
COUPLINGS

Couplings are mechanical devices which connect one shaft 
to another or to couple a drive shaft to a driven shaft.

Shaft coupling are used in machinery for next purposes. 
1. To provide for the connection of shafts of units that are 
manufactured separately, such as a motor and a generator, and manufactured separately, such as a motor and a generator, and 
to provide for disconnection for repairs or alterations,
2. To provide for misalignment of the shafts or to introduce 
mechanical flexibility.
3. To reduce the transmission of shock loads from one shaft to 
another.
4. To introduce protection against overloads.
5. T o alter the vibration characteristics of rotating units.
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Objective of this chapter:
1. Describe rigid couplings and flexible couplings.
2. Describe several types of couplings.
3. Describe retaining rings and other means of locating 
elements on shafts. 
4. Specify suitable seals for shafts and other types of machine 
elements.

There are two general types of couplings: rigid and flexible.



Shaft couplings is used under the following conditions.

1. With shafts having collinear axes, that is axes in the 
same straight line. Rigid flexible couplings are used.

2. With shafts having intersecting axes, in which case a 
universal coupling is employed.

3. With shafts whose axes are parallel and at a relatively 3. With shafts whose axes are parallel and at a relatively 
small distance apart. Here- the double-slider crank 
principle of mechanism is used.



Rigid Couplings

•Coupling has no flexibility or resilience, and used for the 
shafts that are to be connected to be in good alignment, both 
laterally and angularity, in order to avoid excessive loads on 
the coupling, on  the shafts, or on the shaft bearings. 

Alignment of shaft 
center lines



Some commonly used types of rigid couplings 
(there is a large variety of rigid couplings in use)

Sleeve or Muff coupling

Sleeve (Muff) couplings 
with key



Sleeve (Muff) coupling with pins. 



•Sleeve couplingis hollow cylinder which is fitted over the 
ends of the two shafts to be connected and is then keyed there 
to by a sunk key. 
•The three links acting as a single rigid member. 
•Securing the joint made with the help pressure fits, screws 
and pins.  
•The coupling is simple in design and manufacture.
•The disadvantages of the sleeve coupling are the difficulty in •The disadvantages of the sleeve coupling are the difficulty in 
disassembly that is either the sleeve must be shifted along the 
shaft at least half its length or the shafts must be drawn apart 
to free the entire length of the coupling.
•The necessity for highly accurate axial of the shafts since 
misalignment of shaft axes due to negligent assembly, or 
deformation under load, gives rise to forces that deflect the 
shafts.



•The material of the sleeve is usually cast iron. 
•The sleeve and key  of this coupling must safely resist the 
torsional moment, Mt of the shaft.
• The effective length of the key to be used in the cross-
sectional area, should provide the resistance of the key.
• Often the coupling key is made in two parts, so one in 
each shaft.
•The taper pin is checked for induced shear stress that less 
than the allowable shear stress of the pin.  



Couplings for small diameter of shafts
Small diameters of shafts are usually d ≤ 10 mm. Moment from 
shaft to shaft transmitted by:

1. The friction force between screw and shaft surfaces
2.     Surface geometry of a shaft that play role of the stopper
3.     The friction force between shafts and collets

Couplings with screw 
and bolt



Coupling with collets



Clamp Coupling
•Clamp coupling is a compression coupling 

•Coupling is made in two parts, that fit the shaft and are 
finished off around the periphery and on both ends. Its 
construction permits of its being readily assembled and 
removed which distinct advantage. 

•The two halves of the coupling are clamped tightly against 
the surface of the shaft ends by through bolts and the  torsional 
moment is transmitted  by friction.

• In large couplings a key is incorporated between the shafts 
and coupling transmits the main torsional moment 



Clamp or Compression Coupling 



The torsional moment is transmitted only through friction 
between the shafts and coupling halves or through a key 

• Clamping load on the shaft due to z number of bolts

P = (z)(π/4)dc
2*st.

where z- is the number of effective bolts for each shaft.
dc = diameter of the bolt used for clamping.
s = allowable tensile stress in the bolt.st= allowable tensile stress in the bolt.

•Tangential force of shaft will be 

T = µP =  µ*(π/4)(dc
2 *st *z)

µ = coefficient of friction between the shaft and 
sleeve material. An average value of µ = 0.3.



• The torsioinal moment transmitted by the coupling 

M = T *d/2 = µ*(π/4)(dc
2 *st *z)(d/2) =    

µ*(π/8)(dc
2 *st *z)d

d = diameter of shaft.

•Torsional moment M must be equal to the torsional moment   •Torsional moment M must be equal to the torsional moment   
Mt to be transmitted by the coupling M = Mt

• Power transmitted by the coupling W = Mtω (Nm/s)
ω = angular velocity if a shaft



Flange coupling

• A rigid flange coupling consists of two cast iron 
flanges are mounted and keyed on the ends of each 
shaft and are drawn together by a series of bolts. 

• For more accurate connection, on the ends of the 
flange couplings machined the centering surfaces. flange couplings machined the centering surfaces. 

• The bolts holding the flanges together are sometimes 
reduced in diameter so that they would readilybreak or 
shear off in the event of a damaging overload that to 
serve as a safety device.



Rigid coupling                           Cutaway view



•The load path is then from the driving shaft to its flange, 
through the bolts, into the mating flange, and out to the driven 
shaft. 
•The torque places the bolts in shear. 
•The total shear force on the bolts depends on the radius of the 
bolt circle, Dbc/2, and the torque, T. That is,

F = T/(Dbc/2) = 2T/Dbc

•Letting N  be the number of bolts, the shear stress in each bolt 
is 

Letting the stress equal the design stress in shear and solving 
for the bolt diameter,  



Flexible Couplings
• Flexible couplings are designed to transmit torque smoothly 
while permitting some axial, radial, and angular misalignment.   
• The flexibility is such that when misalignment does occur, 
parts of the coupling move with little or no resistance. Thus, 
no significant axial or bending stresses are developed in the 
shaft.
•Many types of flexible couplings are available commercially.    •Many types of flexible couplings are available commercially.    
•The degree of misalignment that can be accommodated by a  
coupling should be obtained from the catalog data,  
•Couplings may allow parallel misalignment 0.127 - 0.762 
mm or more. 
•Typical allowable angular misalignment is ±3°. 
•Axial movement allowed (end float) is up to 0.762 mm for 
many types of couplings.



The flexible couplings have designed  by two categories

1. Couplings with incorporated flexible members that 
anticipates both misalignment and impact. Couplings  bring 
to bear on the shafts and bearings an additional load, which 
depends on the rigidity of the coupling and relative shift if 
the connected shafts.

2. Couplings with  cinematical flexibility by the use of rigid 
members in which constraint is absent in certain directions.   
These couplings re rigid slip couplings  and universal-joint 
couplings and should be lubricated. Couplings can be used 
for any velocities and load and cause comparatively small 
additional loads on shafts and bearings.



Rigid slip flexible coupling. 

Proportions: d1 = 2d, D = (3 – 4)d . h = t/2. t = D/6 or 0.45 d.
w = t/2.   t1 = 0.75 d, l = 1.75d.

Pressure 
distribution on
the tongue sides



•A coupling can be used for shafts which are not in alignment 
but whose axes are parallel upto the extent of 0.05 times the 
shaft diameter. 
•This type of coupling also minor axial misalignment of shafts 
can be compensated. 
•The coupling consists of two flanges keyed or screwed to the 
shafts and the flanges have the slots on the face surface. A 
cylindrical piece called disc with a tonguesa and b are at right cylindrical piece called disc with a tonguesa and b are at right 
angle to each other running across each flat face. 
•The tonguesa and b fit into the slot of the right and left 
handed flange and allows for horizontal and vertical relative 
motion of the parts. The resultant of these two components of 
motion will accommodate lateral misalignment of the shafts as 
they rotate. 



•The design of the slip coupling is based on the allowable 
pressure between the faces of the slots and the tongues (from a 
maximum value p at the periphery of the coupling to zero at 
the center line). The allowable pressurep must not exceed 8.5 
N/mm2 for normal misalignment.  
•Distance to the pressure-area centroid from the center line

l = (2/3 * 1/2 )D= 1/3 Dl = (2/3 * 1/2 )D= 1/3 D
where D is the diameter of the disc.

•Total pressure on each side  F = (1/4) pDh
•where p is the maximum allowable pressure and h is depth of 
the slot or tongue.



•The torsional moment transmitted  

Mt = 2F * l=2* 1/4 pDh * 1/3D= 1/6 pD2h

•Then the power, which can be transmitted by this
coupling.

P = 2πn(rev/min)Mt(Nm)/60 = 

2πn/60 *1/ 6pD2 h = πpD2h n/180 (w)

n = speed  of the shaft.



Pin Type Flexible Coupling

The coupling flanges 
are made from cast 
iron or steel forgings 
or steel castings. 
Pins are made from 
normalized steel.



•The flexible rubber-bushed coupling is the simplest and 
commonest type of coupling. 

•Couplings are transmitted motion from one half of flange to 
the other half by means of pins or bolts. 

•The pins are rigidly bolted to one flange and loosely fitted in 
the corresponding holes of the other flange. the corresponding holes of the other flange. 

•A flexible coupling is used, where the driving and driven 
units are mounted on a common base plate, where excessive 
misalignment is not likely.

• A coupling makes up for  the parallel misalignment of shafts 
upto 0.5 mm, angular misalignment upto 1.5o and axial 
displacement. 



•A coupling can drive in either direction, absorb 
impulses, shocks  and vibrations. Rubber, leather or some 
other material covers the pins. 

•The driving pins are easily removable, either shaft may 
be removed without having to be shifted endwise.

•Couplings are made with capacities 12000 kW at 2500  •Couplings are made with capacities 12000 kW at 2500  
rev/min. 

•The coupling halves are mounted with axial clearance. 

•For this coupling, it is necessary   to reduce the bearing 
pressure on the rubber bushes which are the main feature 
of design. 



•The different stresses acting over the pin will be

1. Bearing Stress on the rubber bushes.
The force F applied at each pin to transmit the given 
torsional moment is,

F= Mt/(N*R)F= Mt/(N*R)
where Mt is the torsional moment  
R is the radius of the pitch circle
N is the number of pins used, (obtained by relation N

= (d/25) +3 (mm)



•The outer diameter of the rubber bush  

d1 = diameter of pin + 2 thickness of brass sleeve +2 
thickness of rubber bush.

•The rubber bushes are available in thickness of 6 – 9 mm 

• The thickness of brass sleeve may be taken as 1.5 mm.

• Projected area  A = p*d1*l  

where l is the length of the bush, p is the bearing pressure

A suitable value for p, having regard to the life and durability 
of the rubber will be 0.35 N/mm2 Relation of A projected 
area can give the length of the blush.



2. Shear Stress

•The threaded portion of the pin on which the nut is to 
be tightened should be as short as possible, so that 
shear can be taken by the unthreaded neck.

•Shear stress due to the transmitted torsional moment 
Mt on diameter do will be,

Ss = F /area of neck= F/(π/4)do
2

•Check that this value is less than the allowable shear 
stress,



3. Bending Stress
• The pin is not rigidly held in the left hand flange, and the
rubber is compressible, the force F at the enlarged end will 
exert a bending action on the pin.
•The length under bending of pin will be l and
the longitudinal resistance to bending will be neglected. The 
type of the loading is distributed. 

Pin 



•The clearance between the flanges is usually kept as 
5-9 mm.
• The load F on the pin is uniformly distributed on the 
length (1-c), therefore the arm under bending moment 
upto the reduced area = (l-c)1/2 + C = l1

• Maximum bending moment= F*l• Maximum bending moment= F*l1
• Induced bending stress will be

Sb = Fl1/(π/32)d0
3

This value should be less than the allowable bending   
stress.



4. Initial tightening stresses
•Care should be taken during assembly that the nuts
are not tightened down unnecessarily. 
•The proportions of the coupling may now be taken as given 
below, where 
d is the shaft diameter, and 
t1 is the boss thickness,
outer diameter of boss  = 2douter diameter of boss  = 2d
length of the boss =1.5d
diameter of pin do= 0.5 d/z1/2

thickness of the right hand side flange= 1/2t1+6.5 mm
thickness of the left hand side flange = length of bush - C 
width of the flanges = length of bush + 10 mm



Slip Coupling

•A slip coupling is permit relative rotation, or slip, 
between the driving shaft and the driven shaft. 

•A slip coupling is a safety device that prevents 
damage to rotating parts because of overloading.
••
• The slip begins if the load exceeds by 10 - 20 % the 
maximum load the shafts and other parts are designed.
•
•There are many variations in form of this type of 
coupling.  



