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Tip clearance model for transient state of multi-stage compressor
based on transient state spectrum blocks

ZHANG Shaoping' ?, CHEN Yanyan’, PANG Yanlong®

(1. Chinese Aeronautical Establishment, Beijing 100012, China; 2. AECC Sichuan Gas Turbine
Establishment, Chengdu 610500, China)

Abstract: For the complex response of compressor tip clearance in a transient state, a multi-stage
compressor tip clearance model for transient state based on system identification was developed to
efficiently and accurately predict the tip clearance. First, the tip clearance data was calculated by finite
element model and the data was verified through experiment, so the rotor and stator deformation data of
finite element analysis and engine performance data were used for the sample output and input separately.
Then the transient state spectrum blocks for the tip clearance analysis were established from the usage of
engine. And different transient state spectrum blocks were identified one by one to determine the order
ranges of the model. Then the parameters of the model were gained through combining the spectrum block
into typical complex transient state processes. Finally, the established tip clearance model was validated by
a complete transient state spectrum. It can be seen that the mean accuracy of the established blade tip
clearance model is over 95% which can satisfy the requirements of clearance prediction, and the calculation
time is on the order of seconds, that can be used for monitoring the clearance between the rotor and stator of
multi-stage compressors, as well as for tip clearance inspection before test or flight, to ensure engine safety.
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Fig.1 Comparison between tip test results and finite element simulation results
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Fig.3 Radial deformation of multistage compressor rotor with finite element calculation
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Fig.4 Radial deformation of multistage compressor stator with finite element calculation
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Fig.5 Identification results of rotor deformation at different orders and algorithms during the takeoff process
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Fig.6 Identification results of stator deformation at different orders and algorithms during the takeoff process
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Fig.7 Identification results of rotor deformation at different orders and algorithms during the acceleration and deceleration process
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Fig.8 Identification results of stator deformation at different orders and algorithms during the acceleration and deceleration process
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Fig.9 Identification results of rotor deformation at different orders and algorithms during the stop process
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Containment analysis of fasteners on power take-off shaft

GUO Zheng', GU Jiasheng®

(1. Second Military Representative Office of Air Force Equipment in Wuxi, Wuxi 214063, China;
2. AECC Aero Engine Control System Institute, Wuxi 214063, China)

Abstract: To investigate the mechanical response of the ring/protective cover and its damage mechanism,
and to protect the safety of the self-locking structure, a refined finite element model was built based on
ANSYS/LS-DYNA, and Plastic-Kinematic hardening model was used to analyse the response of high
energy fasteners impact ring/protective cover. The simulation results were verified by a ballistic impact test,
using the ring/protective cover as a real target plate. The simulation and test analysis show that the nut/bolt,
which hit the ring/protective cover at a maximum speed of 120% cause higher stress beyond their yield
strength, even exceeding the strength limit of the protective cover. However, the ring and protective cover
are not pierced, only causing plastic deformation and damage to the protective cover, and the velocity after
impact also attenuates to less than 30% of the initial velocity. The result shows that the ring and protective
cover are inclusive at 120% maximum working speed.

Key words: power take-off shaft; self-locking structure; containment analysis; Plastic Kinematic hardening

model; real target plate; ballistic impact test
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Table 1 Material parameters of power take-off shaft

E4 g SRR B/ GPa TR L HRE/ (kg/m?) Jif I B /M Pa R B/ MPa
£ TA15 118 0.39 4450 855 1130
IEE) 40CrNiMoA 209 0.295 7 850 - -

PRep e TCI1 118 0.39 4550 800 900
[y GH4169 204 0.3 8 240 - -
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Composition and spatial distribution analysis of steady-state
errors in shielded multi-probe thermocouples
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Abstract: Numerical simulations were employed to quantitatively analyze the variation patterns of steady-
state error components (velocity error, conduction error, and radiation error) for two types of multi-point
shielded total temperature probes under typical installation conditions. The results demonstrate that the
steady-state errors at different measurement points are influenced differently by the incoming flow state and
heat transfer characteristics, with the primary error source varying according to the spatial location of the
measurement point. For the probe within the higher Mach number flow field (Ma~0.376), both conduction
and radiation errors decreased significantly as measurement points moved away from the mounting base,
though their relative contributions to the total steady-state error changed minimally. Conversely, for the
probe in the lower Mach number flow field (Ma~0.067), conduction error decreased with increasing
distance from the mounting base while radiation error gradually increased, causing the dominant error
source to shift from conduction to radiation. Consequently, when applying error corrections to multi-point
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shielded total temperature probes, it is essential to account for the quantitative changes in error components
and the differences in the dominant error component resulting from the combined effects of measurement

point location and flow Mach number.

