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Measurement and Control 
  

Measurement and its terms: 
 

Measurement generally involves using an instrument as 
physical means of determining a quantity or variable. 

The instrument serves as an extension of human 
faculties.  

and in many cases enables a person to determine the 
value of unknown quantity which his unaided human 
faculties could not measure. 

 



Measurement work employs a number of terms which 
should be defined here:- 

Instrument: 
  Is a device for determining the value or magnitude of 

quantity or variable. 
 

Accuracy:  
   Closeness width which an instrument reading 

approaches the true value of variable being measured. 
 

   



 Precision:-   

 A measure of the reproducibility of the measurement, 
i.e. given affixed value of a variable precision is a 
measure of the degree to which successive 
measurements differ from one another. 

  Sensitivity:- 

 The ratio of output signal or response of the 
instrument to achange of input or measured variable. 

 Resolution:- 

 The smallest change in measured value to which the 
instrument will respond. 



 

 Error:-  

 Deviation from the true value of the measured 
variable. 

 No measurement can be made with perfect 
accuracy. The study of errors is a first step in 
finding ways to reduce them. 

   

   



 

 Type of error 

 Errors may come from different sources and are 
usually classified under three main headings:- 

 Gross errors  

 Systematic errors 

 Random errors 



 

 1-  Gross errors:-  

 Largely human errors, among them misreading of 
instruments, incorrect adjustment and improper 
application of instruments, and computational 
mistakes. 

 2- Systematic errors:- 

 Shortcoming of the instruments such as defective or 
worn parts, and effects of the environment on the 
equipment or the user. 

 3- Random errors:- 

 Those due to causes that cannot be directly 
established because of random variations in the 
parameter  or the system of measurement. 



Calculation of errors 

  Absolute error ΔXabs :-  
 is the different between the actual value Xo and 

apparent value X .         ΔXabs = X – Xo 

 

 Relative error  ΔXrel :- 
  is the ratio between absolute error and apparent 

value.         ΔXrel = (ΔXabs / X) * 100  
 

 Redact error ΔXred :- is the ratio of absolute error for 
highest reading and the measurement range. 

            ΔXred = [(X - Xo)max / (Xmax - Xmin)]*100     
   



  Example1:- 
   A voltmeter with(250V)scale, its error is(+0.5 %) 
   how much its error will be when the reading is  
   (125 V)? 
   
 Example2 :-  
   Aflow meter with range (0 - 200) lit/min the error 
   written on it, is (+ 0.5 %) 
   calculate the actual value of discharge if the pointer 
   read(120)lit/min 

   



 System international units 
  

 SI:  Systeme international unites 

 Seven fundamental units: 

  Length:                           meter          m 

 Mass:                              kilogram      kg 

 Time:                              second         s 

 Electric current:            ampere         A 

 Temperature:                 kelvin           K    

 Amount of substance:   mole            mol 

 Luminous intensity:       candela       cd 
   

 



All other dimensions derived from above units like: 

 Force                   N 

 Velocity                M/ sec 

 Acceleration        M/ sec2 

 Area                      M2 

 Volume                 M3 

 Pressure              N/M2 

 Flow rate              M3/sec    

 Density                 Kg/M3  

 

  



 
Electric circuits  

 To begin our study of electric circuits we need to 
know, what an electric circuit is? What do we 
mean by its analysis? What quantities are 
associated with it? In what units these quantities 
are measured? and the basic definition and 
conventions used in circuit theory. 

 Electric circuit:-  is a collection of electrical 
elements interconnected in some specific way. 

   

 



Electrical quantities are:- 

 1) Current :- 

 the primary purpose of an of electric circuit is to 
move or transfer charges along    specified paths. 

 This motion of charges constitutes  an electric 
current denoted by the letter (i) or (I) , 

 So current is the time rate of change of charge. 

 i = dq/dt 



 Its unit is ampere (A)  (coulomb/second) , one 
ampere current means the motion of(6.28 x1018) 
electrons per second. 

 There are several types of current in common use 
:- 

 Direct current (Dc). 

 Alternating current (Ac). 

 Exponential current. 

 Saw tooth current. 

 



2) Potential or voltage:- 
  
 Charges in a conductor exemplified by free electrons may 

move 
 if we want some concerted motion such as the case with an 
 electric current, we must apply an external electromotive 

force (EMF), thus work is done on the charges. 
 So voltage is the number of joules of work performed on a 

unit 
 Charge (1 coulomb) to moved it from one terminal to the 

other. 
 The unit of voltage or potential difference is the volt (v). 
   

 1V = 1J/C 



 -:) Resistance3 
 It may be defined as the property of a substance which 

dose oppose  the flow of electrons through it. 

