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Hello, and welcome to lecture 37. From today, we will be start discussing about Design of Low

Speed Axial Flow Compressor.
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Concepts Covered

Criteria for selection of various design parameters,
Guidelines for selection initial parameters as first cut
calculation, Systematic approach for design of axial
flow compressor design based of various
approaches.
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So, in last module, we were discussing about the criteria for the selection of various design

parameters. We also were discussing about the guidelines for the selection of this initial



parameters for first cut design, then we have discussed about the systematic approach for the

design of axial flow compressor with different design approaches.

We realized, say if we are planning to design say...axial flow compressor for Aero Engines,
they are looking for special kind of attention and that’s what is starting with say basic cycle
analysis, your gas turbine cycle analysis, thermodynamic cycle analysis; based on which, initial
parameters in sense of mass flow rate, speed, efficiency, pressure ratio, temperatures, all those

parameters we are calculating.

Then later on based on our expectation, we are planning to distribute this pressure ratio or
overall pressure ratio in say maybe LP compressor and HP compressor and for that we are...we
were deciding about the overall pressure ratio for say HP compressor as well as overall pressure
ratio for say LP compressor. And based on that, we started discussing about the selection of
say number of stages.

We also were discussing about different non-dimensional parameters called, say...flow
coefficient, loading coefficient, pressure rise coefficient, all those parameters, they are of great

importance.
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Aim:
Mass flow rate, pressure rise, no of stages (For required engine)

Assume: C,, U, flow coefficient, r/r, ror N (Decision !) ---- Designer’s Choice
Calculate no. of stages

(Pgs Toins (Pgy To)ou and C,, mass flow rate and work done for one stage

Distribute AT, per stage (Decision !) - Designer’s Choice

Initial Stages Middle stages | Laststages
n o 086 0.92 0.88
n 1.5-1.8 1.3-14 1.05-1.15
ATEC  40-75 30-50 15-30
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We started discussing about say very first part, suppose say if you are planning for designing
say axial flow compressor for Aero engine, or say for land-based power plant; very first
requirement, that’s what is the mass flow rate. Suppose if we say for Aero engine, then my



thrust requirement, that’s what is a function of my mass flow rate. And that’s what is of great

importance.

So, that’s what is a parameter which we need to decide with. Next, that’s what will be overall
pressure ratio, number of stages required. So, in order to calculate these parameters, we are
looking for say axial speed, we are looking for say peripheral speed, we have defined a
parameter called flow coefficient, radius ratio, casing, tip diameter, say rotational speed, all

these parameters, they are coming under designer’s decision.

Then very important part, that’s what is to decide with the number of stages. And we were
having good discussion about how do we decide with say number of stages. Once we have
decided with our number of stages, we need to decide with say what will be the distribution of

my pressure or pressure ratio and what will be my assume efficiency.

For that, we have discussed for our initial stage, we can say, we can expect higher pressure
ratio from them. My efficiency, polytropic efficiency or per stage efficiency, we can say, for
initial state that’s what is say lower. And that’s what we say around 86% and pressure ratio,

we are expecting to be say 1.5to0 1.8.

Next, that’s what is say your middle stages. And for that we have found my flow, that’s what
is flowing, it is more uniform in sense. And that is the reason why our expected efficiency will
be in the range of 90 to 92%. And at the same time, our pressure ratio will be moderate in sense,
say 1.3 to 1.4. When we are discussing about the later stages or the rear stages of our axial flow
compressor, where our blades that will be having lower height, because of our compressibility
effect, we can say, because of rise of pressure, our change of density which will be bringing

change in our area. And that is the reason why those rear blades are shorter blades.

When these blades are shorter, there are more chances for having your flow to go three-
dimensional and that is the reason why there we are not expecting more pressure rise; that
number it is in the range of 1.05 to 1.15, okay, and efficiency will be in the range of 88%. So,
initial first cut design, our assumption for the pressure ratio and efficiency, this is what will be

giving us the idea.
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Stage by stage at a reference radius

Cy, P, o, DOR @ mean (distribute work inside a stage) (Decision !)

