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Dr. Chetat:S. Mistry

Hello, and welcome to lecture 58. So, continuing with the design discussion, we were
discussing about the design using constant hub diameter configuration for the flow track, we
have our axial velocity to be 225 m/s, peripheral speed to be 400 m/s. And, we are having
certain constraints what we have discussed, that’s what is in sense of say, tip diameter to be
0.260 hub to tip ratio at the end it to be 0.375. And our speed that should not exceed by, say
16,100.

Now, in next lecture, we started discussing about the distribution of AP, at the mid station.
And, if you recall, that’s what we have assumed to be slightly higher than what design pressure
rise we are expecting, that’s what is in order to iterate or say, maybe in order to reduce the

number of iterations.

We have started doing calculation assuming same aspect ratio, same number of blades, in order
to compare these two design methodologies. We have done our calculation, at the mid station
for rotor, we have done our calculation for say, at hub station. Now, today we will be discussing

doing calculation at a tip station.
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Constant hub diameter Concept

Calculations at tip:

The total pressure rise at tip is prescribed to be 73483 Pa which corresponds to a total pressure ratio of
173

total temperaturerise at tip can be calculated from

r 71
(i’o.w’o_,] »EN [101325+73483]/ 'l 28
Ok h 101325 093

AT, =5403K

AT, =

0r

Hence tip will be designed for a total temperature rise of 54.03 K
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So, let us move forward. Say, here in this case, for say, tip station, as we have assumed our
pressure ratio near the hub station to be 1.5 inline to that, let us assume our pressure ratio near
the tip station to be 1.73. And if we are configuring this, that’s what is giving me my AP, to be
73,483 Pa. So, if you are assuming this as a case, for tip station, we can calculate our AP, based

on our fundamental equation. And that’s what is coming 54.03 K.
The total pressure rise at tip is prescribed to be 73483 Pa
which corresponds to a total pressure ratio of 1.73

Total temperature rise at tip can be calculated from

y—-1
Py, + APy, \ 7 T,
ATy, = (—01 ‘”) —1fx 2
Py, Ny
[ 1.4-1
B (101325 + 73483) 14 298
N 101325 0.93

AT,, = 54.03 K
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U 2mrN Thus, And,
60 U, =399.22 mls U, =372.09 ms
Balancing Aerodynamic and Thermodynamic work at tip,

C,AL, =20(r,C,,=1,C,) (. tip radius is changing)
where }: =098

We know
CAT ; AT, =5403K
(,m: Do 1.005x 10" x 54.03 =148.91 m/s e
", 0.98x372.09 fu =025
) 1, =0.240m

(€., =0, Flow is axial at inlet)
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Now, based on calculation for our AT,, we will be comparing our aerodynamic work and
thermodynamic work that’s what will be same. If we are configuring that case, we will be

getting our swirl velocity component, that’s what is say 148.91 m/s.

_ 2nr N
760

Thus,Uy; = 399.22m/s
And, U, = 372.09m/s
Balancing Aerodynamic and Thermodynamic work at tip,
CpATy = Aw (12 Cyiz — Tt1Cwir1)
where 1 = 0.98
As Cye1 = 0 (Flow is axial at inlet)

o _ GpATor _ 1.005 x 103 x 54.03
WU, — 0.98 x 372.09

= 14891 m/s
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From inlet velocity triangle at tip, We ko
a, =0° (Axial Entry) U, =399.22m/s
U, =372.09 m/s
o C, =225 m's
U, 399.22 C,,=148.91 mis
B, =tan '[—"] =lzm"('))' ) 2 m's
G, 225

Hence, f, =60.59°

From exit velocity triangle,

B, =tan’

U,y =Co ] ,1{37209:148.91]
. = | =lan
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Now, once we know what is our whirl velocity component at the exit, we have assumed our
entry to be axial, that means my Cw: at the tip, that’s what is equal to 0. Based on our
trigonometry, we can do our calculation for say, angle at entry as well as exit. So, we can say,
my B, that’s what is given by tan=1(U/C,). Since we know what is my tip diameter at the

entry and axial velocity, that’s what is giving me my S, as say 60.59°.
From inlet velocity triangle at tip,
a;; = 0° (Axial Entry)

also,

Upp 399.22
=t () = (S5)
PBi1 = tan . an 57¢
Hence, [ = 60.59°

. . . U,—C, .
Same way, at the exit we can write down that’s what is say % Since my Cup, that’s what
a

we have calculated based on our comparison of work in sense of aerodynamics and
thermodynamic work, we will be getting this Cwz, that’s what is 148.91 m/s and that is giving
B, to be 44.77°.

