Aerodynamic Design of Axial Flow Compressors & Fans
Professor Chetankumar Sureshbhai Mistry
Department of Aerospace Engineering
Indian Institute of Technology, Kharagpur
Lecture 32
Selection of Design Parameters (Contd.)

Hello, and welcome to Lecture 32. We are discussing about the selection of design parameters. In
last lecture, we have solved a numerical that’s what is based on calculation of our critical velocity

and radial equilibrium. Let us start with say one more numerical.
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Figure shows the stator/rotor gap of an axial-flow
compressor stage where the total temperature (7} ) is 550

K. The shaft speed (V) is 25,000 rpm. :
The following conditions also apply at the mean radius:
Absolute velocity (C; ,,,,,) = 300 m/s
Absolute flow angle (@; ) = +30°
Static density (p,,,,,) = 5.8 kg/m’®

The hub-to-tip tangential (or swirl) velocity component variation is
Cx Jr = constant

The rotor-blade inlet (metal) angle is constant from hub to tip, and the rotor mean
radius incidence angle is zero. If the average specific-heat ratio  is 1.4,

Calculate the following variables:

a) The hub and tip rotor-blade incidence angles.

b) The rotor-inlet total-pressure difference (Py;, = Py, ) between the hub and tip
radii. (assume an average density magnitude to be that at the mean radius.)
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Just look at this, say here, this is what is a figure, that’s what is giving us information saying the
stator and rotor gap of axial-flow compressor stage, where total temperature is 550 K, rotational
speed is 25,000 rpm. Following data, that’s what are available at the mean radius now, say absolute
velocity at the entry it is 300 m/s, my absolute flow angle at the mid station is 30°, static density
at the mid station is 5.8 kg/m3 and hub to tip tangential or whirl velocity component variation,

that’s what is given by formula C,, X \/r = constant.

The rotor blade inlet or say metal angle is constant from hub to tip and rotor mean radius incidence
angle is 0. If the average specific heat ratio is 1.4, calculate following variables; hub and tip rotor
blade incidence angles, rotor inlet total pressure difference, that’s what is Py ¢, — Po pup- At hub



and tip radius, assume average density magnitude to be that at the mean radius. So, this numerical

that’s what is somewhat different from what all we have discussed in the last class.

(Refer Slide Time: 02:48)

Solution (a)

T,=550K [ Incidence angles at hub and tip ’
N=25,000 rpm. !
C) pean =300 m/s

Velocity components like C,, C,, U,V
=+300

Z'Iner::ui 58 kg/m3 VClOCiW Triangle...

€, x+/r = constant ‘l'

fmi Whirl component based on formula
i:= 9 Peripheral speed based on diameter
i=? Axial velocity?

i 0tip P 0,hub =2

Radial Equilibrium

Metal angle known
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Let us see what all information, that’s what is available with us. It says my total temperature is 550
K, rotational speed is given that’s what is say 25,000 rpm, my entry absolute velocity is 300 m/s,

my absolute flow angle is 30°, density at the mid station it is given and my whirl variation that’s

what is not say your free-vortex kind of configuration here it is given C,, X \/r = constant.

The information that’s what is given at midsection, my incidence angle is 0 and we need to
calculate what will be the incidence angle at the hub, at the tip. We also need to calculate what will
be your total pressure difference. So, you can say this is what is a different kind of numerical where
we are looking for other properties, okay. So, let us try to understand how do we solve this kind

of numerical.

So, what all we are looking for is we are looking for incidence angle calculation at hub and tip.
What we know in order to calculate that say incidence angle, we must know what will be our inlet,
blade angle and outlet blade angle. In order to calculate those, we need to have our velocity
components and we must know what is our velocity triangle, okay. Now, here in this case, if you

look at, we can say, my peripheral speed that’s what can be calculated based on available radius.



And my rotational speed is known to me, okay. The whirl component that’s what it says it is
following C,, x vr = constant. So, that’s what will be helping us for calculation of our whirl
component, okay. So, this is what all will be helping us in sense of calculating velocity

components, but very important velocity component that’s what is missing that is axial velocity.

