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Dimension and Units :-

daaixall u.uw\ éJh

Dimension abstraction to describe those manifestations of the fluid that interest us.

1- Basic(primary) dimension :- the dimension that we pick, which are independent of all
other dimension.

Dimension C.g.s S.I. USCS
Mass M gram (gr) kg  pound mass(Lbm
Length L centimeter(cm) m foot(ft)
Time T second(s) s s
Force F dyne N pound force(Lbs
Temperature t () degree Kelvin(K) K R
2- Secondary dimension (derived units).
Dimension C.g.s S.1. USCS
Density P gm/cm? kg/m?3 Lbm
Pressure p dyn/cm? N/m? Ibe/ft?
Velocity u cm/s m/s ft/s
Mass flow rate my gm/s kg/s lbm/s
Volumetric flow rate Q cm?3/s m3/s ft3/s
Acceleration g cm/s? m/s? ft/s?
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Viscosity v
Heat capacity Cr
Work w
Power Po

Convert factors:-

1- Length

1lin. 2.54 cm

Im

2- Mass
lkg=2.21b
1lbm =254 gm =0.454 kg

3- Volume
1 m3 =1000 lit.

1 gallon =3.785 lit.

4- Temperature

F0=32+1.8C°
KO=(C% +273
R%=F° + 460

5- Pressure

100 cm =3.28 ft

’

gm/cm.s kg/m.s
cal/gm.c®  cal/kg.c®
dyn.cm N.m

dyn.cm/s N.m/s

1ft=30.48cm

Ib/fts.

BTU/Ibpm.F

br.ft
lbs.ft/s

1 atm. = 760 mmHg = 101325 N/m? = 101.325 KN/m? = 14.7 psi (lb¢/in?)

1 bar = 10° N/m? (Pascal)



6- Time
1 hr =60 min = 3600 sec.
7- Power

Watt =J/s =kg.m?/s?

Example:
The average commercial jet flies around an altitude of 32,500 feet. How high is this
in kilometers?

Problem:
What is this volume of 1 cubic foot in liters?

Example:
Many small car engines have an engine dispacement of 151 cubic inches. What is
this volume in cubic centimeters?

Example: A room measures 13 by 15 feet. Calculate the area in square meters.

Example:
Analysis of an air sample reveals that it contains 3.5 x 10 g/l of carbon monoxide.
Express the concentration of carbon monoxide in Ib/ft3.

Example :
Dina buys 27 liters of petrol for her car. How many gallons of petrol did she buy?

Example:

How many seconds are in a day?



Example: A gas sample has a pressure of 800.0 mmHg. What is the pressure of
this gas sample in atmospheres and in kilopascals.

Example: A tank of oxygen is under a pressure of about 4.00 x 10° kPa. Express
this pressure in millimeters of mercury.
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Quiz - convert the following :-
1- poise to 1-S.l. units 2- USCS units

2-80 km/hr to m/s 3-501b/in? to kg/m? 4-77F° to C°



5-10 lit/min to m3/sec 6- 15 gallon to m?3

Fluid :- Is the substance which must continue to change shape as long as there is a shear

stress.

Properties of fluid :-

1- Density:- is mass per volume

Mass density p=m/v (kg/m3 (gm/cm?)

Specific volume is the inverse of density .

sw.=1/p =(m?*k) (cm3/ gm)

Wight density (V) =w /v (N/m?)

Y=p*g (kgm/mis?

Specific gravity (sp.gr.) = ( pA/ Pw ) (kg/m3/ kg/m?3)

Pw = density of water = 1000 kg/m?

Example:
(5.6 m3) of oil weighing (46800 N), Calculate :-

1-wight density (Y) 2- mass density (P) 3-S.V. 4- Sp.gr.




Example:-
A tank (200 lit) fit with an oil weighing (1.9 kN) ,Calculate :-

1-wight density (Y) 2- mass density (P) 3-S.V. 4- Sp.gr.

