Example 3

A :
Mass Conservation

For steady flow mass conservation equation can be written as

Outflow = Inflow z(ml)(”:Z(ml)uu{

l [

pQin = PQut

Incompressible flow -
P : Control Volume
Am‘.‘n s Auulvuul

A] 1"'I - Qnml\‘
Velocity V;

568 (it /min

— = (), 748 m/$
(.785(0.127) !

Now let us apply the mass conservation equation where is inflow minus outflow and
this case will be,

Outflow = Inflow

Z(mom =Z(mi>out

Incompressible flow

PQin = PQout
AinVin - AoutVout
A1Vy = Qrank

i 568 lit/min
170.785 (0.127)2

= 0.748m/s

This is what the discharge is given to us, the volumetric discharge is given to us divide
by the area will get it the velocity, that the velocity part what we have.
(Refer Slide Time: 28:56)
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Example 3

Momentum Conservation
Applying RTT

d( V) —Zﬁ—d jV’ 1y +[I7(l7 fl)dA
E my )sys = —m ft p (

Yo Acs

)

VL A R ‘ 5 '
Z i Wav+ ) Bibe ”ZB"‘VMW Control Volume
oV fod Pressure = 27Kpa

~ out in

f=1

NF, = =1iv,, + A, = -V, pV,A, +27000 (0.013) = 0.748 (0.681000)(0.748)(0.013) + 27000 (0.013) = 355.95 N

The force on the plane from the gasoline is 355.95 N

) ([ @ % (v (@

Now we have to find out what is the force acting in Rx and the Ry directions, we have

the pressure component here. Applying this Reynolds transport theorems and the
simplifying the tops. Here, this is the main concept what we have consider it that there
is a change of the momentum flux within the control volume. But the right of the change
of the momentum flux within a control volume, is not that significant order as compared

with the momentum thrust what is coming from the fuel.

d - d — — — ~
E(mV)SyS = ZF = ijdv + ij(V -f1)dA
Vcv Acs
- d - . > T
zF=E deV+z,BmVavg—Z,[>’mVavg
cv out in

Neglecting even though flow is technically unsteady, % fcv pI_/) dv= 0
g =1
Z F, = —myv, + P14,
= —VipV14; + 27000 (0.013)

= 0.748 (0.68 x 1000)(0.748)(0.013) + 27000 (0.013)
= 355.95 N

So this component will be there, but it is not that significant. Since it is not significant
we make it to zero and make it the problems in a steady nature. Then we have a two
momentum flux components, one is influx another is outflux, beta is equal to the 1. So

if I apply it, I will have a simply the momentum flux in x direction, the pressure into
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the area and that what I will get it and in terms of value, I will get it 355 approximately

Newton.

That what the force will be acting on the x direction. Now take it another examples
which are again simple examples what we are talking about, but is the control volume
which is the moving conditions. That means moving control volume problems we will

going to solve it.

(Refer Slide Time: 30:32)

A water jet of velocity V; impinges normal to  flat plate that moves to the right at velocity V. Find the force
required to keep the plate moving at constant velocity if the jet density is 1000 kg/m?, the jet area is 3em?, and
Vi and V. are 20 and 15 m/s, respectively. Neglect weight of the jet and plate, and assume steady flow with
respect to the moving plate with the jet splitting into an equal upward and downward half-jet.

‘low classification
Two dimensional
Steady flow
Turbulent
[ncompressible

Control Volume

Movable control volume

Like let we will have a water jet, the if you look it this is the water jet, is impinging this
normal to a flat plate and moves to the right to the velocity V ¢, okay this that means,
this flat forms is moving with a velocity V c. Find the force required to keep the plate
moving at the constant velocity if jet density is this, the water density is this. Jet area is
given and V j the velocity of water jet and the V ¢ the velocity of the frame is

respectively 20 and 15 meter per second.

[A water jet of velocity Vj impinges normal to a flat plate that moves to the right at
velocity Ve. Find the force required to keep the plate moving at constant velocity if the
jet density is 1000 kg/m?, the jet area is 3cm?, and V; and V¢ are 20 and 15 m/s,
respectively. Neglect weight of the jet and plate, and assume steady flow with respect

to the moving plate with the jet splitting into an equal upward and downward half-jet.]