Now, the question is how do we calculate our axial velocity, angles are unknown, few velocity
components are known, but at the same time what we know? We have our radial equilibrium
equation, that’s what will be helping us for calculation of our axial velocity, it may be varying
from hub to tip or it may be remains constant, we need to check with; but just understand because
this is what is C,, X \/r = constant that definitely says my axial velocity will not remain constant.
So, that’s what is a hint, we need to calculate what will be my metal blade angle and based on that,
we will try to calculate what is our incidence angle. So, this is what is our strategy for say solution
1.

(Refer Slide Time: 06:01)

Solution (b)
7,=550K Rotor-inlet total-pressure difference W; ﬁp y -
=018 m r,=
N=25,000 Ipm. (1)0,1[;1 & Po.hub ) e

C) pean =300 s T w006m o
4 e~ 30 ) \ Critical velocity, Static pressure ‘
Prvean = 58 kg/m l SIOUING PISOBUIE. || aoamcambidhedan s wsoande
G, x Jr = constant : :
=0 Static pressure at hub, mean and tip
= ;
im- g Static pressure at mean based on T, p
h_ .

i=?
Py~ Pops=? Radial Equilibrium

Whirl component based on formula
Peripheral speed based on diameter
Axial velocity.. Velocity triangle
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Same way we are looking for calculation of AP,, we can understand if you are looking for say AP,
that is total pressure at the hub, if you are looking for total pressure at the tip, we must know what
will be our static pressure. Again, we are having the correlation, that’s what is correlating our total

pressure and static pressure that’s what we say our critical Mach number.



Now, in order to calculate that critical Mach number, we must know what are our velocities and
temperature. So, let us see how do we proceed with. It says, like we are looking for rotor inlet total
pressure ratio, okay or pressure difference that’s what is looking for my critical velocity and static
pressure. So, we must know what will be our static pressure at mid station or maybe hub station

or at the tip station.

Here, the hint is given at mid station, density is known to us and temperature also is given to us.
So, we can say that’s what will be helping us for calculating our static pressure at one location.
We can use our fundamentals of radial equilibrium equation and based on that we will try to
calculate all velocity components and from that we will be calculating our critical velocity ratio

and from that we can calculate what is our total pressure difference.

(Refer Slide Time: 07:33)

Solution (a)
The swirl velocity profile before the rotor is given as,

C, x+lr = Constant

We can apply this condition at mean span as absolute inlet angle is given

From velocity triangle, C, =C, ., Sina,

Given
Ci e =300m/s
Hence, ;
a, =]
c =Cm><\/?,,=(1 W,Smll,,n/a i
i V. CZm
=300xSin30°x {012 :
=51.96
he swirl rofile is thus g . 519 o
The swirl profile is thus givenas, C, = h ‘ =
o \/; U,
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So, let us begin with. Say for first solution, so what all information that’s what is given to us, we
can plot this kind of velocity triangle. So, what it says? My a angle, that’s what is known to us;
S0, a4, that’s what is given 30°, okay. Now, at mid station my diameter is known, my speed, that’s
what is known; so, you can calculate what will be my U. So, let us try to understand how do we

proceed with.

So, here in this case, from velocity triangle, we can write down our whirl component at the mid
station, that’s what will be given by C;,,,0qn Sin @,,,, 0kay, because at mid station | know what is

my absolute velocity, | know what is my say absolute flow angle. So, this data, it is known to me,



SO it says C; meqn = 300 m/s and my absolute flow angle is say 30° and at mid radius, | know

what is my radius, that’s what is 0.12 meter.

So, if I will be putting this, it says, we can calculate what will be my Cw. So, if we are calculating
that part it says my C,,,, X /T, that’s what is constant. So, basically, we will try to calculate first

what is our constant. So, it says 300 into sin 30 into this is what is square root of 0.12, it says my
constant as 51.96, okay.

Hence,C = Cym X [T = C1,,,,, SIN Ay X /Ty
= 300 X sin 30° X v0.12
= 51.96

Now, what is known to me my C,, X \/r = constant. So, we can say my Cy, that’s what is given

by

51.96
Cy = N

Now, it says if I am looking for what will be my whirl component and hub, I can calculate by
putting hub radius, | can calculate at tip by putting tip radius.

