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» Exp. 1: Hydrostatic Force and Center of Pressure
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» Exp. 2: Orifice and Jet Flow

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

» Exp. 4: Impact of Water Jet

» Exp. 5: Friction in Pipes and Losses from Fittings and Bends




JExp. 1: Hydrostatic Force and Center of Pressure
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**Hydrostatic forces are the resultant force caused by the pressure loading
of a liquid acting on submerged surfaces.

sl avall o el Ll daaca e Al Alcanall 5 68l o Ao g gl 5 gl

s»*Calculation of the hydrostatic force and the location of the center of
pressure are fundamental subjects in fluid mechanics.
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**Hydrostatic forces on the upper and lower curved surfaces, therefore,
have no net effect —because the forces pass through the pivot (M=0)

**The forces on the sides of the quadrant are horizontal and cancel each
other out (equal and opposite) .

**The forces which create these moments are the weight applied to the
balance arm and the hydrostatic force on the vertical surface.

**The system is in equilibrium if the moments generated about the pivot
points by the hydrostatic force and added weight (=mg) are equal .
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»Casel
Trial #  Mass(g) = Water
depth
(mm)
1
2
> Case2
Trial #  Mass(g) | Water
depth
(mm)
1
2
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»water depth (y) < surface depth (d) : Casel

»water depth (y) > surface depth (d) : Case2
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»water depth (y) < surface depth (d)

> Case?2
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»water depth (y) > surface depth (d)
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» Case 1: Partially submerged surface: water depth (y) < surface depth (d)
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» Case 1: Partially submerged surface: water depth (y) < surface depth (d)

unit
mx*g=*R
Foxp = 7 (N)
2 3
2m+*R
ch.exp= (p*b*y%) RZ + y (m)
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» Case 2: Fully submerged surface: water depth (y) > surface depth (d)

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

F = m*g*R
exp R, ((yd) ( )) (N)
Y- 7)
_ 2mx*R, )
ch.exp o (p*(Zybd—bdZ) RZ T y (m)
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Q(Sheet+Years ). A rectangular plan surface lies in water in such away
that its plan makes an angle 30 with free surface of water, determine
the hydrostatic force ?

im

Rec Gate 3m




F=pgXysinoxA

3 \ 3
in30 =— x=A= 6 =14+—=2.5
SIn " y +2

= 9810« 25«61 =147.150kN
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Q(Years). The storage tank 60*60*60 cm filled with water, if the tank
has rectangular gate 20cm width and 30 cm height at the bottom on
one side of the tank . Calculate the resultant force on the gate and its
location if tank is full ?

= sUara & daca )

»

0.30

0.20



\ 0.30

A=0.2%x0.3=0.06

Fi\o =9810 x 0.45 x 0.20 x 0.30

. LT " 1_12*0.2*0.33
— +— — V. +
ep.tho — Y TI 7 0.45+0.2+0.3

= 0.467



JQ(Years). For fully submerged objects as the immersion depth

. .Y
increases, the ratio T ?
Ccp

Ans. Increases

dQ(Years). For partiallyimmerged plan, the center of pressure
becomes closer to the centroid with increasing in water height ?

Ans . False

dCenter of pressure(y,,) is always deeper than the center of area(y‘)
because the pressure of water increases by depth .




dQ(Years). The upper and lower edges of a square surface of
length 4 m are at depth of 1 m and 3 m respectively in water .
What will be the depth of the center of pressure ?

Tmm 3 m

4m



143 1

2 I =—Dbh3
Yy =7 12
. _ = i
Area =4 +4 =16 sinf = —
. ~pa3
Ycp.tho= Yy + ;,Z*b * (Sln 0)2
21.33

=2+ x (0.5)% = 2.167

cp tho — 2+x16

|

1
— 4 %x43=
12

sin@ = 0.5

2

21.33



JQ(Years). A dam that retains fresh water has a vertical face , over a
one meter length on the face at the center of the valley the water
depth is 18 m, find the resultant force on the unit length of the face
and what depth from the surface does the resultant force act ?

