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Research on aero gas turbine performance in the condition of
fault based on thrust work potential

HE Xing, SUN Fengrui;, ZHANG Rerr xing

(College of Naval A rchitecture and Power,
Naval University of Engineering;~Wuhan 430033, China)

Abstract: The mathematical model of the gas turbine performance in the condition of
fault was established by\using the-thrust work potential-transfer function, which is a figure
of merit\of thework potential based on the-secondlaw of thermodynamics. T he performance
matrix of fault model was derived by using the small deviation method. The thrust work po-
tential transfer function\was\compared with the efficiency, which was the traditional func-
tion. T he thrust work potential transfer function among the components was compared. The
thrust workcpotential transfer function of the gas turbine system was analyzed. The results
show that the thrust work potential transfer function can express the gas turbine perform-
ance wonderfully in the point of view of transferring the work potential contained in fuel into
useful thrust work. This lays a foundation for the future study of the capability of the gas

turbine under the conditions of all kinds of faults.

Key words: thrust work potential; gas turbine; fault; performance

( 1%
: 1%
, )s

: 2008 09 02; : 2009 01- 14
(40101020103)
(1982- ),



2092 24
‘ 1
b 2
) 11
(
’ 9
).
2
[ , ,
2 e
1, ’
[13 2
Roth'”
, 2 2
K ) 1 [ 9]

[8l,

r]twp,T: ,\HT TE} "e ) rlT:

1 T>T1,0<cme< 1, Tae> 1,0 < 1

T, - [9]

(3).

ot e - 1
M= 0 (1

_ ;]'Elg_k Ilvr(]'[;lg_ 1)_ ]'E',ng
Nypr= r\l 1 (2)

_ fH g+ e T2 3
I‘lWDB_ fHu+ CpaTZ ( )

r]tlarl'erL; °

r]lwp, T» r]twp, B 9

12
(D~ (3)

m m

= T[cdrpr,c“‘ 1- T° (4



9 2093
1 T, (T = 1) = T+ T s Ya= 1. 40, Y= 1.33,¢.= 1004.71)/ (kg* K),
t T - 1 o= 1158.31)/ (kg * K),M,= 0.99,T,= 0. 98,
no LH= anT2)T,, 5= el (6  Hi=043%10° Jkg 0= 0.95.71= 288 15K,
- HH
! Ae= 0.26397m’, p1= 101325Pa
(4~ (6) [10]
Ii\vp.,(j? 6C5 ﬁ\wp.'lvAT . 61—]1‘”[”(:_ 0 05906]1%: SI-I‘“P-C (18)
8Ge+ 0. 4999748 T.= §Gc (19)
( n= ). §T2— O 33228 T+ 2 404581, .= 0 (20)
N,,c= (1- 0 43837 ™+ 0.03825T; "- 8Ge+ 0 508 T3— 8M.= 841 (21)
L
QO001116T> ™) + T ¢ (7) 8T3— 0 66198 T+ 4 404561, .+
Go= 98 00+ 4 S00%— 0 3611(T)"+ Te(8) Q 65118% + 4. 107881, ,=0  (22)
I 1) 8T's— 8T5— 0 02038 T+ 1 565487, 4+
To—-Ti= 73 o (9 0. 24816M,= 0 (23)
T[Cdrllwp.(l-'- 1_ TEA
§T3— 0 42796 Gi+ 0. 42796 Ge—
KGP A1 s— (427 i+ ¢
Ge= —Jﬂ (10) 191880, ,— 0.57218T2=0 (24
. 8 — Q 56Ts+ 0 58Ts=—- 8Ar  (25)
Ti(T— 1) -~
cpd]—’gdrl‘lzwpqc"' 1— TI;”;’: 61’1»\}1.1‘_ 0 0136ﬂc+ O 039463-[]: 61'1[“[)7]‘
0 mn, = m (26)
C/'gTJ{[rpr,T(ﬂgg— 1)- Teedag e+ l}r]’n o
S4r= 641 (27)
11
) 61, ,+ 0. 00258 Gi— 0. 00258Gc-
S 0 279667 2= 0 (28)
Ts{1+ [ (T 1) - 7] nr} (12) BSy= Céx.
Geer (T T) = » o
-1
(GfHu"l‘ GCCpaT2) QLZWP.B— G(]CpnTZ (13) 6y: B ¢ C. 6x: A 6x (29)
J'[TA T Ar Sy: [6rl1wp.C 61'1wp,'[‘ 6rlwp.B ST 5T,
A (14 s, 875 675 8Gc 66 8Ar)" 11
" . s 6x= [aﬁlwp.c 66(: 6rNlep,T SA_]] ! 4
0 It — 0. 91— O 09T« T
'p. T = m + wp, T ?
f- 1 _
N T B , , A=B'-
Ar= 0072325+ A+ (16) C
_ é‘H ur].B+ CpaTZ 17
quH_ fHu+ CpaTZ ( )
At
Yae 1 Y- 1 st Co G N
Ma= Ty, 0 T EYg’cP=C2c’f=G_;
(7)~  (17) (30)
2 . . ~
ai= aj ¢ ot=ap c === 4L (30
( ) Oxj apy * Ox; ap



