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Comparative research and experimental verification of
adjustable nozzle technology for free jet

CHEN Pengfei" * °, WU Feng" * °, ZHANG You' °>, WANG Heng" *

(1. AECC Sichuan Gas Turbine Establishment, Mianyang 621000, China; 2. School of Power and Energy,
Northwestern Polytechnical University, Xi’ an 710129, China; 3. Sichuan Provincial Key Laboratory of
Aerodynamic Altitude Simulation for Civil Aviation, Mianyang 621000, China)

Abstract: In order to adapt to the high altitude jet simulation test of Mach number continuously adjustable
nozzle design requirements for inferior taller than the case of a single pivot nozzle flow and dynamically
adjust the quality is difficult to guarantee the performance characteristics, and study single fulcrum semi-
flexible nozzle and rotating nozzle profile technology. First, based on the same aerodynamic principles and
design methods, respectively, on a single pivot semi-flexible nozzle rigid coupling type surface profile
technology and rotating nozzle design point evaluation methods were studied; secondly, by numerical
calculation, respectively for the two key technology categories nozzle validated analysis, and on this basis,
developed a small-scale model nozzle technology for verification; and finally, to validate the model wind
tunnel test study conducted nozzle. The results showed that both nozzle technologies have achieved a good
aerodynamic profile response and dynamic performance adjustment, the flow field quality is better than
specification target, but the overall performance of a single pivot semi-flexible nozzle better, high-altitude
jet test cabin research provides support.

Key words: wind tunnel tests; free jet; nozzle; variable Mach number; aerodynamic profile; flow field
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Table 2 Tests scheme

f IR
i H
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SRS - —8°~8°
Yo K hRE s 1.30.1.40.1.50.1.60  1.40.1.56.1.62.1.70
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Fig.12 Strain measurement arrangement of profile plate photo
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Temperature-pressure interaction analysis of altitude ground test facility’s
air intake system in negative temperature simulation
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Abstract: Aiming at the temperature-pressure interaction analysis of altitude ground test facility (AGTF)
in the negative temperature simulation, the interaction characteristics of the system with the participation
matrix (PM) and linear variable parameter (LPV) model were analysed and summarized. First, PM was
adopted to analyze the interaction characteristics of the equilibrium point of AGTF, and the results were
verified by comparing the system step response. On this basis, the LPV was used to analyze the interaction
characteristics under continuous simulation, laying the engineering theoretical foundation for the controller
design based on coupling analysis.
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Table 2 The linearization A-matrix of equilibrium points

e |G
T/K
80 kPa 90 kPa 100 kPa

22315 —-1.48 -51.9 —0.866 -79.5 -1.07 —99.9

’ —0.00130 -0.247 —0.000705 —0.334 —0.000814  —0.376
243.15 -1.54 —49.8 —-0.904 —76.2 -1.12 —95.7

’ —0.00148 -0.257 —0.000802  —0.348 —0.000927  —0.393
263.15 -1.60 —47.8 —0.941 —73.2 -1.17 -91.9

’ —0.00167  —0.268 —0.000903  —0.362 —0.00104  -0.408

R3PS BIE
Table 3 The linearization B-matrix of equilibrium points
LB
T/K
80 kPa 90 kPa 100 kPa

22315 383 284 383 284 384 285

’ 0.479 0.201 0.426 0.180 0.383 0.163
24315 384 284 384 284 384 284

’ 0.465 0.161 0.414 0.143 0.374 0.129
263.15 384 283 384 283 385 283

’ 0.441 0.111 0.394 0.0989 0.357  0.0890
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Influence of velocity gradient on the ground vortex characteristics
of inlet with hyperbola profile lip

LEI Longqing', CHEN Pengfei’, YANG Hua?, CUI Shuxin', CHEN Wei'

(1. School of Aeronautics and Astronautics, Sichuan University, Chengdu 610065, China;
2. AECC Sichuan Gas Turbine Establishment, Mianyang 621703, China)

Abstract: When an aero-engine is running near the ground, the vortex formed by the ground effect may
cause intake distortion, which in turn affects the working stability of the engine. A certain type of inlet
based on hyperbolic lip design was taken as the research object, and the effects of different velocity
gradients on the flow field structure of the inlet and the aerodynamic characteristics of the ground vortex
were analyzed by numerical calculation methods. The research results show that: under headwind
conditions, the ground vortex fields corresponding to the three velocity gradients have similar shapes, and
they are all counter-vortex structures with opposite rotations. When the velocity gradient is small, the
hyperbolic lip effectively prevents the inhalation of the ground vortex line. With the increase of the velocity
gradient, the intensity of the ground vortex decreases continuously, but the pressure distortion at the inlet
gradually increases due to the weakening of the effect of the hyperbolic lip to prevent the inhalation of the
ground vortex line.

