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Exp. 1: Hydrostatic Force and Center of Pressure
Notes:

below shows the hydrostatic pressure (p), hydrostatic force (F) and its point of application (the center
of pressure: yp), the submerged surface inclination angle (a) from the horizontal and the water depth
to an axis that passes through the centroid ( y ) of the submerged surface.

&
]

Water depth (y)

Surface

Theoretically, the magnitude of the hydrostatic force is F = p x A, where p is the hydrostatic pressure
at an axis that passes through the centroid of the submerged surface and A is the area of the
submerged surface. Knowing the water depth at the centroid of the submerged surface (y ), then the
force hydrostatic Fis:

F=pg'ysina’A (1)

The depth (y) at which the hydrostatic force applies on the submerged surface (the center of
pressure) is:

Case 1: partially submerged surface: water depth (y) < surface depth (d)

taking the sum of moments about the pivot point (0) and knowing that F
applies at (y/3) from the surface bottom, then: Fx(R,— y/3) = mgxRs. Therefore the experimental F is:

Fexp = mgxRs/(R2—y/3)



where R;=100mm, Rz =200mm and Rz = 200mm.

P Rs Ra >
Ry -
0|_,
mg
Yoo
d F y
y/3
- I
F=pxA
y |(2m><R3\| +y
€X] A2
cp.exp Lpryzj

theoretical Ycp=2/3y

Case 2: Fully submerged surface: water depth {y) > surface depth (d)

Rs

mg Yep
d y
Yy Y

Ry

Fesp= mg~R3/(Ra (yd/2)-(d*/6)
y—(d/2)



([ 2mxR;

ccx:| -Ry+
Yoo =l S 2ybd—bad ) 20

theo

Fully submerged surface of width (b = 75mm) and depth (d = 100mm)

Totally immersed.

1-Y=y-d/2
2-F=pg’'ysina’A A=b*d remember b=0.75 d=0.1

3.

0 (yd/2)—(d*/6)

Fexp= mg=R3/(R2
p 27R3/(R2 y—(d/2)

( 2m xR,

cp,ex] :| -Ro+
Yoo =l S 2yba_ba ) 20

5.

Partially immersed:

1-Y=y/2

2-F=pg’'ysina’A A=b*d remember b=0.75 d=from exp not 0.1

3- Fexp = mgxRs/(R2—y/3)

4- theoretical Ycp=2/3y

DAl Ja cighd
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Exp. 2: Orifice and Jet Flow

-NOTES: The orifice is a sudden contraction setup of circular shape (Fig.

1) that can be used to
measure the actual flow rate leaving reservoirs,

tanks or flow in pipes. When water flows through an
orifice, the energy that causes the water flow is converted from one form to the other, which forms

the basis of measuring the flow rate (Q) and the flow velocity (v).

water flow leaves the orifice as trajectory of well known path, because it obeys the net force formed
by the horizontal force due to the momentum when it leaves the orifice and the vertical gravitational
force (downwards). At any point in the space, the trajectory path can be located after measuring the

horizontal (X) and the vertical (¥) distances the flow travels. Such distances can be measured using
needles, 10cm apart of each others, attached to the experimental

-considering the dashed line passing through the orifice center as an energy reference line and
applying the energy conservation principle between point 1 (the constant water surface in the tank)
and point 2 (flow at orifice under the atmospheric pressure), then:

E;=E;+hy

1

2 .y __ _
Equation (1) is reduced to: h=v /2g+h;~ oo ———

v={2gh

e

i
Q= T}; 4% y2gh
P

orifice diameter (d) then flow area (a) = 1/4 p d*and the theoretical flow rate (Q = a x v) is:

VERY IMPORTANT NOTE:

VERY IMIFURIAN L

Equation ABOVE computes the theoretical flow rate passing through an orifice as a function of the
head

(h) producing the water flow assuming that the head loss his negligible,

i-e. it gives the maxim
possible Q. However, the hy is always greater than zero, therefore the 3 o

ctual flow velocj

is alwa
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less than the theoretical velocity and the actual flow rate (Q.) is always less than the theoretical flow

rate. Introducing the discharge coefficient as the ratio of the actual flow rate to the theoretical
flows rate that isalways <1:

€y = Q. / Qtheo

The discharge coefficient:

Therefore, to compute the actual jet velocity, has to be multiplied by a correction factor to
compensate for the area reduction at the vena contracta. Introducing the velocity coefficient (C)as
the ratio of the actual flow velocity to the theoretical velocity (C.is always < 1), then:

c:T..,"'
v 2g11

* The actual flow rate (Q.) can be measured in the lab by collecting known water volume (V) in a given
time (t), Q.= V / t. Given that the flow jetis traveling horizontal distance (X) while falling vertical
distance (Y) measured using the attached needles, then the actual flow velocity is:

43l da ol gha

1- Q,=V/t
2 r
2- 20= 7, < e

e X
v 2 i.-_‘h
3- 3-

4- 4-AVG cv=eVIHCV2Ee.m
5. Cs=QafQtheo

Jn of cv computed  note eliminate cv more than 1

DRAWINGS:
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Exp. 3: Bernoulli's Theorem and Venturi Meter

NOTES: The total energy for steady, incompressible and frictionless flow consists of three forms:
potential energy (z) due to elevation, kinetic energy (v?/2g) due to motion and energy due to pressure
(p/rg). The total energy (E) expressed in units of meter (Joule / unit weight) is:

2
V2
E :z+—+—p

2g  pg

VERY IMPORTANT:

1-the pressure head (p/Pg) is called the static head.

2-manometers at different points to measure the static head

3-Pitot tube to measure the total head at any point.

4-VENTURE METER that can be used to measure the actual flow rate in pipes

The Bernoulli equation represents the conservation of the energy. It simply says: the total energy for
steady, incompressible and frictionless flow in a system is conserved (constant) assuming no energy
loss due to friction occurs, however the energy may convert from one form to the other. For example
it may convert from pressure energy (p/rg) to kinetic energy (v/2g) and vice versa. To demonstrate
that the total energy is conserved, the total head probe will be used. The total head probe or pitot
tube consists of steel tube of stagnation point (v = 0) that slides horizontally along the venturi tube.

At any point, the total head probe makes the kinetic energy head zero (v?/2g
= 0) thus that kinetic energy is converted to pressure head (p/rg)

-vi?/2g = total head probe reading — static head reading = Hiotal —p1/1g

2 2
MiaBs sV P

2g pg 2g pg

From the conservation of mass (continuity): Q = A1 ¥ vi= Asx vs.then:

AL 2g(h;—hy)
: Q=4A, |-
e \r-Ga)’

vy =




M1 M2

_a— Plastic tube

VENTURE METER

1-COMPUTE A1 AND A5
2-Q.=V/t

3-h1-h5

- 2g(h;-hs)
PTGy

5-C4 = Qa/ Qtheo

6- V5=Qact/ A5

7- RE=V5A5 /10"-6

8- (h1-h5)n0.5
Important Notes :

-the relation between RE and CD is not direct

-CD <1 due to losses in exp

DRAWINGS:

M3
Tota?\:ead probe
252 OlSa Bay DIAMETER 5 pga

Al Ja cighd
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Exp. 4: Impact of Water Jet

san

The momentum conservation principle says: the change in the momentum rate will appear & il

external force in the direction where the momentum has changed. This external force Is ealle
impact of water jet

Fy

In the experiment, the water flow from a pump will pass through a small nozzle (d = 8mm) that
creates a vertical jet The vertical jet will hit an object (target of deflection angle either of 30°, 90°,
120° or 180°) and based on the deflection angle an external force applies on the target surface lifting
the target up. The external force on the target can be equalized experimentally by an external weight
(mass in the weight pan) upon which the target is balanced

vi=vi-2gS
o n
the momentum M=m xv
M=ﬂgQVw
TF-or

F = mx v,c0s6—mx v, = mx v, (cosd-1)
REPLACE M*V WITH PQV clabrall Gices

Important:

For fat plate, &) 3li= 90, therefore from Equation (4), F = mve.

For hemisphere, 141 3= 180, therefore from Equation (4), F = 2mv,
: 4503 Ja el g

1-Q=V/t

2-Vn=Q/A remember d=8mm
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3w =yl-2g5

%-M=mxv oR Mppau,
-

5-Frrwzasure:;{:.-“w:g

6- Fealcuated 441 3)= 90, therefore from Equation (4), F = mvo.