Slip coupling



• The flanged hub a is keyed to the driving member. The 
driven member b is composed of a flanged hub with 
friction discs attached to both sides of  the flange.
•
• A number of springs are loaded by screwing down the 
nuts, and create the pressure on the friction surfaces that 
ensures a constant maximum moment of friction 
transmitted by the coupling.
•
•In case of an overload, (the Mt torsional moment ≥ Mf

friction moment) of the coupling, the discs start to slip.

•Further increase of the torsional moment on the shaft is 
safe-guarded against failure.



•Slip in a coupling occurs frequently, and no measurable wear 
takes place

•It is assumed that the unit pressure p between the discs is 
uniform and that the axial force Fa is exerted by the springs.

• The axial force Fa is given by relation  Fa=µ/4 (d2
2-d1

2)p
where µ is the coefficient of friction that can be increased by where µ is the coefficient of friction that can be increased by 
lining the coupling disc with friction materials. 

• The tangential force for two pairs of friction surfaces is 
Ft=2µ/Fa=2µπ/4 (d2

2-d1
2)p = µπ/2 (d2

2-d1
2)p

The mean radius at which the tangential force will be acting 
as given by relation rm = (d2+d1)/(2*2) = (d2+d1)/4



•The frictional torsional moment transmitted by the coupling 
is                Mt= Ftrm= µπ p (d2

2-d1
2)*(d2+d1)/8

•The torsional moment Mt can be equated to the torsional 
moment to be transmitted by the coupling.

•The bearing pressure p should be as low as possible to 
increase the life of the coupling. The desirable value for the 
bearing pressure is p = 0.4 - 0.5 N/mm2 and ≤ 0.7 N/mm2 . bearing pressure is p = 0.4 - 0.5 N/mm and ≤ 0.7 N/mm . 

•The ratio of diameter d2 and d1 approximately, d2/d1 =  1.6.      

•The number of springs ranges from 6 to 16 for for a shaft 
diameter of 55 mm to 160 mm.

The axial load (tensile load) coming on all the bolts can be 
calculated from relation axial force Fa.



Universal Flexible Coupling
•In cases where the angular or off set misalignment of the 
shaft reaches values which cannot be accommodated by 
flexible couplings, the Hooke's coupling or Universal Flexible 
coupling applied to good advantage.
•
•The universal coupling is used for two shafts whose center 
lines form a large angle, as 50 to 150, or even 450 . The joint   lines form a large angle, as 5to 15 , or even 45. The joint   
has no torsional flexibility and   can  accommodate any 
parallel misalignment, i.e., shafts must intersect.

• Single universal joints have the disadvantage that the 
rotational speed of the output shaft is non uniform in relation 
to the input shaft.



•There are many forms of this coupling  

Hooke's Coupling or Universal Flexible Coupling. 



• When applying a universal joint, it is important to take into 
account the correction factor. This depends on the working 
angle between the shafts.

•

• The pin is in double shear. If Mt is the torsional moment to 
be transmitted and then diameters of the pin dp is  calculated 
by relation.by relation.

Mt = π/4 dp
2 *Ss *2d

where Ss is the allowable shear stress in the material of pin 

•The central piece and the fork of the coupling are made 
from cast iron and the pins are made of steel.A coupling   
should be lubricated and protected from dust and dirt.



Universal joint components 



Automotive universal joint components



Double universal joint



Chain coupling.
Torque is transmitted through a 
double roller chain. Clearances 
between the chain and the sprocket
teeth on the two coupling halves 
accommodate misalignment. 

Elastometric member bonded to steel Elastometric member bonded to steel 
flanges and hubs

The features are that it (1) generally minimizes 
torsional vibration; (2) cushions shock loads; 
(3) compensates for parallel misalignment up to 
0.031 mm; (4) accommodates angular misalignment 
of ±3°; (5) provides adequate end float, ±0.031 mm. 



Grid-Flex coupling. 
Torque is transmitted through a flexible 
spring steel grid. Flexing of the grid 
permits misalignment and makes it 
torsionally resilient to resist shock loads. 

Gear coupling. 
Torque is transmitted between crown-
hobbed teeth from the coupling half to 
the sleeve. The crown shape on the gear
teeth permits misalignment. 



Bellows coupling. 
The inherent flexibility of the bellows
accommodates the misalignment.

PARA-FLEX coupling. 
Using an elastomeric Using an elastomeric 
element permits 
misalignment and 
cushions shocks. 



Types of inserts

Jaw-Type coupling 

Assembled coupling Neoprene,  Bronze,  Polyurethane



RETAINING RINGS AND OTHER MEANS OF AXIAL 
LOCATION

•· Retaining rings hold assemblies together or hold parts on 
shafts .
• The choice of the means for axial location depends heavily 
on whether or not axial thrust is transmitted by the element.   
Many of joining need for axial location affects only due to Many of joining need for axial location affects only due to 
incidental forces, vibration, handling, and shipping. Although 
not severe, these forces should not be taken lightly (40-60N) .  
• The wide variety of  means for axial location are the 
following: Retaining rings, Collars, Shoulders, Spacers, 
andLocknuts



Retaining Rings
•Retaining rings are placed on a shaft, in grooves in the 
shaft, 
or in a housing to prevent the axial movement of a machine 
element.    
• The amount of axial thrust load capacity and the shoulder 
height provided by the different ring styles also vary.  

The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete  
the image and then insert it again.

Internal                 External
Standard retaining rings

External



The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.



Retaining rings applied to 
a water conditioner mechanism



Collars
•A collar is a ring slid over the shaft and positioned adjacent 
to a machine element for the purpose of axial location. It is 
held in position, typically, by set screws.   The disadvantages 
are  the use of set screws themselves 



Shoulders

•A shoulder is the vertical surface produced when a diameter 
change occurs on a shaft. Such a design is an excellent 
method for providing for the axial location of a machine  
element at least on one side. 



Spacer
A spacer is similar to a collar in that it is slid over the shaft 
against the machine element that is to be located. 
The primary difference is that set screws and the like are 
not necessary because the spacer is positioned between two 
elements and thus controls only the relative position 
between them.



Caution against Overconstraint
•One practical consideration in the matter of axial location of 
machine elements is exercising care that elements are not 
overconstrained. 
•Under certain conditions of differential thermal expansion 
or with an unfavorable tolerance stack, the elements may be 
forced together so tightly as to cause dangerous axial 
stresses. stresses. 
•It is desirable to locate only one bearing positively on a 
shaft and to permit the other to float slightly in the axial 
direction. 





Productivity
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CHAPTER OVERVIEW

• Productivity is the amount of results 
(output) an organization gets for a given 
amount of inputs such as labor and amount of inputs such as labor and 
machinery. 
– Many organizations are trying to improve 

productivity because of the stiff competition 
from both American and foreign organizations. 



• Management limits productivity when it 
does not seem truly committed to improving 
it.it.
– One of the ways management appears to be not 

committed to improving productivity is when 
they send mixed messages, such as withholding 
permission to improve methods of doing the 
work. 



• Employee attitudes and skills can also limit 
productivity. 
– Employees may be unable or unwilling to meet – Employees may be unable or unwilling to meet 

standards. 

• Government regulations and work rules 
defined by union contracts are other limits 
to productivity.



• The two basic ways of improving 
productivity are 
– to increase the amount of output without a – to increase the amount of output without a 

similar increase in inputs or costs, or 

– to decrease costs without decreasing the amount 
of output. 



– Cost-cutting methods of improving productivity 
include 

• improving methods or the way things get done;

• reducing overhead; 

• minimizing waste, 

• including idle time and physical resources;

• installing modern equipment; and 

• minimizing 
– tardiness, 

– absenteeism, and 

– turnover.



• Many employees are fearful of productivity 
improvements because many organizations 
make them by make them by 
– laying off some employees and 

– giving extra work to the remaining employees.



• Supervisors can respond to these fears by 
– keeping employees informed about the 

organization’s plans, organization’s plans, 

– emphasizing the benefits of productivity, and 

– listening to employees.



• Productivity: The amount of results 
(output) an organization gets for a given 
amount of inputs.amount of inputs.

• Productivity is calculated as a comparison 
of outputs to inputs.  



• It is not an absolute number of items 
produced. 
– Producing a higher number of items will not – Producing a higher number of items will not 

necessarily result in higher productivity, 
because if both the inputs and outputs go up or 
down at the same rate, productivity will remain 
the same.





• Productivity can refer to 
– the amount of acceptable work employees do 

for each dollar they earn or for each dollar they earn or 

– the number of acceptable products 
manufactured with a given amount of 
resources.

• Productivity is also used to compare the 
competitiveness of companies and 
countries.







Management limitations

• For employees to contribute to improving 
productivity, they must believe that 
management is truly committed to this management is truly committed to this 
objective. 
– All too often, employees believe that 

management is more interested in the next 
quarter’s profits than in producing high-quality 
goods or services as efficiently as possible.



• Supervisors should set a good example by 
demonstrating through actions and words 
that they are interested in the department’s that they are interested in the department’s 
productivity. 

• Jobs that are done right the first time and 
the effective use of resources are general 
ways to develop productive departments.



• To assure jobs are done right the first time, it is 
necessary to have trained employees who have 
adequate information available to do the job. 
– Supervisors should be aware of what resources are 

needed and how effectively they are utilized. 

– They must communicate both up and down the 
organization to assure adequate resources are available. 

– Employees need to be informed about the use and care 
of resources. 



• Upper management needs information 
about resource requirements and be assured 
supervisors are using them in a manner that supervisors are using them in a manner that 
will maximize the organization’s goals.



Employee Attitudes and Skills

• Improving productivity involves making 
changes. 
– If you always do what you always did, you’ll – If you always do what you always did, you’ll 

always get what you always got. 

• Some changes may seem relatively small, 
such as adding one small task to a person’s 
job or changing the way a form is filled out



• Employees will not be motivated to change 
if they have negative attitudes about 
productivity improvements. productivity improvements. 
– Part of the supervisor s job is to identify 

employee attitudes and, when necessary, to help 
employees take a more positive view. 



• Employees’ negative attitudes toward the 
best level of productivity are not always 
associated with improvement. associated with improvement. 
– When business is slow, employees may 

“stretch” the work to fill the time. 

– If the loss of overtime seems likely employees 
may slow down or “forget” to do something on 
time to increase the probability that overtime 
will be available.



• Employee skill level will also influence 
how effective productivity-building efforts 
will be. will be. 
– Working at a difference pace or different 

method may require new skills. 

– When employees are either unwilling or unable 
to learn, this constraint is more difficult to 
overcome.



Government Regulations

• Businesses and other organizations in the 
United States are regulated in many areas. 

• Laws determine • Laws determine 
– the payment of overtime wages, 

– the provisions that must be made for disabled 
persons, 

– limits on polluting the environment, 

– minimum safety standards for goods produced, 
the use of child labor, etc.



• Ignoring or failing to obey government 
regulations can result in serious penalties. 
– The proper role of supervisors and other – The proper role of supervisors and other 

managers is to know these regulations and seek 
ways of improving productivity without 
violating the law.



Union Rules

• Many union contracts specify rules for what 
– tasks particular employees may do, 

– hours they may work, or – hours they may work, or 

– other restrictions on how organization use 
employees. 



• Sometimes an organization’s managers see 
a way to improve productivity that violates 
one of these rules. one of these rules. 
– Sometimes it is possible to overcome such 

constraints, although that usually takes time. 
• It may be in the best interest of both the company 

and the union to negotiate a change in the work 
rules. 

• However, this is not the job of the supervisor. 



• Supervisors have to do their best to get 
work done as efficiently as possible under 
the existing work rules.the existing work rules.



Measuring Productivity

• Productivity is based upon the equation:
– Productivity = Outputs/Inputs

• which states that productivity is the amount of • which states that productivity is the amount of 
output produced with the inputs used.

• This formula can be used to evaluate or 
compare the productivity of individuals, 
departments or work units, organizations, 
and countries.



Ways to Improve Productivity

• Since the equation is expressed as a 
fraction, productivity can be increased by 
either increasing the top, or numerator of a either increasing the top, or numerator of a 
fraction, or decreasing the bottom, or 
denominator of a fraction. 

• To increase productivity, the supervisor 
needs to increase outputs, reduce inputs, or 
both. 



• Productivity can be improved by improving 
quality if the improved quality is the result 
of reducing the amount of rework or repair of reducing the amount of rework or repair 
to the product or service. 
– Improving productivity through improved 

quality means that products and services must 
be right the first time without increasing the 
input part of the equation.



Cost-Control Strategies

• Productivity improves when 
– the department or organization can do as much 

work at a lower cost or work at a lower cost or 

– when output rises without a cost increase. 

• When starting a cost improvement approach 
to productivity, the supervisor must know 
what the costs are. 



• The most important source of such 
information is budget reports. 
– Budget reports reveal – Budget reports reveal 

• what the highest costs are and 

• where the variance indicates more money is spent 
than budgeted. 



