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Compressor Research Based on Aeroengine Product Requirements
CHENG Rong—hui1 , ZHANG Jun®*, WANG Dong] , ZHANG Xue—bao?, ZHANG Shao—pingz, ZENG Yao®
(1. AECC Shenyang Engine Research Institute , Shenyang 110015, China;
2. AECC Sichuan Gas Turbine Establishment, Chengdu 610500, China)

Abstract: The compressor is an essential component of an aeroengine. With the increasing requirements of advanced combat aircraft
on aeroengines, it is a major challenge for compressor designers to quickly develop a compressor that fully meets aeroengine product
requirements. To ensure that the compressor can fully satisfy aeroengine product requirements, typical characteristics of advanced combat
aircraft engines and comprehensive technical requirements for compressors are reviewed, and key influencing factors for the compressor to
meet aeroengine product requirements are presented. Research of design methods was conducted, including high efficiency in wide
rotational speed range, high stall margin across the full flight envelope, high performance-retention capability, highly reliable blade, highly
robust compressor rotor, highly reliable blade angle adjusting mechanism, high safety, and high environment adaptability. The research
shows that the requirement-based comprehensive design can ensure the comprehensive performance of the compressor, providing a refer-
ence for the design of a compressor that fully meets aeroengine product requirements.

Key words: compressor; requirement; performance; reliability; aeroengine
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Overview of Power and Thermal Management Technology for Hypersonic Engine
LIANG Yi—giang, FAN Yu, ZHOU Jian—jun, LIU Tai—qiu
(AECC Shenyang Engine Research Institute , Shenyang 110015, China)

Abstract: Hypersonic aircraft represents a crucial focus in equipment development, owing to their exceptional high—speed penetra-
tion and swift strike capabilities. However, stringent requirements for thermal management and power supply are imposed by hypersonic
flight conditions. A comprehensive review of technologies concerning thermal protection, fuel thermal management and inlet air precooling
is conducted. Thermal management significantly impacts the performance and function of hypersonic engines, but its current technical
maturity level in this field is relatively low. The integration of airframe and engine is identified as one of the important approaches for
addressing these challenges. A literature review was conducted to compare the generation and utilization technologies of power supply with
traditional aircraft. Key technologies of primary power supply methods in existing hypersonic engines are outlined, including the fuel vapor
turbine. The future developmental trends in power and thermal management are summarized, such as thermoelectric conversion, providing
a reference for the development of integrated power and thermal management technologies for hypersonic engines.

Key words: hypersonic engine; power and thermal management; propulsion system; power generation technology
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Key Technologies and Development Prospects of Intelligent Gas Turbines for All-electric

Marine Propulsion Systems
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Abstract: With the increasing emphasis on performance, operational safety, energy saving and emission reduction, many new chal-
lenges are being faced by the designers of gas turbine engines. In the past decade, the concept of intelligent gas turbines has received
increasing attention due to their ability to balance performance and reliability. By extracting the benefits and challenges of intelligent gas
turbine engines, a systematic review was conducted on the technical fields and requirements covered by intelligent gas turbine engines. By
comparing the differences in typical mission profiles with aircraft engines and land—based gas turbines, intelligent requirements for marine
gas turbine engines are proposed. Four key techniques are highlighted, including real-time inlet-distortion monitoring and distortion index
evaluation, surge warning of compression system and blade vibration monitoring, adaptive thermal management of high—pressure turbine,
and tip clearance measurement of high—temperature rotating components. The benefits of each key technology, the current research situa-
tion at home and abroad, as well as the challenges to its implementation, are discussed in detail. However, the implementation of the above—
mentioned key techniques requires continued work at two levels including the maturity and development of individual technology and the
multi-disciplinary interrogation of technological benefits.
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Research Progress on Aeroengine Blade Surface Damage and Inspection
CHENG Ya—ru', LI Tian’, XUE Hui’*, LI Hong—ying’, WANG Dan>*, TANG Jun—lei'

(College of Chemistry and Chemical Engineering ' , Institute of Carbon Neutrality *, Southwest Petroleum University : Chengdu 610500,
China;2.AECC Aero Science and Technology Co.,LTD.,Chengdu 610503, China;3.School of Electrical and Automation Engineering,
Changshu Institite of Technology , Changshu 215500, China)

Abstract: The working environment of aeroengine blades is exiremely harsh, leading to various types of surface damage. Surface
inspection at the early stages of damage can effectively prevent blade failure and fracture caused by damage propagation. Currently, the
inspection and evaluation of engine blade surface damage heavily rely on manual operation, which not only lacks efficiency but also suffers
from susceptibility to human factors. In order to achieve efficient and accurate inspection of engine blade surface damage, from the forms of
blade failure, the damage mechanisms under both non—operating and operating conditions are reviewed, with emphasis on methods com-
monly used in blade surface damage inspection, such as eddy current and penetration. Additionally, this paper summarizes machine vision—
based inspection technology while addressing the challenge posed by dataset scarcity and singularity in machine vision applications. It is
believed that collecting extensive datasets and further enhancing evaluation criteria are key directions of future research on engine blade
surface damage inspection systems.

Key words: blade damage; nondestructive inspection; machine vision; deep learning;aeroengine
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High—speed Turbine Engine Configuration Scheme for Turbine—Based Combine Cycle Power System
Based on Cycle Parameter Analysis
YANG Tian—yu, HAN Jia, LIU Xu—yang, XU Xue, LIU Tai—qiu
(ACEE Shenyang Engine Research Institute , Shenyang 110015, China)

Abstract: In the application scenarios of turbine—based combined cycle power system, high—-speed turbine engines need to expand
the use speed range and consider multi-state thrust performance to achieve performance measures under conditions such as takeoff,
transonic, and mode transition. Special requirements are put forward for engine configuration and cycle parameter selection. The configura-
tion scheme design for high—speed turbine engines was conducted based on cycle parameter analysis. By analyzing the usage requirements
of high—speed turbine engines in different speed domains, the technical characteristics of the engine were defined, and the configuration of
the high—speed turbine engine was analyzed from multiple perspectives such as performance, structure, and technology development
trends. The cycle parameter analysis of the high—speed turbine engine with a twin—spool turbofan configuration was conducted to clarify the
influences of pressure ratio, bypass ratio, and turbine entry temperature on engine performance under different operating conditions. The
results show that the variable cycle configuration is the ideal scheme for high—speed turbine engines. At present, it is necessary to gradually
integrate variable cycle characteristic components based on the twin—spool turbofan configuration, and achieve a balance between high—
and low—speed performance through reasonable cycle parameter matching.

Key words: near—space hypersonic; turbine based combined cycle engine; high—speed turbine engine; configuration; cycle parameter
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TEE: N THRENBLRBEARL AT i, BT — BRI L SRR ey AR A, JF 3 3 4] 365
THEEANTEREE. REFEH TRANG L VAR ER R EAF, DA RIHE AT ERET TSR
BFETRAFEMEE-HEAE, SR AR ENEHRNET AL NERENTTE(TED, BHE RABSKE
i i A TR A R U (7 E 3R S LM E R A B 1.7% ~ 3.0% , #8 5 S KA A K 14% ~ 29%, T
WATHE R B 0.9% ~3.1%, E3HE AT EFHERRERA;RTESRABTRNEIUMF E(F E2)E LA HHMT ik
Ak 7S HE 0 3R AR 1.2% ~ 2.2% , 48 75 3 W ATHE ) 39 K 3% ~ 17%, T 7% 3 30 A6 3 2 51K 0.9% ~ 1.2%, & 346 8 JLAT 7 % 4 ik
HEF, RANENM T FNRBRGALRENELE TEL FELTHNARNEXTREESERG L EREE KT
o

FEGER R E R WL BT AR B R R &

HESZES:V235.1 X ERFRIBAS A doi: 10.13477/j.cnki.aeroengine.2024.02.006

Simulation of Variable Geometry Characteristics of Single Bypass Variable Cycle Engine
MU Yuan—wei'?, WANG Feng—ming'?, ZHU Da—ming'
(1. Aero Engine Academy of China;
2. Advanced Jet Propulsion Innovation Center:Beijing 101304, China)

Abstract: To investigate the performance gain of the single bypass variable cycle engine, we established a simulation model and veri-
fied its computational accuracy through examples. The simulation and generation of the best variable geometry parameters, throttling
characteristics, and altitude—velocity characteristics for the three variable geometry schemes are based on the engine control laws and
optimal control objectives for different flight states. The study indicates that Scheme 3, which employs a variable geometry scheme with
adjustable tail nozzle, mixer, and low—pressure turbine guide, outperforms Scheme 1, the conventional engine variable geometry scheme.
Scheme 3 reduces fuel consumption rate by 1.7% to 3.0% in ground throttling state, increases supersonic cruise thrust by 14% to 29%, and
reduces fuel consumption rate by 0.9% to 3.1% in subsonic cruise. This represents the largest performance gain among the three variable
geometry schemes. Scheme 2, the variable geometry scheme with an adjustable tail nozzle and mixer, can reduce fuel consumption rate by
1.2% to 2.2% in ground throttling state, increase supersonic cruise thrust by 3% to 17%, and reduce subsonic cruise fuel consumption rate
by 0.9% to 1.2%. Among the three variable geometry schemes, Scheme 2 exhibits intermediate performance gains. When selecting engine
geometry options, it is important to consider the balance between the costs of structural complexity, reliability, and mass, and the overall
performance gains based on specific mission requirements.

Key words: variable cycle engine; variable geometry; single bypass;simulation model; fuel consumption rate
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552 3]

el 555 - SO AR PR & S LA JLAT R £ 53

TEFERE ERIILH .
GE 22 Al FE R AR PR A AR 0k (1 Aty _E AT 1
5 1B T 56 [ 28 A2 S g ORI AL Bl ) e T Y

SR B T XA VCE B (R R O SR 8 T

W oA T 5 | 55 25 HE ST T kG B R R R Ok
IR 5 X gy 52 XA VOE P RE D5 By 1 3 I,
FEE T 34N VCE BUA B S5 PERE O B AL, o T
34N VCE RS PERE . LibAoE K B, ZW6iE VCE H

TR H 3 T, R B L i 3 U e B

U, RS 22 B P T W Bk 1A RS
ot R4 f 7 T 22 (] A

VCE 53— ELAT 85 13 1 R JB 7 16 S 6 2.5 A
HEI 51 A B LI PR LA A S BB 0B 3R . #0h
A VCE (TIPSR AL LR IR ey e o U b ORI R

A TR e e AT IR R RS 5 e PRI B e 1 A B R 11 /SN Ma 4 TR

IR LA PR B VRS TR ) g g R RO R

P AARIRIRARE T SRCCHVRRRIIS USROSy e gyt sy v s, 0 o AR e B
PR TT A BRRFBORHY T AT R B L IFBUNIE s it WL 05 0 6 2T A SR B 11 P 81
SRV A5 OIS 02 T LU IRE oo e s g o s et e gy
AR AIYIE, ST & AR E T oo e, ot B A T 70y
RS R R ACR T B U SHUOR TR IR
ARRE T YN OT 8857 B L B  A 0 T R
SPIE TR L SCRRI16], AT R A RS

A FUA BB TR
TR A2 MR R 5 [ 8 RS , 47 e bl

RVHERE 07 EUBET 5397 5908 VCE 7ER i TARIR
A5 F 1 JLAT AL A IR R 2, VCE 4R Iy

IG5 K SHVEIERAEE S . HAANR VCE 451 2 2% 2
WA, i g, AR JLAr R P S AR B RE W i v ]
AT AT

AR SCER X FLANER VCE S 8978 LA R AiE — R A2

EWFFARBE A

1 HEEEER
PA/INERIE PE IR 5 HE RSN VCE IS H W R,

F120 254G 35 % ZHL0 . F120 % ShHLR A% 0 HLIK HESL— RSN VOE B AR BE O FLROR ™ LA

S AU 09 UM IR £ MRS S R VOB SRR A0FS 1 P (P b 2 ARl 26

SRR GE1, S T T e S g Anifar BB PBUB (B

R LT S B B R RN AT IR A 2. R F120
B BNHLAE TR SR P T A S T T TR
BERTA, 025 2 DS A 3 LA AR i sl IR PRR RIS S B B e A
FUOIFARB G, v 3t TASHRSFH AR OIS A

AERS 120 2N VCE MPERE T IOmise. e | s

(1) KU/ AL i) ] 3 5
() AE RSP T2 TR 5 B Tl s R 5
(3) i AP 0 1 5 1)t R0 S A G 3 A8 1T 0

(4) 51 RV Y o HE oA K, DR R

RUS i VCE 195 1~ FE R bt o JR i ARG
LB T RSN VCE 5 2 UH i T S 5
T L T L e P (B A 0 5 A RE S

S VCE 345 S 07 BUREFE 360 b BF X Bt
RS K

(5) %% F2 2 F 28 TR A BT R R AR
PUAAAR TR, R0 S bR O s HE R Il BE AT G
(6) J2 M4 e il T BR A L 11 TR AR A RT3l R

(7) A0 s T % 5 1] 45 W 3 1T AR A, 5 IR 5 4 2 11

- SNETETRLA, T

()IRA#RIE TN MBS Ma<1 .

