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ABSTRACT: The intake is a part of the aero engine, which provides air to the compressor uniformly
and with a minimum total pressure loss. Today, due to the abundant application of S-shaped inlets,
optimization of these diffusers has been considered by many researchers. The uniform distribution of the
flow at the inlet of the compressor has a direct effect on engine performance. On the other hand, the flow
separation through the duct reduces the pressure recovery and the engine thrust. In this article, an S-duct
intake has been optimized to reduce the total pressure loss and flow distortion. The neural network,
coupled with the genetic algorithm, is used to optimize the objective functions in the shortest possible
time. Two optimization cases have been done. In the first case, new geometries have been generated by
changing the centerline coordinate and the cross-sectional area ratios. The first optimization results in an
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enhancement of 32.5% for the pressure recovery coefficient and a reduction of 35.8% for flow distortion. = Neural network

In the second optimization, the length of the duct has also been decreased. By decreasing the length of ~ Flow uniformity

the duct, the weight of the aerial vehicle is reduced, and on the other hand, the useful space inside the Pressure recovery
body is increased. This optimization gave an enhancement of 35.96% for pressure recovery coefficient

and a reduction of 39.4% for flow distortion and a 25% reduction in the duct length.

1- Introduction

Today, the use of an air inlet duct with high efficiency in a
vehicle has been taken into consideration. This is important
because the uniform distribution of flow at the inlet of the
compressor has a direct impact on the engine performance,
and the non-uniform flow in the compressor inlet can lead
to surge. On the other hand, separation of flow through the
duct reduces the pressure recovery and thereby reduces the
thrust of the engine. In this paper, an S-shaped duct has
been optimized to reduce total pressure loss and reduce flow
distortion. For this purpose, a new optimization method
(coupling of the genetic algorithm and neural network) is
used to achieve the desired targets in the shortest time.

Fig. 1. The geometry of the S-shaped duct of Wellborn [3]

2- Methodology
In this paper, a genetic algorithm coupled with artificial
neural networks is used to find the optimum geometry of

2- 2- The objective functions
Several parameters can evaluate the performance of the
S-shaped duct. Among them, total pressure loss and flow

the S-shaped duct. A Computational Fluid Dynamics (CFD)
solver is used to simulate the duct performance.

2- 1- Baseline geometry

The geometry used in this paper has been introduced by
Wellborn [3], designed at NASA’s Lewis Research Center in
1993. This geometry is shown in Fig. 1.
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distortion are selected as the main parameters.

Total pressure loss: Total pressure loss occurs due to non-
ideal flow behavior, and especially flow separation. The
pressure recovery coefficient describes this pressure loss
is calculated by mass flow average formula from the CFD
results. In order to reduce the pressure loss in the duct, the
PR coefficient must reach the maximum possible value. As
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the optimization algorithms are designed to minimize target
functions, the objective function should be defined as follows:

L.

fl=1—PR=1—€ (l)
Where P is the average pressure at the outlet section of the
duct (or compressor inlet) and P, is the total pressure at the
inlet section of the duct.

Distortion: The second objective function is flow distortion;
minimizing this parameter improves the flow uniformity at
the compressor face. Eq. (2) is used to calculate the amount
of total pressure distortion at a section.

.= De(e0) = 2)
5

In this Equation, P, is the average total pressure at the engine

face, q, is the average dynamic head, P, is the average total

pressure in the ‘worst’ 60-degree sector of the section [12].

3- Results and Discussion

The results of the optimization procedure are described here.
In this paper, Wellborn’s geometry is studied and optimized.
Two different optimization test cases with different conditions
are carried out.

3- 1- Optimization by changing the cross-sectional area ratios
and the centerline

In this optimization case, the inlet and outlet of the duct are
unchanged, and only the area ratio of the duct sections and
y-coordinate of the centerline of the duct is changed. The
number of simulations performed to find the optimal geometry
is 190. In this optimization, the first objective function, i.e.,
the total pressure loss is decreased by 5.32% and second
objective function, namely distortion, is improved by 8.35%.
In Fig. 2, the velocity contours are shown on the symmetric
plane of the duct in the optimized and the baseline geometry.
As it is seen, in the optimal geometry, the flow separation
region, after the first bend, is highly eliminated. The reduction
of the separation zone has two significant advantages: firstly, the
total pressure loss is highly reduced, and secondly, the flow is
delivered more uniformly on the duct outlet plane (engine inlet).
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Fig. 1. Comparison of velocity contours on the symmetry plane
in baseline geometry and optimal geometry

3- 2- Optimization with shorter length
The second optimization condition is similar to the first
one, else, in the second optimization, the length of the duct

784

also decreases. In the S-shaped ducts, with the decrease in
the length of the duct, the probability of separation of flow,
due to the high rate of diffusion, increases. In this case, the
adverse pressure gradient is increased. On the other hand,
the reduction of the length of the S-shaped duct is always
desirable for the inlet designers, since it has many advantages,
including vehicle weight reduction, increment of the useful
space inside the vehicle to locate other equipment, reduction
of the total pressure loss due to the reduction of friction on
the duct walls.

