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ABSTRACT

A rocket engine nozzle has been conducted to understand the supersonic flow
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through its various parameters like as convergent angle divergent angle and throat
radius along with using CFD analysis. A two dimensional model is used for the

(IJOER)

analysis of finite-volume method in Ansys Fluent software. In the various

ISSN:2321-7758 configurations of nozzle parameters for the static pressure, mach number are

www.ijoer.in being analysis and satisfy the thrust requirements for the rocket by optimum

parameters values. In the optimal values obtained from using optimization

technique of taguchi design and analysis method in DOE. In this method governing
for 3 levels and 3 factors involving in the analysis of configurations of design by
optimal parameter.

Keywords — divergent angle, convergent angle, throat radius, mach number,
supersonic.
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INTRODUCTION

In the current work objectives of determine
an optimal convergent angle, divergent angle and
throat radius of the nozzle which would give the
maximum outlet velocity and meet the thrust
requirements. Computational fluid dynamics (CFD) is
engineering tool that access experimentation. An
engineering problems to solve by using various
method  like
methods using prototypes. The analytical method is

analytical method, experimental
very complicated and difficult. The experimental
methods are very costly. Prototype testing has to be
error detected from design to made another
prototype. So, time and cost consuming are high.
Thus the difficulties rectified by using CFD. In the CFD
a problem is simulated in software and transport
with  the problem is

with

equation  associated

mathematically solved along computer

assistance. The CFD proves for efficient tool and also
analysis of various flow parameters.

METHODOLOGY:

Geometrical Parameters of Nozzle 2D Model

%[

Fy

Table I: DESIGN PARAMETERS

Inlet Diameter(m) 1

Throat Diameter(m) 0.3

Exit Diameter(m) 0.8

Total Pressure(bar) 44.1 & 50
Total temperature (K) 3400
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Table Il: PROCESS PARAMETERS (Till Solution is converged).
Convergent Divergent Throat Results Graphics and animations — Contours-

Level Angle (B) in | Angle (8) in | Radius (Ry) mach  number static pressure
Degree Degree mm contour.

| 30 7.5 0 Plots - XY plot — mach number Vs

1l 45 15 125 position, Static pressure Vs Position

1l 60 30 228 In this procedure is conduct for various

TAGUCHI DESIGN:

Computational fluid dynamics analysis involving in
the three factors (6, B, R;) configuration design for 3
levels of values along by attain taguchi design. In the
design involving in nine configuration of nozzle
analysis consist of altered parameters. Also the nine
configurations of nozzle analysis conduct from
44.1e5Pa and 50e6Pa of inlet pressure.

Table IlIl: TAGUCHI 3x3 DESIGN

configurations of nozzle.

RESULTS:

1. Inlet Pressure At 44.1e5 Pa Based:
1.1.1. Static Pressure:(B=30, 6=7.5, R;=0)

ANSYS

Contours of Static Pressure (pascal) Sep 20,2015

ANSYS Fluent 14.5 (2d, dbns imp)

Mach Number:(f=30, 8=7.5, R;=0)

ANSYS

1.1.2.

Contours of Mach Number Sep 20, 2015

ANSYS Fluent 14.5 (2d, dbns imp)

1.2.1. Static Pressure: (=30, 8=15, R;=125)

ANSYS

Contours of Static Pressure (pascal) Sep 20, 2015

ANSYS Fluent 14.5 (2d, dbns imp)

Convergent Divergent Throat
S No Angle (B) in | Angle (6) in | Radius
degree degree (Rt)mm
1 30 7.5 0
2 30 15.0 125
3 30 30.0 228
4 45 7.5 125
5 45 15.0 228
6 45 30.0 0
7 60 7.5 228
8 60 15.0 0
9 60 30.0 125
Table IV: ANALYSIS PROCEDURE
PROCEDURE DETAILS
Solution Type: Density Based,
Setup- Velocity formation: Absolute,
General Time: Steady, 2D Space: Planar.
Models Energy: on, Viscous: Inviscid.
Materials Fluid: Air, Density: Ideal gas
Cell Zone | Operating Condition= 0Pa
Condition
Boundary Inlet-Pressure inlet = 44.1e5Pa (l),
Condition 50e6 Pa (Il), Temperature=3400K.
Solution Solution Controls -  Courant
Number=5.
Solution Initialization — Standard —
Compute — Inlet.
Run Calculation: Enter the Number of
iteration (1000), Click calculation.
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1.2.2. Mach Number: (=30, 6=15, R;=125) 1.4.2. Mach Number: (B=45, 6=7.5, R;=125)