514
25 3031 4l
il i ;

1 HMNEVCE B g mEe
BN A SV & M PSS HE H X

(DWRIB LT
(]()\ 16)0 164 16
= 1
Q()\z.s )Az,s (0

R o HANES R TR s g M REG A,



54 m o= & @ #H 5550 4
IR A f AN HE 101 8 R o\ AR R
FBA TR A B AN T TR A, s R i S Pt ==

3 B 22800 A,k v TR AL O B AL e B ]

(2) fei AR 169 8 1) 45 i S A8 T 7~ 15 7 o

Ty 4
1. ) (2)

= constant (
T'H

Ay, N R RS SR 7 A R RS SR L
ARG R I S S 7 A5 I S AR AR A B
AR T e 15 2 e S48 o A

(3) 55 1 AR IR 1P 5 5 1r) v i 5 A 1T S5 90 & A 9
R 1 S E 5 A

A
T _ constant - (=*2)/Ma, -
A TlL A6
y,+1 (3)
2 v, = 1 20y, -1
1+ - Mal
['y,. +1 ( 2 e )}

Aea, MIEREIRE RE L o, MREIRTE SR L A,
RGP IE O A Mag RS 28 NI TE T Ma;
v BRI L
(4)IRAEA DR sh 7 R .
P A, (1 +y.Mal,)= (4)
P A (1 +y,Mal)+ P A (1 +yMdl)
Ao P IR A S th I8 T 5 A MR G A A
TAITH AR s Mag, MR A it D s PORIR G 28 N
i I8 R P o IR G a5 SR 117 3
Ma,, NIRGAINEZE T Ma sy a3 S,
(5) 2 Mo A5 e 1 A T 3t o R
fﬁ%z; (s

T 2 A hy R WA U AR I T L 5 g OB R A S I TR
S Ty O R W IR SRR ; Py R R
T

FRAE & SIMLBE T P RE S B B i T
JET-H5 07 72, 456 R s R 308 56 B2 ik L 42 il R
K FH Microsoft Visual C++15 5 AT ES I A E S
JE Ma R 5 BRSO 250 R s LR T Ak
RES R, RShWLAREIT SRR T B AR & 2 Fis .
W AR SR BhHL AR R A7 AR Y 55 SR 6]170 1) /1N
T IR A HEAR B & ShHLE PR P e EURE R 5] F
FIXFELIAIE . BB EERE 11 km \Ma=1.451 AT
ST, 2 Ay BB R AE 5 T A P RE S B R) T
135 12.19 km Ma=1.8 JEB T 5 T8 & AL 14 K

~—

Ay = constant -

[Fumgosm. g le{mE HE]

i
[inta: Eepmn=ies |
TN, WA || [ S AR
B, hO4R FRQ) . REFR
*
- TEERRCILE . v |, | RIS |
[e) | Tenmwnin AT
! —
RN S el
B (AL M BEESHIGRE
LK W R TR
!
= [Ermsinit 1. |
| B/ RERR ) ORE |
W 2 R e BN
T 2 ONE A |, [ M, B (1) .
il o, R4S D AR
IET 8 /2
£
[rmmemm ., e 72D,
3 (4) . RAB
FETHE R,
BT, 0
BELHTE

[rEmhm=t e msezdin |
¥

b AR, AE|
[ IE TR
[ O |
[ s i, mink|
B2 ZzIERit Rt ERE
BAPERES R, 2 Fh R ShHLE AP RE( FUBE LT 57 45
U 1. WFAPATIW AT A S B R & T
D B3 AR & s HLAR BET R R HE XU /R
SR L TR A 2 2E 11 SR Ma S0 4fE 1 K AE
AR AR RE S A5 SR 6107 BB AL 4 SR AR —
B, BT BT AT AR AR R I8 4 5 1l 5 LA K%




%2 22 el 1545 « SRS R AR IR B K S LR T LA e A 55
F1 2MEDVNAGEMEEFEREITEER 30 07 .
25 - . -— Rl
Pt . 0.6 -5 %2
2 Wit e //{ﬁ%l 205 N~ %3
—— P10 & K2 o3 s Y
5 B /km 11.00 12.19 12.19 5 Ji%3 =02
02 04 06 08 1.0 1.2 02 04 ‘0.6 08 1.0 12
Ma 1.451 1.800 1.800 HESI L S
PR (kgfs) 90.72 91.34 91.34 (a) BIEL (b) Wi Lk
T AT A IR/K 1778 1778 1778 Zoo9 FE!
~ 130 = YEYS
I kb SR/K 2000 2000 ;:Q: 20 50077 K3
A T L 0.449 0.530 0.539 Q'E l§§ Ef : §007s
5 & %2 20073
JRU HE H 3.9000 3.0054 2.9909 gg 0 e &
L 5.1282 4.7208 47236 02 04 06 08 10 12 007 5 04 06 08 10
- ST I
i iR A I L 2.3635 2.3635 2.3635 v e s
\ () BRI (d) Feih =%
MR e M L 2.0700 1.9908 1.9908 o ‘
} L B3 ARETILMAREZHINSHETN
RARIMNESE T Ma 0.3940 0.4559 0.4646
IRE SN Ma 0.4000 0.3835 0.3862 *% EF‘ ) Ziijjﬂlz'é\}% [:[3 %Hiﬂ‘%bﬁ%%? F%ﬂ%%‘ ) ﬁﬁ‘(lglig
B2 Ma 0.419 0.419 0.435 Fo 5t ETbias 7612 40% 1 F7 IHRE I 2R 35 2 B
FHES/(N-s/kg)  62.493 104.690 102.060 1, HE— 2RI & o fE3 AR L &,
FEMIH/(kg/(N-h))  0.1108 0.1782 0.1746 DR 4 T (4 ) 7 2 1 g e By 2 2l

BB 2 04728 JUART 115 X6 & s L A e B —
FEMEIRZ M
2 TmEHEST

DL RORAS 25 250 I B T AR (LA AR 0 3R 45
A T RUIRAS ) S B (B AT i 6 3 ) 85 e 1
TR EE A, /A, =0.85 ~ 1.15, IR 4 % ¥E 10 41k i AR LG
A\A1=0.8 ~ 1.2, J& Mt 45 Mg 18 1] FH L A /A 4,=0.5 ~
1.6, 060 M 1T LIRS it T80, & shHLAE A
[F] T30 F iR T AR [ R0y RS it A rp, X
W TR A AR RS S g8 R 3 RPN 1 AR
JURTT % 7 58 1 N RS MR AR A T E %R 2 R
AR A #RIE ANER TR AL A T 523 J A, A Fl
IR T ) A Mk A T FR A, PT

XF R RS S EC 200 2 i & ShHL, 3 ik
SERIA RS T &SR TAEZ R E M,
MTTSEN T R SHLAPERE . A i fe s il 1, ok
FH LA %6 iy e 2 A R 6 % 2 ik L Sk 2 i 2 55000 XL
SHRPE R ORISR IR R
R K E AR RFBE T S AEANAE VR L R] TAEZ i e i e
RS o 2548 JUAR 28 AR [RIHEE g 2508 B FE M 28 5 1K
7R JUART IR H A, X AN [R5 iR 2wl R 4544 1) e 1
JUT AR SR AT S8, 2R i 3 R AR J LT 45 il 5 %6 . AN
U R R SIS EE N E 3 R .

TS & S HLE T3 D 100% 15 91 3] 25% 1) 3

FCRR A fn it VAN TR A, 3205 T AR E Y
A8 71, ff 2 Sh ML IS L4 5 13% ~ 18% , #E 1 R A
1.2% ~2.2%. 57 58 376 A, UK Y [R] if, 78 it g
PRAST 3  ORAI HE I 5 5 1) 4 W TR AR A, S 4 R
O ML F, (& S ILAE I R K 1.7% ~ 3.0%. #F5E
FEOA TR A AR 11 A1 TR A 1 X R il R ) e
B F AR AR IR 58 T ) 258 1 D 70 9 7 76 DR B 1 O
AR R A R

3 BE-EERESN

FE 11 km  Ma=1.3 ~ 1.6 {8 7 KT T 00, & 3l
HLALF A EPIRAS o 1% ©AT 00T o (RS 4 il AL A
Vo S AT HEE AL IR A BT R TR A R R A
A AR IR AR IK L AR R S E AN . DI R
R JUAT RS B As , X A R G d AR IR i S
fia) 5 SR FH DA b 3 AR L An] J7 58 ) e A3 JLAn] 1T AR2EA 7
T TR SIS ECR I BR A < 5 e i e BT <
T R 2000 K, e i KU R LU 4.2, B i 8 R AL
JELER 6.00 3 FiAE JLAR J5 58 18 7 3 A fre A4 22 L An]
SHOLFE 2, AR A LA J7 26 & sh L S 50 Ak tn 5] 4
FIi7R o

RANPLIE 11 km 5525, Ma 13385 %2 1.6 1t
R IR RTRR TR IR AR R B W R,
SRR Z K, 3Ry b, i &
2 AR 5 B8 1 R AR AR /IN TR E FLRR AR 17% ~



56 e

% 8 Hl

550 &

R2 BREKMEEZLASH

#3 TEEKMKETLASH

150 /km Ma  AdAg,  AJA,,  AdA,,  ZBIUTHE

95 12 /km Ma A6 AuslAys0 Ay ILMITR

11 1.3 1.0 1.00 1.08 1 2 0.9 1.0 1.00 1.08 1
11 1.4 1.0 1.00 1.05 1 2 0.9 1.2 1.00 1.12 2
11 1.5 1.0 1.00 1.05 1 2 0.9 1.2 0.85 0.98 3
11 1.6 1.0 1.00 1.05 1 4 0.9 1.0 1.00 1.07 1
11 1.3 0.8 1.00 1.02 2 4 0.9 1.2 1.00 1.11 2
11 1.4 0.8 1.00 1.01 2 4 0.9 1.2 0.85 0.95 3
11 1.5 0.8 1.00 1.01 2 6 0.9 1.0 1.00 1.05 1
11 1.6 0.8 1.00 1.01 2 6 0.9 1.2 1.00 1.08 2
11 1.3 0.8 1.02 1.03 3 6 0.9 1.2 0.90 0.98 3
11 1.4 0.8 1.03 1.03 3 8 0.9 1.0 1.00 1.03 1
11 1.5 0.8 1.04 1.04 3 8 0.9 1.2 1.00 1.06 2
11 1.6 0.8 1.05 1.05 3 8 0.9 1.2 1.00 1.06 3
26%, LHHUESIMAR 3% 10 I F T GRS R L M RAEG , FE LEK $2
< 2 - . S N N
~ 7% PRI R S0 T 7 PR SRR Z . 78 3RS LT R
= 80 N -
HES AL 7% - 12%,  Z PLOTRLMM TR LEE o0 ks
N i 0 . N A =t 0.5 L 223
W 3 L G 23% ~ 30%, 12 13 14 15 16 ML R R e o TF

Ma

S B HLHE I3 3 K 14% ~
29%. WFFEFRM 2L LA

(a) PR

80 — %1
0.40 = LY
}:il L 70 Sx3 2
32 035~ =TJi%2 = 60 B
= 030 S 3 i .
5 —
B o5 =—=r = v
0.20, 40 - ¢
1213 14 15 1.6 1.7 12 13 14 15 16
Ma Ma
(b) WA L (¢) T

B4 ARETLAAREDNSHTN

T3 58 2 38 3o S/ MR G A AN TE AR BRI R Sh L 1A
o, 38R T RS BILAE T 5 A2 TUART 7 58 3 TRORAR s it
5 [ A R T TR, S ORI LU R RIS AR T
KRR LT B4R T, e Mot A ik 1 T AR L
— K, RS K T Kk B AL E RO R B AL
(I

F£.0 ~ 8 km Ma=0.9 {7 7 AL T-00 T, % 8
B FA5 R A . 1% AT T ol il Iy Bl
AT AL AR IR R I I LU R R BT AS AR
o3 0 HI R IR PR AIE & ShALOR SR SRR (A o LUIAH [
HE T3 25 A R BIAILFE N 3R B (R A2 JUAAT 5 H A%, %t
AN [) W] R S5 48 1 S A LA T AR A T . R BPLAE
il BRI [] o 3 A AR TUART 5 58 30 75 3 38 o e A 722 L
] ZHUNF 3, AR AE JUAT J5 58 K shBIL: e 2 45 an 5]
57

K ENHLAE Ma=0.9, M\ 2 km JE€ T} % 8 km 1 i 72

= 03 S

13% ~ 16% , & HHLEE % 02 )

0 2 4 6 8

FEAR 0.9% ~ 1.2%; 77 & 3 R0 /km
FEXE 7 28 1 JAE HEREAR 1% (a) BRI L
26 N —0.104 e
u THARI _ =0.102 VES
2 TIE2 2 0.100 E
R0 IR < 0.098 ES
E 18 £0.096
3 16 570004
14 2 0.092
12 5 0.090
0 2 4 6 8 £ 5088
1R B /km 0 2 4 6 8 10
= /km
(b) BRI m
(¢) FEIHH

E5 RREE/LAHAEEHNSHITWL
~13% , 38 H 4% 5 13% ~ 27% , & s HLFE Ih 2 AR
0.9% ~3.1% 7 JUA J7 %8 2 3 3 i R IR A5 #5410 1 T
U TR S HLIAIE L 5 22 JUAAT 5 58 3107 28 2 i 0k
Bt b, 38 2 5 /MR i 6 5 1 25 0 1 TR, BRI AZ O
ML FE LRI 2, $ v 1 WA L (5 % s LR I Rt
— B

4 g

(1) MR TR HEWS bt & ShALG ] 28 VR A 4R 4544
(A% JUAAT 7 48 2) ] 4 =3 e EL IR T BB ), b i 4 iR
BFE SRR 1.2% ~ 2.2% , I 25 W 75 3 AT RE R
FEAR 0.9% ~ 1.2%, o 25 88 7 3 1 A 4 ) 18 K 3% ~
17%.