2094

24

(30)

(18)

Q0 9020
-0 0216
-0 7491
- 1 6612

Q 0000
-2 7207
-4 9836
- 4 9835

Q 8306
-3 8210

L (0 0000

1. 0000
- 0.0239
- 0.8305
- 1. 8418

0. 0000
- 3.0163
- 5.5252
- 5.5251

0. 9208
- 4.2362
L 0.0000

31

s @j

~ (28

P

,A

A=
ao4s -01008
Q0098 09438
Q095 - 00628
Q7543 - 17086
0 0000 0 8631
01436 - 03252
Q230 -51258
Q2629 - 68520
Q6229 Q 843
0 883 - 10 4084
Q0000 Q 0000

A=
0.0715 - 0.1068
0.0157 1.0000
0.0635~ - 0.0665
12111 - 1.8104
0.0000 0.9145
0.2305 - 0,346
0.4222 - 54311
04221 -7.2001
1..000 0 0.9051
1.3940 - 11.0284
0.0000 0.0000
[ 10]
A
Mono> T

[10]

0 0325
Q 0363
Q 0321
Q 5508
1. 1028
Q 1048
Q 3475
Q 5531
Q 2754
1. 3714
1. 0000

0. 0325]
0.70363
0. 0321
0:-5508
1. 1028
0. 1048
0. 3475
0. 5531
0. 2754
1. 3714

1. 000Q

32
A 10
8Gi= - 4.23628M,, .+ 1.39408Gc—
11.02848T + 1.371484+ (31)
( ) ,
6r]twp, C ( 6r]1w»‘p. T ) ’
(31) (32) (33)
8Gi= - 4 236281, (32)
§Gi= — 11. 028481, (33)
(32) (33) : oo
Tor G . 8M,,,.¢
6r1»\p,T ’
’ Sﬁ;wp.(}
6r]tw pT ’ 6r]lwp, T ’
[ 10] 261
8Gi= <"1 78745M .+ 1 81488Gc-
2 71698M, + 1. 432784+ (34)
(34)
8Gr= — 1. 787461, (35)
§Gr= - 2 716961, (36)
(35) (36)
8, Sf, 8T,
[10] )
, (31) ,8Gc  SAr  8Gi
6?[!% pC 61?l/\wp, T 6Gf
; (34) ;
’ ’ 61/},pr,(l SI’TW;J.T
33

§T,,0= - 0 05. A



2095

Mpc| 1= 0. 106
6N,,r[=| 1.0000[[8T,,.] =
8T, ~ 0. 066
- 01068 +0.0053
1. 0000| L- 0. 03] = | - 0. 0500
- 0066 +0.003

Q 05%,

053% 0 33%. ,

B B

611»\}): 6I-l‘lwp,(:+ 6I-l‘lw\p.,B+ 8]—lwp,T:
+ 0 53%+ 0 33%- 5%= - 4. 14%

, :ONZON.+ 6N+ OT.

[9] )
Ty

[1]

[2]

[3]

[4]

[6]

[7]

[8]

[9]

[10]

[J]. , 2001, 14(1): 46-53
CHEN Lingen, WU Yan, SUN Fengrui. Finite time ther
modynamic analyses for gas turbine cycle: theory and ap
plication [J]. Gas Turbine Technology, 2001, 14(1): 46
53. (in Chinese)
Roth B A. A theoretical treatment of technical risk in
modern propulsion system design [ D]. Georgia: Georgia
Institute of Technology, 2000: 23-98
[J]. , 2002, 14(5): 8891.
YU Youhong, SUN Fengrui, ZHANG Renxing. The er
tropy generation analysis for real simple gas turbine cycles
[J]. Journal of Naval University of Engineering, 2002, 14
(5): 8891 (in Chinese)
Urban L A. Gas path analysis-applied _to turbine engine
condition monitoring [-JT. Journal of Aircraft, 1972, 10
(7):400-406
U rban-L"A .\ Parameter selection £6r m ultiple fault diagno
sis of gasturbine engines [ J|\ ASME"Journal of Engin eer
ing for Power, 1975:225 230
[ D].
,. 2000
YANG Yonggang./Performan ce simulation of the gas tur
bine-gas path fault [ D]. Shanghai:Shanghai Jiaotong Unr
versity;2000. (in Chinese)
[D].
: , 2002

LIN Hai. The research on the fault diagnosis model for
triple axial gas turbine[ D]. Shanghai: Shanghai Jiaotong
U niversity, 2000. (in Chinese)
Valero A, Torres C, Lerch F. Structural theory and ther
moeconomic diagnosis: Part [[I- Intrinsic and induced m at
functions [ C]//The 1999 ECOS, Efficiency, Costs, Optr
mization, Simulation and Environmental Aspects of Ener
gy Systems. Tokyo, Japan: Ecos, 1999, 35 41
Roth B A. A work potential perspective of engine com po
nent performance [ R]. ATAA 200F 3300

, L [M].

,2004.



