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Introduction to the Appendix

This appendix is made up of a number of articles on micro hydro and pertinent
charts and tables. I have accumulated this information over a period of 25 years.

Many of the informative articles are reprints from hydro books published in the
early part of the last century during the hydro hay days. Most are scanned in their original
form. This may give a funky appearance, but the data included is still pertinent and often
hard to find.

You'll see from the index that the appendix is broken down into sections. Site
evaluation includes how to measure head and flow. These are two of the key factors that
determine the power available.

You'll also find excellent data on the sizing of penstocks and canals. If this
process is done incorrectly it will greatly impact the production of the site.

Sections on Key Waterpower Formulas and Electrical Formulas may be over the
heads of some, but I recommend that one absorb as much as possible and use this
practical information as a springboard to further research.

Please understand that while we have assembled this data and believe it to be
accurate neither Nautilus Water Turbine Inc. nor its employees or dealers take
responsibility for any loss of life, income,or capital that may occur with the incorrect use
of the data included in this booklet. Use the information here at your own risk!
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Measuring Head

The head is the height from the water surface in the forebay down to the level of the
turbine. To measure this, use a tape measure and a
clinometer or spirit level etc. A less accurate but useful alternative is to make your
own level from a transparent tube half -filled with water. Attach this to the top of a 1m
long stick and then point this horizontally at a point further up the slope as though it
were a spirit level. By going to that point and repeating the process the total head can
be measured – see the drawing below.

Another method is to use an accurate pressure gauge and a length of hose. Run a
water-filled hose from the forebay to the turbine site and attach the pressure gauge to
the bottom end. The pressure gauge shows 1.422 psi / meter of head e.g. 7.11 psi for a
head of 5m to 15.64 psi for a head of 11m.





Measuring Flow

Flow can be calculated approximately by knowing the water speed. This speed,
multiplied by the cross-sectional area of the intake canal will give you an idea of the
flow rate.
As a rule, say half a meter per second, or 5 meters in 10 seconds. Drop a leaf
upstream and read the time it takes to travel the measured distance. Note that this
method is only a guide and you will need a sufficient volume of water flowing at this
rate to make the larger models work.

The best way to measure the water flow is to take a piece of pipe the same diameter as
the penstock, insert it in the stream or dam where the flow is expected to come from,
and measure the flow from there.
In the diagram below, a short length of pipe (less than 1 meter) is buried into the side
of a small ‘dam’ using mud or improvised sandbags. The top end of the pipe is
completely submerged and part of the normal stream flow is diverted through the
pipe. When this is flowing smoothly, a bucket of known volume is quickly placed to
collect this flow and the time it takes to fill the bucket is recorded. The ideal bucket
size would be 100 or 200 litres (half or a whole empty oil drum), but smaller buckets
will work. Divide the volume of the bucket (in litres) by the time it takes to fill the
bucket (in seconds) to get the approximate flow rate in litres per second.













Head loss in feet of pipe (PVC plastic pipe)

For head loss in feet, multiply PSI by 2.31.  For instance, for 20 GPM and 1.5” diameter
pipe, multiplying 1.34 PSI by 2.31, you get 3.1 feet.  That is, for every 100 feet of 1.5”

pipe with 20 GPM flowing through it, you will lose 3.1 feet of head due to friction.