From exit velocity triangle,

Uz — th2>

o <372.09 — 14891
n
Ca

= 44.77°
225 )

ﬁtz = tan_l (
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Deflection at lip. We know
A =B,-P, B, =60.59"
B, =447
LA =60.59"-44.77 C, =205 ms
C,,,=148.91 ms
SAB =1583%

From rotor exit velocity triangle

- l((_J _m,l(mx.«)l)
) 25
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Now, once we have our 8, and [, and, we can calculate our AS and that’s what is coming
15.83°.

Deflection at tip,
ABy = Bt1 — Pr2
~ AB: = 60.59° — 44.77°
~ AB; = 15.83°

So, next step for us it is to calculate what will be a,, what will be other velocity components.

So, if we are looking at exit velocity triangle, my a, that’s what is coming as say C,,/C, and

that’s what is coming 33.5°.

From rotor exit velocity triangle,

Cwez
- ()
Qi = tan c

a




(Refer Slide Time: 04:53)

Constant hub diameter Concept

Average wheel speed at tip,

We know

U, =399.22m/s
U,, =372.09 m/s
C,=225m/s

C,,=14891ms

U, ,,=38566m/s

Now, we calculate the degree of reaction at tip,
GG

W
'l'l g

DOR =1-

14891

DOR =1-
2x385.66

-.DOR =081
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Now, we can do our calculation as we have done at mid station, we have done this calculation
at the hub station and inline to that, we will be doing our calculation at the tip station. For our
degree of reaction, we are looking for peripheral speed, that peripheral speed we are taking as
say average peripheral speed and that’s what is coming say 385.66 m/s. And if we are putting

that number, degree of reaction at the tip that’s what is coming 0.81.

Average wheel speed at tip,

_ Uy + U, 399.22 +372.09
Vg =—7 = 2

Up avg = 385.66 m/s

Now,we calculate the degree of reaction at tip,

Co,ir+ C
DORt=1— wt2 wtl
2Ut_avg
DOR. — 1 148.91
t— 2 X 385.66
~ DOR, = 0.81

You can compare the numbers now. At hub, we are having say this degree of reaction it was

coming 0.1 and at the tip we are having degree of reaction that’s what is coming to be 0.81.
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The relative inlet and exit velocities can be calculated from velocity triangle
(54 225

" cosf,  cos(60.59°)

: We know

-V, =458.26M/ B=60.59

] -K By=44T7"
Similarly at rotor exit C,=225m/s
po G . B

* cosf, cos(44477°)
3 A et m
2y =316921/
Vll
v, 31692 Uy

de Haller's number at tip, DH = - = —
V, 45826

DH =069
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Now, based on our expectations for the calculation for relative velocity components at the
entry, we can say that’s what is given by C,/V and this relative velocity component at the entry
that’s what is coming for 458.26 m/s. Similarly, at the exit, we can do our calculation and
that’s what is coming 316.92 m/s. So, based on that we can do our calculation for say de

Haller’s factor and that’s what is coming 0.609.

The relative inlet and exit velocities can be calculated from velocity triangle,

o Ca __ 225
7 cos By cos(60.59°)

o th = 4‘5826 m/S
Similarly at rotor exit,

yo_ Ca __ 225
27 cos By, cos(44.77°)

& Vip =316.92m/s
de — Haller's number at tip,

Vi 31692

DH =-2=
V,, 458.26

DH = 0.69
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Pitch/spacing at tip is calculated as,

2nr, 21x0.249

§s =

i/} Tatls _
Yz 29

where, r, = z £=0.249 m

5,=0054m

Solidity at tip is calculated based on mean chord and tip pitch,

0.105

0054

4
=g
5 We know
r,=0.258m

1y =0.240m
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Now, as we have taken our number of blades to be 29. So, at the tip, we can do our calculation
for pitch, we can do our calculation for the solidity and solidity near the tip based on chord to

be say 0.105 m, the solidity is coming 1.948.

