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ABSTRACT

In advanced gas turbines, the turbine
blade operated temperature is for above the melting
point of blade material. A cooling scheme must be
developed for continuous safe operation of gas
turbines with high performance. A vital role is
played by the compressor on jet engine as it
concerns about the initial compression on engine
bleed system and aircraft cooling. Two types of
compressor are used in jet engine and that is axial
compressor and centrifugal compressor. Here we
work on axial compressor. As its major application,
gas turbine engines are in large use.

In this project NACA6409, NACA6412
and NACA64012 airfoil is taking for turbine blade.
Turbine blade is designed in CATIA V5R19 and for
analysis we are using ANSYS 18.1 software. Here
we are using chromium steel, inconel-718 and
inconel-625 as turbine blade material. Thermal and
structural analysis is performing to determine the
heat flux, temperature distribution and stress of the
blade. And finally conclude which material is better
with blade.

NACAG6409,
ANSYS  18.1,

Keywords: Turbine Blade,
NACA6412, NACAG64012,
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NOMENCLATURE

N Rotational speed ( rev/sec)
U Mean blade speed (m/sec)
A Area of annular ( m?)
C Chord length (mm)

Height of blade (mm)
I'root  Radius of blade at root (mm)
Ttip Radius of blade at tip (mm)

T Radius of mean rotor (mm)

® Angular velocity (rad/sec)

K Thermal conductivity (W/m-k)
p Density of material (kg/m?)

Cp Specific heat (J/kg-k )

1. INTRODUCTION

A Gas turbine engine is also known as a
combustion turbine is type an internal combustion
engine. It has an upstream compressor and
downstream turbine with the combustor in
between. Air is enters to a compressor with high
pressure which compresses the air and delivers it to
the combustion chamber. The fuel injector feed
fuel continuously. Fuel and compressed air are
mixed in combustion chamber and continuous
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combustion takes place at constant pressure. The drives the compressor and provides power). After
high pressure and high temperature gases then the turbine they expand further in exhaust. The
enter into the turbine, where they expand to schematic view of Gas Turbine Engine is shown in
provide drive power for the turbine. The turbine is the Figure 1

directly connected to the compressor (i.e. Turbine

y L :
'l | ' . ' '

Air inlet Compression

Combustion Chambers Turhine Exhaust

Figure 1: Schematic View of Gas Turbine Engine.(1)

Priyanka  Singh, found that the
temperature distribution on the 13
staggered holes, uniformly distributed
along the blade area, as compared to 13
inline holes and the heat transfer is also
increases in the 13 & 14 staggered holes
arrangements.(3)Bathineedi Naga Babu,
used NACA 6409 and NACA 4421 with
ZAMAK, Y203, Zirconium material.
And conclude that NACA6409 with
ZAMAK material & Y203 coating was
best application for the steam turbine
blades for up gradation of steam turbine
blade life cycle.(4)K Hari Brahmaiah,
conclude that Inconel718 is better
thermal properties and induced stresses
are lesser than the Chromium
steel.(5)Himanshu A Surakarta,
conclude for the blade, the peak heat
transfer coefficient value is at the
leading edge, which then decreases
gradually on the suction side until the
trailing edge.(1)Ahmed Jbdulhussein
Jabbar, used titanium alloy, stainless
steel alloy and Aluminum2024 alloy as
blade material and conclude Titanium

alloy is better than stainless steel alloy
and aluminium 2024 alloy for stability
and stress.(6)Archana Pulicherla, used
NACA 6412 for turbine rotor blade. She
conclude that overall results of static
and vibrational analysis, the
deformation, stress, strain and vibrations
are less for titanium material while
compared with other materials .(7) Ravi
Ranjan Kumar, worked on NACA6409
profile and has been selected as base
model and then it is modified by
bending it through 72.5° and 145°. These
three different blade profiles have been
analysed for three different materials
Super Alloy X, Nimonic-80A and
Inconel-625 at three different speed
20000, 40000 and 60000RPM. He found
that NACA6409 with 72.5° result for all
material at all speed. Among all the
material Inconel-625 gives best result.
Hence Blade of Inconel-625 having
72.5° bent profile is the best
combination for all RPM.(8)Anilkumar
Konderu, used NACA6409,
NACAG64012 aerofoils and has been
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selected as base model. Two various
materials Nimonic-80A, Inconel-625