(2) BN TRHERS Ft &2 ShAILE vl 28R A 45 5 T
AR AR 8 T 1] 25 45 4 (28 JUAT J7 48 3) mT [) B 48 v



%2

el 555 - SO AR PR & S LA JLAT R £ 57

AT EERLE R LE, & ShHL s 1T 5 90 DR 25 E il 58 A1
1.7% ~ 3.0% , % %5 W 7% 33 38 T #E i 2 K 0.9% ~
3.1%, e 23 8 75 S UHE 13 K 14% ~ 29%

(3) 141N VCE Fifi 25 7] A8 JLAn] 78 8 (10 384 i 4
PERE AR Rl 2 3G . M TR BT M R, VCE 1]
A5 TUAR] 7 58 () S 6 0 ] P 25 R 25 ) 1) SR 2 o i I
AT S5 7 T AR M 15 35 T4 8 AT 55 T SR G R A
REM 25 195 . AN, BANEG VCE 5 £ 4Nl VCE 2
[ F4) P i 22 S R T B — 29T
BT

(L] XK SR . 3 R A S AR & R (D] %5 3 77,2017, 1(1) : 40-44.
LIU Yongquan. Development of adaptive engine technology[J].
Aerospace Power,2017,1(1) :40-44.(in Chinese)

(2] X , P o . AH S0 3 D BAR W BUR B & e sl (1. AL st as

MR K224, 2002, 28(5) : 490-496.
LIU Daxiang, Cheng Ronghui.Current status and development direction
of aircraft power technology in the world[J]. Journal of Beijing
University of Aeronautics and Astronnautics , 2002, 28 (5) : 490-496.
(in Chinese)

[3] AR RR M2 103 e R BIHLEART]. iz & 8B, 2005,31(4)
54-58.

LIANG Chunhua. Future aircraft turbofan engine technologies[J].
Aeroengine,2005,31(4) :54-58.(in Chinese)

(4] R AL, R PNV S 6 0L R S LG R 25k
[J1. fe2s & 3h#L,2016,42(2) : 738-740.

LIANG Chunhua, SUO Dejun, SUN Mingxia. A review on the key
technologies of the sixth generation fighter engines in the US[J].
Aeroengine,2016,42(2) : 738-740.(in Chinese)

[5] XVLLHE .GE 2 R ARG I K s ALY & (). i s & 3L, 2015,41(2) :
93-98.

LIU Hongxia. Development of variable cycle engine in GE[J].
Aeroengine,2015,41(2):93-98.(in Chinese)

(6] Jr B8 ARIEER R ZIHLI L B IRFE IR0 S 5T, 2004, 17(3) 1 1-5.
FANG Changde. Variable cycle engines[J].Gas Turbine Experiment and
Research,2004,17(3) : 1-5.(in Chinese)

(71 X3, 54 BLD 45 ARPRER R ShHLIE RE B RL D], iR
22BN 1774, 2010,25(6) : 1310-1315.

LIU Zengwen, WANG Zhanxue, HUANG Hongchao, et al. Numerical
simulation on performance of variable cycle engines[J]. Journal of
Aerospace Power,2010,25(6):1310-1315.(in Chinese)

(8] EULZR . XM LA 24 A S HLIE BEREBU W 58 5 PERE 43 Hr[D]. Jb 5t

LM A AR K, 1999.

WANG Hongdong. Investigation of general structure and mode transi-
tion mechanism of variable cycle engine[D]. Beijing: Beihang
University, 1999.(in Chinese)

(9] JRAEDE . 184 b 25 S WIS IS PR 1) e AR A P S 5 8E 1. VL PR 25

ALK AE244],2014,31(2) : 20-23.

SU Guiying. Design of cycle parameters for actualizing VCE on the
turbofan engine[J].Journal of Shenyang Aerospace University, 2014, 31
(2):20-23.(in Chinese)

[10] JAIZL, E 5 %, XU S, 45 BUIMBR ARG 31 4 S AL T A8 TLA e P F

FEI] 25 24407, 2014,35(8) : 2126-2135.
ZHOU Hong, WANG Zhanxue, LIU Zengwen, et al.Variable geometry
characteristics research of double bypass variable cycle enginel[J].
Acta Aeronautica et Astronautica Sinica, 2014, 35(8) : 2126-2135.
(in Chinese)

(UL RBIE , E 2, SR IR 1T, 45 A8 B A 2 MLASE 28 e Aot 5 42 ol I
BRI HEREROR ,2022,43(1) 1 1-10.

HAO Wang, WANG Zhanxue , ZHANG Xiaobo, et al. Mode transition
modeling and control law design method of variable cycle enginel[J].
Journal of Propulsion Technology,2022,43(1):1-10.(in Chinese)

(120 X080, AR, b2, 55 =AM AR I8 R A Sh L REEUE BT,
AR IR 515, 2014,27(5)  1-4.

LIU Qin, ZHOU Renzhi, WANG Zhanxue, et al. Numerical simulation
on performance of triple bypass variable cycle engine[J]. Gas Turbine
Experiment and Research,2014,27(5) : 1-4.(in Chinese )

[13] I T 1) 0 5 0 25 R S RE 1 B0 28 8 SRR HITD . e it
LS A R K, 2000.

TANG Hailong. Object-oriented aeroengine performance simulation
system and its application[D]. Beijing: Beihang University, 2000. (in
Chinese)

[14] FIC, FRKEL, B A LRI R SIHLARBEORBTTE]. a3 )
4%, 2013,28(4) :954-960.

WANG Yuan, LI Qiuhong, HUANG Xianghua. Research of variable
cycle engine modeling techniques[J]. Journal of Aerospace Power,
2013,28(4):954-960.(in Chinese)

[15] Michael W C.Large—scale transient loading of a three stream variable
cycle engine[C]//48th  ATAA/ASME/SAE/ASEE  Joint Propulsion
Conference and Exhibit.Atlanta: ATAA,2012:1-22.

[16] A5 32 - 5T ], BRI - B8 , % - S huks . LR sl et 77
B BB RS WA A SF IR et s Tl A, 2012
116-190.

Mattingly J D, Heiser W H, Pratt D T. Aircraft engine design[M].
Translated by FANG Changde, HU Xiaoyu, HU Songyan, et al.
Beijing: Aviation Industry Press,2012:116-190.(in Chinese)

(%% ZifFH)



55 50 4 45 2 ) fn= &3 Vol. 50 No. 2
2024 4F 4 H Aeroengine Apr. 2024

JG R &L R YL DA B 2 o0

TREZE XIREK, JEME )2, Faai!
(1. TP EA & W B0 & ShHLBF ST A, SEBH 100155 2.t EAL 2 BF 98 % , JL AT 100029)

WE: T HATENE WA B Ma B KR A A2 G W TABRAR T #, AT H AL ALs A F ko &5,
TFRET S T4 A G R AR A Rk R A B AR T B AT, A3 TARA T FWRE BAME AW E A,
R 3E B RALE KB AR G M BOAR ARARTIT & T R U i, N B R B R AR BOR KOS A B R AR AR, DUROR R
FTHTRT Ze0M. EREZV . NFRFEFERNALEAL, GRIGRABTA TR G BTARKT B, HRTAH AR

BAMEE TEER SEREN TEHAEATEER BEAEELE, URHRL AN AL EE NI F R URF HRTA R4
TFASRFE, R R L INT LW RET E.
KBR: A AT HATA R TABTAME LA A%
hESES V231 SERFRIZAD: A doi: 10.13477/j.cnki.aeroengine.2024.02.007

Technical Route Analysis of Intake Precooling Adapted to Aircraft Requirements
ZHANG Yan—jun', LIU Tai—qiu', HU Peng—fei’, YU Xue—ming'
(1. AECC Shenyang Engine Research Institute , Shenyang 110015, China;
2. Chinese Aeronautical Establishment, Beijing 100029, China)

Abstract: In order to comprehensively evaluate the precooling technical schemes of high Mach turbine engines and their combined
power for hypersonic aircraft, a comparative analysis of Mass Injection and Pre—compressor Cooling (MIPCC), supercritical helium deep
precooling, and fuel deep precooling schemes was carried out from the perspective of engineering application, guided by the aircraft propul-
sion requirements. An analysis and evaluation were conducted on the principles, technical advantages, existing problems, and key technical
indicators suitable for aircraft requirements of three precooling schemes. A comprehensive analysis was conducted in terms of cross—speed—
domain performance, technical difficulty and risks, cost and cycle, development prospects, etc. The results show that, from the perspective
of meeting product requirements, compared with the technical solution of supercritical helium deep precooling and fuel deep precooling,
the MIPCC device has a simpler structure, higher reliability, lower total pressure loss, can be highly integrated with the intake duct, with
moderate water supply. The power provided by the turbine engine itself is sufficient to drive the MIPCC system without additional energy
requirement. It is currently the preferred solution for expanding the envelope of turbine engines.

Key words: combined propulsion; intake precooling; Mass Injection and Pre—compressor Cooling (MIPCC) ; deep precooling;

aeroengine; technical route
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Effects of Air Flow Rate Variation in Each Stage of a Triple—stage Swirler on Combustion Performance
WANG Duo', LI Feng', ZHAO Kai’
(1. School of Energy and Power Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;
2. School of Aviation Operations and Services, Aviation University of Air Force, Changchun 130022, China)

Abstract: To investigate the effects of the number of swirler vanes and corresponding swirling air flow variation on the performance of
a concentric staged combustor, in response to the increasing technical requirements of high thrust—to—weight ratio and high temperature
rise, all computational domains of the design model were partitioned in the form of multi—-block structured grid except for the computational
domain of the swirler, periodic boundary conditions of the mixed grid were set in ICEM software, and three—dimensional numerical simula-
tions were conducted. The results show that the optimum number of vanes of the three—stage swirler is 8, 10, and 15, respectively. The
amount of air flowing through each stage of the swirler in the concentric staged combustor is negatively correlated with the number of
swirler vanes. When the design fuel—air ratio is 0.045, for the optimal scheme of the concentric staged combustor, i.e. the reference scheme,
the temperature rise can reach 1300K; the OTDF (overall temperature distribution factor) can reach 0.130, which falls within the range of
0.10 to 0.15 as required by performance specifications; the RTDF (radial temperature distribution factor) can reach 0.081, meeting the
performance requirement range of 0.08 to 0.12. The relationships between the OTDF values of the outlet section of the concentric staged
combustor and the number of vanes or the amount of swirling air in each stage of the swirler at the head of the flame tube are all V—shaped,
and the relationships between the RTDF values and the number of vanes or the amount of swirling air in each stage of the swirler at the
head of the flame tube are similar to a V—shape.

Key words: ultra-high temperature rise combustor; concentric staged combustor; number of vanes; amount of swirling air; outlet
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WEAEMZRAINNEZ R L FERARY , ARLERRZ ST EEER LR, FRME T EFLEXRTEHNERTE
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WM E., HRTHENRREE, 2R3 ME T ZENTRED 2 HEHTRERIE, EREXV . RAERMT 28 mE 51
BRTEAPHERN,E3ELONES R ERAERMF2RMA T EENERTRA S HERDN, EHARTHE T B4
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Numerical Simulation and Experimental Verification of Flange Joint Bolt Preload Uniformity Under
Clockwise—counterclockwise Circular Tightening Sequence
Al Yzm—ting1 , TIAN Shun—mi', LIU Yu', TIAN ]ing1 , FU Peng—zhez, LIU Shi—yun2
(1. School of Aeroengine , Shenyang Aerospace University , Shenyang 110136, China;
2. AECC Shenyang Engine Research Institute , Shenyang 110015, China)

Abstract: In the assembly process of aeroengine casing flange joints, elastic interaction occurs between bolts at different positions,
and different tightening sequence cause bolt preload dispersion to a certain extent after assembly. To solve this problem, a 3D contact finite
element model of the 3-layer casing flange joint with a spigot was established, and the methods of applying the bolt preload under different
loading schemes were studied. Based on the finite element model, the bolt preload dispersion of the clockwise tightening sequence, the
cross tightening sequence, and the two—pass clockwise—counterclockwise circular tightening sequence for the 3-layer flange joint were
simulated numerically. The corresponding test equipment was set up to verify the preload dispersion of the three loading schemes. The
results show that the bolt preload uniformity is the best when adopting the two—pass clockwise—counterclockwise circular tightening
sequence, and the bolt preload dispersion is relatively small. The bolt preload dispersion results from the finite element simulation and the
test are 2.43% and 4.98% respectively. After adopting this loading scheme, a better sealing effect and stiffness symmetry can be achieved
for the flange joint with a spigot.

Key words: bolted flange joint; elastic interaction; preload dispersion; loading scheme; aeroengine
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W &M, S TR A TR 8 RH AR T DRST ER I, F 57 R 3 fnk 1 2 B BOR 3 148 An 2 4
FLE BB 500 'CF 09 L0 A Fr /N Ly BAT AT T A o, SR Z 2 EMEN o o R W HFAE S RHE &
PG W B A AR BAR, S0 LBy 3k T R SR R 0 AR E R T A BN DA RCE A B I e AL s 2 R AR A AR L1 AL
B F A A 36% ~ T3%, ELM A N A KPR R TTIR S, ROV R E TR TRRAR T B F 4 & WA 82% ~ 96%, )L
AP A 25 v A A BN R AR B D IR KT R R R R BN ALT RAEF P B ENSZ K I EER LY BT
AW EFATH, EKELY EFHFH.