 The unit of resistance (R) is the ohm ( Ω ) , (KΩ) , 
(MΩ) , (m Ω), (µΩ). 

 The resistance value of a substance depends on the 
following factors :- 

 1. It varies directly on its length ( L). 

 2. It varies inversely on the cross-section area (A) of 

      the conductor. 

 3. It depends on the nature of the material. 

 4. It also depends on the temperature of the material. 

 



 If we neglecting the last factor , so: 

 R α L / A 

 R = ρ. L / A 

  ρ  is known as specific resistance which depend 
on the nature of the material. 

    Conductance ( G ) is reciprocal of resistance 

  

G = 1/ R → G = A / ρ. L 

  



EX: 

Calculate the resistance of (100 M) length of a 

wire having a uniform cross-sectional area of 
(0.1mm2) , if the wire is made of manganin having 
a specific resistance of (50 x 10  Ω.M ).  

 and how much its conductance G? 

 



  
Effect of temperature on resistance 

 
All conductors and some of semiconductors increase 

there resistance with the rise of temperature , but the 
resistance of insulators decrease with the rise of 
temperature. 

The relation between temperature and resistance is 
usually of the form: 

 R2 = R1 [ 1+ α1(T2 _ T1)] 

R1   is resistance at temp. T1. 

R2   is resistance at temp. T2. 

α1    the temperature coefficient at T1. 

α     for conductors has positive value. 

α     for insulators has negative value. 

 



OHM S LAW 

Ohm s law states that the voltage a cross a 
resistors is directly proportional to the current 
flowing through the resistor. The constant of 
proportionality is the resistance value of the 
resistor in ohms. 

  

V α I  →  V = R I 

    R = V/ I 



-Energy: )4 

Is the amount of work required to maintain a 
current of 1 amperes flow through a resistance (R) 
ohm for (t) second. 

W = I2 R t   jouls. 

 

W = V I t 

 

W = (V2/ R) .t 



-:Power)  5 

Is the rate of doing work or energy expended per 
second. 

P= W/t    joules/second (watt) 

P=I2 R = VI =  V2 /R 

Hours power(hp) = 746 J/sec  = 746 watt 

 

-( η):Efficiency) 6 

The ratio between output and input power 

                             

Efficiency (η) = [(out put power) /(in put power)] x 100 

          

 η    = [ Eout / Ein] x100 



Problems 
1- A coil has a resistance of (20 Ω) when its  

temperature is (50 Co), and (18 Ω) when its 
temperature is (20 Co), find its temperature when 
its resistance is (25 Ω).    

       

2- A platinum coil has a resistance of (3.15Ω) at 
40Co and (3.77Ω) at 100Co, find the resistance at 
0Co  and the temperature coefficient of resistance 
at 40Co. 



3- The coil of a relay takes a current of(0.12A) when it is 
at 15Co and connected across a (60V) supplier. 

 If the minimum operating current of the relay is 0.1A 

 Calculate the temperature above which the  relay will  
fail to operate when connected to the same supplier.  
resistance-temperature coefficient of the coil 

 material is (0.0043 perCo) at 0Co. 

  

4- A bulb having a power of (100W) works on 
(240V),the     temperature of the filament reaches 
(2000Co), if its 

 temperature coefficient is  (5x10-3perCo) at 15Co. 

 Calculate the current taken at the moment of 

 switching on. 



5- Motor gives external power of (20Kw) has 
efficiency about (0.8), if its internal voltage is 
constant equal to (200V). Find the current 
supplied. 

  

6- A resistor written on it(1KΩ, 10W), how much 
voltage should be supplied to resistor? and how 
much allowable current should be supplied?  



-:Resistor in series 

 When some conductors having resistance R1 , R2 , and 
R3 

Are joined end-to-end as shown in figure below, they 
are said to be connected in series. It can be  

proved that: 

1) The equivalent resistance between A and B is equal 
to the sum of three individual resistances.  

 Req = R1 + R2 + R3                                   R1    R2    R3                       

 

2)The current is the same 

 through all the three  

Resistan 

IT = I1 = I2 = I3 

 



 

 3) Voltage drop across each is different due to its         
different resistance and is given by ohm,s law. 
 

 4) Sum of the three voltage drops is equal to the voltage 
applied across the three conductors. 

 VT = V1 + V2 +V3 
 

Note: 
         In series circuit, Req must be more than the largest 

            individual R . 
   

 
   

 



-Resistor in parallel: 

When two or more resistors are connected across 
one voltage source, so that each forms a separate 
path for a part of the total current . they  

form aparallel circuit. 