2. MATERIALS AND
METHODOLOGY

First we decide the geometry and after
design geometry in CATIA V5R19 we
designed CAD model of blade. After this

Table 2: Material properties (3, 9)

Propertie Units Chromiu Inconel- Inconel-
m Steel 625 718
Yield MPa 275 448 1100
Strength
kg/m3 7754 8440 8192
K W/m-k 11.2 9.8 258
Cp J/Ikg-k 435.801 550 586.253
Melting °C 1415 1350 1346
point
Young’s GPa 200 207.5 205
Modulus
Poisson’s 0.3 0.3 0.293
Ratio

Table 2: NACA 6409 with speed of

with 300rev/sec and 450rev/sec.(9)

CAD model we selecting a material for
blade and analyzed in ANSYS 18.1. After
validation we work further on another blade.

300rev/sec (9)
Figure 2: NACA 64009 airfoil with distance
Parameters 300 rev/sec 49.2mm(9)
Height 49.2mm
Radius of blade at 197.4mm h=2 e @)
root ’
Radius of blade at 246mm Radius of blade at root and tip
tip _ h
Chord 38,4mm rtlp - rm + E .............................. (3)
Inlet temperature: 1250 K h
P Troot = Im =7 «oevveeesemneeeeneeens 4)
Rotational speed (N): 300rev/sec Heioht
: : eight _
Area of annular (A): 0.0692m? Adopting the height to chord (chord)_ 1.28
Mean blade speed U: 420m/sec
Uy = 27ENE g e (1) ® = Z”ZPM rad/SeC ....oeeeeiiiinnnn, (5)
Height of the blade:
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Figure 3: NACA 6409 blade with support
dimension
2.1 Cad Design (9)

Tip

Root

Figure 4: CAD model of Blade with support

Figure 5: Meshing with support
2.2 Setup

The blade cooling problem was modeled as a
Convection Heat Transfer problem and with the use
of ANSYS 18.1-FLUENT, it was setup and
simulated. The fluid material was chose to be air
from ANSYS 18.1-FLUENT database.

2.3 Boundary Conditions
Thermal analysis (9)
e Inlet temperature: 1250 K
e Rotational speed (N): 300rev/sec (1885.7

rad/sec)
e Heat Transfer Coefficient (W/mm?K) :
0.0025
3. RESULT

To finding heat flux first we done steady state
thermal analysis and then for stress static structural
analysis.

NACA 6409

o
Time: 1
31/01/2023 09:47 PM

1250 Max
1143.9
1037.8
931.72
825,62
71953
613.43

4 507.34
401.24
295.15 Min

Figure 6: Temperature Distribution of Chromium

31/01/2023 09:50 PM

12.578 Max
11.18

97828
8.3853
6.9877
5.5902
41926
2.7951
1.3975
2.5635e-11 Min

Figure 7: heat flux of Chromium steel
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B: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

31/01/2023 09:52 PM

504.88 Max
448.78
392.68
336.58
28049
224.39
168.29
112.19
56.097
5.262%9e-6 Min

Figure 8: Stress of Chromium steel

A: Steady-State Thermal
Total Heat Flux
Type: Total Heat Flux
Unit: W/mm?

Time: 1

31/01/2023 09:57 PM

24.288 Max
21.589
18,891
16.192
13,493
10.795
8.0959
5.3973
2.6986
6.3307e-11 Min

Figure 9: heat flux of Inconel-718

B: Static Structural
Equivalent Stress
Type: Equivalent (van-Mises) Stress
Unit: MPa

Time: 1

31/01/2023 02:58 PM

500.29 Max
4447

389,11
333.52
277.94
222.35
166.76
1117
55.587
3.9233e-5 Min

Figure 10: Stress of Inconel-718

A: Steady-State Thermal
Temperature

Type: Temperature
Unit: K

Time: 1

31/01/2023 09:56 PM

1250 Max
1143.9
1037.8
931.72
825.62
718.53
613.43
507.34
401.24
295.15 Min

Figure 11: Temperature Distribution of Inconel-718

A: Steady-State Thermal
Temperature
Type: Temperature
Unit: K

Time: 1

29/11/2022 08:09 AM

1252.6 Max
1146.2
1039.8
933.32
826.87
72043
613.99
507.54

4011
294.66 Min

Figure 12: Temperature Distribution of Inconel-625

A: Steady-State Thermal
Total Heat Flux
Type: Total Heat Flux
Unit: W/rmm?
Time: 1

