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Consideration for the development of aero-engine altitude simulation test

LIU Daxiang', SONG Zijun?, LIU Shudong® LIU Zhiyou®

(1. Beihang University, Beijing 100191, China; 2. Aviation Key Laboratory of Science and Technology
on Altitude Simulation, AECC Sichuan Gas Turbine Establishment, Mianyang 621700, China)

Abstract: Aero-engine altitude simulation test facility and test are indispensable strategic resources and
means to support the independent development of aero-engines. Based on the 60-year development
foundation of domestic aero-engine altitude simulation and the new requirements of building an aviation
power in China, the three core challenges faced by the current development of aero-engine altitude
simulation were discussed: first, the challenges brought by the high requirements for test capabilities caused
by exploration and real combat assessment; second, the challenges brought by the next generation and new
aviation propulsion for new demands on test technology; third, the challenges brought by digital
transformation to traditional test models. On this basis, the main trends of the future development of aero-
engine altitude simulation technology are analyzed and refined: deepening from simple performance
verification to comprehensive performance boundary determination, expanding from conventional
propulsion testing to the next generation and new aviation propulsion testing; evolving from
predominantly physical testing toward integrated virtual-physical testing; shifting focus from applied
technology research toward strengthening fundamental theory and forward-looking technology research;
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and extending the service scope from altitude aircraft propulsion testing to the low-altitude economy and
general aviation propulsion testing sectors. The purpose of this article is to share the author’s understanding
of the development trend of aero-engine altitude simulation testing, with a view to providing ideas and
references for altitude simulation test researchers and better assisting the high-quality and sustainable

development of my country’s aero-engines.

Key words: altitude simulation test; performance boundaries; digital transformation; virtual reality fusion

test; test technology

0 5§

LS S SR BEAR A2 2 o6 JEE B R T A4
B PERERTZS RSP T B G 2 B AT A T i 5
B AR 2 BRI . 1201 2 404E AR
S ML TE S E RN I E R AR T 502
SRR A (FfR S A), I F R R R
BRI A L 20140 S04EAY | FiA BT RO 2
RPN G Eras B IIEFE & R R, AT
2RI RIR R B EIEA 5% A1 —fRE
PERLZS R AL S 5 TR | HR s 4
BT S BAEEMER 2, YT, HAS k5 Ep
BELAE AR R R A

Ay ) 58 T 2 B S R, 640 60 22 47 i 14k
HRERZR TR E B A MR AR RE h B
PR T LR TH A — 04 26 FE T TR R e rh
L (AEDC)) 30 A2 & ShiHLIY [ R Fn s
R A T SRR BT YT, 75 RSBl AR
37 19 7. 1 S LA 2 o s 1 A BT, A
A B -3 17 R R TR L2 % BB & i 5
R A 1 8 2 L A | L s s )
IR R ARG B 1 TR R SRR it AR
i ERPERERTES & BB R R 3 K X s 2 A
SR IR ASCRIBT T s 2 Bl s i £ A
WS T T 2 R 0 T B A
T KK 9 2 JEE T 1, LA SR 1 2 28 0L o o
F) 52 B A1 A A L

1 S=EEIRENRNESEES =

fii s K sl 25 B B A = s 5 (IR
) FEE AR R (R HHE 577 ) MR 2
WAERAT 55 GRIE 3 ) . Ho iz G R dkal
IR HATE RS, XRS5 E AT . M
JEAE TR AD) K S HILAE 25 v AT I A g B2 T3 e
HE R AR S50 IR I R BBl zs oh TARTPEfE S
FRPER T ISR B . TR B TR AYDTTE & 3l

ALz R AR 0 e R 7 A A DG BT 2R 1Y
BRIy s BT . 5 e 2 MR 6 sh i 7
FIBTEEAR A BRI J7 1% IS e A U s T e s
AR AR .