2665+00 ANSYS 2506+00 ANSYS
P " I 2386400 14

35 2256400

2.13e+00
Contours of Mach Number

201e+00
1.88e+00
1.760+00
1.63e+00
1.51e+00
1.38e+00
1.260+00
1.13e+00
1.01e+00
8 82e-01
7.58e-01
633e-01
508e-01
384e-01
259¢-01
134e-01
945e-03

o

Sep 20, 2015
ANSYS Fluent 14.5 (2d. dbns imp)

1.3.1. Static Pressure: (B=30, 6=30, R=228)

Contours of Mach Number Sep 20, 2015
4.408+06 ANSYS Fluent 14.5 (2d, dbns imp)

ANSYS
. 4.200+06 1
3.990+06 .
3700105 1.5.1. Static Pressure: (B=45, 6=15, R;=228)
3.58e+06
ANSYS
317e+06 4 20e+06 =
297e+06 3.99e+06
2.760+06 3.79e+06
256e+06 358e+06
2.350+06 3 37e+06
215e+06 ]
1.94e+06
1.748+06
1.53e+06 S 254e+06
1.33¢+06 2330406
1.12e+06 2130406
9 19e+05| 1.92e+06
7.15e+05 171e+06
5 10e+05 150e+06

3.05+05
Contours of Static Pressure (pascal) Sep 20, 2015 l

1.30e+06
1.09e+06
8816405
ANSYS Fluent 14.5 (2d, dbns imp) ST96+03
4 66e+05
2580005
1.3.2. Mach Number: (=30, 6=30, R;=228)
ANSYS TR pSE et ANSYS Fluent 14.5 Ga. ai:{si::a':; J

28)

ANSYS

Contours of Mach Number Sep 20, 2015

ANSYS Fluent 14.5 (2d, dbns imp) [COnBHEaTISCHRiMIeH Sep 212015

ANSYS Fluent 14.5 (2d, dbns imp)

1.4.1. Static Pressure: (B=45, 8=7.5, R=125) 1.6.1. Static Pressure: (B=45, 6=30, R=0)

4410006 ANSYS 4410008
I 4200406 . l 4.18e+06

ANS

3.990+06

3.97e+06

3790405
3750406

3580406
3378406 354406
3.160+06 3.32e+06
2962406 3.108+06
2758406 2.68e+06
i 2.66e+06
B0e0 2446406
2120406 . 2226608

1920406
2.01e+06
~ JRERT ‘De%
1500406 Thexl
1286406 B
1.002+06 1356406
8790405 1138406
6718405 9.126+05
4630405 6936405
256405 4.75e+05
2.56e+05
Contours of Static Pressure (pascal) Sep 20,2015 3750404

ANSYS Fluent 14.5 (2d, dbns imp)
Contours of Static Pressure (pascal) Sep 20, 2015

ANSYS Fluent 14.5 (2d, dbns imp)
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1.6.2. Mach Number: (B=45, 6=30, R;=0)

3250000 ANSYS
9 //

1.640+00

sosaor

Contours of Mach Number

Sep 20, 2015
ANSYS Fluent 14.5 (2d, dbns imp)

1.7.1. Static Pressure: (=60, 6=7.5, R;=228)

4410006 ANSYS
4.208+06 .

4.002+08
3.796+06
3.586+06
3.37e+06

3.17e+06
2.96e+06
2.75e+06
2.55e+06
2.340+06
2.13e+06
192e+08
| 1720408
1.51e+06

1.308+06
1.09¢+06
8.886+05
6.800+05
473405
2.666+05

Sep 21,2015
ANSYS Fluent 14.5 (2d, dbns imp)

1.7.2. Mach Number: (B=60, 6=7.5, R=228)

248e+00 AN SYS
. 235¢+00 14

Contours of Static Pressure (pascal)

2230400
2.10e+00
1.98e+00
1 860400

1730400
1.61a+00
1490400
1.366+00
1.24e+00
1.11e+00
9.90e-01
867e-01
7.43e-01

6.19-01
4.950-01
3.726-01
248601
1.24e-01

4.32e-04

Sep 21,2015
ANSYS Fluent 14.5 (2d, dbns imp)

1.8.1. Static Pressure: (=60, 6=15, R.=0)

4416406 ANSYS
418+06 14

. 3.98¢+06
276e+08
3540+08
3.336+06
3.112406
2890406
2680406
2460406
2249406
2030406
1816+06
1590406
1380406
1.16e+06

