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Abstract: This paper results in a computational investigation of low-pressure turbine cascade at low Reynolds number laminar
flows. Theinvestigation is carried out on a T-106 blade profile of chord length 60mm. An experiment was carried out for three
different Reynolds numbers at three different incident angles. The blades are designed through Solid Works software. Simulation
analysis will be done by using Ansys Fluent software on the designed T106 blade profile which will be developed through Solid
works software. The final result ofthe paper shows us the effect of pressure distribution on the blades at different incident angles
along with their velocity contours. The experimental investigation for secondary flow formation can conduct through pitot tube
technique.
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List of abbreviations:

Re = Reynolds NumberCh = Chord length

H = PitchS = Span

alb = Inlet blade angle g = Blade stagger angle

Ptotal = Total pressure value Pstatic = Static Pressure Value

= Density of air i.e. 1,2256 kg/m?

= Velocity of air

= Infinity/ atmospheric pressure

Cp= Coefficient of pressure

Introduction:

The performance of gas turbine engine is greatly influenced bythe turbine section of engine. Low Pressure Turbine is the most
critical feature in all the aero engines. The Low-Pressure Turbine (LPT) is engineered primarily to provide high aerodynamic
performance in low pressure ratio service. The actual part that makes up the turbine portion of a gas turbine isa turbine blade. The
blades extract energy from the high-temperature, high-pressure gas created by the combustor. All three of these variables will
contribute to blade failures that could possibly damage the engine, so turbine blades are specially engineered to withstand this
situation. Every LP Turbine (low-pressure turbine) is typically a double-flow reaction turbine with approximately 5-8 stages (with
veiled blades and last 3 stages freestanding blades). LP turbines generate between 60-70 per cent of the power plant unit's total
power production. The Low-Pressure Turbine (LPT) isdesigned primarily to provide high aerodynamic performance in low pressure
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ratio service. There is less air above at higher altitudes so it is less compressed, and therefore less density. Inthis circumstance we
use low pressure generator for proper generator function and it also provides high lift.

Any turbomachine's function relies directly on shifts in the angular momentum of the operating fluid, as it crosses individual blade
line. The different forms of cascade tunnels that involve low speed, high speed, sporadic blowdown and suction tunnels. Two main
forms of cascade tunnels are:

. low-speed, operating in the range 20-60 m/s
. high-speed, for the compressible flow range of testing

The regular cascade of blades comprises of a set of similar tips, which are similarly spaced and parallel. With the blades arranged
in cascade, the space chord ratio and the stagger angle, which is the angle between the chord line and a reference direction
perpendicular to the cascade front, are two significant additional geometric variables which determines the cascade.

Motivation:

Low pressure turbine is the most important component of all the aero engine. Now a days, low pressure turbines are becoming one
of the most important engine components that increases the performance of the aircraft. The most important advantage of the low-
pressure turbine is that it develops high lift with low density air at far heights from the ground. So, we have simulated low-pressure
turbine cascade with different Low-Reynolds number flows and blade angles.

Objective:

To simulate the flow through the low-pressure turbine cascadeat different incident angles and at different low Reynolds numbers in
a cascade wind tunnel. And to study the velocity contours and pressure vs cp graph.

Design:
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FIG.NO:1 Blade Coordinates
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Chord Length 80mm
Pitch 52.5mm
Span 250mm
Span/Chord Ratio 0.625
Inlet blade angle 37.73°
Exit Blade Angle 63.2°

Table. No 1: -Design data of T106 blade profile
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Fia. Nio. 2: - Desianed T106 turhine hlade

Fig. No.3: - 2D control volume of T106 blade

Import Airfoil Coordinates to create 2D control volume to perform simulation. Go to ‘insert’, then go to ‘curves’ and then click on
‘Curves to XYZ points...’, then you will find a ‘curve file’ in which you have to browse your airfoil coordinates file, then click on
‘ok’.

Then draw the mean chamber line and mirror it on its up and lower side with required spacing and then drew a line tangent to leading
edge and trailing edge for both the mean chamber lines and join them. Then go to surfaces and select the planar and sketch to form
a control volume shown in figure 3.