s 1 BB AR S R A AR LR
Ay BE R S5 00 R s ALt OB L SR R R 5
AIREIEL o 2 AT PR B A H R R 5T 5 AR i 5
AILAN [7] oy 2 — 3 J8E 6 O Al B e A B i A
IRALE PR AL LRSI RAS =
SE M RGE ; B2 AT i BE PR X I Al e A
R MR GE AR PER SIEFR R G
ARG HARKBER 5% A R G LA IR ARPL L
FIBER R ST 5 i £ D REAH [RI{E S 52 2 Al R
MR TZRE MWIARSE LU RLE BHAIR
48 SRR R SE TR RS KRR HHER
RAGEE . W% A TAEEBIME TR

o 25 ML T 3 X A B R G AN ] DE i
A, AT S LS AN TR R AT - R
BEHE IR (AU R R R 2 A
PAHE IR 1) (51 TR0 H il R B 2
QU IE= RN =TSR BB S N
RIS BRASAE ) , DT SE MRS, P IURIPPAG %
bl h TARE R AR . th T s GO T mi Al
HARGIRER 5SS A Sl 23 B B
AL

(1) IR BB G MR . s L)
TEG A2 KR A SRR R A/ TR A BE T
L A AT LB T B A 2 s LAY /AT TS A
S T L3 A7 7 o A A A [ X 2 A
XX R BIHLA AT UE | S ) B33 A RO Al 2 A
IR BAT B R

(2) BR50V FBl B  E PE RRR RE HAT, B
A 73 1 REAEIE i SRR S A K SR 42
A TAERE . HonT IS 2 A shplfe 2 b
T g /AR BRI T o SRR A AR . o, —28



EAE] I 25 s Az Sl ees 23 RS0 1 i J FE 2 3
FRIR A K S LIS 20K ilﬂ"”qﬁ?%%i_IVEfF—*rﬁiﬁ UCRATIRE I AR . [RI, i 2 AU A /D ek
NSy e 7 A A L B R i e o AN A B B SR AT IR A ik, B AT I A B 8
SRS/ SO0 AR B TE B R, AR S HLAS vk B ke A

(3) ZERKA ) HEAER Y. X T4
LA s RSP TAR 5% HAS IR B R i
B B AR R B b 20 B e ik i) 2 T
FEZS T DR R 28 /N IR 3 D B IR g3tk
BEMTHTO. K, &2 Bl o255t 2 Fh
SR RN TR, WHEIET , ma G
A 25 S B0 TE M2 000~3 000, 2 ] it
5 000 ; &S EONKE 1E 4200~3004 , H = 5
Lo = B INSEONR R S M B RS,
S B R B B FOANf o A AT R
AT HA WAL

(4) BRI APEM LA et . R E T

Geit, — A MR ARG N 2, AT 30048

By
=)

BMELL TR xR 2t w5 S B
SEAE LT HEAT B, R0 KU T LT AT
X BT TR A ] B AR AN 5 1 R AL
JNEEEL,

BRI (1) 2 28 HE RS A T4 2
Kt —NEEA N 25 EATLUR T, S s Bl
W B ek 2T SR =42 0 EE
A R E S B RENSAR L ST s Kk shbl etk 4
T R TAERRE ) B AR IRE . a0, A
2 5 [ ¥ A 5 R S AR & KT A L 1Y) &5 28
G MR T HU S BB U AR R AL RE ). 36
] R4 2 10T ) LAY 1 2 B AR AN BT 2 TR

IG5 15 B 0 P T B E A T

PR RS

HPESHLL LM RS AL .?’éfﬂ(‘ﬁﬁ
\‘..‘\. / / ‘f/‘ /f
SRTHRG O—Tnh
—O—h KRS HAH R 5¢

125

IR AGE RS

/
/
!
/

E3

B

[ HAHER ARG

+(m1 \
KRURERGE TARS WARSE WitRS Wik SR Mk R4
LV EE
T-:7:=F
 EEEFEH
El1 maiilE & TERER 2R

Fig.1 Schematic diagram of the operational

principle for an altitude simulation test facility
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Fig.2 Typical altitude simulation test cells
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Table 1 Comparison of capabilities of aero-engine altitude simulation test for major countries in the world
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