pressure. If the water column in
the tube is 1m high, this adds 1m of net
head to the turbine, discounting friction los-
ses, and losses due to aeration of the water.
The turbine must operate in air, so an air
valve is provided in the otherwise fully-
sealed unit to prevent the runner becoming
submerged. Further information is provided
in Inversin (1986) and Haimerl (1960).

A further improvement in the efficiency
of the cross-flow turbine is the division of
the length of the turbine runner into two

sections, one one-third segment and a two-
thirds segment. Separate nozzle vanes are
provided for each segment, so it is possible
to cut off flow from one or the other seg-
ment, hence providing a three-step flow
regulator allowing the turbine to operate at
design flow in the still-operating segment.
The nature of the cross-flow turbine is that
speed of the unit does not alter as a result of
flow variation, hence no speed regulation is
required

Final word
Use of this algorithm allows assessment

of the potential of a cross-flow turbine for a
particular site, and of course the vital
dimensions for its construction. At the as-
sessment stage, however, be aware that a
natural limit is imposed on their use when,
as a result of following the calculations, it
becomes evident that the dimensions of the
machine become unwieldy - either the
whole machine is far too small to build
(only 50 mm across, for instance), or runs
too slowly within the allowable range of
specific speed.

The XFLOW algorithm is largely based
on the theoretical coverage in Haimerl
(1960) Mockmore and Merryfield (1949)
and Durali (1976). Nozzle shaping is based
on Nakase (et. al.) 1982. Djoko Sutikno,
postgraduate student at University of Tech-
nology, Sydney, provided the equations for
number of ducts and rotor length, and also
verified results of the computer program I
wrote, on which this article is based It is on
the basis that the computer program
produced the exact dimensions of Djoko’s
already-built experimental turbine that I
have confidence in the procedure; and it is
due to Djoko’s work that we have a good
idea of turbine efficiencies based on this
design algorithm.

The XFLOW algorithm is not the last
word in cross-flow turbine theory. Upon
observation of Djoko’s rig, it is clear that the
above ‘classical theory’ of the cross-flow
needs empirical correction, particularly as
to the question of degree of reaction due to
incomplete conversion of pressure to
velocity head at the nozzle entry, and so the
modified kinematics of flow under these
circumstances. Clarification of the range of
suitable specific speed would be desirable

A bug-free, virus-free version of the
XFLOW program for IBM-type PC’s writ-
ten in standard BASIC is available on a
5¼” floppy disk, upon receipt of $15, from
the author c/o Alternative Technology As-
sociation.

And for the desktop publishing freaks, I
set the maths in this article with Ventura
Professional Extension.
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Further comments on

Cross-flow Turbine
Design

Ian Scales

This brief note gives some addi-
tional comments to the article

on cross-flow turbine design in Soft
Technology 35 based on some re-
search work that has come to light,
and makes a small correction to the
previous article.

Some additional design
considerations

Khosrowpanah et. al. (1988) per-
formed a series of experiments on small
cross-flow turbines and found some
useful results. Runaway speed was
seen to decrease as the nozzle entry arc
increased, with the highest ratio of
runaway speed/speed at max. efficien-
cy equal to about 3, and usually about
2.5. An aspect ratio B/D 1 of 0.5 was
found to be more efficient than an
aspect ratio of 1.0, attributed to the
tendency of water to rotate around the
shaft in the smaller diameter rotor.

Some further interesting experimental
results are detailed in Fiuzat and
Akerkar (1991). They found that the
average contribution of the first and
second stages of the turbine to the shaft
power developed is about 55% and
45% respectively when the nozzle arc
is 90°. They found that the contribution
to output by the second stage increases
as shaft load increases and turbine
speed decreases. These results show a
much greater contribution from the
second stage than the previous theoreti-
cal predictions, and one implication of
the new results is that interference by
the shaft with the flow passing between
stages may cause significant losses

Cross-flow turbine under construction in the workshops of the School of
Mechanical Engineering, University of Technology Sydney. At top are the
supporting frames for the circular plenum tube receiving water from the
penstock, at centre the runner, and in the foreground the nozzle/throat

assembly with a guide vane. Notice the bell-mouthing on the throat entrance.

(however, the shaft is necessary for Some general observations as to the
mechanical strength and should characteristics of the cross-flow tur-
remain). bine should be made. The speed of rota-
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tion depends on the velocity of the free
jet issuing from the nozzle, according
to the relation

It follows that an increase in head
will be compensated by either increas-
ing the rotor diameter or alternatively,
in order to keep generator speed con-
stant, by changing the gear ratio on the
shaft. Flow variations will not be com-
pensated by altering the diameter of the
rotor, but by altering its length or
changing the nozzle arc angle (i.e. al-
tering the cross-sectional area of the
nozzle).

Correction to blade spacing
Further investigation has shown that

the empirically-based equation used to
determine the number of blades for the
cross-flow turbine rotor should be
revised. I previously defined the equa-
tion for blade spacing as:

tl = 1.03 • a
where

and

There is a compound error in this
equation. The value of 1.03 was
reported as empirically derived by
Khosrowpanah et. al. (1984 - see ref. in
previous article). The first error in the
equation I supplied was to multiply a by
the value 1.03, rather than divide.
Khosrowpanah et. al. stated the optimal
blade spacing in their experiments was

This conclusion was reiterated in the
more detailed paper by Khosrowpanah
and Albertson (1985), and again by
Khosrowpanah, Fiuzat and Albertson
(1988). However, on reworking their
equations and experimental data, it ap-
pears the statement is incorrect by their
own methods of analysis. Their
highest-efficiency test turbine was 305

mm in diameter with D2/D1= 0.68 and
a nozzle arc of 90°. On this model they
tried 10, 15 and 20 blades. Their ex-
perimental data shows that 15 blades
gave the highest efficiency. This result
supports the conclusion that the op-
timum blade spacing is

which is different to the equation sup-
plied by Khosrowpanah et. al. The
validity of this latter equation is jus-
tified by reference to the two equations
relating the number of blades to the
value σ that are supplied by those
authors:

and

where σ is defined as solidity and is
the label for the values 0.764 and 1.03
referred to above. The difference in
efficiency was quite marked. Although
the experiments were not perfect be-
cause head varied between the turbines
over a range of 0.44 to 0.74 m, efficien-
cy varied between 63% for 10 blades,
70% for 15 blades and 66% for 20
blades. As with Djoko Sutikno’s ex-
periments (Sutikno 1991), efficiency
increased as the nozzle entry arc was
increased to 90°. It is interesting to
note, however, that blade number may
not be too critical, because data col-
lected by Hothersall (1985) from dif-
ferent machines show good efficien-
cies with up to 32 blades and diameter
ratios of about 0.66 to 0.68.

