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I ntroduction to the Appendix

This appendix is made up of a number of articles on micro hydro and pertinent
charts and tables. | 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 afunky appearance, but the dataincluded is till 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 | 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 dealerstake
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!



WATER TURBINES SIMPLY EXPLAINED

By Lord Wilson OBE, MA C Eng. Chartered Engineer
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Governing

A governos i & mechansm for
keeping the speed of & prima mover
constant when the load varies. With a
steam or 9il engine this can be done
with quite a iy cantrifugal pendulum
{the trade name for the fivballs )
which gnly has to shut off the sleam or
o supply if the load on the maching is
reduced. Wih 3 water tusbine we are
faced with the probem of shutting off
quickly alarge volfume of moving water,
It you think what happens when you
turn offa tap suddenty, you begin toget
some idea of the difficulty. Hence the
Qowernor 15 a pretly complicated bag of
incks, and may cost nearly. as much as
the turbine:
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govemnor ¢an b installed, which does rot
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al 3 constant speed and constant elecnical
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5o high thal unless the steam of fuel
supply can becut off, something will
give prelly quickly, and few left alive 1o
tell the coraner what really happenad,



Propellor and Kaplan

Prapellor turbines can be
supplied ima variety of
configurations to suit specific
needs, Although 1t 15 basically a
fixed load rurbine, considerable
Mexibility can be gained through
the use of adiustable guide vanes.
Full Kaplan turhines with
adjustable blades and either fixed
or adjustable guide vanes can also
be furnished. The adjustable
features and broad range of high
efficiency enables the Kaplan to
extract the maximum available
energy under conditions of low
flow apd head. This feature also
enables the Kaplan wirbine to
accommaodate to large vanalions
in load. The guide vanes and |/ or
propellor blades can be manually
adjusted. or controlled by a level
control governor head.

Francis

For conditions of cqual
poswer and head, the Francis
turbine will often require less
installation space than other types
of wrbine, 1t also has the
advamage of very high peak
efficiency which can be made 1o
coimcide with Tull load.

Reaction Turbines




INVOICING A SMALL STREAM

THE strangeness of the problem doubtless is the one thing that
has caused practically every man and woman owning a small
stream power site to neglect investigating the practicability of
using the stream for power, light, heat, and pumping water.
Where can one begin to solve such a problem? It seems formid-
able because it is strange. But let us walk down to any small
stream on any farm or near any town, anywhere, and find out

Suowine A Broox Reapy To BE Ixvoicep vy Using A PLank,
SgveN Staxes, Five Cuirs, axp THE Murtirrication TaBLE

quickly and accurately just what that stream 1s worth. What
unused good has that brook or river in it for me, my home or my
town?

Here is a fairly even stretch of the stream, as is pictured in
the drawing on this page. Just above a little riffle, shown at the
left of the picture, we drive a stake, H, and measure fifty feet
directly upstream where we drive a stake, G. Now we drop a
wooden block or chip about two inches square in the stream at G
and time it as it floats that measured fifty feet to H. We drop a
second block or chip and time it as it floats from G to H. One



after the other we drop three more chips and time them as they
float the measured fifty feet from G to H. The first chip floats
fifty feet from G to H in 10 seconds. The second chip floats the
same distance in 8 seconds. The third chip requires 11 seconds
to make the distance; the fourth chip, 9 seconds, and the fifth
chip, 12 seconds. We are trying to learn how fast the brook
flows in this so-foot stretch we have measured off. So to get the
average time of the five chips we add together the time made by
each of them which equals so. We divide 50 by 5, the number of
chips, which gives us 10, therefore 10 seconds is the average time
of the chips in floating that fifty feet, or 5 feet a second, 10 into
50 is §.

But no stream flows evenly throughout its width. It is
slower near the banks and bottom because there is friction between
the water and the bottom and banks. The flow is swifter in the
center just below the surface, where there is least friction. Con-
sequently five feet a second, the average time of the five chips is
too fast, so we deduct 20 per cent from this average speed or
velocity by multiplying § by .80, which gives us 4 feet a second as
the mean velocity of the stream in this so-foot stretch. There we
have the answer to one of the three simple questions we must
answer to learn how much power is running to waste in the stream.
We have found how fast the stream flows in a certain length or
stretch and it does not make any difference where we measure off
that stretch of the stream, the ultimate results will be the same.

Next we want to learn how much water is flowing down that
so-foot stretch, or in any other sector of the stream we have
decided to use in invoicing the stream’s possibilities. After that
we will have to determine how much drop or fall we can get, since
the farther the water falls from the dam to the wheel the greater
the power developed. When we have answered these remaining
two questions we will know all that is necessary to know about
this stream in deciding how it can best be put to use.

To find out how much water 1s flowing in the stream, we lay a
plank across the stream midway between stakes G and H, as
shown in the drawing on page 26. Standing on this plank we
drive the stake A, which is just a foot from the bank on the left-
hand side of the brook, as shown in the drawing on page 26, but



given in a larger cross-section view lower down on this page. A
foot farther out from stake A we drive stake B, and a foot farther
still we drive stake C, then stakes D and E, at 1-foot intervals,
indicated in the drawing on this page. The brook is only six feet
wide. If it were wider, we would drive more stakes at 1-foot
intervals, The plank isincluded merely as a convenience and may
be omitted. Now we measure the depth of water at each stake.

CROSS SECTIUN Elf' STHEEM

We find that it 1s 9 inches deep at stake A; 11 inches deep at
stake B; 13 inches deep at stake C; 15 inches deep at stake D
and 12 inches deep at stake E. To get the average depth we
add together the depth of all five stakes, which gives us 6o inches,
and divide by 5, which gives 12 inches as the average depth of that
particular width of stream. This may seem rather simple arith-
metic, but its purpose will all be clear in the next few lines.

Suppose the plank laid across the stream is a foot wide, then
that part of the brook immediately beneath the plank W{)uld be
a section of the stream the widtf of the plank, 1 foot, the length
of the plank, 6 feet, and with an average dep.a of 1 foot. In
other words, the part of the stream immediately beneath the
plank would be a slice of the brook, 1 foot wide from the upstream
edge of the plank to the downstream edge of the plank, 6 feet
from bank to bank, and with an average depth of 1 foot. Well,
how much water, what quantity of water, is in such a slice of the
stream? We want the answer in cubic feet, so we multiply to-
gether those three dimensions of the slice of brook, 1 x 6 x 1 equals
6, or 6 cubic feet, the quantity of water in the slice of brook we so
carefully measured. A cubic foot of water is 714 gallons, so we
have 45 gallons of water in that slice of brook, to express it in the
more usual unit of measure. We have already determined that
the brook flows 4 feet a second. That slice of brook we have
measured flows just as fast as any of the rest of the water passing
that point, so to get the rate of flow we multiply the speed, 4 feet



a second, by the quantity of water, 6 cubic feet, and find that the
stream flows 24 cubic feet of water a second. At that rate it
flows 1,440 cubic feet of water a minute, since there are 60 seconds
in a2 minute and 6o multiplied by 24 equals 1,440. There we have
the answer to the second question, how much water does the
stream flow?

A horse power is 33,000 pounds dropping one foot in one
minute. Thus, 33,000 pounds of water falling one foot in one
minute will develop one horse power. Now we have 1,440 cubic
feet of water a minute in the stream we are invoicing. Each cubic
foot of water weighs 6214 pounds, so the total weight of the water
flowing down this stream cach minute 1s equal to 1,440 cubic feet
multiplied by 6214, which is go,000 pounds. If we drop go,000
pounds of water one foot in one minute, how much horse power
would the stream develop? Dividing go,000 by 33,000, the result
is 2.72 horse power.

However, we must remember that developing power under
such low heads as one foot, or even two or three feet, is not the
cheapest or the most practical method in small streams. It is
better for us to have a 15-foot head, or fall, as Mr. Rowlands did.
With a 15-foot head we saw that Mr. Rowlands’s little g-inch
turbine wheel devéloped 5.72 horse power, and required only 246
cubic feet or 17,365 pounds of water a minute to do it. In fact,
246 cubic fee. of water was all the water that particular type and
size of wheel could use under a 15-foot head. No matter if the
whole Mississippi River were surging about it, only 246 cubic
feet of water would go through that wheel under a 15-foot fall,
To get more power out of that size and type wheel the head or fall
of the water must be increased, thus increasing the quantity of
water the wheel could use. It is impossible to strain or to damage
a water wheel by overloading. It can and will do just so much
work, right up to its big 80 to go per cent efficiency, and there it
stops. It is the mule of the entire world of machinery. If we
propose to use all the 1,440 cubic feet of water a minute that flows
in the stream we are invoicing we will have to employ a larger
type of wheel than the one Mr. Rowlands uses. Even under
100-foot head his turbine wheel would use only 634 cubic feet of
water a minute, but it would develop 99.60 horse power. We



would still have half of the water going to waste in using that
type of 9-inch wheel, even if we cared to or were situated to install
the heavier pipe or penstock construction to handle a fall or head
of water of 100 feet.