(Refer Slide Time: 09:40)

Tuorial contd >
We may calculate the inlet swirl at each location
€, =222 o 13w
Jry 006 Given
=00
P R, i
Ll i n's r.=0.12m
r=018m
5196 51.96
=== =124Tm)s
JrioAos

(vl
L P
2d rar
Substituting,
LdC*  €.id.x ¢ d,C ,
_‘_a=__"‘_(r(“) =———0r—) |c C
2d rd wrde e T
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So, let us see. Suppose if you are considering this as our case, at hub, we know our radius as 0.06
meter. At mid station, our radius is 0.12, and at the tip station, my radius is 0.18. So, if we are
putting that into formulation, it says my whirl component at the hub is 212.13 m/s. My Cy, at the
mid station, that’s what is 150 m/s. And my Cy at the tip, that’s what is 122.47 m/s.

o _5196 5196 . ,
= = = . m s
YT V/0.06
c 5196 5196 _ y
= = = m/s
Y e V012
51.96 51.96
= = 122.47 m/s

C.. = =
YT 018

So, you having higher swirl component or whirl component, that’s what is present at the hub and
local whirl component, that’s what is present at the tip, okay. So, this is what is a calculation for
our whirl component. Now, in order to do calculation for our flow angle, we are looking for our

axial velocity.

Now, what we know from our formulation of radial equilibrium equation, or say, vertex energy

equation, we can write down this is what is a known formula for us. So, in place of my Cw, we can

c

write down, that’s what is given by C,, = 7

We can use the Radial Equilibrium Equation in the form

1dc; Cud .,

2 dr r dr(r w) =

1dC? c, d C d C
== (C) =——— ()
2 dr r dr rrdr > \r
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Tutorial contd, .

Integrating the above from mean radius to arbitrary radius, we get

:I dC}= —j(r—:dr

5 5 1§ €
o C, =G, _r_+:_'

At mean radius, C,, =G, Cosa, =300xCos30°=259.80 m's

96° 96°
.2 aas9g0r 3196, 5196 .
0.12 r Given
C, e =300m/ s
. W 26998 ;
Axial velocity distribution C, = [45002.5+ —— a, =30°
' r=012m
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So, if you are putting in this equation and if you will try to put in the formulation form, it says

1dc?  1c?
2dr 2712

Now here, in this case, we can do the integration. Again, since at mid station my axial velocity,
that’s what we can calculate. So, let me put this as say mid station to some radius r, here also we
are putting at mid station to some radius r.
Car r CZ
dc? = —J —dr
T

2
Cam m r

So, that’s what is giving me my axial velocity at any radial location as say

c? (C*

Ci =Ct,——+—

ar am rm r
Now, here in this case, it says, we are not having any information about axial velocity at the mid
station. But if you look at from our fundamental understanding the angle alpha, that’s what is

known to me that is 30°.

Now, we have already calculated our Cw1 at the mid station. So, based on my formula, I can write

down my axial velocity at the mid station, that’s what is given by



Cam = C1 mean €OS @y, = 300 X cos 30° = 259.8 m/s

So, this Cy, that’s what is known to me it is 300 m/s, my « is 30°, it says my axial velocity at the

mid station is coming to be 259.80 m/s.

Now, once this is what is known to us, we can write down in the form of this formula, it says my
Ca square or my axial velocity at any radius, that’s what is given in the form of some radius. So,

this is what is the formula, okay.

51.962 N 51.962
0.12 r

C2. =259.8% —

So, you can understand, the basic application of radial equilibrium, your vertex energy equation,
that’s what is always necessary, we need to have some background of mathematical formulation
in sense of integration and differentiation, that’s what will be helping us in order to get the solution

in a proper way. So, this is what is my axial velocity at particular radial location.

