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Velocity of sound in a fluid

Piston S
Rigid pipe

a

A = Cross section area of pipe
V = Velocity of piston
p = pressure of fluid in pipe before'movement of piston
p = density of fluid before.the moment of the piston
dt = small interval of time with which piston is moved
¢ = Velocity of pressure wave travelling in fluid
Mass of fluid for a length ‘L’ before compression
=pxAxL
=pxAxcxdt

Mass of fluid after compression for length (L-x)



I ITi ans G AT E :;'I::résAGLgT:ECLASSES
C L A S S E S Visit us: wwwi.iitiansgateclasses.com

Mail us: info@iitiansgateclasses.com

EXcLUSIVE GATE CoAcHING BY lIT/IISc GRADUATES

A division of PhIE Learning Center

GATE Aerospace Coaching By lITians GATE CLASSES
= (pt+dp) X A X (L-x)
= (p+dp) x A x (cdt-vdt)
From continuity
Mass of fluid before compression = mass of fluid after compression
pAcdt = (p+dp)A(c-v)dt
CAP =PV e (1) (neglecting vdp)
net force on fluid element

(p+dp)A-p x A = mass per second x (change in velacity)

Dpx A= ﬂ[v—o]: phcdt XV
dt dt
c= LI 4. )
o
multiplying (1) and (2)
c?dp=dp

oo [
do

Sonic veloeity for.an adiabatic process

For adiabatic process P - c
,07
diff. above eq.
dp _ @
do p
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Here,

c= [ = JRT
o

for isothermal process

P = constant
Yo,

diff. above equation

P _P gy

dop
Hence,

c=+RT

Important points about sonic velocity

(1). Sonic velocity is depends upon the change in density for a given change in pressure.
(2). If increase with growth in temperature

(3). Sonic velocity is higher in gases with a high value of gas constant (R)

Mach number (M):-

Define as.square root of the ratio of inertia force of a flowing fluid to the elastic force.

M = /,oAV2 _Vv
KA C
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Here,
v = velocity of fluid
¢ = velocity of sound in the fluid

k = bulk modulus

M < 1 — subsonic flow
M =1 — sonic flow
M > 1 — supersonic flow

Mach Angle:-

Stationary M=0 Sonic M=1

Subsonic 0<M<1.0
Supersonic M>1

-
-~

Q <
-

-~

Propagation of disturbance wave
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(a),(b) the disturbance wave reach a stationary observer before the source of disturbance
could reach him in subsonic flow

: at a
sinu=—=—=
v

1
vt M

1= sin‘l(ﬁj (Mach angle)

Compressible flow
Basic equations
(1). Equation of state
pv =mRT
where,
p = absolute pressure in N/m?
v = volume occupied by mass:(m) of the gas
p = mass density in kg/m°
T = absolute temperature.inkelvin (K)
R = gas constant (287 J/kg-K)
(2). Continuity equation
pAv = constant (for 1D steady flow)

differential form

v A p
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(3). Momentum equation (Euler’s equation)

%+vdv+ gdz=0

Yo
(4). Energy equation
Incompressible flow
Compressible flow

Energy equation (Bernoulli’s equ) for incompressible flow

%+vdv+ gdz=0

P

Integrating above equ

dp -
I » +Ivdv+jgdz constant

2
L gz = constant
p 2

For compressible flow

For isothermal process = P constant = ¢;

Yol

P="
G

J'%:J'd_;)clzclj'd—s:cllnnglnp

dp -
f - +.|.vdv+J.gdz constant
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2
P Inp+ v + gz = constant
yo, 2

Bernoulli’s Equation for adiabatic process (pv” = C)

1
izcl:pz(ﬁy
P’ Cy

P 0
1
Ve
=Cy7 P 1
1-=
y
1
V |G
=[T1 TP
Y o
{LJB
r=1)p
Hence,

d
Substituting j—p into Euler's momentum equation
Yo

J% + JVdV+I gdz= constant

2

VA B gz = constant
y=1)p 2
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Further,
2 2
R (Lj&ﬂ_wzz
y=1p 2 yr=1)p, 2
2 2
- {& &}4— L2+ 9(z,-2,)=0
y=1p P
Use,
7-1
T_z:[&jf P gy o R PPy
T P, P1 y-1 Py Py

Above equation can be reduced to

2 2

v v
¢ T, +—2+0z,=CT, + — + gz, = constant
1 2 2 pl1 5 1

p

Steady flow energy equation
No heat exchange
No shaft work

Stagnation point / stagnation properties

Area of reduced

Leading-edge 1
static pressure

stagnation point
B

=
>
>

Downwash

—»— Area of increased ——non_____
pressure oo



I ITi ans G AT E :;'I::résAGLgT:ECLASSES
C L A S S E S Visit us: wwwi.iitiansgateclasses.com

Mail us: info@iitiansgateclasses.com

EXcLUSIVE GATE CoAcHING BY lIT/IISc GRADUATES

A division of PhIE Learning Center

GATE Aerospace Coaching By lITians GATE CLASSES

(1) Po,ToPo

Vv, (at stagnation point)

using above equation with z;=z, at point (1) and (2)
2 2

v
c,T +V?=cpT0 + ;

' "
h+ Py =h, (Total specific enthalpy)

CpT+V7=CpTO
2T
o1V T {szﬂ}
2¢,T T -1
T, 1viy-1 T 1 v
Oy T 01+ 1) — a=.RT
T 2T 4R T 2(7 )az { 7R}

From adiabatic relation_pyV,” = pv” or p_oy _i}/
P, P
T p =
- _ 1
Po Lo |7 S Po _ 1+(7/—1JM2 '
P T p 2
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Relation between a and a,

V2

c,T +?:cpT0

RT V2R,

y-1 2 y-1

Flow of compressible fluid from a reservoir

Py, To, Vo o,

L @

Apply Bernoulli’'s equ at (1) and (2) (assuming adiabatic process)

( 4 jLﬁ:( 4 J&+£
y=1)p, .2 r-1)p, 2

AP EE
r=1) p, P2 Po




I ITi ans G AT E :;'I::résAGLgT:ECLASSES
C L A S S E S Visit us: wwwi.iitiansgateclasses.com

Mail us: info@iitiansgateclasses.com

EXcLUSIVE GATE CoAcHING BY lIT/IISc GRADUATES

A division of PhIE Learning Center

GATE Aerospace Coaching By lITians GATE CLASSES

r-1
v, = (z_pr_ 1{&} /
7=1) p, Po
V, will be maximum when p,=0 {for given po, To, Po}
2 f 2
_7/& = aO - = Vmax
7y =1py y-1

v, =,/2¢,T,