Sundry comments

A further point relates to the Soft
Technology article referred to above.
The photograph of flow through a
cross-flow turbine on the first page was
reproduced  ups ide -down.  The
photographed turbine was undergoing
tests in the hydraulics laboratory in the
School of Mechanical Engineering,

University of Technology, Sydney last
year. It achieved a peak efficiency of
68% (Sutikno 1990). Note it has 24
blades and a solidity σ of 1.26.

The computer program mentioned in
the previous Soft Technology article is
now updated to XFLOW version 2.0
(still GW-BASIC), and is obtainable
from the author via the ATA for $20 to
cover costs.

Response to the cross-flow article has
been good and demonstrates the poten-
tial popularity of these machines. Fu-
ture articles are planned to cover details
of other aspects of micro-hydro sys-
tems, including electrical systems and
water supply.
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WATER POWER
with an axial flow
turbine

The head on my site is only one metre
and I have seen five metres of flood water
over it on some occasions, Obviously, the
traditional water-wheel in this situation
would be far from satisfactory. Thus the 3
main advantages of turbines over water-
wheels, are firstly that they can be built
to handle submergence in flood prone
streams, secondly they are generally more
efficient due to their faster running
speed, and thirdly higher speeds means
less gearing.

Water turbines as a means of either
pumping water or generating electricity
remain very much unknown and uncommon
amongst alternative technologists. I would
like to suggest that the AXIAL FLOW (or
propeller) turbine can be most efficient
and well worth installing as an
alternative to the common water-wheel. At
least now that I have made a turbine and
have had it functioning for a few months,
I can share some useful ideas with those
who may be interested.

The pump and turbine were unaffected by this flood which totally submerged
them both. The top half of the pump box is visible in the centre of the photo.
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The four basic turbine types are
AXIAL FLOW, (Propeller) CROSS FLOW
(Michell/Banki), MIXED FLOW (Francis) and
the PELTON and TURGO RUNNERS. The first
three are (most commonly) used in low, to
medium head situations, whereas the Pelton
and Turgo runners are generally used in
higher head situations. The Francis
Turbine is both extremely difficult to
manufacture in a home workshop due to its
spiral castings, and extremely expensive
to purchase.

So in my case I had to choose between
the axial flow and the cross flow. After
considerable research into both of these,
I decided to make, believe it or not, one
of each! Axial flow turbines are the least
commonly used small water turbines in
Australia; in fact after two years of
research I have yet to come across another
one in operation, apart from the one
described in the last issue of Soft
Technology. (If anyone knows of one I
would be most interested.) However, the
cross flow turbine has two advantages over
the axial flow; one, it is the easiest
turbine to make in the home workshop, and
two, it is able to maintain its relative
high efficiency at part flow. That is,
when the flow rate is reduced to as low as
one sixth of full flow the efficiency
remains much the same, This flow
regulation is made possible by a pivoting
guide vane and/or two hinged gates. Flow
regulation is sometimes referred to as
"throttling". Due to the nature of axial
flow turbines, any form of throttling
reduces its efficiency considerably,
especially when the head or water volume
drops below 30%.

My reason then, for making an axial
flow was to have a turbine which would
'extract five horsepower whenever the
river's flow was over 600 litres per
second, (generally over 8 months of the
year). At times when the flow rate falls
below 500 l/sec, the axial flow is turned
off and the cross flow operates alone,-
until the water drops off to below 10
l/sec. (this very rarely occurs).

Photo showing the contents of the turbine
pipe and the angle on the trailing edge of
the prespinning guide vanes.

How the System Operates
The existing axial flow turbine is

connected to a triple diaphragm pump via a
5/8 inch pitch chain and sprockets. This
pump has a continuous output of 1 l/sec.
(18,000 gallons per day) to a head of 100
metres. (pump pressure = 135 p.s.i.). The
reservoir receiving this water is a
200,000 litre (44,000 g) concrete tank.
Using a stationary petrol motor driving
the same pump, it would cost $50 in fuel
to fill the tank, now it fills in 2 l/2
 days - FREE!!!



This volume of water, at 100 metre
head has an equivalent energy value of 35
kilowatt hours. In order to use this
stored potential energy, the water is
released through a 3" pvc pipe to a point
100m below (near the axial flow turbine
site.) Here a high pressured jet is used
to spin a Pelton wheel, which in turn
spins an alternator. Actually, I have 2
Pelton wheels, one bronze wheel for
generating 240V AC and one plastic wheel
for generating 12V DC. Tamar Design now
have 4" Plastic Pelton wheels available
for $60. The tail water from the spent
water jet is used to backflush a submerged
sand filter which supplies water to the
diaphragm pump. The system will generate a
maximum of 5 kVA of 240 V AC power;
although, this amount of power is only
required in short bursts when starting
induction motors or welding.

The greatest problems (as yet
unsolved) is in matching the electrical
load with the water jet size, so that all
the water coming down from the tank is
being used to generate useful electricity,
and that the frequency is held constant,
(i.e. its RPM).

Building the System
Our river looks spectacular and is

untouched along our frontage, so that any
construction had to be done with great
care. Having had formal education in
ecology rather than hydrology, I was
determined to minimise any disturbance to
the natural environment. The final result
was just that. The 1 m weir increased the
normal water level by only 70 cm and the
overall effect of flooding was negligible.
The fish pass works perfectly. If I had no
concern about the environment I would have
made a 2 m concrete weir and had twice as
much power; and if I had a very
inefficient house and did not care about
squandering electricity I probably would
have flooded the Franklin.