Axial velocity distribution,

2699.8
Car = 450025 +T
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Tutorial cont O
Axial velocity at different span locations is thus calculated to be
Given
] 2698 | 26998 _
Athub, C,= V[45002A5+ — =S5+ =30ms 2500 pm
h
Atmean C,, =259.8 m's (Known) i
r,=012m
Attip, (',,,=V"45002.5+M =\I.f4sooz.5+239198'8 =24495ms {;=018m
I «

As rotor rpm is given, we can calculate the rotor speed as

27Ny, 27x25000x0.06

U,
60 60

=157.08 m/s

V) 2rx2
g, < 2o 200012y

Ut = 27Ny, L, 27x25000x0.18 — 47124 s

\ a
60 60 T
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Now, we can say, my radius for hub, my radius for mean and radius at the tip station, they are
known to me. It says, at hub it is 0.06 meter, at mid it is 0.12 meter and at the tip it is 0.18 meter.
So, we can say this is what we can write down and we can calculate our axial velocity at the hub

that’s what is coming 300 m/s. At the tip station, this is coming 244.95 m/s, okay.

Axial velocity at dif ferent span locations is thus calculated to be

2699.8 2699.8
Athub,cah=J45002.5+ - =j45002.5+ 1y = 300m/s
h .

At mean, Cyp, = 259.8 m/s (known)

= 244.95m/s

Tt

_ 2699.8 269
At tip, Cpe = [45002.5 + = [45002.5 +

So, do not consider or do not assume axial velocity to be constant, be careful! You are given the
variation of whirl component and that to it is in a formulation form, that’s what is giving you hint
my axial velocity is not remaining constant, okay. Now, if this is what is your case, we can
calculate what is our peripheral speed, okay. So, in order to calculate that, we know what is our
rotational speed, that’s what is 25,000, my hub radius is known, that’s what will give me my

peripheral speed at the hub station, at mid station and at tip station.

So, we can say, at hub it is 157.08 m/s. At mid station, it is 314.16 m/s. And, at the tip station,
that’s what is say 471.24 m/s. Now, you can say, we are able to calculate different velocity

components, this is what will be helping us in sense of calculating different flow angles.

As rotor rpm is given,we can calculate the rotor speed as,

_ 2nNT, _ 2m X 25000 X 0.06

U, = 0 0 = 157.08 m/s
y 2Nt 2mx25000%042 .
m="60 60 = 314.16m/s
2nNry 2m X 25000 x 0.18
= = = 471.24m/s

7 60 60
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Tutorial contd.

It is given that mean radius incidence is zero.

Hence, air inlet at mean = Blade metal angle at LE

Bu=ha'
- [ Un=Cor
From mean velocity triangle, A, =tan ( c ) We know
U, =314.16 m/s
ﬂhn:lan,l[nztls-lso] C,, =150 mis
2981 J1c =25981 mis
B =328 Com

Itis also given that metal angle is constant along the span

' =32.28° (Constant along the span)
9
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So, let us try to look at this part, what it says at mid radius, my incidence angle, that’s what is
given to be 0. So, we can say, my £; at mid station, that’s what is equal to 1 at mid station. Now,
if we are putting our velocity triangle at the mid station, so what we know is my mean peripheral

speed it is 314.16 m/s, my Cw is 140 m/s, and my axial velocity is say 259.81.

So, if you are putting all together, that’s what will be giving me this kind of velocity triangle, okay.
So, it is always advisable, you make your velocity triangle free hand that’s what will help you in

sense of calculating different flow angles. So, for this velocity triangle, my S;, that’s what is given
by

U, —C
o = (2o
Cam
- (314.16 — 150)
Bim = tan 259.81
B, = 32.28°

Now, these numbers are known to us. So, we can calculate our f;,, that’s what is 32.28°, okay.
Here, in this case, my incidence angle, that’s what is given 0, so we can write down my B,’, that’s

what is coming as 32.28°, okay.



(Refer Slide Time: 17:00)

Tutorial ontl. .

Air angles at hub:

1
C,,=212.13 m/s [3”,:
]Thn inlet swirl is greater than wheel spudl

U, =157.08 m's
=-42 28°

C,, =300 m/s
i
From velocity triangle, , =tan™ U i
!
I57 08-212. l%
t
Ay 300
B, =-1039°
incidence at hub, i,=f-B' =-10°-32.28°
We know
i, =-42.28°% f'=3228°
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Now, let us try to look at what is happening at the hub. So, we have done our calculation for whirl

component it is 212.13 m/s, my peripheral speed at the hub is 157.08 m/s and my axial velocity

we have calculated, it is 300 m/s. Be careful here, here if you look at carefully, my whirl

component that’s what is larger compared to my peripheral speed. So, your velocity triangle that

will be changing accordingly.