2.956+05
7.836+04

Contours of Mach Number

Sep 20, 2015

Contours of Static Pressure (pascal) i
ANSYS Fluent 14.5 (2d, dbns imp)

1.8.2. Mach Number: (=60, 6=15, R.=0)

278000 ANSY
265400 15

251e+00
00

1.68e+00
1.548+00
1.40e+00

£.990-01
553e-01
4.20e-01
280e-01
1.408-01
863e-04

Contours of Mach Number Sep 20, 2015

ANSYS Fluent 14.5 (2d, dbns imp)

1.9.1. Static Pressure: (=60, =30, R=125)

4atav0s ANSYS
4 208008 )
4.008+06

96406

Ge+06
3380406
2 186406
2970406

Sep 21,2015
ANSYS Fluent 14.5 (2d. dbns Imp)

1.9.2. Mach Number: (B=60, 6=30, R;=125)

ANSYS

Contours of Static Pressure (pascal)

2.390-01
1.200-01
5.730-04

Contours of Mach Number

Sep 21,2015
ANSYS Fluent 14.5 (2d, dbns imp)

2. Inlet Pressure At 50e6 Pa Based:
2.1.1.  Static Pressure: (B=30, 8=7.5, R;=0)

4.9%+07 AN
4750+07 14

452e+07
4.28e+07
4046407
3.80e+07
3560407
3.33e+07
3.09e+07
2.85e+07

261e+07
237e+07
2140407
1.90e+07

1.66e+07
142e+07
1.18e+07
9.46e+06
7.08e+06
4.70e+06
232e+06

Contours of Static Pressure (pascal) Sep 22,2015

ANSYS Fluent 14.5 (2d, dbns imp)
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2.1.2. Mach Number: (B=30, 6=7.5, R;=0) 2.3.2. Mach Number: (=30, 6=30, R;=228)

. —— ANSYS .
251e+00 14

1.606+00

147e+00

1.34e+00

1216400

1.08e+00

. 9 56e-01
=)

8.26e-01
697e-01
568e-01

Contours of Mach Number Sep 22,2015
ANSYS Fluent 14.5 (2d, dbns imp)

Contours of Mach Number Sep 22, 2015
ANSYS Fluent 14.5 (2d, dbns imp)

2.2.1. Static Pressure: (=30, 6=15, R;=125)
2.4.1. Static Pressure: (=45, 6=7.5, R=125)

4750407
5.00e+07 ANSYS
4.76e+07 14

4520407

4.280407
4040407
3 808+07

4.53e+07
4.290+07
3560407 4.060+07
3320407 3820407
3086407 3590407
285e+07 3350407

2610407 3120407 \
2370407 2.880+07
2.13e+07 2 646+07
189e+07 2410407
1656407 2.17e+07
1410407 1.940+07
1.18e+07 F— 1.70e+07
9.37e+06 147e+07
6996406 1230007
4.600+06 9.056+06
2220406 7.606+06
5 240406
Contours of Static Pressure (pascal) Sep 22,2015 ARelon
ANSYS Fluent 14.5 (2d, dbns imp)
Contours of Static Pressure (pascal) Sep 22,2015
22.2 Mach Number. (B=30 e=15 R =125) ANSYS Fluent 14.5 (2d, dbns imp)
L. L. . ), » Nt

265000 2.4.2. Mach Number: (B=45, 6=7.5, R=125)

2550+00
2516400 AN
2.390+00 14

2.420+00
2.290+00

2.16e+00

226400
2.02e+00 2.14e+00
1.89e+00 201e+00
1.76e+00 1.89e+00
1 63e+00 1 76e+00
1.506+00 1.640+00
1.376+00 1516400
1248400 1.396+00
1108400 1260400

" 973601 1146400
8.42e-01 1.01e+00
. 7.106-01 8860-01
5.790.01 B 7oicor
4.47e-01 6.36e-01
3.16e-01 510e-01
1i45:01 3856-01
5.260-02 260601
I 1.35¢-01
Contours of Mach Number Sep 22, 2015 9490-03
ANSYS Fluent 14.5 (2d, dbns imp)
Contours of Mach Number Sep 22,2015

