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Study on Inverse Modeling of a Turboprop in High
Altitude Operation using Engine Performance Data

Kk

Changduk Kong’;r + Semyeong Lim** - Jihyun Kim

ABSTRACT

The gas turbine engine performance relies greatly on its component performance characteristics.
Generally, engine manufacturers do not provide engine purchasers the component performance
characteristics which can be obtained by lots of experimental tests at various operating conditions and
big amount of expenses. In previous works the component maps have mostly been generated by
scaling from a similar component map. However this scaling method has large error at off design
points, specially in high altitude operation. Therefore this work proposes an inverse modeling method
that can generate components maps of PT6A-67A turboprop engine using performance data provided
by the engine manufacturer. In addition, evaluation can be made through comparison between
performance analysis results using the performance simulation program including the generated

compressor map and performance data.
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Fig. 1 PT6A-67

Table 1. Performance of Design Point of PT6A-67

Operating Conditions Sea Level Static
Gas generator [rpm] 39,000
Power Turbine [rpm] 29,894
Propeller [rpm] 1,700
ITT(K) 1,113
1,726(Flat-rated to
Shaft Power (SHP)
1200)

PT6A-67 d1A 9] A=t Axxag= A F
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Table 2. Input Value

Altitude 0 ~ 15km
Velocity Mach 0 ~ 0.5(0.05%%])
Max Take-off

Engine Max Climb

Condition Cruise(100%, 80%, 60%,
30%)

Compressor 0

bleed air
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Table 3. Performance of PT6A-67 and PT6A-62

PT6A-67 | PT6A-62
Air mass flow(kg/s) 4613 418
Fuel mass flow(kg/s) | 0.087643 | 0.08178
Compressor' Pressure 9.26 94
Ratio
Compressor outlet 615.33 616.67
temperature(k)
Qas generator turbine 1288.2 1292.62
inlet temperature(k)
Shaft Power(SHP) 1200 1150
SFC(kg/kw « hr) 0.35259 0.3432
Propeller RPM 1700 2000
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Fig. 3 Generated Map of Gas Generator Turbine
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Fig. 2 Generated Map of Compressor

Fig. 4 Generated Map of Power Turbine



3 . e TE® YT T odo o W
o E 2 = X o = o X oy _ W o ® T W N T o
& & S8 5| |2, - T E | FxT T .
__c g 22| |2| |2t g B T_CnRTg owN LWy
Ho = S 3|5 B =] 8 £ oF o on B i) R
— =] - = = Y ) &
il - >|sE|>| 2 |>=E Z > = T o 9 W% i o 2o X R
K = EE|T s TEE Al 2 =MD E %ﬂ%m%L SO S
& Mm 2 =g o ° o I Mg % G 3
o : LIEINE s sETE kLETgm EE _Tsgo
[ o = —7 — TO — — <
. = P ITNL saihoT w RIETE
T I RN B T x°o
2 %%oé dﬂﬁ,ﬁﬂ N %a:om_
! 2 T A g Jo 7 & MO g M_aﬂ T o o
: I3z 2FETOLr FL L5
= - = M = v —
E 23 18] 82| 2 T e autTnETEDgpml T
= 2| % 2% |&| |92 3 wR. T Mgl mT  SRWG o7
[=4] ] =] ] Us B L ﬂ,ﬂ‘_\.m,liﬁ o < — B =2 orﬂ” = OE E.E
- e - e A e I A e ) o] = do 17 1 » c T emH X CLS
i8] S E g |BE (T |EZ - g s, WE o
K =l |2 23| | & |E% 2 I = W WU~ g ofy
K - = iC 3 Jo # gm T oju
I gl [°| |38 || |32 BT STom o FES BB I
. & =13 |# T WK T PN wmE D HTw T T
&0 I B L ! w5 HBRTH HTE TT I A
=
ol
i%%ﬁi ﬁﬂ%ﬂ K i NEONICIN B R L N Ol AN )
X Lo B o fi a N X0 ey
T Hmlﬂxo_t duﬁ@awﬂ #o_,TA]L.A.:.oaﬂloioiordlﬂdl&oqweﬂio:_a,A o
ol SrxEx T FEERP PR FY s s g YRy T 2
Bl 25EF Zofg TlesuriTENETIEORIZE 2
W g . Klo 4 8 B EE ot g~ B 8 LB o W o k3 <
4 H_I _.I . A OME T ﬁi — _ui -~ o X N [ Nt P B! OME s
W‘_ Ho = o I o 3/ omo B o oy o) Um R N o B T = o oex U ~
—~ —_ e
Braris o Bid, FEEAEosiiaafpocivy )
oo - ; z° M o ~ Uy e ~ W R
ﬂﬂWlﬂoﬂm :ﬂ_m aﬂuﬁ%x %ﬁmﬁiiE iﬂﬂfrHEaﬂEw o P M
T E it oy B T o EENT T g amNeT g O
maaﬁg_u_bﬂwx o ww;mc% xhwmﬂ;ﬁﬂ%xﬂ_éﬁm’i?h% MU%TMH R
— o £3 - o1 T ogn R o T
= 3T g 30 o OF o M o =T T o 1 i
%%m%lE e T WﬂmnomaﬂMmoanMﬁﬂEﬂ.MxE% o
s N I R T TR EN pTRNTER DT N
T3 L MR TE Vg e R T g h b T 2 Ry
T XNy W gt s Mmooy m oo N R g & oo F o
o P I ) e xomWo® wEf TE v _
T e N oy W SW T e W R T W < PO T g S TS
E]Az,_7E il jariy Ay L ) o3 W _ W — gt
T, X B W R® By Ty N o o) o X IEW =z
o A e Nl SR ERe TR R TR 4 N TRFT O
& Mo % T f N T 5 T W AR oW T Mo RT o BN T E R W o o