Obviously if we want to use all the 1,440 cubic feet of water
a minute in the brook, we must get a larger wheel. A 21-inch
turbine wheel would use 1,435 cubic feet of water a minute under
only a 12-foot head and would develop 26.74 horse power. That
figure applies only to the New Pattern Hunt Francis Cylinder
Gate Turbine Wheels. The same size Cylinder Gate Hunt
MecCormick Turbine Wheel would develop 32.9 horse power under
a 12-foot head, but it would require 1,815 cubic feet of water a
minute, which 1s more water than our “sample” stream averages.
Or, a 24-inch Hunt Francis cylinder gate type would use 1,406
cubic feet of water a minute under only a 7-foot fall and would
give 15.28 horse power in return, while the 24-inch Hunt
McCormick cylinder gate type would use 1,831 cubic feet of
water a minute under a 7-foot head and develop 19.4 horse power.
The situation then, is that where there is a large quantity of
water and a low fall available, there must be a larger wheel, or
better, a pair or series of turbine wheels, to develop the water
power plant fully. The stream to be utilized may be deep, or
wide and flow slowly, through a flat country and it might be utterly
impracticable to obtain even a 15-foot head of water within a
reasonable distance. In such case a low head of water must be
used and the type and size of turbine wheel that fits best in that
particular development. There is a size and type of turbine wheel
to fit any combination of quantity of water and fall of water to
the very best advantage and fullest development of the plant
under those specific conditions.

When a stream is very rapid or it is feasible to get a consider-
able drop or fall of water in a short distance, the development
points to the use of a smaller size wheel. Perhaps the stream 1s
only a tiny brook and hasn’t enough water to run a large turbine
wheel. Then, the thing to do is to let the small volume of water
fall a greater distance to a small turbine water wheel and in that
way develop as much power as the larger wheel that operates
under a lower head, but with a greater volume of water. It seems

L1 " T n



Well, I can guess a grade or drop of a stream pretty well, one
man boasts.

Possibly he can, but the chances are 5oo to 1 that he cannot.
If ever you have seen young engineering students guessing at
grades you will appreciate the truth of that. Let’s not guess.
We want everything in this procedure to be absolutely dependable.
Nor need we call a surveyor out from town. That would cost
money. Let us employ the simple tools and methods that Mr.
Rowlands used, a 1o-foot straight-edge, such as stone masons
use, a carpenter’s spirit level and a yard stick.

We want to get the greatest fall in the shortest distance along
the stream that is possible. Let us pick out a stretch of the brook
that seems to have the greatest fall in the shortest distance.
Near the lower end of the riffle, where we think we may locate the
turbine wheel, we place the straight-edge at the water’s edge and
parallel with the bank. The upstream end of the straight-edge
rests on a pebble whose top is flush with the surface of the water.
We place the spirit level on the center of the straight-edge and
then with stones or a stake level up the lower end of the straight-
edge until the spirit level shows that the straight-edge is exactly
level. We then measure the distance of the lower end of the
straight edge above the surface of the water and we find how far
the water falls in this ten feet. If the downstream end of the
straight-edge is one foot above the water, the fall in that 10-foot
section of the stream is one foot. We move the straight-edge up-
stream exactly ten feet and repeat the mecasuring process, and
continue to repeat the process through any length of the stream
desired. If the fall in 100 feet is to be determined the 1o-foot
straight-edge will have to be moved and leveled up ten times.
Any length of straight-edge may be used, just so the board is
straight and true. Some streams with abrupt banks may make
the application of this simple method a bit difficult, but it can be
used in all cases by exercising a little common sense ingenuity.

There are all three of the water questions answered accurately
We hawve learned how fast the stream flows, how much water it
delivers a minute and the head of water available. This method
may be termed the “dry-foot” method, and it may be used in



THeE WEIR Metuop oF MEeasuring WATER

HE ““dry foot™ method of measuring a stream, as described

in the previous chapter, is a quick and dependable way of
measuring a large or small stream. For a brook or creek, there is
another way that perhaps is easier, the weir method. Weir is
only another name for dam. The weir method consists of putting

A Weir ror Measuring THE Frow oF A SmarLL STREAM

a small board weir or dam across the stream, after having sawed a
section out of the top and middle part of the weir so that all the
water of the brook must flow through this sawed section. The
depth of the water flowing through this sawed out section in the
weir is measured and then by simply referring to the table of weirs
on page 35 the capacity of the stream is shown instantly. The
pictureon this pageshowssuch a weir for measuring a small stream.
Should you employ an expert to measure your brook or creek, he
probably would bring a current meter and a surveyor’s transit or
level and then would put in a weir, if the stream were not too



and the results he would obtain would be exactly the results you
can obtain without cost.

Let us glance at the picture of a weir and then go down
to the brook, put in a similar weir and determine immediately
how much horse power is running to waste in that stream. The
weir may be made of one large plank or of several pieces of old
scrap lumber cleated together. An opening is sawed in the middle
of the weir, as shown in the picture, and the weir is set across the
stream and is carefully “plugged” with clay or sods to prevent
water leaking underneath or at the sides of the weir. The opening
is sawed on a slant, beveled, with the sharp edge of the bevel up-
stream. Say the opening is 30 inches wide and 10 inches deep, or
any other width and depth, so long as all the water in the brook
flows through the opening, there is no leakage at the bottom of
sides, and at the same time the weir dams the brook sufficiently to
form a little mill pond three or four feet above the weir. But to
be definite, let’s have the opening in our weir 30 inches wide and
10 inches deep. Now, two or three feet above the weir we drive
a stake in the stream. The stake 1s marked 1 in the picture on the
opposite page. We want the top of that stake just level with the
surface of the water. Next we extend a yard stick, or a lath, from
the top of the stake to the nearest edge of the opening in the weir.
We get that yard stick or lath exactly level by using a spirit level
and then we mark on the edge of the weir opening so that that
mark is exactly level with the top of the stake. From that mark
we measure straight down to the bottom edge of the opening in
the weir and our work is done, except for the simple action of
glancing across to the page opposite to the Table of Weirs printed
there.

Let us say, to be specific, that the distance from the mark we
made on the edge of the opening in the weir, to the bottom edge
of the opening is 734 inches. On the Table of Weirs on the oppo-
site page we notice five columns of figures. At the top of the first
column is the word “inches;”” at the top of the second column, the
cipher, “0"; at the top of the third column, the fraction, “14";
at the top of the fourth column, the fraction* 14", and at the top
of the fifth column, the fraction “34”. We look down that first



column, under the word “inches,” until we come to the figure 7%,
remembering that the distance we measured was 734. We run
a finger across the table to the column that is headed “34{” and
there we find the number 8.697, which is the key to determine the
rate of flow in this stream. We recall now that the opening in the
weir was 30 inches wide, so we multiply the key number, 8.697, by
30, which gives 260.91 and means that the stream flows at the rate
of 260.91 cubic feet of water a minute. That is more than enough
water under a 15-foot head to run Mr. Rowlands’s little g-inch
turbine wheel and generate 5.72 horse power, since Mr. Rowlands’s
wheel requires only 246 cubic feet of water a minute. And yet
this little stream flowing through an opening less than a yard wide;
30 inches wide, in fact; and less than a foot deep, only 734 inches
deep, develops 5.72 horse power in the smallest turbine wheel.

