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Vel°cities permit of a design of bucket to handle large 
quantities of water. In such a runner, thin warped buckets 
? amPle size and large openings can be used. These 

Uckets are, relatively speaking, structurally weak. 
g,eads and consequent high velocities make necessary a 
^®ple design of bucket, thicker material, and, therefore, 
datively small quantities of water. Strength, therefore, 

a Ust carefully considered in determining the diameter 
speed of a runner. In general it may be said that 

Proper strength and design, the following specific speeds 
may be

desirable to use a lower speed, fixing this speed by the de­
gree of regulation desired, 
obtained by the use of a flywheel, but this is generally un­
desirable and if possible should not be considered on ac- 

of the danger due to- high pressures on bearings, etc.

Extra flywheel effect can be

High
count

(e) Variation in Head.—This is a common condition in 
In hydroelectric plants the speed must

In the
low head plants.
be kept constant, even though the head does vary.

of, pulp grinding mills, speed variation is not of socase
great importance.

We have already shown in Figs. 8 and 9 that different 
speeds have different characteristics of power and efficiency 
when the runners operate under heads other than the heads 
they were designed for, and lower speed than that given in 

manufacturers’ standard table of speed may often­
times be used to advantage and might mean a considerable 
increase in the output of the plant. At the same time the 
initial cost may be greater and in such cases a proper bal- 

between cost and benefits must be found.
To get a full conception of the effect <tt variable speed 

let us take an example :
Example.—-A certain Water plant has installed in it a 

Water wheel runner of type No. 3, K = 75, which is de­
signed to deliver 1,000 h.p. maximum at 200 rev. per min. 
when operating at 40-ft. (12 m. ) head, 
plant is so located, however, that the head varies due to 
floods, and at times the operating head drops down from 40 
to 24 ft. (7 m.) The plant is a hydroelectric plant, and the 
generators driven by the water wheels require a constant 
speed of 200 rev. per min. in order to operate properly on 
the electric system connected to them. Let us investigate 
what will happen under these conditions, 
fundamental formulas states that the horse power varies 
as H3/3, Therefore, at 24-ft. (7-m.) head our 1,000-h.p.

for

used for any head below the maximum head given. 
Specific Speed. 

rev- per min.
68 to 75...
So to 68...
35 to 50..,
25 to 35.. 
fo to 25. .

Maximum Head, 
feet. meters.

1550
some30100

61200
122400
183600

ance
bis tabulation is not by any means fixed and is merely 
as a guide. If the specific speed figures out for any 
head as greater than the values given above, two
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Fig. 10.
(See Fig. Q.)of Speed, Based 

°n Constant Head. 1,000

wheel will give ------- = 465 h.p. This calculation, how-
uers

Taust again be figured out with a horse power one 
in of that used before. If head were the only determm- 
tablfaCtor’ the specific speed could be chosen from the above 

e and the rev. per min. calculated from the formula.

sho Characteristic Efficiency.—It has 
ien'Vn that different values of K result in a 
spj? characteristic. From our formula it is noted that 

lpc speed varies with rev. per min., hence for any 
horse power and head the rev. per min. fixes the 

rnn sPeed, and the efficiency which is obtained from a 
Partît this specific speed both for full load and or
ther i l0ads- The particular speed characteristic desired, 
tUnne°re’ ^aS much to do with selection of the speed of t e

t0 1 ^ balancing.—A single runner can be designed so as 
siticl nCe thrust. This is sometimes desirable. With a 
cons e runner we have a lower specific speed and, therefore, 
sider<lUent large diameter of runner. This should be con­
quest ky the designer and used where possible. e
Pair 't thrust does not enter into consideration with a 
left.jj. runners, as these are placed on a shaft as right an 
by t, nd runners and the thrust of one runner is neutralize 
a Paiat of the other. It is often found, however, that when 
hiust r °f runners is used, other conditions of the design 
tiop_ Saffer and perhaps to the disadvantage of the installa- 
questj n tuaking a proper selection of speed, therefore, the 

. °n C1 balancing is of importance. 
the tn * SPeed Regulation.—Speed regulation is oftentimes 
sPee<j Iruportant item in fixing the speed. The lower the 
’Ug ejç e larger are the diameters, and weights of the rotat- 
Unit ^‘nt and, therefore, the gréater flywheel effect of the 
v5riès ]• *len the load on the unit is changed the speed 

tfectly with the flywheel effect. It is therefore often

used, the specific Tshould be used. 0If two runners are

ever, is based on the assumption that we allow the wheel to- 
run at the proper speed for 24-ft. (7-m.) head, which speed 
would be in accordance with the formula : rev. per min. ocalready been 

different effic- 200
I2 = 155 rev. per min.H1/3- Thus ,------

©given ' 
sPecific

Now,- as a matter of fact, we do not want to allow this, 
change in speed for the reason stated above, and as this 
is the case, we must sacrifice some of our power. If, there­
fore, we decrease the head from 40 to 24 ft. (12 m. to 7 m.) 
which is a drop in head of 16 ft. (5 m.) or a change of 40 
per cent, in head, we will have, in accordance with the chart 
in Fig. 10, a cotres,ponding speed variation of approximately 
20 per cent

Referring1 now to Fig. 9 we note that for an increase of 
cent, in speed, there is a corresponding decrease in

We would sacri-
20 per
power for a Type 3 runner of 25 -per cent, 
fice, therefore, when operating at these changed conditions, 
25 per cent, of the power which the runner operating at its 

speed for this head possesses, that is, 25 per cent, of 
We would have left, therefore, when

best
465 h:p. or 115 h.p. 
operating the wheel under these changed conditions as 
brought about by flood, the difference between 465 h.p. and 

If a runner of type No. 2 K= 45,115 h.p., or 350 h.p. 
should be installed in this plant instead of a runner of Type 
No. 3, it is readily seen from Fig. 9 that when operating- 
under the changed conditions brought about by the flood, 
the loss in power, instead of being 25 per cent., would be 
but 12 per cent., which is a loss of 57.5 h.p. The power,