Pitch/spacing at tip is calculated as,

_2mry
S¢ = Z
Ty, + 17
where, 1, = % = 0.249m
_ 2m x0.249
B 29
s = 0.054m

Solidity at tip is calculated based on mean chord and tip pitch,

_e_0105
ot TS, T 0054
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Thus the Diffusion factor at tip is given by

By + oo (tan B, - tan 3, )

(DI:)I rofor = l
cosf, 2xo,

G cos(60.59°)
cos(44.77°)  2x1.948

(tan 60.59° - tan 44.77°)

(DF), ,, =041

We know
B,=60.59"
B, =477
C,=225m/s
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Now, once we have our solidity, we know what is our blade angles 8, and 8,. We can do our

calculation for diffusion factor at the tip and that’s what is coming 0.41.
Thus the Dif fusion factor at tip is given by,

cos 1 €os P
cos By 2 X0

(DF)t,rotor =1 (tan P1t — tan BZt)

cos(60.59°) 4 cos(60.59°)
cos(44.77°) 2 x1.948

(tan 60.59° — tan 44.77°)

(DF)¢rotor = 041
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Now, these are the table. This is what is indicating the parameters at the hub station in line to
that this is what is indicating what will be the parameters at our tip station, okay. And, these

are the assumed values what we are discussing at this moment.

(Refer Slide Time: 07:25)

Constant hub diameter Concept
Rotor
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Now, based on this; now, we are having our numbers at hub, tip, we can extend that. So,
whenever we are doing our design, let it be say subsonic compressor or let it be say supersonic
or transonic compressor, what we will be doing? We will be initially doing calculation at 50%

span for subsonic compressor, at 75% span for say transonic compressor.



Very first calculation we are doing at the mid station. Then immediately we will be doing our
calculation at the hub station because that is where, suppose say if | am taking the approach of
fundamental design configuration, we will be putting on our eye for different parameters. So,
here if you look at, very first parameter | will try to look at that’s what will be my A, next
parameter we will be keep on eye, that’s what is say degree of reaction. We will be putting our
eye for say diffusion factor and next we will be putting our eye for say camber angle

calculation.

Now, once this is what is giving the satisfaction, we will be doing our design for the tip station.
Now, at hub, mid and tip station, once we have these numbers, that’s what is known, what we
need to do is we need to set this AP, throughout the span in such a way that my average total

pressure that’s what will be as per my expectation.

So, for here, we are expecting this pressure rise to be 1.63, that’s what is expected AP, to be
63,835 Pa and that’s what we are setting here, okay. Now, we are not having any configuration
saying like what will be the tip clearance, suppose say this is what is known to you. So,

accordingly you need to adjust your AP,.

If you recall, when we were discussing say subsonic compressor design, that time we have
configured like that considering say tip clearance to be say 3% or say 2%. Accordingly, you
just adjust your AP, such that my pressure drop or loss that’s what is happening near the tip

region that will get compensated, okay.

Now, once this is what is configured with us, we know what is our C> what is our a,. And,
that’s what will be the input for by further design for the stator. So, here in this case, since we
have taken same configuration for aspect ratio for constant tip diameter configuration and

constant hub diameter configuration, my chord that’s what is coming to be on higher side, okay.
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Stator design:

Assuming absolute velocity at the exit of rotor is same
at entry velocity of stator

G, =G, Cm3

a,, =a,, =36.81°

Also, axial exit is expected,
Hence, a,, =0° f55e
——t
-

Turning of the flow,
Aa, =a.

m Im

a-’m
. Ad, =3681°=0°

~Aa, =3681°
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Now, let us say for the design of the stator. Say, if we configure as we discussed my C, = C;
and a, = a3, based on that we can do our calculation for Aa. Now, since this compressor we

are expecting our exit to be axial one, that is the reason my a we are putting say it to be 0.

Stator design:

Assuming absolute velocity at the exit of rotor is smae at entry velocity of stator
C3m = Com
A3m = Ay = 36.81°
Also, axial exit is expected,
Hence, ayy, = 0°
Turning of the flow,
Aa,y, = Azm — Aum
~ Aa,, = 36.81° - 0°
~ Aa,, = 36.81°

Here, we need to be very careful in sense of doing calculation for the stator. If we are going
aggressively for the design of rotor, say aggressively in the sense if we are expecting our A

to be higher, then accordingly my turning required near the stator that also will be higher. If



you recall we were discussing for say future design of compressor where we are looking for
per stage pressure rise to be very high, under that configuration, this is what will be coming as

a challenge.