KR FGHI6 & 4 ; BB B K 7 N REGREUH & RAY B m i &

FES %S :V231.95 XERRIRAD : A doi: 10.13477/j.cnki.aeroengine.2024.02.010

Fatigue Small Crack Propagation Test of FGH96 Turbine Disc Structure Simulation Specimen
ZHAQO Zuo—peng', HU Xu—teng™’, GUO Zhi—wei*, WEN Wei—dong™”’
(1. College of Mechanical and Electrical Engineering, Sanjiang University, Nanjing 210012, China;
2. College of Energy and Power Engineering, Nanjing University of Aeronautics and Astronautics,
3. Key Laboratory of Aero—Engine Thermal Environment and Structure, Ministry of Industry and Information Technology :
Nanjing 210016, China; 4. AECC Shenyang Engine Research Institute, Shenyang 110015, China)

Abstract: In order to analyze the influence of geometric discontinuities (mortise and groove, etc.) of turbine disk rim on fatigue crack
initiation and small crack propagation behavior, a structure characteristics simulation specimens were designed based on the actual
configuration of an FGH96 powder disc, naturally—initiated small crack propagation tests of the specimens were carried out under high—
temperature conditions. The fatigue crack initiation and small crack propagation behaviors of the mortise and groove and bolt=hole
structure simulation specimens at 500°C were observed and analyzed by fatigue interruption tests and surface replication techniques. The
results show that there are multi—site crack initiation phenomena on the notch surface of the two structural simulation specimens. With the
stress level decreases, the location of crack initiation changes from surface grain boundaries to near—surface specific crystallographic facets
and non—metallic inclusions. The crack initiation life accounts for about 36% to 73% of the total predicted fatigue life for the two kinds of
structure simulation specimens, and increases with the decrease of stress level. The crack initiation life is about 82% to 96% of the total
predicted fatigue life when the crack propagates to the detectable size, and the influence of stress level is relatively small. High—level
plastic deformation near the notch leads to the disappearance of the segmented characteristics in the small crack propagation rate, and
delays coalescence behavior during crack propagation, extending the crack propagation life.

Key words: FGH96 superalloy; simulation specimen; small fatigue crack; crack initiation; crack propagation; turbine disc
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WE:NXZALEESHVICV) BV EZH A BT ETFNERNUREN G ENTHEE SR AV AE —BHNY
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AT R EXN TR AE R b ah b XS0 IR i R AL K B A Am R g L R AR 26 8 BE AR L )AL R AT
WMEEBMBTON. EREVN . ERTAESINE, ZEEA GRNGEEA N ERERE L  EERTAZENY R, EZHNE
AN A E NG RR AR, S LA 0S rad i, ZFH T AT ABEAZE 09, E A A, 35 5 8 EEHE I A By
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KRR : 7 R oty WA A R R SRS ) m s Bl ER A 4R U

FESHES:V231.9 ERFRIZAD: A doi: 10.13477/j.cnki.aeroengine.2024.02.011

Flexible Multi-body of Variable Inlet Guide Vane Actuation Systems
CAO Tie—nan, YANG Zhi—zhong, WANG Xiao—ying
(AECC Shenyang Engine Design and Research Institute, Shengyang 110015, China)

Abstract: In order to investigate the deformation of parts during the movement of variable inlet guide vane (VIGV) actuation systems
and the effect of deformation on adjustment accuracy and consistency, the flexible and rigid multi-body dynamic 3D models of VIGV
actuation systems were established in the commercial package ABAQUS. The difference between flexible and rigid body models was
studied, and the deformation effect on vane angle adjustment was analyzed. On this basis, the effects of radial limit of unison ring, driving
loading rate and friction of kinematic pairs on VIGV actuation systems were analyzed. It is found that the analysis results of the flexible
and rigid models are basically same under a small adjustment angle. While, with the increase of the adjustment angles, the influence of
part deformation is gradually enhanced, when the L-shaped rod is rotated by 0.5 rad, the difference of adjustment angle is about 0.9 o
between two models. In the adjusting process, the frictional augment will need more force to drive the systems, and the loading rate can be
ignored in a certain range. Meanwhile, the cancellation and uneven distribution of unison ring radial limit will cause the inconsistency of
vane adjustment angles, the maximum difference of adjustment angles between lever arms is about 0.3°under unison ring radial limit is
cancelled.

Key words: variable inlet guide vane (VIGV) actuation systems;vane angle adjustment;flexible multi-body dynamic;kinematic pairs;

unison ring;lever arms
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Prediction of Damage to Fan Blade from Bird Strike Based on Response Surface Method
LIU Yang', LUO Zhong®, ZHANG Hai—yang', SHEN Li—juan', ZHAO Feng—fei', ZHANG Zong—kai'
(1. AECC Shenyang Engine Research Institute , Shenyang 110015
2. School of Mechanical Engineering & Automation, Northeastern University, Shenyang 110819)

Abstract: The cost of finite element simulation of bird strike fan blade damage is high. In order to solve engineering problems, the
classic bird strike cascade slicing model is used to establish the mathematical model for the dynamic load of bird impact. Combined with
the results of bird strike component tests, the fitting technology was used to clarify the functional relationship between the degree of fan
blade damage and the calculated value of the maximum critical dynamic load, and the blade damage prediction response surface was
formed. Rapid prediction of fan blade damage due to bird strike was realized, and the prediction workflow based on the response surface
method was established. Combined with the requirements of the turbofan engine bird ingestion test, the fan structural features, and the
results of the conducted bird strike component tests, the blade damage prediction response surface was established, the radial bending, and
chordwise bending of two bird-strike schemes were preliminarily identified, and the tearing ranges do not exceed 0.3867 and 0.3941,
respectively. The tearing and the chordwise bending are significantly correlated, showing a parabolic trend. The results show that the
predicted damage is within the acceptable safety level. The prediction method can identify the damage range and trend. It can provide
quantitative technical support for subsequent work such as bird strike finite element simulation, test planning, safety analysis, fan blade
bird strike resistant design, etc.

Key words: bird strike; fan blade; damage; response surface method; aeroengine
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RMAV-#5 & GTF K EhHLEL 1 & Sk &80 B 53 Br

HRMGTE BR, EIUERE R, TR A
CL AP A VL R A Sh LSS T, B 1100155 2. AL Tl Ko7 s 1 S REIR#BE , 1§ 710072)

WE A MCTFAHNRESR FRAR WA FHVESH A, X TARTEREL T HRA G T ATERETT ERRBE
BTSSR SRTFHREDNFRE N FTEREEAREZ TR A THES M T E T, KRBT KERTFREN R v
RGN, N T REBHRES R L P EN P, EREN . URREFRER ML T, W EHEIAN
W BERY, FRALTRE, KERREFRAVERHR, RiIn A FHET EXZ BT EREMME 1.5 1 8 N M X AR AT
ERNEZEGHRREF R A FEE R B 1.5 EAAT B R W I J s FE A58 40 B WU £ B 3% i 3 JE R 5 Jm A Pl vy 1
HIERMATFHZEREZHEN.

KRR B K SRR, T30 ) 5 Ko F P B S vm BT

FESYES:V231.96 XRRFRIAED : A doi: 10.13477/j.cnki.aeroengine.2024.02.013

Transient Response Analysis of GTF Engine Rotor System Under Sudden Unbalance
SHAO Zeng—de', LIAO Ming—fu’, WANG Si—ji’, DONG Chao', DING Xiao—fei'?, LI Quan—kun’
(1. AECC Shenyang Engine Research Institute, Shenyang 110015, China;

2. School of Power and Energy, Northwestern Poly—technical University, Xi an 710072, China)

Abstract: In response to the transient response problem of a GTF engine low—pressure rotor system under sudden unbalance, a multi—
body contact and multi—rotor coupling dynamic model considering meshing elements, planet carrier elements, and diaphragm coupling ele-
ments was established based on the finite element method. The method considering nonlinear factors to calculate the transient response was
introduced. The transient response of the low—pressure rotor system under sudden unbalance was solved, and the influences of stiffness of
key components on sudden unbalance were analyzed. The results show that when the fan rotor experiences sudden unbalance, the vibration
amplitude of each component increases suddenly and then stabilizes rapidly, and the low—pressure turbine rotor undergoes significant beat
vibrations. The load due to the sudden unbalance is mainly borne by the planet carrier structure and the 1.5th rigid support; The stiffness of
the planetary carrier mainly affects the sudden unbalance response of the fan rotor and the outward—transmitting forces at the 1.5th support
and the planet carrier. The diaphragm coupling stiffness mainly affects the sudden unbalance response of the booster stage and the stable
operation of the rotor after sudden unbalance.

Key words: GTF engine; multiple body contact; rotor dynamics; sudden unbalance; transient response
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Numerical Simulation of Oil Immersion Cooling Performance of Electric Fuel Pump Driving Motor
KAN Yin—hui', YE Zhi—feng', ZHOU Li’, ZHOU Tan—zhou’
(1. College of Energy and Power Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. AECC Guizhou Honglin Aviation Power Control Technology Co., Ltd, Guizhou 550009, China)

Abstract: In order to study the oil immersion cooling performance of an electric fuel pump driving motor, based on the three—
dimensional model of cooling fluid and various motor components, and by fully considering the influence of physical quantities such as heat-
ing power and material properties of each component, the finite volume method was used to simulate the fluid—thermal coupling field of the
electric fuel pump motor, and the influences of different boundary conditions on the motor flow field and temperature field were analyzed.
The results show that the pressure loss of the flow channel and the maximum temperature of the motor can meet the operational require-
ments of the electric fuel pump under the maximum cooling fuel flow rate and the motor’s maximum power. With the increase of cooling
flow rate or fuel viscosity, the pressure loss of the flow channel increases, and at the maximum cooling flow, the pressure loss increases by
about 2 kPa for every 1 mm*/s increase in fuel viscosity. The motor power and inlet temperature have a great influence on the temperature of
each motor components, and the temperature rises of motor components are approximately in linear relations with the fuel inlet temperature,
while the ambient temperature has little influence on the temperature field of the motor. The research results provide a theoretical basis for
the design and optimization of the oil immersion cooling flow channel of electric fuel pump motors.

Key words: electric fuel pump; driving motor; oil immersion cooling; flow field; temperature field; numerical simulation; more
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O R DR WM
(L YR BRI R 2 s 22 BB E B 1101365 2. T [ 4 UL B & SIS 7 , DB 110015)

WEHAMMELAINFN AT EETRA FREEERELRRRAEGE T FE ASATHRIED B F AL T —FET
o 30 18 0 8 (LMD) 5 A8 5% 2 Br—fk & -0 v N 554 KB A b 433 (AO) 4 (b A% 32 4 2 W 25 (PNN) By o /> il 7K B8 35 17 7
o EHLMD MR BRENREEHTOMAAMK R - EL-WE RN H AT M RENPF 2B, EMHFHREH
FE I EEMET N Z RZHAF H(MPE), LAY AFAE 5 & ; 8 AO 1k b 1y PNN By 738 B F , F 08 0 g oy 4 4 45 A T /-4
AWHELH, ETHFNMMARERREES DM ERAT T oM, EREN . REN T ETUARD g E R4 F A2 EE
T T 8y A0 K B AL A A AR A A i 5ok T AR A B B S A 2 ] 25 07 ok (PSO-PNIN) #n /% 45 By PNN 77 3% 48 1L, 335 i v %
TR BT T 3.875% M1 8.125% , B A BEF M A R SR T H Bk

SRABIA : R EAE E BUR D BT AR R B E - N B REH IR KB B R A Bk A A R s K s

FE Y HES:V263.6 SERFRIZAS : A doi: 10.13477/j.cnki.aeroengine.2024.02.015

Inter—shaft Bearing Fault Diagnosis Method Based on LMD and AO-PNN
XU Shi', LUAN Xiao—chi', LI Yan—zhc:ng1 , SHA Yun—dong1 , GUO Xiao—peng2
(1. School of Aero—engine, Shenyang Aerospace University, Shenyang 110136, China;
2. AECC Shenyang Engine Research Institute, Shenyang 110015, China)

Abstract: Aiming at the difficulty of the fault diagnosis of inter—shaft bearings of aeroengine due to large noise interference and
complex transmission paths by traditional methods, a fault diagnosis method of inter—shaft bearings based on Local Mean Decomposition
(LMD) and correlation—coefficient, energy—ratio, kurtosis criterion, combined with the Aquila Optimizer (AO) optimized Probabilistic
Neural Network (PNN) was proposed. The vibration signals acquired by the sensors are decomposed by using LMD; The PF components
obtained from the decomposition are screened and determined using the correlation—coefficient, energy-ratio, kurtosis criterion, and the
screened signals are reconstructed; The Multiscale Permutation Entropy (MPE) of the reconstructed signals is calculated to construct
feature vectors; By optimizing the smoothing factor of PNN through AO, the optimized neural network is used for the fault diagnosis of inter—
shaft bearings. The analysis results based on the inter—shaft bearing fault test data show that the proposed method can effectively diagnose
the typical faults of inter—shaft bearings of aeroengines with high background noise and complex path interference, compared with the
Particle Swarm Optimized Probabilistic Neural Network (PSO-PNN)method and the traditional PNN method, the diagnostic accuracy is
improved by 3.875% and 8.125%, respectively, with better global convergence and computational robustness.