Then neglect the weight of the jet and the plate, assume the steady flow with respect to

moving plate. Jet is splitting into two equal upward downward half-jet. So these are the
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assumptions, quite valid for a jet flow problems is quite valid. So as the flow is
impinging and making into two directions, vertical directions. One is jet is coming
down, another is up.
Flow classification:

Two dimensional

Steady flow

Turbulent

Incompressible
You will have a two dimensional flow problems becomes a steady the turbulent and
incompressible flow. Movable control volume concept only the things what we have
here to know it that we will apply this movable control volumes to know it the pressure
distribution part.
(Refer Slide Time: 31:59)

Example 4

, 1§
Pressure Distribution Vi Gt

* Atmospheric pressure at inlet and outlet

Velocity Distribution

g

of jet

Considering average velocity V

Momentum Correction Factor
[ = 1 by assuming flow is
uniform an inlet or outlet

control volume

The pressure distributions in atmospheric pressure distributions will be the atmospheric
pressure distribution the we will consider the average velocity conditions and the beta
equal to the 1. Okay that the great simplifications we used to do it.

(Refer Slide Time: 32:21)
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Lxample 4

For steady flow mass conservation equation can be written as @ L = AN

e HAr (e - Na= 15 m/s
Outflow = Inflow Z("':)m:z("h)uur —
| |

l

; poul . pQuut ontr l\ ’l :
[ncompressible flow ol Nt

AinVin = AoutVour
AV -V)= A0, + AV, A=A
jet splitting into an equal upward and

Velocity of jets sphitting aiter strke V, =V, 4
et i A downward half-jet

A
"

And if this 1s the V 1 to this cross section V z is water is coming into that and it is
splitting into two part is equally part. So this is velocity of jet, this is what the moving
control volume is moving with 15 meter per second. Jet is splitting into equally upward
half-jet, the half of what goes to upward direction, half of water goes to the downward

direction. If 1s that let us first apply the mass conservation equations.

ARRRNRRIRRNRRNY

S s ey o
control volume

\- 2:/2

jet splitting into an equal upward and
downward half-jet

The mass influx is equal to mass outflux. If that is the conditions you have a these
values, okay. Please remember it we consider here the relative velocity component
along the and it has the Vi, V2 velocity which is going out where the velocity
components, we do not have any velocity components in the y direction. But is only

moving in the x direction, that is the reason.

Z(mi)m =Z<mi>out

Outflow = Inflow

PQin = PQout
AinVin = AoueVour
Ai(V; = V)= AV, + AV,
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Velocity of jets splitting after strike Vi = V2

2(Vj-Vo)

V1=V2= =20—15m/s=5m/s

(Refer Slide Time: 33:53)

s df (4 o =
‘:I [Vpdv + IVp(V‘n)dA
Y

[& Acs

()
Qe ; e, p
Z f=— Vv + Z By = Z Bmbayg
v out n

A
/
Steady flow f=1

L F, = g0,y 4 Myvy, -, =~ (V=) [o (V= V;) A }=-5(1000)(5)(0.0003) = - 7.5 N

F,=0 | I u b=l |
LF, MV + Myl rizfv’,,,', =V, [PV, AV [p VLA, 0N
p g ({8l =as [0 =0 |

Now I am applying momentum conservation equation. We remember it I need to apply
the relative velocity component here as the part the considerations here and beta equal
to the 1 and I apply the relative velocity component. That what you can look it how the
relative velocity components are used for the mass flux and the momentum flux
component and that what is substitute to get it what is the force component. So the

problem is similar nature.

Applying RTT
d - d = 7 7oA
dt (MV)sys = Z F= dt j Vpav | + j Vp(V ' n)dA
Ycv Acs
- d - B T
ZF=E deV"‘ZﬁmVavg_ZﬁmVavg
v out in

Only what we are doing it, we compute the relative velocity. The V xz whichis V j —
V c. V jis the velocity of jet minus V c¢ is the velocity of the platforms moving with V
c. That in the x direction. The flow what is going in the direction of 1 and 2 as you

know it does not have any component in the x direction, we can make it zero.
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So only the force we have because of the impinging of jet what is working with a
relative velocity component that what we have substitute to finally we got it what is the
amount of force acting because of these things. Similar way, the y direction also we can
substitute it and apply it. As it expected it when you have a the same amount of water

goes in the 1 and 2 the same velocities, they will be cancelled each others.

> Fx = tiuvy + 1y — tiyvg = V-Vl () V) 4f]

= — 5(1000)(5)(0.0003) = —7.5N

So the net force will be act is zero, the force component will be the positive and the
negative. The net momentum flux will be the zero. That the force component will come
it.

(Refer Slide Time: 35:49)

Example 5

A horizontal jet of water strikes a vane and is turned at an angle ©. The cross-sectional area and velocity at the
inlet of the vane are 60 cm? and Sm/s respectively. Neglecting the gravity and viscous effects, determine the
anchoring force required to hold the vane stationary.