Meshing:

Import the control volume into geometry and name as inlet, outlet, upper surface, lower surface and airfoil surface. Then open
meshing solver and give element size as 0.5mm, give number of divisions 300 at inlet and outlet, then give number of divisions
1000 at upper and lower surface and select behavior as hard. Then go to inflation and select airfoil surface and give number of

layers as 10 with growth rate 1.2. This type of meshing is useful for applying periodic boundary conditions at lower and upper
surface of control volume. Number of elements created are between 65654- 100000 and number of nodes are between 49419-70000.
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Fig. No. 4: - Entire domain meshingAnalysis:

Now double click on ‘setup’, as it opens up click on ‘check’ and ‘report quality’ to find about domain extents, volume statistics,
face area statistics, check mesh and mesh quality. Then select ‘Pressure-Based’ as our simulation incompressible.

Then double click on ‘models’ and double click on ‘viscous’ and select ‘k-omega, SST”, it is selected because k-omega SSTmodal
of turbulence is capable of solving turbulence parameters very close to boundary or wall region and used for low Reynolds number
flow applications.

Now go to boundary conditions and double click on inlet, give ‘velocity-inlet’ in types and click on ‘edit’, then give required
inlet velocity and gauge pressure and gauge pressure is zero, pressok. In our case velocities are 15m/s, 20m/s, 25m/s with 66298.3,
88396, and 110495 Reynolds numbers respectively.

Then select ‘pressure-outlet” at outlet and take gauge pressure as zero and give required gauge pressure.

Give gauge pressure at inlet as 101187.12Pa and gauge pressure at outlet as 101325Pa for velocity 15m/s.
Then give gauge pressure at inlet as 101079.88Pa and gauge pressure at outlet as 101325Pa for velocity 20m/s.
Then give gauge pressure at inlet as 100942Pa and gaugepressure at outlet as 101325Pa for velocity 25m/s.

Then give periodic for upper and lower surface. In order to make upper-surface and lower-surface at ‘periodic’ follow below given
steps. Periodic in required because we are simulating for turbine blades and to avoid problems with boundary effects caused by
finite size and to make the system more like an infinite one, at the cost of possible periodicity effect.

Then type the following in ‘console’.

. Type Define and click ‘enter’

. Type Boundary-conditions and click ‘enter’
. Type modify-zone and click ‘enter’

. Type make-periodic and click ‘enter’

. Give Periodic zone [()]- (ID)

. Give shadow zone [()]-(ID)

. If your modal is transitional then press ‘no’
. Type ‘yes’ and click ‘enter’

. Type ‘yes’ and click ‘enter’

Now double click on ‘reference values’ and select ‘inlet’ near ‘compute from’. Now double click on ‘Solution Methods’ and give
second order for all, as this will improve the accuracy of the result

Then go to ‘report definition” and go to new and select lift and drag in order to get cl and cd graph w.r.t iterations.
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Now go to ‘Monitors’ and click on ‘Residual” and give 0.00001 at ‘Absolute criteria’. This is done to increase theaccuracy or result.
Then, go to ‘Initialization” and select ‘Standard Initialization” and select ‘inlet’ at ‘compute from’ and press initialize
Then go to ‘Run Calculation” and give required numberof iterations required and then click on ‘calculate’.

After the solution is converged then close the setup and open ‘results. There you can find required number ofresults like pressure,
velocity, graphs, tables, etc.

Results: -
As we discussed earlier, we designed T106 blade for60mm chord length and conducted simulation at threevelocities of 15m/s,

20m/s, 25m/s and three incident angles of 0, +5, -5. This simulation analysis results in pressure distribution over the blade profile
i.e. pressure contour and velocity contour. The pressure distribution graphs are listed as below.

Fig. No.5: - Velocity contour for 15m/s velocity at Zeroincidence angle
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Fig. No.6: - Pressure distribution graph for 15m/s velocity at Zero incidence angle

The high pressure for Reynolds number 49724 at Zero incident angle was recorded around 3.5% of chord and the value as 101654

Pa and it gets decreased slowly till the 73.3% of chord. The last pressure value recorded at 86.67% of chord i.e. 0.052. The
corresponding velocity contour is shown above.
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Fig. No.7: - Velocity contour for 20m/s velocity at Zero incidence angle
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Fig. No.8: - Pressure distribution graph for 20m/s velocity at Zero incidence angle

In the case of Reynolds number 66298, highest pressure value was 101900 Pa at the chord of around 3% that is even before
comparing to the Reynolds number 49724. And the last pressure value before the flow leaving the surface of the bladeis around 87%
i.e. nearly the same value for Reynolds number49724. So, the pressure value has mild increase than the previous Reynolds number

and the corresponding velocitycontour is sown above.