Viscosity:-

Is the liquid resistance to flow,

M = Tdu/dx (kg/m.s) (dynamic viscosity)

where :- T=shear stress u = velocity d = diameter of tube
v=p/p (m?/s) stock  (kinematics viscosity)
Example:-

If the (sp.gr.) of a liquid is (0.8) and kinematics viscosity (V) is stock. Determine :-

1- viscosity in (poise) unit. 2- 1L in USCS unit.

Example:-

Viscosity of a liquid (M) is (0.6 kg/ms) , and specific gravity (sp.gr.) (0.8), calculate :-

1- density in S.1. 2- kinematics viscosity (V) ?
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Surface tension :-

is a property of the surface of a liquid that allows it to resist an external force., this behavior
account for the spherical shape of liquid drop.

It is revealed, for example, in floating of some objects on the surface of water, even though
they are denser than water, and in the ability of some insects and even reptiles

to run on the water surface

11
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Q\ If the (sp.gr.) of a liquid is (0.8) and kinematics viscosity (V) is stock. Determine :-

1- viscosity in (poise) unit. 2- | in USCS unit.

Capillary effect:-

h=4ccosdp/yd=2ccosd/yr
where :- h = height of liquid rise .
r=radius ,d=diameter ,d=2r
if the glass wallisclean - ¢ =0 (b =angel)

cosdp=cos0=1

h=40/ vd where :- O = surface tension coefficient.

Example:-

Determine the height of water rise (30 c°) in a capillary tube (2.5 mm) ,if 0 = 0.072N/m

and Pi=990 kg/m3, consider the glass wall is clean .

13



Example :
Find the height to which ethyl alcohol will rise in a glass capillary tube

(0.127 mm) in diameter.

Density is 790 kg/m?3, o =0.0227 N/m, and ¢ = 0°.

Example : A fluid has a specific weight of (y= 9.345 kN/m 3) and a dynamic
viscosity of (3.31x102 Pa.s). Determine its relative and mass density and its
kinematic viscosity. (v=3.48x10 > m 2 /s Sp.gr.=0.95 p =950 kg/m 3) ]

Example : The density of an oil is 850 kg/m?3. Find its relative density and Kinematic
viscosity if the dynamic viscosity is 5 x 10~ kg/ms.
[0.85, 1.47 x10°® m?%/s]

Example : Water at (10°C) stands in a clean glass tube of (2mm) diameter at a
height of( 35 mm.) What is the true static height? If at 10°C: y = 9800 N/m3,

o =0.0742 N/m.

Solution

at 10°C: g 9804 N/m3, s 0.0742 N/m.

for clean glass tube: cos 6 = 0°.

h =26 /yd = 2(0.0742 N/m)/ (9804 N/m3)0.001 m = 0.015 14 m - 15.14 mm
True static height = 35.00 - 15.14 = 19.86 mm

Distilled water at (20°C) stands in a glass tube of (6.0mm) diameter at a height of

14



(18.0 mm.) What is the true static height?

Example : Pure water at 50°F stands in a glass tube of(0.04 in) diameter at a height
of (6.78 in.) , Compute the true static height.

Example : A reservoir of oil has a mass of 825 kg. The reservoir has a volume of
0.917 m®. Compute the density, specific weight, and specific gravity of the oil.

Pressure:-
A pressure is a force perarea. P=F/A (N/m?) (Pascal)
Where:- F = force ,A=area

Manometer :- a device used to measure the pressure of fluid .

Pabs.= Pgauge + Patm.

Pvac. = Patm. _ Pabs.

atmospheric pressure = 101325 N/m? = 1 atm. = 760 mmHg

p=yh =pgh

15



Example:-

Convert a pressure of( 800 mmHg) to the following unit :-

1- Kpa 2- atm. 3- Psia

Example:-

The specific gravity of an oil is (0.8), what is the pressure in (S.I.) units in depth

(32.8ft)?

Example:- If the atmospheric pressure (Patm. = 760 mmHg), what is the (Pabs.) in S.1. units if
the gauge reading is ( 300 mmHg ) ?