TaeLE oFr WEIRs

Inches o 14 14 34

I 0.403 0.563 0.740 0.966
2 I.141 1.360 1.593 1.838
3 2.004 z.3601 2.639 2.927

+ j. 225 3.531 3.848 4-17

5 4. 506 4.849 5.200 5.55
6 5.92% 6.2098 6.681 7.071
7 7.465% 7.869 8.280 B.697
8 9. 12F 9.552 9.990 10.427
9 10.884 11.340 11.804 12.272
Io 12.747 13.228 13.716 14.208
11 14.707 15.211 15.721 16.236
12 16.757 17.283 17.816 18.352
13 18.895 19.445 19. 906 20.558
14 21. 116 21.684 22.258 22.83%
15 23.418 24.007 24. 600 25.195
16 25.800 26, 406 27.019 27.634
17 28.256 28. 881 20,512 30.145
18 30.785 31,420 312.07§ 32.733

= =—rH

This table is taken from * Electricity for the Farm,” by Frederick Irving
Anderson, The Macmillan Company. It is adapted from the co-efficients
worked out in 1852 by Mr, James B. Francis of Lowell, Mass. This little
table is as much a water classic in its way as is Tennyson’s “Brook,”” and
although studying a table of figures is not usually attractive, the understand-
ing of the weir method of measuring stream flow is dollars and cents in the
pocket of any man who dwells on a small stream. On page 161 we have placed



An adjustment whereby water power may be properly developed
for the public good and without working toward monopolies 1s a
vital legislative necessity for the Nation. However, there is no
legislative restriction on the small stream power site owner who
may put in a home, village or town plant. The conservation acts
do not apply to him or his stream and in putting in a home or
town plant he has the glad assurance that he is following the most
beneficial conservation policy possible.

In this example of encugh water flowing through an opening
30 inches wide and 734 inches deep to develop 5.72 horse power, we
see now why Mr. Rowlands made a mistake in digging a mill race
five feet wide and three feet deep.  All he needed was a hittle wood
pipe about a foot in diameter and placed below frost line where he
could plow right over it without damaging it, or a small wooden
or concrete flume. But like most of us he could not realize there
is so much work or power in so little water. We base our vague
notions of water power on the vague memories of old mills a genera-
tion ago that were run by water power. 'The railroads with cheap
coal made possible the larger development of stcam power plants
and for awhile displaced to some extent the extensive develop-
ment of water power. Then came a bigger realization of water
power’s real worth and with it a rapid growth and perfecting of
giant plants for producing cheaper electnicity and power. So
successful was this period of development that a national conser-
vation movement was born of a recognition of the colossal value of
water power and of a fear that the country’s water power resources
might be monopolized by a few long-hcaded business men. Con-
gress enacted laws to prevent monopoly, thereby doing some good,
no doubt, in conserving this greatest national resource for the
greatest good of the greatest number, but utterly failing to provide
adequate ways of utilizing for the public’s good this great resource
that is running to waste while it is being so religiously conserved.



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 aternative isto make your
own level from atransparent tube half -filled with water. Attach thisto the top of a1m
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.
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Megvaring Henedl:
Wiakk g the h|-.l-|!lr froim where ol wasd 1o p|:|{':
ihe turbine fo where the water source 15, O, do

the reverss: witlk down the slope fromn the water
socree o locate the hest sate for the harbins

Another method isto 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 THE FLOW OF WATER

There are several methods of measuring the fow of special conditions of the location. Here are described
water. The choice of the method deépendds upon the two of the more common ways to determine the flow,

The Weir Method

B3N Tisda i 3TREA RoankEy
A, B B Ll e s Y
G R

FIG, 1 = General View FIG.. 2 — Croas Sackion

Used where stream &5 small and a comparatively slow-flowing stretch of water is available,
1. Select a suitable location where water flows slowhy.
2. Place a notched plank across the stream as shown in Fig. No. 1, forming a weir dam.

3. The weir length W should be about 6 times the depth of water fowing over, The niotch 1 It, above the bed
of stream, or earth Alled in to make it tight.

4. Drive a stake in the bed of the stream at least § ft. upstream as shown in Fig. No. 2; the top of this stake
must be exactly level with the crest of the weir.

5. When all leaks arcund the weir have been stopped, measure the depth of water sbove the stake.

. The water flowing over the weir may be found from the table below which gives the flow in cubic feet per
minute for each inch of weir length, The depths D vary from 0 to 1174 in. by 1§ in. To get the total discharge
over the weir, multiply the tabie reading by the length of the weir in inches.

TABLE Il: WEIR METHOD
Flow in cu. ft. per minute for each inch of weir length.

Depth Fractions of on inch
Din f——

inches g | i 14 e 14 52 | W Vs

0 | o000 | 002 oS .09 0.14 .20 | 026 | 033
040 | G488 .54 0.65 074 0.83 | 0.93 1L.03
114 1.24 1.35 1.47 1.58 1.71 1.62 L94
208 | 221 2,35 2.44 2.63 276 250 3.08
320 336 | 3.51 3.67 3.82 3.58 ERE 4.31
4.48 £.45 48] 4.59 316 538 5.32 371
588 | 406 &30 6,44 dubd 6,83 F.on 722
7.4l 752 | TABL 8.03 8.23 B.42 B.64 885
w07 .27 .48 771 P92 | 10,15 | 1336 | 10,60
1081 | 11.03 | 10.27 | 1149 | 11,74 | 10.96 | 12.18 | 12.43
T340 | T25Y | 1304 | 1339 | 13463 | 13.86 | 1407 | 1438
14,62 | 14.84 | 1530 | 1537 | 1541 | 1588 | 1413 | T4

— OO SO L b k) =

R

EXAMPLE
Assume weir length is 60 in., depth D over stake is 1014 in. Table shows 12.91 eu, ft. per minute for each inch



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.

Asarule, say half ameter per second, or 5 metersin 10 seconds. Drop aleaf
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.

Mueasuring Flow:

Flow = volume of bucket (litres)
tirme b fill bucket {seconds)

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 (Iess than 1 meter) is buried into the side
of asmall ‘dam’ using mud or improvised sandbags. The top end of the pipeis
completely submerged and part of the normal stream flow is diverted through the
pipe. When thisis flowing smoothly, a bucket of known volumeis quickly placed to
collect thisflow and the time it takes to fill the bucket is recorded. The ideal bucket
size would be 100 or 200 litres (half or awhole 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.



Chart 10. ESTIMATED FLOWS FROM PIPES
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FLOW OF WATER IN PIPES

CHART lll: Flow of Water in Pipes 1 to 12 Inches
Diamater

Based an the Hazen and Willtams Formulae

V = 0.00276 C4*9EM,
Where V = velocity of fow in fest per second.
C = pipec constant; assumed as 100 in chart.
d = internal diameter in inches.
H = fall or loss of head caused by friction per
1,000 fect length of pipe; length measured
along slope.
Discharge of a Pipe Line in terms of diameter and
velocity:
wd¥v
576
Where Q@ = discharge in cubic feet per second.

Diischarge in terms of Friction Head and Diameter,
Q = 0.00001505 Cd**H**,
q = 0.00675 CA*PH,
Where Q = discharge in cubic feet per second.
q = discharge in gallons per minuke,
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CHART IV: Flew of Water in Pipes 1 te 20 Feet
Diameter

Based on the Hazen and Williams Formulae

V = 0.01320C D0 o305

W = velocity of flow in feet per second,

C = pipe constant; assumed as 100 in chart.
D = internal diameter in feet.

H = fall or loss of head caused by friction per
1,000 feet length of pipe; length measured
along slope.

Discharge of a Pipe Line in terms of diameter and
velocity:
=D

Q — 4
Where = discharge in cubic fest pér second.

Discharge based on Friction Head and Diameter:
Q = 0.01037CD HH*&,

2 05 -
o 70000 - 5 M*
- - :"mi
o -E' 5 --Iﬂ'E
12 Joou o E _mé
7 J
E ME 200 - il % iz
B
A o H el [~
1 A0 - =
¥ 3 1% w0 st o %
] E: C
& 4 8 S
a7 e U R PR — §
5 4 3 J T 1. @ Tedwan secureon Loa
5 1.3~ 1% -
o Egsu:-* Y o«
A - Sy o e X
L o 1z L= o
Fi i
é G ] ] 2 IE
of b E
§ 2 e 1< L
& 4 ™
E ] % 1% E:
% 13 13 Ly ¥
3:-¢- ol S18 %
= b
b o 1%
= % 1= p# E
Fili E j ™
o . * X
0= : EE }
; £ g
: L,
.# o -
e ) P



- — - -—- o om — e — W W — — e E ———

Veloeity in feet per second, and guantity in cubic feet per minute. For various sizes and
slopes. Wideh and depth in feet.

TABLE 1
Cross Section - g f = = i = i & ; ﬁ
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IMPROVING WATER POWER

In developing or improving a waler power the first thing
necessary is to know the amount ol head that can be or is se-
cured.  The terms “head™ and “fall,” as commonly used, may
be considered as synonyvmous, and either expresses the meaning
intended, which is the vertical distance from the surface of the
tail water to the surface of the head water. Where the works
are already constructed this is easily found by careful measure-
ment, bul to ascerlain the [all in an undeveloped stream a system
ol leveling will be necessary,

The working head, or that which exists when the Turbine is
running, 1s all that is effectual. and it is this that should be
measured, or a proper allowance made from the standing head.