Single stage, detailed design
Hub, mean and tip variation of Cw, f, @, DR
DF -Diffusion Factor

Blade design

Checks:

Camber at hub max and < 45°
DOR > 0 at root, adjust DOR (Decision !)

DF <0.5, otherwise very high acrodynamic loading
and increased losses (DF limit <0.6)
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Then we have discussed about say calculation of different parameters, which includes say my
whirl component, my blade angles, my flow angles, degree of reaction, diffusion factor, all
those parameters, we are calculating at the mid-section and that’s what is giving us an idea of
what needs to be the work distribution along my span. Again, this is what is coming in say

choice for the designers.

So, designer has to decide what all distribution he or she will be looking for. Once we are
deciding with this part, we start designed with say single stage axial flow compressor for which
we will be having say calculation of all these parameters at hub, mean and tip section. Then,
systematically we need to divide our span into number of say sub-sections. And at all sub-
sections, we need to calculate all these parameters. That’s what we will be giving us idea how

the blade of your rotor as well as stator will be looking like, okay.

Once this is what is done, say we will be reaching to the stage where we are having a blade
that’s what will be ready with. But before finalizing that part, some of the important clues, it
says, like my camber angle at the hub, that’s what will be going to be large because I will be
having my Ap to be large in that particular region. So, it says try to avoid this camber angle to

go more than 45°.

Next parameter which we need to keep on eye, that’s what is our degree of reaction. So, if we
say our degree of reaction to be 0 or say negative, that’s what you need to avoid. And that’s
what is a designer’s choice how to modify the section, particularly this kind of situation is

happening near the hub region, okay.



So, designer will decide how do we manage the degree of reaction within our require range or
say assume range. One more parameter, as we have discussed, that’s what is say diffusion
factor, this diffusion factor that says like it should not be more than 0.5, but for most modern
design, if you look at, we are having degree of reaction, that’s what is going in the range of 0.6.

So, when we start doing our design, that time we will be keeping on eye; so, there is some
guidelines, that’s what is available with us. So, we will be started doing these and based on
these guidelines. Then after we will be verifying whether we are meeting with our expectations
or not and accordingly based on the requirement, we need to modify certain parameters but the

initial guess that’s what is very important.
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Some of the guidelines, that’s what is given, some parameters it is defined in open literature
they say like my flow coefficient that needs to be in the range of 0.3 to 0.9 and preferred value
it is say 0.6. This flow coefficient, as we have discussed earlier, that’s what has been defined
sometimes in the form of midsection, sometimes people, they are taking at the tip section. So,
you need to be careful about that number.

Next as we have discussed, our diffusion factor should not be more than 0.6; it is preferred that
if we are maintaining this diffusion factor in the range of 0.45 for our design case. Axial Mach
number, that’s what is at the entry of our stage, that need to be in the range of 0.3 to 0.6; it is
preferred that like 0.55 it is okay kind of number. Degree of reaction, as we have discussed,
that’s what is varying from 0.1 to 0.9; it says for say subsonic kind of compressor, we will be

going with say our degree of reaction in the range of 0.5.



Reynolds number, that’s what is very important in sense of all kinds of aerodynamic losses,
those are happening on the suction surface and that’s what is responsible for say flow separation
and stalling. That is the reason why this is what is very important parameter. It says based on
my chord, that number need to be, you know, that need to be in the range of say 3 lakhs, okay.

And preferred number, that’s what is less than 5 lakhs.

Now, Relative Mach number, that’s what is say in the range of 1.7; it is preferred you will be
going with say 1.3 to 1.5 it is okay kind of number. Stage solidity, that need to be in the range
of 1 to 2; preferred value that’s what is 1.4. Stage aspect ratio, as we have discussed, there is a
trend for going for say low aspect ratio, we have seen over the year people, they have preferred

to go with say low aspect ratio kind of design.

So, which stage we are designing, based on that we need to decide with this aspect ratio; it says
preferred, that’s what is if you are going with say more than 2, it is preferred for that. Now, in
sense of efficiency, as we have discussed, the polytrophic efficiency, it is very important; we

have discussed about say different stages that need to be vary in the range of 0.8 to 0.9.