Do not make any mistake here. So, here if you look at, based on this number, roughly we can say

this is what will be my velocity triangle, make a freehand that’s what will be helping you in sense

of understanding. Same way | can put my equation for j; at the hub, it is

i = tan (2 o)
Cah

157.08 — 212.13)

Bin = tan_l( 300

Bin = —10.39°

Now, here in this case, my Cy that’s what is say it is coming to be higher, that’s what will be giving

me my B; at the hub as —10.39°, okay.



What we are asked to calculate for that says, | need to calculate what is my incidence angle at the

hub. So, if we are putting that’s what is given by
in = Bin — B1

So, this B, at hub we have calculated it is —10° and this is what is say it is given it is a constant,
that’s what is 32.28°.

iy =—10°—32.28°
i, = —42.28°

So, it says my incidence angle, that’s what is coming —42.28°. Remember, this is what is a
numerical this kind of numbers may not come in actual condition, okay. But for understanding you

can say this is how we are calculating our incidence angle at the hub, okay.

(Refer Slide Time: 19:06)

Tutorial contd. —

Air angles at tip:

€, =12247 m's V
1
U, =47124 ms C1e
= 24495 m/s
o

. U-C
From velocity triangle, /3, =tan '[ L "’J

p-n'|

B, =5491°

471.24-I22.47]
47124

incidence at tip, ii=f,-8" =5491°-32.28°

We know
i=2261° @ B=3228°
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In line to that, we can do our calculation for my tip station. At tip station, we know what is our
whirl component, we know what is our peripheral speed, it says my whirl velocity is 122.47 m/s,
my peripheral speed is 471.24 m/s and my axial velocity at the tip is 244.25 m/s. So, based on

this data, if I am putting my velocity triangle, then this is what will be my velocity triangle, okay.



So, here in this case, we are not having the situation as we have seen for our hub, you can see, here
my peripheral speed that’s what is larger, and my whirl component that’s what is smaller. So you
can see here, so this portion that’s what is representing my whirl component, okay and this is what

is my peripheral speed.

So, if that’s what is your case, you can write down my,

(Ut - th)

tan Blt = C
at

These numbers they are known to us. So, we can do our calculation for, that’s what it says, we are

getting our incidence angle to be 22.61°.

471.24 — 122.47)
471.24

B¢ = tan™! (
it = 54.91°
incidence at tip,
iy = B — B = 54.91° — 32.28°

i, = 22.61°

So, this is what will be giving us idea about what we say in sense of our variation of incidence

angle at hub, variation of our incidence angle at the tip, okay.
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Tutorial contd.

Solution (b)
T,=550K Rotor-inlet total-pressure difference W; ﬁp ; -
r=0.18m =t
N=25,000 Ipm. (PO,Mp & PU,hub ) =

(‘I _mean =300 m/s l 1,=0.06 m{ i
@) pean=130° - - :
p;:;": 58 kg/m ‘ Critical velocity, Static pressure ‘ ................

l

Static pressure at hub, mean and tip
ke Static pressure at mean based on T, p

=2
Py~ Pops=? Radial Equilibrium

Whirl component based on formula
Periphegal speed based on diameter
Axial velocity.. Velocity triangle

€. % Jr = constant
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Now, the second part for this numerical as we have discussed, that’s where we are looking for
variation of AP, , okay, at hub and what will be the variation of my AP, or you can say what is my
Po at the hub and what is my Po at the tip, okay. So, here in this case as we have discussed, let us

start with the solution for.