Water has power according to the distanee it falls, and the
effect on a Turbine is that due to its weight in falling from a
higher to a lower level.

Anything, therefore, that can be done to secure as much stand-
ing head as possible and to maintain the working head nearly at
the same level is in the highest degree important.  Two things
are requisite for the latter purpose—a wide and deep head race
and forebay to supply the water to the Turbine and a tail race of
similar character that will not cause the water to back up against
the Turbine, with plenty of clearance in the pit under the wheel.

THE HEAD RACE

It is important that the head race be constructed sulliciently
deep and wide to give it capacity enough to prevent the loss of
head after the Turbine has been runming for some hours. This
is especially necessary when the race is of considerable length
and a large volume of water is Lo pass through.

Head water should not flow faster than 60 to 120 feet per
minute. When iron or steel piping is used to convey the water
to the Turbine, the receiving end of the supply pipe should be
sufficiently below the surface of the head water to prevent any



possibility of drawing air. The velocity of the water through
the supply pipe should not exceed 180 feel per minule in short
lengths, and in long pipes of 250 feet or more the velocity should
not be greater than 120 feel per minute.

SIZES OF WATER WAYS

To determine the sizes of the head and tail races, uze the
lollowing rule:

Divide the number of cubie feet of water to be used by 83,
and the quotient will be the area in square feet required in the
cross seclion of the passages.

For example, one 18-inch C. M. C. Turbine under 12-foot head
will discharge 4158 cubic feet of water per minute. This num-
ber divided by 85 gives a quotient of 52.4, so that the head
race and olher passages should be aboul 13 feel wide and 4 feet
deep, or an equivalent cross-section in other proportions. If it
is impractical to make a deep lail race the entire length, it is at
least very essential that the pit under the Turbine complies with
Lhe given rules and thal its depth should not be less than that
shown in the table of measurements on page 25. The tail race
should be lined with some material that will prevent washing or
mjury to foundations,

THE TAIL RACE

The correct construction of the tail race is equally as impor-
tant as the proper construction of the head race.

.The tail race should be made wide and its bed sufficiently
below the surface of the stream into which it empties to permit
three or four feet of dead water to stand in its entire length when
the Turbine is not in operation. This will permit the water
discharging into the tail race from the Turbine o pass away
[reely with very little rise in its surface.

Since the working head of the Turbine is decreased exactly by
the amount of rise in the tail race, the importance of a tail race
of sufficient capacity cannot be over emphasized.



Head lossin 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 gpn pipe diameter _ _ _ _
Column 1 1.25 15 2 25 3
1 0.05 0.02_ 0 _ u .

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_ .

7 152 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_
14 411 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_
22 _ 3.16_ 1.64_ 0.55 0.21_ 0.09
24 _ 3.79 1.96 0.67_ 0.25 0.09
26 _ 4.43_ 2.31_ 0.79_ 0.3_ 0.12_
28_ _ 5.15_ 2.66_ 0.9_ 0.35_ 0.14_
30 _ 5.91_ 3.05_ 1.04_ 0.42_ 0.16_
35 _ _ 3.46_ 1.18_ 0.46_ 0.18
40 _ u 4.62 1.57 0.62_ 0.23_
45 _ u . 1.99 0.79 0.3
50 _ _ _ 2.49 0.79_ 0.3_
55 _ _ _ 3.03_ 1.2 0.46_
60 _ _ _ 3.6_ 1.43_ 0.55_
65 _ _ _ _ 1.66_ 0.65_
70 _ u . _ 1.94 0.74
75_ _ _ _ _ 222 0.85
80 _ . _ _ 252 0.97_
85 _ _ _ _ 2.84 1.09_
90_ _ _ _ _ 3.19 1.22_
100 _ u . _ u 1.36_
150_ _ . _ _ . 15_
200_ _ _ _ _ _ 1.66_
300_




Friction Loss of Fittings

Size Tee-Run Tee-Branch 90°Ell 45°El|
* 1.0 4.0 15 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% 51 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

H:\ /:‘ o

Shown in equivalent feet of pipe.

The pressure drop dueto friction in PV C 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.



Flow Loss In Pipe
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From 3/4" to 42" With Flow Rates to 56,000 GPM (7486 CFS)All Head Loss Values Are Feet Of Head Loss Per 100 Feet OF Pipe
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DETERMINING THE SIZE OF SLUICE GATES

Heving decided upon the heod ovailable and the maximum quantity of water that must be
handled, the size of the gate can be determined for the following three different coses:

CASE | — For Free Discharge:

Where the water bs vo be dischanged
freely through a gabe o the atmis-
phere as shown in Figure 1. Ler H be
the head or dittance in feet Irom the
surface of the water to the oconter of
the gate cpening, Om Chart 1 connest
the piven values of “discharge’™ and
"hu.ﬂ" with a atreighy line. At the
poant where thia straight Hne intoreects
the “area’” soale, read the required aren
of gate openimg.

Example, Buppose the discharge

”ﬂ- L =~ ik to be 200 cuble feet per socond
and the head “H"™ to be M feet. By laying o straight cdge a5 an
index Tine oa Chart I, we fnd that the ares of gare opening e
q'u.igd is ?.1 squire feet. The salution of this problem is shown
on Chare 1,

CASE |ll— Dischorge through Pipes and Panstocks:

Where the water is to fow through a long penstack or pipe iine
A3 shown in Figuee 2, The gote opening should provide o greater
arca than that of the pipe croas-seclion, o therdfore the problem
really becomes that of determining the dinmeter of pipe needed.
Thiz caes fe moce complicxied than the two pressdling cases
and requires seme knowledge of the hydraalics of mpe feaw.

e lectoss that may be involved in pipe Aow are acceleration
head, loss of head at cirance, loss of head cavsed by frictbon in
thie pipe fne, and the remnining pressure head at end of line.
The tetal drop of the wates from posid bevel to end of pipe fine
where pressure is measured k3 the sum of the folar tems named
above. A dissustlon of each of these lvema follows,

ar velocity head:

The velocity head |s that part of the water drop sed &n
speeding the water from rest up h:l its final velodty.

w
Velocity hiad =

a_z'i-ﬁ‘
whese v = veloelny of fow in pipe In feer per sevond and
g = FL.I foet per second per secondd.,

b loss of head at éntrance:

There i generally & amall boss of energy o hemd avhen water
Hows through a gate into a pipe lne having o square edge at
the entrande, This loss of head ab eatrance, 43 18 i called,
depends upon the square of the velocity and varies somewhat
with different condithonn. It i usially apressed as some

fruﬁ.qualputn[ﬂbenlu:ﬂ%.ﬁ:ﬂthﬂﬂtﬂuuhbj

and t]:ﬂﬂ’nnf we cnn say that the loss of head ot entrance =
W
':E ETE
& loos of head, however, Is froquently avoided by
using a carved entranos which is particularly feasible in the
enge of conerete headworks.

¢ loss of head due to friction:

Ancther part of the water drop is assd up in forcing the
water aver the rouph ferfaees of the pipe interior, and this
lome of heswd s ordindrily termed '(nction hoad.” MWMany
formulae have been derived to give the amount of this
frietion lwewd and ooe of these formolas (o page 4), is &
I'I.I1[\ﬂi in chart forms on Chasts TI] and 1V, Friction heai
e 1,000 foet lepgrh of pipe can be found, thercfooe, from
Chirts TIT or IV by connecting with n straight line {ealled
ipew Jine)l the values of “discharge'” nnd “diametes on
the ]'me:l:i'ur_vu F:.n.!ll.':u-i the _\rl]ur:_lnr the friction head is At
the intersection of index fine with “fricton lead™ of “fall
of Toss of heatd' scals.

