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PREFACE TO THE FIRST EDITION

The Engineering text book (C. E. College Papers, No. X)
hitherto used by the junior classes of the College of Engineering
having run out of print, it is in contemf)l&tion fo issue new
text in the shape of a series of Manuals. The present\hand-
book forms the first of the series. Owing to the gradual rise
in the standard required from students, several of the articles
in C. E. College Papers, No. X, such as those on Hydraulics
and Strength of Materials are too incomp'zte and ouf of date
to serve as a basis for the new Manuals, while others, as that
on Building Construction, only need amplification. The present
Manual accordingly contains none but new matter, which has
been derived from the best and latest authorities,

To avoid the necessity of publishing a separate work for
the Engineer Classes, such additional matter as is required
by the senior students is incorporated in the text, but is printed
in smaller typc. At a first perusal, the large type only should
be read. The text is freely illustrated with examples, many
of which have been selected from the Madras University Exam-
ination Papers. I am indebted to Sub-Conductor W. Cames,
2nd Assistant Master, College of Engineering, for the check
of the correctness of their working. The solutions of examples
are all printed in small type, but those which follow large
text are intended for study by junior students.

Bazin’s formule for the co-efficients of velocity in open
channels are presented in & form which can be borne in memory,
and which can be readily used for the solution of examples
without the aid of tables. For pipes, Darcy's co-efficients are
employed, and the examvles have been worked on the supposition
that the pipes are old end slightly incrusted. The discharges
will hence be found considerably less than those given by the
various tables in ordinary use. Tl.ese are for the most part
calculated from a high fixed co-efficient which is .eally suited
only to a new pipe of considerable size. Darcy’s, Bazin’s and
Kutter's co-efficients will be found graphically represented by
curves. A collection of examples for practice, selected chiefly
from the final examination papers of the College of Engineering,
and from the B.C.E. degree examination papers of the Madras
University, is given at the end of each ~hapter,
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~ Thel following works have been consulted in the preparation
of this Manual :(—

Encyclcpedia Britannica, Article Hydromechanics,
Cunningbam’s Roorkee Hydranlic Experiments.
Weisbach’s Mechanics of Engineering.

Fanning’s Hydraulic and Water Supply Engineering.
Francis’s Lowell Hydraulic Experiments.

Jackson’s Canal and Culvert Tables.

Humber’s Witer Supply of Cities and Towns.
Jackson’s Hydraulic Manual.

Spon’s Dictionary of Engincering,

Higham’s Hydraulic Tables.

Madras Irrigation Department Professional Circulars,
Madras C. E. College Papers, No. X.

Downing’s Hydraulics.

Neville’s Hydraulics.

Box's Hydraulics.

D’Aubuisson’s Hydraulics.

Rankine’s Civil Iingineering,

Molesworth’s Pocket Book.

Proceedings of the Institution of Civil Engineers, passim.
Professional Papers on Indian Engineering, passim.

* - S8pecial acknowledgments are due to the author* of the
division Hydraulics of the article Hydromechanics in the ninth
edition of the Encyclopedia Britannica. The applications of
‘the theorem of Bernoulli, the usc of the principle of energy,
and many other items have been adapted from this admirable
work to which the student is referred for further information on
the subject. Valuable particulars have also been derived from
MS. notes kindly furnished by Gene:al Mullins, late Chief
Engineer for Irrigation, Madras.

It is intended to issue ia due course a Manual dealing with
the construution of works of Irrigation, and Town Water Supply
and Drainage. A chapter on Hydraulic Machinery may subs
sequently be added to the present hand-book, and the two
Manuals will then form & text-book on Hydraulic Engineering.

MADRAS, H.D. L.
January, 1887.

¢ Professor Unwin,



PREFACE TO THE SECOND EDITION

In the last paragraph of the preface to the first edition it was
stated that the preparation of a Manual on the construction of
works of Irrigation and Towr Water Supply and Drainage was
in contemplation. The subsequent publication of General Mullins’
Irrigation Manual has rendered an early fulfilment of this
intention unimperative. Arrangements were made however to
incorporate in the Hydraulic Manual a chapter on the principles
of Hydraulic Machines ; but owing to the latter part of the first
edition having sold out with unexpected rupidity, it has become
necessary to issue the second edition without waiting for new
matter.

The second edition has been carefully revised, some new
examples have been inserted, and the answers to the exercises on
the different chapters have been supplied. I am indebted to
Sergeant W. H. Goddard, Instructor in Surveying and Drawing
at the College of Engineering, for the check of scme of the
answers. '

MADRAS, HD.L'
January, 1894.

PREFACE TO THE THIRD EDITION

The Third Edition has been supplied with Appendices con-
taining tables for facilitating calculations regarding channels.
Bazin’s co-efficients of velocily are given in these tables for
earthen channels, and Kutter's co-eflicients for all classes of
channels. The former have been specially calculated, and the
latier adapted from Trautwine’s Civil Engineers’ Pocket Book.

The answers to the examples have been revised.

T am indebted to Sergeant B. O. Reynolds, Instructor in
Engineering at the College of Engineering, for the calculations
required for the revision of the present edition. .

MADRAS, H.D.'L.
April, 1897.

PREFACE 'TO THE FOURTH EDI'I'ION

The Miscellaneous Examples on pp. 93 to 98 have been supple-
mented by questions recently set for the College and University
Examinations.

MADRAS, =.D. L,
September, 1900.
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UNITS AND SYMBOLS EMPLOYED

RS —

Units.—Throughout this work 1 pound, 1 foot and 1 second are tiken
a8 the units of weight, length, and time respective.y, ex-
cept where otherwise expressly stated.

Symbols.—The following is a list of the principal symbols employed.
In the more important formula these symbols are printed
in thick type, as below; elsewhere, the capitals are print-
ed in ordinary type, and the small letters in italics.

A = area of a oross section in square feet.

¢ = co-efficient of discharge.

d = depth of water in feet, or diameter of pipe in feet, or rain-

fall in inches.

g = acceleration of gravity, taken ag 32 ft. per second.

H = maximum head of water in feet.

h = head of water in feet.
h, = head in feet required to produce velocity of approach.

L, 1 = length of a noteh, weir, pipe, &ec., in feet.

area of catchment basin in square miles,

= co-efficicnt of fluid friction.

— ratio of base to height of slopes.

— pressure at a point in lb. per square foot. \

= abmospheric pressure in lb. per square foot.

volume of discharge in cubic feet per second.

hydraulic mean depth in foeet. -

arca of water surface in square feet.

sine of slope.

= time in seconds,

velocity in fees per second.

weight in lb. of a cubic foot of water = 62} 1b.

afllux in feet.

height of water surface in feet above datum.
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HYDRAULICS

——

CHAPTER 1

HYDROSTATICS
CONTENTS
HyproMECHANICS. l ArMoSPHERIC PRESSURE.
HyprosraTics— WATER. | SirHON.
HYDROSTATIC LAWS. * SPECIFIC GRAVITY.
PRESSURE AT A POINT. | FLoraTION.
PRESSURE ON A SURFACE. HYDRODYNAMIC LAWS.

EQUAL TRANSMISSION OF PRESSURE | EXAMPLES.

1. Hydraulics is that branch of Hydromechanics which deals in
a practical manner with the flow of fluids through orifices, and in
pipes and channels. The other branches of Hydromechanics, viz.,
Hydrostatics and Hydrodynamics trewt, the first of the equilibrium
of fluids at rest, the second wish the mathematical theory of their
motion. Fluids are either liquid or gaseous, the chief difference
between these varieties being that the former arc practically incom-
pressible, while the latter are compressible to an indefinite extent.
in this manual we shall not deal, except incidentally, with gaseous
fluids, and the only liquid which will be considered is water. Before
commencing Hydraulics it will be desirable to gain some elementary
notions of the laws of Hydrostatics.

2. Hydrostatics—Water.—Water is an almost incompressible
liquid, weighing very nearly 1,000 oz. or 624 lb. per cubic foot. A
gallon of water weighs 10 1b. Water becomes solid in che state of
ice at 32°F, and gaseous in the form of steam at 212°F. These
temperatures are termed the freezing and boiling points respectively
of water.*

*The boiling temperature is 212° at the level of the sea under ordinary atmos-
pheric pressure. If we ascend a mountain to a height of H feet, the air pressure
diminishes, and the number of degrees B to be deducted from 212° for the actual
boiling point is given by the relation H=520B + B.



HYDRAULICS

Pate I. 3, Hydrostatic Laws.—The chief laws of Hydrostatics are the
following :—

(i) The pressure of water on any plane surface is equal to the
weight o o column of water whose base 13 the area of the
surface and whose height is the depth of the centre of
gravity of the surface below the surface level of the water.

1ii.) The direction of the pressure on a surface s perpendicular
to that surface.

{iii.) The resultant pressure of water on a body vmmersed, or
partly smmersed n it acts vertically uwpwards, and is
equal to the weight of the water displaced. If the body
floats, 1t follows that the weight of the water displaced
1s cqual to the weight of the body.

4, Pressure at a point.—The pressure a¢ a point is the pressure
ner unit of area. If the unit is 1 s. foot, and the depth of the point &
feet, the pressure p; at this poinb is the pressure on an area of 1 s. ft
at a depth h; 4.6, by law (i), p» = (Ls. ft. X 7) c. ft. x 62} Ib., or,
if we denote the weight of a cubic foot of water by w,

pi = Wh “ee vee vos vee ces (1)

The pressures at any two points at the same level in & liquid

are evidently equal.

5. Pressure on a surface.——The above result combined with
law (ii) furnishes a mode of graphically representing the pressure on
a plane surface. First take a vertical surface, such as g sluice shutter
or lock wall, and consider an indefinitely small horizontal length of
the surface, in fact a line a8 AL (fig. 1). Set off BB, equul and

perpendicular to AB.  Then BB, = h = r ", where g, is the pressure

at B. Join AB,. Take any point Q 'Lt a depth =z, and draw QQ,
perpendicular to AB. By similar triangles QQ, =z :%, Hence

the pressures at overy point of AB are epresented in magnitude
and direction by the horizontal ordinates of the triangle ABB,. If

P be the whole pressure on AB, se. = (p.), we have g = area of

triangular la.nina ABB, = A.B‘;.S?.Le: }g ;o P= %}?‘ The result-
ant of all the pressures must pass through the centre of gravity
of the triangle, and it therefore cuts AB ab a point O such that
Al=4%h .

If the surface occupies the position QB, the whole pressure is
w X (area of trapezoid QBB,Q,). and the centre of pressure is the
point in which the horizontal through the centre of gravity of the

trapezoid cuts QB.
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If the surface, and consequently the line AB is sloping (fig. 2), Plate I
set off BB, ( = h) perpendicular to AB,

P=w x (area ABB,) = w, ‘.*%l‘, and AC = 2 AB.

Returning to the vertical surface, let it have a definite length I
(fig. 3). The triangle ABB, develops into a triangular wedye of
length 1, and

P =w x (volume of wedge) = wl X (area of triangle) = wi gf

The resultant pressure P acts horizontally through the centre of
gravity of the wedge, and the centre of pressure C is at a depth
of ¢ h.

The value of the whole or resultant pressure can readily be
obtained from law (i), Thus, in the last example, area of surface

= hi; depth of its centre of gravity = g; WP o= whl.g. The ad-
vantage of the graphic method is that it indicates both the mode
of distribution of the pressure, and the position of the centre of
pressure.

The distribution of pressure on triangular, quadrilateral and cir-
cular surfaces immersed vertically is shewn in figs. 4, 5, 6, and 7.

Ex. 1.—A rectangular sluice shutter is 8% ft. in height, and 4 ft. in width,
Find the whole pressure when the water on one side of it stauds (a) 6 ft., (b) 8 ft.
on the sill, there being no water pressire on the other side.

2
The surface being a vertical one, I' =-w!l }i Hence

Bygx ?E‘ = 4,500 Ib,

®) P -uixn 3 = 8,000 Ib.

(@) P =

Ex. 2.—A pair of lock gates sustain 12 ft. of water on the inside and 8 ft. on the
outside. Iach gate is 5ft. long. The lower hinge of each gate is at the level of
the sill, the upper is 12 ft. aLovo the sill, Find the horizontal pressure which
each upper hingo has to bear. See fig. 8.

Consid.r 1 ft. in length of the gate, and let R 1b. be pressure on upper hinge,
The resultant water pressures I’;, P, on theiaside and outside of the gates re-
spectively are balanced by the reactions of the hinges which, negleotmg the
weight of the gates, aro hou/ont al,

)

_1 (1w}

P = 2 .__.2 1b.
2125 (3p

Pg —ﬁ- X -—2- 1b

Taking moments ubout the lower hinge,

Rx12=P x __ —PyxSa 1.2;’ (576 = 9) = 17,710, . R = 1,478% Ib,

8
Since the length of each gate is 5 ft., the actual pressure on the upper
hinge = 1,476:6 x § = 7,383 Ib,

»
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4 HYDRAULIOS

From the first law it appears that the pressure on the horizontal
base of a vessel depends only on the area of the base and the
depth of water. Thus if a cylinder and cone having equal bages
and equal alitudes be filled with water, the pressures on the
bases are equal. But the pressure on the base of the cylinder is
the weight of the contained water; so that the pressure on the
base of the cone is three times the weight of the water it actually
holds. The physical explanation of this fact is that the base of
the cone bears, in addition to the actual weight of the contained
water, the vertically resolved portion of the reaction of the curved
gurface to the fluid pressure thereon.

6. Equal transmission of pressure.—If water be confined in
a closed vessel, and an external pressure be applied to any portion
of the liquid, that pressure will be transmitted equally in all direc-
tions through the liquid. This principle is utilized in hydraulic
presses and other machines. A large and a small cylinder con-
taining moveable pistons are filled with water, and connected by
a pipe. If the small piston be pressed down with a force of p lb.
per square inch, this degree of pressure will be transmitted to each
square inch of the large cylinder and piston, the latter of which
carries the weight to be raised. Let A, a be the areas of the large
and small piston; P the force applied to the small piston; W the

weight on the large piston. W =9A; P =ga; .. W= P, ‘2

Ex. 8.—In a hydraulic press, tho diameters of the large and small oylinders
are 15 inches and 1 inch respectively, Fin¢ what weight will be balanced by a
force of 10 Ib. on the small piston.

W-P.§=10x§1_5)3=22501b.

(1)?

7. Atmospheric Pressure.—This is due to the weight of an
air column extending to the surface of the atmosphere. It is a fluid
pressure, and at any point acts equally in all directions. Take a
tube about 33 inches long of the form shown in fig. 9, closed at
A and open at B. Fill it with mercury, a fluid whose weight is
about 13} times that of an equal volume of water, and place the
tube vertically. The mercury will descend a short distance, leaving
& vacuum av A. The pressures at B and B,, points at the same
level, must be equal, or motion would take place. The pressure
at B is the atmospheric pressure IT lb. per sq. ft.; that at B, is
the pressure due to the column of mercury AB, which is about
30 inches high.