• The efforts can be aimed at those areas 
where the biggest improvements are 
possible. possible. 
– In addition, the supervisor should spend time 

with workers, observing how they use the 
department’s resources, including their time. 

– The process of gathering information about 
costs and identifying needed improvements is 
part of the supervisor’s control function.



• Cost-control strategies include such things as 
– increasing output, 

– improving methods, 

– reducing overhead, 

– minimizing waste, 

– regulating or leveling work flow, 

– upgrading to modernize equipment, and 

– minimizing tardiness, absenteeism, and turnover. 



• Before trying anything drastic, be sure to 
determine which of these strategies will and will 
not appeal to higher management.

– For example, leveling work load may be inconsistent 
with upper management philosophy or it may violate 
union contract work rules. 

– Also, supervisors may only be able to suggest 
upgrading equipment to upper management. 

• They will probably not be able to purchase new equipment 
without upper management approval.



• Supervisors should not focus on strategies 
that are not under their control, but instead 
should use those that are available to them.should use those that are available to them.



• Another important resource to cost 
reduction are employee suggestions, 
whether or not there is a formal suggestion whether or not there is a formal suggestion 
program. 
– Employees have a close-up view of how things 

are done. 

– This enables them to see the shortcomings of 
the way the organization does things. 

– They have personal experience with what 
works and what doesn’t. 



• Cost-cutting strategies include
– Increase output

– Improve methods

– Reduce overhead

– Minimize waste

– Regulate or level the work flow

– Install modern equipment

– Train and motivate employees

– Minimize tardiness, absenteeism, and turnover



Increase Output

• Be sure employees are working up to their 
potential. 
– Usually employees don’t go around asking for – Usually employees don’t go around asking for 

more work. 

– Supervisors need to be aware of the work that 
needs to be done and see to it that employees 
are working up to speed. 



– When employees are asked to do more they 
may become unhappy. 

• Setting goals for higher production rates should be 
made with targets that are reasonable and perhaps made with targets that are reasonable and perhaps 
include employees in the decision-making process. 

• The supervisor must also communicate the new 
goals carefully.



Improve Methods

• A less stressful way to do more with a given 
amount of resources is to improve methods. 
– Major improvements result from finding a – Major improvements result from finding a 

better way to do the job. 
• Supervisors should constantly look for ways to 

improve methods. 

• Employees see the problems of their jobs and often 
have excellent ideas on how to improve them. 

– Therefore, supervisors should keep lines of 
communication open and actively seek new ideas.



Reduce Overhead

• Overhead includes such things as 
– rent, 

– utilites, – utilites, 

– staff support, 

– company cafeteria, 

– janitorial services, and 

– other indirect expenses 
• expenses not directly related to producing goods and 

services. 



• Staff departments in particular can be guilty 
of contributing too much to the cost of 
overhead by generating unnecessary overhead by generating unnecessary 
paperwork 
– Supervisors and their employees who produce 

or handle reports and forms should evaluate this 
paperwork to make sure it is needed. 



Minimize Waste

• Waste occurs in all kinds of operations. 
– For example. a factory may create a lot of waste 

through poor manufacturing processes and poor through poor manufacturing processes and poor 
material handling. 

– An office may make too many photocopies or 
needlessly long proposals, contributing more to 
landfills than to the company’s profits.



• Another costly waste is downtime or idle 
time. 
– For example, in a factory idle time occurs while – For example, in a factory idle time occurs while 

a machine is shut down for repairs or workers 
are waiting for parts. 

– In an office, idle time occurs when employees 
are waiting for instructions.



• Another form of wasted time results from 
detour behavior, or tactics for postponing or 
avoiding work. avoiding work. 
– Time is wasted when supervisors and 

employees stop to talk or go get a cup of coffee 
at times other than when breaks are scheduled. 



Regulate or Level the Work Flow

• An uneven flow of work can be costly. 
– At low times, employees are idle. 

– When demand is up employees have to work – When demand is up employees have to work 
extra hours to keep up resulting in the need to 
pay overtime.



• Steps a supervisor can take to regulate the 
work flow in his or her department:
– (1)  Make sure that he or she is doing an – (1)  Make sure that he or she is doing an 

adequate job of planning for the work that is 
required. 

– (2)Work with your boss and peers in other 
departments or form teams of employees to 
examine and solve the problems with work 
flow.



– (3)  If the work flow must remain uneven, the 
supervisor may find it best to use temporary 
employees during peak periods. 

• This approach can work if the temporary employees 
have enough training in the needed skills.



Install modern equipment

• Work may be slowed because employees 
are using worn or outdated equipment. 
– If that is the case, the supervisor may find it – If that is the case, the supervisor may find it 

worthwhile to replace it with modern 
equipment. 



• A supervisor needs to determine whether the 
expense of buying new equipment, or 
recommending its purchase, is worthwhile.
– One way to do this is to figure out how much money 

per year the new equipment will save. 
• Consider such things as lower repair costs, less down time, and 

more goods produced. 

• Then compute the number of years it will take before the 
savings will offset the cost of buying the equipment. 

– This is known as the payback period. 



Train and motivate employees

• For employees to work efficiently, they 
need a good understanding of how to do 
their jobs. their jobs. 
– Training alone does not lead to superior 

performance; 

– employees also must be motivated to do good 
work. 



Minimize tardiness, absenteeism, 
and turnover

• Lack of motivation often is the problem 
underlying time lost to tardiness and 
absenteeism. absenteeism. 

• Low morale is another reason. 

• Employees who do not find their jobs 
rewarding personally are more likely to find 
excuses not to show up.



• The extra costs are paid for someone who is 
not working. 
– Even if wages are not paid, the organization – Even if wages are not paid, the organization 

still must pay the employees’ benefits. 

– Other employees may not be able to work 
efficiently when other employees are not there. 

• Obviously, this means that customers may not be 
served adequately in a timely manner. 

• The cost of disappointing a customer is unknown 
and unmeasurable.



• The rate at which employees leave an organization 
is known as turnover.
– Any turnover adds costs because the organization must – Any turnover adds costs because the organization must 

spend a lot of money to recruit and train new 
employees. 

• Of course, the costs go up when the rate of turnover goes up. 

• The company also absorbs other costs such as lower 
productivity of employees while they are gaining knowledge 
and skills associated with the job. 

• The risk of failing to meet organizational objectives is also 
increased.





Overhead

• Expenses not directly related to producing 
goods and services; 
– examples are rent, utilizes, and staff support.– examples are rent, utilizes, and staff support.

• Overhead expenses will be incurred whether 
or not the company is producing goods or 
services. 



• When productivity is low, overhead 
expenses may be an excessive burden. 
– For example, under a standard level of – For example, under a standard level of 

production, each item of product or each 
incident of service is priced to contribute to the 
profit of the organization. 

– When productivity is low, the overhead is 
spread over fewer goods and services, resulting 
in a higher percentage of overhead (input) 
being absorbed by each.



Down Time or Idle Time

• Time during which employees or machines
are not producing goods or services.
– Down time of machinery,both scheduledand– Down time of machinery,both scheduledand

unscheduled, is likely to be recorded.
• Idle time for employees is often unknown.

– During employee idle time a special effort may be made to
look busy and stay out of the way of observing
management.



Detour Behavior

• Tactics for postponing or avoiding work.



Payback Period

• The length of time it will take for a benefit
generated by an investment (such as cost
savingsfrom machinery)to offset the costsavingsfrom machinery)to offset the cost
of the investment.



– Although a supervisor may have limited control 
over these costs, he or she should be mindful of 
waste and attempt to reduce these costs.



Employee Fears about 
Productivity Improvement

• A highly productive organization is in an 
ideal position to thrive and grow. 
– Thus, employees can benefit from productivity – Thus, employees can benefit from productivity 

improvements. 

– Even so, many employees react with fear when 
managers start talking about improving 
productivity.



• Increases in productivity are often coupled 
with 
– less overtime, – less overtime, 

– layoffs, 

– more work because less idle time, and 

– change in work methods. 



• When layoffs occur, the people who are left 
behind often have to struggle to keep up 
with the work that still has to be done.with the work that still has to be done.

• Supervisors must respond to these fears.



• If a supervisor does not understand the 
types of changes to be made and the reasons 
for the changes, for the changes, 
– the supervisor should discuss the matter with 

his or her boss as soon as possible. 

• After obtaining a clear view of the 
organization’s plans and goals, 
– the supervisor should present this information 

to the employees. 



• Emphasize the benefits and avoid dwelling 
on the negatives. 

• Answer employee questions and seek to get • Answer employee questions and seek to get 
information for them. 

• While information alone will not make 
employees enthusiastic, uninformed 
employees will almost certainly suffer from 
low morale.





What is work study?

� One of the most powerful tools to in 
improving productivity is work study. 

Work study is:

Arvind Shrouti,Option Positive

Work study is:

� The systematic examinations of the 
methods of carrying on activity

� To improve effective use of resources

� To set up standards of performance

http://cbs.iSkysoft.com/go.php?pid=2982&m=db


Work study also aims at 
the following:

� Simplifying or modifying the methods of 
operation

� Reduces unnecessary or excess work

Stops wasteful use of resources

Arvind Shrouti,Option Positive

� Stops wasteful use of resources

� Contributes to industrial safety by identifying 
hazardous work and developing safer 
methods

� Cuts down the time of performing a certain 
activity.



Some terminologies

� Total time in a Job:   The time taken by a worker 
or a machine to carry out an operation to produce a 
given quantity of certain product.

� A work Hour: The labor of one person for one hour.

Arvind Shrouti,Option Positive

A work Hour: The labor of one person for one hour.

� A Machine Hour: Running of the machine or plant 
for one hour.

� Basic work content: The basic irreducible minimum 
time theoretically required to produce one unit 
output. This is a perfect condition which is not 
achieved in most of the cases. 



Basic work 

content

(Minimum time 
required to 
perform one 
output)

Basic content 
added by poor 
product design or 
material 
Utilization

Total Time of 
operation under 
existing conditions

TOTAL

Arvind Shrouti,Option Positive

Work content added 
by inefficient 
methods of 
manufacture or 
operation
+ Poor material 
handling
+Poor quality 
standards
Poor inventory

Inefficient time 
due to human 
contribution
Like: 
Absenteeism
Bad 
workmanship
Accidents etc

TOTAL

INEFFECTIVE

TIME



Arvind Shrouti,Option Positive



� How Management technique can reduce 
ineffective time?

Basic work content

Product Development

Proper Material utilization

Quality control/ensure proper standards

Better layout & process planning

Arvind Shrouti,Option Positive

Material handling/reduce time & effort

Production planning

Method study to reduce poor methods of work

Inventory control

Ensure longer life and no stoppage of machinery

Create satisfactory working environment

Training,better working condition

Inefficient time 
totally

Eliminated



Human Factor in the 
application of work study:

Attitude

Case study of Maharshtra Scooters, 
Satara

Arvind Shrouti,Option Positive

Satara

� System Improvement

� Method improvement

� Line Balancing 



THANK YOU

Arvind Shrouti,Option Positive



Learning ObjectivesLearning Objectives

� Explain the importance of work design. 
� Briefly describe the two basic approaches to job 

design. 
� Discuss the advantages and disadvantages of 

specialization. 

7-1

specialization. 
� Explain the term knowledge-based pay. 
� Explain the purpose of methods analysis and 

describe how methods studies are performed. 
� Describe four commonly used techniques for 

motion study. 

http://cbs.iSkysoft.com/go.php?pid=2982&m=db


Learning ObjectivesLearning Objectives

� Discuss the impact of working conditions on 
job design. 

� Define a standard time. 
� Describe and compare time study methods 

and perform calculations. 

7-2

and perform calculations. 
� Describe work sampling and perform 

calculations. 
� Compare stopwatch time study and work 

sampling. 
� Contrast time and output pay systems.



