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;‘S:s:it:?s permit of a design of bucke}: to handle large
of am 1]es of water. In such a Tunner, thin warped buckets
“Cketpe size and large openings can be used. These
eads S are, relatively speaking, structurally weak. High
simple ":ind. consequent hlgh. velocities .make necessary a
Telatipe] esign  of buc.k.et, thicker material, and, therefore,
st by smal] quant1t1.esvof water. S.tr.ength, thfarefore,
and- ¢ carefully considered in determmmg the dl.ameter
or prgeed of ‘a runner. I.n genergl it may be'sald that
may Der strength and design, the following specific speeds
7 Pe used for any head below the maximum head given.
Specific Speed. Maximum Head.
TeV. per min, feet.

meters.
OB R mne 3 i 5 s e e s e 50 154
e e N R G (TR S 100 30
ROIRYO B 50 y movsis furii o ik ree apliie s 200 61
B O o o T R et e 400 122
HE AR e A SR SR R 600 183

Thj S A :
= his tabulation is not by any means fixed and is merely
Ziven as a guide, If the specific speed figures out for any
head a5 greater than the values given above, two run-

]

/a

5 |
g

[
743
/il
-4
ER

L
AL
@
3
=
POWI

2

l
&

\
-
S

W

Fu

n
S

2
A=

£

|

s
=

,7_‘—

g

N

HEAD VARIATION
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Flg EQUIV.SP.EED VARIATION
-h 9.—Effect on Power of F'g', 10,
aNge of Speed, Based (See Fig. 9.)

on Constant Head.

ser:dshou]d be used. If two runners are used, the specific
halg ofmust again be figured out with a horse power one:
ing 'faCtthat used before. If head were the only determin-
tablg - 3 t_he specific speed could be chosen from the above
and the rev. per min. calculated from the formula.
shOv:: )tf 'har‘jmteristic Efficiency.—It has allready been
iency ok at different values of K result in a <.i1ﬁe1'ent effic-
SPecj aracteristic. From our formula it is noted that
8ivey b speed varies with rev. per min., hex'mce for any
Sbecj Orse power and head .the rev. per mif. fixes the
‘unn‘e.rc Speed, and the efficiency which is obtained from a
Darijy ;mth'thi‘s specific speed both for full }oajd anq for
theres Oads.  The particular speed characteristic desired,

e
runne;)re, has much to do with selection of the speed of the

to BS) Balancing.—A single Tunner can be designed so as

Sin e?Ce thrust.  This is sometimes desirable. With a
& Sequ:“ner,we have a lower specific speed and, therefore,
§1dered ,:t large diameter ¢f runner.. This sho-uld be con-
Quesy, V. the designer and used where p0551b‘le. .The
Dajr, R of thrust does not enter into consideration with a
X ané“nners’ as these are placed on a shaft.as right ‘and
by that Tunners and the thrust of one runner 1s neutralized
aip :ff the other. It is often found, however, that wl'len
Tus Su Tunners js used, other conditions. of the design
tion, ffer anq perhaps to the disadvantage of the installa-
questio:' Making 5 proper selection of speed, therefore, the
(d) b3 b?llancing is of importance.

the LTS S_pee,d Regulation.—Speed regulation is oftentimes
Sbeeq St Mportant item in fixing the speed. The lower the
g eféme !arger are the diameters and weights of the rotat-
Unjy  Set and, ‘therefore, the greéater flywheel effect of the
Varjes o.'Ben the load on _ the unit is changed the speed
ectly with the flywheel effect. It is therefore often
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desirable to use a lower speed, fixing this speed by the de-
gree of regulation desired. Extra flywheel effect can be
obtained by the use of a flywheel, but this is generally un-
desirable and if possible should not be considered on ac-
count of the danger due to high pressures on bearings, etc.

(e) Variation in Head.—This is a common condition in
low head plants. In hydroelectric plants the speed must
be kept constant, even though the head does vary. In the
case of ,pulp. grinding mills, speed variation is not of so
great importance. : y

We have already shown in Figs. 8 and ¢ 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
some 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-
ance between cost and benefits must be found.

To get a full conception of the effect o6f 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 Te€v. per min,
when operating at 4o-ft. (1z m.) head.  This particular
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 2oo rev. per min. in order to operate properly on
the electric system connected to them. Let us investigate
what will happen ~under these conditions. One of our
fundamental formulas states that the horse power varies
as H*/®.  Therefore, at 24-ft, (7-m.) head our 1,000-h.p.

1,000
wheel will give

4oy */*
(;

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. oc
200

— 465 h.p. This calculation, how-

H'/ -Thus ,
i a7 4D
1) _

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, 2 corresponding speed variation of approximately
20 per cent :

Referring mow to Fig. 9 we note that for an increase of
20 per cent. 'in speed, there is a corresponding decrease in
power for a Type 3 runner of 25 per cent. We would sacri-
fice, therefore, when operating at these changed conditions,
25 per cent. of the power which the runner operating at its
best speed for this head possesses, that is, 25 per cent. of
465 h.p. or 115 h.p. We would have left, therefore, when
operating the wheel under these changed conditions as
brought about by flood, the difference between 465 h.p. and
i15 h.p., or 350 h.p. ~If a Tunner of type No. 2 K= 43,
should be installed in this plant instead of a runner of Type
No. 3, it is readily seen from Fig. ¢ that when operating
under the changed conditions brought about by the flood,
the loss in power, instead of being 23 per cent., would be
but 12 per cent., which is a loss of 57.5 h.p. ~The power,

/2 = 155 rev. per min.. .-