Hence 1 = (1 5. ft. x %’u.) x (13 w) = 9,110 Ib. or nearly
15 Ib. per sq. in,



HYDBOSTATIOS b

This apparatus is called a Barometer, and measures the atmos: Plate 11
pheric pressure. If we ascend a mountain, the height of the
column of air above us diminishes, and the mercury falls, thus
furnishing a means of estimating the height’ ascended. A rough
formula is

H = 60,000 (log B — 10 7) coceererrrrarcinarieneenar roreneresennantnn(B)
where H is the height in feet, R, » the readings in inches at the
lower and upper stations respectively. If accuracy is required, a
correction on account of temperature must be applied.

Ex. 4.--Simultaneous barometric readings at Salem and the Shevaroys were
291 and 25'2 inches. Find roughly the difference of level,

H = 60,000 (log 29:1 — log 25:3) = 60,000 (14639 — 1-4014) = 8,750 ft.

Since mercury is 13% times as heavy as water, the height of the
water column which can be supported by atmospheric pressure is

131 X 3-0&, or 34 ft. nearly.

The atmospheric pressure generally acts on all portions of free
water surface, and can therefore in most practical cases be left out
of caleulation. Thus, suppose a vessel of water to have a small
orifice h feet below the surface. The atmospheric pressure II is
transmitted to all points of the liquid. The pressure in the vessel
at the orifice is therefore 11 + wh, and the pressure outside the
orifice is IT; so thab the resultant pressure producing flow is wh, i.e.,
the pressure due to the height h—or head as it is often called—of
water, :

8. Siphon.—Let a bent tubeABC (fig. 10) be filled with water,
and have its ends closed. Let one leg AB be placed in a vessel of
water, and let the ends A, C be then‘opened. Water will flow out
through C urtil the level of the water surface in the vessel falls to
C or A, whichever is higher.

The liquid in the tube being continuous, the pressures at any two
points in it at the same level are equal. Thus the pressures at D
and D, must each be II. But this is the pressure at C; so that
the column of water CD, is unsupportid, and must fall out. The
rest of the water in the tube must follow it; for, if t!gere were a
break of continuity, a vacuum would be formed, which is obviously
impossible unless the point B rise 34 ft. above the water surface at D.
The pressure in the portion DBD, of the tube is less than II, so
that if a hole were made in this portion the air would rush ip,
the water would fall in both legs, and the siphon could not act.

9, Specific gravity.—The specific gravity of a substanca is the
ratio of the weight of any volume of the substance to the weight of
a0 equal volume of water, Thus'the specific gravity of mercury
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Plate IL. i3 136, that of water being 1. Knowing the specific gravity of a
substance, the weight of any given volume of it can at once be
determined.

5 {)Ex. 5.—Fingd the weight of a 4.inch cube of cast-iron, its specific gravity being

Volume = ( :31.)%. ft. Weight = - x 73 x 624 Ib. = 1678 Ib

10, Flotation.—It is obvious from law (iii) that a body will
float or sink in water according as its specific gravity is less or
greater than unity.

Ex, 6.—A canal boat, 33 ft. long, is constructed of i% inch sheet-iron, Allowing

for contractions at bow and stern, she may be considered, for purposes of calcu
lation, as 80 ft. in length, and of rectangular cross section, 6 ft. wide and 3 ft. ‘deer
throughout. Adding 50 per cent of weight for frames, rivets, ete., find the load iv
Gons which the boat will carry so that she may float with 9 inches of her side above
water. Specific gravity of wrought-iron 775, S8ee fig. 11.
Tet W be load in tons.
Area of sides and ends = 72 x 3 = 216 s. ft.
»w bottom =30 x 6= 180 ,,
3 99

*, vol. ofi 6 x ——— _ c. it = O c.it.
*, vol, of iron = 396 x Tx 12° t mcft

150

. 99
= o 324 x 0 = 4,4961b.
Waeight of boat 6 * 73 x 62} x 100 4,496

Weight of water displaced = 30 x 6 x 2} x 624 = 25,312 Ib,
s W = 20,816 Ib. = 93 tons nearly.
Since a substance immersed in water loses, in effect, the weight
of the fluid displaced, the relative value of building materials for

submerged works, which rely on their weight for stability, is ascer-
tained by subtracting 62} lb. from their weight per c. ft. Thus,

approximately,

Weight Weight
1n air, in water.

1b. 1b.

Brickwork 112 50

Rubble Masofiry 125 63

Concrete 125 63

Granite or Limestone 170 108

11. Hydrodynamic Laws.—When a stream of waber is in
motion, the following laws hold good:—

i. If the motion is rectilinear and uniform, and of the effect
of eddies produced by the roughness of the boundarics
of the stream be meglected, the pressure at any pownt
#8 the same as +f the flusd were at rest.
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ii. lf the fluid particles take the same accelerations which Plate 11
they would have if independent, the pressure 1s uni-
form.

Thus, in a jet falling freely in the air, the pressute throughout
any cross section is uniform, and equal to the atmospheric pressure.

EXAMPLES ON CHAPTER I

1. The upper edge of a sluice gate is 10} fuet below the surface,
and the dimensions of the gate are 3 ff. vertical and 18 inches

horizontal. Calculate the pressure upon it. (Univ. 1871.) 4ns.
3,375 1h.

2. What is the total pressure of the water on a pair of lock
gates, cach gate being 10 ft. in width, and the water on the upper
side standing to the height of 6 ft. above the bottom of the gate,
the water on the lower side being below the bottom of the gate.
(Univ. 1865.) Ams. 22,500 lb.

3. State what property in water is utilized 1n the hydraulie
press, and give the proportions of a press capable of lifting a ton
weight for every 10 1b. of pressure applied to it. (Univ. 1865.)
dns. Pistons of diameters in the ratio of 15 to 1.

4. A cubical vessel whose capacity is 19-683 c. ft.is filled with
water; a vertical tube, also fil'ad with water, whose internal dia-
meter is z inches, and length 8 ft. is inserted in the top. Find the
respective pressures against the-bottom and one of the sides of
the vessel. (Univ. 1872) Ans. (1) 4,875 1b. (2) 4,260 1b.

5. A barge, supposed to be of rectangular cross section, is 60 ft.
long, 10 ft. broad, and 4 fb. deep, outside measure. The thickness
of the sides and bottom averages O-1 ft. and the weight of the
material of which they are composed averages 100 Ib. per c. ft. TFind
how many ton load woulci sink the barge*3 ft. (Univ. 1869.) 4ns.
45 ton.

6. A vortical shutter revolving about a horizontal axis sustaing
a pressure of 10 ft. of water. At what depth should the axis be
placed in order that the pressures on the portions of the shutter
above and below the axis may be equal? Ans. 7-07 ft.

7. A reservoir wall 16 ft in height has in section the form of
a right angled triangle, the base being 12 ft. The depth of water
is 14 ft. Compare the pressures per running foot of wall according
as the sloping face or the vertical face is turned towards the water
Ans. 1195: 1.
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HYDRAULICS—PRELIMINARY. DISCHARGE
FROM SMALL ORIFICES
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STREAM LINE MOTION. | SUPPRESSED CONTRACTION.
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12. Volume of Fiow.,—A stream of water flowing in a pipo or
channel may be conceived to be made up of a great number of fluid
threads, flowing more or less parallel to one another. These thrcads
do not all flow with equai velocities, patly owing to the direct
frictional resistanco of the boundaries, but mainly bhecause the
roughness of the boundarics sets up eddies whereby the fluid fila-
ments cross one another, and thus have their velocities modified.
It will be seen ab once that the actual motion of a stream is very
complex; and there is no theory which takes account of the actual
motion of every thread. Although however the velocity at a given
point varies from moment to moment in magnitude and divection, it
appears from observation that the average velocity for a period of,
say, a few minutes is constant. Suppose the average velocity of
each thread in the cross section to be decermined, and that v feet
per second is the mean of all these vclocitics, the discharge Q c. i
per sec. flowing through the arca A s. ft. is (fig. 12)

E= The cross section of a stream measures 1 2 s, ft, and the mean volocity
Is determuned to be 70 ft. per min, Find the discharge in cub, {t. per see.
70 70
ed=1250= "7 N Q=1 = 1'4 c. ft. per ses.
Heed = 12;0 o’ Q l.‘lxm 14 c. ft. per ses

The mstion conceived abose, in which the cross seetion of the stream is divided
into very smail areas cach of which is the section of a fluid thread, is called stream
line motion. Tf each flmd thread or stream line be supposed to have an unchanging
velocity, it o:cupies a fixed position in space, and the motion of the stream is
termed steady motion,
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13. Principle of continuity.—If any space in a stream be Plate 1
taken having fixed boundaries, the nace will generally remain con-
stantly filled, and the in-flow will be equal to the oul flow. Thisis
bermed the principle of comtinuity., If A, A, are the areas of two
cross scehions of a stream, v, v, the mean velocities at those sections,
the in-flow to the water space between A and A, is A» c. {t. per sec.,

and the out-flow is A. v, c. {t. per see. By the principle of continuity
those are cqual.

Y Y— = AI coe s . . eoe
.o . A . e ) (4)

or the vclocities are inversely as the arcas. If the bed of a stream
has a varying slope, tie velocity will be greatest where the slope
is steepest. llenco in these parts the cross section will be lcast.

Ex 8.—A clannel with a uniform slope of bed has a velocity of 15 ft. per seo.
at a section meusuring 150 s. {t. Find the velocity at a section measuring 120 s. {4,

Here v x 125 = 15 x 150; .\ v = 18 ft. per sec.

14. Discharge from small orifices.—Velocity of discharge.—
Suppose a short pipe projecting from the side of a vessel full of water,
to be turned up at the ond, and closed but for a small orifice at a
depth / below the surface. The water will issue vertically from this
in a thin strenm or jet, which will be found to rise very mcaily to
the level of the suriace of water 1n the vessel. Tho A'ffersace is so
small that it will be at once srspected to arise :coi fr.ctivn and
other resistances. Neglecting for the present this Uffersace, -he
velocity of each particle at the orifice is sulhciens to cairy ‘he
particle through the height &, t.c., the particle has the - elom*y wtich
would be acquired by falling freely from the surface of ;hy «.ter
to the orifice. By dynamics, this velocity is v = v/ 2yh = ¥igh is
termed the theorciic velocily due to the head h. Sii.ce h=‘,§
the expression %‘. is called the .icad due to the velocity v. Also,

J

sinee p = wh, 5 may be termed the pressure hoad at the orifice.

If A be the sectional area of the jot ab the orifice, the discharge

18Q = Av = A vigh. This is termed the theoretic discharge of
an orifice of a1ca \.

15. Co-efficient of velocity.—The actual velocity v, as alrcady
explained, ditlers by a small quantity from the theoretic velocity v
Let vs = ¢,v, whevo ¢, is called the co-efficient of relocsy.

== Cyp ‘/Q(-]Z ore !5)
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The co-efficient of velocity, which is determined by experiment,
is nearly constant for different hoads. Its mean value is 0:97. If
the head is very great however, the co-efficient may be as high as 0:99.

The co-effi~ient of velocity may ba determined by measurement of the para-
bolic path of & jet. Let the direction of the jet at the orifice be horizontal, z,
the measured co-c:dinates of any point of the path of the jet (fig. 13).

r

i ; 3
ensi v B4 e

2
Buto, = ¢.igh; . o2, 2gh = "'°'=E§§-Ts'

The diffsrence between the theoretic and actual velocity may
also be estirated in terms of the head. Lebt i be the total head,
h, the height to which the jet rises (fig. 14). Then h, is ths head
utilized in predacmng velocity, &, is the head utilized in overcoming
tne resistances of viscosity and friction. The latter, ¢.6, h—h, i8
termed ‘¢ (0o of head,

" neoretic velocity v = v/9gh. Actual velocity v, = 6e9 = ¢,v'2gh.

Bubt v, = vh, & clh=h

hy=h—h, == h (1—c,?). Ifc, =97, hy =-06h
f.e., about 6 per cent of the lotal head is expended in overcoming
resistance, leaving 94 por cent to produce velocity.

16. Co-efficient of contractio1—If the orifice be in a thip
plate, or if the cdyes of the oritice he bevelled off sharp, the cross
section of the jet is, at a short distance from the orifice, less than
the area of the orifico. The cause i3 that the fluid threads, which
acrive from all directions, have tor the most part their directions
changed at the orifice. The inertia of tho threads prevents the change
from taking pla»s suddenly, and the paths of the thrcads are ae.
cordingly curved, a8 shewnin fig. 15. The greatest contraction occurs
at a distance from the orifice of about half its diameter. If A be
the arca of the orifice, and ¢.A that of the jet, ¢, is called the ro-efficient
of contraction. For a well-placed, sharp-edged orifice in a plane
surface, it is nearly constant for different heads and different forms
of orifce. Its value is 0-64 as obtained by direct measurement.

If the thickness of the plate be greater than the diameter of
the orifice, the capillary attraction of the sides of the orifice causes
the condition shewu in fig. 16, and the co-efficient riscs in value.

17. Co-efficient of discharge.—The expression ) = Av assumes
that the fluid threads have o mean velocity v in a direstion at

right angles to the cross section. This, in a jet, is the case only at



SMALL ORIFICES 11

the section of greatest contraction. If A be the area of the orifice, Plate I1.
c.A is tho area of the jct, and ¢,v2gh is its velocity. Hence
Q = (ccA)(c, V'2gh) or

Q = cAv2gh ... e (6)

where ¢ is the co-efficient of discharge = ¢, ¢,

For an orifice in a thin plale ¢ - ‘64; ¢, = *97; » ¢ = ‘62
Hence Q = 5Av'h approximately.

The co-efficient of discharge may he deternined directly by ale
owing the flow to issue into a gauge basin. The discharge per
second, cAv'tyn, is observed, and compared with the thevretic
discharge A+ 2gh, thus giving c.

The co-efticiert of discharge 18 sometimes expressed in terms of
the head. The discharge Q = cA+v/2gh may be conceived to bn
made up of an ares A and a velocity c¢v/2gh. Let kh, be the
head due to this velocity. Then &, = ﬁzi“;?.;f =c¢* k.

For a thin plate ¢ = ‘63; . hy = (:62)? h = +385 h.

Thus, 384 per cent of the total head is employed in producing
velocity, and 614 per cent is lost by contraction and resistance.

