CHAPTER SEVEN

FLOW OF FLUIDS

Chemical engineer : .
e throughgpipessoa:rz concerr?ed W:Ith transportation of fluids, both liquids and gases, from one location to
el et o s vt ucts.. This activity requires determination of the pressure drop through the system and
¢ required for pumping, selection of a suitable type of pumping device and measurement

of the flow rates. In this chapter, we wi : :
; . " ill deal with the types of flow patterns, dete i '
during fluid flow, methods of fluwy el typ p rmination of the pressure drop

7.4 FLUID

7.1.1 Definitions

e A ﬂui.d is a substance which is ca
o A fluid is a substance that has
vessel. :

pable of flowing if allowed to do so. .
no definite shape of its own, but conforms to the shape of the containing

. ge:i:r!:)a::i ;nil;br;stti?‘nce which when subjected to a shearing force/shear force, however small, undergoes
s Uously as long as the force is applied. ‘
It can be verified that, liquids and gases/vapours possess the above cited characteristics and hence, are referred
to as fluids.
For example, water, ethanol, natural gas, methanol vapours and so on.
7.1.2 Pressure Gradient
¢ The change in pressure measured across a given distance is called a pressure gradient.
o The pressure gradient is a dimensional quantity expressed in the units of pressure per unit length. The
SIunit of pressure gradient is Pa/m.
o Itis the pressure difference in pressure between two locations within a given fluid. :
Difference in pressure between two locations AP AP
Distance between two locations AL oL U
o The pressure gradient results in a net force called the pressure gradient force. This force is directed from
high pressure to low pressure within the fluid. The tendency of fluid to flow is from higher pressure to lower

pressure. Refer Fig. 7.1 (B).
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(A) Pressure gradient force (B) Fluid flow,
Fig.7.1

71.3 Velocity Gradient
The velocity gradient gives 2

ﬂuiti., et cradient is defined a5 the difference in velocity between adjacent layers of the fluid.
elocity gradie

n idea of how the velocity of a fluid changes between different points within the

(7.1)
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The formula for velocity gradient is given as =0
; ' Au du ' . between th .
Velocity gradient = ay ©° dy ors and A S the distance D€ e af.'ij.avme','t

- . i ,
where Au is the difference in flow velocity between the adjacent ay - ot
layers. 0,071 and hence its SIunitis 2
Therefore, the dimensional formula of velocity gradient IS Mt deformation- -

hear d further study of stresse ang

The velocity gradient is also called as rate of shear or raté . dent materials an

The study of velocity gradient is useful in analysing path depent
strains. For example, plastic deformation of metals. AND APPLICATI ONS
7.2 FLUID STATICS AND DYNAMICS : CONCEPT s at rest or in Motion is calleg >
h the behaviour of flUie5 X
as Hydraulics.

* The branch of engineering science which deals wit
FLUID MECHANICS. The study of water is referred to )

*  Fluid mechanics is classified as : Fluid Statics and Fluid Dynamics. e
t rest which Invo

* Fluid statics (hydrostatics) deals with the study of fluids a e fluid
by a fluid at rest and the variation of fluid pressure throughout t ’ «olid walls or boundaries.
*  Fluid dynamics deals with the study of fluids in motion relative to statlcmar)f!| 5 el thbre I b o
* Fluid statics deals with the behaviour of fluids when they are at rest. ,I”th » fluid that deforms it. The on;
motion between adjacent fluid layers and hence there is no she?r Stre;seTeloped is due to normal stres
flui i< : ure, so any force K AU AT ] '
uid stress is the normal- stress due to press Y octions. Pressure varies within a fluid due t

i.e,, pressure. Pressure at any point in a fluid is the same in all dir a :
the weight of the fluid, i.e, the pressure varies within the fluid along the depth and is equal to pgh and js

lves the study of pressure eXerteg

the same at any horizontal level in the fluid.
Applications of fluid statics : Submerged bodies such as ships, parts of ships, subm_arlnes,. dams and gates
and liquid storage tanks (to calculate force). It is also used to determine pressures at different levels of

atmosphere and in many pressure measuring devices. , '
Fluid dynamics is the study of the flow of fluids (liquids and gases) in and around solid surfaces, The
fundamental propositions of fluid dynamics are the law of conservation of mass, law of conservation of
linear momentum (known as Newton's law of motion) and the law of conservation of energy.
* Applications of fluid dynamics include calculating forces and moments on ai ini
- ircraft, d

flow rates of petroleum through pipelines, predicting weather patterns, S e
* Some technological applications of fluid dynamics are rocket enai : . .

conditioning systems. ngines, wind turbines, oil pipelines and air

7.3 TYPES OF FLUIDS/CLASSIFICATION OF FLUIDS
p __-__-‘_—l——_____

7.3.1 Ideal and Actual Fluids : _
Based upon the resistance offered by fluids for their flow, the fluigs :
(i) Ideal fluids and (i) Real/actual fluids. are classif

Ideal Fluid
. It is a fluid which does not offer resistance t |
Sk o = O flow / def :
It is frictionless and : €format . _
is frictionle : incompressible. However, 4, Sl 'on / change i shape. i o ; .
only an imaginary fluid. Uid does noy exist i P&, Le. it has no viscosity.
Nature ang th iy
erefore, it is

hange in shapg

ed as :

nce
Real Fluld _ to flow/c
It is a fluid which offers resistance when it is set j, - Ot.ion "
' "aturally 0
i ul
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