So, we can say, we have discussed for say our middle stage, we are considering that to be 92%;
for say initial stage, that’s what is say 85%; or later stages, we are assuming that to be 88%.
So, that’s what we need to take care of. The loading coefficient that need to be in the range of

say 0.2 to 0.5; it says preferably if you are going with 0.35, it is okay.

Now, DCA airfoil, when we are using, that’s what is say our flow or our Mach number, that’s
what is in the range of 0.8 to 1.2. It is to prefer to go with say DCA kind of airfoil; when we
are having say Mach number, that’s what is less or equal to 0.8, we can go with the NACA 65.
De-Haller’s number, we have discussed that need to be more than 0.72, 0.75 it is a good number
for that case. My leading-edge radius, that’s what needs to be in the range of 5 to 10% of my
thickness of the airfoil.

Now compressor pressure ratio per spool, it says that need to be less than 20, up to 20, that’s
what is preferred. So, these days, we are talking about say high overall pressure ratio kind of
configuration. So, there this number may be varying in sense of requirement. The axial gap
between say rotor and stator, it says, it need to be in the range of 0.23 to 0.25 of axial chord; it

depends which kind of compressor we are designing, okay.



Aspect ratio as we have discussed, for the fan, that need to be in the range of 1.5. We are
compromising somewhere in sense of efficiency, but that’s what is increasing our overall
operating range and overall pressure rise. So, that is where, it is preferred to go with say aspect
ratio for fan in the range of 1.5. Taper ratio, that’s what is defined in sense of my chord at hub

and chord at the tip, and it is preferred that we will be going with the tapper ratio of 0.8.

So, this is what is giving us idea about what all parameter we can initially guess with. There
are so many ideas behind design of axial flow compressor, it varies from company to company,
it varies from designer to designer, and it varies based on the experience and available

computational and experimental tools.
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Design of Low Speed Axial Compressor

Engine design company is planning for compressor stage testing
using existing low speed testing facility at [IT Kharagpur.

The compressor has an inlet total temperature and pressure of 298 K
and 101,325 kPa, respectively. The expected average total pressure
rise is 1000 Pa with the expected efficiency of 80%. The design
mass flow rate is 4 kg/s. The rotational speed is 2400 rpm and
casing diameter of 400 mm. Assume the flow to be axial at the
compressor inlet and exit. Additional data is as follow.

Suggest the geometrical dimensions for the stage using...

1. Free Vortex design approach

2. Fundamental design approach [Additional Data ;
3. Force Vortex approach Aspect Ratio = |
Chord =100 mm
; y p . : C
Discuss your important observations while design.... l— =073
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Now, let us see, we will start with the design of say low speed axial flow compressor. So, this
is what is the data, that’s what is available with us. So, engine design company is planning for
say compressor stage testing using existing low speed testing facility at 11T Kharagpur. The

compressor has inlet temperature and pressure of 298 Kelvin and 101.325 kPa, respectively.

The expected average total pressure rise is 1000 Pa with expected efficiency of 80%. The
design mass flow rate is 4 kg/s, the rotational speed is 2400 rpm, and casing diameter is 400
mm. Assume, the flow to be axial at the entry of the compressor and at the exit of the
compressor. The additional data, that’s what is given, it says, my aspect ratio for the blade it is
1, chord is 100 mm and C, /Uy, that’s what is 0.73.



Now, suggest the geometrical dimensions for say stage using free vertex design, fundamental
design approach and forced vertex approach. Discuss your important observation while doing
the design. So, we will be taking this data for say our design for low speed axial flow

compressor.
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Design of Low Speed Axial Compressor
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Now, let us look at what all it is a meaning of that. So, this is what is representing ¢ vs ¥ plot.
That’s what has been taken from McGlumphy’s paper, it says different high pressure rise or
high total pressure kind of configuration, they are available for say different ¢» and y. So, these
are some of the data, that’s what is available. Here, for our compressor, our data, that’s what is
lying here, where we are having our flow coefficient to be larger and are pressure rise

coefficient, that’s what is in the range, okay. So, we are going to design for this particular stage.