There are chances that we will be having flow separation or stalling of blade that’s what is
happening for stator rather it will happen for rotor. So, this is what is it says it is easy to design
in sense of stator rather it is very challenging and complex many times based on what loading
you have selected for the rotor, okay. So, we need to be very careful when we are doing our
calculation, rather going very aggressively towards a higher number, we need to keep on eye

for many parameters, okay.
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An aspect ratio (AR) of 1.4 will be assumed for the stator T

The blade height will be approximated as as average of heights at rotor exit and stator exit

p o= Tl 7l

Ing
2 We know

b o 0200-00967+0220-00961_ (00 . =0240m

i
2 1, =0222m

h, il
Blade chord ¢ = L; = 01_143 =0.096 m r, =0.0967m
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Now, here in this case, for the stator design, we have assumed our aspect ratio to be 1.4 for our
earlier design. Same number we will be putting here, in order to do the calculation for say my

height of the blade or the span of the blade, we are taking the average value and that’s what is

given by % that’s what we are writing here.

And if we are calculating that it says my height of the blade, that’s what is coming 0.1343.
And, here in this case, the chord for my stator is coming 0.096. If you recall when we have
done our calculation for stator configuration for say constant tip diameter, under that
configuration, my chord was coming 0.08. So, you can see what numbers we are selecting,
that’s what will be started reflecting in sense of the calculation. This is what is because of my
change of the height and that height change, that’s what is depending on which kind of

configuration we are selecting with.



An aspect ratio (AR)of 1.4 will be assumed for the stator

h
“ AR = =
Cc

h
chord of blade = R

The blade height will be approximated as average of heights at rotor exit and stator exit

T2 —Tha + T3 — Th3

havg = 2
0.24 — 0.0967 + 0.222 — 0.0967
havg = > = 0.1343m
Blade chord is th _ favg _ 01343 0.096
aade cnorals uS,C—AR— 14 = V. m

(Refer Slide Time: 13:18)

Constant hub diameter Concept —

For the no. of stator blades, Z = 36

; ¢ _2m,

pitch, s, =—=—= ratr,  0204+0.191
o 4 where, r, = 2—2=
m 2 2
r,=0.1975m

; 27x0.1975

pitch, s, =
36
s, =0.034m
as ¢
Solidity, o, =— Sl sy
s, 0034
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So, once we know what is our number of blades say for earlier design, we have taken our
number of blades for the stator as say 36, the same number of blades we are configuring here.
If we select that we will be having pitch as say 0.034 m and my solidity at the mid station is
coming 2.79.

For the number of stator blades,Z = 36

) c 21Ty,
Pitch,s,, = — =
Om Z




Tz + Tms _ 0.204 + 0.191

where, 1,

2 2
2m X 0.1975
36
Sm = 0.034m

¢ 0.09 _ 5 76
©0.034 7

Pitch, s, =

Solidity, o,

m
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According to Carter the slope factor is given by —Sn
L 0.1(90-« [ L Nl
m=023 {Z_a] +% bn vV &
¢ 2/ P
; | [0 7 7 7‘/(, Cns
where, % =0.5(circular arc) ))7{ /ﬁ b
, 0.1(90-0°) i //
m=023(2x05) + —= Vi /
50 b Jr 1/
«(»/ g V74
m=04] /3 / .
° . | )‘?I W
Camber angle, 0, = Aa, 1, ,‘ i\ / ;
l-m\/i We know s " T
__68r-o @, =0° " -
1-041/ V) 4 Aa, =3681°
1L
2.0, =503%
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=0.1975m

Now, we can calculate our say blade geometry or blade parameters, that’s what is based on my

Carter's m factor. So, that m factor we are considering here, that’s what is coming 0.41. We

can do our calculation for say camber angle based on the equation here in place of Ag, as we

have discussed you need to configure Aa minus incidence. So, for incidence also we will be

selecting at mid station incidence to be 0. And at tip station, we will be configuring that as say

—2° and at the hub station we will be taking that as say +2°. So, if you are putting that as a

number, my angle...Camber angle that’s what is coming 50.33°.