Flow classification
Two dimensional
Steady flow
Laminar/Turbulent
[ncompressible

A =60 J]F

V=5 Illf\

Control Volume

Fixed control volume

Now let us come to the example fifth which is again a simple problem where a
horizontal jet of water strikes a vane, this is the vane, okay? Is turned the angle to theta
degree. Cross-sectional area and velocity at the inlet of the vane is 60 centimeters, 5

meter per second respectively neglecting the gravity and viscous effect, okay?

[A horizontal jet of water strikes a vane and is turned at an angle ©. The cross-sectional
area and velocity at the inlet of the vane are 60 cm? and 5m/s respectively. Neglecting
the gravity and viscous effects, determine the anchoring force required to hold the vane

stationary. ]
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Determine this anchoring force required to hold this vane at the rest or the stationary.
This is very simple problems okay. There is flow jet is coming. We are making angle
theta which is coming out from this jet. The area is given, velocity is given and we need
to compute it what amount of force is required to anchor this vane so that the vane will
be at the rest conditions or the stationary will be there.
Flow classification:

Two dimensional

Steady flow

Laminar/Turbulent

Incompressible
Flow is two dimensional, steady. We do not know whether flow is a laminar or turbulent

or incompressible flow. Fixed control volume. This is what the control volumes.

(Refer Slide Time: 36:57)

Example 5

Pressure Distribution

* Atmospheric pressure at inlet and outlet
A =(() ‘Jn:
V=5 m|~‘

Velocity Distribution

Considering average velocity V,,., of jet

avg

Momentum Correction Factor
[ =1 by assuming flow is
uniform an inlet or outlet

And the jet is there is atmospheric pressure and the velocity distribution again we can
consider is a uniform. That is what not a conditions when you have the free jet in it
going through the vane V but we can assume it the velocity distribution is uniform.

(Refer Slide Time: 37:17)
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Example J

\I sLon

For steady flow mass conservation equation can be written as

Outflow = Inflow Z("”Jm:z:(”h)“m

! |

p()u: = pOwl.’l

Incompressible flow

J e 1
"lznlm = Au:i\'luh[

L :A‘.l‘,

Speed of the jet remains constant then A, = A,

And if that is there we are computing the first mass conservation which is very easy
things here being a steady flow we will have a mass influx is equal to this is a very
standard things as we discussed earlier and that is what we will show it since the speed
of the jet remains constant, the area of flow A 1 = A 2 following the continuity equations
as the flow is incompressible.

Outflow = Inflow

Z(mam =Z<mi)out

Incompressible flow

PQin = PQout
AinVin = AoutVout
AV =A,0,

Speed of the jet remains constant then A1 = Az

(Refer Slide Time: 37:46)
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Example 5

A ’ ' mUatt
viomentum Lonservatio

. ‘ I Vine
Applying RTT A =60 dv'
V=Sm
d d f =
dt

I(ml/)v\.ys = ZF =

J Vpdy

You

+ [ l7p(l3" i)dA |

Acs

]

K mi dy + Z fm V,,l..,' = Z fm szr;
f fn

out

Steady flow p=1

Y F, = mp, +my,, =(=Vy)[o (V) A + (V, Costl] [p (V) Ay ==p AV,* (1- Costl) = -150 (1- Costl) N

LF, = muy, +muy, =(0) o (V) A + (V, Sinf) [o (V,) A, = pAV;? (Sin6) = 150 Sinf) N
| "““”}; '1"> ‘E‘Z’\’\.‘Hr'

Now need to apply the momentum conservation equation, apply the Reynolds transport
theorems to compute what will be the force. First again steady flow conditions which
is standard assumptions we have been doing it for simplifying the problems for the

problems here what we have considered it and f equal to 1.

Applying RTT
d . d - o
E(mV)SyS = ZF = prdV + pr(V - )dA
Vcv Acs
- d — , — . —
ZF=a dev+ZﬁmVa,,g—2ﬁmeg
v out in

d _,
s cvpV dV tends to 0

2 Fx = myvy + 1y, =(-Vo) [p (Vi) A1l + (Vi CosO) [p (V1) A1] = -p AV, 2 (1-
Cos@) =-150 (1- Cos6) N

Vi =- V1

V2 =Vi Cosf

Y Fy =myv,, + myv,,=(0) [p (V1) A1l + (V1 8in8) [p (V1) Ai] = p AiV,? (Sind)
=150S5ind N

Vvt =0

Vyz = V1 Sin@
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The velocity component x direction and the mass flux that what we will equate it, it will
be this value. Similar way if [ am to compute the force acting in this y direction, I will
have mass flux coming into momentum flux in the x y directions will be the zero. Influx

1s not there, it is coming imposing on the x direction.