Ex. 9.—Find the head of water which will ensure a discharge of 8 c. ft. per
sco, through an orifice 6 inches squar/ in a thin plate. (Univ. 1886).
Q = cA Yagh, where Q = £, ¢ = '63,A = }.
WB8m62x2xB8Mh; & VRw645; o h o 416 feet,

18. Belimouths.—If the orifice be of the form of the con-
tracted vein (fig. 17), the whole of the contraction occurs within
the orifice; and if the arca of the orificc be measured at its smaller
end, ¢, = 1. Hence for this form of onfice the co-cfficient of dis-
oharge ¢ = 1 X ¢, = 97. The entranccs to pipes from reservoirs
are often bell-mouthed to avoid the contraction, and conseguzent ioss
of head which would otherwise occur.

19. Suppressed Contraction.—Since contraction is eaused by the conver-
gence of fluid threads, any circumstance which tends to diminish that convers
gence, such as the application of an inteinal rim to the border of the orifice, or
the near approach of the orifice to the kottom or sides of ihe vessel, will tend to

inerease the co-eflicient of discharge, The expression ¢ = 62 (1 + 014 r—:;)

will meet this oase, 11; being the fractica of the perimeter of the orifice over

which the contraction is sappressed. The co-efficient is also modified by the
application to the orifice of shoots or channels of dischargs,
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20. ITouthpicces or Adjutages.—If a cylindrical tube, of
length not less than 1} wmes the diameter of the orifice, be applied

externally to the orifice, tho jet, afler contiaction, again fills the
tube; and the co-efficient of discharge atiains the value 0-82.

If the cylindric mouthpiece be applied internally instead of ex-
ternally, the co efficient becomes 0'52.

If the sides of the mouthpiece converge conically towards the
outside, the co-efficient attuins a high value. With a length or
mouthpicce of 2§ times the smallest dianeter, and with an angle
of convergence of §° the co-efficient of discharge is 0-92.

If the mouthpicco have the form of the contracted vein, and if
its sides then diverge conically, the tube runs full. It can be
shewn * that the maximum discharge through such a mouthpiece
i theoretically the discharge through its smallest section into a
vacuum, te. Q = Av2 (b + 34). In practice however tha dis-
charge is less than this, owing to the discngagement of paxticles
of air held in suspension in the water, and the consequent check
to the continuity of flow. With au adjutage of the above form,
whose length is nine times the smallest diameler, and having an
angle of divergence of 5° the actual discharge is nearly 1 times
the theoretic discharge through the smallest area of the tube, and
therefore 1?,: or 24 times the discharge through an equal area in &
thin plate.

21. Short Pipes.—As the cylindric adjutage is gradually in-

oreased in length so as to become a shoit pive, the frictional
resistance increases, and the co-efficient diminishes as follows:—

. : ’ - i -
Length in diameters. | 2’ 510 ’ 95 | 50 1100150200250 | 500
| L ;
Co-efficiont ...&-82 79 77 |11 |'64 | -55} 49| 44| 41] 38
| | ! ‘

|

F. . 10 -Fmd the discharge per second through a pipe whose length is 4 ft.
ani wameter 12 1nches, the head or depth from the surface of water to centic of

pipe being 12 ft.  (Univ. 1886).

This 1s the case of a cylindric adjutage or short pipe whose length s four dia-
meters. The co-eflicient may therefore be taken as 0'80. Q = cAv'2gi, where

2 -
he12;A= Z;i - 7858, f6. S Q=S x 785 x 8 x 243 = 174 c, {t. per

neo.

¢ Art. 37,
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22. Values of co-efficicnt of discharge.~The valucs or the
cu-eilicien. are hero collected :—

Internal cylindiic mouthpiccs e 0789
Orifice in o thim plate e 062
lrternal eylindrie wouthpieee e 022
Conisal convecgent (2°) moulnpieco e 0092
Monthyiee~ of form of conbracics vein ... 097
Conical dive:gent (5°) moushpiece ... 180

EXAMPLES ON CEAPTEL U

1. Explain what is known in Hydruulics as the principle ¢f
continusty. lu a strcam in steady raciuion, tho mean velociby at o
ceitain section 1s 2 ft. per secend, sud the artes of av vestion 13
500 sq. ft. Kind the volunc of flow. At ¢ second srution, one
mile distant from the first, the cross sechion duninishes w0 &00 sq.
ft. Find the velocity, (Coll. 1863). ans. (1) 3,00V c. it. per scc.,
(2) 3-33 ft. per sec.

2. State generally the laws of efiiux from simple orifices, cxplain-
ing the mcaning of tho terms co-eflicient of welocrty, co-ejicent vy con-
traction and co-¢jiicient of dicenuige, end their 1ciation to each other.

A sluice opening is 3 {t. wide and 11t. high, ibe depth iron the
surface of the water to the lower exge of the ¢uatico is o 6., wnd the
discharge takes place {reely into rir.  Find the drscharge in e f6 5o
seccond, considering the sluice #3 wn orifice in a thin plate. (Coll,
1883). 4ns. 38 ¢ ft.

3. Water is kept at & constant depth of 3 {t. in a large wrought.
fron cistern from which & diecharge of 14 46 gals. per rainute takes
place through a hcle | iceh in diameter in ore of the sides. Illow
high is the hole above the bottom of the cistern? (Coll. 18806).
Ans. 1 ft.

4. Find the diameter of an orifice in a thin nlito sufliciont to
discharge 80,000 c. ft. per day with a Lead of 50 ft. (Coll. 1885).
Ans. 2-3 in.

5. The discharge from an crifice 1 inch square witn a bead of
9 ft. of wateris 7 c. {t. poc.cinute.  Find tho co-etticiens.  (Coll. 1885).
dns. 7.

6. An orifice 1 ft. square, whose centre is 36 ft. below water
surface, is found to discharge 30 c¢. ft. por second. What is its
co-efficient of contraction ? What will tho discharge be when the
head is reduced to 25 ft. and 16 ft.? (Univ. 1883). Ans. (1) ‘64
(2) 25 c. f6. 5. (3) 20 c. ft. s.
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7. What head would be necessary to give a discharge of 8% o
ft. per minute through an orifice 1 inch in diameter in a thin plate?
How much would the discharge be increased if an adjuiage of the
form giving the muximui. discharge were attached, thc head re-
maining as ut first 7 (Univ, 1884). Ans. (1) 4ft. (2) 45 c. ft. per min.

8. Dulaee the formula for the discharge of sluices Q = 6 A V&,
and sta'c how the formvla must be varied if the contraction be
suppres3au along port of tne porimcter of the crifice. (Univ. 1876)

9. What forix ¢ edjutage gives the maximum discharge? State
the proportions ¢t its variouc parts, and the ratio in which the
discharge thus obtained exceeds the theoretic discharge. (Univ. 1875)

10. What would be the discharge per minute under a con3tant
head of 6 ft. from
(i) a square orifice of 1039 sq. inches arca in & thin plate?
(i) a cylindric adjutage 1 inch in diameter, and 3 inches long?
Univ. 1876). 4dns. (1) 63 c. ft. (2) 53 c. ft.
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23. Large orifices.—Hitherto we have dealt only with small Piate 338,
orifices, 4.c., those in which the head is nearly the same for all
the issuing threads. Supposc the orifice to be in a vertical plane,
and to have but small height. Then if % be the head measured to
the centte of the orifice, the velocities of all the threads are nearly
equal t0 ©0,y/2gh, so that, (art. 17), Q = cAyZgh. In large
orifices, on the other hand, the velocity cannot be taken the same
for all the threads of the jet, owing to the heads differing widely
for threads at the top and bottom of the orifice respectivery. 18
will be seen later however that the mean velocity of all the threads
differs but slightly from the velocity ol the thread ut the centre of
the orifice; so that the expression for the discharge from a small
orifice may be uscd without sericus error.

924. Bernculli’s thecrem.—Let a stream be ‘n steady motion, and let BC,
(fig. 18) be an elemcntary strearm line; z, z) the heighis of I3 and C above the datum
line 00 a, p, v the arca of the cross section, tha pressure, and the velocity at B;
a), 1, V) tho corresponding quantities at C. In any short time ¢ let tho mass of
fluid BO reach B;C;. Then BB) = v¢; CCy = v¢; and the quantity of equal
in-flow and out-flow is Q¢ = avé = ayv;f. Since the thread is surrounded “y othee
threads moving with nearly the same velocity, the viscous resistance may be nege
lected. The work done by the external forces must be equal (the fluid being
incompressible), to the kinetic energy developed. The normal pressures on the
whole surface of the thread, excepting the ends, are normal to the direction of
motion, and do no work. The only external forces to be considered are therefore
gravity and the pressures at the end:

The energy due to gravity 1s that doveloped by the transfer of the volume Q¢
from the height s to the height 2, i.e., wQt (2 — z).
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Plate I137.  The pressure enerey is the work done by the pressure at B movine through the
space BBy, less thau of the pressure ab C eserted through CCy, ve., pavt - piawit,
or Qe (p - py)

Tho change ¢! kineti energy is ?";)(‘?(' (0,3 — v3).
2
Henco w.Qt (2 — 2) + Qt (b — p)) = ﬁ;‘@ (13 — v3),
g

e e e W M

— 18 — 93
o 2—‘1-,-1,___21-:%1 v_.

2
vi DRI . . .
& 5 + ?L. + 5= 711§ + {% + #;; or, since B and C are any two points in
the stream line,

v . -
:Tg+i+z constant o o0 00 e e e (8)

2
Now 'E')"z is the head due to the velocity, 5 is the head duc the pressure, and

2
8 is the height above datum; so that z is the work vihich would be done by 1 Ib.
of water falling to the datum line, and 5 and tg arc the quantities of work

which would be done by 11b. of water under the pressure » and with the velo-
city v. Tho sum of the three is theiefore the tot:l energy per Ib. of water esti-
mated with reference -3 the datum lme. Ience the total energy wver b, of
water is uniformly distributed alony the stream line.

If h bo the depth of any point mcusured from a datum line 0;0;, aq. (8) be-

comes -+ + 2 — A = constant.
29w
95, Hvdraulic gradient.--Tet two vertical tube s be placed 80 as to meet the

strexin liwe at B and C (fig, 19). The water will vi e 1 then to heights due to the

pressvres at B and G, v.e., Lo heights ‘3} ana . The difference of level of the free
1 w

surfaces in the tubes is, from the diagrawr, h = 2z + ‘Z’ - ( n+ 2;1) ) Subnti-

0 o— p2 .

Sating in (7), we get 1o = ?’1,..2.7.“” , 1.e., the fall of surface level between two see-
tions is the difference of the heights due to the velocitics at those sections. The
hne © 4. termed the hydiauwlic gradient; but this expression 1s also used in
caze, where friction is taken mto account.

96. Velocity of threads issning in a jet.- We are now in a position to
prove thal the veiocity of threads ssumg in a Jot is, neglecting the viscos.ly of the
flu . equal o that acquired b a putiche falling freely from the surface of the flud
to .he orifice ;—a result which he hitherto (wir. 11), depended on experiment.

The jet is composed of clementary threads which start into motion at some
pomt 1 ihe interoc of the ves-el. Onesuch thread is shewn in fig. 20. Let i
be the head ab the pont B, where the velocity 1s sensibly small; 7 the head
aud v the velocity at the onfice,

At B, tho head 18 Juy, the pressurois 1 + why, and the valocity is zero,
At C, " by, " Vi, .« O

. i s o
Hence, by Lernoulli’s theorem, '::, t T h=0+ — N

&V ey sve= Vigh = 8Jhnewrls
Y
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1f the orifice i small in dimensions compared with I, the tareads will all have Plate II
nearly the same velocity ; and if & be measured to the centre of the orifice, the

expression v = "9 gives very nearly the mean velocity of the jet.

27. Rectangular notch.—Consider a rectangular notch of
length I, and of depth BC e h, in the vertical side of a vessel
filled with water (fig. 21). A fluid thread at depth z has a tueo-
retic velocity v/2yz. Lay off PQ horizontally equal to v/%gz to
represent the velocity at P. The outer extremities of all such
lines as PQ can be shewn* to lic on the parabola BQD, where
OD = v/2gh. Hence the fignre BDC is a graphic representation
of the velocities of all the threads issuing in a vertical line BC.
>(PQ) _ area BDC _

BC h
§£}:{%g_h = g v2gh, 1., the mean velocity is g of the bottom

The mean velocity of all the threads =

velocity. The theorstic discharge is Av = Al X §¢‘zgh The

actual discharge is

[y
Q=50vEgh .. . . . O
In this expression, the co-efficient ¢ i8 not constant, but varies
for different values of ¢/ and k. A mean value of ¢ for a thin plate
is *62. As this is the co-cfficient for orifices with complete con-
traction, it may be thought th t a higher value of ¢ should be
expeoted for a notch. As a matber of fact, kowever, the water
surface falls towards the notch as shewn in fig. 34, and the head
is for convenience measured from the bottom of the noteh to the
surface of still water. Practical cxamples of 1cctangular notches

a6 gauge boards, tank surplus weirs, and river anicuts.

The discharge can be found at once, by the aid of the Integial Calculus, as
[ollows :—

Consider a horizontal strip of the jet, of thickness dx, and situated at a depth =

Velocity of strip is ~2gz, and the area of is cross section is lLdz.

Honce discharge of strip is ¢lv2gz. dx.
(h 5 9 — %
Whole discharge Q = ¢l ~/3g \o’: de=3 el /g, 1.
28. The cause of the variation of ¢ may be expluined thus :— Let I, i be the

length and depth of the jet, L, 11 thosc of the notch (H being measured to the surface

*Tet PQ =y = ~2gz. Then y® = 2gx, which 15 the equation to a parabols
whose axis is BC and vertex at B.

3
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Plate IX1 of still water some hitle way back fiom the notch, since the waler surface falls
towards the notch). Taking the co-effivient of velocity as umty, we have :—

N 2
For the j 1, Q = él.h o 2gh.

ol

For the notch,Q = ?:c LHVYH e= G
i L.H4

But this co-efficient differs from the ordinary co-efficient of contraction which is

areaof jet Lk

sea ot onfice ~ L' The latter co-efficient 1s approximately constant, so that

¢ varies with the dimensions of the notch.

The jet discharged through the notch has a smaller gection than L.H owing
to (a) the fall of water surface, (b) the bottom contraction, (¢) the end contrac-
tions. The diminution of the jet due to (a) and (/) 1. proportional to L, while
that due to (c) varies with H. Mr. Francis found from cxperiments at Lowell
with rectangular notche. in a thin plate, the lensth of the notch being not less
than three tumes the head, that the leugth of the jet was (1. 0-2H) for two end
eontractions. Taking cli as the depth of the jeb on the weir, he obtained.