According to Carter the slope factor is given by

2a\>
m = 0.23 (—)
c

0.1(90 — a,p,)
+
50

where, 4/ = 0.5 (circular arc)

0.1(90 — 0°)

= 0. x 0.5)?
m = 0.23(2 X 0.5)* + 0



~m=041

Camber angle, 6,, =

36.81° — 0°
= = 50.33°

1—0.41 /1/2_32
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Deviation angle,

. S r i L]
0, =mé, % b v P f,‘
=041x5033° 1/ ) i A

-0, =1354°

Considering an additional deviation of 2.2°,

the corrected deviation is thus given by,

b‘f”"'v"' =13.54°+22°=15.74° 7 ’
Corrected Camber, We know ; " [
/ Lol | Lo

()ram'rml = A[lm _i + dmm‘rlwl aml i
=36.81°
=36810-(04 1540 [Po=3681
0. =553

corrected
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Now, we can calculate our deviation angle based on Carter's formula, and that’s what is coming
say 13.54. As we have discussed, mainly based on your computational study you can make the
correction in deviation angle. When you are making correction in deviation angle, accordingly
your Camber and Stagger need to be modified. So, this is what is representing our modified

say camber angle, that’s what is 52.53°.

Deviation angle, §,, = mb,, /sm/c
= 0.41x 5033° |1/, 3, = 13.54°

Considering an additional deviation of 2.2° the corrected deviation is thus given by,
Ocorrectea = 13.54° + 2.2° = 15.74°

Corrected Camber,

Hcorrected = Aam —i+ 5corrected



= 36.81° — 0° + 15.74°
Bcorrectea = 52.53°
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Finally the corrected Stagger angle,

r - o= | _o-mmnl
S orrected = Ay "Iy = T /

=36.8|°-0°-52v53% [

A4 =10.52° b

** 5 corrected ~

We know
a,,=36.81°
0 =52.53°

corrected
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And, this is what is our stagger angle, that’s what is coming as say 10.52.
Finally the corrected stagger angle,

_ ecorrected/z

Ccorrected = @m3 — Im

= 36.81° — 0° — 52530/2

* Ceorrectea = 10.52°
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Stator design sheet

| Stator

0;(degj=az (deg) | 5002 | 4721 | 4474 | 4252 | 4049 | 3860 | 3681 | 3541 | 3350
Qufdegi*0 | o | o | o [ o | o [ o | o | o | o |
Aa (deg) | 5002 | 47121 | 4474 | 4252 | 4049 | 3860 | 3681 | 3511 | 3350 |
Chord (m) | 008 | 008 | o008 | o008 | o008 | o008 | 008 | 008 | 008

o=cls | 474 | 404 | 382 | 842 | 280 | 284 | 232 | 214 | 188 |
Cs (mis) | 35018 | 33121 | 31678 | 30530 | 20585 | 287.88 | 281.03 | 275.04 | 26981 |
Ca(mis) | 228 | 28 | 225 | 2286 | 206 | 228 | 208 | 225 | 28

aH | 064 | 088 | o7 | o074 | o7 | o7 | 080 | o082 | 083 |
OF | 0438 | 0412 | 0300 | 0371 | 0356 | 0341 | 0328 | 0316 | 0305

Corrected
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Now, if you are putting this as in overall sense, this is what is representing our design for the
stator. Now, for stator, if you are getting numbers to be different, say my Aa number, that’s
what is coming very high near the hub region, maybe that’s what may give you indication that
you need to change your loading accordingly. So, that you will not be having this great turning,

okay.

So, always keep on eye when you are doing your design, okay. Suppose say, if you are doing
your design in this way, then after later on when you will be doing your computational study,
immediately, this is what will be reflecting in sense of maybe flow separation or flow three
dimensionality, near the end wall region, specially near the hub region. And that’s what will
be reflecting you in sense of change of incidence angle, in sense of change of your deviation

angle. And, that’s what will be giving you indication that you need to modify your design.

So, again you need to go with the change in these parameters, then based on that you need to
generate the new blades and again you need to do your iteration. So, in order to reduce the
number of iteration at the preliminary design stage, what all we are doing at this moment, we

need to keep on eye for all these parameters.