» 4291 3%= 180, therefore from Equation (&), F = 2mv,
DRAWINGS:

F ety Lw’i'—c’i V“m ,‘\-1ovﬂ»€wi;fbv\

T\ @:j'gc
| /
| Qo
6 =
V4
. o
is%
@ s lope (907) = 1
pie
4 = —~
@ s hogze (156°) = 2
4+ Mplel Vi e Vo o o —»—-*‘/ Wil Wy
_,\.-“:—-3-'
Vi oy V2 55 Vi fva
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Exp. 5: Friction in Pipes and Losses from Fittings and Bends

—_———— 2
T o vi/2g
pi/pg HGL -
p2/pg
——*— ————————————————————————
1 2
Z1 B L =| 2
E1 = Ez'l- hL
h|_= hl—hz.
- fxL i
"D 2

-f is the Darcy friction factor (function of the flow Re # and the pipe relative roughness)

-If the pipe internal surface is extremely smooth (relatively no internal roughness) and the flow has a

very low velocity then the flow is said to be nearly laminar. In that case the Darcy friction factor (f) is

function of the Re # only, i.e. the water viscosity only. For the laminar flow, f = 64 / Re, and the Re =
PvD/m

_32ulv

h
" pgD?

-If the pipe internal surface is rough and the flow has high velocity then the flow is said to be

turbulent and in that case the Darcy friction factor (f) is function of the Re # (water viscosity) and the

pipe relative roughness (type of material)

2

h,-K
L— Zg

where K is the energy loss factor that depends on the bend angle and radius of bending or the

nominal size of the valve and its relative opening




LS Ty e V2 for the turbulent flow
heta s, for the Jlaminar flow.

1-Q.=v /¢
2:V=qJa
3-RE=VD/y

4-flow type > 4000 turbulant

Notes:
1-f 2a Sl 1/RE

2-pipe is rough and flow has high velovity turbulent and vise virsa.

3-the value of head loss in smooth material is lea than rough material
Less
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? Vs R €
LV v :
Wiage™! Tute™l
i A
| a |
| ot n
J 1 e
,4 vb i
A -
7 Lils
/ - g omet
o g .
) /’ S
- FE b_':” J—S‘-:- LL':,- "C‘.'_"l.‘u;___,_-_b
—_—ee | oSmeofh I S 75‘
Vi /) L e

RC- afo™2

Scanned with CamScanner



Exp. 6: Pumps in Parallel and Series

Pum . 5
S.8re hydraulic machines that convert the traditional power (electrical or mechanical) to a

h -
raulic power, The du uired by a pump is submit the targeted flow rate (Q) to the targeted

total head (H) which are the components of the hydraulic power (Pes). The hydraulic power in units of

watt is:

P = H 1

Equation (1) describes the two loads {Q, H) that affect the pump performance. The relationshi

between the pump two loads is unigue and inversely proportional, i.e. as the flow rate Q is increased
the delivered head {H decreases. Since the pump duty is to convert the traditional power to a
hydraulic power then the ump efficiency (e) can be computed as:

¢ = Oulputpower _  pgQH
input power 2aT(N/60)

where T is the torque generated (N.m) and N is the ump rotating speed (rpm).

H two pumps in series

The perfarmam_:e of two pumps in series versus the single pump performance.

b Al da o
parallel

diAm B
1-hA jf’,

2-QT=Q1+Q2 3600 !
ra
HAVG=H1+H2/2

SERIES:

1-ha - P
>q

2-HT=H1+H2
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Exp. 6: Specific Energy: Slow and Fast Flow

Notes:

the specific energy is defined as the total energy measured ata point lies on the channel bed (the
energy reference line is taken as the channel bed.

VA2 f2g energy line
&

A
h =P Flow

TPE >t Channel bed

2g

replacing the flow velocity {v] b A, where A is the flow cross sectional area and Q is the stead

flow, then

Q

2gA?
E=h+

The specific energy takes a minimum value {Emwn) when the flow is critical (the flow depth h = the

critical depth he). When h > h,, then the flow is subcritical {slow stream v < v}, and when h < h., then

the flow is supercritical (fast stream v > v.).

