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and that it is not close to either the water surface or the
bottom of the tank. It may therefore be assumed that the
Water converges toward the orifice from a hemisphere of
ll.lﬁnite radius to one of diameter 4 B. On that assump-
tion we wij] compute the excess of pressure on the left
hand over that on the right-hand side of the vessel, due

to the opening 4 B.of the orifice.

.. The pressure decrease at any point on the right, out-
Side of the area 4 B of the orifice is equal to the velocity
head existing at that point. The summation of these

CCreases in pressure over the right-hand face is as fol-
lows, taking A B <27 -
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Then, applying to . this problem the same methods

USed in obtaining Equation (5) in the preceding problem,
We have
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Placing Q = cFy, v = ¢ ¥2gh where ¢ is an expern"nental
Coeflicient of velocity or friction, and F = 77, the

€quation finally reduces to

2.2
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from Which for ¢ = 0.93, we find ¢ = 0.60, Wl}i‘:h agreae
Well with the results of experiments on such orifices.

As the orifice becomes large with respect to the size
% the vessel, or is near the bottom or a corner, the mathe-
Matical analysis of the problem becomes much more com-
Plicated. Newton’s law, however, is seen to present a
rati(.)nal theoretical basis for the defermination of co-
efficients of contraction. :

The second phase of the application of Ne.wton’s
Sécond law is found chiefly in hydraulic problems involv-
'0g a sudden change in the conditions of flow, such as
Sudden enlargement in a pipe flowing full of water, the
Standing wave, or the ‘‘bore’’ created by the sudden
>toppage of flow in an open flume. It is somewhat the

€ same as the problem of ‘‘direct central impact”’ in the
Mechanics of solids. Such problems can be attacked either
by the method of “‘work and energy’’ or by the ‘‘mo-
mentum” or “‘impact’” method. It will be shown that the
Method of “‘work and energy’’ seems to lead to erroneous
conclusions and that apparently the ‘‘impact” method
should be used in such cases.
“BefOre proceeding it is well to recall that the methf)d
‘f)f Work and energy”’ is based upon the following dif-
€rential equations :—
vdy = ads 3 . R b
4 purely mathematical equation, and

-él =L :—E- . . . (8)’
dt M

'ztlin1lncompl'3te form of Newton’s second law, the differen-
 equation through elimination of ‘‘a’’, becoming

Muvdy = Pds AT N

. Whij i e
hich €quation, when integrated between the limits of v
ane L velocity and s, and s. for distance which cor-
st pond o the limits O and t for time, becomes for con-
ant values of M and 2,
M ('U::2 =~ T8l

8 e P sy v 81) 000 (9a)

THE CANADIAN ENGINEER 69

On the other hand, in the case of a sudden change in '
the conditions of flow, the change of momentum occurs
not as a small change in the velocity for the finite mass,
M, but as a large change in the velocity, v = (v2 — 1)
for a small amount of mass, dM, in the time, dt. Hence
the method of work and energy which is based upon the
first mentioned type of change of momentum cannot cor-
rectly apply to a problem where the conditions are such
that a change of momentum of the second type exists.
The ‘‘momentum’ or ‘‘impact’’ equation, which should
be used, is

dM
— =P Y § ¢
v e (10)
M
or, since V=V — W andﬂ = _21
; dt g
Jx{pi ol =P . . . (10a)
g

We will first consider the problem of an abrupt en-
largement in cross-section of a pipe flowing full of water,
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the notation being as shown in Fig. 3. The basic assump-
tion made in order to make the problem possible of solution
is that the pressure over the entire sectional area of the
stream immediately beyond the enlargement is uniform
and equal to p.. Using the equation of work and energy
as expressed by (9a) and considering the prism of water
AB, of sectional area F, and length I, during the time it
takes for the prism to come into positionn BC, where its
1

F,

sectional area is F. and length L. = l,, we obtain the

following result :—
Flll'y ('Uzz— 'U:z)

28
st S—ig

s i A "~ e e
Y V2g i

This equation indicates no loss of head at the abrupt en-

largement due to shock or impact and is shown by experi-

ment to be incorrect.
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