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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 
infinite radius to one of diameter A B. On that assump
tion vve will compute the excess of pressure on the left 
hand over that on the right-hand side of the vessel, due 
to the opening A B of the orifice.

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 — Vi) 
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 tvpe exists. 
The
be used, is

T lie pressure decrease at any point on the right, out- 
side of the area A B of the orifice is equal to the velocity 
lead existing at that point. The summation of these 
ecreases in pressure over the right-hand face is as fol- 

lows> taking AB = 2r

momentum” or “impact” equation, which should
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We will first consider the problem of an abrupt en
largement in cross-section of a pipe flowing full of water,

vdr/ Q‘y gdr =
'8*r"goc r3

ihen, applying to this problem the 
Used in obtaining Equation (5) in the preceding problem, 
We have

methodssame
Unit Pressure p 

I z* Sectional Area F 
z'Unit Pressure 

=: 3 p>dpcFyv2Q2v (6)Fhy +
8*Fg

Placing Q = cÿVj v $ ^Ygh where <P is an experimental 
coefficient of velocity or friction, and F = , the
equation finally reduces to

I +

^rom which for f = 0.95, we 
e * with the results of experiments on

As the orifice becomes large with respect to the size 
0 vessel, or is near the bottom or a corner, the mathe
matical analysis of the problem becomes much 
P 'Gated. Newton’s law, however, is seen to present a 
rational theoretical basis for the determination of co- 
e cients of contraction.

The second phase of the application of Newton’s 
second law is found chiefly in hydraulic problems involv- 
lnR 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 
stoppage of flow in an open flume. It is somewhat the 

le same as the problem of “direct central impact” in the 
"mechanics of solids. Such problems can be attacked either 
A the method of “work and energy” or by the mo- 
mentum” or “impact” method. It will be shown that the 
rtlethod of “work and energy” seems to lead to erroneous 
conclusions and that apparently the “impact” method 
s °uld be used in such cases.
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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 p2. Using the equation of work and energy 
as expressed by (9a) and considering the prism of water 
AB, of sectional area E, and length h during the time it 
takes for the prism to come into position BC, where its

U, we obtain the
r 2

^Before proceeding it is well to recall that the method 
? work and energy” is based upon the following dif
ferential equations

. (7)vdv — ads
Puiely mathematical equation, and

Pdv (8),
dt a M

tp Ilru °mplete form of Newton’s second law, the differen- 
equation through elimination of “a”, becoming

Mvdv = Pds

sectional area is is and length U = 

following result :—

F,l,y (v2*— v,2)• (9);
— Fipilr -------  b 2P2I2an !C l efluation, when integrated between the limits of Vi 

res Z’2 7>r ve*<x'ity and 5, and s2 for distance which cor- 
st-^°nt the limits 0 and t for time, becomes for con- 

ant Vai;jes of M and P,
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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.

(9a)= P ($2 — Si)
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