Example:- Calculate 1- pressure 2- absolute pressure, in an open tank with depth

(5 m) contain water (Y = 9800 N/m?) ?

Example : Human blood has a density of approximately 1.05 x 103 kg/m?3. Use this
information to estimate the difference in blood pressure between the brain and the
feet in a person who is approximately six feet tall.

m

1. Convert the height to meters: h=46.0 ﬂ:[mj =183m

2. The difference in pressure is given by: F; —F =pgh

3. Obtain the numerical result: By~ By =(1.05x10° kgfm® ){9.81 mis* (1 83 m) = 19 kPa

16
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Q\ If the specific volume of a gas is 0.70 m3/kg, what is its specific weight in N/m3?

Buoyancy :-

It’s the net vertical force that stems from the fluid in contact with the body .

R=Y xv=pgV

W=mx§g

R=w > YV=mg (stable body)

Example: the weight of rock in the air is (400 N) and in the water (222 N) ,Calculate:-
1- Volume of the rock (V) 2- Specific gravity (s.p.) .
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Example: a body weighing in the air (1500 N) and in the water (1000 N) , find :-

1- losses in weight 2- body volume (V)

Example : A body with dimension(20.3 cm, 20.3 cm, 40.6 cm) is weighed in water at
A depth( 508 mm) and found to weigh(49 N) , Calculate :-

1-Body weight in air -1
2- Specific gravity of body.

Example:- An object weighs (290 N) in air and( 187 N) in oil of ( sp.gr. =0.75)

Find its volume and sp.gr. of the body .

Example 1:

: A basketball floats in a bathtub of water. The ball has a mass of 0.5 kg and a
diameter of 22 cm.

(a) What is the buoyant force?
(b) What is the volume of water displaced by the ball?
(c) What is the average density of the basketball?

(a) To find the buoyant force, simply draw a free-body diagram. The force of gravity
is balanced by the buoyant force:

Fh=mg=49N

(b) By Archimedes' principle, the buoyant force is equal to the weight of fluid
displaced.

Fo = p Vdisp 9
19



Vaisp= Fo/p g = 4.9/(1000%9.8) = 5 x 104 m?

(c) To find the density of the ball, we need to determine its volume. The volume of a
sphere is:

V=@43)mr

Withr =0.11 m, we get:

volume of basketball =V = 5.58 x 103 m?
The density is mass divided by volume:

p=m/V = 0.5/ 5.58 x 10 = 90 kg/m?

Example 2:

An object weighs 36 g in air and has a volume of 8.0 cm3. What will be its
apparent weight when immersed in water?

Solution: When immersed in water, the object is buoyed up by the mass of
the water it displaces, which of course is the mass of 8 cm? of water. Taking
the density of water as unity, the upward (buoyancy) force is just 8 g.

The apparent weight will be (36 g) - (8 g) = 28 g.

Example 3:

A piece of metal weighs 9.25 g in air, 8.20 g in water, and 8.36 g when
immersed in gasoline. a) What is the density of the metal? b) What is the
density of the gasoline?

EXAMPLE 4:

Calculate the buoyant force acting on an 8-kilogram block that is 10 cm wide, 20
cm deep, and 30 cm high, held completely submerged in a pool of water? When
released, does the block sink to the bottom or float to the surface? If it floats, what
percentage of it is sticking out of the water? If it sinks, what is the normal force,

Fn with which it sits on the bottom of the pool?

20



SOLUTION The volume of the block is 0.006 m3. The block is completely under
the water, so the volume of displaced water is equal to the volume of the whole
block. The weight of the displaced water is...

