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the discharge is one-half that at full opening, and at 5 or 6 different velocities of
revolution at each gate-opening,' making some 30 odd experiments in all on each
wheel. The final result is, that for all practical purposes the water-wheel has been
converted into a water meter, and its discharge may be known under any of the con-
ditions under which it is found in the mill. Besides this, its efficiency, or the value
of the wheel as a water-motor, is also known.

Being fitted to make these tests at any time, summer and winter, and with
many tests to make, the expense of a single test when made by the Holyoke Water
Power Co., need be but moderate. In former years such tests could be made only
in the mills where the wheel happened to be set, and at great expense for prepara-
tion, all of which preparation was available for that one wheel only.  In this way the
cost of a wheel test might readily amount to $2,500, where the Holyoke Water
Power Co., would now undertake to do it for $100 or $150. And this has gradually
led to the making of a great many wheel tests each year for outside parties, sending
wheels from all parts of the U. S. Tests for the public are made subject to the re-
quirements of the circular, given in the Appendix. As will be seen from the des-
cription of the testing-flume, it is suitable, moreover, to the making of hydraulic
experiments, other than the efficiency test of wheels, and will no doubt be used for
such, from time to time.

The under-ground portion of the testing-flume consists in the main of the
trunk or penstock, A, bringing the water; a-sort of vestibule, B; an ante-chamber, C;
the wheel-pit, D; and tailtace, E. The trunk A is, of boiler iron, about g feet in
diameter, laid low down in the ground, so as to pass longitudinally under the centre
of a street, and thus take up no land suitable for building purposes. The object of
the vestibule B is simply to afford opportunity for the application of the two head-
gates, G G. Besides these, there is a head-gate at the point of entry of the trunk A
into the canal whence it takes the water. A small trunk, FF,about 3 feet in diameter,
takes water from this vestibule, independently of the gates G, and leads it to a tur-
bine wheel, H, set in an iron casing, in the chamber or pit, C, so that this wheel can
run, even when C is empty. This wheel discharges through the floor at the bottom
of C, thence through the arch I and the supplementary tail-race K, into the second
level canal. It is used to operate the repair shops; also to lift and lower the gates
G. The chamber C is bounded on one side by a tier of stop-plank L, and on an-
other side, by a tier of stop-plank M. The object of the stop-planks L is to afford
a waste-way out of the chamber C. This is of especial use in regulating the height
of the water when testing under low heads ; also to skim off the oil floating on the
water, which has dropped down from the dynamometer. The water thus wasted
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over the planks L, falls directly into the tail-race K and passes into the second level.
The stop-planks M come into use when testing scroll, or cased wheels. In that event,
D is empty of water and the wheel case in question is attached to the planks M,
over a proper opening cut through the same. Large case-wheels could be set in the
centre of D, and the water be led to them by a short trunk or penstock, leading from
an opening cut in the planks M. Flume wheels are set in the centre of the floor of
D, and D is filled with water. They discharge through the floor of D, (not shown
on the drawing) and out of the three culverts N N N into the tailrace E, At the
down-stream end of this tail-race is the measuring weir, O, the crest being formed of
a piece of planed wrought iron. It can be used with or without end contractions.
The depth of water on the weir, is measured in a quarter-cylinder P, set in a recess,
Q, fashioned into the sides of the tail-race. These recesses are water-tight, and the
observer is thus enabled to stand with the water-level about breast-high, or at con-
venient height for accurate observation. The methods of measuring water over this
weir, are those described in Lowell Hydraulic Experiments, by James B. Francis.
In this work are detailed at great length all the experiments made to establish a for-
mula, which should express the relations between the quantity of water discharged
per second, the length of a weir, and the depth of water upon that weir. The ex-
periments consisted of letting large volumes of water run over weirs of various sizes
and forms, a given length of time, and of catching the water thus allowed to flow
over, in a measuring tank. In this country these experiments are well known, and
the formula which was derived from them has met with general acceptance. To
those who are not familiar with the book and who wish to learn the authority for this
method of measuring water, its study is strongly recommended. A platform R sur-
rounds the tail-race, and is suspended from the iron beams that roof it in. Above
the tail-race'is a strect. The wheels to be tested arrive on this street, are lifted
from the wagon by a travelling windlass that runs out on a frame-work over the
street, are run into the building and lowered into the wheelpit D. Winding stairs
lead into a passage way that leads in turn to the platform R. In the well hole of
these stairs is set up the glass tube which measures the head of water upon the
wheel. It is connected with the pit D or the chamber C, by means of pipes running
through a cast-iron pipe T, built into the masonry dam which forms the down-stream
end of the wheel-pit D. The power is weighed by a Prony brake, consisting of a
cast-ron pulley, surrounded by a hollow brass band, through which a stream of
water is allowed to circulate, and a bent lever and weights, to hold the band and
pulley in place. Five sizes of pulley and band are used, to weigh different sizes of
wheels.  The limits of power weighed have been from 1 1-4 to 230 H. P. Heads