I gl gﬁ sUana & daw

1
2*18*18*9.81*1000

= 1589.22

4

pgh

2 .
* Resultant Force acts on surface at : distance from top and the pressure
distribution is tringle in shape, F will act 12 m from surface .



JExp. 2: Orifice and Jet Flow
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Log Qa
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Water level (H) (cm)
Volume (L)
Time (t) (s)

Diameter of orifice (D)
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(unit)
0. — Volume m3
awt — time )
p X
V= Baag
2 \/y H (53a5 0199)

tho \/Zg * H (?)
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chO 4_ * \/Zg * H
_Q .
Cp = Q. (5225 G99)
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JQ(Years ). Water flows from a tank through small orifice of 6mm
diameter . The water drained from the tank is collected producing 4.2 L
in 82 seconds . Calculate the water head in the tank that produced
such flow given that the velocity coefficient Cv is 0.85 ?

Volume 4.2%1073

— ~ _4 -5
Qact 512 * 107>
Vact = = — = 1.81
A 1*6*6*10‘3*10‘3
% 1.81
Cy =7 085 =v——  Vtho = 2.129
tho

Vo = V29 *H 2.129 =/2+9.81«H H=231



dQ(Years). A small orifice with a diameter of 0.012m discharges water
under a head of 1.43m . If Cd is 0.59

A) What is the actual discharge ?

B) What is the relation between horizontal and vertical distance of the
trajectory jet if the Cc(contraction coefficient ) = 0.65 .

Note : Cd=Cc*Cv

T+ 0.012% \
Qino = 0 +v2%9.81%1.43 =5.98 10"
Q
0.59 = _ Q
Q:ho 0.59 5.98x10~4 Q=3.53+x10"*



C,= Cv*Cc

0.59 =Cv x0.65

C,=0.90



dQ(Years). As the orifice material getting aged (becomes rougher),
the discharge coefficient (Cd) (decreases )

Q(Years). Draw an approximate relationship between the head loss
for flow from small orifice versus the water head ?

* Ans. (Increasing direct relation )

dQ(Years) . For small orifice as the actual energy head loss increases,
the discharge coefficient (Cd) ?

Ans. Decreases




dQ(Years). As Q.. goes from Q,,,, , Cd becomes lower ?
Ans. False

Q
C T — Zact,
D cho

Q(Years). There is an inverse relation between Cd and the height of
water in the tank (above the orifice )

Ans. True

. h __ Qact
CD L= Q... V1T




JQ(Years). Water jet leaves a tank through small orifice . The
trajectory of the jet travels 72 cm horizontal distance while drops
vertical distance of 55 cm . If the Cv = 0.88 , calculate the water head
in the tank and the energy head loss ?

Voo = ——l 2 = 2.15
" Jz 055 0.88= - Vino = 2.44
9.81 tho
2.44=+2+9.81+H H =10.30
2157
h; =0.30 — =0.06

2%x9.81



dQ(Years). A jet of water discharges from a small orifice, the
trajectory of the jet is measured and it is found to travel 2.5 m
horizontally while dropping vertically through a distance 1.2 m..

* Find:
1- Calculate the velocity of the jet

2- if the coefficient of velocity of the orifice is 0.98 , calculate the head
of producing the flow ?



V= = 5.05
y =12 JZ*LZ
9.81
— I Vact
VZtho:\/Zg*Hl CV_Vt,,,,
V,, = 5.15 5.15 =v2%9.81+H,

H,=1.35

Type

equation

here.

0.98 =

5.05

tho



Q(Years). Compared to orifice of Cd =0.9, the actual Q measured
using orifice of Cd=0.4 is ?

Ans. Has the same accuracy



JExp. 3: Bernoulli's Theorem and Venturi Meter
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Manometer 8

h, > h.