                       



The parallel circuit characteristics are:- 

1- Voltage different (p.d) across all resistances is 

    the same.     VT = V1 = V2 = V3 

2- Current in each resistor is different and is 

    given by ohm,s law. 

3-The total current is the sum of the three     

     separated      IT = I1 + I2 + I3 

4- The inverse of equivalent resistance equal to     
the sum of the inverses of the three resistances 

1/Req = 1/R1 + 1R2 + 1/R3 

 



 
:Note 

       In parallel circuit Req must be less than the 

       smallest branch (R). 

  

: 

 

  

  



Problems: 

1- A parallel circuit has three branch resistances of 

    20, 10, and 5 ohm for. the current through 20Ω 

    branch is 1A      

   a- How much the voltage across all the branches.   

   b- Find the current through each 10 and 5 Ω.        

  

2-A 100w bulb normally takes 0.833A, and a 200 w         
bulb takes 1.666 afrom the 120 v power line. 

    If these two bulbs are connected in series across 

    24v power line. How much the current should be?    



 3-what is the value of the unknown resistor R in 
    fig. below if the voltage drop across (500 Ω 
    resistor is  (2.5V).                          
               

 
                  

 
 
 

 4-Two coils connected in parallel take atotal current 
     of 3A from a 100v supply. The power dissipated in 
     one of the two coils is 120w , find the power 
     dissipated in the other coil and the resistance of 
     each coil. 

 
 



 5- Find the equivalent resistance of the circuit in 

    fig. below , find also the currents in each of  

    resistors 

                                

 

 

 

 6- In figure below calculate Req . 

       



7-Find the current in this circuit 

       

 

 

 

 

 

 8- A resistor of 25 Ω is connected in series with another  

      5 Ω, supplied with 240v . find third resistor must be 

        connected in parallel with 25 Ω, so that the Power 

        will be three times the power of the circuit without  

        the third  resistor . 

   

  



KIRCHHOFFS LAWS 

  

 These laws are used for solving electrical 

networks ,and render their analytical 

solution very easy. The two laws are:- 

 First law (current law):- 

 It states as the algebraic sum of the 

currents at any given junction in a network 

is zero. 

In general ,the current flowing in to a 

junction is considered to be positive , and 

the current flowing away from the junction 

to be negative .  



SECOND LAW (VOLTAGE LAW): 

 Around any closed loop in a network the 

algebraic sum of potential deferent across 

each resistor is equal the algebraic sum of 

the (e.m.f) of the sources in that loop.  

 It is necessary to label the currents flowing 

in each of the branches. Also it is necessary 

to proceed wholly in one direction, and any 

voltage or e.m.f will be positive when acting 

with assumed direction of the current and 

negative when acting against it, as below: 

          ∑ V = ∑ e.m.f 

 



Example:- 

 Consider the network shown below, 

determinethe current flowing through 4Ω 

resistor by kirchhoff's laws.  

                                  



ANS.: 

 If it is assumed that the currents flowing in 

the network are as shown in fig. when the 

current required is I1, I2 . 

  Since there are two unknown values of 

current I1 and I2 it is necessary to write 

two simultaneous expressions to solve. 

 Around closed loop ABDA :                                                                                                                          

            2I1 + 4(I1 + I2) = 11 

            6I1 + 4I2    = 11    -------------eq1 

 Around closed loop CBDC 

             6I2  + 4(I1 + I2) = 22 

             4I1 + 10 I2  =  22   ------------ eq2 

 



 Multiply eq.1 by 2  and eq.2 by 3 so:- 

               12I1 + 8I 2     =  22 

               12I1 + 30I2    =  66 

                        -22I2    = -44 

                      .:.    I2    =   2  amp. 

Then substitute I2 in (eq1). 

                      .:.   I1     =   0.5 amp. 

   

 Then the current flowing through 4Ω 

resistor is:- 

                        I1 + I2   =2.5 Ω 

 



SUPERPOSITION THEOREM:- 

 It states that " In a network with two or 

more sources the current or voltage for any 

component is the algebraic sum of the 

effects produced by each source acting 

separately". 

 In order to use one source at a time, all 

other sources are "killed" temporarily. 

 A voltage source such as a battery is killed 

by assuming a short circuit across its 

potential difference. 

   



EXAMPLE:- 

In circuit below determine the current flowing 
in the (4Ω) resistor by superposition theorem.  

 

 

 

 

  

  Ans. 

 It is necessary to consider the current flowing 
in the load due to each source of supply alone. 

 a) using supplier of (11v) alone. 