29/11/2022 08:10 AM

3.0079 Max
P 2.6737
F— 2.3395
— 2.0053
— 1.6711
— 1.3368
— 1.0026
0.66842
i 0.33421

1.2683e-11 Min

Figure 13: heat flux of Inconel-625
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B: Static Structural
Equivalent Stress B: Static Structural
Type: Equivalent (von-Mises) Stress Equivalent Stress
Unit: MPa Type: Equivalent (von-Mises) Stress
Time: 1 Unit: MPa
28/11/2022 08:38 PM Tiracl

379.72 Max 17/03/2023 02:22 PM

337.53

205,34 366.9 Max

253.15 5 326.13

210.96 285,36

168.77 || 246

126.58

I 203.83

84.383

42192 160

0.00012548 Min == 1223

81.532
E 40.766
9.3156e-5 Min

Figure 17: Stress of Inconel-625

Figure 14: Stress of Inconel-625

NACA 6412 A: Steady-State Thermal
-_— Temperature
Type: Temperature
Unit: K
A: Steady-State Thermal
Temperature T T?r;‘;s:}zoza 02:29PM
Type: Temperature :
Unit: K
Time: 1 :124530:‘“
18/03/2023 02:15 PM \re
1250.4 Max e
1144.2 825.62
1038.1 719.53
031.97 613.43
825.63 507.34
719.7 a4
613.56 295.15 Min
507.42
401.29
293.15 Min Figure 18: Temperature Distribution of Inconel-718
Figure 15: Temperature distribution of Inconel-625 i
otal Heat Flux
Type: Total Heat Flux
i 2
A: Steady-State Thermal L
Total Heat Flux 17/03/2023 02:30 PM
Type: Total Heat Flux
Unit: W/mm? 21.894 Max
Tirme: 1 19.461
18/03/2023 02:14 PM 17,020
14,59
5.799 Max 12,163
B 5.1547 0.7306
45103 7.208
| 3.866 4.8653
L1 3.2217 24327
—{ 2.5773 5.8059e-11 Min
L 1,033
s Figure 19: heat flux of Inconel-718
0.64433 '

1.6421e-10 Min

Figure 16: heat flux of Inconel-625

IJCRT2303511 \ International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org \ e514


http://www.ijcrt.org/

www.ijcrt.org

© 2023 IJCRT | Volume 11, Issue 3 March 2023 | ISSN: 2320-2882

B: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

17/03/2023 02:34 PM

465.62 Max
413,88
362.15
31041
258.68
206.94
155.21
103.47
51.735
4.4849e-5 Min

Figure 20: Stress of Inconel-718

A: Steady-State Thermal
Temperature

Type: Temperature

Unit: K

Time: 1

17/03/2023 02:40 PM

- 1250 Max
1143.9
1037.8
931.72
825.62
719.53
613.43
507.34
401.24

- 295.15 Min

Figure 21: Temperature Distribution of
Chromium steel

A: Steady-State Thermal
Total Heat Flux

Type: Total Heat Flux
Unit: W/mm?

Time: 1

17/03/2023 02:41 PM

11.973 Max
10.643
9.3125
7.9821
6.6518
5.3214
3.9911
2.6607
1.3304
2.2551e-11 Min

Figure 22: Heat flux of Chromium steel

B: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

17/03/2023 02:38 PM

461.08 Max
409.85
358.62
307.39
256.15 =

204.92
153.69
102.46
51.231
2.0671e-5 Min

Figure 23: Stress of Chromium steel

NACA 64012

A: Steady-State Thermal
Temperature

Type: Temperature
Unit: K

Time: 1

18/03/2023 02:22 PM

1250.9 Max
1144.7
10385
932.31
826.11
719.92
613.73
507.54
401,34
295.15 Min

Figure 24: Temperature Distribution of Inconel-625

A: Steady-State Thermal
Total Heat Flux

Type: Total Heat Flux
Unit: W/mm?*

Time: 1

18/03/2023 02:22 PM

5.7788 Max
5.1367
4.4047
3.8526
3.2105
2.5684
1.9263
1.2842
0.64209
4.5983e-10 Min

Figure 25: Heat flux of Inconel-625
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B: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