Key words: local mean decomposition;fault diagnosis;correlation—coefficient, energy-ratio, kurtosis criterion;multi-scale permuta-

tion entropy;aquila optimizer;inter—shaft bearing;aeroengine
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Thermal Performance Simulation of Lubricating Oil System Based on Aircraft-engine Integration
LENG Zi—hao'?, CHENG Rong—hui', SU Zhuang'*, ZHANG Si—wei’, LI Guo—quan'”’
(1. AECC Shenyang Engine Research Institute ,
2.AECC Key Laboratory of Power Transmission Technology on Aero—engine: Shenyang 110015, China;

3. School of Aeronautical Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: The correlation parameters between the aeroengine lubricating oil system and Aircraft & engine are limited. In order to
accurately express the thermal performance of the lubricating oil system under variable operating conditions, the thermal performance
parameters of the engine lubricating oil system at typical flight state points on the flight profile were calculated iteratively by studying the
fitting relationship between the thermal performance of the engine bearing chamber and the rotor speed and the engine gas path
temperatures, and taking the main engine temperature and fuel oil parameters as inputs; According to the structure and operation
characteristics of shell and tube fuel oil radiator, the heat transfer performance of the radiator was calculated. The mathematical models of
the bearing chamber and the radiator were established. Based on the system flow simulation platform, the C # language code was compiled
using the internal secondary development environment, and the bearing thermal model and radiator model applicable to the engine were
developed to achieve the joint calculation capability of the engine oil system, engine fuel system, and aircraft heat management system.
Under the input conditions of the aeroengine and aircraft under variable working conditions, iterative calculations of the thermal
performances under variable working conditions at levels of the lubricating oil system, the whole engine, and the aircraft—engine integration
were conducted, and compared with the test data. The results indicate that the calculation error is less than 5%. The calculation method can
reflect the relevant thermal management parameters under variable working conditions accurately, and provide a reliable data source for the
joint simulation analysis of integrated aircrafi—engine thermal management.

Key words: aeroengine; lubricating oil system; bearing chamber; radiator; thermal performance; thermal management
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WE: N AR RREEEHEES B R AT HRE X BBEDINENIRSZ AT O EH N T HERL, F RO
IR ) G5 A TAR 45 8, R R A% 3 IE 1 ek SR e, 40 B A 5] R G B UM AR AR AR R K, R U R A E KA
SER R 45 ) B T B AR L 3R — et m s £ B AR A RN = Ak AN IR AR ) B B B R R RO R E B TR B
KM LMEER ERTATEHREHERIE. £REW £ ATHE N0 B E] 10 km, ¥AT D H3 A 0 An ik 2] 0.9 B9 42 ¢ An
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RELKTL5%, 5% 0 AR EH R G LA EE WA RREAR T AR THRED

KRR 7t 0 W M 5 B A E 0 B Rk Rl A s & 5 Hl

FE S ES:V233.7+57 SCERFRIZAD : A doi: 10.13477/j.cnki.aeroengine.2024.02.017

A Constrained Multi—objective Design Method for Nozzle Control
HAN Yong—jian', WANG Xi’
(1. AECC Guizhou Honglin Aero—Engine Control Technology CO. Ltd., Guiyang 550009, China; 2. School of Energy and Power
Engineering, Beihang University, Beijing 100083, China )

Abstract: To overcome the limitations of the trial-and—error method in optimization of control loop parameters, and to address the
issue of nozzle oscillation in turbofan engines during the afterburning state, taking into account the working characteristics of the nozzle
dual loop control structure, an on—demand forward design strategy was adopted to meet the design requirements of the system’s time—
domain and frequency—domain performance indicators. A design objective criteria for coordinated control of the inner and outer loops,
which takes into account both time—domain and frequency—domain performance requirements, was developed. A constrained multi—
objective differential evolution inner and outer loop control parameter self-tuning optimization design method for nozzle control was
proposed, and the closed—loop control system simulation verification on a nonlinear model of a dual rotor turbofan engine was conducted.
The results show that in the process of afterburning initiation during the takeoff and climb conditions with flight altitude increasing from 0
km to 10 km, flight Mach number accelerating from 0 to 0.9, and in the process of afterburning shutting down during level flight with
constant flight Mach number, the engine did not exhibit nozzle oscillation or other phenomena. The maximum relative error of the turbine
pressure ratio was not greater than 1.5%. The nozzle closed—loop control system has the expected servo tracking and flight condition
disturbance-resistant ability.

Key words: Nozzle double loop control structure; constrained multi-objective; differential evolution; self~tuning algorithm; engine

nonlinear model; aeroengine
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S| A& : HHAK i, T 0. — BRI L1455 10 19 2 H BR 29 4T 583177 5[], AL s & 80#1,2024,50 (2 ):127-133. HAN Yongjian, WANG Xi.A Consirained multi-
objective design method for nozzle control[]].Aeroengine,2024,50 (2 ):127-133.
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Optimization Design of Constant Pressure Valve Parameters of Aeroengine Fuel System
WANG Tao', CHAI Wen—wei’, LUO Chang—min’, LI Wen—giang', YE Zhi—feng'
(1. College of Energy and Power Engineering , Nanjing University of Aeronautics and Astronautics , Nanjing 210016, China;
2. AECC Guizhou Honglin Aviation Power Control Technology Co.,Ltd, Guiyang 550009, China)

Abstract: The constant pressure valve supplies fuel to several servo mechanisms in the fuel system. Aiming at its design require-
ments of stability, steady—state accuracy, robusiness, and the competing and contradictory selection of multiple design parameters, a
parameter design method based on optimization algorithms was proposed. The mathematical model of the constant pressure valve was
established, and parameter design analysis was conducted based on the steady—state model. The results show that there is a steady flow
operating range in the constant pressure valve, within this range, as the cross—sectional area of the spool increases, the flow rate sensitivity
increases, but excessive cross—sectional area of the spool will increase the volume of the constant pressure valve. The steady-state
parameters were calculated based on the pressure range of the constant pressure valve. With the adjusting time and overshoot as the goal,
three groups of different constant—pressure chamber volumes were taken for conducting dynamic optimization based on the non—dominated
sorting genetic algorithm (NSGA-II ) with the spring chamber volume, the diameter of damping aperture, the motion damping, and the spool
mass as parameters. The Pareto solution set indicates that the adjusting time and the overshoot amount are contradictory. A set of solutions
was selected and verified by the AMESim simulation. The optimized structural parameters can shorten the adjusting time by more than
20%, reduce the overshoot by more than 15%, and improve the dynamic performance of the constant pressure valve.

Key words: constant pressure valve; state space model; multi—objective optimization; non—dominated sorting genetic algorithm;fuel

system; aeroengine

HURIRROR AR 22 | 2 TR0 1) A B b 1 A 50 L i
T, ELAC RS (A A 2, DR R 1T

SE TR TR A AU TR 00 B R b el b AR ) T R,
SR I 5 2 LA R R TRy TR R s 0 1 S0 IR LA 1 B A R 52 JE O
WG H TR AT R B R SHL AR TV D 0 R TR R, AT RES | & 4 R

0 3IF

Yrim B #A:2022-11-28
EH® N £(1997), 5 6+,

S| AR 3 4 PG A K BRI R G RE TR T 1 T2 AL BET ] A5 2 Bl#L,2024,50 (2 ): 134138 WANG Tao, CHAI Wenwei, LUO
Changmin,et al.Optimization design of constant pressure valve parameters of aeroengine fuel system[]].Aeroengine,2024,50(2 ):134-138.



552 3]

FOWRE AU RSP R G E RS T SR it 135

Y , ST 5 | A MRAUR A e gy, e 2

B AR E R ATt

WA GBS A 10 BF 5% 3 B4 P e
A EATE R B G X, % X=0 mm

BB RER T B Ma XS [RIZRIE T AT T RS
B 253 M, Fe o3 B I 3k m] LA T At s g 4% 4 1%

T BRSO T P2 TR B, R
PR T ARG RSE ML AT AP T T SRR BR A
AR R, TEW] T B LR B

5 7 Ry A, SR AR A A A b B vk A ST AR TR 25 0
FIRCAROR A AT IR T AT R AT T B8 AE, R
SERTHT VR 5 B 2L T 24 T e HRHG T vk T B A
FAE 3 478 3 Simulink F1 AMESim £ 57 {7 LA A

RERY T SR AR UL ST STk BRI S M BE 3
JUITEROS

Wk Osterland ™ X7 A HL G 22 42 110 %€ TR 3

it , AT RN —> 5 T He il TR Pk B i U], B
U ARG B BE 5 A O T I S BH e e 3 1]
AT LIRS SE TAE

T e Sl AL A T T D8 2 [ Ry 221
MR, TOL 2R 2278 BR T W /AR E 1 2R AL,

T B P A AL S R 58 AR AT Bh AR

TR B R PSR AP A o TN X L 2K
Z AV S B W L8 29 3R B L 5 4 SO B P
JE BYTEHE o AR SCHESE 37 1A M0 A 19 il 2

1, I AMESim {5 EGHEAT 501 .
1 EEEITEHFEREE

S B WL T B A0 TR I 1S5 M L 1 %
WIS L, R T ;
5 TR 1 A g
2 B3 TR 4l
BHUEAL S 4. [ p ok .
HE TR 97, p, 95 FEFE 1,
N R S T, p, ok L
£,

FIEIG TR — AR "
BRI A SR T, m1 REEISA

e

Sk R R R A AR s s ] 2l
VA7 A ] B 1 0 T B A R T R T T AR
RE o 8 I TR T B i A i [ LA

T S E A AR AR TS T, 20 IR TR R RS, I 1

AU R K BB LA R r, By o, G 5
ro, WA, 5 XRISCHR N
A, = n+(mr’ = (arccos ( r-X-n ). -
r (1)

(7‘ -X- ro) .
1.1 REHEER
FEETE AR AR Bl 1, AR His 2 e ] 15

F=(r=X=r)))

SYRIMERT T RS BN O, 198 T e SRS

F.=2C,C A cos6Ap = KA Ap (2)

FEREMT ST TR T A PN s GO A R 1 N A

BB BUE I IR, (DRI R SR R g PRI IR EL, — R 0.95-0.98 4 IR 0.98:.C, it

T R 5850, AN SCHL0.65 50 M ST A, v e S TR

PURFEBEGE R EI 1L R A R R by AR P 607 K R s i A

(BN D)
pA+ KA Ap =pA+KX+F, (3)

U KBRS R A, R A U 5K

e T AR
fefitan Z2 ARl R HILA IR, S 808 S i 1T
FITAR A, , 2 P 7 7

2l p. — -
o (pi = ps) _ea, [2lemm)

, P P

O R R AR 0.72:0 R
T RASEON RS S GBI
R

A RBE R, A, Bk i KE)S i

2(p, - 1)
p

Q=CA,,, (5)

1.2 ZhSEFEER
(1) J1 VA s . ZWsBRSW sl 71, 5 H e

mX=pA+F -pA-BX~-F,-KX (6)

KB E SRR VBRI B R ) LA

(] B AR 285 8 25 D R DR 5 m N RS
(2) B I ey 7 B o [BD3 I 3 A1 IR

§%LM@%%Eﬁm@ﬁﬁﬁﬁ

wd?

AX = 128/.,Ll (pl _ph)

v, .
+ 3 D. (7)



N

136 =

% 8 Hl

550 &

K d B LA LR AL AR SO Imms |

BN TR VO R I AR B ORI SR

R s Bk O S TR I, LRV ROV, R 1 B AT
FEh

b=y (0 0. - ax) (8)

T TRRATH T

LA S Bl — v — _ AN :
BORESZ RN 2, = X,0, = X0, = poay = peo Hi

MKy =pous = Al ol y = p, = v, S B MERL . ) .
P AR BTG AR AT R S P

 EhAEMREM EE SR RV, d. V.. B.m. I
OOh Gt R A R IR S R, B

L AR A 2 Dl
Ax = AAx + BAu

Ay = CAx + DAu (9)
2 TEEREINMALET
21 RESHRIT
FE RIS ) E S R G MRS AS RR 1, AR S TT 2

RS TARX RS TAEX N, LSRR FShia sy, e
i IV i s D U I Z T L T — 2R k. 2
PRI , 188z sh Bl MRS, I TR PR R iR,
RS TR, B G TR E e 2822 . I,
TERASTAEX N, EIRE S s 4

A=64.40x10" m*

MU R AL 4 e )

TR AR, LR 20 .

BN, W IR s <

B SR TR

1 2 R AR AL A 2 oy

BORFME M i ol B2 FRRSHERAT
mEE %

28, N2 s .