The weir took some six weeks to

The pump-turbine unit with the pump
protection box removed. The diaphragm pump
is happily pumping 1 litre/sec to 100
metre head.

is made to withstand severe flooding. The
visiblesurfaces are finished with natural
rock, making the structure appear less
conspicuous. The 10 m long wall is arched
for extra strength and the vertical re-
bars are hammered into holes predrilled
into the bed rock at 15 cm spacings.

The axial flow turbine took a further
six weeks to make. It is composed of a 1.2
metre length of 18" diameter pipe. The
guide vanes, propeller, bearings and shaft
are built into this section, whereby their
fabrication and mounting in the pipe used
up some 7 kg of welding rods. The concrete

build. It is composed of 3 cubic metres of weir has a 500 mm length of this 18" pipe
concrete and 100 metres of 12mm re-bar and embedded in its base and the two pipes are
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simply bolted together. The pump is
 mounted above the end section of the
turbine as shown in diagram, and is
covered by a rigid metal box to guard
against floods. The turbine propeller
drives a 50 cm long, 5 cm diameter, hollow
stainless steel shaft. The speed of this
shaft is 280 RPM, and the gearing ratio of
the turbine to pump is 1 to 1. The effect
of driving a chain underwater continuously
is still being monitored. The propeller
was the most time consuming component,
taking hours of design work before any
fabrication began. With great
determination I was able to cut, bend and
weld 10 mm plate steel to fabricate the 3
bladed propeller, the 6 inch hubs housing
the bearings, and the 2 sets of guide
vanes supporting the 2 hubs. (one each
side of the propeller).

The clearance between the blades of
the propeller and the inside wall of the
pipe was a maximum of 1 mm. The bearings

are a special bearing plastic, lubricated
with super filtered water, under pressure
from the pump. The water is directly fed
to each of the three bearings, (two
cylinder types 100 mm long and one
thrust,) through the centre of the shaft.

The whole unit, less the pump, chain
and sprockets, and stainless steel shaft
was galvanised to maximise its life. It
cost only $80 to galvanise 280 kg of
steel. I am now convinced that this method
of rust proofing is the most cost
effective.

I should also mention that the
reasons for driving a pump off the turbine
instead of a generator are:
1. Flooding is frequent and a water tight
box for a generator is difficult to
incorporate and risky.
2. Water has priority over electricity.
That is, electricity at 240 V AC is really
only a luxury whereas water is an
essential we cannot do without.



As our overall system is quite
complex, I am unable to give a complete
description of its workings in this
article. Once the Pelton wheels are
working I will write Part 11 of our water
and power system. Stay tuned to Soft
Technology.

Turbine; raw materials $700
Lathework; by Gippsland
Energy Alternatives $300
Plumbing $200
Galvanising $100
Imovili diaphragm pump $450
Dam wall (steel-reo. &
cement) $200

$1950

John and Robyn Hermans
C/- Bairnsdale Wholefoods
6 Service Street
Bairnsdale 3875

P.S. we sell Soft Technology magazines Phone: 051-526544
too!
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The Segner Turbine.

An easily constructed low head water turbine.
by Alan Hutchinson
(from a publication by
SKAT)

Many different designs of water tur-
bine have been developed since
humans first harnessed water
power to their energy needs. Varying
head, flow and power requirements
will make one design more
preferable than another in a given
situation. Here we present details of
a design which, although not as ef-
ficent as some others, is a lot easier
and cheaper to construct with

limited facilities and can be more
readily adjusted for variations in
flow.

The Segner turbine was invented in
1750 by J.A. von Segner probably on
the basis of Bernoulli’s work in 1738 on
the water jet reaction effect. It uses the
reaction effect : if you squirt a jet of
water out of a nozzle, the nozzle tries to
move in the opposite direction to the
water. Its the exact opposite of the Pel-
ton wheel which is a pure -turbine.
It was used to power some mills in Ger-
many and America until it was forgotten
as other ideas came along. Its still used
today in things such as garden
sprinklers (the type with bent arms

which rotate) and helicopter blades
(with compressed air).

Basic Design
The Segner turbine consists of an inlet

channel(1) [see Fig 1] with a cylindrical
funnel through which water enters a
vertical pipe (2). At the bottom of this
pipe, two (or more) radial pipes (3) are
provided with bends, to which nozzles
(4) are fixed. This arrangement is done
in such a way, that a water jet through
these nozzles has an exactly tangential
direction. The vertical pipe is held in
place by a shaft (5) with spokes (6)
which is supported by an upper and
lower bearing (7), so that the vertical
pipe with the radial arms at the bottom is
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free to rotate around its axis. A pulley (8)
serves as the power take-off element.

The water consumption (Q) of the
Segner Turbine depends on the head
(H) under which the unit works, the total
nozzle cross sectional area and the cir-
cumfrential speed of the nozzles. For a
determined working condition, outflow
through the nozzles is thus given. Inflow
is then adjusted with the help of a simple
sliding gate (9) in the inlet channel in
such a way that the vertical pipe
remains completely filled. The operator
can easily find this out by watching the
top of the inlet funnel: optimally the fun-
nel should very slightly overflow and the
gate can be adjusted to achieve this.

You can determine the appropriate
rotational speed of the machine by
choosing the nozzle pitch diameter (D).
For heads in the 3-5 metre range, D is
standardised at about 1.5m giving an
operating speed (N) of about 100 RPM
(at a head of 3m). Pulley diameters are
then chosen to match this to the
machine being driven.

The nozzle diameter (d) defines the
flow rate (Q) and is made smaller or
larger to correspond to the actual flow
available at the inlet. The machine
works just as well with only one water
jet. For a flow of 50% of the design flow
rate, one nozzle may simply be capped,
which enhances dry weather perfor-
mance. In this way, the Segner turbine
may be operated with a part load ef-
ficiency which is equal to full load ef-
ficiency. This, incidently is not possible
with other turbine designs. Moreover,
the machine has good self-regulating
characteristics.

