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Lecture - 12
Forces-Viscous Force

Hello students. So, in continuation with our discussions, so we have been discussing about
various types of forces which are relevant for motions of atmospheric air. So, we have seen
that there two broad types of forces which are real forces and apparent forces. Real forces are
the ones which you talk about when you are trying to understand motion in inertial frame of
reference. And non inertial frame of reference leads to forces which are called as apparent

forces.

So, we have seen what is pressure gradient force and what is gravitational force and how

these two forces try to balance each other. So, we have seen the pressure gradient force.

(Refer Slide Time: 01:16)

So, pressure gradient force was also called as PGF; this force is a surface force which means
this force will not act towards the center of mass and this will not depend on the mass of the
object let say and this force is a real force. So, there is no aspect of non inertial frame of

reference in this type of force.



In addition, the second type of force that we have seen is called as gravitational force. So, this
is also a real force and this is a body force; that means we are going to say that, the force will

act towards the center of mass of the object, right.

So, in addition to these two forces we were trying to discuss what is called as viscous force or
the analogous is the friction. So, friction is a similar type of force. So, friction; you talk about
friction when you consider objects with the mass, objects with a surface with in touch with
each other. So, there is a friction between them and this force also comes into picture when

you discuss about motion, fine.

Then the other important feature about the viscous force is, viscous force is all is also a real
force; that means, inertial motion. And in addition; viscous force is also a surface force. So,

this force will act across the boundary of a layer.
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So, we have seen a simple construct for the understanding of viscous force and if viscous
force is to be discussed; then it is very important for us to construct a simple picture in which
we have seen at the end of last discussion we have seen that, what is called as tau z x the
shearing stress. If you consider the fluid column to be existing in the z direction and if you
want a uniform velocity to be attributed to this fluid column; let us say the fluid column was
constructed in this direction. Let say this is the x direction and the column of the fluid is in

the z direction.



Let say so, the force was applied on the top plate, attributing a constant velocity of u naught.
That is how we have seen that, if you want to achieve a velocity u naught by applying some
amount of force on the top layer; this the amount of force is proportional to the velocity that
you want to achieve; is proportional to the let us say it is proportional to the size of this let
say the length of this particular column. In then additional, in addition it is also proportional

to the area of the plate that you have kept on the fluid.

So, the idea is you push this plate, this plate will try to impart or transfer equal amounts of
force to the immediate layer of fluid that is just beneath it, and it the this layer will try to
impart the same amount of force to the layer beneath it and it goes on. So, what ideally
should you expect is that, if there is no shear or if there is no dissipation of force or if there is
no viscosity between these layers; I mean what are the idea of viscosity is the fundamental

characteristic of the fluid which resists or which tries to hinder movement of the fluid.

So, there is an internal friction between these layers. So, these layers; they have internal
friction between these layers; that means, they do not allow or they do not let the fluid parcel
to be moving at the same velocity. So that means, that as this force dissipates across the z
axis; so, this leads to some shear or so if you have u naught as the initial velocity or the
velocity that you want the topmost plate to be given. Then there is a shear in the velocity
which you called as delta u and this shear of velocity arises as you travel down with a

displacement of delta z.

Now, this we have included all these things by saying that, the F is equals to mu times A
delta u by delta z. So, mu is the dynamic viscosity coefficient, A is the area of the plate that
we have kept on the fluid and which you are trying to push, delta u is the shear in the
velocity, and delta z the displacement over which this delta u shear occurs in the fluid, ok. So,
we have seen all these things and so, at the end we have to derived the shearing stress the tau
z x 1is called as the shearing stress, which is limit delta z, so tends to 0. I will write which was

written as mu times. So, I am converting this delta’s into dou u by dou z.

So, the idea is tau z x is the shearing stress is in the x direction due to velocity shear in the z
direction. So, this is a very important aspect; shearing stress tau z x. So, for example, so we
have considered the movement of fluid along x direction and we have taken the fluid, the

column of the fluid along the z direction.