4L de o UM 3 S Aaliwa Totaﬁnead probe

Venturi meter
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Manometer 1 Manometer 5 Manometer 8

Pitot Tube

T
N

h
Stagnation point (v = 0

_a— Plastic tube

____________________________________

5 Totz:\nead probe

Venturi meter

J Pitot tube consists of steel tube of Stagnation point (I = 0)

M ¥

Total Head biia A8 _a onic 48Ul S




Manometer | Manometer 5 Manometer 8

Llal) aie A8l A8l slay) duas

/

** Horizontal tube connected with
manometers at different points

to measure the Static head . a—Plastic tube

Tota‘l\ead probe

Venturi meter

vV 2
i = Total Head — Static Head

From Manometer #8



E (Total ) X +Z+V2
otal energy) = — —
Pg / 29

_______________________________ Potential energy due to elevation

5 To[a‘l\nead probe

Kinetic energy due to motion

E,=E
1 5 , - _______» Pressure head or Static head
Zl — Z5 Vl , Pl VS I P5

29 pg 29 P9 L .
5

1_A1
2g(hy — hs)
V 1_(%)2 e (g ghi dalall Al o b e
1
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H, = Pressure Head H, = Total Head



Volume (L) Time (Sec) Readings (cm) Point 1 Point 5
Hp (h) h, hy
HT
H, (h) h, h.
HT

age l3n 2 g Cilan gl a7 ZANED 5 gladl




g Al g0 )
ol o lgaadind

Volume
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H, HT
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then tD?
A, = n'_DZ (m?2) —> A= (m?)
1 4
Volume 3 then
Quct = time (mT) ‘ h, = (hy — hg) (m)
2g(h, — h.) 3 then

=ty [ERED i then oo,

\ 1 — (A—l)z tho




Q m then V «D

Vs = A_s ) —_ Re = 106
Q W alay (opie 4 \
Method 1 sz Ay iyl Ll eyl
2
Method 2 h,—hp = —



Qact

(0,0)

Slope = Cd * Ax

\/hl _ h5

\



Q. The relation between Re and Cd is (not direct) .
Q. Venture meter used to measure (actual flow rate) .
Q. Pitot tube used to measure (total head directly)

Q. Manometer used to measure (pressure head) .

Q. In the energy equation , the pressure head (i) is called
, Pg
the (static head )
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Q(Years). A pitot tube installed in a pipeline of 10 cm diameter,
before installing the pitot tube the static pressure head was 1.815m .
After installing the tube the stagnation pressure head reads 2.666m .
If the water discharged from the pipe collected producing volume

122 L in 4 seconds . What is the velocity coefficient ?

V,° | Pl_VZZ By
29 pg 29 pg

V 2
2; - 1.815 = 2.666 V., 1=4.08




act

0.122

_3.88
"~ 4.08

= 0.0305

= 0.95

act

~0.0305

m*(0.1)2

= 3.88



Q(Years). Venture tube of D;=25mm and D.=10mm inside diameters
was used to collect flow volume versus manometer heads at points 1
and 5 . The table below shows data , Find Cd ?

50 30 1.3 29

80 50 1.5 27

140 90 2.4 33



1.3%107° . 1.5 %1077 .

Quee = ——9 — =4.48+10 Quet = ——-—— =5.55+10
2.4%1073 .

Quee = ——33—— =7.27+10

Vh, — h: =Vv0.05 — 0.03 = 0.14 Vh, — h; =v0.08 — 0.05 = 0.17

Vh; — hs =+/0.14 — 0.09 = 0 4, =™ ; ) 49010~
1(0.01)?

A = ( i ) =7.85%107°>



Qact

Slope = Cd * Ax

V11— (A_l)z

(0,0) Vhy — hs

il Gk ) sl Gadai s Jaall a5 A 1) s s



dQ(Years) . The flow in pipes is usually measured using ?

Ans . Orifice + venture meter

JQ(Years). At stagnation Point , the pressure head is equal to zero ?

Ans. False (Velocity equal zero)



dQ(Years). A pitot static tube has a coefficient of 0.95, the differential
head reading is 1 m of water when it is positioned on the centerline
of pipe of constant diameter .