   

    



  _1_             _1_     _1_      _3+2_ 

   R 4,6              4         6           12 

   

   R 4,6   = 2.4 Ω 

 Req = 2.4 + 2 = 4.4 Ω 

 

 Total current = 11/ 4.4 =  2.5 A 

 Current through 4Ω resistor is 

 V4,6  = 2.5 x 2.4 = 6V          I 4  =  6/4  = 1.5 A 

   



B) USING SUPPLIER OF (22V) ALONE. 

 R2,4  = (2x4) / 2+4 =   1.33 Ω 

   

     Req   = 6 + 1.33 =7.33 Ω 

   

     IT   =   22/7.33  =3A      

   

     V4,2 = 3 x 1.33 = 4 V 

   

      I 4  =  4 /4 = 1A 

   

 Then the current across  4Ω resistor with 
two supplier is = 1.5 + 1 =2.5 A  



Capacitance 

•Definition of capacitance  

  A  capacitor is a useful device in electrical circuits that allows us to 
store charge and electrical energy in a controllable way. The simplest to 
understand consists of two parallel conducting plates of area A 
separated by a narrow air gap d. If charge +Q is placed on one plate, 
and -Q on the other, the potential difference between them is V, and 
then the capacitance is defined as C=Q/V. The SI unit is C/V, which is 
called the Farad, named after the famous and creative scientist Michael 

Faraday from the early 1800’s.     
      

•Applications  

–Radio tuner circuit uses variable capacitor 

–Blocks DC voltages in ac circuits 

–Act as switches in computer circuits 

–Triggers the flash bulb in a camera 

–Converts AC to DC in a filter circuit 

   

 



Parallel Plate Capacitor 



Electric Field of Parallel Plate Capacitor 
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Coulomb/Volt = Farad 



Circular parallel plate capacitor 

r r 

s 

r = 10 cm 

A = r2 = (.1)2 

A = .03 m 2 

S = 1 mm = .001 m 
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A
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0


FC 10103 

pFC 300

001.

03.
)10( 11C Farad

Volt

Coulomb

p = pico = 10-12 

Show Demo Model, calculate its capacitance , and show 

 how to charge it up with a battery. 
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Electric Potential Energy of Capacitor 
•As we begin charging a capacitor, there is initially no potential difference between 

the plates. As we remove charge from one plate and put it on the other, there is 
almost no energy cost. As it charges up, this changes. 

+   - 

+q      -q 

At some point during the charging, we have a 
charge q on the positive plate. 

The potential difference between the plates is V = q/C. As we 
transfer an amount dq of positive charge from the negative 

plate to the positive one, its potential energy increases by an 
amount dU. 

.dq
C

q
VdqdU 

The total potential energy increase is 

C

Q

C

q
dq

C

q
U

Q

22

22

0
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Q
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2
2

2

1

2

1

2

1
 using C = Q/ V 



Parallel Combination of Capacitors 

Typical electric circuits have several capacitors in them. How do they combine for 
simple arrangements? Let us consider two in parallel. 

V 

C1 C2 
+
- 

Q1 Q2 

V 

C1 
+
- 

C = Q/V 

We wish to find one equivalent capacitor to replace C1 and C2. Let’s 
call it C. 

The important thing to note is that the voltage across each is the same 
and equivalent to V. Also note what is the total charge stored by the 

capacitors? Q. 

VCCVCVCQQQ )( 212121 

2121 CCCCC
V

Q




Series Combination of Capacitors 

C2   

     

V2 
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 - 
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 - 
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V

Q
C 

C

Q
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What is the equivalent capacitor C? 

Voltage across each capacitor does not have to be the same. 

The charges on each plate have to be equal and opposite in sign by charge 
conservation. 

The total voltage across each pair is: 
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;   Therefore,  
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Sample problem 

V 

C1 

C2 

+
- 

C3 

C1 = 10 F 

C2 = 5.0 F 

C3 = 4.0 F 

a)  Find the equivalent capacitance of the entire combination. 

C1 and C2 are in series. 

21

21
12

2112

111

CC

CC
C

CCC 


FC 3.3
15

50

510

510
12 






C12 and C3 are in parallel. 

FCCCeq 3.70.43.3312 



Sample problem (continued) 

V 

C1 

C2 

+
- 

C3 

C1 = 10 F 

C2 = 5.0 F 

C3 = 4.0 F 

b)  If V = 100 volts, what is the charge Q3 on C3? 

C = Q/V 

100100.4 6
33  VCQ

c) What is the total energy stored in the circuit? 

CoulombsQ 4
3 100.4 

JVCU eq
2462 106.310103.1

2

1

2

1  

JU 2106.3 
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Pressure is force divided by the area over which 
the force acts.

For a fluid in a pressure vessel, the molecules 
colliding with the walls cause the force.

Molecules change linear momentum when they 
bounce off the walls.

The equal but opposite force at the wall creates 
the pressure.