(Refer Slide Time: 39:01)

Flow with No External Forces

[f no external forces acting on control volume with multiple inlets and outlets

[n this case the Linear Momerium equation 1s given as

d(mé) o o
0= " S +Z{fml/ -z/hnl/
G

ot tn

the rate of change of the momentum of a control volume is equal to the difference between the rates of
incoming and outgoing momentum tiow rates in the absence of external forces.

When the mass m of the control volume remains nearly constant, the first term of the above expression

becomes simply mass times acceleration
. . \ ! L S\ L
Fenrust = Foody = Mpogyd = Z{hnlf - Z/)’ml”

in out

For a fixed mass system (solid body), withi u net thrusiag force

Now let us come it before ending this lecture, let us have a one examples very
interesting examples of decelerating the spacecraft before landing on the earth. This is
what very interesting problems. That means when you have a spacecraft there is no
external force acting on that. And if you have that there is a multiple inlet and outlet.
You can write the linear momentum equations sum of the force in the systems is equal

to zero.

O=d(n;—f)“’+z,6’r;ﬂ7—z,81;ﬂ7

out in
—d(mV)cv =m —dV;v = (ma),., = mg,d
dt cv dt cv cv

You will have a these two point. The rate of the change of the momentum flux within
the control volume is equal to net outflux of momentum flux passing through this
control surface. That is what is written here. Rate of change of momentum, within a
control volume is equal to the difference between the rates of incoming, outgoing

momentum flux rate in absence of external force.

This is what the text, this is what mathematical explanations for this. So if you assume

1t 1s a mass of the control volume 1s m which remains constant. Then we can write this
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part is mass of control volume dV by dt. That is acceleration. So mass of control volume
into the acceleration. The thrust of the force will going to act it is force acting on the
body, the mass body into the acceleration.

Finruse = Fbody = mbodya = z pmv — z pmv

n out

That what net outflux of the momentum flux which is going out from this. This is very
interesting problems. We will consider it when there is no external force acting on a

control volume even if you have a multiple inlet and outlet.

(Refer Slide Time: 40:52)

Example 6

A spacecraft with a mass of 15,000 kg is dropping vertically towards a planet at a constant speed of 600 m/s. to
slow down the spacecraft, a solid fue! rocket at the bottom is fired, and combustion gases leave the rocket at a
constant rate of 90 kg/s and the velocity of 2500 m/s relative fo the spacecraft in the direction of motion o the
spacecraft for a perind of 105, Disregarding small change in the mass of the spacecraft, determine (a) The
deceleration of the spacecraft during this period (b) the change of velocity of the spacecraft and (c) the thrust
exerted on the space cratt,

’ 600 m/s

Ners-lpsigt Wision, WASH 2500 ms

| (» @ o) () (@

Let us see this, the figure what is showing is that when a spacecraft are landing on the

surface, 1t decelerate it. It decelerate the terminal velocities and then 1t land on the earth
or the any planets. So how do you do decelerate it? That 1s what we do it to decelerate
that. It is the problems what you have consider it a spacecraft with a mass of 15000 kg

dropping vertically towards a planet at a constant speed of 600 meter per second.

To slow down to spacecraft a solid fuel rocket at the bottom is fired. Combustion of
gases leave the rocket at a constant rate of the speed of 90 kg per second. This is the
what the mass rate is going up. The velocity will be 2500 meter per second relative to
the spacecraft. Please remember this is what the main point, relative to spacecraft in the

directions of the motions.
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Then if that is what for the spacecraft for a period of the 10 second, this disregarding or
neglecting the small change of the mass in the aircraft determine the deceleration of the
spacecraft during this period, change of the velocity of the spacecraft and what is the
thrust exerted on the spacecraft. So if you look it this is the spacecraft. This is what the
Mars inside mission, how the diagrams what is from the NASA that is what we have

tlustrated.

Looking at these problem text whatever we discuss it the problems like this there is a
spacecraft having 15,000 kg weight, the speed is 600 meter per second, which is
injected a mass 90 kg per second, mass flow rate. And it has a relative velocity which
2500 meter per second. What is the amount of force acting due to that? What is the
decelerating because of these firing of the gases from this rocket. And what is the

change of the velocity that is what we will solve it.