� Job design involves specifying the 
content and methods of job
� What will be done
� Who will do the job

Job DesignJob Design

7-3

� Who will do the job
� How the job will be done
� Where the job will be done
� Ergonomics: Incorporation of human factors 

in the design of the workplace 



Design of Work SystemsDesign of Work Systems

Topics:

� Specialization

� Behavioral Approaches to Job Design

7-4

� Teams

� Methods Analysis

� Motions Study

� Working conditions



Specialization in Business: AdvantagesSpecialization in Business: Advantages

For Management:

1. Simplifies training

2. High productivity

For Labor:
1. Low education and

skill requirements

Table 7.1

7-5

2. High productivity

3. Low wage costs
2. Minimum

responsibilities

3. Little mental effort
needed



DisadvantagesDisadvantages

For Management:

Difficult to motivate
quality

2. Worker dissatisfaction,

For Labor:
1. Monotonous work

2. Limited opportunities
for advancement

Table 7.1

2. Worker dissatisfaction,
possibly resulting in
absenteeism, high
turnover, disruptive
tactics, poor attention
to quality

for advancement

3. Little control over work

4. Little opportunity for
self-fulfillment



Behavioral Approaches to Job Behavioral Approaches to Job 
DesignDesign

� Job Enlargement
� Giving a worker a larger portion of the total 

task by horizontal loading

� Job Rotation� Job Rotation
� Workers periodically exchange jobs

� Job Enrichment
� Increasing responsibility for planning and 

coordination tasks, by vertical loading



TeamsTeams

� Benefits of teams
� Higher quality
� Higher productivity
� Greater worker satisfaction

� Self-directed teams
� Groups of empowered to make certain 

changes in their work process



Methods AnalysisMethods Analysis

� Methods analysis
� Analyzing how a job gets done
� Begins with overall analysis
� Moves to specific details



Methods AnalysisMethods Analysis

�Changes in tools and equipment

�Changes in product design

The need for methods analysis can come 
from a number of different sources:

�Changes in product design
or new products

�Changes in materials or procedures

�Other factors (e.g. accidents, quality 
problems)



Methods Analysis ProcedureMethods Analysis Procedure

1.Identify the operation to be studied
2.Get employee input
3.Study and document current 

method
4.Analyze the job
5.Propose new methods
6.Install new methods
7.Follow-up to ensure improvements 

have been achieved



Analyzing the JobAnalyzing the Job

� Flow process chart
� Chart used to examine the overall 

sequence of an operation by focusing on  
movements of the operator or flow of 
materialsmaterials

� Worker-machine chart
� Chart used to determine portions of a 

work cycle during which an operator and 
equipment are busy or idle



FLOW PROCESS CHART

Job Requisition of petty cash

Details of Method

ANALYST
D. Kolb

PAGE
1 of 2

Requisition made by department head
Put in “pick -up” basket
To accounting department

Figure 7-2

Account and signature verified
Amount approved by treasurer
Amount counted by cashier
Amount recorded by bookkeeper
Petty cash sealed in envelope
Petty cash carried to department
Petty cash checked against requisition
Receipt signed
Petty cash stored in safety box



Motion StudyMotion Study

Motion study is the systematic 
study of the human motions used 

to perform an operation.



Motion Study TechniquesMotion Study Techniques

� Motion study principles - guidelines for 
designing motion-efficient work procedures

� Analysis of therbligs - basic elemental 
motions into which a job can be broken down

� Micromotion study - use of motion pictures � Micromotion study - use of motion pictures 
and slow motion to study motions that 
otherwise would be too rapid to analyze

� Charts

� Therbligs



1. Eliminate unnecessary motions
2. Combine activities
3. Reduce fatigue
4. Improve the arrangement of the 

Developing Work MethodsDeveloping Work Methods

4. Improve the arrangement of the 
workplace

5. Improve the design of tools and 
equipment



Working ConditionsWorking Conditions

Temperature &
Humidity

Ventilation

Illumination Color



Working Conditions (cont’d)Working Conditions (cont’d)

Noise & Vibration Work Breaks

7-18

Causes of AccidentsSafety



Work MeasurementWork Measurement

� Work measurement: Determining how 
long it should take to do a job.

� Standard time

� Stopwatch time study

7-19

� Stopwatch time study

� Historical times

� Predetermined data

� Work Sampling



Standard timeStandard time

Standard time: Standard time: 
The amount of time it should take a qualified The amount of time it should take a qualified 
worker to complete a specific task, working at a worker to complete a specific task, working at a 

7-20

worker to complete a specific task, working at a worker to complete a specific task, working at a 
sustainable rate, using given methods, tools and sustainable rate, using given methods, tools and 
equipment, raw materials,  and workplace equipment, raw materials,  and workplace 
arrangement.arrangement.



Stopwatch Time StudyStopwatch Time Study

� Stopwatch Time Study: Development of a 
time standard based on observations of one 
worker taken over a number of cycles.

� The basic steps in a time study:

7-21

1. Define the task to be studied
2. Determine the number of cycles to observe
3. Time the job
4. Compute the standard time



Standard Elemental TimesStandard Elemental Times

� Standard elemental times: Time 
standards derived from a firm’s historical 
data.

� Steps for standard elemental times

7-22

1. Analyze the job
2. Check file for historical times
3. Modify file times if necessary
4. Sum elemental times to get normal time



Work SamplingWork Sampling

� Work sampling: technique for estimating the 
proportion of time that a worker or machine 
spends on various activities and idle time.

� Work sampling involves making brief 
observations of a worker or machine at 

7-23

observations of a worker or machine at 
random intervals

� Work sampling does not require 
� timing an activity
� continuous observation of an activity



Meaning

• Focus on employees

• Ideas for improvement and innovation

Who do the 

real work?

What kind of 

• Target creative minds and talent

How are 

innovative 

products 

created?

What kind of 

processes are 

required?

http://cbs.iSkysoft.com/go.php?pid=2982&m=db


Wage Incentive Plans

A system which provides additional pay (or bonus) for 

qualitative and quantitative performance which 

exceeds standard or normal levels

• Relationship building• Relationship building

• Increasing productivity

• Employee morale

• Employee motivation

• Employee regularity

• Cost control

• Improvement in quality of life

• Optimum resource utilisation

• Flexibility in changing business conditions



Types of Wage Incentive Plan

Time-Rate System Piece-Rate System

Halsey Plan
Straight Piece 

Rate

• Most common 

method

• Time-based 

wages 

• Mostly for 

general roles 

• Payment by 

results system

• Output-related 

payment

• Encourages effort 

Rowan Plan

Emerson Plan

Bedeax Plan

Straight-Piece with 

minimum 

guarantee

Differential 

Piece Rate

general roles 

(administration, 

maintenance, 

etc)

• Tendency to 

creep upwards 

(inflation, 

promotion, etc)

• Easier from an 

employee’s 

perspective 

• Encourages effort 

at the cost of 

quality

• Home-based 

workers, sub-

contractors

• Working hours 

are 

unaccountable

• Earnings mostly 

below average



Straight Piece Rate

Example: 

If a worker produces 325 pieces per day and he 

is paid at the rate of Rs.0.20 per piece, the daily 

wage is 325 × 0.20 = Rs.65?wage is 325 × 0.20 = Rs.65?



Straight Piece with minimum 

guarantee

If output > expected or standard production then:

Wages = Base wage + (Current Output – Standard 

Production) X Wage RateProduction) X Wage Rate

Example

The standard output in a hypothetical welding shop is 

110 pieces per day. For a production less than or up to 

the standard output, the minimum guaranteed or daily 

base wage is Rs.70. Over the standard output an 

incentive at the rate of Rs.0.50 per piece is given. If the 



Time Taken (T)

Standard time (S)

Current Wage (R)

Incentive for time saved (Bonus percentage)

Halsey Premium Plan

Incentive for time saved (Bonus percentage)

Conditions:

– Time Taken < or = Actual Time

– Time taken > Actual Time (No incentive)



When T < or = S

Total Wages (W) = S*R + S*R*Bonus rate

Example

If the standard time taken to produce 10 units is 

Halsey Premium Plan (Contd…)

If the standard time taken to produce 10 units is 

240 hours and the actual time taken is 220 

hours, with average wages of Rs 4 per hour and 

50 % bonus. What is the wage rate under Halsey 

Premium Plan? 1440



When T > S

Total Wages (W) = S*R + R *(S-T)/100 (No 

bonus)

Example

Halsey Premium Plan (Contd…)

Example

If the standard time taken to produce 10 units is 

240 hours and the actual time taken is 260 

hours, with average wages of Rs 4 per hour and 

50 % bonus. What is the wage rate under Halsey 

Premium Plan? 959.20



Time Taken (T)

Standard time (S)

Current Wage (R)

Incentive for time saved (No bonus 

Rowan Plan

Incentive for time saved (No bonus 

percentage)

Conditions:

– Time Taken < or = Actual Time

– Time taken > Actual Time (No incentive)



When T < or = S

Total Wages (W) = S*R (No bonus)

Example

If the standard time taken to produce 10 units is 

Rowan Plan (Contd…)

If the standard time taken to produce 10 units is 

240 hours and the actual time taken is 220 

hours, with average wages of Rs 4 per hour and 

50 % bonus. What is the wage rate under Rowan 

plan? 960



When T > S

Total Wages (W) = S*R + R *[(S-T)/S] 

(Never a bonus but an incentive to improve)

Example

Rowan Plan (Contd…)

Example

If the standard time taken to produce 10 units is 

240 hours and the actual time taken is 250 

hours, with average wages of Rs 4 per hour and 

50 % bonus. What is the wage rate under Rowan 

plan? 959.83



Differences & Comparisons

Straight Piece Rate

Advantages Disadvantages

• Simple and easy to 

understand

• Focus of Productivity

• Satisfaction to efficient and 

fast workers

• No quality focus

• No job security

• No compensation for breakdown or 

sickness

• No guarantee of minimum wage

• Discourage group effort

Straight Piece Rate 

with minimum 

guarantee

• Encouragement for higher 

production

• Efficient methods can be 

adopted to increase 

production

• Easy to prepare quotation 

estimates and budgets

• No pay for idle time

• Less supervision cost

• No standardised basis for minimum 

guarantee

• Beginners and average workers 

cannot earn enough due to inability 

to work faster

• Quantity will be overemphasised 

than quality (unless there is close 

supervision

• Overwork and health concerns

• Not suitable for intermittent work 



Differences & Comparisons

Hasley premium 

Advantages Disadvantages

• Simple

• Beneficial for efficient 

worker

• Causes no harm to trainee, 

new or slow worker

• Benefits sharing

• Minimum base-wage 

guaranteed

• Workers get a small percentage of 

return over their achievement

• Quality may suffer due to over-

achievement

• Management gets a wrong picture of 

worker’s ability

guaranteed

Rowlan Plan

• Checks over-speeding 

overstrain by workers

• Assured minimum base-

wage

• Efficiency is rewarded

• Discourages workers to over-achieve

• Difficulty in ascertaining wages as it 

requires large data processing

• Sharing of profit for over-

achievement may not be liked by 

workers



Wages in India

Three types of wages: Minimum wages, Living wages, Fair wages

Minimum wages (Revision every 5 years):

3 consumption units for 1 earner

Minimum food requirements of 2700 calories per average Indian 

adult

Clothing requirement of 72 yards per annum per familyClothing requirement of 72 yards per annum per family

Rent corresponding to minimum area provided for under 

Government’s Industrial Housing Scheme

Fuel, lighting, etc expenditures that constitute to 20% of the total 

minimum wages

Children education, medical requirement, minimum recreation, 

etc that constitutes to 25% of the total minimum wage



Wages in India (Contd…)

Minimum wages (Revision every 5 years):

Maharashtra state has devised minimum wages in agriculture as follows

Scheduled 

Employment*

Category of 

Workers
Zone

Basic Minimum 

Wages
V.D.A

Total

Minimum 

Wage 

(Rs/Day)(Rs/Day)

Agriculture

I 120.00

No

120.00

II 110.00 110.00

III 105.00 105.00

IV 100.00 100.00

Variable Dearness Allowance: Scheduled employment means an employment 



Wages in India (Contd…)

Scheduled 

Employment

Category of 

Workers
Zone

Basic Minimum 

Wages
V.D.A

Total

Minimum 

Wage 

(Rs/Day)

Automobile 

Unskilled I 73.08 53.31 126.38

Semi-skilled I 76.92 53.31 130.23

Skilled I 80.77 53.31 134.08

Automobile 

Repairing 

Workshops 

and Garages

Unskilled II 69.73 53.31 122.54

Semi-skilled II 73.08 53.31 126.38

Skilled II 76.92 53.31 130.23

Unskilled III 65.38 53.31 118.69

Semi-skilled III 69.23 53.31 122.54

Skilled III 73.08 53.31 126.38



Wages in India (Contd…)

Living Wage

– More than the minimum wage

– Considers national income

– Paying capacity of industrial sector– Paying capacity of industrial sector

Fair wage

– Above minimum wage (lower-limit) and below 

living wage (upper-limit)

– Factors: labour productivity prevailing wage rate, 

level of national income and its distribution and 



Components of Employee Remuneration

Financial Non-Financial

Basic Wages Incentives

Fringe 

Benefits

Provident 

fund

Medical care

Accident 

relief

Health and 

• Car and its 

maintenance

• Club 

membership

• Paid 

membership

• Furnished 

• Job context

• Challenging job

• Responsibilities

• Growth prospects

• Supervision

• Working 

conditions

• Job sharing etc.



Process of managing compensation

Organisational Strategy

Compensation policy

Job analysis and evaluation

Analysis of contingent factorsAnalysis of contingent factors

Design and implementation of compensation 

plan

Evaluation and review



Job Evaluation

…is a process of determining the relative worth 

of a job.

