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Abstract. The article describes the numerical investigation of the input air irregularity
influence of turbofan engine on its characteristics. The investigated fan has a wide-blade, an
inlet diameter about 2 meters, a pressure ratio about 1.6 and the bypass ratio about 4.8. The
flow irregularity was simulated by the flap input in the fan inlet channel. Input of flap was
carried out by an amount of 10 to 22,5% of the input channel diameter with increments of
2,5%. A nonlinear harmonic analysis (NLH-analysis) of NUMECA Fine/Turbo software was
used to study the flow irregularity. The behavior of the calculated LPC characteristics repeats
the experiment behavior, but there is a quantitative difference: the calculated efficiency and
pressure ratio of booster consistent with the experimental data within 3% and 2% respectively,
the calculated efficiency and pressure ratio of fan duct — within 4% and 2.5% respectively. An
increasing the level of air irregularity in the input stage of the fan reduces the calculated mass
flow, maximum pressure ratio and efficiency. With the value of flap input 12.5%, reducing the
maximum air flow is 1.44%, lowering the maximum pressure ratio is 2.6%, efficiency
decreasing is 3.1%.

1. Introduction
During operation, on the input to turbofan engine receives air having a non-uniform field of velocity
and pressure [1, 2]. This is due to many factors: wind, scythe blowing at work on the ground and at the
evolution of the aircraft in air, design and technological projections in the pathflow of the input device.
The stable operation of low pressure compressor (LPC) is only possible to a certain degree of
irregularity of air in the input device [3]. For this reason, it is necessary to predict the air irregularity
influence on the engine workflow. One of the numerical methods that can make such a forecast is
modern CFD software package such as NUMECA Fine/Turbo. In such software systems, an approach
of using a nonlinear harmonic analysis (NLH-analysis) was implemented to calculate the unsteady
effects in turbomachines. NLH techniques allow to significantly reducing the calculation time in
comparison with traditional methods of non-stationary 3D modeling [4]. This is achieved by
presenting the flow in the form of quasi-three-dimensional flows and thus as a set of two-dimensional
tasks, and it makes possible to calculate multistage turbomachinery within a reasonable time.

In the present work, the numerical modeling results of the air flow irregularity impact at inlet
turbofan gas turbine engine on the characteristics of its fan were shown.

2. CFD-model description
The test fan (Figure 1) has a wide-blade, inlet diameter of about 2 m and a pressure ratio of about 1.6,
the bypass ratio of about 4.8.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1


http://creativecommons.org/licenses/by/3.0

ATCES 2017 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 302 (2018) 012028 doi:10.1088/1757-899X/302/1/012028

Figure 1. Investigated fan

Numerical study was performed in two stages. In the first stage, the LPC numerical model was
created in NUMECA Fine/Turbo CFD software and a comparison of the experimental data and the
calculated characteristics in a stationary mode was carried out. In the second stage, the numerical
investigation of the air irregularity on fan performance was conducted using NLH method in
NUMECA Fine/Turbo [5]. The air irregularity was simulated by input of the flap in the inlet channel
of fan. The flap input was carried by an amount of 10 to 22.5% of the diameter of input channel with
increments of 2.5%. For each flap position the fan performance was calculated using NLH method in
NUMECA Fine/Turbo.

Numerical model of the LPC was created in the NUMECA AutoGrid 5 software. The initial
geometric model of the computational domain was constructed based on technical documentation. The
geometric model contained the following elements: fan blade, booster and bearing racks (Figure 2).
Radial clearance under rotor blades was considered [6].

The LPC numerical model was created in the stationary axisymmetric statement. The blades
deformation under the applied forces influence was considered. The shape of the deformed blades was
found as a result of the strength calculation, it was loaded into a 3D model of the fan and booster
blades.

The created model was divided into finite elements of the structural mesh using program Numeca
Autogrid 5 (Figure 3). The total number of elements in a model of about 7 million. The fan domain
contains about 2 million elements, each of the other blade domains contains about 0.5 million
elements [7].

The regions around the rotor wheels (RW) and the guide vanes (GV) were allocated in the
computational domain. The region around GV was calculated in the stationary coordinate system. The
region around RW was calculated in the rotating frame, its speed coincides with the rotor speed.

Calculations were performed in a stationary mode using the Mixing Plane interface for data transfer
between rotating and stationary domains. The Mixing Plane interface averages the flow parameters in
the circumferential direction in the upstream and transmits as a boundary condition in the region
located downstream. The turbulence model Spalart-Allmaras was used.