Key words: shielded total temperature probe; steady-state error; fluid-thermal coupling; inflow Mach

number; error correction; numerical simulation
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Fig.l Geometry parameters of the shielded multi-probe thermocouple
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Table 1 Thermophysical properties of materials used for
shielded multi-probe thermocouple
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Table 2 Boundary conditions of numerical simulation and Mach number in the settling section and test section
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Fig.3 Grids and dimensions of the computation domain
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Fig.4 The grid independence verification based on
thermocouple junction temperature
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Fig. 5 Reliability verification of numerical simulation
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Table 3 Probe error for 10-point shielded multi-probe

thermocouple under typical operating conditions

WA IR SR iGN RiRE
HUPES| 0.009 4.79 0.28 5.08
M52 0.012 1.81 0.49 231
53 0.012 0.74 0.58 1.33
W i4 0.012 0.34 0.60 0.95
W55 0.012 0.20 0.60 0.81
56 0.012 0.15 0.60 0.76
w7 0.012 0.13 0.60 0.74
A58 0.012 0.13 0.60 0.74
W59 0.012 0.13 0.60 0.74
510 0.013 0.11 0.65 0.77
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Table 4 Probe error for 6-point shielded multi-probe

thermocouple under typical operating conditions

WA WEERE SRz fEfhRE RRE
W51 0.13 227 0.76 3.16
W ei2 0.15 1.89 0.51 2.55
w3 0.15 1.70 0.34 2.19
M4 0.15 1.61 0.28 2.04
WS 0.15 1.57 0.27 1.99
56 0.09 1.65 0.31 2.05
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Fig. 6 Variation pattern of velocity error in shielded multi-probe thermocouple
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Experimental study on film cooling characteristics of turbine blade
leading edge with double swirl cooling configuration

LU Juan', LIU Xuebin?, TAO Zhi*, SONG Liming®

(1. Aero Engine Corporation of China Co., Ltd., Beijing 100097, China;
2. Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: The leading edge of turbine blades, directly exposed to the hot mainstream, experiences the
highest thermal load, making its thermal protection a critical research focus. The influence of film hole
layouts and blowing ratio (BR) on the film cooling characteristics of a turbine blade leading edge with
double swirl impingement cooling structure through experimental and numerical methods was investigated.
Results indicate that when film holes are arranged only near the stagnation line, increasing BR positively
enhances the film cooling effectiveness between adjacent holes, with the cooling core region shifting
radially. When film holes are placed solely at circumferential +45°, higher BR lead to a single-vortex
structure formed by coolant-mainstream interaction dominating the film coverage, resulting in reduced
radial film coverage width and lower average cooling effectiveness. In contrast, when film holes are
distributed along both the stagnation line and circumferential £45°, stagnation-line holes suffer from hot
mainstream backflow, yielding the poorest cooling performance. Compared to BR=0.5, the area-averaged
film cooling effectiveness improves by 126.8%, 119.5%, and 128.1% under BR=1.0, 1.5, and 2.0, respectively.
Key words: turbine blade leading edge; double swirl impingement cooling; film cooling; film hole layout;
blowing ratio; experimental study
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Fig.7 Film cooling effectiveness measurements results on leading-edge surfaces (DSC-0F)
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Calculation and experimental verification of pressure-swirl atomizer
atomization process based on CLSVOF method

LIN Peihua, CHEN Si, LONG Chen, ZHONG Xianpu, LIU Yuanzhuang

(AECC Guiyang Engine Design and Research Institute, Guiyang 550081, China)