Operating
character is t ics .  

Fig 2 shows the relevant characteris-
tics of the Segner Turbine in operation.
For better understanding, a grain milling
situation is used as an example.

Performance characteristics at full
design flow and at reduced flow may
easily be found for optimal loading at
the highest efficiency point, maximum
power output, overloading of the
machine and runaway conditions at no
load. The operating points found for all
these situations confirm that the Segner
Turbine indeed gives excellent perfor-
mance in mill applications.

For each of the two operating condi-
tions, Q = 300 l/s and Q = 150 l/s, two

diagrams are shown, the upper repre-
senting power output as a function of
speed and the lower showing flow and
efficiency as a function of speed. The
lines I, II and I+II represent power con-
sumption of the milling machinery in-
stalled:

I : A rice huller consuming 3 kW (at
optimum speed)

II : Flour mill 4kW
I+ll: Both machines 7kW

Diagram (a):
Flow (curve Q) amounts to 170 l/s with

the turbine at a standstill, with the max-
imum torque available at this point. As
the curve shows, flow then increases
with speed (N) and nozzle discharge
equals inflow at a speed of 163 RPM. At
this point, power output (curve P)
reaches its maximum. Since inflow is
limited, Q does not increase further but
remains constant. However, nozzle dis-
charge under the full head increases
due to centrifugal forces if the speed is
increased further. This results in a drop
in the water level in the vertical pipe until
equilibrium is reached at the maximum
(runaway) speed (191 RPM). This drop
in head results in a steep drop in power
output between maximum output speed
and runaway speed. This is very useful
for turbine speed regulation without flow
adjustment.

Efficiency (curve n) of the turbine is at
a speed of 128 RPM. This point is
chosen for design considerations for
obvious reasons. (Shown as Nopt line
in diagram) With speed increasing fur-
ther, efficiency at first decreases
gradually up to the point of maximum
power output and then drops steeply to
zero at runaway speed. fig. 1 Basic design of a Segner

Turbine
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Diagram (b):
Here the turbine is adapted to an in-

flow of 50% of full flow and nozzle dis-
charge is cut to half simply by putting a
cap on one of the nozzles. (Note that no
imbalance is caused by this since the
capped arm remains full of water. )

The efficiency curve remains the
same as with full flow. So do optimum
speed and runaway speed, while flow
and power curves reach exactly 50%.

Installation
components.

The components of a typical
Nepalese milling installation are shown
in fig 4.

If two sizes of nozzle are used, the
smaller being 60% of the cross-section-

al area of the larger, then the flow rate

The application diagram in fig 3 shows
power output curves as a function of
operating head and flow rate.

Construction.
The shaft is supported at the top by an

ordinary flange mounting radial ball
bearing and at the bottom by a special-
ly sealed taper roller bearing (to take the
trust due to the weight of the column).

 A lower power version could be made
with somewhat narrower pipe. The
main requirement is that the head lost
due to flow down the central column is
small (ie the velocity head is small rela-
tive to the static head).

In 1983, 3kW machines were avail-
able in Nepal for less than $800 com-
plete.

Why publish an article
about this sort of turbine in
Australia?

I think that smaller units built could be
built very cheaply from plastic plumbing
fittings without sophisticated construc-
tion equipment. It would be interesting
to see the results of local experiments
with low head versions. With this design
there are no tight tolerances to be met
and the only real problem, that of seal-
ing the bottom bearing, can be dealt
with by raising the bearing 30-40 cm
above the water level and allowing the
arms to drop down below it. The bear-
ing can then be placed inside a plastic
tube extending downward to keep the
water off it. As an aid to would be ex-

variations shown the table in fig 3 are
possible. fig 3. Application Diagram
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1. Inlet channel 2. Segner turbine
3. Line shaft 4. Mill 5. Simple slid-
ing gate 6. Overflow 7. Tail race
canal 8. Holding frame 9. Lower
(thrust) bearing 10. Trashrack

perimenters, we have included the
basic design formulae (see box). One
interesting advantage of the Segner
Turbine is that its a particularly open
design which is less likely to jam on
obstructions which swim into it like eels
or frogs!

The material in this article is culled
from a publication called ‘The Segner
Turbine : a low cost solution for har-
nessing water power on a very small
scale’ by Ueli Meier, Markus Eisenring
and Alex Arter. It was published by
SKAT (Swiss Centre for Appropriate
Technology at the University of St.
Gall) about 1984. The ATA has a copy if
you want to have a look at it.

PERFORMANCE CALCULATIONS
Symbols used BASIC FORMULAE:

H  [ m ] available head
Q [m3/ s ] available water flow
D [m] nozzle pitch circle

diameter
d [m] nozzle diameter
Z number of nozzles
c f nozzle coefficent
n
N

efficiency
[rpm] rotary speed

P  [ k W ] shaft power
T  [ N m ] shaft torque

nozzle cross sectionalA  [ m ² ]
area

u [m/s] circumferential velocity
w [m/s] relative velocity
g [m/s²] gravitational constant
r [kg/m3] density (of water)

CALCULATION EXAMPLE

(the turbine is to operate a 4kW oil expeller with
a turbine speed in the range of 100 to 150 rpm.)

Nopt = 120 rpm (selected)

so

Check for the acceptability of runaway speed:
N = 60.Q/(D.pi.A) = 154 rpm
Available torque at operating speed:
T = (D/2) . A.w.(w-u).r = 336.75 Nm
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Dear Editor . . .
Segner Turbine
I am writing to you concerning the
“Segner Turbine” article by Alan
Hutchinson in Soft Technology no. 31.
There are a couple of errors in the for-
mulae given which would pose
problems to anyone attempting to
design a turbine for their own applica-
tion.

