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DVD: R/W Samsung - VGA Card:
Force Nvidia 4G - USB Keyboard -
Opt. mouse - Monitor: 18.5 inch
LED Samsung
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Item/Instrument

Key Specs

Full hydraulic bench with

Borden pressure gauge

This is a basic unit that provides water supply
and gravimetric measurement services for use
in conjunction with other accessories for

specific experiments

Hydraulics Bench- FME » «

The Hydraulics Bench, “FME+ +”, is formed
by a movable hydraulics bench used to hold a
wide variety of modules, which allow the
student to experiment with the problems

presented by fluid mechanics.

Photon Basic Hydraulic
Bench

Photon Basic Hydraulic Bench is equipment
fluid mechanics laboratory. The flow over
weirs experiment is included in Basic

Hydraulic Bench.

Bernoulli’s principle

demonstrator

Demonstration of Bernoulli's theorem, the sum
of pressure energy + Kinetic energy +

potential energy =constant.

Flow over weirs

Study of the flow characteristics through a
weir with a rectangular weir, square,

trapezoidal and circular weir

Hydrostatic pressure

apparatus

Studying the center of pressures for partial

immersion.




Item/Instrument

Key Specs

Impact of jets

Determine the impact of jets against a flat surface,
a curve surface of Y+ and a hemispherical

surface.

Metacentric Height

Study the stability of a floating body at different
positions of the center of gravity.

Surge tank and water

hammer unit

Investigating the effects of pipe hammer caused by
a fast closing valve, Measuring the pressure
profile of hammer, and Demonstration of water

level oscillations in the surge tank.

Dead Weight Pressure

Gauge Calibrator

This calibrator functions on the same principle

adopted in calibrating industrial pressure gauges.

Friction loss in pipes

Flow through pipes of differing diameters under
laminar and turbulent flow conditions.
Investigations of the flow/pressure drop

relationship for an annular pipe.

Ground Water Flow
Unit

Demonstrate ground water flow and the resulting
hydraulic gradients, including the effect of
permeability. Demonstrate cone of depression for

a single well in an unconfined aquifer

Vernier Hook & Point

Gauges

The measurement of steady state water surface
position is frequently needed during hydraulic

investigations.




Item/Instrument

Key Specs

Free and forced

vortex apparatus

Experiment to plot the shape of a free vortex
by measurement of the surface profile co-
ordinates, and thus verify that “vr = ¢” where v

is the speed and “r “is the radius of the vortex

Flow channel with

width V,© cm

V. Study of uniform flow in inclined channel,

verification of Chézy equation and

determination of Chézy coefficient and
Manning's friction factor.

Y. Study of flow under a sluice gate (undershot
weir) with application of specific energy
and momentum functions.

Y. Hydraulic jump — determination of energy
head and power loss at the jump section by

means of specific energy considerations.

Field Current Meter

Current Meter is designed for flow velocity
measurements in combination with hand-held
wading rods or cable suspended from a bridge

or boat.

Counter set of current
meter flow

measurements

It automatically records the number of
propeller revolutions by counting the impulses.
Besides, it can output the velocity of flow

immediately




Item/Instrument

Key Specs

Acoustic Doppler
Velocimeter (ADV)

The ADV is a single point,
high-resolution Doppler
current meter which
provides ¥-D velocity
measurements in a remotely

sampled volume.

Laboratory channel (Wave

Flume)

Its rigid steel bed raises .17
m from the laboratory
ground level. The total
length of the flume consists
of head tank ),++ mlong, an
approaching steel part ) +,°
m long, working section
made from Perspex Y,1 m
long, and the tail tank Y, -+
m long. The flume is
equipped with a variable
speed flap type wave
generator and a porous
screen filled with uniform
gravel at one end of the
flume.

Open channel laboratory

flume

Large open channel flume
that provides the opportunity
for advanced research and
student study on a wide
range of fluid flow topics.

Open channel laboratory
flume (Steel)

flume for student study and
advanced research into a
wide range of fluid flow
topics. A huge range of
ancillaries is available to
extend learning potential and
offers the opportunity for
innovative experimentation.
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Item/Instrument Key Specs

This is a basic unit that provides water supply
Full hydraulic bench with and gravimetric measurement services for use
Borden pressure gauge in conjunction with other accessories for

specific experiments

The Hydraulics Bench, “FMEQ0”, is formed
by a movable hydraulics bench used to hold a
Hydraulics Bench- FMEQO wide variety of modules, which allow the
student to experiment with the problems

presented by fluid mechanics.

Photon Basic Hydraulic Bench is equipment
Photon Basic Hydraulic fluid mechanics laboratory. The flow over
Bench weirs experiment is included in Basic

Hydraulic Bench.

Bernoulli’s principle Demonstration of Bernoulli's theorem, the sum

of pressure energy + Kinetic energy +
demonstrator i |
potential energy =constant.

Study of the flow characteristics through a
Flow over weirs weir with a rectangular weir, square,

trapezoidal and circular weir

Hydrostatic pressure Studying the center of pressures for partial

apparatus immersion.




Item/Instrument

Key Specs

Impact of jets

Determine the impact of jets against a flat surface,
a curve surface of 120 and a hemispherical

surface.

Metacentric Height

Study the stability of a floating body at different
positions of the center of gravity.

Surge tank and water

hammer unit

Investigating the effects of pipe hammer caused by
a fast closing valve, Measuring the pressure
profile of hammer, and Demonstration of water

level oscillations in the surge tank.

Dead Weight Pressure
Gauge Calibrator

This calibrator functions on the same principle

adopted in calibrating industrial pressure gauges.

Friction loss in pipes

Flow through pipes of differing diameters under
laminar and turbulent flow conditions.
Investigations of the flow/pressure drop

relationship for an annular pipe.

Ground Water Flow
Unit

Demonstrate ground water flow and the resulting
hydraulic gradients, including the effect of
permeability. Demonstrate cone of depression for

a single well in an unconfined aquifer

Vernier Hook & Point

Gauges

The measurement of steady state water surface
position is frequently needed during hydraulic

investigations.