Fig. No.9: - Velocity contour for 25m/s velocity at Zero incidence angle
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Fig. No.10: - Pressure distribution graph for 25m/s velocity at Zero incidence angle

For Reynolds number 82873, the highest-pressure value recorded as 102250 which is more than the flow of Reynolds numbers
49724 and 66298 of same incidence. But the detachment of the flow from surface happening mostly about the same chord length as
like as the previous Reynolds numbers.

Fig. No.11: - velocity contour for 15m/s velocity at +5 incidence angle
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Fig. No.12: - Pressure distribution graph for 15m/s velocity at
+5 incidence angle

On increasing the incident angle to +5, the highest-pressure value is recorded as 101700 which is more than the Reynolds number
of zero incidence i.e. around the chord of 2.8% andthe distribution follows over the surface is similar to the zero incident of same
Reynolds number. The leaving of the flow also similar to the zero-incident computation with mild changeof chord length.
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Fig. No.13: - velocity contour for 20m/s velocity at +5 incidence angle
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Fig. No.14: - Pressure distribution graph for 20m/s velocity at

+5 incidence angle

Pressure for Reynolds number 66298 at +5 incident anglereceives 300Pa more than the Reynolds number 49724 i.e. 10200Pa, but
the value is high when compared to zero incidentof same Reynolds number flow. The detachment of the flow happens slightly before
the Reynolds number 49724 as the pressure keep on reducing from the 5.4% of chord on the pressure side. Velocity recorded high
on the pressure side thanthe suction side as shown in the velocity contour figure above.

Fig. No.15: - velocity contour for 25m/s velocity at +5 incidence angle
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Fig. No0.16: - Pressure distribution graph for 25m/s velocity at
+5 incidence angle

For the Reynolds number 82873 for +5 incident angle, the highest-pressure value is recorded as 102385Pa at the 3.6 % ofcord which
is high compared to the Reynolds number 662980f same incident also for the same Reynolds number of zero incidence. The flow
getting detached at the 79% of the chord which is earlier compared to previous cases also the velocity contour shows the high
velocity attachment for less chordlength compared to suction side of the blade.

Fig. No.17: - velocity contour for 15m/s velocity at -5 incidence angle

Fig. No.18: - Pressure distribution graph for 15m/s velocity at
-5 incidence angle
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The highest-pressure value for the Reynolds number 49724 of

-5 incident has 100Pa less pressure than the +5 incidence, but the distribution has variation than the +5 incidence. Even the
detachment of the flow happens at very earlier than the previous case of same Reynolds number. The highest pressure is as 101600Pa
and the velocity contour is shown above.

Fig. No.19: - velocity contour for 20m/s velocity at -5 incidence angle
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Fig. N0.20: - Pressure distribution graph for 20m/s velocity at
-5 incidence angle

In the computation of Reynolds number 66298, the pressure distribution on the pressure side similar to the previous cases but there
is much variation on the suction side as shown in the graph above. The pressure value is recorded as 101800Pa and the flow
detachment happening at 68% which is much earlier than the previous cases, the velocity contour is shown above.
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Fig. No.21: - velocity contour for 25m/s velocity at -5 incidence angle

Copyrights @Kalahari Journals
International Journal of Mechanical Engineering
6297

Vol. 7 No. 1 (January, 2022)



pramasrn v x 25/ Sdeg

Pomsonss | Pe

Xim)

Fig. No.22: - Pressure distribution graph for 25m/s velocity at
-5 incidence angle

Reynolds number 82873 records the highest-pressure value as 102200 which is less than the +5 incidence of same Reynolds number
at the 3.34% of the chord. The flow separation happened at 66.8% of the chord which is slightly earlier to theReynolds number
66298 but much earlier to the remaining cases. The velocity contour for the Reynolds number 82873 is as shown above.

Here, in this project the result analysis has been studies andgraphically represented as above. The pressure distribution has been not
changed much for changing the velocities with same incident angles. But, the change of pressure distribution got more deviation
when the incident angles have been changed compare to the different velocities at same incident angles.

Conclusion: -
The major following major conclusions are drawn from thisinvestigation:

. The static pressure distribution over the blade recorded highest around 3.3% to 3.6% of the chord length for all the
Reynolds number flows.

. Pressure values increases gradually on increasing theReynolds number before transition of the flow.

. The pressure difference at different incident angles for same Reynolds number is less compare to other Reynolds numbers.
. Static pressure graphical representation is invertedbefore transition period of the flow as compared tothe other Journal
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