Aims at…

Reduction in inequalities in salary structureReduction in inequalities in salary structure

Specialisation

Selection in employees

Harmony between employees and manager

Standardisation



Job Evaluation: Pre-requisites

Job content – job description and specification

Top management support

Cooperation of union and individual workers

Comparison of JobsComparison of Jobs

Involvement of expert in job-evaluation 

techniques



Job Evaluation Methods

Non-Analytical MethodsNon-Analytical Methods Analytical MethodsAnalytical Methods

Ranking Method
Classification 

Method

Factor 

Comparison
Point MethodRanking Method

Method Comparison
Point Method

Methods designed on the 

basis of the jobs as a 

whole

Methods designed on the 

basis of the requirements 

and elements of the jobs



Ranking Method
Worth of a job based on:

– Judgement of skill

– Effort (physical and mental)

– Responsibility (supervisory and fiscal)

– Working conditions

– Ranked in descending order from best to worst

Processes:Processes:

– Identify and place in order a number of clearly differentiated and well-

defined benchmark jobs at various levels. (benchmark jobs as in 

producers, maintainers, administrators, etc)

– Jobs are perceived to be the ones with the highest and lowest value; 

selecting a job mid-way and finally choosing others at lower or higher 

intermediate points. The remainder of the jobs are grouped as key 

jobs and ranking is complete

– Divide the ranked jobs into grades and an initial estimate (based on 



Ranking Method (Contd…)

– Presentations and continuous iterations

Simple, quick and inexpensive only if agreement of the jobs 

and ranks are reached easily

LIMITATION:LIMITATION:

Highly subjective.

Not diagnostic to point the specific areas of weakness and 

strength of a worker. 

Existing jobs must be re-ranked to accommodate new 

position

Requires detailed knowledge of every job for evaluation 

and ranking and difficult when a large number of jobs are 
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Introduction 
A fluid cannot resist a shear stress by a static deflection and it moves and deforms continuously as long 

as the shear stress is applied.  

Fluid mechanics  is  the  study of  fluids either  in motion  (fluid dynamics) or  at  rest  (fluid  statics). Both 

liquids and gases are classified as fluids.  

There is a theory available for fluid flow problems, but in all cases it should be backed up by experiment. 

It is a highly visual subject with good instrumentation. 

Since the earth  is 75% covered with water and 100% with air, the scope of fluid mechanics  is vast and 

has  numerous  applications  in  engineering  and  human  activities.  Examples  are  medical  studies  of 

breathing and blood flow, oceanography, hydrology, energy generation. Other engineering applications 

include: fans, turbines, pumps, missiles, airplanes to name a few. 

The basic equations of fluid motion are too difficult to apply to arbitrary geometric configurations. Thus 

most textbooks concentrate on flat plates, circular pipes, and other simple geometries. It is possible to 

apply  numerical  techniques  to  complex  geometries,  this  branch  of  fluid  mechanics  is  called 

computational fluid mechanics (CFD). Our focus, however, will be on theoretical approach in this course. 

Viscosity is an internal property of a fluid that offers resistance to flow. Viscosity increases the difficulty 

of the basic equations. It also has a destabilizing effect and gives rise to disorderly, random phenomena 

called turbulence.  

 

Fig.1: effects of viscosity and shape on the fluid flow. 

History of fluid mechanics 
Ancient civilization had enough knowledge  to solve certain  flow problems, e.g. sailing ships with oars, 

irrigation systems. 
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Archimedes  (285 – 212 B.C.) postulated  the parallelogram  law  for addition of vectors and  the  laws of 

buoyancy and applied them to floating and submerged objects. 

Leonardo da Vinci (1452 – 1519) stated the equation of conservation of mass in one‐dimensional steady‐

state flow. He experimented with waves, jets, hydraulic jumps, eddy formation, etc.  

Edme Mariotte (1620 – 1684) built the first wind tunnel and tested models in it. 

Isaac Newton (1642 – 1727) postulated his laws of motion and the law of viscosity of linear fluids, now 

called  newtonian.  The  theory  first  yield  the  frictionless  assumption  which  led  to  several  beautiful 

mathematical solutions. 

Leonhard Euler  (1707 – 1783) developed both  the differential equations of motion and  their  integral 

form, now called Bernoulli equation. 

William Froude  (1810 – 1879) and his son developed  laws of model testing and Lord Rayleigh  (1842 – 

1919) proposed dimensional analysis. 

Osborne Reynolds  (1842 – 1912) published the classic pipe experiment and showed the  importance of 

the dimensionless Reynolds number, named after him. 

Navier  (1785  –  1836)  and  Stokes  (1819  –  1903)  added  newtonian  viscous  term  to  the  equation  of 

motion, the fluid motion governing equation, i.e., Navier‐Stokes equation is named after them. 

Ludwig Prandtl (1875 – 1953) pointed out that fluid flows with small viscosity, such as water flows and 

airflows, can be divided into a thin viscous layer (or boundary layer) near solid surfaces and interfaces, 

patched onto a nearly inviscid outer layer, where the Euler and Bernoulli equations apply.  

 

Fig. 2: The concept of boundary layer. 

The concept of fluid  
There are two classes of fluids:  

Liquids: are  composed of  relatively  close‐packed molecules with  strong  cohesive  forces.  Liquids have 

constant  volume  (almost  incompressible)  and  will  form  a  free  surface  in  a  gravitational  field  if 

unconfined from above. 
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Gases: molecules  are widely  spaced with  negligible  cohesive  forces.  A  gas  is  free  to  expand  until  it 

encounters confining walls. A gas has no definite volume, and  it  forms an atmosphere when  it  is not 

confined. Gravitational effects are rarely concerned. 

Liquids and gases can coexist in two‐phase mixtures such as steam‐water mixtures. 

We can define  fluid properties and parameters, as continuous point  functions, ONLY  if the continuum 

approximation  is made.  This  requires  that  the  physical  dimensions  are  large  compared  to  the  fluid 

molecules.  

The fluid density is defined as: 

lim  

where the   is a limiting volume above which molecular variations are not important, this volume for 

all liquids and gases is about 10‐9 mm3. 

Dimensions and units 
Any  physical  quantity  can  be  characterized  by  dimensions.  The  arbitrary magnitudes  assigned  to  the 

dimensions are called units. There are two types of dimensions, primary or fundamental and secondary 

or  derived  dimensions.  Some  primary  dimensions  are: mass, m;  length,  L;  time,  t;  temperature,  T. 

Secondary dimensions are the ones that can be derived from primary dimensions such as: velocity (m/s), 

pressure (Pa = kg/m.s2). 

There  are  two  unit  systems  currently  available  SI  (International  System)  and  USCS  (United  States 

Customary System) or English system. We, however, will use SI units exclusively  in  this course. The SI 

system  is  based  on  7  fundamental  units:  length, meter  (m); mass,  kilogram  (kg);  time,  second  (s); 

electric current, ampere (A); amount of light, candela (cd); amount of matter, mole (mol). 

The SI units are based on decimal relationship between units. The prefixes used to express the multiples 

of the various units are listed in Table 1. 

Table 1: Standard prefixes in SI units. 

MULTIPLE  1012  109  106  103  10‐2  10‐3  10‐6  10‐9  10‐12 

PREFIX  tetra, T  giga, G  mega, M  kilo, k  centi, c  mili, m  micro, μ  nano, n  pico, p 

Important note: in engineering all equations must be dimensionally homogenous. This means that every 

term in an equation must have the same units. It can be used as a sanity check for your solution. 

Example 1: Unit Conversion 

The  heat  dissipation  rate  density  of  an  electronic  device  is  reported  as  10.72  mW/mm2  by  the 

manufacturer. Convert this to W/m2. 



   M. Bahrami      Fluid Mechanics (S 09)  Intro &fluid properties         5 

 

2

2

2
10720

1000

1

1

1000
72.10

m

W

mW

W

m

mm

mm

mW







  

Eulerian and Lagrangian Point of View 
There are two different points of view in analyzing problems in mechanics.  

In the Eulerian point of view, the dynamic behavior of the fluid  is studied from a fixed point  in space. 

Therefore,  fluid  properties  and  parameters  are  computed  as  filed  functions,  e.g.  p(x,y,z,t).  Most 

measurement devices work based on Eulerian method. 

The system concept represents a Lagrangian point of view where the dynamic behavior of a fluid particle 

is considered. To stimulate a Lagrangian measurement, the probe would have to move downstream at 

the fluid particle speed. 

Fluid velocity field 
Velocity:  the  rate of  change of  fluid position at a point  in a  flow  field. Velocity  in general  is a vector 

function of position and time, thus has three components u, v, and w, each a scalar field in itself: 

, , ,  , , , , , , , , ,  

Velocity is used to specify flow filed characteristics, flow rate, momentum, and viscous effects for a fluid 

in motion. Furthermore, velocity field must be known to solve heat and mass transfer problems.  

Thermodynamic properties of a fluid 
Any characteristic of a system is called a property. In this course, the fluid is assumed to be a continuum, 

homogenous matter with  no microscopic  holes.  This  assumption  holds  as  long  as  the  volumes,  and 

length scales are large with respect to the intermolecular spacing. 

Thermodynamic properties describe the state of a system. 

 System is defined as a collection of matter of fixed identity that interacts with its surroundings.  

For  a  single‐phase  substance  such  as water  or  oxygen,  two  basic  (independent)  properties  such  as 

pressure and temperature can identify the state of a system; and thus the value of all other properties. 

Note:  In this course, important non‐equilibrium effects such as chemical, nuclear, and magnetic effects 

are neglected. 

Temperature 
Temperature is a measure of the internal energy, it is also a pointer for the direction of energy transfer 

as heat.  
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Fig. 3: Heat transfer occurs in the direction of higher‐to‐lower‐temperature. 

When  the  temperatures of  two bodies are  the  same,  thermal equilibrium  is  reached. The equality of 

temperature is the only requirement for thermal equilibrium.  

Experimentally  obtained  Temperature  Scales,  the  Celsius  and  Fahrenheit  scales,  are  based  on  the 

melting and boiling points of water. They are also called two‐point scales. 

Conventional thermometry depends on material properties e.g. mercury expands with temperature in a 

repeatable and predictable way. 

Thermodynamic Temperature Scales  (independent of  the material),  the Kelvin and Rankine scales, are 

determined using a constant volume gas thermometer. The relationships between these scales are: 

° 273.15 

° 459.67 

1.8  

° 1.8 ° 32 

Pressure 
Pressure is the (compression) force exerted by a fluid per unit area.  

       

In fluids, gases and  liquids, we speak of pressure;  in solids this  is normal stress. For a fluid at rest, the 

pressure at a given point is the same in all directions. 

Differences or gradients in pressure drive a fluid flow, especially in ducts and pipes. 

Density 
The density of a fluid is its mass per unit volume: 
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Liquids are essentially incompressible, whereas density is highly variable in gases nearly proportional to 

the  pressure.  In  general,  liquids  are  approximately  3  orders  of  magnitude  denser  than  gases  at 

atmospheric pressure. 

@20˚C, 1 atm  Air   Water  Hydrogen  Mercury 

 ⁄   1.20  998  0.0838  13,580 

Note: specific volume is defined as: 

1
 

Specific weight 
The specific weight of a  fluid  is  its weight,  , per unit volume. Density and specific weight are 

related by gravity:  

    

Specific gravity 
Specific gravity  is  the  ratio of a  fluid density  to a  standard  reference  fluid,  typically water at 4˚C  (for 

liquids) and air (for gases): 

1.205 /
 

1000 /
 

For example, the specific gravity of mercury is SGHg = 13,580/1000   13.6.  

Energy and specific heats 
Potential energy is the work required to move the system of mass m from the origin to a position against 

a gravity field g: 

   

Kinetic energy is the work required to change the speed of the mass from zero to velocity V. 

1
2

 

The total energy, E, of a substance  is the sum of the  internal, kinetic, and potential energies at a given 

state point: 
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/
2
 

Note:  the molecular  internal energy u  is a  function of  temperature and pressure  for  the  single‐phase 

substance, whereas KE and PE are kinematic quantities. 

Specific heat capacity, also known simply as specific heat, is the measure of the heat energy required to 

increase the temperature of a unit mass of a substance by one degree temperature. There are two types 

of specific heats, constant volume cv and constant pressure cp. 

The ideal gas equation of state 
Any equation  that  relates  the pressure,  temperature, and  specific volume of a  substance  is  called an 

equation of state. The simplest and best known equation of state for substances in the gas phase is the 

ideal‐gas equation of state. 

It  is  experimentally  observed  that  at  a  low  pressure  the  volume  of  a  gas  is  proportional  to  its 

temperature: 

1     

or 

 

where Ru is the gas universal constant, Ru = 8.314 (kJ/kmol.K). The ideal gas equation can be written as 

follows: 

 

The constant R is different for each gas; for air, Rair = 0.287 kJ/kg.K. The molecular weight of air M=28.97 

kg/kmol. 

 is the gas constant and cp and cv are specific heat constants. 