CASE !l — For Submerged Discharge:

Where the woter is to be discharged

. ?'.i . Ehsough whar is calied w submscrged
WS H gate as shown in Figure 3. Here there
e is waier on both of the apening,

; ‘bt the water on e side iz "H™ feet
il higher than on the other. The sodution
s kdentical with Case I, except thax
the hiead ""H"™ to be need is the difference
of warer levels

d: remaining pressure head at end of pipe line:

A pressure gauge connected to the end of a penstetk where it
ciilers the tarbive will pecord:

[} n pressure equivalent 1o the vertical drop from the
pond bevel 10 preonre ghuge I the water is not flowing, or

(b m value somewhat less than that in case (a) if the
water is Bowing, A Hitle theught will show that this pressure
iz less than when the water is not Aowing, betaues thise are
the thres losics alzeady enumerated os o, b, and ¢

If the end of the uniform diameter pipe line dischnnges
inta the air, & presure gatge nttached ot the end would read
zero. The totol fall here is the sum of items &, b, aad-c,

Where the Penstock Suvpplies Waler fo a Turbine:

Example. Suppose a hﬂdu:;ﬁﬁgﬂn;u’?htﬂtfw!m
development, that o discherge of 200 cuhic feet per
desired, nnd thot the penetock iz Lo o B00 (oot Tomg. What di-
amecer af peastock shenild be selected?

There are many solutions to this problem: o small dinmeter
penstock may be chosen necessitating a high velocity ﬂfﬂ-#ll'ﬂh
the went large losses of Bead used up in owercoming
réctiar, o large {and expensive] pemsteck may be ni
upon with low welocity of flow and small frickion loss. Between
thess two extremes there muost be ssocted a siae af penstock where
'I:Iupq}&hi efbciendy i nok overcome by the increased cost of tho

t
Puu.ﬁmlm that we nre willing to use up V2 feet of our 65 feat
total hesd to overcome fricdon in pipe line; 12 feet loss in 600
feet lempnh of pipe b the snme es 20 feet loss in 1,000 fest Mength.
This basa of head must be tramsferred to that for 1000 feet length
of plpe sinee the chart is designed on this basis, On Chast IV
conrest 10 feet Vhead® snd 200 cubke feet per secand “discharge'™
with a stralght line, and rend ot intersections with ather seales
that o d4-foot internal diaseber pipe i3 needed, @nd that the
velocity of Aow will be 159 feet per meond. Hnﬂ-ﬁ thay the
velocity hoad need Aot be conpidered in this cose because it is



effective in producing power. Knowing the velocity, we can cal-

culare the - —
entranee loss TR TR 1.9 feet,

The losses of head total 12 feet Mrction loss (for 00 feet of
pipe} plus 1,96 feet, or 14 feet approximately, leaving 65 less 14
feet or 51 feet head Geeful for power At end of pipe ling,

If & greaver weelul hend be desired, it would be necessary to
fepeht theie eomputations ssuming & lesser friction head. Let
ut limie the friction head to 5 feet per 1,000 feet length. kecping
the diecharge at 2 cubie fect per second, Using another stranght
hime constrigction on Chart 1V, we find that & 51§ foot penstock
will be needed and that the velocity now will be 9 feet per secimd,

The loas at entrance is I;: - 0.7 foot i this case,

The (elction boss i 600 feet is three-fifths of the loss per
1000 feet or 3 feet. The votnl loss of head now is 5 plus 0.7 o
3.7 feet, leaving 65 1eaa 3.7 or 61,3 feet head at end of hine useful
for power. By swch “cut™ and “trial" meethods, an econombcal
balpnce between cost and power loss must be found. I
the above diameter of 51§ feet is satisfactory, thén the azea of
gate opeming ought 20 be at least that of a 534 feot diameter
cirche or I1.65 square feet. A comvesniient table of diameters and
nreas will be found on the kside front cover of this section.

In the sodution above, & well as in the example to follow,
we have assumed the penstock to be of such nature that its
eoefibcient le 100, and thus howve been able to use Charts II1 and
IV without any cosrection factor. Reference to Table 1 oa page
5 will show that the abowve solution will be correct for ordafiscy
fran pipes 14 1o 20 yeara old, for riveted stec! pipe 10 ypears old,
awid for brick sewers. For other pipes and other eonditions, a
study should be made of Tabte I and explanation on page 5.

Where the Pipe Line Discharges Freely inta
the Atmosphere

Example. & scncwhat diferent case iz encountered in ahort
pipe lines for water supply of irsigation. Suppose the drop from
reservolr Tevel 1o di eqid s 10 feet, that length of pipe
DECCEATY e 500 feet, and that a dischasge of 1,000 galloas per
srbmiste i wanted. Det:rmml: the necesmary szt af pipe.

We nead to know the imate welocity of How in erder
that velocity head and foss of head a1 entrance may be compuied,
Simot there is o head seserved for power at end of such a supply
lime, wo can assume (o podliminary calcuiations that the friction
heal Togs in 300 fest iz the entire 10 feer hesd availnble; this 10
fret head per 504 feet length must be changed to 1,000 fees len
in opder to use the charts. Connecting an Chart I11 the 20 feet
head and 1,000 gallons per minste vahses with a straight bne, we
find that an 833 inch pipe is required and the velocity of flow s
5.6 feet per second,

In cases where the ratio of lengih in feet to diametes in feet
cxceeds 5,000, the above caleulation for diamieter will be sufficient
ard correct b within ome per oent.

A Refinement in the Abeve Colewlations for
Short Lengths

For small ratioa of tength to diemeter as in this problem, it
iz frequenily advimble to consider entranee and welociry head
logses, Assuming that the velocity is 5.6 fect per second found in
the first part of this example, we caleulate the veintity head te be

¥ 367 :
QA 0487 feet from item n.
The lsss af head at ?um i%
Ll & 4
THiE = 1568 0.243 feet from item b,

Total loss is 487 plus 243 or 73 feet. Avallable head to
overcome friction i 10 mbnus 33 or 927 feet in 500 feet length
of pape or 18.54 fect per 1,000 fect length. Using Chart 11 again,
with o discharge of 1,000 gailons per minute ond F8.5 foot fall
o Joms of Bead, we find that a diameter of % nches will be required.
This completes the solation,

Thie bast part of the computation is a refinement not usually
peeded in practigal work, The effect of acccleration head and
nmmuhmmb:nﬂutby-aimhhﬂnch:mmﬁmmlﬂ
that obtained in the preliminary caleulations, The selection of
the nearest commercial size of pipe larger than the theopetical
sige isually tekes core of this,

The Charts [I1 and IV are for ordinary iron pipe 14 bo 20

ears old. For application to other pipes, study information in
i‘a‘lﬂ: I asnd explanation fellowing Chact IV found oo page 5.

Chart I: Discharge of Gates and Sluices
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KEY WATERPOWER FORMULAS

A, Fundomental Water Power Formulae:
_ 625 % Water icg_ﬁ._;gs:-_s?c.:l ¥ Head (ft.} % Efficiency (95)

HORSE POWER
550
2 2 _ Water (cu. ft. per sec.) X Head (ft.) X Efficiency (%)
8815 A
OR
EFFICIENCY (% __Horse Power X 8.815

= Cu. Fr. per Sec. % Head (It.)
OR

CU. ET. PER SEC. — Horse Power % 8.815

B. Transformations For Various Heads:

; : 5
1. Horse Power varies dizectly as the Square Root of the Cube of the Heads; that is, H.P, = hp, X (hﬂj
E'_:m_'np?ﬂ. A 30-in. Wheel develops 48 H.P. under & ft, Head, What power
will it dewelop under 16 Mt Head?
16 divided by & = 2. T cubed = §,
Bquare root of B = 281, 2852 X 45 = 135 HEP

2. Speed or R.P.M. varics directly as the Square Root of the Heads; that is, RP.M. = r.pm, X .\rﬁ
h

Exarmple, A 300n, Wieel rins st 133 RPM. ander & fr. Heaed, Wi
pend shoukd ik sun under 16 fe. Mead >

16 divided by B = 1. Bquare root of 7 = Lét4.
141 X 132 = 187 r.pan.

3. Water Used varies directly as the Sguare Eoot of the Heads; that is, C.F.5. = cfs -.JI'!
h

Evanuple. A 30-in, Whael w56 65 cu, fr e, tinder § g
much water will it use under 16 1%, Heads P Fead. Tow

16 divided by & — 2. The squnre root of T = 1,414,
1414 X 65 = 82.0 eu, [, por sec.

IF THE SIZE WHEEL I5 CHANGED TO DETERMINE THE H.P., CU. FT. PER SEC. AND B.P.M.
#. Horse Power varies directly as the Square of Dismeters; that 15, H.B, = (ED !:{ h.p.