Item/Instrument

Key Specs

Free and forced

vortex apparatus

Experiment to plot the shape of a free vortex
by measurement of the surface profile co-
ordinates, and thus verify that “vr = ¢” where v

o
r

is the speed and “r “is the radius of the vortex

Flow channel with
width 7.5 cm

1. Study of uniform flow in inclined channel,

verification of Chézy equation and

determination of Chézy coefficient and
Manning's friction factor.

2. Study of flow under a sluice gate (undershot
weir) with application of specific energy
and momentum functions.

3. Hydraulic jump — determination of energy
head and power loss at the jump section by

means of specific energy considerations.

Field Current Meter

Current Meter is designed for flow velocity
measurements in combination with hand-held
wading rods or cable suspended from a bridge

or boat.

Counter set of current
meter flow

measurements

It automatically records the number of
propeller revolutions by counting the impulses.
Besides, it can output the velocity of flow

immediately




Item/Instrument

Key Specs

Acoustic Doppler
Velocimeter (ADV)

The ADV is a single point,
high-resolution Doppler
current meter which
provides 3-D velocity
measurements in a remotely

sampled volume.

Laboratory channel (Wave

Flume)

Its rigid steel bed raises 1.16
m from the laboratory
ground level. The total

length of the flume consists

of head tank 1.00 m long, an

approaching steel part 10.5
m long, working section
made from Perspex 2.6 m

long, and the tail tank 1.00 m

long. The flume is equipped

with a variable speed flap
type wave generator and a
porous screen filled with
uniform gravel at one end of
the flume.

Open channel laboratory

flume

Large open channel flume
that provides the opportunity
for advanced research and
student study on a wide

range of fluid flow topics.

Open channel laboratory
flume (Steel)

flume for student study and
advanced research into a
wide range of fluid flow
topics. A huge range of
ancillaries is available to

extend learning potential and
offers the opportunity for

innovative experimentation.




1.1. General Information

- Experiment name: Stability of the floating body
- Second year civil engineering

- First term
1.2. Apparatus Description

The apparatus is arranged from a rectangular sheet metal pontoon floats
in water and carries stem braced with cords, Figure (1.1.a). From this a
plumb-bob is suspended so that the angle of list of the pontoon may be
read off a scale marked in degrees. The height of the center of gravity of
the floating body may be varied by an adjustable weight which slides up
and down the stem. A jockey weight is arranged to slide along a bar fixed
on the pontoon parallel to its base; as this weight is moved by known
intervals, the change in angle of list is noted, and the stability of the

pontoon thereby measured.

Plumb bob

___Bracing cord

Scale marked . i
in deg]'ces - : -Adjustablc Wt‘lght

Sheet Metal i ' _ Jockey weight
pontoon 5 e

Figure (1.1.a): Arrangement of floating pontoon
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P Pontoon balanced on edge
~ of steel rule

A

Stcel Rule __—~ ’

)

—

Figure (1.1.b): method for finding height of centre of gravity

1.3. Theoretical Background

Consider the rectangular pontoon floating in equilibrium on even keel,
Figure (1.2.a). The weight of the floating body acts vertically downwards
through its center of gravity (G) and this is balanced by an equal and
opposite buoyancy force acting upwards through the center of buoyancy
(B), which lies at the center of the gravity of the liquid displaced by the
pontoon.

5 D | (<)
b4

Figure (1.2): Derivation of stability of floating pontoon




To investigate the stability of the system, consider a small angular
displacement (66) from the equilibrium position as sown in Figure
(1.2.b). The center of gravity of liquid displaced by the pontoon is shifted
from (B) to (B1). The vertical line of action of the buoyancy force is
shown in the figure and intersects the extension of line (BG) in (M),
called the metacenter.

The equal and opposite forces through (G) and (B;) exert a couple on the
pontoon, the provided that (M) lines above G as shown in Figure (1.2.b).
Those couple acts in the sense of restoring the pontoon to even keel (i.e.
the pontoon is stable). If, however, the meta-center (M) lies below the
center of gravity (G), the sense of the couple is to increase the angular
displacement and pontoon is unstable. The special case of neutral
stability occurs when (M) and (G) coincide. Figure (1.2.b) shows clearly
how the meta-center height (GM) may be established experimentally
using the jockey weight to displace the center of gravity sideways from
(G). Suppose the jockey weight (m) is moved a distance equal to (dx1)
from its central position, if the weight of the whole floating assembly is

W, then the corresponding movement of the center of the gravity of the

whole pontoon, in a direction parallel to the base of the pontoon, is%&xl.

If this movement produces a new equilibrium position at an angle of list
(00), then in Figure (1.2.b), (G,) is the new position of the center of the
gravity of the whole pontoon:

m

EG:L =E5.‘Il (11)

from the geometry of the figure:
GG, =GM.d58 (1.2)

eliminating (GG;) between these two equations we derive the following

equation:




or, in the limit form:
m dxl)

GM = — (==
W(da

The metacentric height may thus be determined by measuring (%

knowing the values of both (m) and (W).

1.4. Experimental Procedure

Firstly the weight of the various components of the floating assembly are
noted and the length and width of the pontoon carefully measured by steel
rule. The stem is then fitted into its housing in the pontoon and is rigidly

braced by drawing the cords tight.

The height of the center of the gravity of the pontoon above the base is
then established by turning it on its side and supporting it at the stem on
the edge of a steel rule, to obtain the point at which it balances with the
base of the pontoon vertical as indicated in Figure (1.1.b). To obtain a
convenient point of balance it may be necessary to move the adjustable
weight along the stem to a suitable position. While the pontoon is turned
on its side, the plumb-bob line should be looped round the scale to keep
the plumb-bob approximately in its normal relative position. The point of
balance is marked and the height of this point and the adjustable weight
above the base is measured by steel rule. It is convenient to refer
dimensions of the sheet should be added to measurements made upwards
from the inner with the adjustable weight in one known position; its
height may be calculated for any other position of the adjustable weight.