18/03/2023 02:25 PM

421.54 Max
374.7

327.86
281.02
23419
187.35
140.51
93.675
46,838
4.0562e-5 Min

Figure 26: Stress of Inconel-625

A: Steady-State Thermal
Temperature

Type: Temperature

Unit: K

Time: 1

18/03/2023 02:29 PM

1250 Max
1143.9
1037.8
931.72
825.62
719.53
613.43
507.34
401.24
295.15 Min

Figure 27: Temperature Distribution of Inconel-718

A: Steady-State Thermal
Total Heat Flux

Type: Total Heat Flux
Unit: W/mm?

Time: 1

18/03/2023 02:30 PM

22.27 Max
19.796
17.321
14,847
12372
0.8978
74234
4.2489
2.4745
5.8436e-11 Min

Figure 28: heat flux of Inconel-718

B: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

18/03/2023 02:32 PM

551.8 Max
490.49
420,18
367.87
306.55
245.24
183.93
122.6;
61.31
3.7366e-5 Min

Figure 29: Stress of Inconel-718

A: Steady-State Thermal
Termperature

Type: Temperature

Unit: K

Time: 1

18/03/2023 02:34 PM

1250 Max
1143.9
1037.8
931.72
825.62
719.53
613.43
507.34
401.24
295.15 Min

Figure 30: Temperature Distribution of Chromium steel

A: Steady-State Thermal
Total Heat Flux

Type: Total Heat Flux
Unit: W/mm?®

Time: 1

18/03/2023 02:34 PM

12.306 Max
10,939
95717
8.2043
6.8369
5.4695
41021
2.7348
1.3674
2.2799e-11 Min

Figure 31: Heat flux of Chromium steel

IJCRT2303511 \ International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org \ eb16

. 2320-2882


http://www.ijcrt.org/

www.ijcrt.org

18/03/2023 02:36 PM.

534.34 Max
47497
415.6
356.23
—1 296.85

{ 23748
17
118.74
59.371
7.4185e-6 Min

Figure 32: Stress of Chromium steel
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Table 3: Stress and heat flux of materials

Models | Materials Stress (MPa) | Heat  flux
(W/mmg?)
Chromium 504.88 12.578

NACA | steel
6409 Inconel-718 500.29 24.288
Inconel-625 379.72 3.0079
Chromium 461.08 11.973

NACA steel
6412 Inconel-718 465.62 21.894
Inconel-625 366.9 5.799
Chromium 534.34 12.306

NACA steel
64012 Inconel-718 551.8 22.27
Inconel-625 421.54 5.7788

Heat flux vs. NACA series of blade
30

Heat flux (W/mm?)

NACA 64012

NACA 6409

NACA 6412

B Chrom
ium
steel

H Incone
I-718

Incone
1-625

Graph-1 heat flux vs. NACA series

Stress vs. NACA series blade

600
500 - B Chromi
um
g!_? 400 - steel
s H Inconel-
‘%7300 y — 718
L
& 200 - — ® Inconel-
625
100 -~ —
O n T T 1
NACA 6409 NACA 6412 NACA 64012
Graph-2 Stress vs. NACA series
CONCLUSIONS

All 3 materials with different NACA series airfoils,
are given considerable results, but final conclusion
basis of stresses generated in the material.

e Blade is cantilever so that maximum stress
generated at blade root.

e Temperature distribution is depend on
thermal conductivity and heat transfere
coefficient of material.

e Due to the stagnation effect we observe
more temperature at blade root.

e From graph we can say that Inconel-625 has
less heat flux and stress due to lower thermal
conductivity and materials strength property.

e After observing all result we can say all 3
material are very strong for turbine blade,
but as preference we can take Inconel-625 is
give better result.
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