Now, we have taken these data, that’s what is for specific reason. Now, let us try to understand
why we are doing design for this low speed axial flow compressor and why this company, they

are planning to do their testing here.
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+ The flow in a multistage axial-flow compressor is complex in nature
because of the vicinity of moving blade rows, the buildup of end wall
boundary layers, and the presence of tip leakage and secondary flows.

Euler’s equation work done is given by (for C,= const)

W=H=U(C,<,)

+ Future demand for axial flow compressor....

* To have higher prcs.xl.lrc rise per stage,
* Higher acrodynamic loadings,

* Higher speed,

* Lower aspect ratio elc....

Designers of advanced components are challenged ...

1o find configurations which gives improved aerodynamic performance while
avoiding flow separation, increased loss, and stall margin penalties,

So, what we learn, what all we know, we are having multistage axial flow compressor, in which
because of my rotation of the wheel, we are having say growth of boundary layer near the end
wall region, we are having the presence of tip leakage flow, we are having the presence of
secondary flow, all these, that’s what is making my flow through axial flow compressor to be
very complex and three dimensional. What we know from our fundamental, that’s what is say
using Euler’s equation, it says my work done, that’s what is a function of my peripheral speed
and AC,,, okay, that’s what we are defining in sense of our tangential velocity component or

whirl component.

Now, we started discussing about so many aspects for the future requirement, what are our
future requirements? It says we are looking for high pressure rise per stage, we are looking for
higher aerodynamic loading, we are looking for high speed, we are looking for low aspect ratio
blade, these all, they are related with our requirement of improvement in specific fuel

consumption.

So, we are looking for compact machines, lightweight machines, which will be reducing our
weight and drag that’s what will be helping us in sense of improvement of fuel consumption.
Even we are looking for wider operating range. So, all these requirements, that’s what is

coming into the picture.

So, you know, it is very challenging, because when we are going with such kind of expectation,
we will be having difficulties in sense of flow separation, we will be having difficulties in sense

of having rise in losses means we will be having loss of efficiency, we will be having say stall



margin as a penalty. So, this is what we are looking for in sense of our improvement, okay.
Now, when we are expecting this kind of thing, that’s what is different from what already

existing compressors they are having, okay.
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High speed testing...

[\ fode

1. Higher Speed....
2. Higher Stresses..
3. Higher Power required
4. Higher Risk and investment
5. Measurement limitations....
Probe size,
Placement,
Accuracy
Cost etc.....
6. Difficulties in measuring detailed flow field.
7. Shocks and shock boundary layer interaction

Any Alternatives..... CFD.... ColorFul Display !!!!
Experimental facilities.....
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So, let us try to look at what all is the meaning. So, this is what is a diagram, that’s what was
given by Wisler. So, here if you look at, this is what is say my rotor and stator, this is what is
representing what is happening near my hub, we are having close separation that’s what is
happening near my hub for the rotor as well as near say stator also. Similarly, we are having
say tip clearance loss, we are having end wall boundary layer, and as we have discussed, that’s

what is giving more complexity to my flow and this is what will lead to increase the losses.

Now when | say increase in losses, we are expecting our efficiency to be higher that means we
need to minimize these losses, okay. So, for all this purpose, we need to go for systematic
testing. Now when | say testing, my compressor for HP spool or HP compressor, that’s what
we will be rotating at high speed maybe 12,000 to 18,000 RPM. Same way if you are looking
for say LP spool, though it is rotating at low speed, my diameter is larger, okay.

So, suppose say, we are discussing about say high spool or say high pressure rise compressor,
we know that’s what is the heart of the engine we have discussed about that part. So, if we are
looking for testing for such kind of compressors, then we need to go with the higher rotational
speed, same as my engine speed, that’s what will lead to higher amount of stresses; mechanical
stresses will be increased, higher power requirements that may be going in the range of

megawatts, okay. At the same time, that’s what is increasing our risk as well as the investment.



So, you can understand, suppose if it is rotating at very high speed and you are doing your
testing, that means it is a little risky to handle this kind of situation, okay, in laboratory. Now
major challenge that’s what will be coming is in sense of measurements. So, in order to measure
our velocity components, in order to measure the pressure, in order to measure the flow angles,

for that we are using say probes; that may be multiple probes, or maybe say hot wire probes.