Example. A 30-in. Wheel developa 48 HLP. under 8 ft. Head, What HP.
will & 36-in. Wheel develop under 8 ft. Head? ik o

36 divided by 30 = 1.2, 1.2 squared = .44,
L4 3 48 = 65,1 H.P,

5. Speed or R, P.M, varies inversely as the Diameters; that is, RP.M. = rpm. % (dﬁ)

Evasmpfe. & 30 Wheel runs ot 132 RPM. under 8 1t Head, What
speed should & 36-in, Wheel run ot under 8 ft, Head? x

30 divicled by 36 = B33, B33 % 132 = 1000 P

6. Water Used or C.P.5. varies directly as the Square of Diameters: that is, C.F.5. = c.fs. (5)2

Exampls. A 30-im, Whee] uses 65 cu, 81, per gec., under 8 1t Hend, How
much water will o 36-in. Wheel under B Tt Hesd: dse®

36 divided by 30 = 1.2, 0.2 squared = 1,44,
144 3 85 = §3.5 o Tt per ses,
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R.P.M. of a Wheel of the correct size to develop ONE H.P. under ONE Ft. Head. For any type of Wheel it may
be determined ag follows if the Three Quantities = H.P,, R.P.M,, and Head are known.

Example, A eptalogee table shows a whes] develops 48 HP,
under B ft. Hend at 131 B.P.M.

REBEM » vVHE
B . .|
Head % ¥ v Head
132 % 6.93
B 1.68

SPECIFIC SFEED =

= 68.0

Thiz term Specific Speed, M., 15 very useful in determunuing at a glance the characteristics of a wheel since it
embodies a combination of the speed and power of a wheel under any given head.

Exaeplo. IT [t s required to develop 48 HP. onder 8 ft. Head at £30 BLP M,

o solution of the expression, N, =

150 %48

e

= 77 shows that only wheels

having o apecifie speed of appreximately 77 B.P.M. need be considered,

D. Permissible Velocity of Water in Roceways for Soils of Varying Characten

In detérmining the dimensions of a race for a given
quantity of water, velocity must be considered and the
flow should not be so rapid that the water will wazh
away the sides er battom. The allowable velocity de-
pends upon the character of the soil forming the sides.
In sandy s0il, the velocity should be lezs than in clayey
sail,

On the other hand, if the water is carrying any con-
siderable amount of silt or other matter in suspension,

the velocity should not be too slow or else the silt and

mud will be deposited on the bottom of the raceway.
TABLE V1

Sandanly , , . & ..

Sandy seil, 137} clay

Sandy loam, 407, clay

1.1 feet per second
1
T |
Loamy soil, 655 clay . . . 3
&
(i}
7

: feet per second

fect per second
feet per second
 feet per second
A feet per second

1
2
A& feet per second
1]
Clay loam, 8555 clay . 8
Agricultural soil, 955 clay . .
51 1 S N

E. Fressura, Thearetical Velocity and Discharge Required per Horsepower for Differani Heods of Water:

CHART Wil
Digchorgs Dischargs
Head Fravswrs h::':"h. for 1 H.P. Head Frossure Tkt for 1 H.P.
im los. paer b in cu. 1. par I8 I, par Srber sbarlorge | I i
walscity g weloeity AL
fext s, im, i min. af Fear g, n, N ke min. at
BOSE o, A iy B0 off.
1 A33 8.07 A518 34 1559 4812 [ 15,94
2 Add 1134 309 b1 1445 4944 1742
3 B 11 K389 2204 ] 17z 572 14,54
& 173 04 1454 £2 18.40% 5198 | 1574
5 257 1793 1324 Ak 1%.05 5320 15.04
& 280 1944 o 44 19.92 La.3n 1439
7 303 2122 V.54 48 2078 55.54 | 1379
] L F 22548 BR72 50 21.45 5671 1324
? .90 24,08 7ii3 55 7382 5948 | 1203
13 4,33 1534 4618 &0 1398 82,12 | 1E03
1 478 1640 SR 45 8.5 i AE ([FAT.
12 534 277R 55.15 7o aca 4710 045
13 543 2892 5091 75 32,48 [LXY BAT
14 408 20,01 aFaz 50 3484 7173 82T
15 SAT 3108 44,12 B 34,81 Tasd 7R
14 6.v3 32.08 4134 ) il Ery T4.08 TS
17 7as a30r 3B93 P53 PR a7 457
i ] 7re 4.0 3677 100 a3 BO.2G #4032
1% B AL 96 F4.83 125 54, BP.4T 537
i ] B.A6 1587 3309 1 50 850 22 4.41
] .53 A7.482 30008 175 F5m 1081 are
4 o3y Iway 2757 7040 b4 1134 331
i 1024 A0.8% 2545 325 oA 120.3 .54
78 1202 A7.44 23.44 250 1083 1248 2.65
30 1299 4392 2206 275 181 133.0 241
32 13.84 4537 20,48 300 1789 1389 231
14 14,72 P 19.48 |
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FLOW OF WATER
'5 Flow of Water Through Nozzles in Cubic Faer per Second
]
b
a

= -
aglhie ¥R Dismeter of Norile, Inches
=glEsy £353 5 6 7 § 3 10 1 12
5 .17 17.93 2.44 3.52 4,81 6.3 1.8 9.8 12.8 1£.1
0] 4.13 35,35 148 4.98 £.78 B.A 11.% 13.8 16,7 ig.8 l
| 2.46 35.86 4,88 7.04 §.58 iz.5 15.8 15.6 23.7 28,2
30| 12.99 43.92 5.99 8,62 11.74 15.3 19.4 3.9 &0 34.5
40| 17,32 50.72 5.92 2.9% 11,56 17.7 12,4 T 3.5 35.8
50 21.85 55.71 7.73 11.13 15.16 19.8 5.0 6.9 7.4 44.5
50 | 15.59 62.12 8,44 12,18 16,60 2.7 7.4 33.9 41.0 48.8
70| 30.32 67,10 2.15 13.17 17.93 3.4 2.6 6.6 44.3 52.7 |
80| 34.45 71.73 9.78 14.08 19.17 25.0 1.7 39,1 47.% SE.4 |
90| 38.58 76,08 | 10.38 14,93 20,35 26.6 35.8 41,5 50.2 6.7
43.31 80,30 | 10.94 15.74 21,44 2.0 35.4 43.7 52.9 53,0
51.87 AT.8% | 1l.90 17.25 21,48 0.7 i3.8 47.9 58.0 59.0
60,53 94.89 | 12,94 1B8.63 25,34 33.1 41.8 51.7 62,6 74.5
69,29 LOL.45 13,84 19,91 2712 35.4 4.8 5%5.3 &7.0 9.7
T7.596 107,59 [ 14,87 .12 28.76 .6 47,5 58.7 1.0 84,5
86,562 115.41 | 15,47 2225 n.n 39.6 50.1 1.8 74,8 89.1
108,50 125.80 ( 17.2% 24,85 31.89 44,3 56,0 69.2 35.7 59,6
130520 132,91 ( 18,30 .27 37.13 46.5 Gl.4 5.8 81.7 10§.1
151.30 150.04 ( 20,38 .45 40. 10 52.4 66,3 41.% 9.0 117.8
173.60 160.40 ( 21.B8 31.49 42,87 56.0 0.9 87.5 105.9 126.0
135,30 178.12 | 23.20 35.39 45,26 59.4 5.2 92.8 112.2 1536
216,00 179,33 | 24,46 35.20 47.93 51.6 .2 97.8 118.4 la0.38
FLOW OF WATER
Flow of Water Through Nozzles in Cubic Feer per Secopd
g i: E“ J é _E I_-g Diamerar of Nozzle, Inches
«% 123% 8558 %
333 |EEszleE2n 1% 2 2y 3 3 1 m
S88 LB -ess 3
5 2,17 17.93 |. 0.1 [ 0.12 l D.38 0,41 ] .88 1.20 1.5 2.04
10 4,33 25.36 | 0.14 0.31 0.55 0.86 | 1.24 1.69 .21 287
20 B.64 35,868 0,19 D.d4 0.78 1.32 | 174 2.59 51.13 4.07
30 i2.99 43,92 | 0.24 0.54 0.96 1.50 | 2.18 2.93 I.83 4,98
40 | 47,31 50.71 | 0.8 0.62 1.10 1.73 | Las 5.5 4.43 5.75
50 | 21.55 56.71 | 0.31 0.70 1.4 1.93 r 2,78 i.Te 4,95 6,43
&0 | 25.99 62,12 [ 0,34 0.76 1.35 2.12 | J.08 4. 15 5.42 7.04
¥ .51 &7.10 | 0.37 0,52 1.46 L T ] 4,48 5.86 7.6l
34,65 TL.73 | 0.38 0.8 1.56 2.44 3.52 4.78 6, 26 8.13
3B.98 76.08 | D.42 0,54 1,68 2.59 .73 II 5.08 G.64 85.63
43.31 80.26 | 0.44 0.99 1.75 .73 3.94 F 5.38 7.00 .09
51.97 87,88 | D.49 1.08 1,87 3.00 4,31 5.87 7.87 9.96
£0.63 94,39 | 0,52 1.17 2.07 5.13 4,56 | §.55 B.28 10.76
63.29 I01.45 | 0.55 1.15 2.11 .46 4,98 6.7 5. 56 11.56
7R 1o7.5%8 | 0.5% 1.32 .54 3.67 5.28 .15 918 | 12,20
86,62 113,45 | 0.62 L3 2,47 .87 5,57 7.57 9.50 12,86
108.50 126,80 | 0.70 1.5 2.76 4.32 &322 8,47 .07 14.38
130.20 L38.81 | 0.7& 171 3.03 4.74 6.82 9,27 12.13 | 15.75
15194 15004 | 0.82 1.84 5.2 5.12 1.37 10.02 13.10 i 17:01
17580 l 16040 | 0.88 | 1.97 1.50 5.47 7.87 10.71 4.00 | 18.19
135.30 17012 | 0.93 | 2.09 i.N 5.80 8,35 11.55 14,85 | 13.3%
216.00 I 17835 | 099 | 221 3.91 6.11 8,80 11.98 15.55 | 20,34