In the “calculation example” on page 14,
the nozzle pitch diameter is calculated by
the formula

D=(60/[Nopt*pi])* gH ([l/1 - Cf2] - 1)

giving D=1.6 m. This is a misprinted for-
mula. Using it would give D=3.4 m. The
correct formula reads

D=(60/[N opt*pi])* gH ([l/1 - Cf2] - 1)

which gives D=1.6 m. A similar misprint
occurs in the Basic Formulae table. Here the
correct relationship is

Nopt=(60/[D*pi])* gH ([l/1 - Cf2] - 1)

Obviously the omission of the inner
square root makes quite a difference to the
size of the turbine diameter! The designer
would be annoyed and frustrated when his
or her turbine runs with an optimum 56rpm
rather than the required 120 rpm!

A less significant error occured for Nmax.
It should read:

N m a x=60*Q/ (D*p i*Cf*A)

which is the result if h becomes zero in the
N limit formula.

I did enjoy the magazine and will keep
reading it.

Yours faithfully,
Tom Kirchner,
Flemington, Vic.

Z-Axis Drive, 32 volt systems
Received the October 89 issue yester-
day (No32/33) and am writing to say
what an excellent issue it was. Good,
meaty, practical stuff and I thoroughly
enjoyed it all!

Question no.1. I would very much like to
get in touch with Greg Clitheroe to ask some

question about his low voltage modifica-
tions and also, if possible, to buy a copy of
his book Backyard Electrical Systems?

The letters section carried a letter from W.
Wadsworth of Northcote, Victoria. The gear
system he mentions is called Z - Axis Drive
and I enclose photocopies of some relevant
information which you may copy for the
association’s files and forward on to Mr.
Wadsworth. I would also like to write to Mr.
Wadsworth concerning this matter if you
can mange this?

Keep up the great work!
Yours sincerely,
Terry Jameson,
Woodford, N.S.W.

Low-head Hydro
I read with interest the article on John
Hutchinson’s low-head turbine (Soft
Technology 32/33). I have some ques-
tions to raise about that article.

1) What range of frequencies does the
generator operate between?

2) What controls the frequency?
3) What frequency can you go down to?
4) What is the efficiency of the system, in

terms of hydraulic and electric component
losses?

5) Am I right in assuming the generator
was rated at 2.2 kW because the computer
program gave an estimated output of 1.8
kW at 100% efficiency. or was there another
reason for using an overrated motor?

I must say I enjoyed the magazine . . I wait
in anticipation for more!

Yours faithfully,
Richard Feynman,
Preston, Vic.

Soft-tech October Issue
Thanks very much for the October
issue. It not only reminded us to re-
subscribe but also featured the very
useful “Solar Water Heater Buying
Guide”. Just what we needed!

Also good was Bill Keepin’s article. Heard
him speak at a People for Nuclear Disarma-
ment A.G.M. He presented solid facts
against nuclear power and for energy ef-
ficiency.

Thanks,
C. Newton
Mt. Hawthorn W.A.

Does anyone know . . .
Would you have any ideas on how to
convert a table/bench mounted
“mangle” (wooden rollers type) into a
grape press/roller please, some descrip-
tive literature would be appreciated.

Thank you,
B. Marschner,
Pt. Pirie Sth, S.A.

Z-axis drive winch (Tool Master Inc.)

Soft Technology Number 34
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ne hundred years ago low-head hydro wasn't just an alternative; it was the best
alternative. Unlike high-head sites, low-head sites are everywhere, and often
closer to population centers where the power is needed. Power sources were

valuable and sought after, because cheap power wasn't delivered through silent wires
down every street. Local wars were fought over water rights.

O

Ultra–Low Head Hydro
Cameron MacLeod, N3IBV

©1991 Cameron MacLeod 

The History of Low Head Hydro
Times have changed, but the weight of water and gravity
remain the same. Once we had over two hundred makers
of small water turbines in the U.S.A. Some of them built,
by 1875, equipment that was 80% efficient. They built and
inventoried turbines as small as four inches in diameter
that made one horsepower on ten feet of head. Turbines
that ran on two feet of head and made from one to fifteen

Hydro

Above: Abe Lewisburger cleans out the trash racks of prototype "Portable" low head hydroelectric plant. Turbine Specs: 22
inches of head drives a 24 inch diameter C.M.C -Fitz vertical axis francis turbine developing 3 Amperes at 130 Volts DC or

9,360 Watt hours per day. This turbine discharges 520 cubic feet of water per minute at 70 RPM.  Photo by Cameron McLeod.

horsepower were common. Some were excellent
machines that ran with little maintenance for years. The
know-how and hardware were everywhere. In the eastern
part of America, the power of the small streams near
populated areas was developed and put to work. All the
way from the hills to the sea, this water was used over
and over again wherever topography supplied enough
head. One large stream in the east had dams and still has
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pre-revolutionary deeded water rights wherever early
settlers found three feet of head.

When ships landed on the east coast, surveyors and
mapmakers headed inland to discover natural resources.
All the old maps denoted power sites as "Mill Seats" long
before settlers arrived. This was before the successful use
of stationary steam engines, so we know that they were
referring to hydro power. Later, towns grew because of
this power. Virtually every sort of agricultural and
industrial work was once aided by the water. It is sad that
the water source of power is often blamed today for the
mess that industry left behind. In this age of
environmental awareness, we should not throw out the
turbine with the wash water.

Back when power was valuable, men moved hundreds of
tons of earth and rocks with just their backs, mules or
oxen. Often they made this investment & did this work
with their bodies for the sake of one or two horsepower.
Wow! Think about it. Something was going on there. If
you think they were nuts, then look at the size of the
manor houses and mills that were energized with those
one or two horsepower. Then think about what clean
renewable power in your backyard is really worth to you -
and your children - and your grandchildren - and on and
on - forever.

Of course power has gotten cheaper and cheaper in the
last hundred years. By burning
non-renewable fossil fuels at the
expense of the earth and our futures,
they practically give it away. I can
hear you now - what's this jerk talking
about. The only ones that really know
the value of power are the people who
have tried to make power for
themselves. If your goal is to supply
your daily energy needs; you either
know how cheap commercial power is
or you're going to find out. My position
is not to discourage you, just to warn
you. Pursue your dream. If you can't
visualize it it will never happen.