Fp =0 Va2
= 10005 - 0.006m* - 2.8 2
= 5917

So the buoyancy is pushing upward with a force of 59N. Gravity, on the other hand
is pulling down with a force of

F., =mg

— Skg- 2. 84
— 7ELT

The block, therefore, will sink to the bottom and come to a rest there, supported by
the floor with normal force of

78N - 59N = 19N
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Types of flow

Determination type of flow depending on Reynolds number ( Nge )

Nre =pud/pm  (dimension less)

NRe 2100 laminar
NRe 2800 turbulent

Example:- water flows through a pipeline with diameter ( 1in) at a rate of flow

(0.2 lit/s), what is the type of flow ,consider viscosity of water ( = 1073)

Example:- Determine type of flow occurring in a (0.3 m) pipe when :-
a- water flows at velocity of ( 1 m/s).

b — heavy oil flows at the same velocity.
Assume viscosity (1) of water =1.13 x 103 kg/m.s
viscosity () of heavy oil = 184 x 103 kg/m.s

density of (p) of heavy oil =900 kg/m?

23



Example:- Alcohol flow with velocity(1m/s) through a pipeline with diameter (0.1 m).
1- Find the type of flow if the specific gravity of alcohol is (0.8) and viscosity is
(0.12 kg/m.s)

2- what is the type of flow when the velocity increased to ( 0.7 m/s)

24
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Q\ Alcohol flow with velocity(1m/s) through a pipeline with diameter (0.1 m).
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1- Find the type of flow if the specific gravity of alcohol is (0.8) and viscosity is
(0.12 kg/m.s)

2- what is the type of flow when the velocity increased to ( 0.7 m/s)

Continuity equation :-

The continuity equation based on assuming a constant flow of fluid through a
conduit. If there is a stenosis in the conduit, the velocity of fluid will increase at
the site of stenosis to keep the continuity of flow. Flow (cmas/sec) in a conduit is
the product of cross-sectional area (CSA) of the conduit (cmz2) and the velocity

of the fluid (cm/sec).

Hea Lewel
r 5
Vent
V=7 lr__l—’——*_’_’i
p1=" d=20° pa=1atm
—— dz=10", ¥4 = 180 mph

w

Upstream Jection

Q =ux A
where:- Q = volume of flow rate (m3/s)
u =velocity (m/s)

A=area =(mn/4xd?) d=diameter

PLU1AL = pPrU A
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P1 = P2 (incompressible liquid)

ui A1 = U, A, = Q  (continuity equation)

Example:- the mean velocity of water in a (100 mm) pipe line is(2 m/s), calculate

the rate of flow (Q) in S.I. units .

Example:- Four cubic meters of water per minute flow through a pipeline with diameter

(d)(150 mm) ,Calculate the mean velocity (u) .

Example:- the mean velocity in a pipe with diameter (12 cm) is (1.5 m/s) ,Calculate

The mean velocity in the end of the pipe if its diameter reduced to ( 8 cm ).

EXAMPLE 1 : 10 m3/h of water flows through a pipe with 100 mm inside diameter.
The pipe is reduced to an inside dimension of 80 mm.
Calculate the velocity in the both ends .

EXAMPLE 2 : Water is flowing at a rate of 2m/s in a pipe of cross-sectional area
0.02m?. If the cross-section is reduced to half, then find the rate of flow.

EXAMPLE 3 :If pipe 1 diameter = 50mm, mean velocity 2m/s, pipe 2 diameter
40mm takes 30% of total discharge and pipe 3 diameter 60mm. What are the values
of discharge and mean velocity in each pipe?
(answer Q1 = 0.00392m3/s , Q2 = 0.001178 m?/s , Q3 =0.00275 m3/s

U2=0.936 m/s ,us=0.972m/s.)
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Bernoulli equation :-

"the total energy of a fluid at any point of flow is a constant .

Er=Pe+Ke+ g
Where :- Er = total energy
Pe = pressure energy =PV
Ke = kinetic energy =1/2 mu?

ge = potential energy=pg z

p/pg +u’/2g +z= constant

or for point1 and 2 :-

p1/pg +ui?/2g +z1 = p2/pg +u?/2g +2, ( Bernoulli equation)
p1/pg + u?/ 2g +z1+hp = p2/pg + u?/ 2g + 2, + hi+ hr (correction of Bernoulli eq.)

where :- hi= head losses , ht = turbine losses , h, = head added by pump .