have varied from 4 to 19 feet. To enable the observer at the brake wheel, the one
at the head gauge, and the one at the measuring weir to take simultaneous observa-
tions at intervals of one minute, an electric clock is set up in the testing flume,
which rings three bells simultaneously at intervals of one minute, or of half a min-
ute if desired. ' :

The whole structure is built in a durable and efficient manner. The pits
and tail-race are all lined with brick laid in cement. The stcne masonry was in-
tended by careful work and grouting to be wat_r-tight without the brick lining, and
the brick lining was then carefully laid up with joints full of mortar as an extra pre-
caution. As a consequence, the front of the wall forming the down-stream side of
the pit D, is barely damp with 20 feet head of water upon it, The floor of the pit
D is built so tight, that an exact measurement of the leakage of the wheel-gate could
be made, if desired. An approximate estimate is readily made by filling the pit be-
fore the tail-race is allowed to fill up, and apportioning the total measured leakage,
between the leakage of the wheel gate, and that of the flume.

U V W show three waste-pipes, from the vestibule, ante-chamber, and tail-
race respectively. Another not shown serves to draw the water out of and through
the floor of the pit D. To close or open these waste-pipes they are fitted with the
cases of small water-wheels, which thus form convenient valves for the purpose in-
dicated. The waste-pipe V, serves also to help regulate the height of water in the
ante-chamber C and pit D, during tests under low heads.

The pipe W leads into a sewer on the other side of the second level canal
and thence into the river. It enables the tailrace to be emptied of water down to
within some ten inches of the bottom planking.

Up to date the Holyoke Water Power Co., has tested 185 wheels, of which
about 125 were tested for the public, and the rest solely in its own interests. This
represents some three years’ work in the present flume, and in another, less perfect
and of a temporary nature only, which preceded it.

Horvokg, Mass.,, U. 5. A,, July 18, 1883.



APPENDIX.
HovLvoke, Mass,, July 18, 1883.
To MANUFACTURERS, WATER-WHEEL BUILDERS, AND LEssors oF WATER POWER :
GENTLEMEN,— .

We have completed our new Testing Flume, and
furnished it with apparatus to test wheels of any of the usual diameters, (the pit is
20 feet square) and of any power up to 230 H. P,

The measuring weir has a capacity of 200 cubic feet per second.

Wheels can be tested under any head from 4 to 17, and in some cases, neai‘ly
19 feet. Parties sending wheels should comply with the following directions:

The wheel should be sent ready to set.

For wheels of 25 H. P. or less, have distance from platform on which wheel
rests, to top of shaft, 4 feet, 3 inches; have 4 inches of top of shaft 2 inches in di-
ameter ; with key seat 1-2 inch wide and 3-16 deep.

For wheels 25 to 75 H. P., platform to top of shaft, 5 feet, 6 in.; 5 inches of
top of shaft 3 inches in diameter; key-seat, 9-16 x 3-16 inches.

For wheels 75 H. P., or over, platform to top of shaft, 7 feet; 6 inches of top
of shaft 4 inches in diameter; key-seat, 1 in. x 3-8.

The price of test and of a full and carefully computed report, is 10 per cent,,
of list price of wheel, but no wheel for less than $30. The sender to pay freightand
cartage. Scroll wheels, or wheels set in iron cases, may cost from $10.00 to $15.00,
possibly more, in addition.

HOLYOKE WATER POWER CO,

HOLYOKE, MASS.
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115, .00
12100
12045
1 35,00
14 2.0
I 2050
1 24.50
32 850
[58.0c0
| 43,00
| 50.00
105.25
1r2.00
118,00
122.00
128,00
5306
1232495
14825
155,323

under actual head.