For an ideal gas, the internal energy is only a function of temperature;  ; thus constant volume 

specific heat is only a function of temperature: 

 

or,  

 

Enthalpy, another thermodynamic property, is related to internal energy: 



   M. Bahrami      Fluid Mechanics (S 09)  Intro &fluid properties         9 

 

 

The constant pressure specific heat can be defined as: 

 

 or,  

 

The ratio of specific heats of a perfect gas is an important dimensionless parameter in compressible flow 

analysis: 

1 

For air, kair = 1.4 at atmospheric conditions. 

Incompressible fluid 
Liquids are (almost) incompressible and thus have a single constant specific heat: 

          

Viscosity 
Viscosity is a measure of a fluid’s resistance to flow. It determines the fluid strain rate that is generated 

by a given applied shear stress.  

 

Fig.4: Velocity profile and shear stress. 

A Newtonian fluid has a linear relationship between shear stress and velocity gradient: 

 

The shear stress is proportional to the slope of the velocity profile and is greatest at the wall. 

u(y) 

y 

No‐slip at wall 

Velocity 

profile 
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The no‐slip condition: at the wall velocity is zero relative to the wall. This is a characteristic of all viscous 

fluid. 

The linearity coefficient in the equation is the coefficient of viscosity,   . / . We can also use the 

kinematic viscosity  ⁄ ⁄  .  Some examples: 

9.0 6 
.

 ,      1.8 5 
.
,      1.0 3 

.
       ,

0.20 
.

 

Temperature has a strong and pressure has a moderate effect on viscosity. The viscosity of gases and 

most liquids increases slowly with pressure.  

Gas viscosity increases with temperature. Two common approximations are the power law and the 

Sutherland law: 

 

⁄ /

 

 

where   is a known viscosity at a known absolute temperature usually 273K (note that Kelvin 

temperature scale must be used in the formula). The constant n and S are fit to the data. For air n=0.7 

and S=110K. 

Liquid viscosity decreases with temperature and is roughly exponential,  . A better fit is the 

following empirical relationship: 

 

where for water  273.16 , 0.001792
.

, 1.94, 4.80,  6.74 with 

accuracy about 1%. 

The Reynolds number 
The Reynolds number, Re: 

 

is  a  dimensionless  number  that  gives  a  measure  of  the  ratio  of  inertial  forces    to  viscous 

forces ⁄  and,  consequently,  it quantifies  the  relative  importance of  these  two  types of  forces  for 

given flow conditions. 
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Very low Reynolds number  Viscous creeping motion, i.e. inertia effects are negligible 

Moderate  Reynolds 
number 

Smoothly varying laminar flow, both inertia and viscous forces important 

High Reynolds number  Turbulent flow, with strongly random high‐frequency fluctuations 

 

 

Fig. 5: LHS, very low Re number, creeping flow around two cylindrical bodies. RHS: air flow around an 

air‐foil, from moderate Re number, laminar flow (top photo) to high Re number, turbulent flow regime 

(bottom photo).   

Explicit numerical value of Re numbers depend on flow geometry.  

Thermal conductivity 
It  can  be  observed  that  the  rate  of  heat  conduction  through  a material  layer  is  proportional  to  the 

temperature difference across the layer and the heat transfer area, but it is inversely proportional to the 

thickness of the layer, as shown in Fig. 6. 

   
  

 
 

To make this equality, k  .⁄ the thermal conductivity of the material, is introduced. This is called 

the Fourier’s law of heat conduction. In the limiting case where the thickness Δx→0, the equation above 

reduces to the differential form: 

 

The minus sign satisfies the convention that heat flux is positive in the direction of decreasing 

temperature.  

This can be written for three scalar components of the heat flow rate vector: 
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, ,        

The  term  ⁄   is called the temperature gradient, which  is  the slope of the  temperature curve, the 

rate of temperature change in the x‐direction. 

 

Fig.6: Heat conduction through a large plane wall. 

Note: Thermal conductivity is a thermodynamic property and varies with temperature and pressure in a 

similar  manner  to  viscosity,  the  ratio  of  k/k0  can  be  correlated  using  the  same  above‐mentioned 

equation for viscosity. 

Flow between plates 
It is the flow induced between a fixed lower plate and upper plate moving steadily at velocity V. 

 

With zero acceleration and assuming no pressure variation  in the flow direction, one can write a force 

balance on a small fluid element that leads to the result that the shear stress is constant throughout the 

fluid: 

Area, A 

A 

Δx

Q

T1 

T2 
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. 

After integration: 

 

the velocity distribution is linear, as shown in the figure and the constants can be found using boundary 

consitions (no‐slip velocity at lower and upper plates): 

0 0  0
 

 

The velocity becomes: 

 

Surface tension 
A liquid, being unable to expand freely, will form an interface with a second liquid or gas.  

 

Fig. 7: Surface tension, liquid‐gas‐solid interface. 

The cohesive  forces between  liquid molecules are  responsible  for  the phenomenon known as surface 

tension.  The molecules  at  the  surface  do  not  have  other  like molecules  on  all  sides  of  them  and 

consequently they cohere more strongly to those directly associated with them on the surface. 

Surface tension Υ (pronounced upsilon) has the dimension of force per unit  length (N/m) or of energy 

per unit area (J/m2). 

 

Fig. 8: Pressure drop across curved interfaces due to surface tension. 
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Pressure increase in the interior of a liquid half‐cylinder droplet of length L and radius R is, Fig.8‐a: 

2 Δ 2ΥL      ∆
Υ
 

Pressure droplet in the interior of a liquid half‐sphere droplet of radius R is, Fig.8‐b: 

π Δ 2 Υ      ∆
2Υ

 

For a full sphere droplet, e.g. soap bubble, which has two interfaces with air, the pressure increase will 

be twice: 

Δ 2Δ
4Υ

 

Pressure droplet in the interior of an arbitrarily curved interface of principal radii R1 and R2, Fig.8‐c: 

Δ Υ
1 1

 

This  is  a more  general  relationship  and  yields  both  cylindrical  (   ∞  )  and  spherical  

. 

Contact angle : appears when a liquid interface intersects with a solid surface.  
  
90°   
90°   

 

The contact angle  is sensitive to actual physiochemical condition of the solid‐liquid  interface. Water  is 

extremely wetting to a clean glass surface with 0. For a clean mercury‐air‐glass interface,  130°. 

Vapor pressure and cavitation 
Vapor pressure is the pressure at which a liquid boils and is in equilibrium with its own vapor.  When the 

liquid pressure is dropped below the vapor pressure due to a flow phenomenon, we call the process 

cavitation.  The dimensionless parameter describing flow‐induced boiling is called cavitation number: 

0.5
 

where, pa is ambient pressure, pv is vapor pressure and V is the fluid velocity. 

 

Fig. 9: Cavitation bubbles. 
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Fig.  10:  Spiral  bubbles  form  from  the  surface  of  a marine  propeller. When water  is  accelerated,  its 

pressure  drops,  this  can  cause  cavitation.  The  cavitation  bubbles  being  formed  on  a  low‐pressure 

surface  of  a marine  propeller move  into  a  higher‐pressure  region  and  collapse,  creating  a  beautiful 

image.    

 

Fig. 11: Bubble collapse  is a particularly  important  subject because of  the noise and material damage 

that  can  be  caused  by  the  high  velocities,  pressures,  and  temperatures  that may  result  from  that 

collapse. The figure shows the damaging erosion effects of collapsing cavitation bubbles on a propeller 

surface (LHS) and on a valve plate (RHS). 

Noslip and notemperaturejump condition 
When a  fluid  flow  is bounded by a surface, molecular  interactions cause  the  fluid  in contact with  the 

surface to seek momentum and energy equilibrium with the surface. Except for rarefied gas flows, we 

shall assume: 

       no‐slip condition 

      no‐temperature‐jump condition 

They serve as boundary conditions for analysis of fluid flow past a solid surface. 
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Fig. 12: no‐slip condition in water flow past a thin fixed plate. the upper flow is turbulent, the lower is 

laminar. The velocity profile is made visible using a line of hydrogen bubbles. 

Speed of sound and compressibility effects 
When  the  flow  velocity  reaches  a  considerable  fraction  of  the  speed  of  sound  of  a  fluid,  the 

compressibility effects  can be  important  in gas  flow due  to  significant density  changes  caused by  the 

high velocity flow. 

Speed of sound:  is the rate of propagation of small disturbance pressure pulses (sound waves) through 

the fluid: 

,  

For an ideal gas, one finds: 

 √  

R is the gas constant, and T is the absolute temperature (Kelvin), for air at 20C, a = 343 m/s.  

Mach number is the ratio of the flow to the speed of sound: 

 

Compressibility effects are normally neglected for  0.3, i.e., for air flow velocity up to 100 m/s. 

Flow pattern 
Streamline: is a line everywhere tangent to the velocity vector at a given instant. 

Pathline: is the actual path traversed by a given fluid particle. 

Streakline: is the locus of particles that have earlier passed through a prescribed point. 

Turbulent flow 

Laminar flow 

Thin fixed plate 

Velocity profile, 

Turbulent flow 

Velocity profile, 

laminar flow 
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Timeline: is a set of fluid particles that form a line at a given instant. 

Note: in steady flows, streamlines, pathlines, and streaklines are identical.  

 

Fig. 13: a) streamlines are  tangent  to  the  local velocity vector, b) a streamtube  is  formed by a closed 

collection  of  streamlines.  By  definition  the  fluid within  the  streamtube  is  confined  there  because  it 

cannot cross the streamline; thus the streamtube walls need not be solid but may be fluid surface. 

If the elemental arc length dr of a streamline is to be parallel to V, their respective components must be 

in proportion: 

Streamline:                 

Thus,  if  velocities  (u,  v, w)  are  known  functions  of  position  and  time, we  can  integrate  the  above 

equation and find the streamline passing through the initial point (x0, y0,z0). 
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Module1 : Lecture 1 
BASIC CONCEPTS AND PROPERTIES OF FLUIDS 

 

BASIC CONCEPTS 

• Mechanics is the oldest physical science that deals with both stationery and 

moving boundaries under the influence of forces. The branch of the mechanics 

that deals with bodies at rest is called statics while the branch that deals with 

bodies in motion is called dynamics.  

• Fluid Mechanics is the science that deals with behavior of fluids at rest (fluid 

statics) or in motion (fluid dynamics) and the interaction of fluids with solids or 

other fluids at the boundaries.  

• A substance in liquid / gas phase is referred as ‘fluid’. Distinction between a solid 

& a fluid is made on the basis of substance’s ability to resist an applied shear 

(tangential) stress that tends to change its shape. A solid can resist an applied 

shear by deforming its shape whereas a fluid deforms continuously under the 

influence of shear stress, no matter how small is its shape. In solids, stress is 

proportional to strain, but in fluids, stress is proportional to ‘strain rate.’  

 
Fig. 1.1.1: Illustration of solid and fluid deformation.  

Referring to Fig. 1.1.1, the shear modulus of solid ( )S  and coefficient of 

viscosity ( )µ  for fluid can defined in the following manner; 

( )
( )

( )
( )

Shear stress Shear stress;
Shear strain Shear strain rate

F A F A
S

x h u h
µ= = = =

∆ ∆
                    (1.1.1) 

Here, the shear force ( )F  is acting on the certain cross-sectional area ( )A , h  is 

the height of the solid block / height between two adjacent layer  of the fluid 

element, x∆ is the elongation of the solid block and u∆ is the velocity gradient 

between two adjacent layers of the fluid.  
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• Although liquids and gases share some common characteristics, they have many 

distinctive characteristics on their own. It is easy to compress a gas whereas 

liquids are incompressible. A given mass of the liquid occupies a fixed volume, 

irrespective of the size and shape of the container. A gas has no fixed volume and 

will expand continuously unless restrained by the containing vessel. For liquids a 

free surface is formed in the volume of the container is greater than that of the 

liquid. A gas will completely fill any vessel in which it is placed and therefore, 

does not have a free surface. 

Dimension and Unit  

A dimension is the measure by which a physical variable is expressed quantitatively 

and the unit is a particular way of attaching a number to the quantities of dimension. 

All the properties of fluid are assigned with certain unit and dimension. Some basic 

dimensions such as mass (M), length (L), time (T) and temperature (θ) are selected as 

Primary/Fundamental dimensions/unit. While others such as velocity, volume is 

expressed in terms of primary dimensions and is called as secondary/derived 

dimensions/unit. In this particular course, SI (Standard International) system of units 

and dimension will be followed to express the properties of fluid.  

Fluid as Continuum 

Fluids are aggregations of molecules; widely spaced for a gas and closely spaced for 

liquids. Distance between the molecules is very large compared to the molecular 

diameter. The number of molecules involved is immense and the separation between 

them is normally negligible. Under these conditions, fluid can be treated as continuum 

and the properties at any point can be treated as bulk behavior of the fluids.  