Otherwise, it may increase your number of iterations. Now, here this is what we are doing
calculation for one of the stage. Now, we know, suppose if we consider say low bypass ratio
engine, for that we will be having number of fans maybe one fan or maybe three fans, based

on our design. So, accordingly, you may need to modify certain dimensions. So, when you are



changing your dimension, again, you need to revisit this excel sheet program, modify those

parameters, reiterate and again come up with final solution.
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Now, this is what is representing the comparison between these two designs. Just look at,
suppose if I consider this is what is we have taken. So, this is what is my inlet radius, do not
get confused, because what we know my inlet radius, that’s what is same. So, in order to
compare the loading, |1 am taking say inlet radius as a reference.

So, here in this case, for constant tip diameter configuration, we were having our hub to be
loaded on higher side, same way my tip, that’s what has been loaded in a moderate way. Now,
when we have done our second design, that’s what is say constant hub diameter configuration,

in that my hub is loaded low and at the same time my tip is loaded on the higher side.

Purposefully this kind of load configuration it has been selected with. So, do not get confused,
we can consider same distribution of AP, both for constant hub diameter and constant tip
diameter, but that’s what will not serve the purpose for explaining this aerodynamic design.
As a designer, we need to have all this kind of configuration to be in mind, okay.

So, maybe when you are doing your calculation, you can take these numbers for say constant
tip diameter configuration, use this parameter of constant hub or maybe when you are doing
your constant hub diameter configuration, you can do calculation using this AP,, okay, and
check.



So, now, you can understand, suppose say you are working in a firm where group of people
they are doing or they are involved with the design and maybe in order to check with the design,
it may be given that one of the group they will be working for constant tip configuration, one
of the group that will be working on constant hub configuration.

Now, they all will be having different kinds of loading, or maybe they both will be selecting
same loading; based on that performance assessment, that’s what will be done. And finally, as
per say our engine configuration, we need to be very careful, we are talking about design for

single stage at this instant.

And we know, our compressor for aero engine or say our land-based power plant or say for
process industry, that’s what is made up of number of stages. It is a multi-stage axial flow
compressor. And for that, maybe you need to go with number of design iterations, where your
understanding, your expertise, that’s what will be helping in order to reduce the number of

iterations for the design.

Here, if you compare, this is what is representing my variation of g, and ,. If you are
configuring my f;, that’s what is same for both the cases, this is what is representing my
variation of f,, we need to be little careful here, say here if you look at, this is what is
representing my constant hub diameter configuration. And this is what is representing my

constant tip diameter configuration, okay.
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Now, what changes we have made, that’s what will be reflecting in sense of say degree of
reaction. So, here, this is what is representing the variation of degree of reaction for a constant
hub configuration, as well as for constant tip configuration. If you configure, say for constant
hub diameter configuration, my degree of reaction at the hub, that’s what is going low.
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And, that’s what we need to understand here, this is going low, because we are configuring our
AP, expected pressure rise at the hub to be lower. It has nothing to do at this moment in sense
of what design configuration you have selected with. This is what is because what AP, you are
expecting, say for constant hub diameter, our expected pressure rise is say on a lower side.
And, that is the reason why my degree of reaction number, that’s what is coming to be lower,

okay.



Suppose say, you are considering AP, to be different, it may give some different configuration.
Same way, in order to compare this as say diffusion factor. We know our diffusion factor, that’s
what is a function of our solidity. And for solidity calculation, we have our chord as well as we
have our number of blades, though we have selected our number of blades to be same, my
chord, that’s what was coming to be different. And that difference in sense of diffusive action,

that’s what is reflected here.

Again, this is what is a function of Ag also. So, what loading you are selecting here, that’s what
is getting reflected in sense of change of diffusion factor. So, do not say configure this as say,
you know, constant tip diameter design that’s what is better than constant hub diameter

configuration or constant hub diameter design.