H. P. developed by Wheel

L

A3
287
Y435
\Lﬂ. i
1399
7239
6856
69 35
69 Ao
68.80
(%) Nm\_w
6hB2
5247
5062
;mb.ofw
_HOA9
5529
HeAD
16.62,
Hhe2
545 %

H.ub.w
BHjl.10

3842
_8B8A
i
57 th
36.60
35.80
3401
34.57
28,85

Efficiency of Wheel.
0

0

78.6
70,1

79.6
79.6
wm.&
805
81.4
816
8t 4
8o.h
786
ﬂ\@. |
7950
79.2
778
.Nl_rw.m
749
54
148
Z
oy
r\O._
mv.?u\
0!
2y
o'
ool
b2
G625
HBE-
53.2

of | & feect.

by Wheel, reduced to head

Quantity of Water discharged

D223
.22
2156
D12
D0 .3
8939
51.84
B1.6o
BlLo3
Bo4d
7963
Nm 6l
_N 1.26
qO.& 1
6993
6876
Gy.54
SB65
5849
B
S e
_B56.59
5596
A.85
A6
A1.2-0
A7.01
A6\
4592
45.29
44.6 |
4397

Ratio of Discharge of Wheel,
max. eff,

;3 to full gate discharge at

B
™

l.ocB

[Belel]
0991
©0.98)
0.898
0396

0. 890
0884
o.874
0,663
0.782
0TS
0..\0@
Ry AL
O.NLI_

0.644
0.642
©.634
0.&&.4
062l

©.614
o525
B.522

Tl 1)

o0.516

0,508
o,.504
D.k_r\mv.N
o. 4950
o482

Ratio of
N P W to Ve 1 HL.

I Duration of Experiment.

13

0.603
0.624
o.646
0.0
o,'fe3
o.TA3
0.609
0,635
o.655
oG8
oM
O.Jﬁ@
0. 606
.63
0.6
0.'Jo%
o. A2
0.595
okao
o 654
0.68]
o.'[o4
O..N.w@
0,533
0.568
0,598
0618
0.648
0.6Y6
o.Jo6
o4t A4

o 82 3 | For conxttrrrecitcory sSee 1aside

—

{t. from the center of the shaft,

1bs.
1bs., applied at a distance of

During the above experiments, the weight of the dynamometer, and of that portion of the shaft which was ahove the
With the flume empty, a strain of

NSNS N T N T N N N N O N N N N O NN N T T N TN

sufficed to start the wheel.

lowest coupling was



- NL\J-‘F‘ L7| Gy

12,69 <391
12.7| 0.785
1243 o719
l,‘Z."{G o i
12.'718 o§68
LZ.50 0,7,63
12.82 o058

e
2 A5
2712

;56 ‘77
2629

26 .05

24.63>
230
26.97
26.62
2639
26,14
2590

36
32
28
24
2
18

15

10500 2300 578

FIATS 2234 K6
| 2400 2112 54.2
|.32.00 1928 5o.0
138000 11632 46.1
14525 159) 41.9
5.5 13,82 36.7

829 03810529 4
3249 0357 o.578 4
_3;2.07 o352 | 0. 6524 3
-31.62 0347(;663 4
312 0344 0693 3
31.00 0.340 0729 4
~30.69 0.33Y ©’760 3
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Length of Weir, .1 2.00. ... t. 2 €y Cortdanactions Choacnel of appreoch 201 widle 585 decp Ko bonr

wercrest.
Temperature of Water, «?,) Q:OT( :

No Z..Lever : ratio of arms,. f.d.09~4‘
i Dynamometer, diameter. & . 3?}«'.?{'1‘.
Guide area, 48 .0.4‘.5(1. ft.

Bucket aren, .. .2;.7.0.51[. ft.

Unit Q...fa.l »1Q .c. . p. 5., under head of.. 1.8 st
Co-efficient of guide discharge, 0.567& ume“nﬁeadfof / 8{;{

fr (2] bl

Co-efficient of bucket discharge, Q¢ 5 I 76
Measurements of wheel, see... ..... R A T T
20T, PP
NOTES OF TEST. For computat.on, see comp. book N 5
Q. P
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