(Refer Slide Time: 21:14)

Tuorial contd S

Solution (b)
The static temperature at mean can be calculated as

v 2 ~ 2 v 2 q 2 2
B = e T[( g, ] :550_[ (98 (150

e
g %€, 2, 2x1.005x10°  2x1.005x10°

I, =5052K
We know
From equation of state, P, = 2, R, =58x287x505.2 T,=550K
p, =840994.65 Pa Lgi—
., =150 ms
Pa =58 kg’

From radial equilibrium equation,

b_pC:
drr
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So, very first thing what we are looking for is for calculation of our critical velocity component.
Now, in order to calculate a critical velocity component, we must have the temperature value,

okay. So, at mid station, | can write down my static temperature that’s what is given by

C? C? C?2
Tsztm_ﬂthm_< am_l_ Wm)

2, 2¢, ' 2G,

If we are putting that it says my static temperature, that’s what is coming as 505.2 K, okay.

(259.81)2 N (150)? >

Ty = —
m =550 <2 x 1.005 x 103 ~ 2 x 1.005 x 103

T, = 5052 K

Now, from our fundamental understanding, we can do our calculation for say my static pressure
at the mid station as say

Pm = meTm
So, we can say, that’s what is coming as say 840.99 kPa.

Pm = 5.8 X 287 x 505.2 = 840994.65 Pa

So, now at mid station, my static pressure, that’s what is known to me, okay. So, here in this
numerical my temperature, static temperature, that’s what is not given straightway. But remember,

that’s what is related in sense of say my total temperature and absolute velocity, okay.

So, what all data that’s what is given to you just try to locate that, put it on diagram or write down
what all data that’s what is given to us. And based on that you move ahead with, okay. Now, in

order to do our calculation for the variation of my static pressure at the tip, or mean or say maybe

hub, we can use our radial equilibrium equation. It says my Z—’;, that’s what is given by, say

dp _pCy
dr  r



(Refer Slide Time: 23:05)

: C 3
Since, C, = —= (as given)
% g

g
— p _:
ar " r
This can be integrated from mean to any radius

pC* pC?

h=pyt——
7

58x51.96°  5.8x51.96° We know

L0.12 r P, =840994.65 Pa
r,=0.12m
(=51.96

p, =840994.65+

15659.08

r

p, =971486.99-

2
‘5

Dr. Chetan S. Mistry

Now, what is given to us? We know what is our whirl component that’s what is say % That’s what
we can write down in this formula.

dp  C?

dr P

And if we are integrating that from say, mean station, because at mean station my static pressure
is known to me. Be careful, at what location you are known with the pressure or temperature

accordingly, you need to decide with your limit, same way for axial velocity.

So, here in this case, at mid station my static pressure is known to me. So, I can calculate my static

pressure variation at any station by integrating this form.
Dr r CZ
dp = f pr—zdr
Pm m
It says my static pressure at any location that’s what is given by

N +pCz pC?
Pr=pm+t ==



Now, the main radius that’s what is known to us, so if we will be putting all this together, that’s
what is giving me my static pressure variation with the radius. So, here if you look at, this is what

is a formula for the variation of my static pressure at particular radius, okay.

5.8 X 51.96%* 5.8 X 51.96%
0.12 r

p, = 840994.65 +

15659.08
p, = 971486.99 - ———
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The pressure at hub and tip can be found by substituting for radius

Given
n =971486.99- 2% _710502.32 Pa 1=006m
0.06 r=0.18m
= 971486499-% =884492.10 Pa Cy=212.13 ms
' C,, =300 m/s
Now we calculate the hub and tip critical Mach nos. C =12247 mls
C,=24495m/s
Gy =yC +Cy =y21213+300° =367.72m/s T=550K

G, =C,}+C,} =y12247 +24495" =273.86 m/s

2yRT, 27R x550
V= W—A = [ _ 429,13 mis
7+l y+l

Critical velocity at tip,
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Now, let us put we are looking for our variation of or say we are looking for our static pressure at
the hub. So, if you are putting my radius as 0.06, we are getting our static pressure at the hub. If
we are putting our radius at the tip as 0.18, we are getting our static pressure at the tip, okay. So,

now my static pressure at the hub and tip they are known to us, okay.