Fluid Pressure Measurement
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This force (pressure) depends on the fluid 
temperature and density.

A complete vacuum is absolute zero pressure.

1 Pa = 1 N/m2

101.32 kPa = standard atmospheric pressure

Fluid Pressure Measurement
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Fluid Pressure Measurement
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Pressure can also be described in terms of the 
hydrostatic force exerted on a surface submerged 
in a column of fluid.

Fluid Pressure Measurement
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Fluid Pressure Measurement

( ) ( ) hhphpabs γ+= 00

= pressure at any depth, h

= pressure at arbitrary datum, h0

= fluid specific weight (ρg)

( )hpabs

0p
γ
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Fluid Pressure Measurement

( ) γ/0pph abs −=

One standard atmosphere can be defined as an 
equivalent pressure head, h

h = 760 mm Hg (=10,350.8 mm H2O)
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Barometer – inverted 
tube containing a fluid.

Pressure Reference Instruments
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The top of the tube contains Mercury vapour at 
vapour pressure for ambient conditions.

Surrounding atmospheric pressure dictates the 
height of Mercury.

Needs to be corrected for temperature (which 
affects the mercury vapour pressure) and altitude 
(which affects Mercury density).

Fluid Pressure Measurement
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Manometer – measures 
differential pressure using 
the relationship between 
pressure and hydrostatic 
equivalent head.

Pressure Reference Instruments



March 25, 2008 Page 11

= static sensitivity of U-tube
manometer

Fluid Pressure Measurement

( )xHHxpp m +−++= γγγ21

( )Hpp m γγ −=− 21

( )γγ −
=

m

K 1



March 25, 2008 Page 12

To maximize sensitivity, manometer liquids are 
selected to minimize              .

Manometer fluids must not be soluble in the 
working fluid and should be of greater specific 
weight.

Fluid Pressure Measurement

( )γγ −m
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Micromanometer –
measures very small 
differential pressure.

Pressure Reference Instruments
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Inclined Tube Manometer – used to measure small 
changes in pressure.

Pressure Reference Instruments
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A change in fluid height, H, results in a change in 
the meniscus location of 

The sensitivity is increased by a factor of 

Fluid Pressure Measurement

θsin/HL =

θsin/1
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Pressure Transducers

Usually hybrid transducers with the primary sensor 
being an elastic element that deforms under 
pressure.

A secondary transducer element converts the 
elastic element deflection to an electrical or 
mechanical output.

Pressure Instruments
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Pressure Instruments
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Pressure Instruments



March 25, 2008 Page 19

Pressure Instruments
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Diaphragms

Pressure Instruments
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Diaphragms

Diaphragm material depends on expected 
pressure difference and fluid type.

Diaphragms generally have good linearity, 
resolution, dynamic range, low mass, and low 
damping (high frequency response).

Pressure Instruments
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Pressure Instruments

( ) 42

2

112
15.64

r
gtE

p

cm
n ρν

ω
−

=

= bulk modulus (N/m2)

= thickness

= radius

= material density

= Poisson’s ratio of diaphragm material

= 1 kg-m/m-s2

mE
t
r
ρ

pν

cg
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The maximum elastic deflection at the centre of a 
uniformly loaded diaphragm is…

Pressure Instruments

( )( )
3

42
21

max 16
13
tE

rpp
y

m

pν−−
=

provided that…

3max
ty <
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Metallic strain gauges can be attached to the 
diaphragm or some other element (thin Beam) 
attached to the diaphragm.

Pressure Instruments
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Semiconductor (silicone piezoresistive) strain 
gauges have 50 times the sensitivity of metallic 
strain gauges and can be fused into a single 
crystal of silicone wafer which can then form the 
diaphragm.

Silicone wafer diaphragms are relatively immune to 
thermoelastic strains and do not creep with age, 
but they are delicate and do not tolerate liquids.

Pressure Instruments
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Capacitance Elements – output (voltage) is linearly 
related to the average gap separation.

Pressure Instruments
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Pressure Instruments

tAcC /ε=

= capacitance

= dielectric constant of material between the 
plates (for air ε = 1)

= overlapping area of the two plates

= distance between two parallel plates

= Proportionality constant (0.0885 when A 
and t are in cm)

C
ε

A
t
c
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Piezoelectric Crystal Elements – output is a surface 
charge which is proportional to the force acting on 
them.