The pontoon is now allowed to float in water. It is convenient, but by no
means necessary, to move the adjustable weight sideways so that the
angle of tilt is zero when the jockey weight is in its central position.
Angles are then recorded for various positions of the jockey weight to
both sides of the center, the maximum displacement being determined by
maximum angle which may be recorded on the scale marked off in
degrees. The procedure may be repeated with the adjustable weight set at

a number of different heights.
1.5. Results and Calculations

Total weight of floating assembly, W =5.39 Ib
Jockek weight, m = 0.50 Ib

Adjustable weight = 1.00 Ib

Breadth of pontoon, D = 8.02 in

Length of pontoon, L = 14.10 in

Second moment of area, | = LD?%/12 = 606 in*
Volume of water displaced V = 5.39/62.4 = 149.3 in®

I
w BM=—=4.06in
Vv

Depth of pontoon immersion = VV/LD = 1.32 in

Depth of center of buoyancy, CB=1.32/2 =0.66 in

Height of meta-center above water surface, CM=BM — CD = 4.06-0.66 =
3.40in

All above results are shown in Figure (1.3).




&
S
Figure (1.3): Diagram showing calculated dimensions

When the pontoon was turned on its side and balanced at the stem on the
edge of a steel rule, the following result was obtained.

e Height of adjusted weight above base = 10.27 in

e Height of G above base =3.22 in
Now the height y of (G) above the base will vary with the height (y;) of

the adjustable weight above the base according to the equation

T

¥

5.39

where A is constant.
Since the ratio of the adjustable weight to the weight of the whole
pontoon is 1 : 5.39. By substituting in the above equation the value of A

is calculated as follows:
10.27

A
5.39 %

Referring to Figure (1.3), the height of (G) above the water surface is:




M1
G V 1.32 = 30 ire

Measurements of angles of tilt produced by moving the jockey weight,
with the adjustable weight set at various heights, are given in Table (1.1)
and are presented graphically in Figure (1.4). The calculation of
meta-centric height from the results is set out in Table (1.2). For example,

when y; = 5.62 in, the value of (%j read from the graph is found to be
0.443 in per degree, or 0.443*57.3 in per radian.

-

\ | Aneie of it 8 (degress)

Figure (1.4): Variation of angle of tilt with nositinn nf incl-ay weight
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Figure (3.5): Variation of stability with height of centre of gravity




Table (3.1): Values of angles of tilt, & (degree)

Ht. of
adjustable
Weight, Position of jockey weight, x1 (in)
Weight, y;
(in)

-1 -0. 0 0.5 1

5.62 . . -4, -3. -2.3 ; 0.0 11 2.1

7.98 . -5. -4, -2.7 | -L 0.0 1.3 2.6

10.27 -1. 24 -3.6 . 0.0 1.7 3.5

12.70 - -1. -5.1 ' 0.0 2.6 52

14.15 = 5 65 | -34 | 00 3.3 6.5

Table (3.2): Derivation of metacentric height from experimental results and
comparison with calculations.

Ht. of Height of G (dxl) Metacentric Height of M

Adjustable above water dg height GM. above water

Weight y1 (in) surface, CG (in) surface, CM.

(in/degree)
(in) (in)

5.62 1.03 0.443 2.35 3.38

7.98 1.47 0.368 1.96 3.43

10.27 1.90 0.286 1.5€ 3.42

12.70 2.35 0.198 1.05 3.40

14.15 2.62 0.154 0.82 3.44

GM = —
w

m(dxl)—ZEE'
7 in

'LJ'
C6=—2——001=1.03in
5.39

CM=GM+C6G=235+103=338in

1.6. General Questions

1- What suggestions have you for improving the apparatus?

2- How would the stability of the pontoon be affected if it were floated on
a liquid with a density greater than that of water?




EXPERIMENT (2)

2.1. General Information

- Experiment name: Discharge through an orifice

- Second year civil engineering

- Firstterm

2.2. Apparatus Description

The following figure shows the arrangement of the tank which is fed from
the bench supply valve through a sprinkler pipe distributes the water over
perforated screen. The water passes down the tank through a second
screen which serves to stabilize the flow, and leaves through a sharp
edged orifice which is fitted into the base of the tank in such a way that
there is no unevenness along the inner surface.




sprinker
supply pipe

. 0N (S - erforated screens
—*q Y 53%;3*‘* P
" s —

Overflow

Detail of orifice towaste\

Slight glass to record
level in tank

~ Stainless steel tube
Nut §

=l ffle——>" —

Slight glass to record
pitot head

I'hread 20 t.p.i.

I

Detail of Pitot tube

Discharge to

measuring tank
V=

Figure (2.1): Arrangements of orifice apparatus
2.3. Experimental Procedure

The experiment may be divided into two parts, firstly, the measurement
of C4, Cy, and C. at a single constant value of H,, and, secondly,
measurement of discharge at a number of different values of H,. In the
first part of the experiment, water is admitted to the tank to allow it to fill
to the height of the over flow pipe and the inflow is regulated so that a
small steady discharge is obtained from the over flow. To measure C,, the
pitot tube is inserted into the emerging jet close to the underside of the
tank, the values of H¢, and H, are noted. To measure C. it is necessary to
find the diameter of the jet at the vena-contracta. In the second part of the
experiment, the inflow to the tank is reduced to lower the level in the tank
in stages, the discharge from the orifice being measured at each stage.

2.4. Results and Calculations

Diameter of orifice = 0.497 in

Cross-sectional area, a, = 0.194 in?

Head of orifice, H, = 14.86 in

Time required to collect 30 Ib of water = 65.6 sec
Discharge , Q = 0.00733 cusecs

Pitot tube reading, H. = 14.84 in

Diameter of jet =0.391 in.