Q=fc@L 02H HYogh « « = o« (0

The co-efficient ¢ in eq. (10) is more nearly constant for different heads and
lengths thaun 1t is in the ordinary formula, cy. (9). lts mean value1s *62.

29, Rectangular orifice.~—T:t I be the length of the orifice, A,
kh, the heads to the bottour and top respectively, (hyg. 22). The
velocities at thesc points are v/9gh, rcpresented by CD, and v/9gh
by EF.

area BEDC

Hence the mean thecretic velocity is —5—

%/'_1_‘,/:3.@.2‘,,“_ ;Lh‘ \/__‘;;_gh,‘ The theoretic discharge is
) A

Fvighy - n
Av=10(h —hy) - o g Actual discha ge
L -

¢=Zavalni-nd) .. . . L W

If h, be put equal to zero, we get the discharge from a rectanguiar
notch

Ag in the case of the noteh, and for a similar reason, the co-
eflicient ¢ is nob consbtant, bul varies for different hoads and areas
oi orifice. The values for sharp-edged orifices range from ‘600 to *633,
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the highest values being obtained with small heads* The mean Plate rtr
value of the co-efficiont is “62. Practical examples of roctangular
orifices arc sluice openings in anicuts, tank bunds, locks, ete.

With the aid of the Calculus the discharge can be ovtained Jirectly asin the
case of the notch ;-

o, 0 .3 3
Q=clvy L 2z = ‘—“‘clh/-‘zg<h,‘ - h.,').
13} ¢

Unless the head over the upper sill is legs than the depth of the
crifice, it will be sufficiently correct in practice to use the oxpression
for the discharge {rom a small orifice, viz., Q = ¢A v/2gh, the head A
being measured to the centre of the orifice. The greatest error that

can occur is when h, = 0, s.e., when tho orifice becomes a noteh. The
head to the bottom of the notch is 2. Hence —

Correct disoharge Q, = gcl vy (2h) = 0l.9hv'2g3h = cA V931
Approximate diseharge ), = cAv 9gh.
So that, assuming the co-efficienls equal in the two exy.zessions,
. Q - .
tho ratio @ - v 8 = 9%, and the maximum error wiroduced by
adopting the approximate formula is 6 por cent.

Ex. 11. The discharge from sluices is generally calculated on the assump-
tion that the velocity at the mean depth is the mean velocity. What dif-
ference in cubic feet per minute would this make in the calculated discharge
from a sluice 4 ft. long and 2 ft. deep, with & head of 13 ft. on the sill, the
co-efficient being taken as g? (Univ 158%.)

< . 3 : p b} 3
True dischai~e gy = ;d vy (hl'f i:f) =g x S x4 x8 (125 - ]0!’)

= 132619,
Velocity at mcan depth 19 729 x 11,

Approximate discharge Q, = cAv2g x 11 = “2 x 8 x 8411 = 132:665,

Difference is 040i6 . 1, per see., or 2} ¢ ft per minute.

? 'The iol}owmg g:\bla wil furaisk en 1dor of the node in whu.h the co- eﬂiclenl
¥ante..

W,‘d t"i ‘ Ratio of hoight to width
C“,\~):O 0 {width bun 1 foot).
oiifice. l
Do len g Lo | ol , ]
\ 05 . ) l .. \ 615 | 631
10 v . o1 | 617 | 632
l 20 .. 618 | 601 [ 617 630
8¢ | 6 1617 b 605 i 015 | 627
! 50 | e21 b o612 | es0t o611 | -620
. 10-0 604 ) G2 | -G0lL l 601 -603
! 200 €05 03 1601 603 604
| 500 | 60 { s | o2 | 605 ] 60T
[ SP— L
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30. Circular orifice.—The circle may be divided into a number
of vortical strips which ave appronimately rectangles. The mean
velocity through cach rectangle is very nearly the velocity at a point
situated at half the depth of the rectaungle, i.e., on a horizontal
diameter of the circle. IHence, if & be the depth of the centre of

the .ircle, the mean velocity - v"2sh ppreximately, and thorefora

Q= v iyn . 12)

The greatest error that can occur by using this formuia, viz.,
when the circumfere~oe of tbe circlo fouclics the suifaco, is & per
cent.

In a similar manner may be treated the case of any orilisa whoge
{orm 1g symmetrical above and below » borizoutal axis.

Kx. 12, Deduce the formula Q = 29 d? ~i, whers
¢ discharge n cubie feet per second

o == diameter of cribee 1o {eed

h = head 1n fee

or the low of water through 1 circular enfice in a thin plate, (Unlv, 13303

[

P )
Q= A Vighe 62 x TU L hc 02 x X 2 = 390y

~a

31. Triangular notch.—In this form of notch, if I bo the top

wiith and A the depth to the vertes, (fig. 23), the ratio /lI romaing

constant for different heads, and the co-cfficient ¢ is consequently
gubject to but little variation. Th.s form of notch is therefore a
gocd one for the measurcrent of tae discharge of small streams.

The approximate formula Q =cA v/ 2gll, where H is the head to
the centre of gravity of the water scction, gives a result about &
per cent too high.

Bx. 13, If dischargs takes place thrangh 4 trivnonlar notchin a waste board
placed on a dam, the two sid2s of the notch being equally inclined, and meeting at

a right angle, find the co-eficrent when Q = } ~ k5, where h is the height in
inches of st1ll water above bottom of nosch, and Q i the dischiargs in cubic fest per

minute, (Umv, 1861.)

The di-charge in c. ft. per sec. is cA vagH, where 11is head in feet to esntre
of gravity ¢l .wtcr section ! = 2A.

1,k h
b T ow 50 b e
New | s w3
1r¢h h) L
A s (b, ERY X ia 14 s It
*» Q pet minute = 60 ¢ " /h »/hs

M A 3% 3 3

.

By question, Q = ; IR ;c = 10 cm 060
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32, The true discharge of a triangular notch can be found as fellows :—Consider Plate 111
a horizontal Iayer of fluid filaments at a depth z below the surface, (Sg. 23). Let theo
y _lh-=
[ lb
Velocity of layer = vagg, Arcaof ila crosssection = y. dx.

» Discharge of layer = cy dz ¥/ ¢gz = c%fﬁ}(h'f&?—:un/?)dz.

length of the layer be y and its depth dz.

& Whole dischaiga of notch = ¢/ 2g Hh ( ho 2~ xf?) iz
]

t'fZg (371.‘—¢h§)

e, Q= oy A S O 1.
The approximate formula gives Q = ¢ G /\fg_ g J- cl¥ 23, h
. Approximate discharge =~ 1 4 _ 289 -108
s True discharge 9y 15 967 ’

33. Velocity of approach.—If the water passing through a
notch or orifice has a velocity of approach, as in the case of streams
or riveis flowing over weirs or anicuts, this velocity (which tends
to increase tho discharge) can be taken account of by supposing
the head which would be required to produce it to Le added to the
actual head. Take the case of a rectangular notch, and let v, be
the velocity of aporoach. The hcad h, required to produce this

velociby is ?"lg Hence the rectangular motch of depth A becomes

practically a rectangular ovifico, (fig. 24), the hexds to hottom and top
of which ave (A +hy) and k.. L'ence

Q—jolv g {M+ho7 - IR

The constrnetion of a weir across a river causes an increase of
water section immediately above the weir; consequently the velocity
of approich is less than the natural velocity of the stream.

Let A be the natural section, v the velocity.
A, the seetic 1 just above weir, v, the velocity.
Then, by eq. (1) v, Ag = vA. v, =0 ﬁ
a

Ex. 14. What will be the discharge per minute tLrough a rectangular motch,
in a thin platc G ft, wide, head 8 inches, vclocity of approach 2 miles per hour ?
(Univ. 1877.)

V, = ?-X:)QSO

€¢0x 60

Q=2avg {(h+h.)‘ -

= 2:93 ft. persec.; N, =

293)2 _ .
Sk = 0181

}, where ¢ = 62 = b,ls 6, h="6T,k,=18.
MQelx 2% xS{ 80)#

8
~. Discharge per minute = 40; 60 .. 300. £,

- (19} = 20 x 0667 = i
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34. Submerged orifice.—~T.et &y, &; (fig. 25), be the heads on
sither side of tho orifice, tonding to produce discharge in opposite
directions. The effective hcad is (h, — ), the ditference of level
belween the water surfacos above and below the opcuing. Calling
this head & and the wrea of tho sluice 4,

Q = CA \/2gh see e o0 oo (15).
The yroof of this is as follows :—
Let BC (fig. 26) be an eclementary fluid thread, tho velosity at B being in-
sensibly small. Then, with the notation shewn on tho diagram we have:~
At B, the head s %), tho prossure 11 + why, the velocity zero.

AL G, " s " I+ why, » 0.
3 1l

P AL N L LI
Qg w B

. vl .

S By — by =

35. Partia'ly cuirierged ovifice— Tiet h be the difference of
waker le-els above ond below the orifice, (fig. 9%), &y, &, the heads
to bottom and top of the orifice vespectively. She dischargo may
be divided into two portions, wiz.,, Q, taking place through a simple
rectangular orifice of dopth (A — 4,), and Q, taking plae through a
submerged orifice of depth (2, — n)

V)

Q=3 vy (B~ A2

Q, - cl (hy — B v k.

Assuming the co-cllicient ¢ to ha,s i same value in each case,
_ 2 5 A ‘l
Q=clvey ) (s = h) 4 (hy— k) B3 e (16),

36. Submerged notch.--Iet ky bo the head to tho bottorr
of notch, (tig. 28); A& the dilfcr:nce of level betweon the water
surfaces.

Q=5 b vogn,

Q, = ¢l (h, — k) v2gh.

taking the co-efficient tho same for the two portions of the orifice.

87. Adjutages.--The theorem of Dernoulli enables us to explain tho cause
of the high discharge piven by divergent adjutages. Suppose a gradual enlarge-
ment takes place ir a horizontal pipe through which water is flowing steadily;
the velocity gradually diminishes. But % + 1’;: + 2 i8 constant, by eq. (8),

and z is constant ; heney the pressure increases as the velocity diminishes. If
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v gradual contraction occurs in the pipe, the velocity increases, and the pressure Blate 1v.
diminishes. We say gradual enlargement or contraction, so that there may
be no sudden change in velocity, and consequent loss of energy by shock.

Take a mouthpiece of the formn of the contracted vein, the sidus of which diverge
conoidally, and termunate cylindiically, so that the threads of the jet may emerge
parallel, (fig. 29).

Let A, v, p be the arca, velocity and pressure at the smallest section G; Ay, vy, 2y
the conesponding quantities at the exterior D. Consider a filament B O D.

At B, the velocity is so1o, the pressure 18 11+ wh,, tho head is 4,

At C) m U, I ) » h.
At Dt 1 ﬁ{g, 1 FaY 1) h
e 3 2
THenge 0 + Eﬁi.fi"_* IR L GO A S\ L Y

70 g w iy w
L H voop s

Ao wn=SEa 00 )
) i ‘,ag+w i?g+9: 8

. £ . ’

If the jet dizchar,es info sir, p, = 1E; S A = ;; or, allowing for fuction,
viee, SO Qe STA Ny,

Hence the discharga does net depend on the seetion at 0, which may be as small
as we pleawe, provided tha velocity at C does Lot Lecome o graat as to cause the
pressure to fall below zoro, . bawil this occur, the water pressure becomes a
tension, continmty et dow would be impossible, and the mouthpiece could not run
v

s

full at D. Pulfing p = U, we have from eq. (18, %1- ho= 5

But % 18 cquivalont tow head of water of 84 {6, v = & 2y (R4 34);end

Q <A+ ) . . (19).

Thus the maximun dischaies is the thecictic dischargeinto a vacuum through
an erifice of eecbion A undera head 7, :

I practic the maximurm discharge can never be as great as this, owing to
the disengagement of particies of air ruspended in the water, which weuld check
continuily of flow befcre the pressure at G fell to zero.

In cylindrical and convergent adjutages, the e is a sudden contraction at the
inner orifice, and a subsrquert cxpatsion to fill the tube. A loss of cnergy con-
gequently ta%es place, which reduscs the co-cilicient of velocity, although the
tube may run full 8k its cxternal orifice, and the co-cfficient of comtraction be
equal to unity.

[x. 15, ko cgiernal aroa of & divergent conordal adjutace is 48, in. Find
the theoretical arca of the snallest svoes seetion which will allow tle adjniage
to run full (1) when ths head of waber is 2 ft. (2) when itis 15 fi S:¢ Ly, 24

(1) At D, the velooity s W21y v Tho nrea is 4 8. 10,
v“.‘ﬁ' L"u " lgg‘-‘:;_‘{" 81) ” A ”
A &d"m;,- x 36 e 4 'f‘Jg x 25 0 A e G008 in,
{4 AN x49 = 44 2 X 15 ;




24 HYDRAULIOS

Plate 1V 88, [nternal cylindric tube.—In this case the co-efficient can be theoret)-
oally determined. Let the tube project internally to such a distauce as will just
allow the jet to spring olear of the external orifice. Then the velocity at the points
B, C, (fig. 80), will be practically zero, and the pressures at those points will be the
hydrostatic pressures due to the depths at B and 0. Let the areas of the orifice
and jet be A, A respeotively, and let the mass of fluid occupying the space be-
tweaen 00 and D, ocoupy after a small interval { the space between 0,0, and E.

The Lydrostatic pressures on the sides of the vessel balance one another every-
where except opposite the orifice. The atmospheric pressure acts on a section of
the jet whose area is that of the orifice, as well as over the free water surface.
Henoce the unbalanced horizontal pressure is whA. Its impulse in the time ¢,
i.e., whAt, must be equal to the change in horizontal momentum in the moving
mass, Since the motion is steady, there is no such change between 0,0, and
D, and there is no horizontal momentum between OO and 0,0;,, Hence the

whole changg is in the momentum between D and E,
w.Alul‘ wA ot

Volume of space = Ajvf. Mass of liquid = Momentum -..,_.;’..4_.,

& WhAL =

wAWt A _gh _ gh 1
Y A §

et %‘ w ¢, Therefore, negleoting friotion, & = g,

Tho best experiments-give ¢, = 054,

eI

EXAMPLES ON CHAPTER IIL

1. Find the discharge in cubic fcet per minute from an orifice
2 6" long and 7" deep, its upper edge being 3" below the water
surface. (Coll. 1885.) A4ns. 313 c. ft.

2. If a rectangular notch of width / be cut in the side of a cistern
in whish water is kept at a constant height & above tue sill, shew

that the theoretical discharge (neglecting contraction) is ; Ih ogh,
the mean velocity g‘/gg}; and the mean head gh. (Univ. 1888,)

3. It it were found that 281 e. ft. of water passed in 15 seconds
through a rectangular notch 10 ft. wide with a head of 10 inches,
what would be the value of the co-efticient ? (Univ. 1880.) Ans. 63.

