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Review of engine-level testing techniques for the key parameters

of gas turbine engine
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Abstract: From the perspective of performance and reliability testing, this paper analyzes the testing requirements
for the engine-level test of gas turbine engine, and identifies the key parameters, including thrust, power, speed, flow rate,
temperature, pressure, and vibration. The principles, applications, and development trends of the relevant testing tech-
niques for each parameter are introduced. For thrust and power measurement, the structure of thrust measurement bench
and power measurement system, along with their calibration methods, are described. In terms of rotational speed measure-
ment, typical speed measurement systems and strategies for dealing with signal distortion are presented. Regarding flow
rate measurement, velocity, differential pressure, and mass flow meters used for fuel flow measurement, as well as the
structure and measurement point arrangement of the intake air flow measurement section are discussed. For temperature
measurement, gas temperature measurement and wall temperature testing methods encompassing resistance temperature
detectors, thermocouples, temperature-indicating paint, fluorescent temperature measurement, and radiation temperature
measurement techniques are introduced. In pressure measurement, the pressure testing system is described, and the chal-

lenges and solutions for dynamic pressure testing in high-temperature environments are analyzed. In vibration measure-
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ment, the engine-level vibration testing system and the issues related to vibration measurement point arrangement are dis-

cussed. The testing techniques for the key parameters of gas turbine engine are expected to evolve towards higher accu-

racy, higher frequency response, and higher temperature tolerance. Meanwhile, the engine-level testing systems will tend

towards intelligence and integration.

Key words: gas turbine engine; performance and reliability; engine-level test; key parameter testing

0 35

J =S A B — Rl R il e e R oy A
ey LR B, NI ARG 4, AT
BT RMEIRZA, Z5PHRBAAH LR, AL
MHLE FoE iR 2 GG RtE. N, X5
IR 2 A SIALT ] i AN R Bl A 22
PATE , [ AL AR 2 24 sh AL IS B i s PR e
B AR B Im, JEHE B AL e A
g 2xifn, SRR SIHLI T A5 B AT SE A2
APEAN IR, A B

FEMLIRXER B H AY AL T3 1 2% BB A R
AR S FT YA RIS R, BTG A
LAY PERE M AT 5, I LA it P A 5G4k
Bt o BEALE M AR Ny B LR A By, 2
ARS8 M A LI A S T e . [N AMA
A2 B X A e S AL EE AL g A A AT
TRHEASHT, ER TR R R, K
AL A 0 R S AN T A AN R . dn, M A S ALY I
AR R, AL I AL R SRR RES S
WAEAT A28 AR 5R E S B bR S S K
BIsE s MWK R ST A BE o, B AL It
A LA 70 O i A AR A AR
KA, #E— 0 MRS SR RO
Z AR RO A, A B S HRT LU AL
AV, I 28 00 T A B A S T 1ok
ML

AR SCHE T 2 50 ) B 2R R AL G i S
B AR SRR BOAR BEAT I BRI 34T . G HE SR
PRE e RCTe=Y-an LI Rt N WA P & R
AR O R, BAREALZ xR sh Pt fe
FIRTAEPE ™ A B R Y R . S
AT S T AH S L B 1 J B 45 15 7 5
A [5) 49y 30 28 R 1) 2 B0 AR A A S 30 e £
BOARRFVE R A L o NI, AW BSR4 A

il

MR S-SR, AR BN 4 i %
R SNHLIYBEA S AR, 36 RE A8 AT AQ SR Ml 1A
B AR EAR B A LD o AS SORs L2 & 3
PP RE 55 R 5V A A1 B 20 M R L0 A I 35
R, MRS B0 oy B2 AT L i 7R g 005G B
S8, JFPRATHE AR I E A Y BB &
KIEHE.