C, = _Q
\20H,a,
~ 0.00733
 J64.4%1.23%0.001347
Cd =0.61
H

Coefficient of velocity, C, = Hc

0

d

C,=0.999
Coefficient of contraction C, :Z_C

0

C.=0.619

Table (2.1): Measurements of Ho and Q

12

1

0.8

> 0.6

Vi

0.4 /

pd
0.2 7

0

0 0.001 0.002

0.003

0.004

Q (cusecs)

0.005 0.006 0.007 0.008

Figure (2.2): Variation of Ho®® with Q for discharge through an orifice




EXPERIMENT (3)

3.1. General Information

- Experiment name: Flow over weirs and notches
- Second year civil engineering

- First term

3.2. Apparatus Description

The following figure shows the arrangement in which water from the
bench supply valve is led through a flexible hose to three short perforated
pipes which serve to distribute the water fairly evenly in the enlarged end
of the tank. A contraction section leads the water to a short channel, in the
end of which a plate may be plotted, notched rectangular or V-shape. The
construction is such that the internal surfaces of the tank and plate are
flush and edges of the notch are sharp.

|

Vzz— 777

Rectangular

Plate notched
In rectolBRlor gy 0 JREES,

or V shofge Hook gauge f:' 2
s

From supply

o] 3 perforated

° /Ppeg

Hopper
leading to
weighing toank

Figure (3.1): Arrangement of apparatus for measuring flow over weirs




3.3. Experimental procedure

The main purpose of this experiment is to estimate the coefficient of the
venturi-meter Cqy. The apparatus is first leveled and the zero of the hook
gauge is established (i.e. the hook gauge reading corresponding to the
level of the crest of the notch). To do this, water is admitted from the
bench supply to the apparatus until the level is approximately correct, and
then carefully baled out or in, using a small beaker, until the crest of the
wear lies just in the surface. The reflection of the V in the surface serves
to indicate weather the level is correct or not. When the correct level has
been obtained, the hook gauge is set in the water surface in the still tube

and the zero reading taken.

The equation of the rectangular notch is given by:

2
3.1) Qun =§B@-H3’2

The equation of the triangular V- notch is given by:




8
=—./20.tanO.H>"?
(3.2) Qn 15\/ g

where: 6 = 30°

Qact

c, =—2a¢
COMINN

The relationship between log (Q) and log (H) is driven as follows:

Log (Q) =2.5Log(H) + 0.1392 (3.5)
from which:

Q=0.7 H?5 (3.6)

3.4. Experimental Steps
The followings explain the steps of the experiment:

Run the apparatus and measure the value of H,

Waiting until the water surface to be in a specified level then
measure the value of H; and calculate the value of H.

Calculate the value of Qq.

Determine the required time until balance occurs.

Calculate the value of Qq.

Calculate Cq.

Repeat the previous steps with changing the value of Hj.




3.5. Results

Q

Ccusecs
0.03108

0.02304

0.01619

0.01110

0.00742

0.00514

0.00363

3.6. Discussion

From the notch equation the value of Cq4 can be calculated C4 = 0.6

50logH - 0.139

d

/

log H

Variation of logQ with log H




Q (cusecs)

0.1 0.15 02
H (ft)
Variation of H with Q




EXPERIMENT (4)

4.1. General Information

- Experiment name: Friction Loss Along a Pipe and a Networks
- Second year civil engineering

First term

4.2. Apparatus Description

The following figure shows the arrangement in which water from a
supply tank is led through a flexible hose to the bell-mouthed entrance to
a straight tube along which the frictional loss is measured. Pizometer
tappings are made at an upstream section which lies approximately 50
tube diameters away from the pipe entrance and at a downstream section
which lies approximately 20 tube diameters away from the pipe exit. The

rate of flow along the pipe is controlled by a needle valve at the pipe exit.

Air valve

Supply tank

inverted U-tube
manometer

Flexible hose Needle valve

o
Con ction with

bell—mouthed_

entrance to pipe Measuring

cylinder

Arrangement of apparatus for measuring friction loss along apipe




4.3. Theoretical Background

Studying the Hydraulic Losses in Energy for the following:

1-Rounded Bend

2-Sharp Bend 90°

3-Pipe Lines (PVC)

4-Gate valve and ball valve
5-Sudden expansion
6-Sudden Contraction
7-Four rounded Bends

8-For sharp Bends

At different values for flow rates (Q)

= The apparatus is set on the bench and leveled so that the
manometers stand vertically and inverted u-tube manometer is
connected to the pizometer. The supply tank is filled by a hose
from the bench valve which may then be shut off. The needle valve
Is then closed whereupon the levels in the two limbs of the inverted
u- tube should settle to the same value. The first reading of head
loss and flow may now be taken. The needle valve is opened fully
to obtain a differential head of at least 12 in and the collection of a
suitable quantity of water in the measuring cylinder is timed. To
obtain a rang of results in the turbulent region it is necessary to
work with much greater differential heads than can be measured by

the inverted u-tube manometer. It is desirable to take one or two




readings at the lower end of the rang which overlap the rang
already covered by the water manometer. Since a reading of 1 in on
the mercury u-tube corresponding 12.6 in on the water manometer
this requires one or two readings in the region of 1 in. the diameter
of the tube and the length between pizometer tapping should be
noted.