15659.08
pn = 971486.99 — ———— = 710502.32 Pa
0.06
15659.08
De = 971486.99 — W = 884492.1 Pa

Now, in order to calculate your critical velocity, we must know what all are the velocity

components. So, here in this case, if you are looking for say absolute velocity at the hub we can



write down that’s nothing but C2/C2. And that’s what will give me my absolute velocity

component as say 367.72 m/s. Same way my absolute velocity at the tip it is 273.86 m/s.

Cin = [C2, + C2, =+/212.132 + 3002 = 367.72 m/s

Cie = /C,f,t +C2, = /122,472 + 244.952 = 273.86 m/s

My critical velocity at the tip we can calculate it is

Vo= 2yRT, 2)/R><550_42913
ot ly+1 y+1 7 m/s

This temperatures, static temperature at the tip, that’s what is known to us. So, we can write down

this equation and will get 429.13 m/s.

(Refer Slide Time: 25:50)

C, 36742
Hence, critical Mach no. athub, M, = ﬁ = 42)9‘” =0.856 We know
273.86 C,,=36742 m/s
" . _G, _27386 _
Critical Machno. attip, M, = Z’ “n =0.638 €, =273.86 ms
i V., =429.13 ms
The total pressures at hub and tip in terms of critical Mach no is expressed as 2, =71050232 Pa
pys—D TSR _yy08489Pa |, =S8449210P
= T X ]
{l-(y—]—]M{H,'} [1-[7 l)x0.856::’ ‘
7+l 7+l

P __ S8449210  _y131041.2Pa

P = T =
o P e =
1-{’—‘]}4”’ l-[’ l]x0.638: '
7+l 7+l

Difference between tip and hub total pressure, APy = Py, = Py, =10192.29 Pa

Dr. Chetan S. Mistry

So, now, if you are looking for say calculation of our critical Mach number at the hub, we can

write down that by say 5—1 Same way for tip, we can write down N So, since my absolute

cr

velocities are known to me, so, | can calculate what will be my critical Mach number at the hub

and what will be my critical Mach number at the tip and that’s what is coming say 0.856 and 0.638.



Critical Mach number at hub,

Critical Mach number at tip,

v - Cie 27386 _ 0.638
tTyL, T 429130

Now, once this critical Mach number, that’s what is known to us, we know there is a relation
between say my total pressure and my static pressure in the formula for critical Mach number. So,

if you are putting these numbers, it says this is what is

Pn
Pon = y

1= () mea] ™

Here, at hub my critical Mach number is 0.856. If you are putting that, this is what it says is coming

in sense of my Mega pascal pressure, okay.

710502.32
Pon = —— = 1120848.9 Pa
[~ (T x 0856

Here, at tip also, we can do our calculation.

Pot = Pe v
[1- )z
884492.1
- — = 1131041.2 Pa
[1 _ (%) x 0.6382]1'4_1

So, if you are putting all this together, that’s what is saying like my AP,, that’s what is coming to
be say 10.192 kPa, okay.



Dif ference between tip and hub total pressure,
Apo = pOt - poh = 10192.29 Pa

(Refer Slide Time: 27:17)

Answers:
C, xr =51.96
Ca,=259.80m/s,Ca, =300m/ s
Ca,=24495m] s

iy = 42.97,i,, ==22.61

p, =1.1bar, p, =8.84bar

Do =10.43bar

Posp =.10.88bar

Ap, =0.45bar

Dr. Chetan S. Mistry

So, let us do the compilation of what all we have learned. Say, we have calculated our say

tangential velocity variation, that’s what is C,, X vr = constant. That constant we have
calculated it is 51.96. We have calculated our axial velocity variation at mid station, hub station

and tip station.

Then we have calculated our incidence angle at the hub, we have calculated our incidence angle
at the tip, we have calculated static pressure at hub as well as a static pressure at the tip and finally

we have calculated our Ap,.
C,, X Jr = 51.96
Com = 259.80m/s
Con =300m/s
Cot = 24495 m/s

ihub == 42970



ltip = —22.61°
pn = 7.1 bar
p: = 8.84 bar
Po,nup = 10.43 bar
Do,:ip = 10.88 bar
Apy, = 0.45 bar

So, this is how what all we need to use in sense of our understanding for what all formulas we
have learned up till now. So, this is what is end of this particular session. Thank you very much
for your attention.