4. TFind the value of the co-efficient ¢ in the formtla h — ¢ ,:/ (Eq)’

in which Qis the actual discharge throaga a rectaugular notch in
& thin plate in c. ft. per sec., L the lengid of the noteh in feet,
and k the heightin inches of still water above the noich crest  (Univ.

1875.,) 4ns. 04,
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6. Assuming the megn velocity of water discharging from r.
rectangular slit in the vertical side of a reservoir is $wo-thirds of the
bottom velocity, obtain the expression for the discharge over s
drowned notch when the water approaches with a surface velociby ve-
(Univ. 1884.)

6. Explain the terms, head of approach, velocity of apprevdkh
and state how the wexpression for discharge through a rectaugular
notch is modified by the velocity of approach. (Coll. 1884.)

7. (a) A rectangular orifice 4 ft. wide ar1 3 ft. high, in a thin
plate has the water surfaces on either side at 3 ft. 9 in. and 4 ft. 3 in.
respectively above the lower edge of the opening. Iistimate the
discharge. dns. 42:4 c. ft. s.

(b) 1f the water has a velocity of approach of & {t. per second,
by bhow much will the discharge be increased? Ans. 142 c. f. s.

(c) Estimate the discharge when the water levels are at 2 {t.
9 in, and 2f{. 6 in. respectively, there being no velocity of .pnroach.
Ans, 266 c. ft. s.

8. A notch is of the form of a right-angled triangle. Estimate
the discharge when the width of the notch at the water surface
measures 15 inches.  Ans. 0-87 c. ft. s.

9. Prove the theorem of Bernoullii Thence shew that the
effective head producing discharge through a watcrway in a railway
embankment which is run acrosy a tank is the difference of level
between the water surfaces ou the two sides of the embankment.,
(Univ. 1891.)

10. A sheet-iron cistern, with vertical sides § in. thick, has on one
side a right-angled triangular orifice, apex upwards, whose horizontal
base is 1 ft. wide, and 4 f6. 4 in. below water surfaco; and on two
other sides circular openings 6 in. in diameter, whose centres are
9 ft. below water level ; tu the outside of one of these a pipe of 1 ft.
length and 6 in. internal diameter is fixed, and to the inside of the
other is fastened a similar pipe. Whah will be the discharge from
each orifice, and the quantity of water necessary to keep the water
level in the cistern constant? (Univ. 1°63.) Anms. (1) %563 o. fb. s.,
(2) 3:87 c. ft. 8., (3) 245 c. fi. 8., (4) 883 c. {t. s.
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39. The preceding articles erable us to dexl with all the practi-
cal cases usually occurring. The only difficulty lies in the choice
ot a suitable co-cfficient. In the case of the discharge through a
thin plate, the co-eflicient is certainly known with some precision ;
nut, except in tho gauging of small streams, discharges take place in
practice through masonry works whose varying dctails of construe-
tion render it impossible to assign co-efficients which will always
suit each type of work.

40. Tank surplus weirs.—A tank surplus weir, waste weir,
escape, or kalingula consists of a masoury wall, occupying a portion
of the length of the bund, bub at a considerably lower level. The
elevation of the wall is horizontal at top, and is bounded at the
ends by vertical wing walls which support the earthwork of the
bnnd. The top or crest of the weir is from 1} to 3 ft. broad, and
general'y slopes slightly upwards from the tank. The level of the
crest ot the weir is termed full tank level (F.T.L.). The weir is made
of such a length as to discharge the greatest inflow to the tank,
with a cerbain assigned depth on the crest of the weir. This depth
or head on the weir is generally from 2 to 4 {t, and the surface
level at thie head is called mazimum water level (M.W.L.). The top
of the bund is not less than 3 {t. above M.W.I. The inflow to the
tank is determined by its catchment basin or drainage area, and by
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the maximum rainfall which observation shews can come on thal Plate 1v
srea in a given time, say 24 hrs. A certain proportion of this
rainfall, depending on the nature of the soil and slope of the
ground, will flow into the tank; and, assuming tle tank to be
full when the rainfall commences, this is the maximum discharge
which the weir should pass with the given head. Owing to the
partial nature of heaviest rainfall, the discharge to bo provided for
is not directly proportional to the area of the catchment basin.

Ryves' empiric formula Q = cM’}, whero M is the area of the basin
in square miles, and ¢ is & local co-cfficient rauging from 350 to 650,

is generally used in Southern India. Dickens' formula Q = clM’} is
also occasionally employed.

The discharge of a tank weir is thab through a rectangular notch,
viz.,, Q = golh\/é(—j}z As the water surface for somo little distance

above the weir falls towards the weir, the head should be measured
to the surface of still water. For this purpose a vertical sual. iu
placed against the wing wall, some feet in front of the crost. The
value of the co-officient ¢ has not been well determined. It varies
with the head, with the length and thickness of the weir crost, and
with the depth of water in front of the weir. Kor a thin edge ¢
varics from about 66 to *59 with changes of length and head. The
experiments of Castel and Blackwell on added channels * and hroad-
crested weirs give mean co-ofticients -53 and *51 respectively. These
experiments were however ccnducted on a small scale; and ib
appears probable that the co-oflicients are higher for the large
weirs of tanks and rivers. Professor Unwint proposed 577, or

7%, on theoretical grounds, and this value wlll bo adopted in the

examples which follow. It agrees well with the results of the
Lowell hydraulic experiments, see note to art. 41. The formula
thug becomes

2.1 o .
Q=<-3-><‘,3 Y 87T —~ 31T e e . (20).

Ex. 16. What length of kalinzula should a tank have for cach square mileof &
small catchment basin in order to carry off a rainfall of 1 inch an hour, of which 60
per cont reaches the tank; it being assumed that the tank is full, that the supply
fromoach square mile is uniform, and that the height of still water above the crest
of the kalingula is ¢ feet? (Univ. 1890.)

* Castel’s ‘‘adued chauiels' were short channels or shoots, having the same
section a8 Lho noteli, waich were placed outside tho noteh.
i Eneyelopadia Britannica, 9th editicn, Article Hydiomeehanies.
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Rainfall per sq. mile per hour = 5280 x 5280 x } o. ft.

60y _(5280)

100) 12 % (60)
= 8872 0, {t.

& Discharge per sec. per. sq. mile of catchment basin = (

Q = 81145, where Q = 387-2; k= 4 2 b = 1577 it
Thus, if the drainage area were 10 s, miles, the length of the weir would be 157 ft.

41, Weirs with broad sloping crests.—Suppose tLe weir, (ig. 81), rounded
at the crest to suppress contraction. Let & be the total hicad on the crest, measured
from centre of crest to level of still water. Let BC be any filament extending from
still water to centre of cre t; k, &, the heads at B and C; z the depth of water on
centre of weir ; & the depth of water over C.

At B, the head is &, ; the pressure wh, ; the velocity zero,

A C, " hig; " ws; n o
S o + 2 -0 ok __ Ry
9 w w

v? P
" % = hy—2=h—3; . ve= ~ig(h —z) Hence,if I be the length

~* the weir, Q = Iz ¥2j (I = x).

Ifz=0,Q=0;and if 2= 7,Q=0; s0 that Q is & maximum for some
value of @ between 0 and %.
- i -3
Q=1 Jaggz(h-mﬂg ; (d(f)' = I../2g3 -

=T+ 2(h-2)=0;'"z=3nN

iz

M-

-+ Jh—a;s =0.

Hener-a%lh ,\/29%‘= 0885 W 2gh. . vevniinsnneaneiiones (A1)

Iix periment shows * that the actual discharge is approximately equal to this

. . 9
maximum. The ordinary weir formula 15 Q = gclh ~’zgu. Hence the valuo of ¢

3
tor broad-orested weirs will be about 5 % 385 = 577 = 3/§

42. Drowned tank weirs.—If the crest is low, and the surplus
channel confined, the tail water may somel.mes rise above the level
of the weir crest. This i3 tho case of a submorged notch, the dis-
charge from which is given by eq. (17) provided the co-efficient he
the same for the orifice and notch portions of the opening. It
appears howcver from observations on large weirs + that the co-
efficient for the orifico portion is considerably higher than that for
the notch portion. In tho absence of procise data, the co-efficionts
may be taken as ‘8 and ‘577 respectively.

* The Lowell experiments give ¢ = 563 for wehs with crests 3 ft. broad, and
eontractions suppressed, heads G to 18 inches,
t Pro. Tnst G, ., Vol. ixxxv, 1835-66, Rlund on co-cfficients of discharge,
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Ex. 17. A weir has a head of 4 ft. of water on its crest, and the tail water rises plats IV
8 {t. above the crest, Find the discharge per second for each length @f 15-7 fect,

Let d be depth of tail water on crest ;
b difference of water levels above and below wei.,

! . .
Qe g W 2gh, Q= egdd W 2gh. ¢ = 5TT; ey D
[y

3 x 577 4+ 8 x 8} = 350 c. {t. per seo.

& Qe 187 x s{a

Comparing this with the previous cxample, it will be scen that the frea overfall
discharges 87 ¢, ft. por sec. more than the drowned weir for each length of 157
feet.

43. Gauging weirs,—When it is desired to accurately measure
the discharge of a stream, (as for water supply projects, &c.), a dam
made of piles B and planks C, (figs. 32), is formed across the stream,
and puddled on the inside to prevent leakage. A notch, generally
rectangular, of suitable size to carry the discharge, is made in the
weir, and i protiocted by a metal plate D, one-tenth inch thick, so
as to secure acouracy of form and permanent sharpness ¥ edege,
The air must have free access behind the sheet of falling waber.
Fig. 32 (a) is o half elovation of, and fig. 32 (b) a cross section
through the weir. Tig. 32 (c) is an enlarged section to show plank
and plate. It will he secn that this is a caso of discharge through
& roectangular notch with a velocity of approach. If however care
be taken that the section of the jet does nob exceed one-filth of
tho water section above the weir, the velocily ol approach may be
neglocted. The head is measured by a scale placed on a pile E,
tho zero of the scale being accurately level with the crest of the
notch. The pile should be driven some distance back from the weir,
sey 5 feet for small weirs to 25 feeb for large ones, so as to ensure
the head being measmred to the suiface of still water.

A more aceurate mode of measurcment is by the hook gauge. A
charp-pointed metal hook at the foof of u vertical bar, is capable
of being moved up and down by a slow motion screw, the whole
apparabus being abteched to a pile. The bar carries an index which
is abt the samo height above the point of the hook that the zero
of the scale is above the level of the notch crest. When a reading
is to be taken, tho hook is depressed below the surface of the
water, and then slowly raised. Tho instant of its reaching the
surfaco is distinetly marked by the rcflexion from a film of water
formed on the point of the hook. The scale is then read. In
ordinary light, differences of level of a hundredth of an inch can
be detected.

If the head is variable, thc‘ scale should be read at intervals of
12 hours, and the discharge of any interval be calculated by the
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mean of the hoads at the beginning and end of that interval. The
discharge fcan be estimated by eq. (9),

2 —
Q = 3¢k v 2gh, whero ¢ = 62 for ordinary heads.

1x, 18, A rectangular notch is 16 ft. wide, and the head to still water is
064 ft. Find the discharge per secoad.

(# -.g x '62 x 1'5 x ‘64 x 8 x ‘8 = 254 c. ft. per seo,

2 J—
For greater accuraoy, Francis formula, eq, (10), Q = 3¢(L~— 0-2H)H + igH

may be used. This would give for the above example

2
Q= g % '62(1'5 — 03 x '64) 64 x B x '8 = 2:82 c. ft. per se0,

44, Anicuts.—An anicut is a masonry dam built aocross &
river 80 as to raise the water surface to a suflicient height in the
dry season to admit of the water being carried by gravitation to
places which it otherwise could not reach. The dam serves also
to reor'ate the often capricious shiftings of the river in its course,
and thus to conduct the water to the point of offtake. Tho anicut
terminates at each end in wing walls to support tho flood banks of
the river. The supply of water required is taken off by a channel,
on one or both banks, just above the anicut, the opening from the
river being provided with a mnsonry head sluice to regulate the
admission of the water. If the full supply level in the channel is
to be maintained when little water comes down the river, the
anicub crest should be at this level, or indeed slightly above it,
since a small additional head is needed %o force the supply through
the head sluices, even wheu the shutters are fully open. All
surplus water passes over the anicut. In ordinary scasons the
gurplus may discharge with a free overfall; but in floods the tail
water rises above the crest of tho anicut, and the water on the
upper side becomes heaped up until there is a sufficient head to
drive the river discharge through the cortracted section. In both
cages, the velocity of approach must be taken into account.

45. Anicut with clear overfall—This is the case of free
diseharge from a rectangular notch, with velocity of approach,
eq. (14). Taking ¢ = ‘577, the co-efficient applicablo to broad-
crested weirs, we have

Q=31 S+ h)t - b e (22)

where hq, (fig. 33), is the head due to the velocity of approach.*
The chief use of this formula is to check estimates of the discharge

* Bee note to art. 92.
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of the river for measured values of h. The velocity of approach is Plate tv.

)

less than the measured mean velocity of the river, owing to the
increase of water section just above the amicub; but it can be de-
termined from eq. (4), v,Aa = vA.

8hould A be required for a given height of anicut, aad & known
discharge, the increased water section above the anicut is unknown
and we must proceed by approximation. First assume an nppx)oxi-
mate value for the velocity of approach, and solve for h. From
the increased water section thus obtained, deduce a nearer value of
the velocity of approach, and re-solve for h. In practice however.
the silting up of the river bed above the anicut tends to prevent
this increase of water section, and for most practical purposes the
velocity of approach may bo taken as equal to the mean velocity
just below the anicut.

‘Ex. 19, A river 200 {t. wide and flowing 5 ft. deep with a mean velocity of 4 it.
per second, passes over an anicut whose height is 8 ft. above Led, with a clear over-*
fall, Estimate the depth on the crest.

Q = (200 x 5)s. ft. x 4 = 4,000 c. {t. per scc.
The increased section above the anicut is unknown. Assume it tobe § x 200,

or 1,600 s. {t. approximately.

. . . 5 x 200
The velocity of approach is approximately 8.2-20‘() x 4 = 25 {t, per see,

(25

L w1 i (k) =03, Tnserting these values in eq. (12),

hy -

N /
4000 = 81 x 200 x 3(}: + ) -2
qQ
Solog(h + 1) = 3108 6525 = log 349; . how 889,

This result is sufficiently correct for practicg] purposes. If we assume that there
has been no silting, the value of A may be corrected as {ollciws ;—

The vetocity of apprcach is 8—+93;3—;3 X 4 = 18,

& ke = 05, and (k) - L.
2
o log (b ++05) = 31og 655 = leg 8+48; .. b = 243,
It ther. were no velocity of approach, the requisite head would be found to be

8-48 ft.