R A5 W 23 B 6 T TR R . RS2 3(3) ((4)

s 1 A TR
2.2 stk

NSGA- I B3 B2 R F T Fieh & AR (AL 7
PG BER AR 1513 T et L RHEF , KRG
BRI 3 R

T 5 SR A TR SRS PR UE TR T A AT

5 R T BRI A 0 G R T R

U, PRUE TR ZREIE AR T e B A8 AR S

SRR 2 U
R RAT U,
OREAT ST, B 1
LR LA RS TR B (H A R o= B AT ]
Bl R A R
(5)FT 1, A0 o 2 50 s I K R R A /b, AR A WORIVA S
BB

NSGA- 11X} T4 — AU RR A RE A7 8 A 48 A A 2 AU A

OBEK TR S ACRBE GO AT SRR
(3)E TR S5 HE o 52 FRAG T THH 11 2 454l L

BrRETHEIE OB RS SRR HEAT BT, R

%] Pareto AL AR,

SE I 1R RE 225K 22— 2 BE TR 1 i 7 3 £ 75 5K

 EEIRIR S I AR DA 5 e %
VAT BRI R o A . R PRI
2 0, W HEAE FEE T TIORR I Bt s 0, R s JE : -

B I QAR kS s IR 52 2 BB s 7

1 i AROR A LA A 19 ) B s T 0 728 A et JEE A
PR AR SC LA i RO A 2 F s 7 it A et

i ZHZSPERE , A BN 9 S ) FE RO . 28T RS
AP AL 2 TR R S S B0 R A MR AL s T 09, DL

AR A RS R L VBT R
RJE A R BER fE B A LT 5 R 3 4R
AT A PR SR BT KA, IR (e

Vi, AERE F S R i A R — ARS8, FRRE 4LV B um

MR BRR TR AR R RO

in{ t,(d.V,.B.m) (10)

o(d,V.,B,m)

O o o B AR AR T

E TG A o LR s s T LS R 58 AP E

PERIE. TR AT A R S
BB B SUA T

S AR E P, P AT

s

AR A Ay

% gt o i
T RS

B T 0 1o, I
AR ST B
AR, FbT 6 R i
E3 HBHirEHMITERE

AR SCAE R ST LT - 9 2 L
Pl 4% A R B PR L 1



%2

x1 JRLENELHE

A TR TR PN
d/mm 0.1 5.0 0.1
V/m’ 2.78%10°° 2.78%107° 1x107"°
B/I((N-m)/s) 1x107 1.0x10° 1x107
mlg 1 50 0.1
3 ZEROH

J T RAESL AR A B, 7F AMESim #5757
R T AR, ] 4
77 o ’ ,
31 BESHITE

NGB DR
TAE X ) R o
KN 2.36 MPa, fix/N R 1.05
MPa, HUA=78.54 mm?, %
JE B R RS TTRTE SN ,
HETR T T RS gy emmnavesim
MPa, §¢ Q,,,=0.1 L/min, ¥ Y
Pann=1.05 MPa 18 A 3L (5)
4 Q,.=117.53 L/min, ¥ p,,,=1.05 MPa {8 A= (3) 7}
B F=139.77 N ¥ p,,..=2-38 MPafR A (3), 0] 3F
1 K=15000 N/m.
3.2 HMEME

B p=8 MPa T-1E S AL 5 B 2- A S 1L 3
HANF V,, 43508 1.78%X107°,2.69%107°.4.65%10° m’
HEAT AL o BB R REECE S 501, ARk
200 7K ,NSGA- 11 H44 i) Pareto fif#t 45 40 18] 5 7 |, il 4
H A BT AR TR 33 PR R 2 24 R 3k — e IR
Jo RO R UE E R . SR A A R A5 R R AR
BG5S A S BURE m BEE E ARTE
1x10%s VAN, o #BAE 7% LA, AT LA SC % F Y
NSGA- Il 5 HAT R A4
BREE

JCE VI, ek 2 T %
I - +n * 0
I o MR DAL il o f2:2 %02 03 04 05 06 07 08
A& B R, AT AR S bR TAWITE L /ms
TR P (2) V=1 78x107 m’

S AEASTE] V, W) Pareto fi# 45 T 1 4 B L%, V,
BORTRME B L Ab 5 9 & S BO0RME LR 2. R4 R
H S8, A, 2.08%10° m? 5 Fir BR 3] 2.18%107° m* F-Biy

X 6.67
6.4;

wo/%

i

TS R SR R G RS T I SR 137
5.5, 47
L ]

€550 ¥ g |8

$ 546 g

1 5-45 uﬂg %

= =45

ESAO @ ..- 2 B my "
3334 05 06 07 08 09 10 *bs ) s 30

A1 2, /s JHASI I 1 /ns
(b) V,=2. 69x107° m’® (¢) V=4 65x10° m’
E5 % B#rfiil Paretofifs
BREF 2.08x107° m?*, WL4E H O BR A 2l 28w o7 3t A, ha
PeAb T X e an &l 6 fr s .
®2 VEBARERAEEHNESHIE

Vi/m3
S -
1.78x107° 2.69x107° 4.65%107°
d/mm 1.01 1.02 0.9
Vl/m3 4.63x10°° 24.3%x107° 17.8x107°
BI((N-m)/s) 24.24 44.60 18.85
mlg 5.10 5.07 5.13
240 1 e, fjt1jﬁﬁﬁp(l 12.20 .
) E
AE :r, Ak sE p; é
& e 13 HMAmRA215 X
= 230 g X . 8 <
= S P P —— B P s e o] =
= Vi 5 2
2251 44 ! 210
i =]
220 L . : .
0.5 1.0 1.5 2.0
t/ms
(a) V;=1.78x10° m’
2407 ==ffkhip, 12.20
e fEALSE p, E
230 . R thrmpta, 2
i I ! 4215 X
Z 230 4y EITR <’
< - * I TR S —— \ T el E‘é
1 i Yy i
225! . 12.10
i ! =
220 L% . a i i i "
0 05 10 15 20 25 30 35
t/ms
(b) V,=2.69x10™ m’
2407 —= LfkHlp,  12.20
e ARG p, B
235} : T
[ 3 AR A =
& ¢ fli'1 A, 1215 x
= = 15 o
2 30—~-—];t-.’_'-_.~.,~... ._..#._IQ;J-;\,«'-.,-,.-.—H.« 5[2
= Uk £
225t ] |210 B
i / e
2.20

1 2 3 4 5 6 7 8 9
t/ms

(¢) V=4.65x10° m’
E6 m&EMUBTEITLE

N AT WL AR VR 3 4LBUE T, e e RG]
TR CGRAE T 8 FR 36 1Tt oK) 1) i S )
AR (E B BRI A ) , 8 TG T sh A M RE AR 28 T4
Rkt . ST, 24 V,=1.78%10°m’ N, o FEAK 24



138 =

% 8 Hl

550 &

15.47%, 1. R AK 29 28%. 71E V,=2.69x10°m’ 1 4.65%
107 m® B, 78 FE T 7104 e 70 i A 38 G0 ) o e 1 . 75 21
TRER . XR SRR G 1) 1A 2 A
NRMLAL SRR, 58 FEG 10 H e A ARALA At A Rl &
M /N T o BeAh, Mt R SRR 2 RIS T 1AL
TR TAE 5, shASma N A AR, X T A H
JE IR ER AR Ak 1) S 5t AT 304 5 T IR 19 e ]
FEREAR T i

FE R T T, T 0 it A AR A
() ShAS L FEHEAT X e, ORI A, 2607 T 05 B RHIE . Y
Tt AR A /NI, RE RIS T TVR Y B R) i R HAFAE R A
W7, ek RAb)a A 30 4R5E T AT R bR TR
i 5 MU S AR PR AT B R GBI R,
S Uy (=i v A R I i R A

4 #ip

(1) R 8 A T AR SR Wi s 0 1) AR S P RE
S H A VERE . 1S ORI S8 AR BRI A AIE T
I 104 H0 T T 0 A SRR 4 e B 2 AR A 9
P [R] o ARG A A o, ELSAE 2 B T TR, L
AT o

(2) DLl 5 i 1] #0088 94 & o4 B3 bR ek £, R
NSGA- [T F 245 3 1 I Ui , AR At 45 mT 0855 1
[F1) 1 8] 5 2 AH P S Y, 7R S92 Bm AR R ml AR 4
TR ) RS B S 4

(3) 7 JIs Ji 2 RN 5 TR 05 1) 3h A e Ay o 250
el , HR/ N T G TR A B . TE3 A
[ 8 502 T JEE 8 By, e 1 20 3 S AR AL I AR o 285ty
SR e D AR R A B BRI AR S L A B0 T 1
1B S PERER A B4R T .

SE Lk

(L] A8 AT 2L S R S LR T 38 1 48 O R BT 501,
ML L, 2012,29(8) :81-84.
GE Shuhong, FAN Ding, PENG Kai.Study on remodel design of aero—
engine fuel controller|J].Computer Simulation, 2012,29(8) : 81-84.(in
Chinese)

(2] A%, RS MROSCHE . ool He ) Sl 25 1 R 475 243 Fr 5 Wt . B T TR
AR (A IRRARD ,2011,50(5) :847-851.
WU Rong, TANG Wen, LIN Wenxiang. Dynamic performance simula-
tion of pressure relief valve and test[J]. Journal of Xiamen University
(Natural Science),2011,50(5) :847-851.(in Chinese)

(3] FERT, Sl R AE | 5% RO B 02 A SAILIN S Rt 8 4% th 10 T b 3
BFFET] AR 5 9T, 2019,32(2) : 56-62.
CUI Ying,ZHOU Zhenhua, WU Zhongmin.Research on outlet pressure
fluctuation problem of afterburner regulator of aero—enginelJ]. Gas
Turbine Experiment and Research,2019 ,32(2) :56-62.(in Chinese)

[4] EBT A 23 S SHLRA T I 5 s A 5 SR 2 B D). 3L T K% - K%
T R#,2018.
WANG Ke.Modeling and fault diagnosis of aecro—engine fuel regulator[D].

DalLian Liaoning: Dalian University of Technology,ZOlS.(in Chinese)
[5] Ma C Y.The analysis and design of hydraulic pressure reducing valves
[J].Journal of Engineering for Industry, 1967,89(2) : 301-308.

[6] BRHEH , F 2T, BT I LBl A B LA PR 23 1 T 43 B[],
fii s % AL, 2014,40(4) : 75-78.
WEI Yanyan, WANG Hongyu, MIAO Wanbo. Analysis on modeling of
constant pressure difference valve for a turboshaft engine[J].
Aeroengine ,2014,40(4):75-78.(in Chinese)

(7] AR, 08, 22 kil , A5 5 F TG | VR P i T (0. A0 3 0 2
#2,2015,30(3):754-761.
WANG Huawei, WANG Xi, LI Zhipeng, et al. Quantitative analysis on
constant pressure valve stability[J]. Journal of Aerospace Power, 2015,
30(3):754-761.(in Chinese)

(8] Z= b ik, Emgke, AR, 45 e 45 il s (R e s M A R BE T 25y

WS % A 8bL, 2016,42(3) : 12-16.

LI Hongsheng, WANG Xi, WANG Huawei, et. Differential pressure
controller stability analysis and research of design parameters|]J].
Aeroengine,2016,42(3) :12-16.(in Chinese)

[9] Osterland S, Weber J. Analytical description of the static and dynamic

behaviour of a pressure relief valve[R].FPMC2018-8859.

[10] S5, W FE A, X — 4 2 Hedi 1] A% v He BELJE 445 A5 DR 22 43 A 1.
TRERRF AR, 2017,49(6) : 184-188.

WU Jing, HU Guocai, LIU Xiangyi. Analysis on modeling factors of
hydraulic damper with pressure relief valve[J]. Advanced Engineering
Sciences,2017,49(6) : 184—188.(in Chinese )

(1] S, W A 8 HE T 1T AR S BE @ #7724 PR R R FE (T, A v R

R A AR R) ,2017,45(2) :44-49.
WU Jing, HU Guocai. On mechanical features of hydraulic damper
with pressure relief valve[J].Journal of Huazhong University of Science
and Technology (Natural Science Edition) ,2017,45(2) : 44-49. (in
Chinese)

[12] #7060, FE o5, 45  BE MR 2200 1A ShaAS Rebk 2 BT 0] s e 3l
#L,2015,41(3) :44-50.

YANG Feng, WANG Xi, CHENG Tao, et al. Dynamic characteristics
analysis of a pressure differential valve[J]. Aeroengine, 2015,41(3) :
44-50.(in Chinese)

[13] Chen C T. Linear system theory and design[M]. Oxford: Oxford
University Press,2013:21-26.

[14] Deb K, Pratap A, Agarwal S, et al. A fast and elitist multiobjective
genetic algorithm: NSGA-II[J]. IEEE Transactions on Evolutionary
Computation,2002,6(2) : 182-197.

151 B 8E I, 05 & ShHLAM A % R e i i A Jm 2 AL AR ARAR L]
7% K HHL,2020,46(6) :46-52.

XU Peiyuan, LIU Wei. Multi-objective optimization of clamps layout
for engine external pipeline system[J]. Aeroengine, 2020, 46 (6) : 46—
52.(in Chinese)

[16] Gui S, Zhang S, Fu B, et al. Fluid=dynamic analysis and multi—
objective design optimization of piezoelectric servo valves[J]. Flow
Measurement and Instrumentation,2022,85:102157.

[L7]EER 58, o AT, oAb XL, A5 VR Aw] e 1 188 1) Sh S et b 5 2

FIAROLAEL]. VU258l K272 41, 2022(12) - 1-14.
GUI Suyao, ZHANG Xuan, ZHANG Shishuang. et al. Dynamic
characteristic analysis and multi—objective optimization of hydraulic
servo valve spool[J]. Journal of Xi’an Jiaotong University, 2022 (12) :
1-14.(in Chinese)

(Zid: X &)



55 50 4 45 2 ) fn= &3 Vol. 50 No. 2
2024 4F 4 Aeroengine Apr. 2024

KEF T 5L I i BOAR Y i FE e UBEFLAG

AR IE g al/NGR 2, PR
(1A R & 7 BH &% SLBF LT, PR 1100155 2. 128 Tl b 5T 3 FHE il 5 AR A ST AT, L 3T 100095)

WE: N TR LR F AEAIUTRES B SN F Rz WNELER -2 E A, R FEETET
AFELMERANFRR A AEARMNAL, RETARAZRA AN BB F KEAL ST EN T &, AR RBHTT T xR
i, BHNZRANSHRBNERR, A4 EREEEMNE SHLSECKIDEFEL, AT R T 458 EHAHA
WIE, AREF,AREERR A EN RN DR, LA ZNER Gt EWAEAL AT TNE HERE T ABELEE
SAERMBEEMNEREL, 2REXN . BLNEFH TN AN IFET &, Z AR AEIL AR ALEE N E 5 % JEH /N
T 0.0l mm, %45 BRI AZGNENHEOGFEZR, TR TR T ABEL TR E,

KB WA A TR ES S A AZ A M ER A BN & AN E; s L

FESES: V2324 SCERERIZAD: A doi: 10.13477/j.cnki.aeroengine.2024.02.019

Inspection of Turbine Blade Film Cooling Holes Based on Fiber Optic
Multi-sensor Measurement Technique
GAO Ji—kun', YAN Feng', HE Xiao—mei’*, DE Xiao—wei'
(1. AECC Shenyang Engine Research Institute , Shenyang 110015, China;
2. Changcheng Institute of Metrology and Measurement , Beijing 100095, China)

Abstract: In order to solve the problems of lacking effective inspection means and poor consistency of measurement results for
aeroengine turbine blade film cooling hole geometrical feature parameters, an inspection system for turbine blade film cooling holes was
designed and established based on fiber optic—based multi—sensor measurement technique. The measurement method of the film cooling
holes using the system was proposed, and verified by measurement practices. The system is a multi—sensor measurement system with the
ability of contact and non—contact measurement, spatial attitude positioning, and 3D projection, realizing measurement of film cooling holes
over the entire turbine blade. A high—pressure turbine blade was selected for conducting the film cooling hole measurement by using the
measurement system. Accurate geometrical feature parameters of the film cooling holes were calculated, including their diameters, axis
angles, and position. The results show that through measurement uncertainty analysis and evaluation, uncertainties of the diameters and the
positions are both less than 0.0lmm, which fully meets the accuracy requirements of the measuring instrument derived from the design
tolerances, and the system can be used for the inspection of the film cooling hole of the turbine blade.