Length of pipe between pizometer tappings,

Diameter of pipe, D................ 0.116 in
Cross sectional area of pipe, A.......cooviiiiiiiiiiiiinn.n. 1.057x102

in2

So that u= Q X ! —
30.48° 7.34x10

4.4. Steps of the Experiment

1- Operate the pump at different flow rate

2- Remove the air from the system

3- Take the manometers reading in table as shown
4- Repeat the table readings at different flow rates




4.5. Results

Ft/sec

3.4

3.17

4.6. Discussion

Variation of hydraulic gradient i with velocity u along pipe




EXPERIMENT (5)

5.1. General Information

- Experiment name: Hydrostatic Pressures on Submerged Surfaces
- Second year civil engineering

First term

5.2. Theoretical Background

We consider a submerged surface in a stationary fluid. When a fluid is
stationary, it has only normal stress,which is called pressure, but it has no
shear stress. Hence, any submerged surface in astationary fluid would
experience hydrostatic force. Another characteristic of stationary fluid is
that its free surface is always perpendicular to the direction of
gravitational acceleration. What we need to determine here are the
magnitude and location of the hydrostatic forces acting on the submerged
surface of the torroid .The hydrostatic pressure p below thehorizontal free

surface is given by: P =YY + Patm

where vy is the specific weight of the fluid, y is the vertical distance below

the free surface, and patm IS the atmospheric pressure which can be taken
to be zero. The fluid pressure acts normal to the surface of an object and
Is positive in the direction into the surface. Integration of the pressure
over a submerged surface yields the total hydrostatic pressure force acting
on that surface. Similarly the resultant moment about a suitable specified
point can be obtained by integrating the moments from the pressure over
the body surface. Through total moment of momentum balance, the

rotating part of the equipment is balanced with the load W on the scale.




5.3. Steps of the Experiment

Use the small weight and Put it in the balance.
Fill the system with water .
Read the value d against w at Horizontal level for the arm.

Repeat the Experiment by using Different weights .

—

The hydrostatic pressure of liquids is the “gravitational pressure” ‘“Phyd
It Rises due to the intrinsic Weight as the depth t increases, and is
calculated from: Phya= p-g.h

where:

p: Density of water

g: Acceleration due to gravity (g = 9.81 m/s?)

h: Distance from liquid surface to calculate forces acting on masonry
dams or ships ‘hulls, for example, from the hydrostatic pressure, two

steps are required:




Surface condition |

Experimental

" _
b=

Fully Submerged

Partially Submerged

"= Theoritical




5.4. Results

1- Draw the Relation between the Hydrostatic force (F) and the

submergence depth (d)

2- Draw the Relation between (hexp) and (h theo.)

Depth of
immersion, d cm

Weight
W (Kg)

Readings No

O N[O | o~ W|IDN|

Depth of
immersion,
d

Readings
No

0 N O |01 | (W IN

5.5. General Questions

1) Why is the weight of the vessel and the beam not included in the

expression for the center of gravity?

2) How would the location of the center of pressure change if a

different fluid were used in the tank?




EXPERIMENT (6)

6.1. General Information

- Experiment name: Discharge Through an Orifice
- Second year civil engineering

First term

6.2. Theoretical Background

The following figure shows the arrangement of the tank which is fed from
the bench supply valve through a sprinkler pipe distributes the water over
perforated screen. The water passes down the tank through a second
screen which serves to stabilize the flow, and leaves through a sharp
edged orifice which is fitted into the base of the tank in such a way that

there is no unevenness along the inner surface.

sprinker
supply pipe

/

perforated screens

/]

Overflow
to waste

Slight glass to record
Tevel in tank

Slight glass to record
pitot head

Discharge to

measuring %
I

Arrangements of orifice apparatus

6.3. Steps of the Experiment

The experiment may be divided into two parts, firstly, the measurement
of C4, Cy, and C. at a single constant value of H,, and, secondly,

measurement of discharge at a number of different values of H,. In the

first part of the experiment, water is admitted to the tank to allow it to fill




to the height of the over flow pipe and the inflow is regulated so that a
small steady discharge is obtained from the over flow. To measure C,, the
pitot tube is inserted into the emerging jet close to the underside of the
tank, the values of Hc, and H, are noted. To measure C. it is necessary to
find the diameter of the jet at the vena-contracta. In the second part of the
experiment, the inflow to the tank is reduced to lower the level in the tank

in stages, the discharge from the orifice being measured at each stage.
6.4. Results
Diameter of orifice = 0.497 in
Cross-sectional area, a, = 0.194 in?
Head of orifice, H, = 14.86 in
Time required to collect 30 Ib of water = 65.6 sec
Discharge , Q = 0.00733 cusecs
Pitot tube reading, Hc = 14.84 in

Diameter of jet = 0.391 in.

C — Q
" J2gH,a,

- 0.00733
J64.4x1.23%x0.001347

d

Cd =0.61

H

C

Coefficient of velocity, C, =

0




C.=0.999, say 1

Coefficient of contraction

C.=0.619

0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008

Q (cusecs)




EXPERIMENT (7)

7.1. General Information

- Experiment name: Flow through a Venturi-meter
- Second year civil engineering

First term

7.2. Theoretical Background

The following figure shows the arrangement of the venturi meter, which
Is manufactured in clear plastic material. Water is admitted from the
bench supply valve and passes through a flexible hose into the meter.
Beyond the control valve, which is just downstream the meter, a further
flexible hose leads to the measuring tank. At a number of points along the
length of the convergent-divergent passage of the venturi piezometer
tubes are drilled into the wall and connections are made from each of

these to vertical manometer tubes.

Manifold

=

Horpwuprpono~Noog T

Manometer tubes

LorNOrOONDOE

e o=

—
\_\ /_l to measuring tank
Adjusting screws

Arrangement of Venturi Meter Apparatus

7.3. Steps of the Experiment
The coefficient of the meter is to be estimated. It is necessary to obtain

the variation of (h;-hy) with discharge, Q. Preliminary, the manometer




scale should be leveled. When the water level have risen to a convenient
height, the bench valve is also gradually closed, so that the meter is left
containing static water under moderate pressure. Measurements of a
series of values of (h;-h;) and Q can be made. If difficulty is experienced
in reaching a steady condition, air may be released from the manifold
through the small valve at the end. The significant value of (h;-hy) is at

the throat of the venture,
7.4. Results
The coefficient of the discharge, Cq4, can be calculated from the equation:

Q :Cd Lzz\/Zg(hl _hz)

2
a —a,

a1 is the inlet area, and a, is the area at the throat.