QT
=gA3

Fr?

where T is the flow top surface width. The Fr =1 for the critical flow, >1 for supercritical and < 1
for the subcritical flow. From Equation (4), the reduced form of the Fr # becomes:
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Where hq s the mean hydraulic depth = A / T. For rectangular flow cross sectional area in rectangular
channels, then T = b (the bottom width) and the critical depth (hc) becomes

1)

where q is the distributed flow rate, i.e. q = Q / b. Also, it can be shown that the theoretical Ewinfor
rectangular section flow, i.e. Emin={3/2) he.

h
r'y
b>he
h‘—-hc‘ ________
h<he
i E
3l Ja )
1- )"\: h < b
2.V -G
A
e Eulbhpun
EE!
li- Fr _ \
Vi hn
Q‘uJL"J}A(

< 7] $ b comt brced

v
& - !/\[{-I"“ = C%)/g
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Exp. 7: Hydraulic Jump

The hydraulic jump is a natural phenomenon of turbulence occurs when the open channel flow is

forced to change its status from supercritical (fast stream) to subcritical (slow stream). Over the jump,

a huge reduction in the flow velocity occurs, i.e. before the jump the flow has high velocity and low

flow depth while after the jump the flow has low velocity accompanied with high depth, therefore,
the flow depth has jumped from low to high value. In the jump turbulence, the flow stream paths will

strongly collide with each other causing a considerable reduction in the flow velocity and a huge loss

in the energy. Fig. 1 shows the development of the hydraulic jump between point 1 (before)and

point 2 (after).

pP1A1+rQvs = p A2+ 1rQv,

hzz% 1+8F]f—1) hlz};—?(/1+8Fr§—1 )

hL= El_EZ
(hyh)’
hf SN S
4hh

The height of the jump is calculated as Hj = h,—h.

Al Ja i ghd

1- Q=Q*10"-3/60
2- 2-compute Al and A2

3-V1=-01/A1 AND V2=Q2/A2

4-Fr1=V1/(gh1)*0.5 flow typeif Fr>1 super <1 sub

5-E1=h1+(V1A2/2g) E2=h2+(V272/2g)




hzz% 1+8Ff—1) ]11:]12—2(/]+8F1'§—1 )

7-h|=E2-E1

6-

8-

(brh)°
n= Lty
4hh

Notes:

1- Hlexp depend on energy

2- Hltheo depend on depth value

3- E2 always less than E1

4- AFTER THE JUMP THE FLOW HAS LOW VELOCITY AND HIGH FLOW DEPTH
5- FLOW DOWN STREAM THE JUMP IS SUPERCRITICAL




Exp. 8: The Flow Beneath a Sluice Gate (An Undershot Weir
The sluice gate is a tool that can be used to control and regulate the open channel flow. In addition, it

can be used to measure the flow rate when acting as an undershot weir inverted weir).

The flow upstream the gate is subcritical and v is actually very low, therefore the term v/ 2g can be
assumed zero. Furthermore, the flow depth downstream the gate (hy) is also very low {supercritical
flow) which can be neglected under the fact that the majority of the energy after the

gate is due to the velacity head (V2 / 2g ) only. Given that the velocity head v / 2g =v? [ 2g, then
vg= (28" ho)*0.5
Q=bh; (2g°ho)"0.5
Q. =Csbhg (28" ho)r05
4l da gkl

1- Qact=Q*10°-3/60

2-Qth=bh, (2g° ho)"0.5
3-Cd=Qa/Qth
4-Compute hot0.5

Note: the relation between Cd and hg is inverse relationship because as hg decrease the ¢d
increase so hl incegase, Accirese

DRAWINGS :
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Exp. 9: The Flow Through Rectangular Sharp Crested Weir

Sharp and broad crested weirs are tools used to measure the open channel flow. In general, the flow
rate in small channels is measured using sharp crested weirs while the flow in large channels is
measured using the broad crested weir

s Ay adll da i ghd

1- Qact=Q*107-3/60
2- Qth=2/3 b (2g)"0.5 H"2/3
3- Cd=Qact/Qth

4- LogH
5- LOG Qact
6- H”2/3

Note : the relation between cd and H is direct relation as H increase the Cd decrease.

DRAWINGS:
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