Pressure Instruments
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Pressure Instruments

pAKq q=
= pressure acting over electrode area

= area of electrode (diaphragm)

= crystal charge sensitivity (material 
dependent, 2.2 x 10-9 coulombs/N for 
quartz)

p
A

qK

Under pressure (force/area) a piezoelectric crystal 
thickness, t, will change by a small amount , Δt, 
causing a charge, q, to develop.
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Pressure Instruments

CqE /0 =

= capacitance of the crystal-electrode 
combination

= charge caused by the piezoelectric crystal 
deformation

C

q

The voltage developed across the electrodes is…
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Pressure Instruments

ptKE E=0

= voltage sensitivity of the transducer

= 0.055 V-m/N for quartz

EK

or

EK
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Pressure Measurements in Moving Fluids

Total pressure in a flow field is the static pressure
plus the dynamic pressure.

Static pressure is the pressure sensed by a fluid 
particle as it moves with the local flow field.

Dynamic pressure is equivalent to the kinetic 
energy per unit mass of the flow.

Section 9.6 in text, pg 360
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Pressure Measurements in Moving Fluids
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Pressure Measurements in Moving Fluids

Total Pressure Measurement
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Pressure Measurements in Moving Fluids

Static Pressure Measurement – normal to 
streamline
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Pressure Measurements in Moving Fluids

To pressure transducer

Duct flow

The tap hole should be small (1 – 10% of the duct 
diameter) so as not to disturb the flow and be well 
away from any curved streamlines.

Static pressure probes are designed in such a way 
as to allow measurements of static pressure away 
from the duct walls.
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xh = 8 – 16 probe diameters

xs = 16 – 24 probe diameters

This is to minimize the effects 
of the probe disturbing the 
flow field.

Pressure Measurements in Moving Fluids
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Pressure Measurements in Moving Fluids

Design and Transmission Effects

The length and diameter of the measuring tube 
(connecting the duct to the pressure transducer), 
and the fluid density (compressible, non-
compressible) and viscosity affect the dynamic 
response of a pressure measurement system.
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Pressure Measurements in Moving Fluids
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Pressure Measurements in Moving Fluids

Recall that…

)(2

2

tFKy
dt
dyC

dt
ydM =++

Or, when dealing with pressure…

)(tpKppCpM ammm =++ &&&

pm = measured pressure

pa = applied pressure
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Pressure Measurements in Moving Fluids

mpM &&

mpC&

mKp)(tpa

)(tpKppCpM ammm =++ &&&
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Pressure Measurements in Moving Fluids

Summing the forces using Newton’s second law…

0)( =∑ tF

And rearranging gives…

)(1284
42 tppp

dE
Lp

dE
L

amm
m

m
m

=+
∀

+
∀

&&&
π

μ
π

ρ

pm = measured pressure

pa = applied pressure
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Pressure Measurements in Moving Fluids

This equation then allows us to write equations for 
the natural frequency and damping ratio of the 
system.

2
/ ∀

=
LEd m

n

ρπ
ω

3

/32
d

EL mπρμ
ζ

∀
=
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Pressure Measurements in Moving Fluids

If the speed of sound in the gas is known, a (or can 
be calculated), than these equations for systems 
natural frequency and damping ration change to…

2
/2 ∀

=
Lad

n
πω

3

/32
da
L

ρ
πμζ ∀

=
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Next Time

Fluid Velocity Measurement



Head Devices 

     Head type devices measure flow by 

constricting a stream and measuring the resulting 

pressure drop.  The pressure drop can then be 

related to a flow. 

Orifice Plates 

     An orifice plate is a very simple device installed in a straight run of pipe.  The orifice plate 

contains a hole smaller than the pipe diameter.  The flow constricts, experiences a pressure drop, 

and then the differential pressure can be related to a flow. 

 
Figure 1:  Orifice Plate Arrangement 

     For a discussion of how pressure drop is related to liquid flow for concentric orifices, visit 

LMNO Engineering.  They have a very good explanation on their website. 

     It is also important to note that relating differential pressure to flow across an orifice depends 

on the location of the pressure taps in relation to the orifice.  In Figure 2 below, the pressure taps 

are designated as P1 and P2.  "D" is the diameter of the pipe and "d" is the diameter of the 

orifice. 

 
Figure 2:  Various Tap Positions for Orifice Plates 

Venturi 

http://www.lmnoeng.com/orifice.htm


     A venturi tube (also called the 

Herschel Venturi tube) also measures 

flow rates by constricting fluids and 

measuring a differential pressure drop. 

     Venturi tubes allow for flow 

measurement with lower head losses 

than orifice plates.  Venturi tubes of 

cast iron cones are most commonly 

used in pipes with diameters of 4 to 32 

inches (10 to 80 cm).  Pipes of up to 

10 inches (25 cm) in diameter usually 

utilize machined venturi constrictions.  

Larger diameter pipes (to 48 inches or 

1.2 m) usually employ a welded sheet metal 

convergence.  Venturi accuracy is best for 

Reynolds numbers between 10
5
 and 10

6
.  