MISCELLANEOUS FORMULA

33,000 Foot-poynds minute
530 foot-pounds secaid

1 horeepower = 746 watts = 7406 kitewaiis

TE.04 kellogram meters second

1 BTU = 778.3 fv. [y = 00003627 H.I. hanirs
DADDTIE BEW hours

I harsepowes

]

B, Alternating Curreént
Single-Phase KW = El x P.F./1000
Two-Phose KW = 1B w POF. 1000
Three-Phase KW = 1.T3TEI x P.F. 1000
KW = kilvwatts: E - averapge volia bebween line terminals
I = average line current;  PF, = power foctor
= Violes x .hm_@

s BT T
Kw = K.V.A. ZPF.
Horsepawer - o & Elbciency

Ampaeres Per Phase

The current of AC. apparatus is always given in emperes per
phuse nod can be compluted from the following formualas:

1000 (Fval

Sinpgle-Phase Amp, = P
4 . 100 (Kval
Twa-Phase (4 wire Amp. = S Vo
; 100 (KEvai
[ N e e ]
Thres.Phase (3 wire) Amp 153 % Valts

Syrichronous motcrs, a3 the name impliea, run at synchroncois
speeis, regardiess of the lead. SBquirrel-cage or woulnl-folos 8-
dhistian motors lose apeed as the load incresoes. The diffecence
i spesd Between no foad and fulfl fead i about 3 e 55, sotler

| Kilowatt = 1000 watts

I Kilowatt = 1,341 havscpower
1 KW pour = 3412 BTU

i HP hour = 1344 BTL

1 Ft. b, = 0.000285 BTU

B. Direct Current
- Valta x Ampeses
Kilowatts DM
Horsepower = LR ""ms’?:" Efficioncy

= Frequaney and Speed
Frequency {alternations per min.} = 5‘!1'::'1 {r.p.m, | % number af
€3

Ome eyele per secoad = T alicroaticns per
second
Chve eyele per e = 120 alternaticn per
minuape
i s e
Copacity Required

In deternmning the capacity of units required, the power [nctor
of the system should slways be considered,

Az ALC, geaerators are cated o kilowoltamperes (VAL on
s nondnductive lopd (1009, power factor) the proper capacicy in
true kilowatts shanald b determined ag the proper power factor,

For 1,000 1rue kilowaiis outpud at 0% power fagtar, the e

quired copacity in kilo-volt-amperes waoidld be —'{:'P'—I ar 1,250
K.V.A. 4

mare for very smoil motors and fess for very large motors.

In belt dnve calculations, it is neceisaey o afa The full
koad speed, which is the asteal specd of the motor when running
uiider normal conditions at full or nearly Tull capacity.

Groneral formula for AT symecheomoas mabor speed T-L?Ewm:f = frequency in cycles, p = 5o, pales of motor

o Shorl Method of Figuring

For 60 Cycle current, spead squals 7,

Synchronous Speeds
200 divided by number of pales

For 50 Cyele curcent, specd fquals 5,000 divided by number of poles
For 40 Cyele eurrent, speeit equals 4800 dvaled by aumber of pales
For 35 Cycle current, speed equals 3,000 divided by number of pales

MISCELLANEQUS FORMULAE

Chreumference of clsele 3.1416 = dhndneter.

Side of & square of equal area
aa that of & circle

Dénmeter of o circle of equal
Area g that af & square = L1384 x side of squdre,

.BE6T & diameter,

Area of a glrele = 07854 % squase of the diameter,
Surfwck area of a sphere = 51416 x square of the diameter.
Volume af & sphers = Q5330 x cuibir of diasmeter,

For circular conduits only:
Velocity head = be = %: = D135V

Valocity T - %ﬂ"‘

Where: gpm = goallon: pér minuge

Valume of cylinder or prism = area of basc x height.
Volume of eobe o pyramid = wx sres of base x height.

Valume of the frustrsm of & cone or pyramid = by xheight = {arcs
of upper baze 4- area of lower hase <

Doubling the dinmeter of & pipe increases its volume four timea;
EEnEraling, Il'lv:rrlmrg the dinmeter “n" times increases the
wolume "o¥'" or 0 x 0" 1imes.

d = tnstde diamever of sondiait in inches



CONVERSION FACTORS

1 U. 5. gallom = K327 Imperinl gallons
= 1310 s, inches

AF3T cu. et

= BS54 Ths.

= L.7ES litern

JRETE cubic meters

i

e = —— —— — — . =——

1oy, f. wabser = 7,48 1. 5. gallons = 62425 Iba.
1 ou. Imch water = (L0361 1bs.

I liher = 1,000 grams (water] = 1,000 cu, centimeters
= 1.O3GT quarts
= 02642 gallons
= 003531 e, foet

1 2w, 1. waler par see = 448,83 1T, B, gallons per minute
= 6317 0. 8. gelbons per 24 hours

1 #/lm® = 2.309 feet warer @ 63°F
27.75 mches water
el atmicspheres
2.042 inches mereury i@ 62°F

T baeh = 254 millimeters
= 2.54 centimeters
= 00254 meters

1 foot = 03033 meters

1 mils = 1600 kilometera
{slasule)

1 pwnes = 251405 grama
lawebkr.)

T BT = 252 calories
1 ealerle = 3568 BTU

1 simosphare (standard conditions] = 14.69 & /in®
= 10,02 inches mercury
= T centimeters mescury
= 33.87 fect water

1 inch waler = 003612 §/in*
1 fool waber = L4314 #/in®
1 ineh mereyry = 04912 d/int

1 miflimeter = 003037 inches = 0003281 feet

1 cenlimater = (.3937 iaches = 003281 fest
1 meter = 35,37 inches = 3281 foct

1 kilomater = 3X81 feet m 062037 miles

1 kilogram = 2.205 iba.
1 pownd = 04536 kilograms = 453.6 grams

"7 IS IS0 o o, degrees in 1 radien

% = 031831 = 57,308
o o= 96060 _
Ve e iy T T iReLE
lage = = D49715 = [LO1745



CONVERSION FACTORS

1 U. 5. gallaa = .E327 Imperial gollons
3310 cu, inches

J33T cu. feet

B34 Tha.

= B.785 litern

AATH cubic metees

|

|

1 cu. f. wober = 748 11, 3. gallons = 62,415 Iba.
1 ou. Imch wober = (L0361 Tbs.

S

I lihee = 1,000 grams (water] = 1000 cu, centimeters
= 10367 quirts
= 02642 gallons
= 003531 e, feet

1 2w, 1. water par sse = 448,83 1T, 5. gallons per minute

= 46,317 1. 5. gallons per 24 hours

2.309 feet water {3 61°F
I7.75 mches water
ADGE atmmoapheres
2042 inches mereury (@ 62°F

1 £/ Im®

154 millimeters
= 3.54 centimeters
= 0025 meters

1 fogl = D3048 meters

1 mile = L60F kilometera
{slnbule)

1 bneh

1 ownen = 253495 grama
Tavin.)

