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VISION OF INSTITUTE

To became a renowned centre of outcome based learning and work towards academic professional

,cultural and social enrichment of the lives of indivisuals and communities

MISSION OF INSTITUTE

Focus on evaluation of learining ,outcomes and motivate students to research apptitude by project

based learning.

• Identify based on informed perception of indian ,regional and global needs ,the area of focus and

provide plateform to gain knowledge and solutions.

•

• Offer oppurtunites for interaction between academic and industry .

• Develop human potential to its fullest extent so that intellectually capable and imaginatively gifted

leaders may emerge.



1Ashish Boraida(Assistant Professor) JECRC Jaipur

VISION AND MISSION OF DEPARTMENT

3

Vision

To become a role model in the field of Civil Engineering for the sustainable development of the

society.

Mission
1)To provide outcome base education.

2)To create a learning environment conducive for achieving academic excellence.

3)To prepare civil engineers for the society with high ethical values.
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Objective:
,

The primary purpose of the study of Fluid mechanics is to develop the capacity to understand important basic 

terms used in fluid mechanics, understand hydrostatics and buoyancy with practice of solving problems. Student 

could be able to understand Kinematics of flow and fluid dynamics, Bernoulli’s equation and laminar flow with 

practice of solving problems in practical life for the benefit of society and mankind. 

Outcomes 

 Student will be able to understand basics of fluid mechanics, types of fluids.

 Student will be able to understand fluid statics and buoyancy.

Student will be to understand Kinematics of flow and fluid dynamics and solving relevant problems.   

 Student will be to understand Bernoulli’s equation and laminar flow with practice of solving problems.
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Laminar Flow

Laminar Flow in Pipes

Pressure Drop

Applications
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Objectives

• Have a deeper understanding of laminar and turbulent flow in pipes and the analysis 

of fully developed flow

• Calculate the major and minor losses associated with pipe flow in piping networks 

and determine the pumping power requirements

• Understand various velocity and flow rate measurement techniques and learn their

advantages and disadvantages
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INTRODUCTION
• Liquid or gas flow through pipes or ducts is commonly used in heating and cooling 

applications and fluid distribution networks. 

• The fluid in such applications is usually forced to flow by a fan or pump through a flow 

section.

• We pay particular attention to friction, which is directly related to the pressure drop and 

head loss during flow through pipes and ducts. 

• The pressure drop is then used to determine the pumping power requirement.

Circular pipes can withstand large pressure differences between the inside and the outside without undergoing any 

significant distortion, but noncircular pipes cannot.
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Theoretical solutions are obtained only for a few simple cases such as fully developed laminar flow in a 

circular pipe. 

Therefore, we must rely on experimental results and empirical relations for most fluid flow problems 

rather than closed-form analytical solutions.

Average velocity Vavg is defined as the average 

speed through a cross section. For fully 

developed laminar pipe flow, Vavg is half of the 

maximum velocity.

The value of the average velocity Vavg at some streamwise 

cross-section is determined from the requirement that the 

conservation of mass principle be satisfied

The average velocity for 

incompressible flow in a 

circular pipe of radius R
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LAMINAR AND 

TURBULENT FLOWS

The behavior of 

colored fluid injected

into the flow in 

laminar and 

turbulent flows in a 

pipe.

Laminar: Smooth streamlines 

and highly ordered motion.

Turbulent: Velocity 

fluctuations and highly 

disordered motion. 

Transition: The flow 

fluctuates between laminar 

and turbulent flows.

Most flows encountered in 

practice are turbulent.

Laminar flow is encountered when highly 

viscous fluids such as oils flow in small pipes 

or narrow passages.

Laminar and 

turbulent flow 

regimes of candle 

smoke.
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Reynolds Number

The transition from laminar to 

turbulent flow depends on the 

geometry, surface roughness, flow 

velocity, surface temperature, and 

type of fluid.

The flow regime depends mainly on 

the ratio of inertial forces to viscous 

forces (Reynolds number).

The Reynolds number can 

be viewed as the ratio of 

inertial forces to viscous

forces acting on a fluid 

element.

At large Reynolds numbers, the inertial forces, 

which are proportional to the fluid density and 

the square of the fluid velocity, are large relative 

to the viscous forces, and thus the viscous 

forces cannot prevent the random and rapid 

fluctuations of the fluid (turbulent).

At small or moderate Reynolds numbers, the 

viscous forces are large enough to suppress 

these fluctuations and to keep the fluid “in line” 

(laminar).
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8–4 ■ LAMINAR FLOW IN PIPES
We consider steady, laminar, incompressible flow of a fluid with constant properties in the fully developed region of a straight circular 

pipe.

In fully developed laminar flow, each fluid particle moves at a constant axial velocity along a streamline and the velocity profile u(r) 

remains unchanged in the flow direction. There is no motion in the radial direction, and thus the velocity component in the direction 

normal to the pipe axis is everywhere zero. There is no acceleration since the flow is steady and fully developed.

Free-body diagram of a ring-shaped differential fluid element of radius r,

thickness dr, and length dx oriented coaxially with a horizontal pipe in fully 

developed laminar flow.
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Free-body diagram of a fluid disk element of radius R and length dx in

fully developed laminar flow in a horizontal pipe.

Boundary conditions

Maximim velocity at centerline

Velocity profile

Average velocity
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Pressure Drop and Head Loss

A pressure drop due to viscous effects represents an irreversible pressure loss, and it is called pressure loss PL.

pressure loss for all types of fully 

developed internal flows

dynamic 

pressure

Darcy friction 

factor

Circular pipe, laminar

Head loss

In laminar flow, the friction factor is a function of the Reynolds number only and is independent of the roughness of the 

pipe surface.

The head loss represents the additional height that the fluid needs to be raised by a pump in order to overcome the 

frictional losses in the pipe.
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The relation for pressure loss (and head 

loss) is one of the most general relations in 

fluid mechanics, and it is valid for laminar 

or turbulent flows, circular or noncircular 

pipes, and pipes with smooth or rough

surfaces.

The pumping power requirement for a laminar flow 

piping system can be reduced by a factor of 16 by 

doubling the pipe diameter.

Horizontal pipe

Poiseuille’s law

For a specified flow rate, the pressure drop and thus the required pumping 

power is proportional to the length of the pipe and the viscosity of the fluid, but it 

is inversely proportional to the fourth power of the diameter of the pipe.
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The pressure drop P equals the pressure loss PL in the case of a horizontal pipe, but this is not the case for inclined pipes or 

pipes with variable cross-sectional area. 

This can be demonstrated by writing the energy equation for steady, incompressible one-dimensional flow in terms of heads as
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Effect of Gravity on Velocity 

and Flow Rate in Laminar 

Flow

Free-body diagram of a ring-shaped differential fluid element of 

radius r, thickness dr, and length dx oriented coaxially with an 

inclined pipe in fully developed laminar flow.
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The friction factor f relations are given in Table 8–1 

for fully developed laminar flow in pipes of various 

cross sections. The Reynolds number for flow in 

these pipes is based on the hydraulic diameter Dh

= 4Ac /p, where Ac is the cross-sectional area of the 

pipe and p is its wetted perimeter

Laminar Flow in 

Noncircular Pipes
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