Q

cfs

(h -h 2)0.5
ftos

0.01592
0.01478
0.01368
0.01236
0.01098
0.00954
0.00801
0.00641
0.00420

0.876
0.806
0.747
0.683
0.606
0.532
0.447
0.365
0.241

0018 1
0016 1
0014 -
0012 1

e
© 0g
0006 1
0004 1
0002 1

0

0.93

0.94

0% 0% 0
Q (cfs)
Variation of C with Q

0% 0%




EXPERIMENT (8)

8.1. General Information
- Experiment name: Hydraulic jumbs
- third year civil engineering
First term
8.2. Required Apparatus for the Experiment
* Laboratory channel

* Gauge for measuring discharge

* Sluice gate.

Sluice gate

Streamlined lip gate

r=8cm \

Vena contracta

G.O=y;:

No vena contracta

Floor with 15 cm thickness Floor with 15 cm thickness




* Device for measuring velocity
8.3. Theoretical Background

The shear force acting on corrugated bed surface can be calculated by
using momentum equation. The initial water depth and sequent depth of
hydraulic jJump can be obtained from experimental work then applying

momentum equation between section (1) and section (2), figure (1).

]
H
L

y2

Lail waler surface o

|
||
=
i

Ji=width ofgate —

L !annﬂn! L_‘
floor weith f{cﬂ thick | I Py

i
L f I
4 i |
—i Upstrearn Froude rorber (Fr)

<
<«

[
|

Equation:

e the liquid is incompressible;

e the flow is steady;




the pressure distribution is hydrostatic before and after the
jump;
the initial Kinetic energy correction factor a, is unity; and

the initial momentum coefficient 3, is unity.
This equation of momentum could be written as:
Pi-F: -P2=p Q (V2-V1)

where:

Pl:£7y12&P2 :%sz&:ozg&vlzi&vz :i&q:g

2 Y1 Y, b

in which:

: hydrostatic pressure at section (1);
. hydrostatic pressure at section (2);
. shear force acting on bed surface;
. acceleration due to gravity;

. density of water;

. flow passes under gate opening;

- flow per unit width;

: channel width;

- initial water depth;

- sequent depth of hydraulic jump;

. specific weight of water;

. velocity of water at section (1); and
- velocity of water at section (2).

Substituting P1, P2, p, V1, V2 and g in equation (1), then




From equation (2), the value of shear force acting on bed surface could
be calculated by measuring initial and sequent depths of hydraulic jump

and the discharge, equation (1) becomes;

1 . 1 5 |y -, 1
F = =
T 27/y1 27/y2 |:gq (y2

8.4. Steps of the Experiment
* Calibration of discharge gauge

The flow meter is based on an internal moving device, which activates a

mechanism attached to three indicator wheels and three dials:

o First dial each cycle of the moving pointer means passing a
volume equal to 10 liters of water through the flow
meter.

¢ Second dial each cycle of the moving pointer means passing a
volume equal to 100 liters of water through the flow

meter.

e Third Dial ..........each cycle of the moving pointer means passing a
volume equal to 1000 liters of water through the

flow meter.

The measuring devices of discharge were calibrated. Table (1) gives

measurements and results for the calibration processes. Figure (3)

provides the actual discharge in lit. /sec. versus the flow meter discharge.




Table (1): Measurements of discharge for flow meter calibration

The head tank method

The Flow Meter

Volume

(Liters)

Time

(Second)

Discharge

(Lit. /sec)

Volume

(Liters)

Time

(Second)

Discharge

(Lit. /sec.)

%D*

600

600

600

600

600

600

600

600

102

98

66

41

39.5

5.8823

6.122

9.09

12.04

12.76

13.57

14.63

15.1

607.1

607.1

607.1

607.1

607.1

607.1

607.1

607.1

106

101

68

43

41.3

5.727

6.01

8.93

11.742

12.44

13.14

14.118

14.699

+2.71

+1.86

+1.79

+2.53

+2.57

+3.27

+3.62

+2.72

percentage difference between the head tank method and the flow meter
reading
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y = 0.9724x
R2 =0.9997

Calibratjon process
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a
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1

Flow meter discharge (lit./sec.) <
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l_\

~
1

(4]

9 11
Head tank flow (lit./sec.)

ul

Figure (8.3): Calibration curve for the volumetric flow meter

The experiments were carried out using different models and with the

three different beds to determine the following parameters:

initial water depth on hydraulic jump (y,) or the gate opening height
(G.0);

sequent depth of the jump (y2);

tail water depth (yy);

length of hydraulic jump (L;);

required time for settling the scour operation (T);

maximum scour depth (ds);

maximum length of scour hole (Ls); and

depths of the scour at selected points at the downstream sections.

Fifteen runs were carried out for every shape of corrugations with a

discharge ranged from 5.0 to 15.0 lit. /sec. These runs were repeated with




the three sand samples, at dsp = 0.62 mm (coarse), dsp = 0.365 mm
(medium) and dsp =0.167 mm (fine). The total number of the

experimental runs was 285 runs.

a) Experimental Set up

1- The level of sand surface is kept at the same level of the crests of the
corrugated bed.

2- The level of floor upstream gate is prepared to be at the same level of
the crests of corrugations, plate (1).

3- The corrugations in the floor bed start downstream a streamlined lip
gate by 15 cm.

4- A streamlined lip gate is prepared to tackle the effect of vena
contracta.

5- The regulated valve in the supply line is opened to give the required

discharge.

Plate (1): Crests of corrugations are at the same level of the upstream bed




Experimental Procedure

A steady flow of water is established through all experiments.

The tail gate is adjusted to ensure the formation of hydraulic jump.
The discharge is measured using flow meter and stop watch.

The gate opening is considered to be the initial depth of jump and
the point gauge used to measure the sequent depth of jump (y-), the
length of jJump is measured by ordinary scale.

The time used for making the scour hole at balance state is measured
using stop watch.

The maximum depth of scour and the corresponding length are

measured.

The point gauge is used to measure the depth of scour at any point

for drawing the scour contour lines.
After completion of the experiment, another model of corrugated bed
is placed in the flume over the timber floor and the experiment is

repeated.
8.5. Results

Plates (1) and (2) show an oscillating jump (Fr=4.26) and steady jump

(Fr=5.6) over triangular corrugated bed.