Over the past ten years, I've helped to
develop twenty or so small hydro
sites. I've gone on to bigger megawatt
hydros now, because I need to make
a living. The small sites range in
power from 300 Watts to 100 kW.
Almost all of this work has been under
fifteen feet of head. The power has

been utilized to run homes and small businesses or more
commonly, large farms. All the projects were former sites
with dams in one state of repair or other. The legal
aspects of these undertakings have been handled by the
owners and often represent the greatest problem. 

Hydros and Red Tape
If your home power system isn't on federal land, doesn't
hook to the grid, and doesn't make power from a
navigable stream; then you may not need a federal
license. There is no legal way to avoid dealing with a
state agency. Watch out - often this destroys dreams. You
had better base your work on an existing dam or a pile of
rocks no more than 36 inches high called a diversion wier.
Remember not a dam, but a wier. That diversion had
better not be long in either case if you hope to stay within
environmental laws. In all cases you had better own both
sides of the stream. These problems will vary from state
to state. You must learn through research. Have enough
sense to keep your own council (keep your mouth shut
about plans) until you figure out which way the water
flows.

Low-Head Hydroelectric Turbines
My goal here is to let home power people know that under
just the right circumstances low head hydro is possible.
Practical - that's your judgement. It will depend a lot on
what you consider to be valuable. That is to say, your
values. How much your alternatives cost matters too.

Above: a 30 inch Trump turbine operating at 36 inches of head.  This turbine
produces 35 Amps at 130 Volts DC or 4,550 Watts of power.  It has been in

operation since 1981.  Photo by Cameron McLeod.
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Despite all this red tape nonsense many people have
successfully established low-head hydro systems. I'll
detail a couple of sites to whet your imagination. First, you
should understand that very little has been written about
low-head hydro in the last fifty years. By 1915,
development had shifted from small diverse sources of
power to large centralized systems based on alternating
current and high voltage distribution. Giant
government-backed utilities were beginning to carve up
the country into dependent territories. Starting with the
cities and industrial areas they stretched their wires out
into the country. By the 1930s, rural electrification was
well under way. Many utilities forced their customers to
take down their wind machines and remove their turbines
before they could hook up. Big customers were bribed
with no cost changeovers from D.C. to A.C.. Along with
the gradual loss of public self-reliance, the end result for
the hydro power machinery business was that the market
for small turbines disappeared. So did the manufacturers.
Several companies made the transition to giant utility
grade equipment into the 1950's. Now they are gone too.
None of the biggies are U.S. owned. 

There are a few crazies like myself who still build small
machines. Most backyard operations concentrate on
pelton and crossflow turbine which are only suitable for
high head (depending on power requirements). I build
Francis and Propeller type turbines. They are expensive,
hand-built machines that don't benefit from mass
production. They will, however, last a lifetime with only
bearing changes. This is a tall order because everything
must be constructed just right. I approve all site designs
before I'll even deliver a turbine. I personally design most
systems.

Often a better way to go involves rehabilitating old
equipment. Some hydros were junk the day they were
built. Other makers really knew their stuff. Their quality
and efficiency are tough to match even today. These
machines are usually buried under mills or in the banks of
streams. Go look, you'll find dozens. The trick is to know
which one you want, so do your homework before buying
an old turbine.

A Low-Head Hydro System
One site that depends on a rehabilitated machine belongs
to a farmer named George Washington Zook. George
decided not to use commercial power in 1981. He had
deeded water rights and the ruin of a dam on his property.
Best of all he had lots of water, and incredible
determination, common sense, and know-how. He only
has thirty-six inches of head. I supplied him with a thirty

inch diameter vertical axis Francis type turbine. This
turbine was built by Trump Manufacturing Co. in
Springfield, Ohio around 1910. One of the good ones.
George was 25 years old when he finished the project.

George got all the required permits and built a sixty foot
long, 36 inch high, log dam with a wooden open flume for
the turbine at one end. He installed the turbine with a
generator mounted on a tower to keep it dry in high water
(never underestimate high water). Four months later his
dam washed out. One year later he re-built and started
generating 130 Volt D.C. power. Yes, high voltage D.C..
His machine develops 35 Amps @ 130 Volts or 840
Ah/day or 109.2 kWh/day. Discharge is 2358 c.f.m. (lots
of water) @ 96 r.p.m.. He has a 90 series cell, 240
Amp-hr. nicad battery pack. This represents an incredible
amount of power for any home power system. That is
32,760 kWh a month. Hey, that's enough power to run
three to five average American homes. All of this on 36
inches of head. Yeah, that's right, and his battery pack
lets him meet 20 kW peaks. Here is what his load looks
like : three freezers( two for the neighbors),a refrigerator,
refrigeration to keep the milk from twenty cows cold, a
vacuum system to milk these cows, two hot water
heaters, all lighting in home, barn and two shops,
occasional silage chopper use, wringer washer, water
pump, iron and farm workshop machines. I'm afraid it still
goes on, his nephews put in a complete commercial
cabinet shop two years ago. They have all the associated
equipment including a 24-inch planer. Well, now what do
you think about low-head hydro?

There are a few key differences between George's
system and most you read about. There isn't an inverter
on the property. At 120 volts D.C., line losses are at a
minimum (We have some 220 volt three wire systems
operating). All of the equipment and machinery on the
farm was converted to 120 volt D.C. motors, including
refrigeration. The high efficiency of this approach makes
all the difference.

AC versus DC Hydros
Stand alone A.C. is a possibility, but it requires a larger
turbine and more year round water to meet peak loads.
The cost of an electronic load governor and the
inefficiency of single phase induction motors are two of
the drawbacks to consider. Backup generator cost is also
a factor. You'll need a big one to meet A.C. peak loads.
With batteries to meet peak a small generator will suffice.

Remember, if you can meet 20 kW. peak loads with
batteries it only takes one horsepower 24 hours a day to
run the average American home. This is a tiny turbine that
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uses little water when compared to the 40 horsepower
turbine on the same head that would be needed to meet
the same peaks on conventional A.C.. Forget it - there is
no comparison. The big machine would cost a fortune and
require massive amounts of water. Hey, it is possible, I've
built them.

