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We can obtain approximate values of x and hn-\ by the following 
method, assuming C = Cn = constant. Instead of [18] we ob-
tain: 

Av = 
b Alc„ 

A 
•><lHk 

and by means of [19] 

bAkn lh„ — In _ Ihn — (In + Ah) 
A T In ^ hk 

or using the same abbreviations as before, 

— \/a — hk, i = C\/In. 
Let 

then 
i/k- = a — hk and fft+i2 = a — hk+i 

gt — gt+1 = cVa — gS [20] 

gk- — 2gtgk+, + gk+i2 — C2(a — gk
2) = 0 

2gngk+1 , gt+i1 — C2a 
t + v + i+r- = 0 

gt = 
gt+1 

l + C2 
(gh-* CM) 

l + C2 • L27] 

E F F E C T OF VELOCITY U P O N COEFFICIENT OF DISCHARGE 

Professor Enger's formula for coefficient of discharge fits 
the values determined from his experiment very well, but ob-
viously it could not be correct for all cases even though dimen-
sionally consistent as implied by Professor Kunz. Consider the 
case where the pressure in the pipe was equal to the velocity 

v2 

y Zlj 
head. Then the numerator in the equation c = Ce IS 

[25] 

For every value gt + i we can calculate gk and hk = a — gk2. 
This value we can use as a first approximation and calculate a 
second approximation by means of Equation [20], 

Discussion 
W. E. HOWLAND.2 The writer has been interested in this 

problem in its relation to the design of filter laterals through 
which water is forced into the bottom of a filter for the purpose 
of washing the sand. I t is important to maintain an approxi-
mately equal distribution of water in the base of the filter as 
expressed in rate of water applied per unit area of horizontal 
cross-section of sand. This means that for ordinary arrange-
ments of piping the rate of water emitted per unit distance along 
the pipe should be approximately a constant. If the pressure 
distribution along the pipe were known, as well as the hydraulic 
characteristics of the orifice in the pipe under the conditions 
of the problem, then one could effect the desired uniformity of 
distribution either by varying the diameter of the holes or their 
spacing. 

The importance of a correct prediction of the pressure distri-
bution curve is of fundamental importance to this practical 
problem. 

Such studies as this of Professor Kunz and the earlier one of 
Professor Enger throw considerable light upon the problem. 
The effect of the velocity in the main pipe upon the coefficient 
of the orifice shown by Professor Enger's studies is especially 
valuable. Fortunately the practical problem which the writer 
has named is much simpler than the one considered by Professor 
Kunz. It involves a differential equation of an ordinary type, 
and the very interesting method so ably presented by Professor 
Kunz does not appear to be required. 

The fundamental hydraulics of the two problems are, however, 
the same. The assumptions made at the beginning of the analy-
sis required further study, it is believed. 

2 Assistant Professor of Civil Engineering, School of Civil Engi-
neering, Purdue University, Lafayette, Ind. 

zero. The formula would indicate that no water would flow 
from the pipe, and yet so long as there is static pressure at the 
hole, water obviously would flow from the pipe. This is not a 
criticism of the formula, but rather of the method used for ration-
alizing it given by the author. 

I t is to be noted that the author interprets the formula in 
a slightly different way from that given by Professor Enger. 

v2 

hn zg 
According to Professor Kunz, the formula should be c = — L, 

hn 
where h„ is the pressure at the closed end of the pipe. Considering 
the case where there is very considerable friction in the pipe—i.e., 
where the holes are widely spaced—then it is possible that at 
some orifice the pressure will be the same at the closed end of 
the pipe. If at this point the pressure were equal to the ve-
locity head, as before, the formula would indicate no discharge, 
and yet surely there would be discharge from the orifice. 

E N E R G Y DISTRIBUTION AT THE ORIFICES 

Both Professors Enger and Kunz have assumed that the 
velocity energy of the water in the pipe is largely dissipated. 
Consider the energy of that portion of the stream within the 

pipe which is about to leave an orifice. It is equal to qw 

where q is the rate of flow from the orifice, to the weight of a cubic 
foot, h the pressure, and v the velocity. The author assumes 
that the water leaves the pipe at a rate proportional to h' 2, 
as if the energy of the water leaving were pressure energy only. 