1- What is the velocity of flow at this point ?

2- If the stagnation pressure head is 2.942 m of water what is the
pressure head of the following water ?

V:CU*\/Z*g*H V =095%v2%981 %1 V=420

4. 204
2 %9.81

= 2.942 — Static Head Static Head = 2. 04



dQ(Years). A venturi tube with a 20 cm diameter throat is installed
in a 30 cm in diameter water line , the venturi is perfectly smooth,
the discharge coefficient is 0.62 , an attached manometer registers
a 10 cm differential .

1- what is the actual volumetric flow rate ?

2- What is the stagnation pressure head in kPa if the pressure head in
the throatis 15cm ?

1(0.30)? 1(0.20)?
A, = = 0.070 A = = 0.0314
4 4
0. =4 2g(hy — hs) 2%9.81+0.10
o =5 I A Q.= 0.62%0.0314 ooz = 0.0305
A V 1-(5.070)




——15 =10 1 _
0g — = 25cm

PY

N
25 %9810 * 1072 = 2452.5—
m

N

25 % 9810 * 1072 = 2452.5—;
m

N

2452.5— * 1073 = 2.45kPa
m



Q(Years). Water flows through a straight pipeline that reduces in
diameter from section 1 to 2, the centerline of the pipe is horizontal

if v,=1.54 ? , D,=0.40 m, D,=0.30m, P,=50kPa , assume no loss of
energy what is the value of P,?

VA, =V,A,

3.14 (0.40)2 = V 3.1
. — *
4 274

4
1.54 * (0.30)2 V4, 279

1.54* P, 2.72% 50%*10°

+ + _
29 | pg 24 0g P, =52556.96




JExp. 4: Impact of Water Jet
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Weight pan : . Level gauge
Spring T

Knurled screw

Target plate

Nozzle

Inlet pipe
Adjustable feet




external mass

Vi

0
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7" deflected jetat©
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F.., = m=*vo(1— cos0) v ¢ Al O ey vie sl de

m = External Mass

F, =m=xg

exp

m * vo = pQVo = Mass Flow Rate
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Vo — \/(Vnozzle)z o ZgS (?) M pQVO = 1000 » Q * VO

Fexp:m*g (N) &b Ft}w:m*UO(].—COSH) (N)

m*vo = pQVo



exp

Sl =
ope S0Vo

pQVo

F,,, = pQVo (1 —cosB) m* vo = pQVo

Slope = (1 — cos 0)



Q. When the impact angle increases the flow rate (decreases) .

Q. When the internal angle =30  the impact equation m * vo(1 — cos 150)

dQ(Years). The scientific concept that demonstrates the impact of water jet is
the (momentum conservation)

dQ(Years). For deflected water Jet, as the flow deflection angle increases , the
resulted force (increases)



dQ(Years). During the Impact of water Jet experiment the following
data set was obtained , the diameter of the nozzle is 7mm and the
distance from the nozzle tip to the target is 30mm , show graphically
the type of the target being hit by the water jet ?

m Collected water Volume (L) Time(S)

100 8 41
500 7 16




v 4.37x107% 11 2
nozzel 3.84 1075 T

81077 4
Quee =——77— =1.95+10

7 x 1073 4
act = 16 =4.37 x 10

V. =(507)2 —2%9.81%0.03 = 5.01

V. =+(11.38)2 — 2% 9.81 * 0.03 = 11.35



F,.,=0.1+9.81=0.981 F,.,=05%9.81 = 4.905

pQVo =1000%Q =V, = 1000 * 1.95 x 10™% % 5.01 = 0.97

pQVo =1000*Q *V, = 1000 *4.37 * 10~* * 11.35 = 4.95



exp
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pQVo

1.11 = (1 — cos8)

0 =96.31  Flat



dQ(Years). The data in table below was collected during the impact of

water jet experiment , knowing that the nozzle diameter is 8mm .