Key words: turbine blade; film cooling hole; geometrical feature parameter; fiber optic multi—sensor measurement technique; contact

measurement; non—contact measurement; aeroengine
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(L& B AL S RS BRITAEA R, Bif 2002415 2. FIGASE AR B S ) J) TR 2Bt , i 200240)

WE:NEANEMEZLANRGE T 2 EHRANEL AN TR EERGN B3R H, %A LM E vt £ 3% (FFT)
REBARGEERFRBEOEFARITREST RETREBER ARG FRBERENEFATHER W2, B
FEAMKIESNRFAEATLE, BELERFREAENEARIHIRET R EFAFHERY ORI 58, HELR T
RIBHA G REKE 375, AR W EIRE R . SREW KA FFTHRKE A, LR T % F AP HEREE B3R A, FBIE T R
Bl EMARE, BT A FHEREERAEANLA TELAEN RS0, E R R HEFLHREFL, RIEREZENE
A RATHARIGEOMARE , HETALRELNEE, RS T THEKE,

KB 4 T AT B R IRBHFAE; 5 2 vh R 4R IR 08 BRI RS B A RAL B A Sl

hESES: V2475 SERFRIZAS : A doi: 10.13477/j.cnki.aeroengine.2024.02.020

Automatic Recognition for Aeroengine Rotor Unbalance Surge
MA Hui*fang1 , ZHANG Zhi—nan®, WAN Zhao', CHEN Ya*long1 , YU Lei'
(1. AECC Commercial Aircraft Engine Co., Ltd., Shanghai 200241, China;
2. School of Mechanical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: In order to realize automatic identification of rotor unbalance surge in the aeroengine, firstly, multiple FFT filtering technol-
ogy was used to obtain the time—domain signal of fundamental frequency vibration after speed tracking filtering; secondly, two
characteristics of rotor unbalance surge were proposed: amplitude surge and amplitude stabilized after the surge, and the vibration signals
were processed through programming. In the application case, by using the time—domain signal of fundamental frequency vibration and the
identification parameters of rotor unbalance surge, it was found that the amplitude scaling coefficient reached 3.75 at a certain time, then
stabilized after the surge, by which the unbalance surge event was identified. The results show that the method can realize automatic
identification of rotor unbalance surge by using multiple FFT filtering technology and the programmed characteristic parameter identifica-
tion, and its effectiveness is verified. When the identification technology of rotor unbalance surge is applied to the online monitoring
system, it can timely identify faults and send out alarm messages to ensure the safety of equipment operation; when applied to off-line vibra-
tion signal analysis systems, it can shorten manual data analysis time and improve work efficiency.

Key words: rotor; unbalance surge; vibration characteristics; multiple FFT filtering; vibration amplitude surge; vibration amplitude

stabilization; automatic identification; aeroengine
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Intelligent Management and Control Technology for Hydraulic Loading System of Altitude Simulation
Test Facility Based on Lightweight BIM
PENG Jin', GUO Peng—fei*, DIAO Xin—yu’, ZHAO Wan—-1li*, GUO Ying—qing’
(1. AECC Sichuan Gas Turbine Establishment, Mianyang Sichuan 621700, China;
2. School of Power and Energy, Northwestern Polytechnical University , Xi’an 710072, China)

Abstract: To enable the intelligent and efficient operation of hydraulic loading tests during an aeroengine altitude simulation test,
and to improve and optimize its test platform, an intelligent management and control technology of the hydraulic loading system test based
on lightweight BIM was proposed. The hardware and software collaborative operation architecture of the hydraulic loading test supporting
the management and control platform was established, and the WebGL~-based technology of real-time data display on the Web 3D models
was proposed to improve the intuitiveness of test monitoring. The designed intelligent management and control platform integrates functions
such as test setting and operation, data management, test process analysis, fault diagnosis analysis, etc. The results show that the proposed
intelligent management and control technology based on lightweight BIM can make test operators intuitively, conveniently, and efficiently
conduct test process management and control, comprehensive data management, and equipment health analysis, improving the intelligence
and automation level of the hydraulic loading system of altitude simulation test facility.

Key words: altitude simulation test; hydraulic loading system; intelligent management and control; lightweight BIM; WebGL;

aeroengine
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FEEE: A i RALE R S AL RAHLE ™ & o F L A2 Ih S SRR iRk 50 X T oK, FRER ALk 50 24 Bk B E &
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KR IR 20 B BT A IS R R 6 s A ME R B

FESHES:V216.2+1;V231.92 ERFRIZAS : A doi: 10.13477/j.cnki.aeroengine.2024.02.022

Aeroengine Vibration Environment Spectrum Statistical Induction and Reproduction
on Vibration Testing Table
FANG Jian—feng
(Chinese Flight Test Establishment, Xi’an 710089, China)

Abstract: To meet the requirements of conducting vibration assessment tests under conditions close to the operating environment for
the development of aeroengine and airborne products, it is necessary to provide the input spectrum required for the vibration assessment
test based on the measured engine vibration data. Based on the induction method of environment measurement data provided in GJB/Z 126—
99, a statistical induction method for vibration environment spectra measured engine vibration data was established and implemented
through a program. The measured vibration spectra at engine measuring positions were obtained by statistical induction according to vibra-
tion data from multiple actual test flights. Based on the principle of energy equivalence and consistent distribution of signal frequency
domain characteristics, the spectra obtained using the induction method were converted into vibration environment spectra which can be
used as the input for the vibration testing tables, and experiments for vibration signal reproduction were conducted on vibration testing
tables. The results show that the frequency domain distribution characteristics of the output signal of the vibration testing table are
consistent with that of the measured engine vibration signal. The maximum difference in the overall vibration within the statistical
frequency bandwidth is 5.7%, which proves the rationality of the conversion method and the capability of providing real input spectra for
vibration assessment tests of aeroengine airborne equipment under conditions close to the service environment.

Key words: vibration data; statistical induction; environment spectrum; vibration testing table; reproduction; aeroengine
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environment spectrum statistical induction and reproductionon vibration testing table[J]].Aeroengine,2024,50(2 ):159-163.
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P RS REBORRHE T FRRNE L OFER R RIATT R Lot B AR . A MTS 3R B Al b % B A 1 &
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FESHES:V232.5 X ERFRIRAD : A doi: 10.13477/j.cnki.aeroengine.2024.02.023

Research on Fan Blade Root Explosive Cutting Method for Casing Containment Test
LIU Chuang', ZHANG Ya—nan®*, WANG Hai—zhou', HUANG Fu—zeng', CHEN Guo—dong', WANG Quan'
(1. Liaoning Key Laboratory of Impact Dynamics on Aero Engine ,Shenyang 110015, China;

2. School of Mechanical Engineering, Shenyang Ligong University, Shenyang 110159, China)

Abstract: In the aeroengine containment test, the fan blade is required to be cut off at the root section, a method based on explosive
cutting technology was designed to meet the requirement. First of all, the cutting capability of the Flexible linear shaped charge (FLSC)
was confirmed by the static plate explosive test, and then the real fan blade static explosive test was carried out subsequently. Static
tensile test was conducted on the damaged blade after explosive cutting using an MTS tensile test machine, the residual strength of the
damaged blade was determined to be 50 ~ 56kN. According to the slot size obtained from the static explosive test, the blade was slotted at
the root section and the FLSC was fixed by resin adhesive, then explosive blade—off test under rotating conditions was conducted on a
vertical spin rig by remote control triggering. The results show that after machining a 4—mm wide slot on both sides of the fan blade and
laying the FLSC, the fan blade was cut off by FLSC at the predetermined rotational speed; The fracture surface shows that the middle part
of the blade root was cut off by metal jet of the FLSC, then the leading and trailing edge of the blade were fractured by centrifugal load, the
explosive effect did not generate additional kinetic energy on the blade, successfully achieving root fracture of the blade at the
predetermined speed.

Key words: fan blade; containment test; Flexible linear shaped charge; explosive cutting; plate pretest; failure analysis;

aeroengine
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552 M X

[ 25 < LI A 25 0 1) I i AR S e e T vk 165

R YESL, K FHLLATRAT ARSI RE . —
ROk Bt ST R ALIE B R 2 PN A THLI
PG TR 56 (R B L AR e A7 7 A 5 R
KRR R AR R S
GEIRUR R S S RN E i F YN L oa o

RSP AR R it .

TEQAER AU TR TR R
IR A AT (T B T

WT , FORE 220 WL ) A0 AP BT AR I o v

FIARSS & 050k AR 4 I R AR RN B £ ]

B AHEOR AN AT E D E R SR AE S

SR T PXS % LA R BT R R 2

T AR A 2 B T AL TR G R , B S
PRI S RE .

AL % SURUB PR A BFGE X
FARBHE TR RS A FRBET | 5 gpocymremans
ST TR R TR AN R0 Ll e

Y 5 0 7 AT T OB R 3 21 AR

IR AR 4 AL 2R I LA A TR S
1 KR

min, M FRA TC6, €W H LA _E IR S80S 48
JEPE WL 11,
x1 KBEMHRASH

Ipigss Jpigle S e PRI TR B PR (7
B3R kN
kg /m Y{E ) /MPa
1.604 0.4841 234.79 1092

A R S R e s ) R BUR By
U B 772 AR IR B 1T T LI 9 gﬁfﬁfff;i;f
IR 8o K 2 T (P &%#%%ﬁg<;ﬂ@
PGB, BRI 1 5 T (6 o T2 B R 3&%&*@%&#%
AIY) HHUE RO BT, IS A R OB I 3 e 1
I ST A LRI s Lepeshin B H T 5 D)
e " TR H AT A, o
AP V) S0 B B R g T DVRRPRCHD U 1B, R SR
SELTF R R0 1 (2 T A S T AP BT T R BT IR0 5 1 R PUE e s
P E ST b e SRR HE U B AR M DO
B2 2 ELAGE S FIREE BN nE . iptoe g D ARAIT T LA SRS il
BEH R EI A A SRR L, 5 A A TSI
M R EHLA AR AR R T gt | R 2PN KRR IRSPTI R BB S
W o P N Yt g e
B, (HERRAT G B | R R VTR S I RUCR R L

FH e LA 52 R 5 16 2050 M A 2 10 v B s Ry AGIAT T RS B AR AT B R

iﬁfﬂo

E@%ﬁ%%ﬁ%ﬂﬁﬁ%%ﬁﬂﬁ%%%%mﬂﬁ
B 1 (L7 YA I T A7 P B B Sk g 3

7RI AR 2 T B R TS AR AR D)7,
B LB o MEAR R T3 52 25% | 2 1A 28 A1 25 2 fvp 2
[ £ 1T, i B 28 i AR AN AL

"

MR TCETALE
R fifp R TR, A R SR T A, B

o

TR P 7 AR AR PR T N A,

B2 RBRREN

HARBE AR B VIEIRE ), 2256 F B4 i g e

T TC6 £ 4 AR R R AR ) A
RS BT 2 FERR TR IR S, 53 50k P B

TER AP ARt ZRIA A TE
5251 v/min 5 T KW, %8RI RO A
S AN OME | B K T R 5251 ~ 5301 of

TERE AN i BT 2 F 5 20, AR i A i g8 T
J7 I 3 7R
DU R IAT 5 RJSEBEA 13 mm Ffg BB



166 o o= zh Hl 550
(o) BLEIFHESS (b) B I ZE by
l3 FARA R FE AR
RIS AFIERE A 13 mm , 5L A 7 =286 (- A R Sted: T P sk
B4R 4.0 .3.8.3.6.3.4 3.0 mm, {R K ARIC A PB1 (d) PB-4 JFAEIRIE H7 3. 4 mm , BRI 43 ELE K 6. 2 mm
~ PBS, H BEIF R 7 3R 58 14 Y A R B A 4 mm A
3 mm, 3 BIARIC N PB6 #1 PB7. FEIAHE N RO IR ER
IR B [ 2 o AR 5 38l ) e A 3 65 245 SR
4 FioR - b B A G R i 08 25 SR an & 5 B
s 2o PR S5
(e) PB=5 FFHETRE 4 3 mm , HEBFIAEE K 7 mm
B4 FHRADBERBEIRER
fiees: e ST
(a) PB- Hﬂ‘ﬁf‘f‘jiM mm , TR EI A EE N 5 mm
WOR TR PR SR
(a) PB—6 HHEVREE M 3 mm, F| 43 )E A 7 mm
piahes EX 00 PR Ls
(b) PB=2 FFAEVAEE 4 3. 8 mm, PEBTI 4R K 5. 4 mm
BRI R L YR R
(b) PB=7 FFAEE K 4 mm, FIAEE K S mm
E5 TiRPRFIEEHER
HR Y R 5 SRAS B U T
A — (DFF 5 ﬁ@ﬁmi&%ﬂ%ﬂ%%ﬁtﬁﬁ?
(¢) PB=3 FFHIVRFE S 3. 6 mm , A FER 5. 8 mm RO RCR %