(Refer Slide Time: 43:17)

Flow classification
One dimensional at entrance
Steady flow (flight of the spacecraft is unsteady)
Turbulent
[ncompressible

Control Yolume
Moving control volume relative
to motion of spacecraft
Draatira Tietritatcr control volume
Cadtis JISU (L)

* Atmospheric pressure over entire outside control surface area

Velocity Distribution
14

Considering average velocity V,,

Now the problem is one dimensional because only one jet is there. We can use as a

steady problems, turbulent, incompressible. This is a moving control volume, relative
to motion of the space aircraft. Here we are talking about the relative velocities. We are
not talking about the absolute velocity of jet and if it is that we consider the control
volumes and try to find out what will be the force is acting because of this firing of the
gases from this space aircraft.
Flow classification:

One dimensional at entrance

Steady flow (flight of the spacecraft is unsteady)
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Turbulent

Incompressible

(Refer Slide Time: 43:57)

xample 6

600 m/s
v Mass of the discharged fluid is negligible relative to the
mass of the spacecraft (solid body with a constant mass).

mal For
*  Noexternal forces
v Pressure force s negligible

Momentum Correction Facto
| . L
= 1 by assuming nozzle is well Eootro Yoy

designed

Now if I have a another assumption as you said, the mass of the discharged fluid is
negligible, is relative to the mass of the aircraft. This will be the solid bodies moving
with a constant mass, okay. No external forces. The pressure forces can be negligible.
Beta is equal to the 1, assuming the nozzle is well designed, okay. So because a well

designed nozzle have a close to the uniform velocity distribution. So beta will be 1.

(Refer Slide Time: 44:37)

Example 6

(0) Momentum Conservation

600 m/s
Applying RTT

Ly V) —Yf‘—d [V v |+ | Vp(Vf)dA
m(m m= )" wl il [p 1)

Yoy Acs

!'rhru.s'.‘ = !'.spru'vcrnrf & "'A‘;l(l(‘t‘('v‘(ur a= Zﬁmv = ZH'”V

m oul

B=1

control volume

/
) ‘”\ptujtw'ufl e )
Mypacecrase Aspacecraft = Mypacecraft d'{' = ~Mgqy ",r,ms

9 : .
fias = = —=——(2500) = ~15 m/st  ( spacecraft decelerating in the

‘”"'\p.'n ecraft N'lm“
dt Mspacecraft 15000

Aspacecraft = e
downwards direction)

And let us apply the Reynolds transport theorems, okay. In this case, as we have
considered earlier, okay. So there is this force component is zero. Only the change of

the rate of the momentum flux within the control volume that what will force thrust,
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that will be the mass of aircraft and the accelerations. That what will be net outflux of

momentum flux what is going out from this. There is no inflow.

Applying RTT

d - d - — — A

a(mV)SyS = ZF = ijdv + ij(V-n)dA

Vcv Acs
Finruse = spacecraft — Mspacecraft a = 2 pmV — z pmvV
in out
p=1
stpacecraft .
mspacecraft aspacecraft = mspacecraft dt = _mgas I(gas
stpacecraft mgas 90
aspacecraft dt mspacecraft gas 15000 ( ) m/s

So you will have a because of gas injections you have a momentum flux what is m dot
V gas. That what is the will be the spacecraft mass into the acceleration. This way we
can compute it the acceleration will be -15 per second square. So this is the what the
accelerations of the space aircraft in the negative directions. That what is decelerating
in downward direction.

(Refer Slide Time: 45:42)

Example 6

(]
600 m/s

WVpacecraft = Aspacecrap At = (~15m/5*)(10s) = ~150m/s

/
“’ spacecra)t g

Fonrust = Mspacecraft Aspacecraft = Mspacecraft’ it =2 =M Voas 2500 m/s

‘ control volume
Finruse = =(90k 9/5)(2500m/s ) = - 225 kN

( force acting on the opposite

direction of the discharged gases)

Second part of the problem is that compute the change of the velocity.
stpacecraft = Qspacecraft dt = (=15 m/Sz)(los) = —150m/s
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And what will be the force acting on that which 1s very easy to compute and the
momentum flux or mass of aircraft and the acceleration we can compute what is the

thrust is acting on these,

= stpacecraft .
1? —_ J— J—
thrust — mspacecraft aspacecraft - mspacecraft dt - _mgas I{gas

Fenruse = —(90k g/5)(2500m/s) = - 225 kN

this is what will come it to 225 kilo Newton force acting opposite directions of
discharged gases, that is what happens it.
(Refer Slide Time: 46:24)
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And let me acknowledge before ending this course is that my 3 PhD students they have
been working hard, drawing the figures, illustrating the figures, bringing lot of
examples, discussing lot before presenting you. So I do acknowledge their efforts and
not to improve the knowledge of the fluid mechanics but teach the fluid mechanics in
simpler form. That is what is possible because of them. I do again acknowledge their

help. Okay, with this let us conclude today lectures. Thank you lot.
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