Abstract: To realize the high-stability numerical simulation of the atomization performance of the dual-
orifices pressure-swirl atomizer, a coupling calculation method based on coupled level set and volume of
fluid (CLSVOF) was proposed to deal with the internal and external atomization process of the atomizer,
and its calculation accuracy was verified through experiments. The Fluent was adopted to obtain the
parameters of the main and pilot liquid film rings, which were input into the CLSVOF simulation tool as
initial conditions. The atomization performance was calculated under different pressure drops of the
atomizer inlet and outlet. The calculated and experimental results showed that the macroscopic spray shape
was similar. The calculated results of the flow rates were relatively small compared to the experimental
results, with an error within —9.0%. The spray cone angle of the pilot orifice decreased with the increase of
the pressure drop, while the spray cone angle of the dual-orifices increased as the pressure drop increased.
The calculated results of the spray cone angles were larger than the experimental results, with an error
within 10.0%. The Sauter mean diameter (SMD) of the pilot orifice decreased with the increase of the
pressure drop, while the SMD of the dual-orifices increased as the pressure drop increased. The calculated
results of the SMD were larger than the experimental results, with an error within 15.0%. The calculation
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accuracy of the method is acceptable under different pressure drops, and the method has the advantage of
high stability. Therefore, the method can be used as a reference for the design of the dual-orifice pressure-

swirl atomizer.

Key words: dual-orifices pressure-swirl atomizer; internal and external atomization; CLSVOF; pressure

drop; flow rate of the atomizer; spray cone angle; SMD; combustor
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Fig.1 Structure of dual-orifice pressure-swirl atomizer
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Table 1 Atomizer condition numbers and pressure drops

TS F 9 # 5/ MPa 9 % HE /M Pa
1 0 0.2
2 0 0.8
3 0 1.5
4 0 2.0
5 0 3.0
6 0.01 2.0
7 0.10 2.5
8 0.20 3.0
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Fig.2 Distribution contour of fuel liquid
phase at the atomizer outlet
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Table 2 Liquid film thickness at the atomizer outlet under
different working conditions

T.H%S TR mm R R R /mm
1 0 0.048
2 0 0.044
3 0 0.044
4 0 0.044
5 0 0.044
6 0.491 0.044
7 0.410 0.044
8 0.288 0.044
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Fig.4 Relationship between velocity vector of mixed phase and
liquid film angle at atomizer outlet
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Fig.5 Selection of velocity points at the atomizer outlet
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Table 3 Axial velocity and cone angle of liquid film at the atomizer outlet under different working conditions

Lol EhB b/ ms)  EMECERATIIE MK/ () RIThEGR O (vs)  BITMECESRATEYIE RIEK A/ )
1 0 0 0 9.31 1.06 93.5
2 0 0 0 23.20 0.98 88.7
3 0 0 0 31.30 0.96 87.4
4 0 0 0 36.90 0.92 85.3
5 0 0 0 46.40 0.90 84.2
6 2.63 0.87 81.9 36.90 0.97 88.3
7 9.08 1.09 94.7 42.10 1.00 90.2
8 12.94 1.14 97.3 46.40 1.02 91.1
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Fig.9 Processing method of spray cone angle
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field between numerical calculation and experiment
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Fig.11 Calculation and test results of the flow rate of the pilot orifice
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Fig.12 Calculation and test results of the flow rate of the main orifice
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Fig.13 Calculation and test results of spray cone angle
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Table 4 Calculation and test results of
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Simulation research on the influence of main and pilot fuel supply modes
on the wall temperature distribution of combustor splash plate

XU Bing, SHI Yuan, GUI Tao, LI Qianxiang
(AECC Sichuan Gas Turbine Establishment, Chengdu 610500, China)

Abstract: As the component with the highest thermal load in the combustor of an aero-engine, the splash
plate is often prone to overheating, erosion, or cracking, which can delay project progress. By simulating the
fluid solid heat transfer of different fuel supply modes of the engine combustor splash plate under multiple
operating conditions, the influence of the fuel supply modes of the main and pilot fuel paths on the wall
temperature distribution of the splash plate was investigated. The results indicate that changes in fuel supply
mode can cause variations in fuel atomization performance, resulting in different gas temperature fields and
subsequently causing changes in the temperature distribution of the splash plate wall. Only with pilot fuel
supply, the high temperature zone occurs near the corners of the inner ring; when the main and pilot fuel
supply work simultaneously, the high-temperature zone occurs near the middle of the inner and outer rings.
Key words: aero-engine; combustor; splash plate; fuel supply mode; wall temperature; numerical
simulation
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Fig.1 Structure diagram of the combustor
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Table 1 Boundary conditions of the combustor