So, you have attributed velocity or the force across x axis; and the velocity shear, velocity
shear is given by delta u is in the z direction. So, this is the basic idea. So, let us say this is a
two dimensional picture where you have motion across x axis and shear across, velocity shear

across z axis, fine.

So, you can change this and you can look at this picture in several other directions let say.
Once you want to you want to have a complete picture of what is going on; then what you
can probably expect is, you can have the velocity shear across the x axis and the movement
along z axis. So, it is a very many combination; let us say you can bring x y z together and
then you can write the shearing stress components of let us say tau x y, tau y z or tau z x

things like that, then you can combine all this things.
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So, basically shearing stress arises; I mean now the basic idea is; when you consider fluid and
when you are trying to apply force in some part of the fluid, where you are imparting some
amount of force for some at some part in the fluid. So, it is natural that the molecules which
are nearer to this plate in this particular experiment let us say; the molecules will have more

mean molecular momentum in comparison to the molecules which are at rest.

So, we already taken the velocity which is a function of z. So, at the topmost layer, the
velocity was taken to be u naught; and at the bottom most layer the velocity is taken to be
zero; at any point the velocity is a function of z, ok. So that means, velocity is a constant

change in quantity or velocity has a gradient in this direction, simple right.



Now, the basic idea is; if the velocity is changing, the momentum that particles possess at
different points in this fluid column will also be different. And it is also a reality that, the
molecules will be travelling in all directions. I mean there are other directions as well; but I
do not draw those directions, let us say for a simplicity. So, the molecules are travelling in all

the directions.

Now, what it means is that, the amount of the magnitude of momentum that is carried by the
molecules which are travelling downwards is larger in compared to the amount of momentum
that is carried by the particles which are travelling from the bottom to the top. So, there is a
net momentum transfer which happens in this direction, ok. So, there is a net momentum

transfer which happens in this direction.

So, the basic idea is let us say. So, the mean x momentum increases as we go from z is equal
to zero to z is equal to l. Now the downward transported momentum per unit area, per unit
time is called as a shearing stress right, it is called as a shearing stress. So, in a similar
situation the mean molecular motion transport down a gradient, this process is called as
diffusion. So, what is the result of this diffusion? So, molecules are travelling from one point
to another point. So, it results into the process which is called as diffusion; diffusion is
nothing, but idea where to keep the mean molecular density at any point in the fluid to be
constant. So, if there is no diffusion, there is a possibility that had this been let us say gas; it
is a possibility that there are more number of molecules at a point and there are less number

of molecules at a different point anyhow.

So, basically, so you define the diffusion or let us say the downward transported momentum
per unit area per unit time is called as the shearing stress. Now let us say let us construct a
simple picture in which we can extend this argument to other directions as well and calculate
the net shearing stress due to the force application in a direction and the resulting shear of

velocity in the perpendicular direction let us say.

Let us consider a simple volume of fluid let us say, like this. So, it is again the similar idea
that we have seen in the case of pressure gradient force, right. Now let us say, so this is delta
x the coordinate system is x, y and z. So, this becomes delta x, this is delta y and this is delta

Z.

So, now in this picture which is kind of similar to what we have seen already. So, tau z x will

be in this direction. Now let us say shearing. So, shearing stress that is acting through the



center of the fluid element is tau z x. So, stress acting on the upper boundary, let us say this
boundary. So, you know that, the shearing stress at this centre is tau z x. So, we already seen
in the case of pressure gradient force we have taken the pressure at the center of the cubical
volume is p naught and with respect to that point we have calculated the pressure on either

side, which are at a distance of delta x by 2.

So, in this case the shearing stress at the centre of this contour volume is tau z x. And if it is
the case, the shearing stress that is acting on the upper boundary on the fluid below is simply

tau z x plus dou by dou z of tau z x times delta z by 2.