-

Plate (2): Steady jump (Fr=5.6) over triangular corrugated bed




8.6. Analysis

It is noticed that the length of jump over semi-circular, trapezoidal,
triangular, spaced trapezoidal and spaced triangular corrugated beds at 15
lit. /sec., is less than the corresponding length over smooth bed by about
13.42%, 13.71%, 14.28%, 20% and 25.7% respectively, and it is less
than the corresponding length over smooth bed at 8 lit. /sec., for these
beds by about 5.0%, 9.75%, 10%, 14.75% and 18.75% respectively.

It is observed that the value of jump length by using a discharge of 15 lit.
/sec., is greater than the corresponding value for all used discharges
together (from 8 lit. /sec. to 15 lit. /sec.), by about 1.2% for spaced
triangular bed and by about 4.42% for semi-circular bed. At a discharge
of 8 lit. /sec. the jump length is less than the corresponding length, for
semi-circular and spaced triangular bed by 4% and 5.72% respectively.
This means that it is important to use more than one discharge for fitting

the experimental data.

The length of jump (L;) could be found in terms of, the initial depth (y.),

the sequent depth (y2) or the difference between two conjugate depths
(y2-y1). The plot of Fr versus L;/y,, is probably the best as the resulting
curve can be best defined by the experimental data. For practical
purposes, however, the plot of Fr versus Ljly,, is desirable because the
resulting curves show a flat portion for the range of well established jump
(Chow, 1959).




Semi-circular
R2=0.96

Trapezoidal
R2=0.94

Spaced trapezoidal
R2=0.98

Spaced triangular
R2=0.93







EXPERIMENT (1)

Title: Improvement of Breakwaters Efficiency
By:Mohammed el-sharabassy.
Objectives : Determine the efficiency of Breakwaters.

Used Facilities :

Wave generator flume with horizontal and vertical scales was

used in this test. The models of breakwaters were used too.
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Ao adll o B Wl e

Hmax = Max. Wave Height = Max. Crest Level — Min. Trough Level
Hmin = Min. Wave Height = Min. Crest Level — Max. Trough Level
Hi = Incident Wave Height = 0.50 (Hmax + Hmin)

Hr = Reflected Wave Height = 0.50 (Hmax - Hmin)

Ht = Transmitted Wave Height = Max. Crest Level — Min. Trough

Level

Ay ol L ¢l ghd o

During the experimental work, two measuring points at a distance
L/4 and L/2 seaward the model face were chosen to determine the
incident and the reflected wave heights. These two points were assumed
to meet maximum and minimum of a standing wave envelope.
Transmitted wave was determined by averaging the resulted heights
recoded shoreward the model. The following procedure was followed

throughout the runs:

1. The flume was filled to the selected depth (d = 40 cm) which is

remains constant during all experiments.

2. Adjusting the eccentricity of the flying wheel to the chosen position in

order to give the first wave condition.

3. The inverter frequency was adjusted to first wave period (T), from

which the wave length (L) was calculated as shown previously.




4. The generator was turned on, and the wave surface variation was
recorded at distance (L /2) ,and (L /4).

6. By observation and scaled tape, the crest and the trough elevations

were measured.

7. from previous works, the following relationships was used to

determine the incident and reflected wave heights:
Hmax = Max. Wave Height = Max. Crest Level — Min. Trough Level
Hmin = Min. Wave Height = Min. Crest Level — Max. Trough Level
Hi = Incident Wave Height = 0.50 (Hmax + Hmin)
Hr = Reflected Wave Height = 0.50 (Hmax - Hmin)

8. The transmitted wave was determined by averaging the recorded wave

heights shoreward the model at each run from the relationship:

H: = Transmitted Wave Height = Max. Crest Level — Min. Trough

Level

9. The previous steps were repeated with different eccentricities and

frequencies to test different wave conditions

e Ll e

The arrangements of the model were classified according to the width of

the wall, its porosity, and the height of the wall. After this we test each

one under various wave conditions.




 Constant water depth (d) of 40 cm and three different values of
wall width (B = 12.0, 18.00, and 24.00 cm) were used to test
the change of the ratio B/d (B/d =30 %, 45 %, and 60%o)

respectively.

« For the same width of the wall the height is change with ( 30, 40, 50)
to test change of the ratio D/d (D/d = 75%, 100% , 125 % ).

» For each of the previous cases, the porosity is change.
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d/h=0.85 f/h=0.15 b/h=0.15




BmD/d=0.75
AD/d=1.00
&D/d=1.25

0.08
wave steepness (Hi/L)

Relationship between Hi/L and Ct
for different values of ( D/d).
(W/d=0.30)

Bn=41%
ANn=46%

0.02 0.04 0.06 0.08 0.1 0.12 0.14

wave steepness (Hi/L)

Relationship between Hi/L and Cr, Ct
for different values of porosity ( n).
(W/d=0.30, D/d=1.25)




Ct&Cr&Ci

A

0.04 0.06 0.08 0.1 0.12 0.14
wave steepness (Hi/L)

Variation of Cr, Ct and Cl with Hi/L
(W/d=0.45, D/d=1.00)

Hem Uil Ai8lis =

. The transmission wave coefficient for high porosity is greater than

the corresponding value in the low porosity.

. The efficiency of the breakwater increases when the wave

condition changes from long to short waves.

. The ratio between wall height and water depth D/d have strongly
effect on Ctand Cr. While C: decreases and Cr increases with the
decreasing of D / d ratio from 0.00 to 1.25

. The transmission wave coefficient, Ctdecreases from about 0.35
to 0.1 as the width of wall increases from (0.30 —0.60 )d. On
the other hand, the reflection coefficient, Cr increases under the

same conditions.




5. When the wave number kg increased (i.e. go to deep water zones),

the value of C: decreases and the values of Cr increases, which

indicates that the suggested permeable breakwater has a highly

efficiency in deep water zone than shallow water zone.