Bl T BEOANEE EOATR RN AR

1 1.000 1.000 1.000
N 2 1.105 1.035 1.090
E}Ji‘ff 3 1260 1.065 1239

4 1.331 1.035 1323
5 1.821 1.030 1.831
6 6.583 1.054 6.821
- 7 8.942 1.149 8.950
Eﬁﬁﬂf{f 8 12377 1,185 12.562
9 13.748 1159 13.881
10 14285 1162 14.443
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Table 2 Boundary conditions of the nozzle

EIIRTT 2 i e 2 e et STHE RO

R
P Tol HEFA/(°) RiARum HEFI/(O) RiARum Bk

1 75.43 33.26 1.00 - -
o 2 76.88 31.09 1.12 - -
ﬁ:%%ig 3 78.22 29.05 1.26 - -
4 78.54 28.55 1.30 - -
5 81.17 24.38 1.71 - -
6 84.44 19.02 115.71 42.80 5.52
N 7 84.53 18.88 118.38 31.22 7.71
%ﬁiﬂﬁf 8 84.62 18.74 119.63 25.80 9.81
9 84.70 18.60 120.25 23.13 11.40
10 84.78 18.47 120.36 22.65 11.77
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Fig.2 Photo of the splash plate after the experiment
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Fig.5 Temperature contours of the splash plate under different simulation conditions
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Fig.7 Temperature fields of gas under different simulation conditions
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Fig.8 Nonuniform temperature of the splash plate under different simulation conditions
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Fig.10 Temperature contours of the splash plate under the condition of pilot fuel supply (condition 3)
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Fig.11 Wall temperature contours of the splash plate under different heat transfer modes (condition 8)

(2) PO R, 59 0 £ BE I ) A2 S AR

R AN ) o A A g AR s B 3L ) AN 42

PERE

AR PO ST T S 2 0l N 5 = I [ A

P BESIR 19 AN 24 SO P AP I F2 PO S T

(3) FUA R R 4 S et T SR

U B S0 A 5 5 I B ) s R A, 5 0 8 B U
I3 A R T S

SE 30k
(1] &l BEsih bR M. i oA i

[2]

#t,1988.

JIN Rushan. Aircraft gas turbine combustor[M].
Beijing : Aerospace Publishing House, 1988. (in Chinese)
sk g, I L 0T 5E. ZRHLEE S HLINER B
Ve BV IE 2 Y BE T BRI BB T[T ). s 3 s
2#41,2012,27(4): 832-836.

ZHANG Bo,JI Honghu, YANG Fangfang,et al. Nu-

(3]

(4]

merical study on wall heat transfer characteristics of
film-cooled combustors with multi-inclined holes and
machined rings[J]. Journal of Aerospace Power,2012,
27(4):832—836. (in Chinese)

W5 o Uk IR AE. AR RE R DX S T RE
IR MEUERUTTE[T]. M iHRHIAR 2012,42
(5):87-90.

YANG Fangfang,JI Honghu,ZHENG Mei,et al. Nu-
merical simulation of flow field in high-temperature and
near-wall regions of combustion chamber walls[J].
Aeronautical Computing Technique,2012,42(5):87-90.
(in Chinese)

BRI, 7 b 6 ok, S5, FLHRA 7 0 2 R LEE
KIA T A R R W B BUEWF ST [T ] HEBEROR
2013,34(5):638-643.

HU Yaping,JI Honghu,ZHENG Mei, et al. Numerical
study on the influence of hole arrangement on heat
transfer characteristics of multi-inclined hole combus-

tion chamber walls[J]. Journal of Propulsion Technol-



245,

zN >N

SR AL O R b s I A B U 23 A S 14 075 LA 55

(6]

(7]

(8]

[9]

[10]

ogy,2013,34(5):638—643. (in Chinese)

B WYL BT J S SRR R - U
R ERUEMTSE D], At B A IS AR K7,
2019.

LIANG Meng. Numerical investigation on film cooling
characteristics of flame tube and irregular disturbing
flow lamilloy-slit{ D]. Nanjing:Nanjing University of
Acronautics and Astronautics,2019. (in Chinese)
KRB AL M, RRGT HBE I 5 e P I
i T 298], 5 T2 ,2024,48(6): 1-4.