2.3.1. Static Pressure: (=30, 6=30, R;=228) ANSYS Fluent 145 (26 dons mp)

490407 ANSYS 2.5.1. Static Pressure: (B=45, 6=15, R;=228)
4.76e+07 x
4.53e+07 5.006+07 ANSYS
4296407 1
4.76e+07 4
4.53e+07
3.83e407
4.29e+07
3.60e+07
4.06a+07
3.36e+07
3.82e+07
3.13e+07
3.59e+07
2.90e+07 3.350+07
267e+07 S ‘l2a 07
2436407 . 7
2208407 ; zze 27
1.97e+07 -
1.748+07 241e01
151e+07 2.18e+07
1.27e+07 b dadany
1040407 111wty
8.000+06 147e+07
& inaon 1.23e+07
344e+06 9.99e+06
7.64a+06
5.28e+06
Contours of Static Pressure (pascal) Sep 22, 2015 2.93e+06
ANSYS Fluent 14.5 (2d, dbns imp)
Contours of Static Pressure (pascal) Sep 22,2015
ANSYS Fluent 14.5 (2d, dbns imp)
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2.5.2. Mach Number: (=45, 6=15, R;=228)

2.7.2. Mach Number: (=60, 6=7.5, R,=228)

2516400 ANSYS 2508400 A
2380+00 2376400
2260400 2256400
2 2126400
2016 2.006+00
1886400 187¢+00
1760900 1.750+00
1630400 1620400
1516400 1.506+00
1380000 1370400
1266400 1256400
' 1.13e+00 1.12e+00
1016+00 0.986:01
884001 iR
7.5%-01 7 496-01
6.34e-01 6.246-01
509501 4.996-01
384001 iy
#0001 2.506-01
1356-01 1256-01
9.986-03 Sxdalod
Contours of Mach Number Sep 22. 2013 Contours of Mach Number Sep 24,2015

ANSYS Fluent 14.5 (2d, dbns imp)

2.6.1. Static Pressure: (=45, 6=30, R;=0)
4.75e+07 .
4 50e+07
4260407
4016407
3.76e+07
3 51e+07
3.26e+07
3.02e+07
2.77e+07
252e+07
227e+07
2.03e+07
1.78e+07
1.53e+07
1.28e+07
1.03e+07
7.86e+06
5.386+06
291e+06
4.27e+05

Contours

of Static Pressure (pascal) Sep 24, 2015

ANSYS Fluent 14.5 (2d, dbns Imp)

2.6.2. Mach Number: (=45, 6=30, R;=0)
3.26e+00 ANSYS
3.090+00 14
2.93e+00
2.77e+00
2861e+00
245e+00
2.28e+00 ‘
2.12e+00
1.96e+00
1.80e+00
1.63e+00
1.47e+00
1.31e+00
1.15e+00
9.840-01
8.22e-01 ‘
6.59e-01
4.97e-01
3.35¢-01
1.72e-01
9.81e-03

ANSYS Fluent 14.5 (2d, dbns imp)

2.8.1. Static Pressure: (=60, 6=15, R;=0)

5.00e+07
4.758+07
4.51a+07
4.26e+07
3.520+07
3.27e+07
3.026+07
2.77e+07
2.02e+07
178e+07
| 154007

ANSYS

5.070+05

Contours of Static Pressure (pascal) Sep 24,2015
ANSYS Fluent 14.5 (2d, dbns imp)

2.8.2. Mach Number: (=60, 6=15, R;=0)
ANSYS

3.162+00
3.00e+00

2 850+00
2.696+00
2536400
2.37+00
2216400
2.066+00
1.906+00
1746400
1.58e+00
1.42e+00
1.270+00
1.11e+00
9.492-01
7.91e-01
6.336-01
4.756-01
317601

1.590-01
8.616-04

Contours of Mach Number ep 24, 2015

ANSYS Fluent 14.6 (2d. dbns imp)

2.9.1. Static Pressure: (=60, 6=30, R=125)

Contours of Mach Number Sep 24,2015 SO0SHT
ANSYS Fluent 14.5 (2d, dbns imp) . 4.77e+07 14
4530407
H 4.208+07
2.7.1. Static Pressure: (=60, 6=7.5, R=228) b
3846407
4.76e+07 3.37e+07
4.29e+07 2 90e+07
4.06e+07 267e+07
3.82e+07 244e+07
3.509e+07 . 221e+07
3.35e+07 1.97e+07
3.12e+07 1.74e+07
2.88e+07 1.51e+07
265e+07 1.27e+07
' 2416+07 1.04e+07
2180407 5.08e+06
1.94e+07 5 75e+06
1716407 3420406
1470407
V24001 Contours of Static Pressure (pascal) Sep 24,2015
1.008+07 ANSYS Fluent 14.5 (2d. dbns Imp)
767e+06
5.32e+06
297e+06

Contours

Sep 24, 2015
ANSYS Fluent 14.5 (2d, dbns imp)

of Static Pressure (pascal)
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2.9.2. Mach Number: (=60, 6=30, R;=125) ratio has to be a maximum value is optimum

(10.29083).