 For the continuum model to be valid, the smallest sample of matter of practical 

interest must contain a large number of molecules so that meaningful averages can be 

calculated. In the case of air at sea-level conditions, a volume of 10-9mm3 contains 

3×107 molecules. In engineering sense, this volume is quite small, so the continuum 

hypothesis is valid. 

In certain cases, such as, very-high-altitude flight, the molecular spacing becomes 

so large that a small volume contains only few molecules and the continuum model 

fails. For all situations in these lectures, the continuum model will be valid.  
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Properties of Fluid  

Any characteristic of a system is called property. It may either be intensive (mass 

independent) or extensive (that depends on size of system). The state of a system is 

described by its properties. The number of properties required to fix the state of the 

system is given by state postulates. Most common properties of the fluid are: 

1. Pressure ( )p : It is the normal force exerted by a fluid per unit area. More details 

will be available in the subsequent section (Lecture 02). In SI system the unit and 

dimension of pressure can be written as, N/m2 and -1 -2M L T , respectively.   

2. Density:  The density of a substance is the quantity of matter contained in unit 

volume of the substance. It is expressed in three different ways; mass density

mass
volume

ρ = 
 

, specific weight ( )gρ  and relative density/specific gravity 

water

SG ρ
ρ

 
= 

 
 . The units and dimensions are given as, 

For mass density; Dimension: 3M L−   Unit: kg/m3 

For specific weight;  Dimension: -2 -2M L T   Unit: N/m3 

The standard values for density of water and air are given as 1000kg/m3 and 1.2 

kg/m3, respectively. Many a times the reciprocal of mass density is called as specific 

volume ( )v .  

3. Temperature ( )T : It is the measure of hotness and coldness of a system. In 

thermodynamic sense, it is the measure of internal energy of a system. Many a times, 

the temperature is expressed in centigrade scale (°C) where the freezing and boiling 

point of water is taken as 0°C and 100°C, respectively. In SI system, the temperature 

is expressed in terms of absolute value in Kelvin scale (K = °C+ 273).  
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4. Viscosity ( )µ : When two solid bodies in contact, move relative to each other, a 

friction force develops at the contact surface in the direction opposite to motion. The 

situation is similar when a fluid moves relative to a solid or when two fluids move 

relative to each other. The property that represents the internal resistance of a fluid to 

motion (i.e. fluidity) is called as viscosity. The fluids for which the rate of deformation 

is proportional to the shear stress are called Newtonian fluids and the linear 

relationship for a one-dimensional system is shown in Fig. 1.1.2. The shear stress ( )τ  

is then expressed as, 

du
dy

τ µ=                                                               (1.1.2) 

where, du
dy

 is the shear strain rate and µ  is the dynamic (or absolute) viscosity of the 

fluid.  

The dynamic viscosity has the dimension -1 -1M L T and the unit of kg/m.s (or, 

N.s/m2 or Pa.s) . A common unit of dynamic viscosity is poise which is equivalent to 

0.1 Pa.s. Many a times, the ratio of dynamic viscosity to density appears frequently 

and this ratio is given by the name kinematic viscosity  µν
ρ

 
= 

 
. It has got the 

dimension of 2 -1L T and unit of stoke (1 stoke = 0.0001 m2/s). Typical values of 

kinematic viscosity of air and water at atmospheric temperature are 1.46 x 10-5 m2/s 

and 1.14 x 10-6 m2/s, respectively.  

 

Fig. 1.1.2: Variation of shear stress with rate of deformation.  
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In general, the viscosity of a fluid mainly depends on temperature. For liquids, 

the viscosity decreases with temperature and for gases, it increases with temperature. 

Sutherland’s correlation is used to determine viscosity of gases as a function of 

temperature. 

3
2

0

0 0

T ST
T T S

µ
µ

  + =    +  
                                                            (1.1.3) 

For air, the reference value of viscosity 5
0 01.789 10 kg m.s at 288KTµ −= × = and  

110KS = . In the case of liquids, the viscosity is approximated as below; 

2
0 0

0

ln T Ta b c
T T

µ
µ

     = + +     
    

                                             (1.1.4) 

For water at 0 0273 K, 0.001792 kg m.s , 1.94, 4.8, 6.74T a b cµ= = = − = − = .  

5. Thermal Conductivity ( )k : It relates the rate of heat flow per unit area ( )q to the 

temperature gradient dT
dx

 
 
 

and is governed by Fourier Law of heat conduction i.e.  

dTq k
dx

= −                                                                 (1.1.5) 

In SI system the unit and dimension of pressure can be written as, W/m.K and 
-3 1M LT θ− , respectively.  Thermal conductivity varies with temperature for liquids as 

well as gases in the same manner as that of viscosity. The reference value of thermal 

conductivity ( )0k  for water and air at reference temperature is taken as, 0.6 W/m.K 

and 0.025 W/m.K, respectively.  

6. Coefficient of compressibility/Bulk modulus ( )vE : It is the property of that fluid 

that represents the variation of density with pressure at constant temperature. 

Mathematically, it is represented as, 

v
T T

pE v
v T

ρρ∂ ∂   = − =   ∂ ∂   
                                             (1.1.6) 
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In terms of finite changes, it is approximated as,  

( ) ( )
v

v v
E

T T
ρ ρ∆ ∆

= = −
∆ ∆

                                               (1.1.7) 

It can be shown easily that vE  for an ideal gas at a temperature p  is equal to its 

absolute pressure (N/m-2).   

7. Coefficient of volume expansion ( )β : It is the property of that fluid that represents 

the variation of density with temperature at constant pressure. Mathematically, it is 

represented as, 

1 1

p p

v
v T T

ρβ
ρ

∂ ∂   = = −   ∂ ∂   
                                             (1.1.8) 

In terms of finite changes, it is approximated as,  

( ) ( )v v
T T

ρ ρ
β

∆ ∆
= = −

∆ ∆
                                               (1.1.9) 

It can be shown easily that vE  for an ideal gas at a temperature T  is equivalent to 

inverse of the absolute temperature.  

8. Specific heats: It is the amount of energy required for a unit mass of a fluid for unit 

rise in temperature. Since the pressure, temperature and density of a gas are 

interrelated, the amount of heat required to raise the temperature from 1 2toT T  

depends on whether the gas is allowed to expand during the process so that the energy 

supplied is used in doing the work instead of raising the temperature. For a given gas, 

two specific heats are defined corresponding to the two extreme conditions of 

constant volume and constant pressure. 

(a) Specific heat at constant volume ( )vc  

(b)  Specific heat at constant pressure ( )pc  
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The following relation holds good for the specific heat at constant volume and 

constant pressure. For air ; pc = 1.005 KJ/kg.K   vc = 0.718 KJ/kg. K  

 ; ;
1 1p v p v

R Rc c R c cγ
γ γ

− = = =
− −

                                   (1.1.10) 

9. Speed of sound ( )c : An important consequence of compressibility of the fluid is 

that the disturbances introduced at some point in the fluid propagate at finite velocity. 

The velocity at which these disturbances propagate is known as “acoustic 

velocity/speed of sound”. Mathematically, it is represented as below; 

 vEdpc
dρ ρ

= =                                                       (1.1.11) 

In an isothermal process,   

(for an idealgas medium)

v
pE p c

c RT

ρ
= ⇒ =

=

         (1.1.12)                            

In isentropic process,    

(for an idealgas medium)

v
pE p c

c RT

γγ
ρ

γ

= ⇒ =

=

      (1.1.13)                                        

10. Vapour pressure ( )vp : It is defined as the pressure exerted by its vapour in phase 

equilibrium with its liquid at a given temperature. For a pure substance, it is same as 

the saturation pressure. In a fluid motion, if the pressure at some location is lower 

than the vapour pressure, bubbles start forming. This phenomenon is called as 

cavitation because they form cavities in the liquid.  
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11. Surface Tension ( )σ : When a liquid and gas or two immiscible liquids are in 

contact, an unbalanced force is developed at the interface stretched over the entire 

fluid mass. The intensity of molecular attraction per unit length along any line in the 

surface is called as surface tension. For example, in a spherical liquid droplet of radius

( )r , the pressure difference ( )p∆  between the inside and outside surface of the 

droplet is given by, 

  2p
r
σ

∆ =                                                                  (1.1.14) 

In SI system the unit and dimension of pressure can be written as, N/m and 2MT− , 

respectively.   

State Relations for Gases and Liquids 

All gases at high temperatures and low pressures are in good agreements with ‘perfect 

gas law’ given by, 

Rp RT T
M

ρ ρ
 

= =  
 

                                               (1.1.15) 

where, R  is the characteristic gas constant, R  is the universal gas constant and M  is 

the molecular weight.  

Liquids are nearly incompressible and have a single reasonable constant specific 

heat. Density of a liquid decreases slightly with temperature and increases moderately 

with pressure. Neglecting the temperature effect, an empirical pressure- density 

relation is expressed as, 

( )1
n

a a

p B B
p

ρ
ρ

 
= + − 

 
                                                (1.1.16) 

Here, andB n  are the non-dimensional parameters that depend on the fluid type and 

vary slightly with the temperature. For water at 1 atm, the density is 1000 kg/m3 and 

the constants are taken as, 3000 and 7B n= =  
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Classifications of Fluid Flows 

Some of the general categories of fluid flow problems are as follows; 

1. Viscous and  Inviscid flow: The fluid flow in which frictional effects become 

signification, are treated as viscous flow. When two fluid layers move relatively to 

each other, frictional force develops between them which is quantified by the fluid 

property ‘viscosity’. Boundary layer flows are the example viscous flow. Neglecting 

the viscous terms in the governing equation, the flow can be treated as inviscid flow.  

2. Internal and External flow:  The flow of an unbounded fluid over a surface is 

treated as ‘external flow’ and if the fluid is completely bounded by the surface, then it 

is called as ‘internal flow’. For example, flow over a flat plate is considered as 

external flow and flow through a pipe/duct is internal flow. However, in special cases, 

if the duct is partially filled and there is free surface, then it is called as open channel 

flow. Internal flows are dominated by viscosity whereas the viscous effects are 

limited to boundary layers in the solid surface for external flows. 

3. Compressible and Incompressible flow:   The flow is said to be ‘incompressible’ if 

the density remains nearly constant throughout. When the density variation during a 

flow is more than 5% then it is treated as ‘compressible’. This corresponds to a flow 

Mach number of 0.3 at room temperature.  

4. Laminar and Turbulent flow: The highly ordered fluid motion characterized by 

smooth layers of fluid is called ‘Laminar Flow’, e.g. flow of highly viscous fluids at 

low velocities. The fluid motion that typically occurs at high velocities is 

characterized by velocity fluctuations are called as ‘turbulent.’ The flow that 

alternates between being laminar & turbulent is called ‘transitional’. The 

dimensionless number i.e. Reynolds number is the key parameter that determines 

whether the flow is laminar or turbulent.   

5. Steady and Unsteady flow:  When there is no change in fluid property at point with 

time, then it implies as steady flow. However, the fluid property at a point can also 

vary with time which means the flow is unsteady/transient. The term ‘periodic’ refers 

to the kind of unsteady flows in which the flow oscillates about a steady mean. 

5. Natural and Forced flow:  In a forced flow, the fluid is forced to flow over a surface 

by external means such as a pump or a fan. In other case (natural flow), density 
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difference is the driving factor of the fluid flow. Here, the buoyancy plays an 

important role. For example, a warmer fluid rises in a container due to density 

difference.  

6. One/Two/Three dimensional flow:  A flow field is best characterized by the 

velocity distribution, and thus can be treated as one/two/three dimensional flow if 

velocity varies in the respective directions.  
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Module 1 : Lecture 2 
REVIEW OF FLUID STATICS 

 

FLUID STATICS 
Many fluid problems do not involve motion rather concerned with the pressure distribution in 

a static fluid. When the fluid velocity is zero, known as hydrostatic condition, the pressure 

variation is due to weight of the fluid. The important areas of fluid statics include; 

• Pressure distribution in atmospheres and oceans 

• Design of manometer pressure instruments 

• Forces on submerged flat and curved surfaces 

• Buoyancy on a submerged body 

• Behavior of floating bodies  
 

Hydrostatic pressure for fluids  

• The term ‘pressure’ is used to indicate the normal force per unit area at a point acting 

on a given plane within the fluid mass of interest. It is governed by Pascal’s law 

which states that the pressure at a point in a fluid at rest or in motion is independent 

of direction as long as there is no shearing stress present. 

• The net pressure force acting an fluid element per unit volume  ( )pressuref


 is given by, 

pressuref p= −∇


                                                     (1.2.1) 

It is not the pressure but the pressure gradient that causes the net force. 

• In engineering applications, the pressure is measured either as absolute numbers 

(called absolute pressure) or relative to atmospheric value (gauge/vacuum pressure). 