So, when we are using that, then because of presence of these probes, that’s what will be acting
like obstruction to my flow. And that’s what lead to change my flow physics within my flow
passage. And that too, if it is say high speed, you can understand, my flow physics that’s what

will be changing drastically because of presence of my shocks, okay.

Then, where do we place, say the space, that’s what is available, that may be one of the
constraints. The accuracy, because you can understand, suppose my rotor is rotating at 15,000
RPM, my per blade moment if we are measuring, that’s what will be coming in the sense of
microseconds or nanoseconds, like you need to have those data acquisition systems which will
be capturing all this flow physics, okay. Then, the cost criteria, that’s what is coming into the

picture.

Now, we are more interested in what is happening in sense of flow field, we can say, detailed
flow field study. Suppose say, we are looking for what is happening between two rotor blades,
what is happening between two stator blades, such kind of detail flow field measurement, that
will be very difficult when we are talking about this high-speed kind of configuration. The very
big challenge that’s what will be coming is in sense of shocks and shock boundary layer

interaction, okay.

So, if we consider, we need to find for other alternatives, what all are the alternatives? One
alternative straightway will come it says maybe we will be using our CFD tool or we can say,
we can go with say experimental facilities. Now, when we are talking about the experimental

facilities, we have seen this all are the challenges we are having for such kind of compressor.

When we say our CFD, that’s what is more or less we can say in sense of colorful display.
Sorry for that, but you can understand unless and until your CFD simulations, they have been
validated with the experimentation, that simulation has no value. And when we are talking
about application to aero engine, where we are very particular, we are very specific, few point

variation that has more impact in sense of what all we are expecting.



So, that is the reason why now, you know, challenge that’s what will be coming is you need to
go with more in sense of experimentation. Even for your validation for CFD, you need to do
your experimentation. Now, suppose if you are looking for say, companies, they may go for,
say this kind of experimental facility, that is not a big deal; but at the same time, they are more
involved in research, development, fabrication, testing, all those activities. So, now, what will

happen, the work that will go to someone else.
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.

Experimental facilities..... Low speed experimentation....

igh speed testing...

1. Lower Speed....
2. Lower Stresses..
3. Lower Power required
4. Lower Risk
5. Inerease Measurement possibilities....
Probe size,
Placement,
Accuracy
Cost etc.....
6. Ease in measuring the detailed flow
. field.
~ 7. No Shocks and shock boundary layer
interaction
8. Blades/ vanes can be instrumented for
detailed study as are of sufficient size.
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So, if we look at, say this is what we are looking for, say this work that will go to universities
or maybe some research centers. Now, when we are talking about the universities, this all what
we are discussing, that’s what will be very challenging. So, we need to have the solution for
this problem. What is the solution? It says, we need to go with low speed experimentation.

When we say low speed experimentation, my rotational speed will be lower. That’s what will
be having say lower stresses, power requirement also will be less, our risk factor, that’s what
is less compared to our high-speed configuration. When we say increase the measurement
possibilities, because now we are having some kind of flow, that’s what easily can be captured

by using these probes of specific dimensions.

We can put them in a flow domain as per our expectation. We will be getting data in more
accurate form. And cost also will be coming in sense of reduction. We can say, we can go with
say detailed flow fill measurement, no shock and shock boundary layer interaction, that’s what

is a benefit of going with say low speed compressor facility.



And, we can even use blades or vane, they may be instrumented in order to study that detailed
flow field, okay. And that too with the sufficient size, when we are talking about my flow
Reynolds number, that’s what is one of the criteria where we will be having such kind of low
speed facility, that’s what will be helping us in sense of achieving what we are looking for.

(Refer Slide Time: 25:55)

Low speed experimentation.... How 77?2

* The success of model testing depends upon aerodynamic similarity.

* Geometrically similar bodies with the same orientation are moved through a fluid so
that the simifarity parameters (Reynolds mimber and Mach muimber) are equal, then the
dimensionless forces on the two bodies are equal

* When the Mach numbers of the two bodies (airfoils) being tested are different, then
another level of complexity is added.