In this optimization case, the length of the duct is reduced
by 25%, the total pressure loss is improved by 35.96%, and
distortion is improved by 39.44%. Fig. 3 shows the velocity
contours in the duct symmetric plane in the optimized and
baseline geometries.
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Fig. 2. Comparison of velocity contours on the symmetry plane
in baseline geometry and optimal geometry

4- Conclusions

In this study, an optimization procedure was used to improve
the S-shaped duct performance. The genetic algorithm
was coupled with the neural network in order to reduce
the computational time of the optimization procedure. The
purpose of this optimization is to reduce total pressure loss
and distortion of flow in the duct outlet plane. A review of
the researches in this field suggests that researchers have not
investigated optimization with this method; therefore, this
study presented a new method to optimize S-shaped ducts,
which has succeeded in achieving the desired goals, with the
lowest computational cost.
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Table 3. Flow properties in the half of the duct
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Table 4. Comparison of the results of different grids
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Fig. 12. Comparison of simulation results with Wellborn Lab results (Static pressure trends for three position)
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Table 5. Comparison between the results of baseline
geometry and the optimal geometry
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Fig. 13. Comparison of velocity contours on the symmetry plane in baseline geometry (top) and the optimal geometry
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Fig. 17. The distribution of static pressure on the upper and lower lines of baseline and optimal geometry
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Table 6. Comparison between the results of baseline geometry and the optimal geometry
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Fig. 18. Comparison of velocity contours on the symmetry plane in baseline geometry (top) and optimal geometry (bottom)
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Fig. 19. Comparison of total pressure contours at the AIP

plane in baseline geometry (right) and optimal geometry
(left)
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Fig. 20. Streamlines in baseline geometry and optimal geometry

IP g0 599,9 mao /
e (59955 in
e 29> out
olS5lS t

&Ll

[1] J.R. Weske, Pressure loss in ducts with compound
elbows, (1943).

[2] P. Bansod, P. Bradshaw, The flow in S-shaped ducts,
The Aeronautical Quarterly, 23(2) (1972) 131-140.

[3] S. Wellborn, B. Reichert, T. Okiishi, An experimental
investigation of the flow in a diffusing S-duct, in:
28th joint propulsion conference and exhibit, 1992,
pp. 3622.

[4] C. Fiola, RK. Agarwal, Simulation of Secondary
and Separated Flow in a Diffusing S-Duct, in: 52nd
Aerospace Sciences Meeting, 2014, pp. 0561.

[5] E. Manca, Unsteady Aerodynamic investigation of
the flow within an optimized S-duct intake, Cranfield
University : MSc Thesis (2016).

[6] F. Furlan, N. Chiereghin, T. Kipouros, E. Benini,

Ol ileainte (5l ol @l 5 (alfisles] b avslin b
axmio )0 zlrsel FOAFTL Jade 4 S jLad Cél aS 8,5 ams

Gl YO b Lme Job g 99m0 YUFE/ Jlaie 4 Lo 9,5

m? ool

2P0 (8999 dmao
glrsel oy

zlo sue

Pa Lz

a0

Sy b

YIAL

el 00,5 oy

eoOle G 0
(Sl @3l
A
AIP
Cp
DC
M
P
PR
r
Sls @Dle
0

OWP )
cl



FIAS B YIVY Glao TR Jlo ) o)l @Y 0593 « S yual SilSo owigen & il

[10] E. Immonen, Shape optimization of annular S-ducts
by CFD and high-order polynomial response surfaces,
Engineering Computations, 35(2) (2018) 932-954.

[11] W. Gan, X. Zhang, Design optimization of a three-
dimensional diffusing S-duct using a modified SST
turbulent model, Aerospace Science and Technology,
63 (2017) 63-72.

[12]J. Seddon, E.L. Goldsmith, Intake aerodynamics: An
account of the mechanics of flow in and around the
air intakes of turbine-engined and ramjet aircraft and
missiles, Collins London, 1985.

[13] E. Saadati , M. Zeynolabedini Preliminary and
Advanced Simulation Principles of Computational
Fluid Dynamics Using FLUENT and CFX Software,
Ptec Engineering Services Company, (2016) , (In

Persian).

YiAo

M. Savill, Computational design of S-Duct intakes
for distributed propulsion, Aircraft Engineering and
Aerospace Technology: An International Journal,
86(6) (2014) 473-477.

[7] A. Rigobello, A Multi-objective shape optimization of
an S-Duct intake through NSGA-II genetic algorithm,
(2016).

[8] A. Madadi, M. Kermani, M. Nili-Ahmadabadi,
Aerodynamic design of S-Shaped diffusers using ball—
spine inverse design method, Journal of Engineering
for Gas Turbines and Power, 136(12) (2014) 122606.

[9TN. Chiereghin, L. Guglielmi, A.M. Savill, T. Kipouros,
E. Manca, A. Rigobello, M. Barison, E. Benini,
Shape optimization of a curved duct with free form
deformations, in: 23rd AIAA Computational Fluid

Dynamics Conference, 2017, pp. 4114.






	_GoBack
	Blank Page FA.pdf