1 MERHINENIRE XESBNIXE K

iz RS ML NS W T 2 MR, O
Wik e . ARPFAIREEA . ARG H B A
HEPLRE T2y Sy PERE LRSS . DhRE PRI . AT HEE
g IREEE NI . AR IR 2 AT
Zes I H A &, BEPLIKES Al 70 BT IR R
P . R OAE . B E A R
I Bt AR A e, BEALIY Al o b b if % A
. BRI, Ml . TR, B
PR R 22 B4 BT 8 S i 2 B i B R
BERE %, M A SR PERE 5 T SR 1k e 45 26
BRI AR SCTE A M A, D AS SO A 25 4 3l
PLYE RE 55 nT 52 P4 A9 A B2 23 B 48 B3 56 49 I 3K
R

fit 7S S SLAY I RE 35253 S P 5 Tl —— 30
PEREM R TEPERE . 3 ) PERE 2R AR R S HLIE R
TE AR A9 77 sl g 3t R o 8 AR
P} S s AL o e HE U AR HE ST, AT HE S KL
E 5 1T T ol R0 76 25 2 s AL DU 2 M) AR LUk 3 3
PARZEIct i R R SNTIE (e~ NEBA IR ) N
WHLIRGER B AT o M L (SO E L) & O HE )
(SR S RHLA SFEHEZ I, Az RS
ROCHER B T PERESR AR

ST VERE T2 B AR A S HLAE B A7 A XA
ATHFERCR . TE RS RI R G, 38 R A
TR A A Dy 2 A R Y A s AL AR
R S D B AR IE A O, AR S SOH



iR

BRI SN SRR Z e, RAE & sh Pl ok
R EREFRBR

e T TSR ML 25 R BN WLTHE e - e AL o O
SERRE S ol /N R W R Sh AL )
FFEI 2, [ B ol 5 0 - 45 4 1) ot 0 )
SREEAE G, SR SPLN TR B YA, 7E
AR, AR IS5 B IE SR S & )
BMLISHETT . D38 L FE I 58 R At AH 3¢ 2 85 bl 2 i
HARfE I R MR IR T e Sl ATL I T S
Vs, Hrp, &S5 T IH—1k, S M F 535
SRR AR ATy, R T RV FE
PERE S BB 1 43 L% o n, (AR LT AR AL, T,oh 1
TR, ¢ NERE ., o, MR p Mg R
PR, EIRSECS RS RE B I

BEAh, s ML I A S IR A R e, B R
SRR S8, AL, I8 58 45 e i 1
PR R R s AR - TR AR
KRE D mE 2R, Kb, 7 g Mg, 5
SR ESHLE R . RCRFA A0 &

MR 22 R B, WiEs BB A8 Ty
SRR ARG, Wk E AT
SRS, TERRBEE IR, SRS R K
IR AL, a8 A e T SO R A
R AR . R R, W RS AR
DL S B R ) TR R T S S Y 7 R TR
KPR RE A AT RS ALK T,
BEAE R B ALY — L SC R I A B AR, DU
XSS H, RIEFT AR ME HB0-90-1990, fiii=s &
SIHLOCHEER I S AN 18] 3 TR

33 AT AT 44 48 1120 500 SR 2 & s AL 3 e
T3 d 5 RV B i e (R T, AR B AT R AT
R IR BRI, LA By 1k 5 57 R AR L 2
RIS A4 FTET ) TR R AR M IR A AT, B
F RS KAWL S RE AW T, BT AT i
AT AW TR, HAETE A E 2200 KL &
AU H R AR % | I e IR 1Y 75 A AT
Sk, ARk THE KRB, IR
B ExER ., Hay, fEWHBEILRKH, —
A EL A A R B, iR A 55 A Y IR
e R B A T ] i >

BN T 22 R A B, as R EhBL A B AR

T-l
Se MO I
F ( [ '/
[ [ l 2
\
0.8 ‘ /)/ /I‘
\ j‘c{
Y “D’ J
T—'l
" S
\M< F /
] :
04 v
| f/
wZ
>
|1
02 b
0.4 0.6 0.8 1.0

n

(a) KAWL £ BN RSB Fol R K &
(a) The relationship between the main performance
parameters and the speed of the engine
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Fig.1  Throttling characteristic diagram of turbojet engine
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turbine components
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Fig.3 Key cross section of turbojet engine test
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Fig.4 Thrust measurement test bench
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Fig.7  Dual-rotor turbine flowmeter
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