EXAMPLE 4

A horizontal water pipe contains a uniform concentric taper where the diameter reduces from
400mm to 200mm. The water pressure at the inlet of the taper is 1 bar or (100 kN/m?) or
(100,000 N/m?)

If the inlet velocity is 2 m/s calculate the outlet velocity and the final pressure (in bar) at the
outlet.

Continuity Equation:
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A1.u1 = Ar.w

Find Ax:

Cross sectional area = (p.d?)/4
Ai=(p.d?)/4=(p.047%)/4=0.1257 m?

Qi =0.1257x2.0=0.2514m/s=Q

Ay = (p.0.2%)/4=0.0314m?
U2 = QZ/AZ
Uz = 0.2514\0.0314 = 8.0m/s

Use Bernoulli to find po.

(p1/pg)+(ui’/2.8) = (p2/pg)+(u?/2.g)

There is no z value because the taper is horizontal.

(100,000/1000 x9.81) + (22/2x9.81) = (p2/9810)+ 8 /2x9.81)
10.194 + 0.204 = (p./9810)+3.262
7.136 = p,/9810
p, =  70,004N/m?2 = 0.7 bar
EXAMPLE 5

A water pipe tapers from 300mm to 150mm. The pressure at the inlet is 500 kN/m?2,

The mean flow velocity at the inlet is 3.2 m/s. The elevation of the 300mm section is
4 metres above the 150mm section.

Using Bernoulli’'s equation find:
(a) the mean flow velocity at the 150mm section.

(b) the kinetic head at the 150mm section.
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Answer (a)
Q2=01

Q1 =A1. U1
Arl.ui=Az.u2

Ar=(p.d2)/4=(p.0.32)/4=0.0707 m?

Q1=0.0707x3.2 = 0.226 m¥s =Q:2
u. = Q2/ A2
u = 0.226/(p.0.152)/4 = 12.79 mis.
Answer (b)
Kinetichead = (ui?/2.9)
= 12.792/2x9.81
= 8.338 m
EXAMPLE 3

A horizontal water pipe contains a uniform concentric taper where the diameter
reduces from 300mm to 80mm.The water pressure at the inlet of the taper is 5 bar.
If the inlet velocity is 2 m/s calculate the outlet velocity and the final pressure (in bar)
at the outlet.

Al .ui=A. U
A=(p.d2)/4=(p.0.302)/4=0.0707 m?
A,=(p.d?)/4=(p.0.082)/4=0.00503 m?

AL.vi=A.
0.0707x 2.0 = 0.00503 x u »
u, = 28.11 m/s

(pr/pg)+(w?/2.9) = (p2/pg)+(u?/2.9)

50.968 + 0.204 =  (p2/9810)+40.274
p./9810 = 10.898
P2 = 106,909 N/m?.
P2 = 1.069 bar.
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EXAMPLE 4) Water flows through a pipe that has a diameter of 4 cm at the entrance
and 2 cm at the exit. The pressure drop across the pipe is 2.7*103 Pa. Calculate the
speed of the water in the pipe.

Solution:
A: = Pi (0.02)%? = 0.0012 m?
A; = Pi (0.01)%2 = 0.0003 m?

The pipe is horizontal, so it is similar to the example just above:
1 2
PI_PE__F’UI(( ) 1)

Plugging the numbers:
1
2.7 *10% = 5% 1000 * vZ (16 — 1)

Finally: v = 0.6 m/s.
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orifice meter, venture meter

These device flow meter is installed in the fluid circuit
of the. The flow rate measurement is based on the
differential pressure method. using Bernoulli's
principle and the Continuity law.

Example:-water flows through a horizontal pipeline with diameter increasing gradually
from (0.25 m) to (0.5 m), the volumetric flow rate is ( Q = 4.5 m3/s) and the pressure
at the end of the pipe (p2 = 1.5 bar), Calculate the pressure (p1),

neglect the pressure drop due to friction .