In this case, the dimensionless force remains invariant with Mach mumber if the angle of
attack, camber, and thickness of the airfoil are increased in a prescribed manner as Mach
number is decreased.,

¢ Great care must be exercised in the modeling process if meaningful results are to be
achieved. Not only must geometry be modeled properly at different Mach numbers, but
the airfoils must have the same scaled surface roughness and be tested in fluids of the
same Turbulence Intensity and Reynolds mumbers,

+ Additional complexity occurs when modeling a compressor because other parameters,

such as solidity and aspect ratio, must be taken into account.
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So, now the question will come. Yes, we have solution for low speed testing facility. But the
question is, how do we address this? How do we arrange or how do we go with? It says, the
success of this model testing, that’s what is depending on my aerodynamic similarity, okay.
So, it says geometrically similar bodies with the same orientation are moved through a fluid,
so that similarity parameters named say, Reynolds number and Mach number are equal, then
dimensional forces on these two bodies are equal.

So, we can understand, we are having two parameters, that’s what we need to be checked with;
one, that’s what is say Reynolds number and second, that’s what is say Mach number. When
we say Mach number, then you know, that’s what is giving additional complexity, because we
can understand when we are talking about Mach number, if my flow is going transonic or

supersonic, my flow structure, my flow field, that’s what will be different.

What it says in the case, dimension parameter...dimensionless parameter remains invariant
with the Mach number if we arrange the angle of attack, camber and the thickness of the airfoil
as increase of you know, address of change of my Mach number, okay. So, the situation is

supposed if you are considering our suction surface of the airfoil; now, in...on suction surface,



we have our acceleration of our flow, that’s what can be modified in order to meet the

requirement of such numbers, okay.

The great care must be exercise in modeling the progress if the meaningful results are to be
achieved. Not only the geometry, but we need to take care of surface roughness, we need to
take care of turbulence intensity, we need to take care of Reynolds number. Along with that,
we are having more complexity in sense of solidity and aspect ratio. So, these all parameters,
that’s what is bringing more challenge in order to what we are thinking of in sense of having
aerodynamic similarity.
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Low speed experimentation....

Systematic approach

Step-1 + A low-speed, aerodynamic, model of a high-speed core compressor can
be designed and fabricated based on aerodynamic similarity principles.

+ This model, which has the same solidity, aspect ratio, vector diagrams,
reactions, Reynolds numbers, airfoil surface pressure distributions,
clearance-to-blade height, and axial spacing-to-chord ratio as its high-
speed counterpart, forms a low-speed baseline.

Step-2 The baseline blading is tested in a facility where high-loss regions can
be located and loss mechanisms can be determined with much greater
accuracy and much lower cost and risk than is possible in small as
compare to high-speed compressors.

Tests will be conducted on buildups that consists of multiple repeating
stages to operate the blading in the multistage environment and thus
properly simulate loss mechanisms.

But at the same time, as proposed by Wisler, say, the low speed aerodynamic model of high
speed core compressor can be designed and fabricated using your aerodynamic similarity
principle. This model which has same solidity, aspect ratio, vector diagram, reaction, Reynolds
number, surface pressure distribution, clearance to blade height, axial spacing to chord as same
as our axial speed compressor, say high speed compressor and low speed compressor, that’s
what we need to manage with.

Now, once we are doing this similarity, then we will be finding the high loss region and that’s
what will be helping us in sense of identifying the location where the losses are major. With
low speed or low cost and low risk, we are able to find the locations or we are able to find these
losses which that can be applicable or maybe we will check for multi-stage axial flow

compressor for high speed configuration.



Now, the challenge here, it says, the test will be conducted on built off of that’s what is consist
of multiple blading stage to operate the blading in a multi stage environment. So that, we can
simulate that in proper way to identify the loss mechanism. So, what low speed configuration

we are discussing, that’s what is need to be conducted for say multistage configuration.
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Systematic approach

Step-3 + After high loss regions in the baseline are identified, configurations
employing candidate ideas for improving the performance of the baseline can
be designed and tested.

.

Modifications can be made to the airfoil sections, the end walls, or the vector
diagrams to reduce the loss, improve stall margin, etc.