The best of both worlds would have the lighting and heavy
motor loads on 120 Volt  D.C. for efficiency. It would have
a switching power supply running on 120 Volts D.C.
putting out high-current 12 or 24 Volts D.C. to run an
inverter for specialized A.C. loads like TVs and stereo
systems. 

Some Low-Head Hydro System Specs
Here are the pertinent details on some-stand alone D.C.
low-head hydro sites that I've been involved with: 

System 1
5 feet of head - 8 inch MacLeod-built C.M.C. vertical
Francis-type turbine develops 3 Amps @ 130 Volts or 72
Ah/day or 9.36 kWh/day. Discharge is 72 cubic feet of
water per minute @ 335 r.p.m..  Note: The term vertical
implies a vertical main and gate shaft which extends
above flood level to protect generator and electrics.
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Above: three Conastoga propeller turbines that operate on
7 feet of head.  Each turbine produces 5,000 Watts at 470
RPM.  This photo shows the head race which is filled with
water when operating.  Note the Gates and Gate Rods.

Photo by Cameron McLeod.

Above: Cameron McLeod inspects the propeller on one of
the Conastoga turbines.

System 2
22 inches of head - 24 inch C.M.C -Fitz vertical francis
develops 3 Amps @130 Volts or 72 Ah/day or 9.36
kWh/day. Discharge is  520 c.f.m. @ 70 r.p.m..

System 3
Three feet of head - 30 inch Trump Vertical francis turbine
develops 35 Amps @ 130 Volts or 840 Ah/day or 109.2
kWh/day. Discharge is 2358 c.f.m.@ 96 r.p.m..

System 4
Fifteen feet of head - 8 inch MacLeod built C.M.C. vertical
Francis turbine develops 12 Amps @130 Volts or 288
Ah/day or 37.4 kWh/day. Discharge is 130 c.f.m. @ 580
r.p.m..

System 5
Four feet of head - 27 inch S. Morgan Smith vertical
Francis turbine develops 28 Amps @ 250 Volts or 672
Ah/day or 168 kWh/day. Discharge is 2190 c.f.m. @123
r.p.m..

System 6
Ten feet of head - 12 inch C.M.C. vertical Francis turbine
develops 15 Amps @130 Volts or 360 Ah/day or 46.8
kWh/day. Discharge is 244 c.f.m. @ 320 r.p.m..

Low-Head Hydro Information
Getting info on low-head hydro isn't easy. Virtually nothing
of any technical merit has been published since 1940.
Watch out for crazies and experts who try to re-invent the
wheel. It is un-necessary and wrong-minded. It has all
been done and done well. Go find the data. Rodney Hunt
Manufacturing published some of the best information
between 1920 and 1950. They also built great machines.
They no longer build turbines. Their books are out of print.
Find them in engineering school libraries or museums that
specialize in early industrial technology. Turbine makers
catalogs from 1880 to 1920 were in fact engineering
manuals, some better than others. Look for them. I haunt
the old book stores. Go for it.

Books to look for :
Power Development Of Small Streams, Carl C. Harris &
Samuel O. Rice, Published 1920 by Rodney Hunt
Machine Co., Orange Mass.

Rodney Hunt Water Wheel Cat. #44 - THE BEST. Check
out the Engineering section.

Any catalogs printed by : James Leffel Co.,  S. Morgan
Smith Co. , Fitz Water Wheel Co., Holyoke Machine Co.,
Dayton Globe Manufacturing Co..

Construction of Mill Dams, 1881, James Leffel and Co.
Springfield, Ohio. Reprint; 1972, Noyes Press, Park Ridge
N.J.,07656.

Some words of encouragement…
Well people, I hope I've opened the door to stand-alone,
low-head hydro for a few of you. If you really want the
details you've got some long hours of research ahead of
you. If you are determined to get on line, I wish you the
best. Watch out, it is harder than building a house from
scratch. It can be a real relationship buster. I believe it
has as much merit as any effort at self-reliance one can
undertake. Good Luck!

Access
Author: Cameron MacLeod N3IBV, POB 286, Glenmoore,
PA  19343  •  215-458-8133.
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Siting for Nano-Hydro-  A primer
Bob-O Schultze KG6MM

ano-Hydro is the ability to generate 3 Amps or less of hydropower at least some of the year.  An
amazing number of rural, and especially mountainous, homesites have this capability.  Most anyone
who has a couple of acres in the mountains somewhere has seen the phenomenon of little springs

popping up everywhere after a couple of good rains or during snowmelt.  True, most of them seem to pop
up in the driveway somewhere or worse, in the cellar, but  since most folks tend to build toward the base
of the hill rather than the top, a lot of those seasonal creeks or springs can be harnessed to provide power
during a time of year when the PV's aren't exactly boiling the batteries!  The really fun thing is that as long
as the water flows, you're producing power-24 hours a day and the sun doesn't have to shine at the time.
Why Nano-Hydro?
There are some nice advantages to a nano-hydro system. In most
micro and larger hydro installations half of the cost of the system is
the pipe. Usually, somewhere between 2" - 6" PVC is used in order
to get enough water to the wheel without incurring horrendous
pressure losses. Priced any 6"PVC pipe lately? Whew!  With a nano
system, 2" pipe would be the high side with most systems running
1-11/2" pipe. I've seen a fair number of set-ups get away with 3/4"
and even one which used 1/2" poly  but that guy was really into
low-ball! 

Another factor is the lack of a need for any kind of regulation in most
systems. At ±3 Amps/hr, that's only a C/33 charge rate for a 100
A-hr battery and less than C/100 for a set of Trojan L-16's. Not
much chance of warping the plates there!

Have you Hydro?
As with any hydro situation, what you get depends mostly on the
pressure and volume of water you can deliver to the generator. Of
the two, pressure-whether you call it Head, Fall, or PSI-is the bigger
factor. Up to 100 PSI (225'Head) or so, the more you have the
better you'll like it.