[

Fan duct

Booster

Figure 2. Domains of numerical model of Figure 3. Finite element model of investigated
investigated compressor LPC
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The values of total pressure p*=101,325 kPa and total temperature 7*=288,15 K were set as
boundary conditions at the LPC inlet. The flow direction at the inlet region was set as axial. The mass
flow values at the outlet of fan duct and booster were set at the outlet boundary conditions. Mass flow
ratio determines the value of bypass ratio.

3. Result Analyses
The pressure and efficiency characteristics calculations of booster channel and fun duct was carried
out using created numerical model for three modes equal to 0.95, 1, 1.05 of relative rotor speed

(Figure 4).
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Figure 4. Comparison of experimental and calculated relative characteristics of the LPC of NK-36ST
obtained using different computational models

Figure 4 shows the comparison of the calculated LPC characteristics (markers in the form of
triangles and squares) and LPC testing experimental data (dashed lines). Markers that are not
connected by a line - the calculation at this mode remains stable, but the calculated efficiency and
pressure ratio values continuously decrease with the iteration passage, i.e., these modes are between
sustainable and unsustainable solution.

From the analysis of dependencies presented in Figure 4 shows that the behavior of the
characteristics of the calculated LPC repeats the behavior of the experiment, but there is a quantitative
difference. Thus, the calculated values of the efficiency of booster different with experimental by from
1 to 3% and efficiency of fan duct different with experimental from 1.5 to 4%. The calculated values
of the degree of pressure ratio in the booster different with the experimental values by up to 2%, the
fan duct differ with experimental values by up to 2.5%. Figure 5 shows the calculated field of Mach
number in LPC in the meridional plane as averaging in the circumferential direction.

NUMECA Rt e e

Figure 5. Calculated field of Mach number in LPC
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Calculation of the fan characteristics with simulated input air irregularity was performed using the
method of nonlinear harmonic analysis. Since the method limitation does not allow the study of the
irregularity effect within the double-duct statement, it was decided to carry out research in the
formulation of a single-stage fan. Investigated fan stage (Figure 6) consisted of a fan blade and the
guide vane of booster which was "elongated” on the distance from the hub of the inner loop to the
peripheral contour of the fan duct. It is assumed that this model will allow qualitative assessment of
the air irregularity impact on the fan performance.

Figure 6. Investigated fan stage

A family of discrete models with the input device and simulator of air irregularity was created to
perform the study (Figure 7). The models differ from each other only by the size of the flap extension
into the flow of the input device. Input flap carried by an amount of 10 to 22.5% of the diameter of
input channel with increments of 2.5%. The input device was modeled entirely (full model), the fan
blades and the guide vanes were modeled by sectors corresponding to one inter-blade channel
(Figure 8).

Figure 7. Numerical model of the fan with the simulator of air irregularity

Figure 8. Finite element model of input device and the fan stage
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The adiabatic efficiency and pressure ratio characteristics of the fan stage with the air irregularity
simulator were calculated with the created numerical model (Figure 9). The calculations were carried
out in a non-stationary formulation using the method of nonlinear harmonic analysis. The calculations
were performed in the software package NUMECA Fine/Turbo using the following settings of
numerical model: Number of frequencies 3, Max number of perturbations 2.
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Figure 9. Calculated performance map of fan stage considering the simulator of air irregularity

Analysis of the stage fan characteristics shows that increasing the air irregularity level in the input
stage of the fan reduces the calculated value of mass flow, the calculated value of maximum pressure
ratio and calculated value of efficiency. With the value of flap input 12.5%, reducing the maximum air
flow (absolute, not the given) is 1.44%, lowering the maximum pressure ratio (from the entrance to the
inlet device to exit) is 2.6%, decrease in efficiency (including losses in the input device with the flap)
is 3.1%.

Figure 10, 11 shows the total pressure field and Mach number field in front of the fan section
corresponding to the flap input in 12.5% of diameter of input channel.
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Figure 10. Total 'pressure field in front of the fan section cdrresponding to the input of the flap in 12.5%
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NUMECA

Figure 11. Field of the relative Mach number of the fan channel

4. Conclusion
Calculation model of LPC was created, which allows calculating the characteristics of LPC to a
sufficient degree of accuracy. The model consists of fan stages, the fan duct and booster.

The numerical investigation of the air irregularity influence on the fan stage performance was
performed. It is shown that the air irregularity increase leads to reduction of the maximum air flow and
maximum pressure ratio, to decrease efficiency. It can cause LPC and engine failure.
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