Reading Water volume (m3) Time(sec) Mass (g) Target Type
1 0.005 40.18 30 Flat Plate
2 0.005 30.04 55 Flat Plate
1 0.005 39.19 50 Cone 120
2 0.005 32.5 72 Cone 120
1 0.005 40 60 Hemisphere 180
2 0.005 26 150 Hemisphere 180




 Part 1. Calculate the following table in the
next slide and show your calculations .

* Part 2. Arrange the type of plates according to increasing the
momentum force and plot slope of each target due to what reason
there is a difference between slopes of 3 types of targets ?

* Part 3. If we increase the nozzle diameter by 1 mm , how will
momentum force be affected and discuss why ?



Target Type

k
Mass flow rate (?g)

Velocity (ﬁ)

Momentum(N)

Force due to gravity (N)

Flat Plate

Flat Plate

Cone 120

Cone 120

Hemisphere 180

Hemisphere 180

/[A
A=+ (0. 008)> =5.03 * 10>

1.244 % 10~4

V. =
1 5.03%10°5

Mass Flow rate = 1000 * 1.244 « 10~% = 0.1244

Momentum = 0.1244 x 2.35 = 0.29234

= 2.47

~ 0.005
4 40.18

= 1.244 % 10~*

V., =+/(2.47)2 —2 % 9.81 % 0.03 = 2.35

Force due to gravity =

30

1000

*9.81 = 0.2943



Target Type Mass flow rate (%) Velocity (ﬁ) Momentum(N) Force due to gravity (N)
Flat Plate 0.1244 2.35 0.29234 0.2943
Flat Plate 0.166 3.21 0.53286 0.53955
Cone 120 0.128 241 0.30976 0.4905
Cone 120 0.154 2.96 0.45584 0.70632
Hemisphere 180 0.125 2.37 0.29625 0.5886
Hemisphere 180 0.192 3.74 0.71808 1.4715




Fmeasured Hemisphere 180

Cone 120

Flat Plate

Momentum



»>Part 2.
0.37
* Slope for flat 90 = rvike 0925=1

* Slope for cone 120 = % =152 = 1.5

081

* Slope for Hemisphere 180 = Yl 2.02 = 2

» Part 3.
DTsoATsoV lsoVol sothe forcewill decrease



1Q(Years). The jet leaves a nozzle of 8mm diameter and hits the
inclined target as shown , A weight of 100g is placed on the target to
create a balance as in your experiment , compute the required flow
rate of the water jet to achieve the balance ?




mx*g = pQVo (1—cosB)
0.1 %*9.81 =1000QV, (1 — cos120)

. = 19904.450

nozzel — TT 2
ZO.OO8

V. =+/(19904.450 )2 — 2 ¥ 9.81 % 0.03

0.1*9.81 = 10000+/(19904.45Q )2 — 2 x 9.81 * 0.03 * (1 — cos 120)

Q=1.83+10"*



 Exp. 5: Friction in Pipes and Losses from Fittings and Bends
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EGL: Energy Grade Line
Bl (5 giua Jia;

HGL: Hydraulic Grade Line
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HGL = Z, + Pressure(Static) Head

V,=V,
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J We can divide Flow for two types :

turbulent flow

laminar flow
———_ = R — -
& < c fos - :'-
T a7 —
,_ : —
» Its depends on Reynolds number
Veloci.ty .
Density of flud < 2000 Laminar flow
of fluid \ '
{2 —& ansitl !
pV D | 2000—=4000 Transition flow
Re = —— Diameter > 4000  Turbulent flow
: U of pipe

Resmalds Nabed Dynamic Viscosity

of fluid



turbulent flow
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* f isthe Darcy friction factor

» Function of the flow Re #
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» Function of the pipe relative roughness :
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laminar flow
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J The general form of the energy loss (hL) from pipe bends or fittings
(valves for example)
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A. 90° Elbow
B. 45° Elbow
C. Street Elbow




» Where K is the energy loss factor that depends on the bend angle
and radius of bending .
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B Volume m3 then f, m
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*L*vz .
h“’w:];*D*g\ Ui Wgibaaa o * wewantto find f

/ / O\

Bl lglen 2 Jane 9.81

h;, unit is (m)

* wewantto find K
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Q. The Darcy friction factor f is function of Re# only in (laminar flow).