ZHU Zhenzhu,REN Nan,NIU Jianping. Research on
casting technology of large-size thin-wall special-shaped
single crystal splash plate[J]. Foundry Engineering,
2024,48(6): 1-4. (in Chinese)

RIRME, XIS R 45, I IR AR 1k
BARAENIE B E T K T H e CN108044347A
[P]. 2018-05-18.

SI Songshe, LIU Zhiwen, SHAO Zhihong, et al. Method
and tool for correcting the gap between the splash guard
plate and the narrow inner cavity of the annular flame
tube head component:China,CN108044347A[P].
2018-05-18. (in Chinese)

Fof FESOR AT, . MR R B A R R
RO AE AL RUE T2 I, CN114135399A
[P]. 2022-03-04.

WANG Jian,DONG Wenqi,REN Huijiao,et al. A
complex thin-walled structure splash guard and its laser
selective melting forming process : China, CN114135399A
[P]. 2022-03-04. (in Chinese)

TR A W, R L5 — R AR R R R
BEIeFL RITERIN T I h I, CN116713779A
[P]. 2023-09-08.

WANG Fengjie, YANG Feng, WU You,et al. A com-
plex contour thin-walled splash guard fixture, clamping
method, and processing method : China, CN116713779A
[P]. 2023-09-08. (in Chinese)

kTR BARTL VA A — i KO T R AR T

[11]

[13]

[14]

B KAl L CN116727812A[ P]. 2023-09-12.
ZHANG Liang,ZHAO Huawei,LIU Juntuan,et al. A
flame tube splash guard assembly fixture and usage
method; China, CN116727812A[P]. 2023-09-12. (in
Chinese)

BB B EE, B L A R SRR E P A
INTIH7 P E, CN117884839A[P]. 2024-04-16.
TANG Shuai,LUO Changjin, MAO Bei.
method of splash guard for combustion chamber of
aircraft engine ; China, CN117884839A[P |. 2024-04-16.
(in Chinese)

B R, ZRTERY BROKE. WA P AL 55 1 R e M s
155 | CN 115069978 A [ P]. 2022-09-20.

BAO Jun,LI Hansong,ZHANG Yongzhi. Combustion
chamber splash guard casting system and casting
method; China, CN115069978A[P]. 2022-09-20. (in
Chinese)

& FL VIR L — R 2 R AL
vk e CN118341887A[P]. 2024-07-16.
MENG Bao,MEN Mingliang, WAN Min. A method
and device for precision forming surface control of
splash guard disc:China,CN118341887A[P]. 2024-07-
16. (in Chinese)

FEO PR R B R R TR Sk R B
AP ORI I I CNT17127135A[P .
2023-11-28.

TANG Shuai,PING Xueshou,CHENG Bo. A method

for improving the cooling effect of the transition section

Processing

component at the head of the combustion chamber.
China,CN117127135A[P]. 2023-11-28. (in Chinese)
O, TR, AR AR s R R R Sk
TRRYIE £ EN L5 . P CN119022327A[P]. 2024-
11-26.

LEI Hao,ZENG Yuhui,MA Cunxiang,et al. Cooling
structure of splash guard at the head of the main
combustion chamber of an aircraft engine:China,
CN119022327A[P]. 2024-11-26. (in Chinese)



938 % A4 SR (oA nW STl Vol.38, No.4
56 2025 4 8 H Gas Turbine Experiment and Research Aug., 2025

— ZRIE it va WE i B X BAKR =
R/ NIAF B RS 0H

KGR, A, EFHE, X L SRR
(AL DU R A BFIE B I 610500)

o OE. NG R A M ES &SPl R E BT A A R X R T — | G T A E T R N
R FRRRE R YERE . R RIE AR =K IR TG T — SUiE AN HE T B0 MR 2= a5k B JCHERB IO RZ I
SURFRY] T SJOIRTS TS BEE — SR AR BE A K, SUKHEREB UGS s m A RS, — QUi 2 Be i g £
RS 5 T KM RE 1Y A A 1A I B, 2558 T B0/ N Iz I 08 e T Sk M R A Il | M e T $I0HE i 1%
I FAEL ] i KM B AR AL AE /N 5 26 IIT B9 09— SR8 i e T B3 1B N, B — SR T A T8 T 5 K, IR Be == 20 T K
P REZ A