This is what is all what numbers you are selecting with. Again and again | am saying same
thing, you need to be little careful in sense of how AP, you are putting with. Suppose say, same
design you will be doing with a free vortex configuration, maybe your variation will be
different and it may be possible that your degree of reaction calculation near the hub region for
both the configuration, say constant tip diameter and constant hub diameter, you will be having
that’s what is coming to be lower at the hub station. Your A will be coming to be larger for
free vortex concept, okay. And, this is what is advocating for moving with the fundamental

design approach which will give you the great control in sense of what all you are expecting.
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Let us try to look at what is the kind of blade we will be getting. So, this is what is representing
when we are configuring our rotor to be constant hub diameter type. So, this is what is



representing my hub station, my tip station, leading edge, trailing edge; same way, this is what
is my transonic compressor, that is the reason why we have selected this as say DCA airfoil.
And, here if you look at, this is what is representing how my blade angle that’s what is varying

all the way from hub to tip, okay.

There is a still scope, you can modify the loading near the hub and you can reduce this turning
angle, okay. Now, this is what is representing my constant hub diameter configuration, this is
what is representing my tip. Just understand one thing, this is not as we say like my chord is
reducing. Chord is same, this is what is a view, okay. At the same time if you look at, these
airfoil what you are looking at those airfoils are not 2D airfoils. We discussed this point when
we were discussing about constant tip diameter kind of configuration. These airfoils are 3D
airfoils. Because we are having our, say flow, that’s what is getting deflected towards the hub

region, okay.
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Let us do say, configuration for say stator, say for stator also. Now, my flow for the stator that’s
what is coming to be subsonic flow. And, that is the reason why we are selecting our blade as
say C4. Or say airfoil of the blade, that’s what is C4 airfoil. And that’s what has been stacked
about CG. So, this is what is representing how my angles, that’s what is varying from hub to

tip, and this is what is a view for constant hub diameter kind of configuration.
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Now, this is what is very important, it is reflecting the comparison between these rotors. So, if
you recall, when we were discussing the design, this is what is with the constant tip kind of
rotor. And, second one, is transparent color, that’s what is representing my constant hub kind
of configuration. So, if we look at, as we have done our calculation, it says my chord for the
rotor, that’s what was coming to be larger, okay. And that’s what is reflecting here. So, here
you can see, this is what is a kind of rotor, that’s what will be looking like, okay. So, this is
what is with say constant tip kind of configuration, this is what is with say, constant hub kind

of configuration.
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Same way, this is what is representing say, the stator configuration. Here if you look at, this is
what is getting reflected in sense of constant hub kind of configuration for the stator. This is
what is reflecting constant tip kind of configuration, you can see here. For that also, we have
seen our chord that’s what is coming to be slightly higher for say our constant hub diameter

kind of configuration. At the same time, our angles are also different, okay.

Now, this is what will give you feeling of what all we are discussing. Again, it is very excited
domain of doing work. And that to its design; design, that’s what is very challenging, and very
interesting. Once you will get involved, you will enjoy doing the design for both compressor

as well as fans.

But as | told, you need to develop your own code, or you need to have your own design
methodology. Now, you need to have your programming for development of airfoils. And,
that’s what you can make use of different equations, with different formulation, logic what all
we have discussed in this course. | am sure, maybe in the near future, you all will be doing this
kind of configurations, both for transonic as well as for subsonic kind of compressor as well as
fans.
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Now, here, this is what we were discussing about constant tip diameter configuration, constant
hub diameter configuration; same way, we are having third logic, that’s what is talking about
say assuming radius ratio. So, we will not be discussing the design using this approach because,
you know, that’s what will be unnecessarily increasing the number of lectures and you also

will feel little boring kind of situation. So, or to avoid that kind of situation, we will be



discussing maybe you can try with your excel sheet program, maybe you can do your pen paper

calculation using this kind of configuration.
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So, let us discuss about it says assuming the exit radius ratio. So, your entry radius ratio that’s
what is given to you, same way you can assume your exit radius ratio. Now, the question will
come, say how we will decide this exit radius ratio? Suppose, if you are doing your design for
say LP compressor last stage. Now, designer, they are doing their design for HP compressor
situation is we will be having connection between LP compressor and HP compressor through

say compressor duct, inter compressor duct.

Now, this aerodynamically this inter compressor duct that need to work absolutely fine with
minimum losses and flow distortion. And, maybe possible the aerodynamicist who is doing
that design, he will be going aggressively and he will say my entry or say exit of LP compressor

will be having this dimension, okay.

Suppose say, that’s what is your case. Same way, for HP compressor also, downstream we are
having combustion chamber. So, the person who is doing design for combustion chamber, he
will say this is what is the dimension | am expecting from last stage of HP compressor. So,

under that condition, we will be having this kind of say radius ratio assumption we can go with.