(2)FF 5 AE , R VI EIRE N 3.2 ~ 3.4 mm,



552 M X

[ 25 < LI A 25 0 1) I i AR S e e T vk 167

22 MABSEHAR

0] et B T B e S B, PR R SRR S EE N 5 mm,

TERARE S S A1 7 T AR A R R
RN 21% ~ 24% (BLEAT R 234.79 kN) B T

[ 5E

Ee6 AHFFESE

H7 FEHERT :
BRI BTG (5 T Ok i itk i7

T ESEM 5 F SRR R0 BeRE i A Sk 4
SEAE I T, i 5 2 R 19 56 2 e 4 1] 8 T 7w
ILFEAT T 340 A R A AR A, SR s e i
A 9 Fir R o

(a) fUIHL (b) IEHL

E8 AfHESEmBuLRR R

(a) M H 1 (b) it F2 (c) M F3

B9 BEIRKA R
R R 32 B R B E S R AR IR T

R IR E MTS LRI L HEAT B T A
HRAE R A IR B T T 0 SR A
BT O I IS P 6 B . {20 AF AL T B
PR AETE R AL T 4 mm 0P FE3AL () 1 2
SR B 1 ) AL KR 110 mm, AL AR BRAP AT B0k 120 N I L B 1 1
R R RLER G SR 11 BT 3R

PrAfi g Je B, i R e e R g LB, R R
TG Te ZEA AN AT 10 o o il e W IR T 2EA T, oK
FHALRS a2 i, xof i a6 7 L 0.001/s 17 78 8 i

BB T 28 107 43591 4 56,55 .50 kN, AY Ry ik Fr B R O

Fr FE RS AR A i BEA A Lo BT R i A R 2R 5

B 10 MRHMHiLEEx

i 11 MRAEERR

3 HARBERRS

RURE It A RS TR TR B B 4 B 1A D 46
B2 FrR o MU % 50008 5 20 v 2 A i |, ad o
HUILIR SR I 5% T HeRe o o T e i R R

LT AER T MU T BB

meac e [l O

ke
L UV ]

, . =, :
Bt P R RN

; "
L ATt

e KRB

ML A
(R

E12 MAEXEHRESEAR
Fi HR i SR Y 0 ) TR T2 FE T R AR

 TFHON AR E AT AR, TR0 R IR AL

LR TR A, TR AR o A A B A P, U

3 7 T4 [i I o S B 0 O, e IR O A AR R T
BRSO LT , XIS B4 KUB I 7 AT T RSB

W T B A AL M RS R R B T



N

168 =

% 8 Hl

550 &

Seefuh, SEI T IR RN 2R R R . R
O SERICIR, FRWIRE SRR TR A W 22
DT AR TR RS DI T WL 8 B B 1 ) T 9 A

FRER A, ST A A X A T e B il AR 8 7
PATRIEBERE 26 18T AR AE I A [ 52 T 58, R0 R

B R H P 13 % AU I SR
A A A R T B B
DB R , 158G S T X S A
REHESMT, AT A A BT SRR SE
SRR 1T R

I T Z PP FpEs A et Ot o .

(a) BB RMEL (b) B SR PIELT e A
E13 REZFHEREEREK

I I % 2R G AL 0 R BRI R A i K R
G REERRL . KEERASPREELTILY

TAM AR PRI LS
KL, et 43 T v B 5 S A 5, S B 1
I AR R P B TR A
LRI M 2 R L 2 B

e, DIWT B 5 20 N S8 1) fih A 2K B8 2 Ui A A=
fih A 4 X 5 AR A5 AL 5 () I fih A 2R AR X B AR G
TR B EEARL, FAEE PR R A R

4 ABERSHH

Yo 1 A T 5251 i, (5% 7T
U 18 . AP L7 =0 ms B B AL

Rl TS TR I A TR U
BATIERAETF WL g o0

5#%5‘4’@]%&%&7}?%@,%& Eiggg }1200 g
A S 4 N = T 3 | =
k%ﬁwmﬁﬁﬁ%ﬂé%gﬁﬁu 3
S T, a2 S|
0 150 300 450 600
T I i 1T 2 o g
14 178 o E14 MH®EHLE
E1TH %

41 TKERM R RIS
R A W R SR A E 15 s . N R L
R Oy R R A 0 4 R SRR I, BT JS S
LA SE A A S
R I A R TR A
hnshie.
SRV LN Dol
W 4 A5 AT LS,

SR UIEI O X 22 AT B 15 KBRS BT O

ORI P 16 Jir 7 o DAL rf n] AL kg A 070 51 11

SR 2 2 R S] 3 TR P G L W S L P
FR R IR FIVE G 0 4% A 5 10T T 5 9 DX Je 7 5

—

(a) EWIEHR (b) IS

16 RS YT EIET O RISH 3R

keV

B 17 BT OXIEBEEIE S

42 BEMGER

TEIR I I R 7R T0UE B R A, 1) 1 K i
PR AR HL S B R TR, i R R e B

(b) t=0. 3 ms

(a) =0 ms

(d) t=1.2 ms
E18 M@ SRR

(¢) t=0. 8 ms



552 M X

[ 25 < LI A 25 0 1) I i AR S e e T vk 169

TR HE KO, FEREF AN 5 72 1=0.3 ms I 2], I 7 AR
TR AOEHR AN, MR oS A 15 1=0.8 ms I 21, KOG
EHTEIR , MR SEIN T KU A D0 £ 1= 1.2 ms
i %1, 52 SRR UI R 5 B R 7E B O 3T Behn
Wrim b K

5 %ig

(1) R AR Fr A B Tl SR R A DD 31 7 1 g 8
YA ) I 7 90 e S 9 e AR T, HA A
g R S R

(2) 38 i i A U3 v] DUAT BRI R
DIFIREST

(3) MR il sz e = VRS R4 S 2 X
SR 7R 2 B BT, A B O 2 £ T B W 1) S
R AT ERP B fE
SE LW
(1] 502 B ID% A 2 02 2R ShAILALIRL G0 25 PRI 5% 250 (1. i 2 2

J1%412,2010,25(8) : 1860-1870.

XUAN Haijun, LU Xiao, HONG Weirong. Review of aero—engine case
containment research [J]. Journal of Aerospace Power, 2010, 25(8) :
1860-1870.(in Chinese)

(2] BRI, X8, F i, 55 iz R S i B e s IR 0] i 2 &
FhHL,2019,45(3):82-90.

CHEN Guodong, LIU Chuang, WANG Hongbin , et al.Review of aero—
engine containment test research[J]. Aeroengine, 2019, 45 (3) : 82-90.
(in Chinese)

[3] Federal Aviation Administration. Air-worthiness standards aircraft
engines: FAR33[S]. United States: Federal Aviation Administration,
2007:70-71.

[4] Unite States Air Force.Engine structure integrity program: MIL-STD—
1783BJ[S].Unite States: Department of Defence,2002: 106—-108.

[5] European Aviation Safety Agency. Certification specification for
engine: CS—E[S]. Germany: European Aviation Safety Agency, 2010:
71-72.

(6] H R R . o el B A28 B3 CCAR33-R1 it 4 & S HLAE i L
A : CCAR33-R1[S].Abt: b B2 /5, 2005 : 104-105.

Civil Aviation Administration of China. Airworthiness standards:
aircraft engine: CCAR33-R1[S]. Beijing: Civil Aviation Administration
of China,2005: 104-105.(in Chinese)

(7] Mok, A, R B, 45 s R S ML SEAILI A AL A R R 1),
fii s 8 )24, 2007,22(1) : 18-22.

FAN Zhigiang, GAO Deping, TAN Zhixian, et al. Experimental study of

real casing containment[J]. Journal of Aerospace Power, 2007,22(1) :
18-22.(in Chinese)
(8] R 5, Bl 4%, sp 4, 55 At J LI i S0k A Ak
WIS R e gR 5 F 5T, 2018,31(1) - 18-23.
TANG Jiamao, XUAN Haijun, PENG Yu, et al. Experimental study on
blade containment with prefabricated crack method for single stage
axial compressor[J]. Gas Turbine Experiment and Research, 2018, 31
(1):18-23.(in Chinese)

(9] TR e W , B ¥ 45, SR TR A LS R ShILI A (28 A 0L e 5 A 1
FLISEII) A % 8HL, 2005,31(4) : 39-42.
ZHANG Xiaofeng, XUAN Haijun, WU Rongren. Experimental
investigation and numerical simulation of aeroengine blade containment
[J].Aeroengine ,2005,31(4) :39-42.(in Chinese)

[10] Lepeshkin A, Bychkov N, Vaganov P, et al. The blade releasing
method for test of engine casing containment|C]//Proceedings of the
ASME 2013 International Mechanical Engineering Congress and
Exposition. San Diego: ASME,2013:1-5.

[11] 244 RR 22 A 58 i TRENT00 % S LAY it v 4 2 )] At =
&ML, 2003,29(3) :44.

LIANG Chunhua. Rolls—=Royce finished blade containment test of
Trent900 engine[J].Aeroengine,2003,29(3) :44.(in Chinese)

[12] 717K . Gt 5 800 B KU B i A A 25 3K 38 B 20 (9], B B i =
1994(4) : 64.

BAI Shui. The fan blade containment test of Trent800 engine was
finished successfully[J]. International Aviation, 1994 (4) : 64. (in
Chinese)

[13] SEHA, BB, AR 22, 45 s A S LML A0 25 1t R
JriE0] s R AL, 2016,42(2) : 73-76.

GUO Mingming, LYU Dengzhou, HONG Weirong, et al. Blade out
methods of aeroengine case containment test[J]. Aeroengine, 2016, 42
(2):73-76.(in Chinese)

[14] EOBIH 2SS sl BILXUE BILIE A 280 v i e g e BB AR AT 5
[DL B : WK%, 2017.

LYU Dengzhou. Research on explosive blade—off test in containment
evaluation of aero—engines[D]. Hangzhou : Zhejiang University, 2017.
(in Chinese)

[15] Yang B. Blade containment evalution of civil aircraft engines[J].
Chinese Journal of Aeronautics,2013,26(1):9-16.

(6] ez K shpLisct HIA RO T % 2. s R Ehplieit i
AOEREEE FHM. deat A Toll il ik, 2008 : 1183-1205.
Editorial Board of Materials Data Manual for Aircraft Engine Design.
Material data manual for aircraft engine design[M]. Beijing: Aviation

Industry Press,2008:1183-1205. (in Chinese )

(ZiikE: X )



55 50 4 45 2 ) fn= &3 Vol. 50 No. 2
2024 4F 4 H Aeroengine Apr. 2024
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(P E AT IR FE B, PE 42 710089)

WE:AHERNAEAN AT IFETFNR DN LR ER L, A RFERLRA R/ FHERHIHATT TR AANT
TESM AR ETRBERELT —BEL AL TRELINLERANTERE, X2 T EFREE R E
TRETFCA/LAEEE H/EHRE FEESE CREERA TR E TR A NG EATES 03RSl L 4 %k
W, ERXV . BRALER BN RBE AN L ER R EERAFDRI, B ATLEE T HEH K 4.3%~20.7%, 48 £
AR B 1.29~132.7% ; hF M AM AR ENTMAELRNE B ATHE N ATRD A BE A ER VITHEM T
AT JE 3G KT DN FE VDT B KR AT E A T LBk i/, B3 v i/ s R An KU At 2 R Mk B e Ko

R Rk A A L RATEA BB A L &4 R AT RR

hE S ES V231 SERFRIZAD: A doi: 10.13477/j.cnki.aeroengine.2024.02.024

Research on Installation Loss of Turboshaft Engine with Covert Installation Layout
ZHANG Hao, WANG Tao, LI Yan—xi
(Chinese Flight Test Establishment, Xi’an 710089 ,China)

Abstract: To determine the installation performance loss of turboshaft engines required for the flight performance evaluation of light
and small helicopters, flight tests were conducted on turboshaft engine with covert installation layout under different helicopter flight
attitudes. Based on test flight data, a set of calculation processes of turboshaft engine installation loss under real flight conditions was
established. The effects of flight attitudes such as stable level flight at different altitudes and speeds, IGE/OGE hover, IGE/OGE hover rota-
tion, different altitude climb, different altitude glide, circling, and side backward flight on the installation loss of turboshaft engine were
compared and analyzed. The results show that the installation loss of turboshaft engine with covert installation layout mainly comes from the
inlet temperature rise; the power loss under different flight attitudes is 4.3%—20.7%, and the relative increment of specific fuel consump-
tion is 1.2%~-132.7%; the power loss does not change obviously with the flight altitude, but decreases with the increase of flight speed; the
relative increment of specific flue consumption decreases with the increase of flight altitude and speed; the installation loss is minimized in
low—speed flight attitude near the ground, and it is less affected by ground effects; wind speed and direction have a significant impact on
installation losses.

Key words: installation loss; turboshaft engine; flight attitude; covert installation layout; flight test
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