" 2 

This would imply that the remaining part of this energy qw — 
zy 

is lost or is given to the stream of water in the pipe and remaining 
within the pipe. The author assumes that it is lost, for he says 
that the differential change in pressure along the pipe is merely 

vdv \ Here he is considering an orifice of differential area. 

This effect is entirely the result of the change in kinetic energy 
of that portion of the water which remains within the pipe, 
as may be shown in the following way: 

Let Qi be rate of flow of that portion of the water which re-
mains within the pipe. The amount of energy possessed by this 
water will be considered a constant; i.e., the differential change 
in the energy of this water is zero. The energy of this water is 

2 vdv' 
Q,w I dhp + —-]=() 

vdv 

<2i«- hp + -
zy 

dhp = - -

The writer believes that this assumption may sometimes be 
wrong; that in many cases there is a significant transfer of 
energy from the side stream to the main stream which predomi-
nates over the loss of energy in the main stream in the vicinity 
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of the orifice, thus producing a significant increase in pressure 
in the main stream which the simple Bernoulli equation used 
by Professors Kunz and Enger cannot explain. The writer is 
aware that this statement may not seem plausible, and so it is 
repeated for emphasis. The simple Bernoulli equation in the 
form of head is wrong as applied to manifold pipes. Actually 
there is a greater increase in pressure along the line of flow than 
can be accounted for by means of this equation. The total 
energy equation must be used to explain the phenomenon. 

In support of this assertion the writer quotes the following 
experiments, with references appended: 

(1) The Malishewsky experiments can be explained by assum-
ing a recovery of approximately 3 / j of the initial velocity energy 
of the water of each side stream. The Enger-Kunz theory does 
not explain the results of the experiment. 

(2) The experiments of Professor Goodenough on the model 
of ventilation ducts of the Holland tunnel and subsequently 
upon the tunnel itself indicate that about 40 per cent of the 
initial velocity energy of the side streams is recovered. 

(3) The Enger experiments are well explained by the theory 
to which the writer is objecting, but when he applies the assump-
tion that 30 per cent of the initial velocity energy of the side 
stream is recovered he obtains results which are in close agree-
ment with the results of the experiment, and the disagreement 
is less than the experimental error. In other words, the effect 
which the writer is mentioning in this case is too small to be 
significant. 

(4) The experiments conducted at the laboratory at Munich 
under the direction of Thoma in divided flow on a single tee 
fitting show a noticeable gain in total head in the main stream, 
which the authors explain in the following way: "One can assume 
that through the side pipe a greater part of the slow-moving edge 
layers is scooped off.' 

This is a slightly different way of looking at the phenomenon 
from that of the writer and is believed to be of considerable 
merit, but in effect it is the same, for it assumes that the water 
leaving the orifice takes with it less than its proportion of the 
mean velocity energy and also that the water remaining possesses 
more than its proportional amount of energy. Thus it helps 
to explain the mechanism of transfer of energy from the side 
stream to the main stream. 

This viewpoint may also help to compose the differences be-
tween the Enger and the Malishewsky experiments. In the 
Malishewsky experiments only about V«th of the total flow-
was taken through a single orifice, for there were 40 orifices; 
in the Enger experiments ' /n th . Thus in the Malishewsky 
experiments a larger portion of the "scooped off" water was ob-
tained from the edge layer. 

f t is true, as shown by the experiments of Professor Enger, 
that cases do arise in which the effect which the writer is men-
tioning is of no practical consequence. But in other cases, par-
ticularly that of unequally spaced orifices designed to accommo-
date the large flows now demanded in water works practice, 
this effect of an additional velocity-head recovery will probably 
be very significant. 