So, what is this, shearing stress across the upper boundary which is acting on the fluid below.
So, this is shearing stress across the upper boundary on the fluid below, ok. So, this is this, ;
then the shearing stress acting across the lower boundary on the fluid above. So, similarly
shearing stress across the lower boundary on the fluid above is simply tau z x minus dou by

dou z of tau z x times delta z by 2. So, this is let say, this is called as a, and this is called as b.
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So, now what do we do; we have shearing stress acting on the upper surface and shearing
stress acting on the lower surface. So, we have both. So, the net shearing stress is tau z x plus
dou by dou z of tau z x into delta z by 2 minus tau z x minus dou by dou z of tau z x into

delta z by 2, which will be equal to dou tau z x by dou z into delta z.



So, now what is this? This is the net shearing stress. So, now, the stress is simply the rate of
momentum transfer per unit area, right. Now this is the in the dimensions of pressure. Now if
I want the net viscous force; I will simply have to multiply by with area, right. So, which
means that so; that means, that we have to multiply tau z x into area. So, which will be dou

tau z x by dou z into delta z into delta x delta y, right.
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So, we can write the viscous force as dou tau z x by dou z delta x delta y delta z, right. So,
now, let us say, in per unit mass, then we can write. So, viscous force per unit mass is dou tau

z x by dou z into delta x delta y delta z divided by density times volume, so fx by m.

So, shearing stress is. So, the shear is in the z direction and the force. So, shear is in the z
direction, velocity shear is in the z direction, the force dissipation is in the z direction; but the
original force applied is in the x direction, right. Now because of this I know what is fx; fx

per unit mass is simply 1 by rho dou tau z x by dou z, right

Now, if I bring in the relation that we have already derived, which will be for the dou tau z x.
So, fx by m, the viscous force per unit mass is 1 by rho times dou by dou z, tau z x was
defined to be mu times dou u by dou z. Or let us say we can say that, so we write this as fx by
m as mu by rho dou square u by dou z square. So, this is force per unit mass, the viscous
force per unit mass in the x direction is dynamic viscosity and the density. So, mu is the

dynamic viscosity and rho is the density and u is the velocity.



Now, things I mean I suppose the things are clear, it is very simple in the sense here the force
is applied in the x direction, the velocity is, the velocity shear is in the z direction. So, we
have calculated; we have obtained an expression for the viscous force per unit mass along the

x direction.

So, if you want this much amount of velocity shear, the force per unit mass that should be

applied for a fluid with a characteristic viscosity mu and density rho should be this as simple.
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Now, so the dynamic viscosity mu divided by the density is defined as mu which is kinematic

viscosity is defined as kinematic viscosity, ok.

Now, so in simple terms we write Fvx as nu dou square u by dou z square. So, basically what
have we learnt about viscous force. So, now, we have the pressure gradient force, the
gravitational force and the viscous force. So, the viscous force comes into picture, which tries
to hinder movement of the fluid in one direction. So, you want the fluid to be moving in one
direction, you apply the force along the same direction; but the force that is applied I is at a
point and this force dissipates in this let us say in the perpendicular direction. And as a result
you see some velocity shear, as a result of this velocity shear the force that you apply will not
be effective enough for the bottommost layer to be moving at the same velocity that you

intend; that means, this will this velocity will probably be zero.



So, assuming this kind of a picture we have derived several components of the viscous force.
So, these viscous forces; so, this is something about the various types of inertial forces which
exist in the atmosphere. So, inertial force; the basic idea inertial force is let us say if you
consider a frame of reference which is at rest with respect to; let us say if you consider a few

of reference which is at rest with respect to another frame of reference.

So, this frame of reference is going to be called as let us say even with the uniform velocity;
this frame of reference is going to be called as inertial frame of reference. So, in inertial
frame of reference any objects movement with respect to this inertial frame of reference with
a velocity or with a constant velocity can be attributed to sum of all the forces. So, this forces

which you take and add are generally called as the inertial forces.

So, inertial forces are important as long as the frame of reference is at rest or moving with a
uniform velocity. As long as there is no acceleration involved, the frame of reference can be
assumed to be inertial frame of reference; when there is a relative motion with acceleration,
then the forces will be different. We will talk about those different types of forces in the
subsequent lectures; because where they we will discuss something about the centrifugal

force or the Coriolis force stuff like that, ok.

Thank you.