T BT = 251 calories
1 ealedls = MZRE8 BTU

1 simosphere (standard conditions] = 14.69 #/inf

= 18,92 inches meroury
= T centimeters mescury

= 33.87 fect water

1 inch waler = 003612 §/in?
1 foal waber = L4314 #/in?
1 ineh mereyry = D4812 4/int

1 miflimeter = 003037 inches = 0003281 feet

| ceniimeder = {.3937 inches = 0.03281 fect
1 meder = 389,37 inches = 3,381 fect
1 kilomater = JXB1 feet

= L6217 miles

¥ kilogram = 2.205 1k,
T pownd = 04536 kilograms = 453.6 grams

= o degrees in 1 radian
= 57,106

r = 314150 180

I v

—m . 31E3L

E 3

¥ = Q. BE0G0 . ;
e = ralizns in 17

Wir o= LTHs 180

log iy = = D.49T1S = 01745



TERMIMAL MARKINGS & CONNECTIONS
O-C MOTORS

COMPOUND MOTGR

SHUNT FIELEI

APOLES FII-EE
. ARMATURE

Al sanrasiirs pia for eoanireebanaly rotalon faing and oppo-
A ATV FOE DOCKASE SEADD, InSSThange A 3% A2

Serra inprwiliefsie s OO B inlenpodes winding o The A s
ol srrahore.

R S [ b Eananiey saobid, Sy polareas mus e
ot ot & ghven molabion

SHUNT GENERATOR

TIVTENY

SHUNT FEELD

Fi +}ai AFRRIATURE a3

- -

COMPOUNRD GENERATOR

EI*HH'F FRELD

HrEﬂmsOl ‘_E'E;Eil-
a8
__.._,!.u MLl mlo e

Al eotration nw K cosrtancRcineneg ralaton fasng ard Gppo-
w8 gtk For clociowise tolation. isterchinge &Y and &2

Torty Faruiieers soidedt the mlersela wading on the A2 odo
ot armsh re

Fe abetved Gurdnatens, ik dhaid Dol My Bo e soll-aacied &
EpAritHy entiid Wiy pif-dooiaed. Oomneihdng sfdwid ba
Tresahe B AFeiate Wen Sehar il Bl el Gl b e
Lalgd fram e coftar windiegs Eaparalnly pechid para
[OSES: Marsl D el TOF Qvee ADENNDS.




DC MOTORS AND CIRCUITS

1 2 3 ' g 6
o Bstor ovirhomd h Gontratier terminahon ”mm'mﬂg

R 1 iemperalrs aing Tada condut

Mator less Swich 115% B0 50

tham &0C or  Allother  minemum o .

greater than - Molds HP ratid of Miinkmim Wire size

TASSF (Max (Max byse  fuse hoder size ol [AWG o Conghsil
HP  Amp  fusa 125%)  115%) BiZE slarter ™ THW TW  THW ko) farscheirs)
Y
1k &0 5 812 30 i . . ; 14 12
13 52 614 sa10 a0 0 - . 4 12
172 &4 ] ] a0 1] - 14 12
34 86 12 10 a0 i . . g : 14 12
1 122 15 12 a0 & . . . : L] 12
20y
174 31 312 B a0 ] . . . e 14 2
! 41 & 4142 a0 (1] . . 14 12
172 54  B1a [ 30 & : . t4 i 1]
b4 TE ;] 8 3 ] . . . . 14 12
! 85 L] 19 a0 & . . . 14 "2
T2 132 15 i5 30 1 . . . . 14 i
2 17 20 17 12 an 1 . C . 12 12
5 4 50 a & 2 = - =

. & ]
0 76 9 B0 W00 3 : - .
. 3 1

B0V
14 2z 212 204 30 i ’ ¥ . * 14 e
13 26 321 2810 an ) . . . 14 12
2 ad 4 31 a0 a . . 14 e
a4 4.8 & 5 an i . . - 14 12
* Fissir reducars requined.




WIRE SIZE vs VOLTAGE DROP

w#@dﬁmﬂww“ﬁmﬂl”ﬁﬁiw
deop changis: 31 & fusetion of B eisiieses of e wite and shold Dar el o 2% T
pesibia. B i oD o QRGN Tan T oy ol this Appiance & sverely Decreased
and e oof g equipment wil e deopased. s 2o esarpn.  the voltags dop 00 an
incanddsnent ght bl ks 10%. e gt cutoud o Do bl decreases ovis 3050

Woltage drop can b caculeed g Ofeis Lior, which 5 YVeltage Dsog « Dl 11
amos K Ressiancy i ofhms. Aoy exampie, T vodaos 0D o a 200 oot long. 14
Qe pouesr line mppiyeng & TD00 walt Epodfghd e calnuiated as loftws

Curend o MO0 WL 7 120 velm o 5 4 amgs

Repataros of 414 wee » 2 58 phens, | In'.'ﬂhl:ﬁ T

Mirsintance of powsr fng = 200 fsat w 10,0058 ofsmsionl
o 0516 o

Volmge dwn v B4 amps i 05 ohe & 433 vl

hmmmmp-t:nmllam-ah

Tha 36% drop i5 falr e emdesyes 0 50 dahar W mEmadn ot e Buls musl e
RN 2 e et O ol i PPER! B NS | (ORISR i1 TR DD o
). B 912 v welvd asad TR abon Sxampio, a-wolians drog waldl hawe onfy Deen
225 The wire sesaiaccs vallees ior wanous Sice wine o condared i the Copper Wiea
Anbie oy plge 114

A ey Sty 1 Il SO0 SnBTR 1R B B0 wORAGE Doubkes (240
s nshead of Imwﬁjhmm_ﬂnﬂwiﬂt That moans Sak 3 bnecan
carry e same powsr 3 B Surthar” Mighet volags e st mond T,

Aoy comenenly wohed mpdbedd of calopien voliage doop o iolows:

Voltage drap = 2 u'Wen in el ¥ pumied i e

Uiy T s i T Ce's L ecaempia 28 the-fop of this page.
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MISCELLANEOUS ELECTRICAL FORMULAS

OHMS LAW

Ohees = Woks'Amgsros (R~ EN)
Ampens © VokaDhms (| = ER)
Vodls = Amperes « Ohms (E = 1R)
POWER—A-C CIRCUITS

E Ingut Witts

B P K m_%!Muhmﬂ:uanmnﬂ.m

Threst-Phasa Vel-Ampaies = Yolts = Amaenss x 1,732
. - A5
o Phist AMBRES = {552 + Vois = Chiciency = Fowsr Faciat

. Tdf = Horsepower _—
These-Phiess ElcRCy = e paeia = Fwet Facke = 1,702

46 * Homapgwss
Bingle-Fhase Amperes = Waits = EHiciency = Power Faclor

TdE ®
¥ vois = Amperes « Power Faclor
gt Walts
Vioils = AMmperes

Sirsgie Phas Ellici

Fnge-Fhasd Powes Facip =

Hivsepowsr [3 Phase) =

Hﬂl‘iwﬂpﬁﬁai-mx g ?41.5 e i
POWER—D-C CIRCUWITS
Wntts = Woks « Ampsees (W - E1)

Wans

M-EI’I-HE]

He dm::_m_mmxwm

SPEED—A-C MACHINERY

_ Herz « 120
Synchronous APM = Poisa

_ Synefuonous RPM - Full-Losd RFM
Poroerd Skp 5 AP = 10

Wity = Amperes 1 T2« Eficiancy « Povnr Facior
745

MOTOR APPLICATION

Torgu (Ib.-f) = %%F‘.’.;__.”m

.. Torgue {ib.f) = APM
Horsapower S5E0

TIME FOR MOTOR TO REACH
OPERATING SPEED [seconds)

&4 WK? = Spesd
308 Mg, Accelarating Torque

WK = Inartia of Rotor + Inertia of Load (-
Awerage Accelgrating Tomgue = 5

FLT = Full-Load Torgus BOT = Breakdowi Torgue
LAT = Locked-Rotor Tomque

_WK‘? Load) = Load RPM?
Load WK {at mator shalf) ._l__J_._.._’?_“ Fi

SHAFT STRESS (P51 = HML.&;‘:%

PUMP MOTOR APPLICATION

- GPM = Hiad in Feel 5 Specilic Gravity
L S 3960 = EMiciancy of Pumg
Haad in Feet = 2.31 P.S1G.

FAN AND BLOWER MOTOR APPLICATION

H . CFM » Presgure (b, It}
3000 = Efficiency

VOLUME OF LIGUID IN & TANK

Galﬂru_} = BEFS = OF = H

D = Tank Diametar (i}

H = Helght of Liquid (it}

FLT + 2] + BOT & LAT