Exact measurements are not important unless you have very little or
very much Head.  As a rule, anything between 25' and 250' will work
to some degree or another.  Below 25' gets dicey unless you have a
lot of water-say...20GPM or better, and even then the output may
not be worth the investment.  At 250' of head or better, you'll have
hydro up the wazoo, but you may have to invest in heavier duty pipe
to handle the pressure and unless you have lots of water, (in which
case you should be thinking about a larger, possibly automotive
alternator-based system) you'll need a very small nozzle to restrict
the flow enough to keep your pipe full.  A very small nozzle, in turn,
means very good filtration at the intake to keep clogging down to a
minimum.  None of these things are insurmountable, just factors to
consider before you buy your components.

Figuring Head
Figure if you've got a drop that's clearly twice the height of your
house or better, you're in the ballpark.  If you need or want to know
a more exact figure, I like the garden-hose method.  You'll need two
people (it's possible to do this with one, but frustrating and not
nearly as much fun), a 25' length of hose, a tape measure,
something to write with and on, and unless it's summertime,
raingear and gumboots-kinky!

One person starts at the water source with one end of the hose and
the other person goes down the hill with the other end and the tape

measure.  Fill the hose (getting the air out) and have the downhill
person elevate the hose just until the water stops flowing.  Measure
from the hose end straight down to the ground and record your
finding.  Make a mark on the ground so the uphill person can find it,
both put their thumbs over the hose ends, walk down and measure
another station.  Note: you'll have to top off the hose a little each
time to be accurate, so if you're not following a live streamcourse,
the uphill party should have a jug of water along for this purpose.
Continue down until you reach your proposed generator site, add
'em up, and there you are.  Keeping track of the # of stations will
also tell you how much pipe to buy.

Measuring G.P.M. (Gallons Per Minute)
Since we're not dealing with massive amounts of water here, the
bucket method works as well as any with a lot less hassle.  You'll
need- a 4 or 5 gallon plastic bucket, materials to make a temporary
dam at the source (plastic sheeting, a tarp, rocks, maybe a shovel),
a piece of pipe large enough to handle all the flow of your spring or
creek & long enough to get the bucket under, a couple of sticks and
string to support the pipe, and a watch capable of measuring
seconds. (If you've wondered when you'll ever get a chance to use
the stopwatch feature on your digital, Eureka!)

Before you head up the hill, dump exactly 1 gallon of water into the
bucket and mark the level.  Dump another gallon in and mark the 2
gallon level, etc,etc, until the whole bucket is marked.  Set your test
up something like this:

N

Seconds to fill X 60
G.P.M. =

Bucket Capacity

11
22
33
44

So, now what?
OK, at this point you should have a handle on three things: Head ,
GPM , and length of pipe needed.  Now, measure the distance from
your hydrogenerator site to your batteries. Given these four factors,
any reputable hydroplant dealer should be able to advise you on: 1)
the kind of systems he has available suited to your site 2) the right
diameter of pipe to buy, and 3) a close estimate of the amount of
power you can generate.
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Hydro

Equipment
What sets nanohydro systems apart from other hydrogenerators is
the use of permanent magnet generators for the power source. The
advantage to this is that no power is fed back into the machine to
electrically generate a magnetic field, as is the case with most
alternators, so all of what you produce you get to stuff into the
batteries.  The disadvantage of a PM set-up is that the maximum
output is limited by the inherent strength of the magnets.  Normally
that's not a problem in a nanohydro situation because your GPM
and/or Head are too marginal for a larger, more powerful system
anyway. Depending on which system you buy or build, that  might
limit the amount of power you can generate at maximum run-off
periods.

Access
As of now, there are only three manufacturers of permanent magnet
nano-hydro generators that I know of.

Lil Otto Hydroworks!
POB 8
Forks of Salmon,CA 96031
916-462-4740

Photocomm Inc.
POB 649
North San Juan, CA 95960
916-292-3754

Shop around.  There are Nanohydro systems available that produce
meaningful power down to 1.2 GPM @ 50' Head, while others work
as low as 3' Head but need lots of water.  Once you know the
capabilities of your site and what's available and suitable, you're
armed with the right ammo to make intelligent decisions and
choices.  Good Luck and Happy hydro!

Energy Systems & Design
POB 1557
Sussex, N.B. Canada E0E 1PO
506-433-3151

Canyon
Industries
ad

MicroHydro Specialists
10+ years living on and with MicroHydro

Makers of 'Lil Otto'
Hydroelectric Systems

Complete line of RE Products:
Kyocera • Heliotrope • Trace • Lil'
Otto • Powerhouse Paul's
Turbines • Harris Hydro • Sun
Frost • Flowlight • Aquastar •
Sibir • ARCO • Trojan • Honda
Sales - Installation - Service
PV powered repeater &
Radiotelephone experience

Jonsereds Chainsaws • Shindaiwa Brushcutters • Oregon Acc.
for all your firewood and fire protection needs.

Professional Timber Felling- PV shading & hazard tree expert
Ham Radio spoken here

Lil Otto Hydroworks!
Bob-O Schultze
POB 8
Forks of Salmon, CA 96031 • 916-462-4740

Pump your water with Sunshine!
It's easy with SOLARJACK'S new

SUBMERSIBLE PUMP KIT
Kits come with EVERYTHING! 
Included are:
• Submersible Pump
• 1 or 2 PV Panels
• Power & Charge Controls
• PV Mounting Rack
• Wiring & Splice Kit
• Pump Drop Pipe
• Rope, Clamps, & Well Seal

SOLARJACK'S SDS submersible will pump up to 120 gallons per
hour  from 5 feet depth, to 30 gallons per hour from 230 feet depth.
It can be powered by one or two 47+Watt PV panels  Complete kits
start at $1,447.50  Pump Kits W/O PVs start at $985. 2 Year limited
warranty on SDS pumps.

SOLAR PUMPING PRODUCTS
325 E. Main, Safford, AZ 85546

602-428-1092

SOLARJACK TM

QUALITY FIRST!


























































