SRR . FIRBEEE WL IR e T 2%  BETRAN ; T K TR s B sl

FESES . V231.1 XERERIAFD . A XEHS . 1672-2620(2025)04-0056-07

DOI’; 10.3724/{.GTER.20250002

Influence of the first stage swirler number on the aero-engine
combustor ignition/blow-out performance

ZHANG Kuan, ZHENG Mingxin, YANG Huiping, ZENG Yuhui, WU You, LI Yinhuai
(AECC Sichuan Gas Turbine Establishment, Chengdu 610500, China)

Abstract: The two-staged axial swirler is a device commonly used to generate a suitable recirculation flow
field in the design of the aero-engine combustor, and the swirl intensity of the first and second swirler has a
significant impact on the performance of the combustor. The ignition and lean blow-out performance of the
combustor affected by the first swirler was investigated on the sector combustor. The results show that the
aero-engine combustor ignition performance gradually improves with the increasing of the first stage
swirler number at aground condition. For high-altitude, there is a critical swirler-number value of the first
swirler number which has an important influence on the lean ignition performance of the combustor, and
when the first stage swirler number is less than this critical value, the ignition performance of the combustor
will be improved, while the critical value is exceeded, the ignition performance almost remains stable. As
the swirl number of the first stage swirler number increases in the range of studied number, the lean blow-
out performance will gradually deteriorate.

Key words: combustor; two-staged axial swirler; swirler number; lean ignition; lean blow-out; aero-engine
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Effect of pre-combustion stage swirl number on flow and temperature
field combustion characteristics in staged chamber

LI Hongfu', WANG Chuangi®, YU Jiangiao'", SONG Yujia', JIANG Shan', WANG Chengjun’
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Abstract: To obtain the combustion characteristics of the flow field and temperature field of the
combustion chamber under different swirl numbers, the swirler and combustion chamber models with
different structural parameters were established, and the influence of the swirl number of the pre-
combustion stage swirler on the combustion characteristics of the flow field and temperature field of the
central staged combustion chamber was studied by numerical simulation and parameter adjustment
methods. The results show that with the increase of the swirl number of the first stage swirler of the pre-
combustion stage, the atomization effect of the swirler on the fuel is enhanced, the central recirculation area
also tends to increase, and the maximum temperature of the temperature field tends to increase first and then
decrease; with the increase of the swirl number of the second stage swirler of the pre-combustion stage, the
atomization characteristics of the swirler are significantly improved, the central recirculation area tends to
increase first and then decrease, and the distribution of the temperature field is also better, reflecting that the
pre-combustion stage swirler improves the fuel atomization quality and initial mixing state by enhancing the
airflow shear effect. Its swirler structure helps to stabilize the flame development and has a positive effect
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on improving combustion efficiency.

Key words: pre-combustion swirler; swirl number; center staged combustion chamber; flow field;
temperature field; numerical simulation; central recirculation area
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Fig.1 Geometric structure of the centrally staged combustor
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Fig.6 Effect of the swirl number of the first-stage swirler on the velocity distribution along the flowpath in combustion chamber
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Fig.9 Effect of the swirl number of the first-stage swirler on the temperature distribution along the flowpath in combustion chamber
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Fig.14 Effect of the swirl number of the second-stage swirler on the temperature

distribution along the flowpath in combustion chamber
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Fig.16 Nephogram of combustion chamber outlet temperature distribution
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Overview of the aero-engine contrail formation
process and prediction method

GAO Xiang', YANG Kenan’

(1. AECC Sichuan Gas Turbine Establishment, Chengdu 610500, China; 2. Chengdu Aerospace
Communication Equipment Limited Company, Chengdu 610052, China)

Abstract: Contrails have the highest radiative forcing among aero-engine emissions, contributing
significantly to the greenhouse effect. Therefore, research on contrails is of great significance in realizing
carbon peaking and carbon neutrality goals. The definition and nature of contrails were illustrated, and the
formation mechanism and corresponding affecting factors of contrail formation were systematically
introduced. The negative impact of contrails on the environment was presented. The physical model of the
contrail formation process and the mathematical method for contrail formation prediction were discussed.
Based on the contrail prediction method, two potential strategies of trajectory optimization and separating
water content from engine exhaust gas for contrail mitigation were suggested, which could provide
references for relevant studies in the future.