Again, for a discussion on relating venturi 

pressure drops to flows, see LMNO 

Engineering.    

Target Flowmeters 

     A target flowmeter operates just as the name implies.  A small "bullseye" is placed inside the 

pipe and is connected to a pneumatic transmitter.  Typical applications 

include flow measurement of steam and outdoor liquids. 

     In a target flowmeter, the square of the force exerted on the target is 

proportional to the volume or mass flow through the pipe.  The force on 

the target is expressed as: 

 

Rotometers 

     Rather than using a constant restriction area and a variable pressure differential, rotometers 

use a variable restriction and a constant pressure differential to measure flow.  Typically, 

rotometers are used to measure smaller flows and the reading is usually done locally, although 

transmission of the readings is possible.   

     The rotometer consists of a float that moves vertically through a slightly tapered tube.  As 

fluid enters the bottom of the rotometer, the float is  

forced upward until the force is balanced by gravitational forces.  

Most rotometers are made of glass with markings on the outside so 
 

http://www.lmnoeng.com/venturi.htm
http://www.lmnoeng.com/venturi.htm


that flow readings can be taken visually.  The advantage to rotometers is the simplicity of the 

device and a constant pressure drop.  Also, rotometers do not require straight pipe runs for 

installation so they can be installed just about anywhere. 

Velocity Devices 

     Probably the most common velocity device used for flow measurement is the magnetic 

flowmeter.  Magnetic flowmeters cause no head loss and they can easily measure liquids with 

solids in suspension.  By their design, they produce an electrical signal ideal for plant 

transmission. 

     In a magnetic flowmeter, the pipe is lined with a nonconducting material and at least two 

electrodes are mounted flush with the nonconducting wall.   Electromagnetic coils surround the 

flow path with a uniform magnetic field.   Faraday's Law dictates that the voltage produced by a 

conducting fluid flowing through a magnetic field is directly proportional to the velocity of the 

fluid.   

     The major disadvantage of magnetic flowmeters is that they cannot be used for hydrocarbons 

due to hydrocarbon's low conductivities. 

     Another velocity device, which can be used for hydrocarbons, is called a vortex-shedding 

meter.  You can read more about these devices here. 

Displacement Devices 

     The most common displacement flow-measuring device is the turbine meter.  In a turbine 

meter, a rotor is placed in the flow path.   Usually, the rotor is magnetically coupled so that each 

rotation produces a pulse.   The spin of the rotor is proportional to the velocity of the fluid.  The 

turbine meter is highly accurate and durable.  Turbine meters are restricted only by the fact that 

they must be used in clean, noncorrosive services. 

 

Other Devices 

     Another type of device worth mentioning is the Coriolis meter which measures      flow rates 

based on the mass of the fluid.  Many applications, such as a reactor feed stream, are often 

specified and best measured by mass.  In these applications, using a measuring device based on 

volume would require corrections for temperature dependent properties such as density and 

viscosity.  The Coriolis meter gives a direct mass flow measurement, independent of 

temperature and pressure.  These devices are remarkable accurate as well (typically 0.2 to 0.02 

percent of the total flow).   

http://www.omega.com/techref/flowcontrol.html


 

 

 

 

     The Coriolis meter has a sine wave voltage applied to an electromagnetic drive which 

produces an oscillating motion of the tube.  The amplitudes are related to the mass flow and the 

frequency is related to the product density.  The reason that the output amplitude changes with 

flow may be explained by the Coriolis effect.  The vibration of the tube gives a slight angular 

rotation about its center.  As the fluid moves away from the center, there is a resultant Coriolis 

force which opposes the rotational motion.  The flow movement toward the center produces a 

Coriolis force which aids the tube rotation.  The resultant force produces the measured sine 

wave which is measured and converted to the mass flow reading.  

References: 

LMNO Engineering, website, http://www.lmnoeng.com 

Rosaler, Robert C., Handbook of Plant Engineering, McGraw-Hill, New York, 1995, ISBN: 0-

07-052164-6 

By: Christopher Haslego, Owner and Chief Webmaster (read the author's Profile) 
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Orifice plate 

From Wikipedia, the free encyclopedia 

Jump to: navigation, search 

 

 
Flat-plate, sharp-edge orifice 

An orifice plate is a device which measures the rate of fluid flow. It 

uses the same principle as a Venturi nozzle, namely Bernoulli's principle 

which says that there is a relationship between the pressure of the fluid 

and the velocity of the fluid. When the velocity increases, the pressure 

decreases and vice versa. 