46, Drowned anicut.—This is the caso of a submerged rec-
tangular noteh with velocity of approach. Let d, (fig. 34),'be the
depth of the tail water ou the crest, & the actual head, &, the head
due to the velociby of approach, Q,, Q, the discharges through A
and d respectively.

Then Q, = gcllsfﬁg { * + AL

i
3
Q= ¢; AV (b + ha).
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The values of the co-efficients are not well known; but there is
no doubt that owing to the slope of the waber surfaco in the notch
portion, and to the comparative absence of contraction in the sluice
portion, ¢; is considerably bhigher than ¢, For the reasons men-
fio-.od in art. 42 the co-eflicients accepted for @rowned tank weirs,
viz., ¢, = 877, ¢; = '8 will bo here adopled, and we have then

Q= 1[ 31 3 ( + ha)¥ - he? ¢ + 845 (b + ;\J L(23)

It the anicat were absent, i.c., A indefinitely smal} compared with 4, the co-
efficient would obviously be 1. It there were a clear overfull, i.e., @ indefinitely
small compared with 7, the co-efficient weuld be atout 577. Hence we ars
justified in concluding that the average co-2fficient for the whole discharge Q) + Q;
may vary between these limits, increasing as the ratio A: d diminishes. This con-
olusion indicates the imperfections of ths formula ; neverthe!.ss, it is belisved that
eq. (23) will give good results in ordinary cases.

The chisf use of equation (23) is to doterminé k for a known
maximum flood discharge. The maximum flood discharge is obtained
bv ~t.crvation of the rainfall on the catchment basin, checked by
measurements of the velocity and cross saction of the river. Tho
value of I deduced from the formula is added to the given maximun
depth at which the river flows, and this enables us to fix the height
of the wing walls, head sluices, and flood banks, se thabt there may
be no risk of their being overtopped by the flood. In this case,
the increased water section above the anicut is unknown, and A,
must be obtained by approximation.

Ofher questions can of course be sclved by equation {23), such
as (@) the amount of flood discharge for observed vaiues of ¢ and
h; (b) the height to which an anicut must be built in order t3
raise the water by a given quantity whken the river is flowing at
& given depth, In thiz latter casec we solve for d. The difference
between d and the depth of the river gives the height of the anicut.

Ex. 20. The maximum flocd dischar o of a river is estimated,at 5,000,600 c.
yds. per hour, the mean velocity being 500 ft. per minute. An anicutis to be Luilt
aoross the river, 460 ft. long, with its crest 43 fb. above bed. What mast bo the
height of the wing walls and head sluice, so that a inuximum flood may ot rize
within three feet of their tops ?

Q=1 [3-1 3(h + )l - hﬁz +64d (B + ha)i‘]

5000000 x 1
60 x 60

500

Here Q = = 87500 c. {t. persec.; v = ‘166,

Aw i? = 45005, ft. Mean depth = ‘Ii‘ =10 £

d = 10 - 4'5 = 55 ft. Taking the velocity of approach equal to the mtun
. (8-33)2 . 3 .
velooity, b, = - Veake 108; o (k) = 1:12,
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Bt ETT08 m @y 87500 = 450 {31 (23 — 1'12) + 64 x 55 x}
o3 4 1137 = 28, Tryz e 2; 8 + 226 = 30'6,
w & 10; 666 + 2147 = 28,
S By Sk f 108w {i9)w 361; &A= 253
& Top of wing walls must be 3 -+ 2:53 -+ 55 or 11 {6, above anicut orest,
x, §1.—An anicut 1,500 ft. long is to bo built wcross a river. The full supply
dopth in the channel, alcve the floor of the head sluice, is 7-0 ft., and the area
of the aluice openings i3 such thata head of 6 inches is requisite to furnish the
given supply. The normal water section of the river is 7,500 s. ft., and the
estimated normal discharge 80,000 c. ft, por sce. Whas should be the height of
the crest of the anicu$ abevo level cf sluico floor, the latt:r being placed at the
bed of the river?
A _T500

Mean doptl of zivsz o = 1500
the water cuclace a3 to e raised through (70 — 50) 4 G5, :2 388,
2 .x[ 81 { R hﬁ} +Gid(h + h.)*].

Hero Q = 80000; 4 a 1500; h = 25k, Taking tho velocity of approach oges

[ ¢

2
to tho mean velocity, 1.8, equal to % e 4, we have fi; = %2 = 35, ’

80000 = 1500 [ $1 { @f — (i} 4 oea (2.75)*:5.
o020 e B (450 - i) + 08 d % 105, L dw B,
Hence height of czest above slnioe floor i8 50 — 0°6 == 4°4 £8,
1f d had coma out negative, it would indicale that the anicut crsst manst be

above tail water, Equaiion {22) fora clear ovorfall should in this cazo be solved
tor k. Then 78 — A will give height of anicut above sluice floor,

Ex. 23.—A jungle stream hasa depth of 3 ft. and mean velocity of 12 f&. pes
second. \What musé be the hoight of an anicut to raise the water 6 fi., supposing
that the bed gilts up, ahove the anicut, o a8 to give a depth of 6 {4, ¢

1t is ovidans from tho figures given tha! tha cress leval will be abovs the ¢afd
water, 4.6, thxg the anicut has a olear overfall,

G Satas; L e m)d -ad
HooQw sy ow & x 35 9, - ? PID INEIVE (SN XTIV WP

B Bt b+ 368 — (56E 1,
LT afsus{(hv s - a0t |
1860w (B 4 B6)3 — 43; & (B + 56) = (1211)] = BF.

o B2a 471 16, Height of waicut = 6:0 + 30 — 4-7 = 4-3 4,

47, Sluices,—Sluices are constructed in many forms. The
head slusces regulaiing the admission of water to channcls, and
the under sluices of anicuts, which serve to scour away the silf
in front of the channel entrance, generally consist of rectangular
openings, each from 3 to 6 feet in breadth, closed by vertical
shuiters sliding in grooves. The sluice openings or wents as they

b
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¥ate v, are termed, are separated from one another by piers which are
generally provided with cutwaters. The sluice floor is usually ou
the leval of the bed of the river or channel; and the bottom and
lateral contraciions oeing thus suppressed to a great extent, the
~~ Lucient may ordinarily be taken as ‘8. The openings of river
bridges, and the waterways in railway and other embankments con-
structed across tanks or in tracts liable to floods, may also be
regarded as sluices, with the samec or evon a higher co-oflicient.*
In all these cases the discharge takes place into water, and the
head is the differenc: of level botween the water surfaces above
and below the sluica,

Twmk cscape sluices are rectangular openings in tank weirs, to
asgic. in the removal of flood water, and they are closed by vertical
sliding shuttors Being unprovided with piers and cutwaters, the
zo-eflicicnt may be taken as -62. The discharge from these sluices
uiually takes place freely into air.

Zuck slutces will be referred to later, art. 58. They generally
oonsist of culverts in the sido walls of the lock chamber having a
aross scction considerably greater than that of their vents, so as
to reducs velocity. Lle vents are closed by sliding shutters. The
lower sluices sometimes consist of openings in the gatces, closed
§n o similar manner. In either case the co-efficiont may be taken
w3 62

Tank Irrujation sluices are culverts made through the bund,
weasming about @' — 6”7 x 2’ — 07, and aro rectangular in section
with an arched top. The culvert communicates with the tank

I

(1) by a venb ab the inner end which is closed by a shutter,

{2) tv vertical opcnings in the masoury of the sluice closed
by concd plugs fitting circular holes cut in horizontal
stoncs which are built at different levels.

‘Iie area of the vent at the inner end is small compared with
the section of the culverl in order that the velocity in tne latter
may not be too high Each plug iz atlached to a staff or spear,
snd can be iifted through fixed intervals, so as to partially or com-
pletely open its vent. Tho plug holes vary from 4 to 13 inches
in diameter, and should bc coned 1 in 4. When the tank is full,
one or more of the uppermost plugs are lifted ; as the water sinks,
those lower down may be withdrawn; and at last the shutter can,

* In gluice and bridge openings provided with curved cutwaters and wing
walls, a co-efficient of *9 may be used, vide Professional Papers on Indian Engi-
neering, 3nd series, vol. IX, Appold’s experiments,
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it neccssary, be raised. The co-cflicient for the shubter opening Plate V.

may be taken as 0'62; that for the plug holes 0'7.

Ex, 28.—Tho following ars levels in connexion with the head of a channel,
she full supply of which is 600 o. ff. per sec.

Tloor of sluice . . < 4226
Full supply level of ohnnnol (F‘ 8. L) .. . 01'%
Aniout crost . . . . . . 51086 !

Determine the number of venis cach 6 ft. high and 4 ft. wido which will
be required for the head sluice.

Le$ n be this number,
(.}}-oAhri_qu.' HoroQem G00; c= 8; Aewnx 6x4; 2w (]
S 600 = 8 x 2n x 8703, Whencon = 1.

Ex., 24.—~When thero is 10 ft. of water flowing over the anicut in the
preceding example, find to what height tho shutiers should bo raised oif tho
sluice gill

Let z be this height, A = 7 x z x 4; h = 103,
" 600w 8 x 28z x SMI03; ;o oz = 1041t

Ex. 25.—A tank irrigation sluice is provided with tiers of plug holes, three
holes in each tier. When the head on a tier is reduced to 4 ft., tho water
surfaco is sufficiently low to permit of tho plugs of the next tier being withdrawn.
What should be the disrccter of tho holes to irrigate 400 acras af rico at the
rato of 1 ¢. ft, per seo. for avery 80 acres.”

Q= eAJiji How Q = 4" = 1335 cm 0 B = 5.

L1938 07A x 8 x 2; whence A = 12, If d be diometer of holas in

foct, A= 8 77_"19 - 14 0, d? e 5l o d =92, Henco 9-inch holes will ko
i
required,
Ix., 26.—A surplus sluice ina fank weir consists of 8 vents each 4 {t. wide,
When thero 18 9 {$. of water ou tho eluice sill, find the discharge per socond 1f
tho shutters are litted b [t., the discharge taking place into air.

[ 38 by
Q= gcl Wig (B3 = ), Hetedm 8 x d; hymQ; iy -1

[53

LQ- ‘é x 32 x 8 (27 - 8) = 2,097 o, (£, par soc.

48. Discharge of bridge openings.—1f tho shutiers of a
sluice are drawn uy clear of the water surface, there will remain
guch » difference between the surfacu levels above and beiow the
sluice as will suffico to give the actual volocity of discharge,
whatever this may be. This 18 the case of waterways in railway
or other embunkments conssructed eeross tanks, or in tracts liable
to standing duods. The vase of ordinary river bridge openings is

* Note,—'or large sreas of 5,000 acres and upwarde tho usual allowance
is 1 o, it. per gevoud for evary uu acr.g.
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Plate V. gimilar, except that it is complicated by a velocity of approach.
This will now be considered.

Lot v, be the velocity of approach (fig. 35), v, the velocity at
the cr~3s section A, of greatest coniraction, & the actual heading
=p or afffluz. The total head producing the velocivy »; is (z + ha);
Hv =V (@ + k)

Q=CcA VI (X + ) v e e e (20) |

To obtain /, the head due to the velocity of approach, it must
be remembered that this velocity is less than the normal velocity
of the river, owing to the increase of water section above the
bridge. If v, I, d be the normal velocity, breadth, and depth of
the river, we have v,, I, (d 4 2} the corresponding quantities above

the bridge, so that v, = 7 f p v. Hence if 2, v, and A, be ob-

gerved, Q can be determined. It will be noted that A, is practi-
cally the actual area of the water section, there being no surface
or bottom contraction, and, if cutwaters are present, but little
kateral contraction. The co-cfficient has therefore a high value,
and may be taken equal to *9.*

It & is the unknown quantity, we must proceed by approxi-
mation since h, involves z. This caso will be dealt with under
“afflux,” art. 49,

If there is no velocity of approach, we have
Q = cAVIZ v v erenseeeenne(25)

Ex. 27.—The country on each rido of a railway embankment, which crosses
the drainage, is flooded. A watcrway of 25 ft. discharges with depths of 6 and
4 ft. on the upper and lower sides rospectively., Lstimato the discharge.

Q=9 x (25 x 4) x 842 = 1018 o. {t. pex sec.

Some authoritics consider a bridge opening equivalent to a submerged weir, and
they deal scparately with the discharges through the sluice and notch portions of

RN .
the area. Thus tho formula Q = ¢l v/ 9_7; (@ + 3Jt) isin use in the Madras Ir-

rigation Department for watcrway- in emabankments crossing tanks.  As, however,
observation shews that the lowest water level i3 ordnarilyt reached under tho
bridge, it is clear that the whole dischargeiaust take place through the smallest
section A;. The velocity through that scction cannot be greater than that due to
the actual head z, or, if there be a veloocity of approach, to the head z + k.
Henco the mode of calculation adopted 1t thy vext 8 ums preforable to that now
described, though very similar numerical results might be obtained by the suitable
solection cf co-efficients. '

® Under favourable circumstances *95 may be used.
t Excopt whon the afflux is very gueal.
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49, Afflux.—When a stream meets with an obstruction which Plate v
oonftracts the normal cross section, the water becomes heaped up
on the apper side of the obstruction, until the head or afffuz is
sufficient to drive the whole discharge through the contracted
section. The obstruction may consist of & wall of limited n.*oht,
extending across the river, as in the case of an anicut; or a series
of lofty detuchod walls, with openings at intervals of the full vepth
of the stream, as in the case of bridge piers. The afflux can be
determined by solving eq. (22) or (23) for k, or (24) or (25) for z.
In the 'case of bridge opoenings however, we may proceed directly
as follows:—

Let I, d be the mean width and depth below the bridge; {4 the
lineal waterway of the bridge ; = the afflux (fig. 35).

Below the bridge the velocity is », and the water section Id.
Above ” " V¢ " l(d+a)
Under the arches " v " el d.

~where ¢ i8 the co-efficient of contraction, which is usually taken
as ‘99,

The mazimum velocity under the arches is due to the head
e+ hat ‘.B..

e ) % . P, 2
o= v @th) 2z -J——29 =
4 d
But nw= 6[1?), and v, = a‘;‘:‘v"-
e vy d g
& X o= G ) Gl T @ g G s Cesreriteacens (26)

a uubic equati>r for z which may be solved by trial or approxima-
tion. To approximate, assume the velocity of approach equal to
the volocity below bridge, ., negloct z on the right. We have
then, substituting tho valio of ¢,
A .Y S O

X Dg 3 T T T e, evesenes @n
a rosult which is sufficiontly accurate for most practical purposes.
If & closor approximation is required, insert the value of # =0 found
in (26) and reealculate. If I is the unknown quantity, we get, by
trangposing (26).