If the atmospheric pressure is given as ap , then referring to Fig. 1.2.1,  

- Pressure at ‘A’ can be measured as gauge pressure ( )gaugep  or absolute pressure 

( )1p  i.e. 

1 1 gauge 1 1;a ap p p p p p p= + ∆ = ∆ = −                              (1.2.2) 
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- Pressure at ‘B’ can be measured as vacuum pressure ( )vacuump  or absolute 

pressure ( )2p  i.e. 

2 2 vacuum 2 2;a ap p p p p p p= −∆ = ∆ = −                              (1.2.3) 

The value of local atmosphere is given by, 

2

1atm 1.01325bar 760 torr (mm of Hg)
101.325kPa 101.325kN m
14.7psi (pounds per squareinch)

= =

= =
=

 

 

Fig. 1.2.1: Illustration of gauge and vacuum pressure. 

• The pressure gradient is a surface force that acts on the sides of a fluid element. Also, 

if the fluid element is in motion, it will have surface forces due to viscous stresses. 

There may be body force due to gravitational potential, acting on the entire mass of 

the element. By, Newton’s second law, the sum of these forces per unit volume ( )f


equals to the density ( )ρ  times (mass per unit volume) the acceleration ( )a  of the 

fluid element, i.e. 

pressure gravity viscous viscous

viscous

f f f f p g f

a p g f

ρ

ρ ρ

= + + = −∇ + +

⇒ = −∇ + +

∑
    

                         (1.2.4) 
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This is the general equilibrium equation for a fluid element. Assuming the inviscid 

assumption ( )viscousf


, when the fluid is at rest or at constant velocity ( )0a =


, the 

pressure distribution reduces to, 

p gρ∇ =
                                                         (1.2.5) 

This is hydrostatic pressure distribution and is correct for all fluids at rest, regardless 

of their viscosity.  

• In Eq. (1.2.5), p∇ expresses the magnitude and direction of the maximum spatial rate 

of increase of the scalar property p  and is perpendicular everywhere to the surface. 

The hydrostatic equilibrium will align constant-pressure surfaces everywhere normal 

to gravity vector. In the customary coordinate system, the direction of z  is opposite 

to the direction of gravity (down), the Eq. (1.2.5) can be written in scalar form as, 

0; 0;p p p dp g
x y z dz

ρ γ∂ ∂ ∂
= = = − = −

∂ ∂ ∂
                                          (1.2.6) 

where γ  is the specific weight of the fluid. Integrating the above equation, 

2

2 1
1

p p dzγ− = −∫                                                       (1.2.7) 
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• Thus, the important conclusion about hydrostatic condition is as follows: “Pressure in 

a continuously distributed uniform static fluid varies only with vertical distance and is 

independent of the shape of the container. The pressure is the same at all point on a 

given horizontal plane in the fluid. The pressure increases/decreases with depth of the 

fluid. The hydrostatic pressure distribution in oceans and atmospheres is shown in 

Fig. 1.2.2. Considering the sea-level for the reference ( )0; az p p= = , the pressure 

decreases with altitude ( )b where the fluid medium is air ( )airγ . For an ocean, when 

the depth ( )h  is increased (vertically downward) the pressure gets increased for 

water ( )waterγ .  

 

Fig. 1.2.2: Hydrostatic pressure distribution in oceans and atmosphere. 

• Liquids are generally incompressible so that the density variations are neglected in 

hydrostatics. So, Eq. (1.2.7) reduces to the following form; 

2 1
1 2

p pz z
γ γ

− = −                                                    (1.2.8) 

where the term 
p
γ

 is called as pressure head of the fluid.  

• Gases are compressible with density proportional to pressure. Apply perfect gas law, 

in Eq. (1.2.6). 

dp pg g
dz RT

ρ= − = −                                             (1.2.9) 

where, R  is the characteristics gas constant and T  is the absolute temperature. 

Integration of above equation yields, 
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2
2

1 1

ln p g dz
p R T

 
= − 

 
∫                                               (1.2.10) 

This equation needs the assumption of temperature variation ( )T z e.g. in an 

isothermal atmosphere, where 0T T= ,  

( )2 1
2 1

0

exp
g z z

p p
RT
− 

=  
 

                                          (1.2.11) 

Manometer pressure instruments  

A change in elevation of a liquid is equivalent to the change in pressure (Eq. 1.2.8). Thus a 

static column of one/more liquids/gases can be used to measure the pressure difference 

between two points. Such a device is called a manometer. The simplest type of U-tube 

manometer is shown in Fig. 1.2.3. In the case of open U-tube manometer (Fig. 1.2.3-a), one 

end is connected to a reservoir ‘A’ and other end is open to atmosphere. The hydrostatic 

formula applicable for this case is,  

 ( ) ( )1 1 2 1 2 2 atmA Ap z z z z p pγ γ+ − − − = =                                  (1.2.12) 

In case of multi-fluid manometer as shown in Fig. 1.2.3(b), both ends of the tube are 

connected to the reservoirs ‘A’ and ‘B’. The pressure difference can then be computed as,  

( ) ( ) ( ) ( )
( ) ( ) ( ) ( )

1 1 2 2 3 3

1 1 2 2 1 3 2 3 4 3

A B A B

A B

p p p p p p p p p p

z z z z z z z zγ γ γ γ

− = − + − + − + −

=− − + − − − + −
              (1.2.13) 

 

Fig. 1.2.3: U-tube manometer for determination of hydrostatic pressure.  
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Hydrostatic force on a plane surface 

In the design of storage tanks, ships, dams and many hydraulic static structures, the 

determination of hydrostatic force is very important. When a surface is submerged in a fluid, 

forces develop perpendicular to the surface since there is no shearing stress. Also, the 

pressure will vary linearly with depth if the fluid is incompressible. As shown in Fig. 1.2.4(a), 

the magnitude of the resultant force at the bottom of a liquid filled tank is given by, 

( )RF pA h Aγ= =                                              (1.2.14) 

Since the atmospheric pressure acts on both sides of the bottom surface, the resultant force is 

purely due to the weight of the liquid in the tank and acts at the centroid of the area occupied 

by the liquid. In contrast, when the pressure is not uniformly distributed (Fig. 1.2.4-b), i.e. the 

pressure varies linearly in the side wall. In such cases, the magnitude and direction of 

resultant force must be determined from the general expressions given below.  

 

Fig. 1.2.4: Pressure distribution and resultant force in an open tank:  

(a) bottom portion of the tank; (b) side of the tank.  

In the most general case, we consider an inclined submerged plane surface as shown in 

Fig. 1.2.5. Let the plane in which the surface lies, intersect the free surface at ‘O’ and make an 

angle θ  with the surface. The x y−  coordinates are defined such that ‘O’ is the origin and all 

other geometric parameters are given in the Fig. 1.2.5. The area can have any arbitrary shape 

and it is desired to determine the direction, location and magnitude of the resultant force 

acting on one side of this area due to the liquid in contact with this area. At any given depth 

( )h , the force acting on the differential area dA  is ( )dF h dAγ=  and acts perpendicular to 

the surface. Integrating this expression, the resultant force may be found from the following 

analysis;  

( ) ( )sin sin sinR c c
A A A

F h dA y dA y dA A y h Aγ γ θ γ θ γ θ γ= = = = =∫ ∫ ∫              (1.2.15) 
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Here, c
A

y dA y A=∫  is the first moment of inertia with respect to x-axis, cy is the y-coordinate 

of the centroid area ‘A’ measured from x-axis which passes through ‘O’ and ch is the vertical 

distance from the fluid surface to the centroid of the area. Thus, it is clear from the Eq. 

(1.2.15) that the magnitude of the force is independent of the orientation of the surface and 

only depends on the specific weight of the fluid, total area and depth of the centroid of the 

area below the free surface.  

 

Fig. 1.2.5: Notations for hydrostatic force on any arbitrary inclined plane surface. 

 It is not always necessary that the resultant force will act at the centroid of the area. In 

order to calculate the location of this resultant force, let us take the moment of the force and it 

must be equal to the moment of the distributed pressure force. Considering the summation of 

moments about x-axis,  

( )

( )

2 2

2

2

sin sin

sin sin

R R
A A A

c R
A

xA
R

c c

F y y dF y dA y dA

A y y y dA

y dA
Iy

y A y A

γ θ γ θ

γ θ γ θ

= = =

⇒ =

⇒ = =

∫ ∫ ∫

∫

∫

                         (1.2.16) 

Here, xI  is the ‘moment of inertia’ with respect to an axis formed by the intersection of the 

plane containing the surface and free surface (x-axis). Using parallel axis theorem, one may 

express xI  in terms of second moment of inertia with respect to centroid ( )xcI and parallel to 

x- axis i.e. 2
x xc cI I Ay= +  . Thus, Eq. (1.2.16) becomes, 
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xc
R c

c

Iy y
y A

= +                                                      (1.2.17) 

In a similar manner, the x-coordinate of the resultant force can be determined by summing the 

moments about y-axis. 

( )

( )

2sin sin

sin sin

R R
A A A

c R
A

xy xyc c c xycA
R c

c c c c

F x x dF xy dA y dA

A y x xy dA

xy dA
I I Ax y I

x x
y A y A y A y A

γ θ γ θ

γ θ γ θ

= = =

⇒ =

+
⇒ = = = = +

∫ ∫ ∫

∫

∫

                             (1.2.18) 

where, xycI  is the product of moment of inertia with respect to an orthogonal coordinate 

system passing through the centroid area and formed by translation of x y− coordinate 

system. From Eq. (1.2.15), it is clear that the resultant force does not pass through the 

centroid but always below it. Again, if the submerged area is symmetrical to an axis passing 

through the centroid and parallel to either x or y axis, the resultant force must lie along the 

line cx x= . The point ( ),R Rx y through which the resultant force acts is called as “center of 

pressure”. With the knowledge of engineering mechanics, the centroidal coordinates and 

moment of inertias for common shapes are given in Fig. 1.2.6.  

 

Fig. 1.2.6: Area and moment of inertia of few common shapes.  



Flow Through Orifices. 

Orifice Discharge into Free Air 

An orifice is an opening with a closed perimeter through which water flows. Orifices may 

have any shape, although they are usually round, square, or rectangular. 

 

Discharge through a sharp-edged orifice may be calculated from: 

Q = Ca?2gh 

where 

Q= discharge, ft3/s (m3/s) 

C =coefficient of discharge 

a =area of orifice, ft2 (m2) 

g =acceleration due to gravity, ft/s2 (m/s2) 

h =head on horizontal center line of orifice, ft (m) 

The coefficient of discharge C is the product of the coef- ficient of velocity Cv and the 

coefficient of contraction Cc. The coefficient of velocity is the ratio obtained by dividing the 

actual velocity at the vena contracta (contraction of the jet discharged) by the theoretical 

velocity. The theoretical velocity may be calculated by writing Bernoulli’s equation for points 

1 and 2.Thus 

 

V2= ?2gh 

The coefficient of contraction Cc is the ratio of the smallest area of the jet, the vena 

contracta, to the area of the orifice. 

Submerged Orifices 

http://www.engineeringcivil.com/?attachment_id=78


Flow through a submerged orifice may be computed by applying Bernoulli’s equation to 

points 1 and 2 in figure below 

 

Values of C for submerged orifices do not differ greatly from those for non submerged 

orifices. 

 

 

Source: http://www.engineeringcivil.com/flow-through-orifices.html 

http://www.engineeringcivil.com/?attachment_id=79


ENGINEERING PLASTICS

Some of the more common plastics which are used in H. S. Martin products include:

Polytetrafluoroethylene (PTFE) is commonly known by its trade name Teflon.  ® PTFE is a fluorocarbon

 resin which has been used in industrial, government and commercial application for over thirty years.  A

high melting point, and excellent thermal, electrical, and chemical properties are unmatched by any other

material.  PTFE is the most chemically inert of any material known.  The only chemicals which can effect

PTFE are molten alkali metals and certain halogenated chemicals at high temperatures and pressures.

Acetal is commonly known by its trade name, Delrin.  ® Acetal is a thermoplastic polymer manufactured

by the polymerization of formaldehyde.  Acetal’s dynamic and static coefficients of friction remain virtually

unchanged throughout a wide range of temperatures, surface speeds and bearing loads.

Rulon is PTFE based with proprietary fillers.  ® Rulon is almost completely chemically inert and has a 

continuous operating temperature of 550ºF.  It is an excellent bearing material with higher compression

resistance and more wear resistance than PTFE.

Ultra High Molecular weight Polyethylene (UHMW ) superficially resembles other polyethylene, but has

superior physical and mechanical strength.  UHMW  is more abrasion than AR steel, and is more

chemically resistant than stainless steel.  UHMW  will not encourage the growth of bacteria or fungus and

is self-lubricating.