An orifice plate is basically a thin plate with a hole in the middle. It is 

usually placed in a pipe in which fluid flows. As fluid flows through the 

pipe, it has a certain velocity and a certain pressure. When the fluid 

reaches the orifice plate, with the hole in the middle, the fluid is forced 

to converge to go through the small hole; the point of maximum 

convergence actually occurs shortly downstream of the physical orifice, 

at the so-called vena contracta point (see drawing to the right). As it 

does so, the velocity and the pressure changes. Beyond the vena 

contracta, the fluid expands and the velocity and pressure change once 

again. By measuring the difference in fluid pressure between the normal 

pipe section and at the vena contracta, the volumetric and mass flow 

rates can be obtained from Bernoulli's equation. 

Your continued donations keep Wikipedia running!     

Venturi effect 

From Wikipedia, the free encyclopedia 

(Redirected from Venturi meter) 

Jump to: navigation, search 

For other uses, see Venturi (disambiguation). 
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A Venturi meter is shown in a diagram, the pressure in "1" conditions is 

higher than "2", and the relationship between the fluid speed in "2" and 

"1" respectively, is the same as for pressure. 

The Venturi effect is a special case of Bernoulli's principle, in the case 

of fluid or air flow through a tube or pipe with a constriction in it. The 

fluid must speed up in the restriction, reducing its pressure and 

producing a partial vacuum via the Bernoulli effect. It is named after 

Giovanni Battista Venturi, (1746–1822), an Italian physicist. 

A fluid passing through smoothly varying constrictions is subject to 

changes in velocity and pressure in order to satisfy the conservation of 

mass-flux (flow rate). The reduction in pressure in the constriction can 

be understood by conservation of energy: the fluid (or gas) gains kinetic 

energy as it enters the constriction, and that energy is supplied by a 

pressure gradient force from behind. The pressure gradient reduces the 

pressure in the constriction, in reaction to the acceleration. Likewise, as 

the fluid leaves the constriction, it is slowed by a pressure gradient force 

that raises the pressure back to the ambient level. 

The limiting case of the Venturi effect is choked flow, in which a 

constriction in a pipe or channel limits the total flow rate through the 

channel, because the pressure cannot drop below zero in the 

constriction. Choked flow is used to control the delivery rate of water 

and other fluids through spigots and other valves. 

In the diagram shown at right, using Bernoulli's equation in the special 

case of incompressible fluids (such as the approximation of a water jet), 

the theoritecal maximum pressure drop in the constriction would be 

given by (ρ/2)(v1
2
 - v2

2
). For example, for seawater ρ = 1.023 g /cc; 1.5 

inch diameter pipe with a 0.25 inch restriction flowing 5 gpm; v at the 

pipe is 28 cm/sec; v at the restriction would have to be 995 cm/sec; the 

pressure drop would be -51,000 Pascals or about ½ bar! 
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Pitot tube 

From Wikipedia, the free encyclopedia 

Jump to: navigation, search 

A Pitot (IPA pronunciation: [pito]) tube is a pressure measuring 

instrument used to measure fluid flow velocity, and more specifically, 

used to determine the airspeed of an aircraft. The Pitot tube was 

invented by Italian-born French engineer Henri Pitot in the early 1700s, 

and was modified to its modern form in the mid 1800s by French 

scientist Henry Darcy. 

 

 
Types of Pitot Tube 

The basic Pitot tube simply consists of a tube pointing directly into the 

fluid flow. As this tube contains air, a pressure can be measured as the 

moving air is brought to rest. This pressure is the stagnation pressure of 

the air, also known as the total pressure, or sometimes (particularly in 

aviation circles) the pitot pressure. 

The measured stagnation pressure cannot of itself be used to determine 

the airspeed. However, since Bernoulli's equation states that 

stagnation pressure = static pressure + dynamic pressure  

then the dynamic pressure is simply the difference between the static 

pressure and the stagnation pressure. The static pressure is generally 

measured using the static ports on the side of the fuselage. The dynamic 

pressure is then determined using a diaphragm inside an enclosed 
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container. If the air on one side of the diaphragm is at the static pressure, 

and the other at the stagnation pressure, then the deflection of the 

diaphragm is proportional to the dynamic pressure, which can then be 

used to determine the indicated airspeed of the aircraft. The diaphragm 

arrangement is typically contained within the airspeed indicator, which 

converts the dynamic pressure to an airspeed reading by means of 

mechanical levers. 

Instead of static ports, a Pitot-static tube (also called a Prandtl tube) may 

be employed, which has a second tube coaxial with the Pitot tube with 

holes on the sides, outside the direct airflow, to measure the static 

pressure. 

Pitot tubes on aircraft commonly have heating elements to prevent the 

tube from becoming clogged with ice. 
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