Key words: aero-engine; ground vortex; inlet; velocity gradient; flow structure; pressure distortion
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Table 1 Boundary conditions

Boundary names Boundary conditions

Outlet Mass flow outlet
Headwind Velocity inlet
Tailwind Opening
Left/right Opening
Up Opening

Intake/bottom No-slip wall
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The numerical simulation and test verification of the inlet total
pressure distortion of a core aero-engine

WU Zhichang, LI Yunnan, YU Zhishuai, ZHU Zhemin
(AECC Shenyang Engine Research Institute, Shenyang 110015, China)

Abstract: The inlet total pressure distortion test was carried out on a core aero-engine for the first time.
Before the formal test, the total pressure distribution of the aerodynamic interface under different inlet states
and positions was simulated by commercial software and the results were compared with the experiment.
The results show that the distribution of the circular total pressure distortion measured by the 8 probes of the
aerodynamic interface is consistent with the simulation results, with a maximum error of 2.1%, which
occurs at the 4™ probe in the calculated states 95%, plate position 24%. The correctness of numerical
calculation method was verified, which provided reference for the design and verification of inlet total
pressure distortion tests of models, as well as support for the following inlet total pressure distortion test of
other models.

Key words: aero-engine; core aero-engine; total pressure distortion; aerodynamic flow field; numerical

simulation; experimental validation
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Unsupervised correction algorithm of engine inlet total temperature

YAN Yi', QIAN Weizhong', LU Chao®, YANG Caigiong®, SUN Jingbo®’, YAN Daijun*

(1. Information Physics Computing Center, School of Information and Software Engineering, University of
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Aero-Engine, Beijing 101300, China; 4. China Ship Scientific Research Center, Wuxi 214082, China)

Abstract: In the process of measuring the total temperature of the engine intake, the measured value often
deviates from the actual value due to factors such as air flow velocity, radiation, convection, and
conduction. At present, some domestic institutions have obtained the total temperature recovery coefficient
through blowing equipment to correct the error caused by air flow velocity. But this method only corrects
the air flow velocity error, and does not consider the effects of errors like self-heating, anti-icing, thermal
convection, thermal radiation, thermal conduction on the total inlet temperature, the correction results
obtained are limited. A model-based total temperature correction method was proposed, which could search
the total temperature label value through an unsupervised method and correct it based on expert experience.
Then a model was established through training of historical data to improve the correction performance.
Under specific inlet conditions and sensing parts, this method can take various error factors into account
more comprehensively, thereby provide more accurate inlet total temperature correction results.

Key words: aero-engine; correction of inlet total temperature; total temperature recovery coefficient;

unsupervised amendment; expert experience
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Influence of compressor rotor blade tip squealer on performance

LIU Rujun', CAO Chuanjun', ZHAI Zhilong', ZHOU Baihao®

(1. AECC Commercial Aircraft Engine Co. , Ltd. , Shanghai 200241, China;
2. AECC Sichuan Gas Turbine Research Establishment, Chengdu 610500, China)

Abstract: Blade tip squealer can improve partial performance, efficiency, and pressure ratio of the impeller,
which has been widely applied to compressor blades of aero-engines and gas turbines. The middle stage
blade of the high-pressure compressor of a high bypass ratio turbofan engine was taken for numerical
simulation, applied with different blade tip squealers, in order to investigate the aero performance change
affected by different squealer depth, height, and width. The simulation results reveal that the blade tip
squealer has a positive influence on the aero performance of compressor. Meanwhile, the deeper and the
longer the squealer is, the better aero performance the blade would gain.