'Uc’(di.:{)“
he 0v/2gz (d 4 @) + p e T wee-.-(28)
If thore is no volocity of approach, z = 1’2‘; — %’;(}ii !
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Ex, 928.—A bridge of saven arches of 20 ft. spon is constructed across a rivee
which has in flood o mcan width of 200 ft,, mcan dopth of 6 ft. and mean
volooity of 5 ft. per sccond., Find the afflux.

_ vl 200\ 19 _ 4
e é‘g(‘ﬂr 1) 543 ( ) 1{ =~ vsg 1t

For a second approximation, we have from (26)

95 200
-39, - 051 (8.
= 64 3“ * (140} (um) 2 :

50. Backwatcr.—If the water were stationary against an ob-
struction, the surfacn BC (fig. 36), would be horizountal, and the
length of the backwater, or distance from tho obstruction to which
the effect of the alllux z can be perceived, would be x cosec 4,
where 4 i3 tho surface fall. But if this were the case in a flowing
sbream, there would be no surface fall between C and B to dovelop
valocity and overcome frictional resistance (sce chap. vii). The
velocity, and with it the resistance aro, it is truo, both reduced by
the increase of section above the obstruction ; still, some head is
required, and the result is that tho actual water surfaco DFB
hecomes curved, the curve touching the normal water surface at D,
and the horizontal at B. Thus at any section EFG, the fall EG
would be required to overcome the normal resistance, and produce
the ordinary velocity in the length DG of the unobstructed stream.
As it is, howaver, only the head EF is required. If the curve DFD
were a oircular are, the lengbh of the backwater would hs 2 cosec s;
but observation shews that 1'5 2 cosec ¢ furnishes a result sufliciontly
aoourate for practical purposes, provided the river bed has a fairly
uniform breadth and slope.

Ex. 29.—A stream of uniform hreadth has a normal depth of 24 ft., and a fall of
2 ft. per mile. Find the length of Lackwater caused by a weir which raises tho
surface by 3§ ft.

leogth required = 15 z cosec i =§ x ‘z ‘3.2;.0 ft. - 2:6 miles.

61. Separating weirs.—In cuses of town supply, it may bo desirable to
divert the often discoloured floed water froa tho supply ckannei. V’hen a
moderate quantity of waier only is discharging, 1t drops over the lip 7 ifig. 87)
into a culvert D communicating with tho supply channel. In floods, however, the
inoreased velocity due to the greater depth causes tho water to leap across
tho opening. Assuming that the velocity of all tho filaments is their inean
velocity, or g ¥ 2gh, which is Bufiiciently accurate for practical purposos, we have

-~ B‘fggh £y = gt Sy = 3 ’}L This gives y for any assigned values of

16
zand A,

53. Modules.—In irrigation districts in India, tho ryot is
charged for water accorcing to tho area oultivated, In Karope
however the water is sold by voluwe, and the Hodule i3 the
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apparatus employed to measure the quantity issued. Ths chief Piate v.
difficulty is to securo a constant supply with a variablo head.

Italian Module.—The water is admitted by a sluice, from the
main channel into a masonry basin, and flows thence th.~ngh a
rectangular notch into the distributing channel. The sluice .
regulated by hand, and an approximately constant head or the
notch in the chambor can thus be secured. These moduies, not
being self acting, are imperfect.

Spanish Module—The area of the orifice is made to vary as
the head changes by suspending a conoidal plug, attached to a
float, in a circular opening. The oircular orifice is made in the
horizontal floor of a masonry chamber B (fig. 38), constructed in
the canal bank. A brass plug C is connected with a hollow brass float
D, and works vertically in guides. The water falls into a masonry
well E below the chamber, and is thence conducted through the
bank to the distributing channel. If r bo the assigned radius of
the opening, acd z the radius of the plug at any point, the area of
the water space i8 a (r? — 29), 50 that Q = em (r?* — 2%) v/ 9gh,
whence successive values of 2 can be found for different values of &,
and the plug can be designed. The chief objection to this form of
module is the great fall required. This has been avoided in the
Jamaica water works by placing the plug horizontally, and counecting
it with the float by link work, ¥

e s g s

EXAMPLES 'ON CHAPTER IV
1. A tank bas & drainage area of 20 square miles. [istimate the

maximum flood from the expression Q = 450 M%, and find the length
ot escapv weir to discharge this meximum supply with a depth of
4 feet on the crest. (Coll. 1884.) Ans. (1) 4,256 c. ft. 8., (2) 347 {t.

9. A tank has a drainago area of 45 square miles, and a weir
950 ft. in length with a clear overfall. Required the height of bund
above escape crest in order to give a margin of 6 ft. above maximum

food level. Q — 500 MY, (Coll. 1885) Ans. 10 f.

3. A weir with a free overfall 100 ft. long discharges with*a depth
of 3 ft. To what extent will this depth be increased if the weir
be shortened to 50 ft.? What length should it he if drowned by
the tail water rising one foot above the crest, so that the total
depth flowing over may remain unaltered ? (Univ. 1882.) 4ns. (1) 1-75
it.,, (3) 91 ft.

* Prc. inst. C. E., Vol. Ixv, 1880-81,
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4. The upper and lower water surfaces are 6 ft. and 2 ft.
respectively above the crest of a submerged weir 100 ft. long; and
the mean velocity of approach is 4 ft. per second. Calculate the
dischargs ; and the depth required to pass the sams quaniity of
=_ver over an anicub of the same length with a free overfall without
velocity of approach. (Univ, 1883.) dns. (1) 5,312 e, ft, 8, (2)
66 ft.

5. Find the height of water passing over a kalingula crest
400 feot long with a velocity of approach of 9 ft. per second,
the discharge being 14,000 c. ft. per sec. (Coll. 1885.) Ans. 4'3 ft.

6. Desoribe fully the way in which the discharge of an irrigation
channel about 9 ft. wide and 3 ft. deep should be measured when
it is desirable to obtain a very accurate result. (Univ. 1875.)

7. A river 100 {t. wide and 15 ft. decp has a mean velocity
of 4 ft. per second. Find the height of an anicut to raise the
water 3 ft. Ans. 8 ft.

8. A river 300 ft. wide with verfical banks, and 10 ft. deep,
has a mean velocity of 8 fb. per second. At what height above
an anicut with a olear overfall would thic whole be discharged?
dns. 8 ft,

9. The area of n certain locality draining into the Cheyar
is 1,000 s. miles. An anicut 800 ft, long is constructed om this
river ; and the crest is 3 {t. below the flood surface leval of the water
a8 it was before the dam was bwlt. The mean velocity of the
ourrent is 8 ft. per second. How much will the lovel of the surface of

the water in the river be raised above crest of aniout? Q = 560 m*
(Coll. 1884)) Ans. 68 ft.

10. The maximum flood discharge of a river is 60,000 . ft. psr
sec., which passes over a weir built unde~ a bridge of 15 arches of
32 ft. span. The crest is 9 ft. above bed. Velocity of approach
8 ft. per sec. The gauge on the apron below the weir reads 15 ft.
To what height will the flood rise on the crest? ¢, == -50,¢, = -75.
(Univ. 1892) A4ns. 11 fs.

11. A tank has two sluices irrigating 1,800 and 1,250 acres re-
spectively. Find the width of each opening to give the required
discharge with a depth of 4 ft. on the sills, the height of each
being 1 foot, and the quantity of water needed being 1 c. ft. per
second for 50 acres, (Coll. 1880.) Ans. (1) 88 ft., (2) 2-7 ft.

12. A tank has three sluices irrigating 560, 800, and 1,200 acres,
their sills being respectively 18, 20 and 25 ft. below F.T.L. The
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width of eash opening being 1 ft., required the heights of the open-
ings in order that they may discharge the necessary supvly of 1 c. ft.
per second for 60 acres when the water is 13 ft. heiow F.T. L.
(Coll. 1882.) A4ns. (1) 85 in., (2) 11'8 in., (3) 136 in.

13. Wishing to ascertain the ratc of discharge fror: a tank
sluice, I found the orifice a circular one 4 inches in diamster. .nd
20 ft. below the surfale of the water. At what rate was the water
escaping ? (Univ. 1870 ) 4ns. 2 u. th s.

14. PFind the dimensions of a submerged rectangular sluice to
discharge with a head of 9 inches a supply of water for irrigating
2,000 acres of land at the rate of 2 c¢. yards per hour per acre.
(Univ. 1874.) Adns. 2 ft. by 33 ft.

15. How many square feet of waterway must a head sluice
have to supply 50,000 c. yds. per hour with a head of 9 inches?
(Univ. 1878.) Ams. 68 s. ft.

16. A road is to be carried across a tank, and provision made
to allow of the maximum discharge being passed through the road
bank. The following are the data :—

Egtimated discharge from drainage basin 2100 c. ft. per sec.

Top of bund 50'50L

M. Wo L- 4700

F.T. L. ) 4500 ! above M.8.L.
Ground level of floor of Upening 40-00}

The water level above bridge opening is not to be more than 6
inches above M. W. L. in tank. FKind iength of waterway required?
(Coll. 1884.) Ans. 59 fb.

17. A kalingula 200 yards long has 3 ft. of water passing over
it with a velocity of approach of 8 ft. per second. There are 100
vents in it, each 3 ft. wide and 4 ft. higl:, with their tops coinci-
dent with tho kalingula crest. Tind the discharge when the sluices
are all open, the discharge taking place into air. Ans. 27,642 a. ft. s.

18. Deduce a formula which gives the additional heignt to which
the level of the water in a river will be raised when the piers of a
new bridge curtail the sectional arca between the banks, (Univ.
1881.)

19. Find the rise in surface level! of a river 200 ft. broad, and
having velocity of 5 miles per hour, which would be caused by the
erection of a bridge of 4 spans, having piers 6 ft. in breadth?
(Coll. 1885.) Ans. 3-8 in.

6
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20. A river 30V ft. broad with practically vertical banks has to
be bridged. What waterway is necessary in order that the afflux
may not exceed 6 inches? 1In flood the river is 10 ft. deep, and the
mean -olocity is ascertained to be 4 ft. per sec. with this depth.
{Oniv. 188C.) Ans. 124 5.

91. A bridge is built across a river, and causes a heading up
of 9 inches. The mean velocity below the bridge is & ff. per second,
and the depth is 8ft. Find the velocity with which the streare
goes through the arches, and the proportion between width of river
and waterway of bridge. (Coll. 1884.) A4ns. (1) 83t. s., (2) 166 to 1.

92. How may a constant discharge of water be obtained from
an irrigation sluice if the head is subject to occasional variation?
(Univ. 1871)

23. During the flood which destroyed the Kali Nadi aqueduct
in 1885, the depths of water in the river on the upstream and
downstream sides of the aqueduct were 37 ft. and 24 ft. respectively,
thus giving an afflux of 13 ft. The lineal waterway was 275 ft.,
and the velocity of approash 3 ft. per sec. Estimate the flood
discharge of the river. Co-efficient *9. (Univ. 1890.) Ans. 172,260
o. ft. 8.

24, The following are levels connected with a tank weir 621 ft,
long =

Top of bund 29:57
M. W. L 28-32
F.T. L. 24-32

Bed of surplus channel 20:00

It is proposed to lengthewn the weir so as to increase the margin
between M. W. L. and top of bund to 3 ft. What length of weip
must be added? (Univ. 1890.) Ans. 853 ft.

25. A tank has a cabchment basin of 10 sq. miles. What length
of weir will it require to carry off with a head of 2 ft. a rainfall
of 4 inches in 21 hours, 50 per cent of which reaches the tank?
(Univ, 1889.) A4ns. 61 ft.
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53, Wae have hitherto supposed the head under which digcharge Plate v-

takes placo to he constant. 1f, however, a vessel of water does not
receive a supply to compensate for its discharge through an orifice,
the surface level falls, and the head diminishes gradually to zero.
The vessel may be prismatic or otherwise, and the orifice may
discharge to waste, or into another vessel. We shall confine
ourselves mainly to prismatic vessels, and, for the present, to
orifices which discharge to waste.

54, tree discharge from prismatic vessels.—It has been
explained (arts. 14, 26), that the theoretical velocity of efflux under
any head or height is thut which would be acquired by a particle
falling freely through that height, or which must be given to a
particle shrown upwards so as to just enable it to reach that
height. Hence, as the water surface descends to the orifice, or
ascends from the orifice the velocity of efllux vavies with the
head in precisely the same manner as does the velocity of the
paxticle.

Lt the velooity vary from 0 to v in the time ¢ geconds. After
1, 2, 3,......t seconds the velocily will be g, 2y, 3y,... ...q¢ feet. Leb
BC (fig. 39), represent ¢ seconds, CD represent gt m v) feet. The
velocity at any instant is evidently given by the corresponding
ordinate of the triangle BOD. Hence the m3an of ;) the velocities
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Plate 7. throughout the time ¢ isg; =3= f/_igb , or half the maximum velo-
city. Hence the discharge, when the head varies from & to 0 or
from 0 io % is halt the discharge which would take place in the

e~_1e time under a constant head &.
Sin~e the mean velocity is % Nh = ,\/ 292, it appears that the
mean head is :—:

55. Time of emptying or filling.—Let S be the area of the
water surface in the vessel, H its maximum depth above the orifice,
¢ the time required for change of head from I to 0 or from 0 to H.

1,
The mean discharge of the orifice per second is ¢A 5 v/2gH.

1 .
& The whole discharge from the orifice is cA. é\/QgH Xt

But the whole discharge from the vessel is SH.
28H
... (29),
cAs/ng @9
or the time is double that which would be required to discharge
the same volume under a constant head H.

oo t

If the head diminishes from H to A or increases from 4 to H
we have :—

Time from H to 0, or 0 to L. is o 251?]H

Time from % to 0, or 0 to & _ Bk
YW
But the last mentioned interval is unexpended ;
25H 25h
& th 1t ~—— —= -
e actual time is A¢2gH ch/’?gh’ or
28

avig VE= VD) e e (3D)

Ex. 30.—A cylindric vessel having a diameter of 5747 inches has an orifice
0'2 inches in diameter, and the fluid surface is observed to sink from 16 inches
to 12 inches in depth in 58 seconds. Find the co-efficient of discharge, taking
g = 32:1948.