Table VI:OPTIMIZATION OF MACH NUMBER
Y s Mach Mach S/N Ratio | Mean for
N. Number | Number | for Mach | Mach
o
(44.1Pa) (50Pa) Number Number
7 2.63e+00 | 2.64e+00 | 8.415565 | 2.635
|
2.66e+00 | 2.68e+00 | 8.530042 | 2.67
2.39e+00 | 2.39e+00 | 7.567958 | 2.39

2.50e+00 | 2.51e+00 | 7.976103 | 2.505
2.48e+00 | 2.51e+00 | 7.94094 2.495

Contours of Mach Number Sep 24, 2015
ANSYS Fluent 14.5 (2d, dbns imp)

DISCUSSION ABOUT CONTOURS RESULT
In the nozzle exit section of analysis results produce

3.28e+00 | 3.26e+00 | 10.29083 | 3.27

by the static pressure and mach number contour of 2.48e+00 | 2.50e+00 | 7.923777 | 2.49

2.79e+00 | 3.16e+00 | 9.419325 | 2.975

the CFD has to be corresponding design parameters.

Such, as the result based values along by optimal

O | (I NV | | W | N| P

2.39e+00 | 2.40e+00 | 7.586054 | 2.395
Mean of SN Ratio:

values of nozzle design parameters obtained from

following optimization technique. Here with consider

the factors of convergent angle, divergent angle and Main Effects Plot for SN ratios
Data Means
throat radius. Also response of static pressure and

Convergent angle Divergent angle Throat radius

mach number values of CFD analysis in two types of a0

inlet pressure value applied for optimal parameters 175
of nozzle attained.
-1200

In the static pressure at exit section will be smaller is
better value of the S/N ratio obtained result in static 1228
pressure reduction. Here 6" row series of S/N ratio 1250

has to be a optimum parameters value (-109.632).

Mean of SN ratios

Table V: OPTIMIZATION OF STATIC PRESSURE E g 75 10 300 15 28
Signal-t - Smaller is better
. . S/N
S. | Static Static . Mean for
Ratio for . . .
Pressure Pressure Static Main Effects Plot for SN ratios
Static Data Means
o (44.1Pa) (50Pa) Pressure
Pressure W Convergent Angle Divergent Angle Throat Radius
1 2.08e+05 | 2.32e+06 -124.334 | 1264000
2 1.95e+05 | 2.22e+06 -123.95 1207500 92
3 3.05e+05 | 3.44e+06 -127.755 | 1872500 E
4 2.56e+05 | 2.88e+06 -126.212 | 1568000 Z
5 2.58e+05 | 2.93e+06 -126.361 | 1594000 E
6 | 3.75e+04 | 4.27e+05 | -109.632 | 232250 =™
7 2.66e+05 | 2.97e+06 -126.48 1618000
80
8 7.83e+04 | 5.07e+05 -111.192 | 292650
9 | 3.05e+05 | 3.42e+06 | -127.705 | 1862500 P e TR T m:

In the mach number at exit section will be larger is  coNcLUSION
better value of the S/N ratio obtained result of The rocket nozzle analysis with the help of

. . th )
increase in mach number. Here 6" row series of /N ¢pp and parameters optimization obtained from the

taguchi analysis of DOE. The following observations
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were found in the rocket nozzle of 9(design)x2(inlet
pressure) = 18 times different configuration values of
analysis results.
Mach Number: The optimal mach number at the exit
section is found to be 3.28e+00 (44.1e5 Pa) and
3.26e+00 (50e6 Pa) mach value (supersonic) consist
of S/N ratio based values in the convergent angle (B)
45°(2), divergent angle (8) 30°(3) and throat radius
(R¢) 0(1). Also, graph based values of B=45° (2), 6=15°
(2), R¢=0(1) for optimum parameters.
Static Pressure: The optimal static pressure at the
exit section is found to be 3.75e+04 (44.1e5 Pa) and
4.27e+05 (50e6 Pa) static pressure value consist of
S/N ratio value based the convergent angle (B)
45°(2), divergent angle (8) 30°(3) and throat radius
(R) O(1). Also, graph based values of PB=45°(2),
0=15°(2), R,= 0(1) for comes to optimum parameters.
In the static pressure and mach number values at
B=45°(2), and R; = 0(1) by optimal for two different
inlet pressure condition. Also S/N ratio of value based
result only limited range of available for
configurations of nozzle in 8=30°(3) angle of optimal
value. But, graph based values provide the optimal
divergent is 15°(2) angle.
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