Innovative ideas on the forefront of technology, such as custom-tailored
airfoils and vector diagrams (including airfoil end bends), unorthodox wall
geometry, bleed and leakage schemes, can be evaluated for their effectiveness
in improving performance.

Or. Chetan $. Mistry

Now after this loss mechanism or loss formation, that’s what we have identify, then we can
modify our design as per our requirement in order to address the losses to be minimized, and
that can be tested. This modification, that’s what will be in the sense of say maybe airfoil
section, end walls, vector diagram, that’s what we will be increasing or changing my stall

margin.

Maybe we can go with the innovative ideas, as we have discussed earlier, say custom tailored
airfoil, vector diagram where you will be having airfoil end bends, say unorthodox wall
contouring, bleed, leakage scheme, all these can be tested and checked with. In order to check

the effectiveness and the improvement what we are expecting with.
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Low speed experimentation....

Systematic approach

Step-4 + Improvements obtained in the low-speed testing can be incorporated
into the high-speed compressor where appropriate.
+ In addition, the accurate, detailed, experimental data can be used to
develop and improve analytic models and design techniques for
compressor,

Finally,

Low-speed testing provides an opportunity for exploring configurations
that may have some acrodynamic risk of a performance penalty
without risking the disruption of a major engine program,

Or. Chetan $. Mistry

Now, these improvements, that’s what is once we have achieved, that can be incorporated in
sense of say, high speed configuration. So, accurate, detailed experimental data that can be
used to develop and improve your analytical model and maybe for the future design techniques.
Finally, what all we are getting, that can be used with say minimum...say...risk in sense of
aerodynamic penalty. At the same time, that’s what is not affecting our ongoing design program
or say major engine design program.

(Refer Slide Time: 31:23)

Low speed experimentation....

For example,

Airfoil shapes that appear promising for loss reduction may have features that
will..... adversely affect stall margin.

Since the cost of reblading and testing a high speed, multistage compressor is
50 high, this will simply not be done if there is significant risk of stall margin
loss.

The principle Disadvantage of this type of testing is

The effect of shock waves cannot be evaluated,

This is not a consideration in middle and rear stages of core compressors.

Or. Chetan §. Mistry

Now, what happened? Say, you know, like in sense of airfoil shapes, that’s what is appear to
be...showing the improvement in performance, it may be adversely affecting our stall margin,

it may be possible, okay. Since, we are having our costing for making of this blade, that’s what



is lower. So, we can go with say multiple configurations, we can go with say number of blade,
rotors and stator that can be modified and tested, that’s what may not be possible with say your

high speed configuration, because it will be expensive affair.

But what happens if we are doing all this kind of situation? This is...the initial or say finally,
the question, that’s what will be coming what all are the disadvantages? It says, the effect of
shock waves cannot be evaluated, okay. But, we need to understand, this is not the

consideration in middle or the rear stage of our core compressor.

So, what method we are discussing in sense of our aerodynamic similarity or say transition or
formation of experimental facility from high speed to low speed transformation, that’s what
can be safely been used when we are discussing for the design of say HP compressors, okay.
So, there are more details, that’s what is available in open literature; many universities, many
companies, they are exploring this possibility; there are many experimental facilities which are

available globally in order to do such kind of testing.

Now, the question will come what all data we are achieving by having say low speed testing,
that needs to be transformed in say high speed configuration. And, that’s what is more
challenging. A person, who is involved with that kind of work, he need to have detailed
understanding. Here, my geometrical parameters, geometrical similarity, aerodynamic

similarity, those all terms, they are coming into the picture.

So, many times what all results we are achieving, that will be non-dimensionalized in the form
and that can straight away be used for high speed configuration. So, this is what is possible and
universities and engine making company, they are together they are working on these aspects,

okay.

So, in order to have that kind of understanding, we have taken the numerical. So, in next lecture,
we will be discussing how do we go with a design of low speed axial flow compressor for such

kind of requirements.

So, thank you very much for your kind attention! I am sure, this, what we have discussed, that
will be helpful to you in sense of understanding, do not consider that what all we are doing at
the university level for say low speed testing it is of no use, this data they are of more
importance. Those who are matured enough. They know how to use this data for the future

developments! Thank you.



