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7(c).1. IDEAL FLUID

Motion of a fluid may be constrained to many restrictions. It may undergo a change in densnty due to
sudden change in diamecter of pipe. There may be frictional interaction with the side of pipe and may
be inbetween its different layers. Sometimes rotational motion may appear alongwith translatory
motion. All these constraints can make the study of motion of fluid quite complicated. So, we evolve
the concept of an ideal fluid which is supposed to be free from these complications.
Characteristics of ideal fluid : An ideal fluid is supposed to possess following characteristics :
- (@) It is incompressible. Its volume can not be changed by the application of pressure. Since
mass of fluid is a constant quantity, its density shall also taken to be constant.
)ii) It is nonviscous. As ideal fluid moves, there is no frictional drag between its layers.
Therefore, there will be no dissipation of energy during the flow.
}iii) Flow of ideal fluid is irrotational. Due to flow of fluid, no internal torques, causing
rotational motion, can come into play.
}iv) It is capable of exhibiting steady flow. Velocity of flow and pressure, at any point, do not

change with time.
Concept of ideal fluid is only theoretical. In actual practice we do not find any fluid which

satisfies all these characteristics. All the formulation to be discussed here pertain to ideal fluid. So,
practical results are likely to show some deviation due to the deviation of behaviour of fluid from that

of an ideal one.

7(c).2. FLOW OF FLUID
A flowing liquid may be regarded as consisting of a number of layers one above the other. Flow of
liquid can be put into two categories.

treamline flow. Flow of a liquid fluid is said to be
streamlined if the velocity of a molecule, at any point, coincides Uy

with thar of the preceding one. _
Consider a liquid flowing through a tube of non-uniform area

of cross-section as shown in F_ig. '?(c).l. If all the molecu}cs while Fig. 7(c).1. Flow of liquid through a
at A, B, and C possess velocities v,, vy and virespectively, the non-uniform tube.
motion is said to be streamlined or steady or orderly.

This type of flow is found to have following characteristics :

. The velocity of any molecule, at a peint, is independent of time.

Z. The layer of liquid in contact with the solid surface is at rest.

37 The lxqund in streamlined flow can be supposed to be in the form of parallel lnyg_rs
the other This is why the flow is also called laminar flow. -
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4. Motion s govorned by Newton's Inw of viscosity.

5. In this Mow, the lToss of encerpy varies nxs the first power of velocity,

The path of molecule, (n such a flow, is called a streamline. A streamline may be strength or
curved., Dircction of motion of any molccule, at any point, on a streamline is given by the direction of
rangent drawn ot that point, For this reankon no two streamlines can ever intersect cach other.

A Dundle of streamlines having same velocity of fluid clements, over cany cross-secliorn
,,(",)('N(’i('ll,(ll' ter the direction of flosw, iy called a tube of flow.

L.aminer flow : It is n specinl case of stremmline flow in which velocities of all the rmolecules on
one streamline is same throughout its motion. The velocities of molecules lying on different stream

lines mny be different.

Consider the motion of water in o canal [PPig. 7¢(c ).2]. Velocity of === T

molecules in contact with the bed of the canal is zero. The velocities of | _ ~ ANy
molccules in different Inyers, ns we move away from bed, increascs.
Velocities of all the molceccules in once l{lycr is same and remains the |- -——-- —— .
same throughout the motion. TThe gradation in the velocities of different | -------= — T R B St i
layers is duc to the property viscosity of the liquid. ' e

if)/"l‘urbulcnt flow. Whenever the velocity of a fluid is very high Flg- ()%= g‘g},‘,‘;g," WEIVIRE 23

or it rushes past an obstacle so that there is a sudden change in its
dircction of motion, the motion of fluid becomes irregular, forming eddies or whirlpools. This type of

motion of fluids is called tuurbulent flow. A Muid moving in turbulent flow cxerts greater thrust on an
obstacle in its path. Of course, it depends on how suddenly o
the dircction of motion of fluid, is changed by the obstacle. —\ = /—

Turbulance may happen due to two rcasons :
==

() Speed of fTuid : Consider (low of fluid through a pipc —
ABC, having a constriction at B [Fig. 7(c).3]1 As the fluid "
passcs through B, its velocity increases. It will be observed Fig. 7 3. Moti f liquid th h
that while motion of fluid in A and C is steady, it is turbulent 9. 102 c%nos.:rﬁ:ﬁéiu' ekt

at B.

(ii) Shape of obstacle : Presence of an obstacle in the path of fluid imparts a sudden change in
dircction of its motion. Fig. 7(¢).94(a) shows a pinpointed shape of obstacle in which there is no sudden
change in direction of motion. So this offers minimum resistance to motion. Fig. 7(c).4(#H) shows a
spherical ball as obstacle. In this the resistance is comparatively greater while it is maximum if the

obstacle is a flat one as shown in Fig. 7(¢).4(c). So, the turbulence is maximum in casc of flat obstacle.

=——— =—— =
e = T o e A TS

(e : (&) (o)
Fig. 7(<c).4. Effect of obstacle on flow of fluid.
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7 3. CRITICAL VELOCITY — “REYNOLD’'S NUMBER”™
If the velocity of a flow of liquid is increased gradually, the flow remains streamlined up to n certain
value of velocity of liquid, beyond which the flow becomes turbulent.