8. The results showed that there is energy loss in the incident wave
and it was expressed as losses coefficient equal to Ci = v (1- Cr —
Ct).
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EXPERIMENT (2)

Title: Improvement of Submerged Breakwater Efficiency

By:Mahmoud Ibrahim Saad Ibrahim Khalil

Objectives : Determine the efficiency of submerged breakwater
alone and its efficiency with screen breakwater.

Used Facilities :

1.Wave Flume

Flume having 15.10 m length, 1.00 m width and 1.00 m depth used in
research. Its rigid steel bed raises 1.16 m from the laboratory ground
level. The total length of the flume consists of head tank 1.00 m long, an
approaching steel part 10.5 m long, working section made from perspex

2.6 m long, and the tail tank 1.00 m long.

The flume is equipped with a variable speed flap type wave generator

and a porous screen filled with uniform gravel at one end of the flume.




The details and dimensions of the flume are shown in figure (4.1).
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Wave absorber
Wave absorber
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2. Measuring Devices

Vertical scales fixed with the perspex part are used to measure the

wave height characteristics (Hi and Hy).

The vertical scales are positioned at Lee ward side of model.

A digital camera is used for recording the wave characteristics.

Ty




3. Testes Model :

-

N

seaward side S‘vubmerged BW.

Leeward side

"‘H [

SWL

"
—

N
P~

Figure (1)Tested Submerged Breakwater
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Vertical Screen
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{
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Figure {4jwave screen




EXPERIMENT (3)

Title: The Role of Harmonic Mean Distance for Velocity Distribution in
Open Channels.

By:Mahmoud el-Ashry.

Objectives : The verification of harmonic velocity distribution model
using micro ADV.

Used Facilities :

From the most used instruments, we choose the 12m open channel flume,
which had been set up for several configurations for several post graduate
studies, figure #. One of these is: the verification of harmonic velocity
distribution model using micro ADV, (part of the master of science thesis
named "The Role of Harmonic Mean Distance for Velocity Distribution
in Open Channels" M. el-Ashry).

Sides

30 Row Condral YWewe [1inch)

31 Tail Gate
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Instruments and configurations:

12m open channel laboratory flume: Water is conveyed through the inner
part of the flume, which is a wooden channel. A perspex sides and bed of
2m long are installed at 2m from inlet. The rest of the wooden channel is
lined with smooth steel. Two section configurations were set up: (a)
smooth section 40x30.5cm; and (b) smooth bed with rough sides
38x27cm, figure #. Water is supplied by a 10hp centrifugal pump at 15.5
lit/sec for the first configuration and 14.3 lit/sec for the second one. The
tail gate is adjusted to give the required wetted cross section. For the two
configurations, Fr < 0.2, and Re =15500. The flow rate is measured by a
turbine-type volumetric flow meter, which is bolted with two flanges in
the supply pipeline. All velocity profiles were collected at the section of
best velocity profile development.

16-MHz SonTek micro ADV (Acoustic Doppler Velocimeter): This is a
single-point current meter that accurately measures the three components
of water velocity in both high and low flow conditions. Velocities are
measured in a sampling volume located at a distance away from the probe
head, [HorizonADV manual, 2007]. Components: a) Signal Processing
Hardware, figure #; and b) Micro ADV Probe, figure #.




ADV theory of Work: The probe head is composed of a transmitter
located in the center of the probe head, and three receivers mounted on
arms, picture 5.4. The transmitter generates a narrow beam of sound that
Is projected through the water. Sound waves arrive at the measuring point
and are reflected by particles and scatters in water to the receivers. The
difference in frequency between the emitted and the received waves
(Doppler-shift frequency) allows the calculation of the 3D water velocity.

ADV Probe Configuration: Through the software "Horizon-WinADV"
some parameters are required to be fed by user. Table 5.2 shows the
probe configuration loaded in the present work. Temperature and salinity
slightly affect the speed of sound and are estimated reasonably.

Sampling rate 10Hz

Lag adjustment enabled
Recording mode Continuous
Temperature 22°C
Salinity 0 ppm

Each single measurement of velocity at a point is taken as the mean value
of a velocity-time series of 70sec on the minimum. A time of 1min on the
minimum is taken between each two sequent measurements, in order to
minimize the error that might occur due to the disturbance of moving the
instrument. Diagram # is a velocity sample from the present
measurements.
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Set Up:

For each mentioned cross section, comparisons between measured
velocity profiles and computed velocity profiles using the proposed
model are introduced here. Each profile is followed by a diagram of
errors, [error = (calculated — measured) / measured]. The average value of
the absolute error is calculated for each profile as a percentage. Velocity
of points at water surface is measured by calculating the time taken by a
tiny floating body to cross a certain distance, analyzed by video.

Smooth configuration: For this configuration, the section bed and sides
are made of smooth steel sheets with wetted dimensions of 40x30.5cm
and a discharge of 15.5lit/sec. The surface roughness, K is 0.0001m.

Rough configuration: For this configuration, the section bed is left on its
original of smooth steel. K of bed is introduced by 0.00025m according to
equation 3.10. Sheets of fabricated roughness of K = 7mm are adhered to
sides. The wetted section dimensions after installation are 38x27cm. The
width 38cm is measured from the center of roughness height. Stones used
in roughness were retained on 9mm sieve. The effective diameter, de, was
measured for a representative sample and found to have an average of
about 7mm. de is the vertical height of the stone when it is left to rest on a
horizontal plane, picture #. Stones then were washed carefully and left to
dry, then adhered to thin wooden sheets using a strong adhesive polymer,
picture #.
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General Results:

In most cases, the proposed model showed good agreement with
measured velocity profiles. Here we present a sample of result in both
cases of configuration.
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Comparison between computed vertical velocity profiles and measured
profile along center line, [smooth configuration]
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Comparison between computed vertical velocity profiles at x/B = 0.5,