38 3 2 x (5747)3 4
= ix AJ’z‘g(Jﬁ“ Jh) RN 2)1x8024(/\/8—1)

83-028
= B3 0t x Aor(t 195 — 1) = 00

t=

§6. The subject of Arts, 54 and 55 ean be dealt with as follows by the aid of the
Calculus,
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Let dz be the surface fallin the vessel in the time d¢, The change of pate v

volume in the vessel is Sdz; and the discharge from the orifice iscA ¥ 2_97'4‘_ at.
These are equal; .. @ ~—S=
dz A Wigx
. S (H _-3% 28 - -
-c‘- ——— < dz= 5 (N~ W N
I " Jz‘g'( - Yk

. te
5%7. Discharge during a given time,—Let ¢ be the given time
during which the head changes from H to , and lev either H or

h be known. The volume discharged is S(H—lg)-

Fromeq. (30), vVH~ v b = ZAL/;é’ xt.

can be determined if the other is known.

whence either H or &

Ex. 31.—A square prismatic basin whose side is 3 ft. has an orifice 09 ft. in
diameter, 6 ft. below the surface. Find the discharge in 4§ minutes, taking ¢ = §

JH - dj= &“/fs”_i_‘ Hore ¢ = 970”; H = 6 ft.; A = 0:0636 5. ft.; S=9 8. ft.
o WE = A §X 700636 X 8 x 10 _ 00

Ax9
o Vi@ 2449 - 477 = 1:072; 2 B o= 989,
Discharge required is 8 (H ~ &) = 9 (6 — 3:89) = 19 0. ft.

58, Canal locks.—A lock (see skeleton diagram, figs. 40), is a
rectangular chamber of masonry constructed at the junetion of two
canal reaches B, C, which are at different levels, it8 object being the
transfer of boats from one leve. to the other. The difference of level
of the water surfaces in the two reaches is termed the lift of the lock.
The lock chamber is closed at each end by & pair of stout gates D, E,
and neither pair can be opened unless' the water surface on each side
2P ik~ mai- g af the same level. When full, the lock can be empbied
by means of sluices F placed in the lower gates below the water
surfacein the lower reach, or by culverts in the side walls. When
empty, it can be filled by culverts which take off from the upper’
reach ab G, and open into the sides of the lock at H either above
or below the water level in the lower reach. The vents are closed by
sliding shutters. The emptying or filling of the lock does not sensibly
affect the levels in the canal reaches.

Suppose a boat is to be transferred from the lower to the upper
reach. If the lock chamber is full, it must first be emptied by
opening the sluices F' in the lower gates. These sluices are then
closed, the gates E are opened, the boat passes into the chamber
and the gates are shut. The upper sluices are then opened, and the
chamber is gradually filled. When it is fu'l, the upper gates D are
opened, and the boat passes into the upper reach,
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§59. In designing locks, it is necessary to estimate the time which
will be occupied in filling and emptying.
Lot S be the ares. of the water surface in the lock; H the lift;
b the “.pth from surface of upper reach to centre of discharging
c.aee of upper sluice. A;, A, the areas of the upper and lower
sluice openings.
(1) To empty the lock.—The sluice being sbmerged, the head
varies from H to 0. Time required is, from eq. (29),
38H
ELvaE . (31)
(8) To fill the lock.—From the level of the lower reach to centre of
sluice opening the head is constant, viz. h.
The time to centre of sluice is therefore, eq. (6)
o _ SE-K)
1=
cA, LV %h
From the centre of sluice opening to level of upper reach, the
head varics from % to 0. The time for this portion is

therefore, eq. (29), ¢, = —~2§l‘~, Hence the total time is
cA, v'2gh
S(H+ 1)
‘ == t + t ————— ees YY) 32
cA, v'2h 32)

60. Three standard sizes of lock chamber are used by the Madras
Irrigation Department, viz. 150’ x 20’, 106’ x 15’ and 70’ x 10'.
The sluices, whether constructed as culverts or gate valves, are closed
by sliding shutters in the ordinary way; and the discharge may be
considered as that through a thin plate, ¢ = ‘62*. Tho cross section
of the side culvertsis greater than that of their vents, so that the
velocity may be reduced to safe limits.

Ex. 82. A lock 80 ft. by 15 ft., with a lift of 9 ft., is filled by two sluices, each
4 ft. wide and 2 ft. deep, whose centres are 6 ft. bclow upper rcach water level ;
snd emptied by two sluices, each 2 ft. square, whosc centres are 4 ft, below lower
reach water surface. Ilow long will it take to pass a boat which arrives at the
upper gate when the lock is empty, supposing 5 minutes are required to open
and close the gates, and to haul the boat through? (Univ, 1882.)
Here S = 80 x 15 = 12008.fti; H=9;h = 6; Aj = 165.ft,; A; = 88, ft,
Tin.e of filling = SE+ ) 130x15 92 secs,
A, Yogi & x 16 x 846
. . 28H 2 x 1200 x 9
Time of emptying = . A = 180 secs,
B = e, Vi X B X 8x

Total time is 1m. 82s. 4 Sm. 0. + 3m. 03, = Im. 3%s.

* Experiments made by D'Aubuisson tended to shew that the discharge from
two contiguous equal sluice: is less than double the discharge from one. The
co-efficient is aceordingly sometimes assumed as low as *55.
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Ex, 83, A lock 150 ft. long and 16 ft. wide is filled by means of two sluices, plase W,
each 3 ft. wide and 2 ft. deep, in the upper gate. The levels of the water in ’
the upper and lower reaches, and the centres of the sluices are 12 ft., 5 ft. and
7 ft, respectively above the floor of the lock, llow many cub. ft. of water will
enter the lock in tho third minute after the sluices are openea? (u.'v. 1884.)

Here8S = 150 x 16; H=T"; h = 5'; A = 128, ff.

Let hy, h,be heads at beginning and end of 3rd minute. Time to €Il ~p to

centre of sluices under constant head of 5 ft. is §__@_.__ (150 x 16)(7 "_9

cAW3gh § x 12 x 846
= 358 gecs,

% Interval from time at centre of sluice to commencement of 3rd min, is
120 — 36'8 = 84°2 secs.

28 —\_2x 150 x 16
Henoo 842 secs. = ——:,2-9( iy — Vi )~ NS T (4 '/hx)

whence Vi, = 1:184; -, hy = 1:392,

Again, 60 secs. = — 2—5 (A/i[, - Jh‘), whence h, = ‘188,
)g 2

Discharge required = S (k) ~ h;) = 150 x 16 x 1:204 = 2890 c. ft,

61. Discharge through a rectangular notch.—If the discharge takes place
from & prismatic vessel through a rectangular notch, let ¢ be interval during which
the head diminishes from I to &, 2 be the bead at any instant, dz the surface fall
during time dt.

Chango of volume in vessel is 8. dv. Discharge from notoh is 3 ol ¥agzh ay,

These are equal, gﬁ - _§ —
3¢l Vg &?
s f e 3 __S‘_ ‘11 _s 38 ( ) 1 1
2an9 Y, & =2 ~2g ZJE \/;‘,z i or
1

clJZg(Jh 2 . o . (39

Ex. 34.—A tank, the waterspread of which is one-fourth of a square mile, is
provided with & kalingula 60 ft. long, which discharges with a maximum depth
of 3 ft. on its crest. Supposing no water to enter the tank, find the time in
which the surface will be lowered by 1 foot. (Univ. 1878.)

HereS = ——— ~ "7~ —3;h==2;c-=_ll;.
T 1 3

tme ) gx_ﬁ?_e.q,’f_}_?go r1_1 )seos
lh/Qg\A/h /)T VExeoxs\Va W3 )
= §4°'4 minutes.

62. Discharge from non-prismatic vessels,—If the discharg-
ing vessel is not prismatic, the ratio of the time of emptying under
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Plate VI, variable head to the timo under constani head is no longer 2.
Thus, the ratio for wedge-shaped vessels is 13}, that for pyramidal
vessels 11, the base of the wedge or pyramid being the water
surface.

To illustiate the mode of calculation adopted, the case of a paraboloid of
revolution may be taken (fig. 41), Take the vertex as the origin,

Let 1, r bo co-ordinates at surface level.
lyn ” orifice ,,
zl v " any 11]

Let the surface descend through de in time df. Volume discharged in time
dt is 7ry%. dz. But, since the head isz — I;, the volume of discharge through

. ]
the orifice of area A is cA ¥2g (@ — I7) dt. Now y3= 'T;c,
L8 z ., Ty X‘ o
TV R R TV B R

Let Vo — ) = z; dz _ a5, o, —E——__—.dg- 2410 28, dz.
dz Ve =1, s

-2(%?-}-1:3)::;(3:— i )3 +211(:c—l;y.

1
Hence ! = o0 3 2 (z -1 )43 + az,(z - z,)“i.
cAlVeg 3

1f the orifice is at the vertex, {; = 0Q;

34
3mr " ve (34).

Gobm é ;A'h/-—g?- L) (2] .o (1] " .o .o

Now, the volume of the paraboloid being 379!, the time of discharge under
4 .
s constant head ! would be -if ,il\l- Comparing this with (34), we see that
g

the ratio of the times is§ + ;2 = 1}, or the same as that for wedge-shanad

veasels.

63. Discharge from irregular basing.—The slopes of the
basin should be contoured, when the reservoir is empty, for each
foot or two feet of depth, and the area of the waterspread at each
contour estimated. The discharge from any layer lying between
consecutive contours may then be considered as approximately that
from a prismatic vessel whose area is the mean of the two
waterspreads bounding the layer.

Lt sy, 8; ......8, (fig. 43), be the areas of the water spreads at
sucoesgive contours of a tank;

Ry, By o..eve by the heads over the discharging orifice ;
by bgyeeeeesty the times of discharge from successive layers,
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g, —a¥ S +8) s
! cA V'3 (Vk, )

=S+ S p - . ‘
AV 3G (v, V' h;); and <o on.
1 < — — — .
Sbt=ti+ b+ ety o(ygﬁ_} 330(\/;,0-.‘/;“) 'S, (V= v )

+ S, (Vh — Vhy) + 8, (Vhy = Va,)

+ 8V, = Vi) G e (38).

Ex. 85.—Find in what time a reservoir of the form given below would lose
8 ft. cI 3apth by discharging through a culiert in the daw, the area of the
vent being 1 s. ft., and the co-efficient +5;—

Ay = 600,000 8. ft. /iy = 200 It.

Ay = 495,000 ,, By = 185 ,,
A, = 410,000 ,, h, = 170
A, = 335,000 ,, By = 155 ,,
A, = 265,000 ,, By = 140 ,,

Here S, (V7o — ~Yhy) = 600000 (4 472 — 4:301) = 102600
8, (Vi — ~ hy) = 495000 (4-472 — 4:123) = 172756
S, (Mg — Vi) = 410000 (4:301 — 8:936) = 149650
S, (Vi) — V) = 395000 (4'123 — 3-742) = 123825
8, (Vhy — YIr)) = 265000 (3:936 — 8:742) = 51410

]

]

600240
600210 _ 150060 secs. = 417 hours.

T x1x8

¢

84. Notch discharge from irregular basins.—The time of dischazge can
ha astimated by dividing the basin into thin horizontal layers, and successively

applying equation (33). With the notation of art. 63, the studemt can readily
obtain the following result:—

3 1 1 1 1 1 1
e — S S ( = = + 8 = =)+ 8, (——-'... - *~—;)
3 V3¢ \ iy «/h(,) ‘(Jh, Jh.,) NV, Vi,
1 1 1 1
+ 8, = oY +S (= == . .. (38).
¥ "(\/h‘ Jh) 4('~’h4 ~/h3)€ et

65. Discharge from one prismatic vessel into anotner.—In
this cage, as the surface falls in one vessel, it rises in the other,
and the effective head, or difference of level between the two
surfaces, diminishes more rapidly than in the case of free discharge

from one vessel.

Let 8,, S, be the water surfaces in the vessels B, C respectively
(fig. 43). Let the heads at any instant be H, h. It is required to
7
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late VI, find the time from that instant until the water has a common
surface in the two vessels. Let z be the depth from Lhe original
level in B to the common surface. The outtlow from B equals
the inflow to G, t.e.
S
S, 2 =8, B-h—z); &az= .3 (H=h).
1 2 ( ) S1 + Sg ( )

Hence the whole discharge during the time ¢ under a head

diminishing gradually from (H—h) to 0is 8, z = oL % (H—).
8+ 8,
But this discharge is half that which would have taken place
in the same time had the head remaincd constant at (H—4), viz.,

3 1 ea V2 (H — k) X ¢, where A is the area of the orifice.

2S S) ‘/H h g
oo t = oer ) Ty ove oo 37
CA ~/2g (S + Sz) @D

It will be seen from this expression that the time is the same
whichever be the discharging vessel. liq. (37) is useful in dealing
with double locks. If the vessels are connected by a pipe, take ¢
from Art. 21.

Ex. 86.—A rectangular wrought iron tank (fig. 44), 7 ft. deep, is divided
into two parts by a thin vertical partition. The larger part, which is full of
water, has a horizontal area of 213 s. ft.; the othev part, which 1s empty, an
area of 27 s. ft. If a rectangular orifice 12 inches wide, and 6 inches deep,
with its bottom 2 ft. above the bostom of the tank, be opened in the partition,
how many seconds will elapse before the water stands at the same level in
both parts? (Univ. 1881.)

The discharge, until the water surface in the smaller vessel rises to centre
of the orifice is the free discharge from a prismatic vessel. That from orifice
centre to a common surface is the discharge from one prismatic vessel into
another.

Let ¢, t; be the times of these discharges respectively.

It H be the head above orifice in the larger vcssel at end of time ¢;, the

outflow from large vessel during ¢, is 213(4§ — H). The inflow to small vessel
is 97 x 2}; whenee H = 4 465 ft.
During time ¢; the head diminishes from 4-750 to 4-465 ;

< I — 2 % 218 .
h= cT7)§ 3 VT30 — 7168 2 = § % 3 § @179~ 21131) <1130 seos
VHTO 97 WV i40
f) = ’.i_bp)w_H_O 2 x 5213 x 2T~ 4- 4(_..1 = 4051 secs.
cAvIg (S, +8,) Bx §xB8x 240

Total time ¢ = & + #; = 51'81 secs,

66. 1f the head diminishes from (H — k) to (y — ¢), we have (fig. 45),

v
Time from (H - k) to 0 is 28,8, ¥ H ~h
cA W2 (8,+8))
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Norp Plate VI
fime from (y ~3) to 0 is . ]S, Wy-a_ .
eAW2g (5,+8))

318;

d STHTR = Y-,
cA'/Qg(Sﬁb))( V-

< Tirae from (H-Fk) to (y—2) is

But S, (H-y) = 8; (s - &); ,',z=h+§1(l{—y).
2

S Time from (H-h)to(y - 2) = t =

L iz h—