Critical velocity is the maxirmum velocity of the flow of liquid flowing in a streamilined flow.

' of a liquid flowing through a tube depends upon the co-efficient of viscosity
‘o can

Critical velocity ‘v,
(M) of the liquid, density (p) of the liquid and the diameter (D) of the tube. An expression for

be obtained by the method of dimensions.




Lcl. v, o< n" U, o< p"

v, = DT - v.=Rn'*pyYD-
where "R™ is dimensionless constant.

Writing the dimensional formulae of the quantities on both sides,
MOL'T-! = R[ML-! T-']* [ML-)> [L]=

and

---C1)

or MO L'T-! = RMX*y [ —t—3y +z T—=x
Using principle of homogeneity,
X+y =0, —x—3y+z=1

—x = — 1.
Solving these equations simultancously, we obtain x = 1, y
Substituting for x, y and = in Equation (1),

O =Ry
‘R’ is called Reynold’s constant or Reynold’s number. >
Reynold’s number is pure number and, therefore, its numerical value is*same in every sct of units.
The flow of viscous liquid is said to be steady when R lies between O and 2000. For values of R about
3000 flow is turbulent. For ‘R’ lying in between 2000 and 3000, the flow is unstable and may switch

= —1 and z = —1

over from one type to another.

Z(c). 4. VISCOSITY

Put a glass rod in a beaker containing liquid and start rotating the rod. The liquid, also, starts rotating
and-acquires the shape of a cone as shown in Fig. 7(¢).5. L.owest layer of the liquid is at rest due to
the forge of adhesion while other layers are in motion. Velocity of top layer is maximuin, sa =%

"€ it is removed

umux
since 1t 1s remo maximum distance away from the axis of rotation. Velocities of layers

in between
lic between O and v,,, .- Thus, there exists a relative velocity betweern |
every nwo lavers.

Now take the rod out, it will be observed that all the layers come
1o rest after some time, meaning that their relative velocity has been
destroyed. According to Newton’s first law, a motion cannot be
destroyed without the help of an external force. Therefore, within the
liquid, there must be a force which opposes the relative motion
between its layers. This property of liquids or, in genecral, of fluids is
called viscosity.

Fig. 7(¢).5. Relative motion of
A Viscosity is the property of fluids by virtue of which rthey rend ro

different layers of liquid. ¥
desrroy any relative motion between their layers. E
\,7(/c).5. COEFFICIENT OF VISCOSITY () A
Consider a section of a canal moving over the earth’s surface. Water flows through the canal due to the
slope of the bed. A component (ng sin 0) aof the weight of water along )
the bed of canal is responsible for its motion. LLowest layer is at rest due had - e T — - 5
- = 2 —— ——— e ARSIy e S Ol T
to the force of adhesion between the layer and the bed of canal while ol "_*'_ v et te
top. layer is moving with maximum velocity [Fig. 7(¢).6]. Thus, there is et A S - i -
some relative velocity between any of its two layers. | T7T”°777C S A SR B o
Consider two Iayers of liquid separated a small distance Ay apart | - -~ ~-=~= S vy e
having velocities v and v + Av. The relative velocity between them is Fig. 7(c).6. Velocity gradation
Av. of different layers of liquid.
Av/Ar is known as the average velocity gradient. -

Average velocity gradient is the difference between velocities of two layers separated a unit
distance apart.

—



7(c).8. SOME TERMS CONNECTED WITH VISCOSITY

1. Coefficient of viscosity (Absolute viscosity or Dynamic viscosity)
According to Equation (2),
o D dv
=M g
F =n
Cocfficient of viscosity of a fluid is defined as the tangential force per unit area which is required

1o maintain a unit velocity gradient between its layers.
Or

Coefficient of viscosity of a fluid is defined as the tangential force per unit area which is required
to maintain (or resist) a unit relative velocity between two layers a unit distance apart.
Units of 1 (/) In C.G.S. system. Coefficient of viscosity 1] is measured in ‘poise’.

If- - A =1lcm2,v=1cms) ==

r =1cmand F=1dyn

From equation (2), 1 =n ! i( ! ormn = 1 poise.

Poise. Coefficient of viscosity of a fluid is said to be one ‘poise’ if a tangential force of 1 dyn per
square cm is required to maintain a velocity gradient of 1 s~! between its layers.

(if) In S.I. Coefficient of viscosity in S.1. is ‘deca poise’.

d

fA=1m? S°=1s" mandF=1N

From equation (1), | = 1 deca poise or 1 pascal second (Pa s)

Decapoise (or Pa s). Coefficient of viscosity of a liquid is said to be one decapoise if a tangential
Jorce of 1 N per metre square is required to maintain a velocity ﬂradient of 1 s~ between its lavers.

| decapoise (orPas)=1Nsm2=1kg n! 5!

Dimensional formula of 1

- r Iy 2 »
— Fdr . IM'L'T4][L] n= [MIL-IT—I]

N =Aadw™ LTy

2. Fluidity. Reciprocal of coefficient of viscosity of a fluid is called its fluidity.
|
Fluidity =
> =5

_ Fluidity of a fluid is a measure of its ability to flow with ease. Greater the fluidity more easily the
fluid can flow.
Unit of fluidity : poise™'
Dimensional formula of fluidity = [M-1L!T!]