Flow gpm pipe diameter _ _ _ _ _
Column1_ 1_ 1.25_ 1.5_ 2_ 2.5_ 3_ 4_
1_ 0.05_ 0.02_ 0_ ._ ._ ._ ._
2_ 0.14_ 0.05_ 0.02_ ._ ._ ._ ._
3_ 0.32_ 0.09_ 0.05_ ._ ._ ._ ._
4_ 0.53_ 0.16_ 0.09_ 0.02_ ._ ._ ._
5_ 0.81_ 0.25_ 0.12_ 0.05_ ._ ._ ._
6_ 1.13_ 0.35_ 0.18_ 0.07_ 0.02_ ._ ._
7_ 1.52_ 0.46_ 0.23_ 0.07_ 0.02_ ._ ._
8_ 1.94_ 0.58_ 0.3_ 0.09_ 0.05_ ._ ._
9_ 2.42_ 0.72_ 0.37_ 0.12_ 0.05_ ._ ._
10_ 2.93_ 0.88_ 0.46_ 0.16_ 0.07_ 0.02_ ._
12_ 3.51_ 1.04_ 0.53_ 0.18_ 0.07_ 0.02_ ._
14_ 4.11_ 1.22_ 0.65_ 0.21_ 0.09_ 0.05_ ._
16_ 5.47_ 1.64_ 0.85_ 0.28_ 0.12_ 0.05_ ._
18_ 7.02_ 2.1_ 1.09_ 0.37_ 0.14_ 0.07_ ._
20_ ._ 2.61_ 1.34_ 0.46_ 0.18_ 0.07_ 0.02_
22_ ._ 3.16_ 1.64_ 0.55_ 0.21_ 0.09_ ._
24_ ._ 3.79_ 1.96_ 0.67_ 0.25_ 0.09_ 0.04_
26_ ._ 4.43_ 2.31_ 0.79_ 0.3_ 0.12_ 0.05_
28_ ._ 5.15_ 2.66_ 0.9_ 0.35_ 0.14_ 0.05_
30_ ._ 5.91_ 3.05_ 1.04_ 0.42_ 0.16_ 0.11_
35_ ._ ._ 3.46_ 1.18_ 0.46_ 0.18_ 0.12_
40_ ._ ._ 4.62_ 1.57_ 0.62_ 0.23_ 0.13_
45_ ._ ._ ._ 1.99_ 0.79_ 0.3_ 0.15_
50_ ._ ._ ._ 2.49_ 0.79_ 0.3_ 0.2_
55_ ._ ._ ._ 3.03_ 1.2_ 0.46_ 0.25_
60_ ._ ._ ._ 3.6_ 1.43_ 0.55_ 0.3_
65_ ._ ._ ._ ._ 1.66_ 0.65_ 0.35_
70_ ._ ._ ._ ._ 1.94_ 0.74_ 0.4_
75_ ._ ._ ._ ._ 2.22_ 0.85_ 0.45_
80_ ._ ._ ._ ._ 2.52_ 0.97_ 0.5_
85_ ._ ._ ._ ._ 2.84_ 1.09_ 0.6_
90_ ._ ._ ._ ._ 3.19_ 1.22_ ._
100_ ._ ._ ._ ._ ._ 1.36_ 0.8_
150_ ._ ._ ._ ._ ._ 1.5_ 1.6_
200_ ._ ._ ._ ._ ._ 1.66_ 2.7_
300_ ._ ._ ._ ._ ._ ._ 5.8_



Friction Loss of Fittings

Shown in equivalent feet of pipe.

The pressure drop due to friction in PVC pipe and fittings has been studied
by a number of authorities. Coefficient values established have always been
in the
range of 150-160 Hazen and Williams (or the equivalent in other head loss
formulas).
This chart is based on a Hazen and Williams coefficient of 150. The values
stated are bases on the equivalent schedule of pipe friction loss'. However,
this
information should be used for reference only, since variations may result
from installations techniques, actual fitting
geometry, and inside diameter of adjacent piping system.

Size Tee-Run Tee-Branch 90°Ell 45°Ell
* 1.0 4.0 1.5 0.8
* 1.4 5.0 2.0 1.0
1 1.7 6.0 2.3 1.4
1* 2.3 7.0 4.0 1.8
1* 2.7 8.0 4.0 2.0
2 4.3 12.0 6.0 2.5
2* 5.1 15.0 8.0 3.0
3 6.3 16.0 8.0 4.0
3* 7.3 19.0 10.0 4.5
4 8.3 22.0 12.0 5.0


