Example: If crude oil flows through a pipeline (figure 1)

With velocity (u) at point (A) is (2.4 m/s),

35



Calculate the pressure drop (p1-p2)(Ap) for crude oil .
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Pumps:-
Pumping :- is supplying the energy to the liquid to move from place to another ;
Pump gives the energy to the pumping liquid .
Y=g xH where :-y = specific work (kj/kg)

H :- total head (m)

Types of pumps :-

There are two main types of pumps :-

a - Positive displacement pumps.

b - Rotary pumps .

1- Piston pumps :- consist of ( cylinder, piston, suction valve, piston valve,
Suction piping, pressure piping )

Efficiency (0.7 —-0.9), use for normal viscosity liquid .

2- Centrifugal pumps :- consist of (housing , impeller ,suction piping , pressure

piping, Check valve)

3- Rotary pumps :- consist of ( cams, body ) use for high viscose liquid .

4- Vapor pumps ;- use for pumping water-steam ,or gasses ,through a diffuser .

Efficiency (0.2-0.4)

5- pressure gas pumps :- use for pumping acids and liquids by mixing air with the liquid
Efficiency (0.2-0.4)
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Power supplied by Pumps

Power of the pump = energy being transferred

Pa=ha* W (where W is the weight flow rate)
=ha*vy*Q

SI units of power = watt (W) = 1.0 N.m/N or 1.0 Joule
US units of Power = Ib-ft/s
1 horsepower =1 hp =550 Ib-ft/s

1 hp = 745.7 Watt

Efficiency of the Pump

= (Power delivered to the fluid/ Power supplied to the pump)

Ex :- (135 m3/hr) of water pumping by a centrifugal pump to height of (33 m), calculate

the power required for the pump . (Ans:-12.14 kw)

Ex : - Calculate the pump power required to move ( 2 m3/min) of water to a height

(60 m).
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Vacuum pump Rotary Gear pump

Discharge

Piston pump Plunger pump

Volute

Casing
Vanes

| T T

L_/ ™ ;

centrifugal pump_
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Fluid flow through a packed column :-

Porosity :-

Cooling tower .

£=VPa_VPa/VPa = 1- VS/VPa

where:- Vp, = volume of packed area

Vs = volume of solids.
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Packed column used in several industries such as absorption , drying, distillation and

The purpose of packing is to reducing the diameter and the height of column by increasing
the surface area of contact between liquid and gas .

A+B B

A+C



Ex1:- volume of a container(1000 cm?3) fitted with (1150 balls),diameter of one ball is

(1 cm) .find the porosity ?

Ex2:- A cylindrical container with a height (20 cm) and (5 cm) diameter ,fitted with
a particle (300 gm) and (p = 2 gm/cm?3), find the porocity.

Type of flow through a packed layer

Nre=pud/pt ————»  Nge=  upd/So(1-g) 1 Ngre< 10 laminar
Where :- So= surface area of one particle.
So= area of particle / volume of particle = m?/m3=1/m

So=md? / nd® = 6/d

Se= So(1-€) where Sg= specific area of packed.

Pressure drop in packed layer

Ap=KopLu(1-€)*So?/ €

Where :- Ko= Factor (3.3-3.5) depend on volume and shape and porosity of particle.
Lo = height of packed layer.
€ = porosity.

So = surface area.
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Mean velocity through a packed layer

Us=u/e

Where :-

u = velocity without packing.

Ex1:- A gas flow at velocity (0.03 m/s) through a layer fitted with a spherical shape
Particle (d=0.005 m), height of a layer is (3 m), find :-
1Type of flow 2- calculate the pressure drop :-

If £€=0.3 p =1.25 kg/m3 w=1.25x 105 k

I
(9]

Ex2:- A container (1000 cm?) fitted with (1150 ) balls. diameter of one ball(1 cm ),
If the velocity through the same empty container is (1 m/s),find:- 1- porosity(g)

2- specific area of packing (Ss) , 3- mean velocity through the packing.

Ex3:- A cubic tank with dimension(36 x 36 x 36 )cm , contain a spherical packed(3 cm)
number of balls ( 1728 ), find :-

1- porosity of the cubic packed layer . 2- specific area of particle (Ss )
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