Key words: aero-engine; contrail; exhaust condensation; engine emission; greenhouse effect
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Development trend of overseas high speed flight
vehicles and two key techniques

LIU Xiaobo, WU Fengying, LI Wenjia, HUANG Kefei

(Computational Aerodynamics Institute, China Aerodynamics Research and
Development Center, Mianyang 621000, China)

Abstract: The development of high speed flight vehicles has always been the investment focus overseas,
especially the research on power propulsion and interception technology. Recently, high speed flight vehicle
development in the United States has entered into a new stage, and its progress in power propulsion and
interception technology deserves close attention. Based on the method of literature review, the
implementation and adjustment of strategic planning of high speed flight vehicles overseas were
investigated. The latest flight tests of high-speed missiles, aircraft, and test bed were described. Research
work on supporting the development of air-breathing propulsion and new detonation propulsion technology
was analyzed. The development trend of interception technology related to high speed flight vehicles was
obtained. The results show that the role of the core ally is still highlighted for high speed flight vehicles in
strategic planning in the United States. As for the development of hypersonic flight vehicles, high speed
flight weaponization test and high-speed aircraft initial flight test were two important aspects during recent
activities. Meanwhile, high-speed flight demonstration activities paid more attention to low-cost and high-
frequency. For power propulsion technology, soild fuel ramjet technology is advanced in the field
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application , and the rotating detonation propulsion is turned into an engineering application stage. For high
speed interception technologies, the flight demonstration has fully entered the stage of comprehensive

testing and optimization development.

Key words: high speed flight vehicle; power propulsion; interception technology; flight demonstration;

ground test; development trend
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Fig.2 Rendering of HACM missile
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Fig.3 Renderings of three high-speed aircrafts currently
under development in the United States
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Fuel control characteristics for small turbofan engine
acceleration and deceleration
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Abstract: Engine transient state control, including engine start-up process control and acceleration/
deceleration control, is a critical component of the engine control process. It directly impacts the dynamic
performance and takeoff maneuverability of aero-engine. Based on the field troubleshooting work
addressing deceleration flameout in a certain small turbofan engine, an analysis of the main factors
influencing engine acceleration/deceleration performance was conducted. Correction methods for transient
fuel control accuracy and methods for boundary exploration testing of acceleration/deceleration flameout
were proposed. Relevant experimental verification was carried out on a specific small turbofan engine. The
test results demonstrate that the proposed correction methods, testing methods,
deceleration fuel scheduling laws are safe and effective, thatcan serve as a valuable reference for
formulating and evaluating acceleration/deceleration fuel scheduling laws in other engines.
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Table 1 Fuel control accuracy during engine
deceleration process

n/% Wi/ (g/s) We/(gls) AW/ (g/s) oWe/%
100 103.53 101.09 2.44 2.36
97 77.44 83.90 —6.46 —8.34
95 68.40 70.66 -2.26 -3.30
93 61.89 62.34 -0.45 -0.73
91 56.40 54.17 2.23 3.95
89 51.87 48.34 3.53 6.81
87 47.72 43.07 4.65 9.74
85 43.68 39.66 4.02 9.20
84 42.03 38.33 3.70 8.80
83 40.22 36.39 3.83 9.52
82 39.08 34.18 4.90 12.54
81 38.12 32.80 5.32 13.96
80 37.05 31.64 5.41 14.60
79 36.39 31.46 4.93 13.55
78 35.89 31.61 4.28 11.93
77 35.43 31.85 3.58 10.10
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Fig.5 Review results of fuel supply consistency during engine acceleration/deceleration
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Table 2 Test results of engine acceleration fuel scheduling
law across the full flight envelope