Further experimental studies of the problem are urgently 
needed. 
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M. L. ENGER.3 The discharge of jets from manifold tubes 
must be determined in many cases in engineering practice. 
When high velocities are used in manifold pipes, unexpected 
results will sometimes occur. The wash-water system of water 
filters should supply water uniformly over the entire filter area 
if the filter is to be washed effectively; and as it is often economi-
cal to use high velocities in the manifold pipes, the problem has 
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been given much study in this connection. The problem of 
delivering the water uniformly beneath the filter bed has been 
solved in three different ways: (a) By the use of large mani-
fold pipes, thus making the velocities small; (b) by the use of 
manifold pipes of a variable diameter, thus keeping the veloci-
ties in the manifold nearly constant; and (c) by the use of 
variable spacing of the discharge openings from the manifold 
pipes. The first two methods are too expensive except in the 
case of large, costly filter plants. 

Another application occurs in hot-water heating when a num-
3 Professor of Mechanics and Hydraulics, University of Illinois, 

Urbana, 111. 
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ber of radiators are connected to one header. In this case the 
loss of head at the entrance is also a function of the velocity in 
the manifold as well as of the velocity of the diverted water. 

The converse problem occurs in the case of the wash-water 
collecting pipe for pressure filters. The method used by the 
author can be applied to this case. 

The writer is particularly interested in the derivation of the 
equation for the coefficient of discharge from openings in the 
manifold pipe in terms of the pressure and the velocity in the 
pipe. The equation is the same as the one derived by the writer 
from experiments and which was assumed to be purely empiri-
cal. Further experiments will soon be undertaken to determine 
whether the equation holds over a wide range of velocities and 
pressures. 

An extreme case of the variation of pressure and discharge 
from a manifold pipe is shown in Fig. 2, which is from a photo-
graph taken in the Hydraulics Laboratory of the University of 
Illinois. A diagrammatic sketch of the arrangement used is 
shown in Fig. 3. Ten 2-in. pipes, each 36 in. long, are connected 
to a manifold pipe, which was lined with cement to make its 
inside diameter exactly 2 in. On the ends of the 2-in. laterals are 
caps in which 1-in. holes have been drilled. The end of the 
manifold was plugged. The water entered from the right and 
flowed out of the 1-in. holes in the caps. The heights of the jets 
issuing from the holes in the caps indicated the quantities of 
water discharged from the various orifices. The heads on the 
orifices were indicated in 10 glass tubes which can be seen in 
Fig. 2. 

A U T H O R ' S C L O S U R E 

The discussion by W. E. Howland contains some valuable 
remarks, especially the bibliography of the subject, to which 
there should be added: "Friction Heads in One-Inch Standard 
Cast-iron Tees," by F. E. Gieseeke and W. H. Badgett, Jl. 
Am. Soc. Htg. if' Vent. Engrs. The results of this latter investi-

gation have been recalculated and show that the loss of head due 
to water flowing out of the side of a tee can be expressed over a 
large interval by h = 0.91 v2/2g in accordance with our theory. 
In the paper the author has neglected the friction of the flowing 
liquid except in formula [15]. The analysis is therefore only a 
first approximation. Against the criticism of Mr. Howland, 
the author has to raise only few objections. 

(1) The discharge coefficient c is equal to: 

K~2g h _ 
C — Cn — Cn y 

hn hn 

c would only vanish if h were equal to zero. This cannot happen 
in the phenomenon studied; but if it did happen, then no liquid 
would flow through the given hole. 

(2) Bernoulli's equation applies only to a given streamline, 
and not to dividing streamh'nes; it can therefore not be used in 
the present problem and Enger and the author have not used it. 

(3) The author cannot understand the statement by Mr. 
Howland that in many cases there is a significant transfer of 
energy from the side stream to the main stream, which predomi-
nates over the loss of energy in the main stream in the vicinity 
of the orifice. How is this compatible with the principle of 
conservation of energy? 

(4) In the theory of N. Malishewski there are found the 
formulas 

dh = 
K(Q + qx)dx 

d> h = —(Qi+ 0.55 Q2y 
ds 

which the author does not understand. But the phenomenon, 
which he observed, agrees qualitatively at least with the author's 
theory. 

A comprehensive critical review of the present literature will 
be presented in a later paper, the author hopes. 

D
ow

nloaded from
 http://asm

edigitalcollection.asm
e.org/fluidsengineering/article-pdf/53/2/185/7004833/184_1.pdf by guest on 23 April 2024