Q.hL effected by the type of material (turbulent flow ).

J Q. The value of head losses in smooth material (less than) rough
material

1 Q. If the pipe internal surface is rough and the flow has high velocity
then the flow is said to be (turbulent flow )




aQ. h; a V> for (turbulent flow) while h; a V for (laminar flow) .

Q. if v = 2v then h; @ 4V * in (turbulent flow) .
Q. h; a length of pipe and a % (in laminar flow) .

1
.7
EIQ.faRe ? Correct

Q(Years). For turbulent flow in pressurized pipe, if the flow rate
50% reduced then head loss is (reduced 4 times )
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1Q(Years). In the friction loss experiment , the diameter of

horizontal PVC pipe in 2.5cm and three pressure tappings
(manometers) are connected to the surface of the pipe with the water
level in each one of them is equal 20,15 and 5 cm respectively .

The distance between tapping 1 and 2 is 1.25m and tapping 2 and 3 are
only separated by a valve . Assuming that the friction factor in ;che pipe

is equal to 0.01 and that kinematic viscosity is equal to 107° mT

Find the following :

1- The velocity of water in pipe

2- the pressure loss between point 1 and point 2
3- if the flow is laminar or turbulent ?

4- the loss coefficient of the valve (k)

5- if the pipe is replaced with a cast iron pipe with the same diameter
and a friction factor 0.02 what would the water level be in tapping 2 ?




f * L x v* Jo _2#Dxgehl _ 2+0025+(0.20 ~ 0.15) « 9.81
thho_Z*D*g Ry 0.01+1.25

V=1.40 Jo¥) £ Al

(P, —P,)*y =(0.20 — 0.15) * 9810 = 490.5 Al £ Al)

VD _ 1.40%0.025

Re: o
u 106

= 35000 So its turbulent Flow Sl EJAJ\




(1.40)%=

K_Z*g*hL_2*9.81*(0.15—0.05)
vz (1.40)2

2 % 0.025 * (0.20 — X) = 9.81

0.01 % 1.25

X =10.01 gl £ 8l




1Q(Years). Horizontal pipe has diameter of 12 cm discharges flow
180 L . The pipe friction factor f is 0.025 , if the pipe total length

min !
is 50 cm and 90 bend in the middle , calculate the bend loss

coefficient K assuming the total head drops 2m along the pipe
length ?

| | 180 « 1072 :
h, = Major Loss + Minor Loss Quc: = 0 =310~
31073 fxLxv* Kx*v?
V= = 0.265 2 = +
1(0.12)2 2 %D % g Zg

~0.025 0.5 * (0.265)? N K * (0.265 )2
B 2% 0.12 * 9.81 2 % 9.81 F&E3: SRR




dQ(Years). The following table shows experimental results for a pipe
velocity and its associated head loss .

What type of flow exists and justify your answer ?

h, (m)



Velocity

Flow is turbulent, not linear between velocity and h,




dQ(Years) . For turbulent flow in a pipe of constant diameter, if the flow rate
is doubled , the head loss becomes ?

Ans. 4 times greater

Q(Years) . The flow in pressurized pipe always moves from the point of the ?

Ans. Highest energy



dQ(Years). Straight horizontal pipe has diameter of 6 cm that

discharges flow of 424 ﬁ , the differential pressure between two

points that are 15m apart is 19.62kPa, calculate the friction factor
and the Reynolds number ?

424 1073 S y o106+ 1073 Ay
— = /. * — — L.
e 60 7 (0.06)2
o, 2:496%0.06
*TT1.106
1 - | kPa 2
‘ L _f*15+2.496 f=0.025

0.10199773339984 | meter of head 2 % 0.06 * 9.81