4 KAHUNE AL L A P2 R
Table 4 Test results of engine acceleration fuel
scheduling law robustness verification

. i A A /s iR ) /s
F%  Hkm  Ma 5 H/km Ma — —
1 2 3 HAH10% KL REHHL2
1 0 0 6.4 6.3 6.4 5.1 1 0 0 6.40 6.20
2 2 0.35 5.5 5.6 5.7 48 2 2 0.35 5.50 5.20
3 2 0 6.5 6.4 6.4 5.4 3 2 0 6.50 6.35
4 5 0.48 5.5 5.6 5.4 47 4 5 0.48 5.50 5.30
5 5 0.12 7.3 7.4 73 5.6 5 5 0.12 7.30 7.20
6 10 0.51 5.4 52 53 4.1 6 10 0.51 5.40 5.35
7 10 0.32 5.7 5.6 5.7 43 7 10 0.32 5.70 5.60

3 R ENHLIGE B AL LI As
Table 3 Test results of engine deceleration fuel
sscheduling law across the full flight envelope

5 R AL L A2
Table 5 Test results of engine deceleration fuel
scheduling law robustness verification

K9  Hkm  Ma B A2 H/km Ma - B/ -
1 2 3 MEE-25% KL B2
1 0 0 7.4 7.5 7.6 4.5 1 0 0 7.40 7.10
2 2 0.35 7.0 6.9 6.9 4.2 2 2 0.35 7.00 6.50
3 2 0 7.4 7.4 7.4 6.0 3 2 0 7.40 7.20
4 5 0.48 8.2 8.1 8.1 6.8 4 5 0.48 8.20 7.50
5 5 0.12 7.3 7.3 7.2 4.5 5 5 0.12 7.30 7.10
6 10 0.51 5.1 5.1 5.1 4.1 6 10 0.51 5.10 4.90
7 10 0.32 5.2 5.3 5.3 5.3 7 10 0.32 520 510
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Parametric simulation and system analysis of high-altitude valve

WANG Jiansheng, FU Daopeng, TIAN Weibo
(AECC Sichuan Gas Turbine Establishment, Chengdu 610500, China)

Abstract: A parametric simulation method was used to calculate the flow resistance characteristics of a
high-altitude valve. A parametric design method based on Workbench was proposed to realize the automatic
modeling and simulation analysis of the high-altitude valve, and determine the flow resistance
characteristics of the high-altitude valve by inputting specified parameters. The high-altitude valve
element was customized by C# Language in Flowmaster, and the flow resistance characteristic was
calculated into the element and the ventilation system simulation model created in Flowmaster was selected
for generation calculation to further improve the accuracy of the calculation results of the ventilation
pressure of the lubrication oil system. The results show that the higher the flight altitude, the greater the
influence of the high-altitude valve on the flow field performance of the bearing chamber, implying the
necessityto improve the simulation accuracy of high altitude valve flow resistance characteristics; when the
membrane valve is not closed, the error between simulation results and test results is less than 5%; when the
membrane valve is closed, the error is less than 10%.

Key words: high-altitude valve; parametric simulation method; Workbench; flow resistance characteristics;

user-defined element; aero-engine
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Fig.1 Geometric model of high-altitude valve
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Table 1 Parameterized simulation results
1 147 /mm PR (g/s) HEH R /Pa
5.500 0 25.5 1839.40
1.003 5 49.7 151 139.58
9.995 1 1.2 1.89
1.003 5 1.3 114.96
9.951 8 49.7 2 707.04
O — 5.499 3 11 335
Fig.4 Mesh molzel of the high-altitude valve L8 22 P 4237
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9.977 9 25.6 720.74
3.250 1 13.3 1 109.88
7.725 8 13.2 271.67
7.730 0 37.5 2 438.59
3.286 5 373 8 557.54
32331 49.8 15 053.10
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A promotion approach for digital construction in the equipment field

CAO Dan, LI Qiang, XU Yu, YU Feixiang
(AECC Sichuan Gas Turbine Establishment, Chengdu 610500, China)

Abstract: New quality productive forces have been formed in practice and demonstrated strong driving and
supporting forces for high-quality development. As a core representative of new quality productive forces,
digital technology has been applied and has played an active role in many industries. The field of equipment
manufacturing is of utmost importance for national security, and digital construction is imperative.
Adhering to the goal orientation and problem orientation, aiming at systematically addressing development
pain points and meeting the needs of future operational objectives, a comprehensive approach was proposed
to advance the digitalization of equipment in four dimensions: strategic guidance, organizational alignment,
core resources, and implementation. At the same time, the business pain points and areas of focus for each
dimension were analyzed to provide a practical path with reference value for digital construction in the
equipment field.
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