Even you can go with constant mean diameter. So, if you recall, when we started discussing
about say design of axial flow compressor, very first start we have done with the flow track,
because that’s what will be giving you idea what all we are discussing at this moment. So, just
tried to brush up all we have discussed, what are the benefits of say constant tip diameter kind



of flow track? What are the benefits of using constant hub diameter kind of flow track? What
are the benefits of having say constant mean diameter kind of configuration? Or maybe you
will be having, say some radius ratio configuration. So, here in this case, let us assume our

radius ratio at the exit to be 0.48.

Exit dimensions are again given by continuity equation as,

. 2 T
m = pamri (1 — 7z Ca
t/3

, Th
Let's assume (—) = 0.48
1/,
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Now, if that’s what is your case, all these numbers in sense of mass flow rate, my axial velocity,
density everything that’s what is known to us, that’s what will be giving me my exit radius at
the tip as say 0.227. And at the hub, that’s what is coming as say 0.109, okay. So, when you

are doing this design, you need to calculate your radius both at hub as well as at the tip, okay.

Exit tip radius is thus given by

T3 =



_ 38.69
~ |1.376 x m[1 — 0.482] x 225
T3 = 0.227m

T
Tz = (r—h) X 0.227 m = 0.48 X 0.227
t’3

Thz = 0.109m
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Now, if that’s what is your case, these are the calculation for different stations; at station 1,
station 2 and station 3.

Station-1 Station-2 Station-3
11 = 0.0967 m T = 0.1028 m T3 = 0.109m
1, = 0.258 m T, = 0.2425m T3 = 0.227m
Tm = 0.216m Tmo = 0.207 m Tm3 = 0.1975m
Uy = 14992 m/s Uy, = 159.38 m/s
Uns = 334.88m/s Un, = 32092 m/s
Uy =399.22m/s Uy, = 37596 m/s
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Now, let us compare. So, you know, this is what is overall scenario for the same compressor
what we have designed using constant tip diameter configuration, designed with say constant
hub diameter configuration and this is what is representing some assumed radius ratio, okay.
Now, when we are comparing this is what is representing my mid station. So, if you try to
compare this is what is indicating what is my, you know, change of mean radius. At the same
time, we can compare in sense of what is happening at the exit. Now, this exit, that’s what we

say it is been maybe it is fixed by say next coming stage or maybe next coming duct, okay.

We are looking for some kind of management of flow; as we say, like we cannot be rigid or
stubborn saying like no, | will be going with only this kind of configuration. Based on your
requirement, maybe you need to go with modification in your design. And, that’s what we are
doing here. So, if you are comparing, say our hub radius, tip radius and mid radius, we can say
my hub radius, that’s what is coming slightly higher compared to your constant hub diameter

configuration.

So, it may be possible when we are doing say constant hub kind of configuration, my problem
for degree of reaction management, or my A8 management, that’s what is not happening, then
it may lead to give you indication to move towards this kind of configuration. Just look at, this

is what is in between kind of configuration.

Same way, the tip dimension, here, that’s what is coming 0.227 and here this 0.22, this is what

is 0.25, okay. So, here if we look at, the comparison for the peripheral speed, that’s what is



reflecting in sense of our A, in sense of my de-Haller’s factor or diffusion factor, this is what

all we need to take care of.

So, in overall, we can say, this is what will be giving you the idea of designing the transonic
compressor with using three different approaches, okay. And with these all three different
design approaches, | am sure, you will be able to do your design for a transonic compressor,
let it be for say industrial compressor, let it be for aeroengine and let it be for say land based

power plant.

Now, this is what is we have discussed in sense of designing using fundamental design
approach. Now, it is always the case like looking to the aeroengine, people they are always
excited looking to the blades for say fan. We have discussed earlier, these designers, they are

going aggressively in sense of doing the design for the fans.

And, when we started discussing about the transonic compressor, that time also we were
discussing about, say, different kind of whirl distribution that’s what is possible for these
transonic fans. So, we will try to discuss the transonic fan design in next lecture. So, thank you
very much for your kind attention. And do your pen paper calculation. Make your excel sheet
design program, that’s what will be helping you to build the confidence. Thank you, thank you

very much.