Key words: aero-engine; compressor rotor; squealer; aero performance; numerical simulation
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Aerodynamic design and experimental investigations on
the vane shaped pre-swirl nozzle

ZHANG Huajun', YIN Can', CHEN Danging’, YUE Zhiheng'

(1. Chengdu Military Representative Bureau of Air Force, Chengdu 610500, China;
2. AECC Sichuan Gas Turbine Establishment, Chengdu 610500, China)

Abstract: In order to reduce the flow loss of the pre-swirl air supply system and improve the heat transfer
effect of the blades, reasonable pre-swirl nozzle structure design and simulation analysis methods are very
important. Based on self-developed software, the pre-swirl nozzle was designed and three-dimensional
simulation analysis and experimental research was conducted according to the design results. Due to the
small size and low height of the pre-swirl nozzle, it is easy to exceed the tolerance during actual processing.
Simulation methods were used to study the influence of changes in the height and stagger angle of blades on
the flow characteristics. The experimental results show that the simulation results are in good agreement
with the experimental results, confirming that the design of the pre-swirl nozzle meets the design
requirements.

Key words: aero-engine; pre-swirl nozzle; airfoil design; blade height; stagger angle
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Table 1 The pre-swirl nozzle design requirements
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Table 4 Influence of the blade height on the flow characteristics
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5.7 90 1.34 0.039 1 0.627 0.1213 10.6
6.0 90 1.34 0.041 2 0.628 0.118 7 10.6
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Table 5 Influence of stagger angle on the flow characteristics
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Prediction of very-high-cycle fatigue life of TC17 alloy
based on machine learning

SHI Wei', QIAN Hong-jiang®, HUANG Zhi-yong®, ZHAO Wei', GUO Jian-ying'

(1. AECC Sichuan Gas Turbine Establishment, Chengdu 610500, China; 2. School of Aerospace Science
and Engineering, Sichuan University, Chengdu 610065, China)

Abstract: Based on the challenges of the fatigue life of TC17, a titanium alloy compressor blade material
for aero-engines, which is difficult to predict due to the large dispersion of fatigue life and the limitations of
high test cost and long test period. Machine learning (ML) has powerful data processing ability, this paper
uses Monte Carlo simulation (MCS) to extend and enhance the fatigue life of TC17 at very-high-cycle
fatigue life, and uses machine learning to verify the accuracy of fatigue life prediction. The prediction
results for the stress ratio R = 0.1 show that the prediction accuracy of the ML model after data enhancement
has improved by 63.05%, and also those predictions are all within the scatter band of 5.0.

Key words: aero-engines; machine learning; TC17; very-high-cycle fatigue; life prediction; Monte Carlo;
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Characteristics of the water droplets impingement
on the splitter ring of aero-engine

YANG Jun, YAN Huaixi
(AECC Commercial Aircraft Engine Co. Ltd, Shanghai 200241, China)

Abstract: In order to understand the anti-icing requirements for the splitter ring splitter ring of aero-engine,
the water droplet impingement characteristics on the simplified structure of the splitter ring were calculated
by LEWINT software. The results show that the local impingement efficiency is the highest on the leading
edge of the splitter ring. There are water droplets impinged on the front section of the lower surface and the
area near the leading edge of the upper surface. With the increase of incoming airflow velocity, the total
impingement efficiency of the splitter ring gradually increases, the impingement limit first increases and
then slowly decreases. With the increase of attack angle, the local impingement efficiency of the lower
surface gradually increases, the impingement limit of the upper surface gradually decreases, the total
impingement efficiency of the splitter ring gradually increases, the impingement limit of the splitter ring
gradually decreases, and when the attack angle exceeds 6°, the impingement limit hardly changes. With the
increase of droplet diameter, total impingement efficiency, local impingement efficiency and the
impingement limit all gradually increase. Compared with the S-S distribution of water droplet diameter,
the local impingement efficiency of the L-D distribution is smaller on the leading edge of the splitter ring,
the impingement limit of the splitter ring is larger, and the total impingement efficiency first increases and
then decreases with the increase of water droplet diameter. The calculation results can provide a reference
for the anti-icing design of the splitter ring.

Key words: aero-engine; splitter ring; anti-ice requirements; LEWINT; water droplets impingement

characteristics
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