&€

11:1‘_.

259

=1

A
Hel Az mdgo] A}

24 B3 el H5H

AzAvEelE B dTeE,

L

L

59 7,

Ell

1

1=



H143H H3& 2010. 6.

YSHOIHE o|&

gt UOERE HEZEAT J2HY A7 21

Take - Off : Power

1000
—&— Model
- EEPP
800
\
600 —
= >
=
<
2 400 -
3
o \.
200
0
10000 20000 30000 40000 50000
Altitude(ft)
Climb : Power
1000
—=&— Model
e EEPP
800
,?_/.'\
600 \\\\\'\
=
=
2 400 RN
) ™
K \'
200
0
0 10000 20000 30000 40000 50000
Altitude(ft)
Max Cruise : Power
1000
—=&— Model
e EEPP
600 \\\\\\.NE
=
=
2 400 RN
o N
o \.
200
0
0 10000 20000 30000 40000 50000
Altitude(ft)

80% Cruise : Power

1000
—&— Model
- EEPP
800
600
=
= \l\
é N
g 400 -
o
o
200 L
0
10000 20000 30000 40000 50000
Altitude(ft)
60% Cruise : Power
1000
—=&— Model
- EEPP
800
600
=
=
<
§ 400 =
& \'.\
200 \'
0
0 10000 20000 30000 40000 50000
Altitude(ft)
30% Cruise : Power
1000
—=&— Model
- EEPP
800
__ 600
=
=
<
2 400
o
o
200 - _,\\
g
0
0 10000 20000 30000 40000 50000
Altitude(ft)

Fig. 6 Turbine Power about Flight Condition



M - XA

rok
H
S
™
oH
dor
ot
)

E AFdMes HEREZFANZ PTeA-67 712
A5 Ho]H§E o] &sle] Hoz X T4
F9 AedxE #AE FY3AY. o] AFE &
3
Sl

st g5 dlolE 9 dasdh dHolHE At

AT

g THY THE HASUEE ol&std
g A7 A% 2dge Fdaon ok 4
e 4 ATe) Mt AZAc

AZAN A5 A 23 AHE Ro|
A gi LTt EASGE AL FAT 5
9tk ey AwHoR AE dolHe 24
@ A%

[uny

ik

b

A
]

Sellers J.F. and Daniele C.J.,, "DYNGEN-A
Program for Calculating Steady State and
Performance and

Transient of Turbojet

Turbofan Technical

TN-D-7901, NASA Lewis Research Center,

1975

Pilidis P.,

Note", 1996

THHRTATLE HEZFAR

FEAY AT 1AEE BaiA”, 2009

. C.D. Kong, J.Y. Ki and M.C. Kang, “A New
Scaling Method for Component Maps Gas

Engines", Report

"Cranfield UniversityLecture

SEE LI

Turbine using System Identification”,
Journal of Engineering for Gas Turbines
and Power Vol. 125, 2003

Philip P. Walsh and Paul Fletcher, "Gas
Turbine Performance", 1998
49, dAE, 28 72N
o|E]E o]&3 AdRdAy A7, I=FIF
83]7], #1374, A6s, 2009, pp.1-7
FFT-FATY “HEAZE <AxY
AA /&4 2 Health Monitoring A| 28 7Y

W FF B34, 2008

1 A9

Aol 2





