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Steady-state and Transient Performance Simulation and Limit
Control for Compressor Surge and Turbine Over-temperature of
Turboprop Engine (PT6A-62)

Chang-Duk kong * - Ja-Young Ki ” - Myoung-Cheol Kang ™

ABSTRACT

The steady-state and transient performance simulation program for a turboprop engine(PT6
A-62) was developed. Specially this program included some algorithms, such as flat-rated
behaviors in performance and limit control algorithms to prevent the compressor surge and the
compressor-turbine inlet limit temperature overshoot. In order to minimize analysis errors, on
interpolation method in component characteristics using matching errors and specific heat and
specific heat ratio, which are functions of temperatures were used. The developed steady state
performance analysis program can handle various conditions such as altitude, bleed extraction,
inlet temperature and pressure and part throttle, and the transient performance analysis program
incorporated a general mode for transient simulation and a control mode for prevention of the

compressor surge and the turbine inlet limit temperature overshoot.
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Table 1. Performance Data for Study Engine

wooF 8T
TR (kgfs) 4.18
*=7) <ty 9.4
¢%7] 58 0.77
AAL7] AHAEE 3%
AERF (kgfs) 0.0818
AdZ71EHE 7% (K) 1292.6
FEIEH 5 & 0.88
Y 2§ 0.88
WA (m) 0.058
SHP (HP) 1150
7y2a A 7] 3l & (RPM) 100 %
FEHY A& (RPM) 100 %
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Turbine Turbine

Fig. 1 Station No. and Layout of the Study
Engine
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Fig. 2 Flowchart of Steadystate Analysis Program

o] 950 HPZ A|&tx|wl gostd A%
of uls} Az 7247 ZE s HFS duf
ol HhstA Hom ¥ ZzaddAe B2
) %U}Ef‘,ﬂ 950 HPE ‘dol7}A =|'d 7pzatb 4y

=2 32-101 Zﬂf?}% A 3}1*4’6‘}) th

3-1. v 229 27 A

.
ot A%

S g ou|gupsteel wste] we ® i
Asaid g sttt Ao ¢ §71 F4
T 3 {£4, Charge Heating, 2|2 2 &9
Edo] gla Zb= A {4 T HY Ade
2 100%2 7FA 5.

M dste Fig 39 gon, 1% Ofte}

5000ftol A &= Z o] 950 HPE Zlsl7] w&of



MM M2z 2002. 8 ©H=2IZE MR (PT6AH2)2 1 HS2AD I AKX R BB 2 HoeR 57
AN BART A7 91%9) 9836%E ¢ 32 3% 249 &Y AT Hs
2AH EFYE 950 HPRE A 8kehA] ¥z Ay
Feblar glek. o] wie] ditguke 0.06919 ghatv] A sl alAg el e
kg/s2h 0.06721 kg/so]r}. A s W ey @dHe] R ool Agst
o, e g e pdlAre] W gEr] 4
[EERO < UNINSTALLED CONDITION > AL )l s4E Ysle ojifolziv) AH £
100 | - Ay 22 FHoR QIR FUT &R HE
= oo | ' B F7) 9T 4 &4do) on, FE x2FH
z . / W, el zol 2= $7] &4, AT 9|
a L
v fEE R QY PR YL TEIEY 20
g7 * = -
E Eyed, i7len £40] Qo £ AT A5
96 - : ‘ U 2 o2z AN ZEA AR A
0 5000 10000 15000 20000 25000 30000 35000 1 152844 =34 @F =24 FAECS)
ALTITUDE (ft) OFF 4} ECS Hu =% z4de &% A<
A= A s
0.09 ¢ < UNINSTALLED CONDITION > g5 sHAsh T
0.08
v 007
2 oo6 } 3-2-1 ECS OFF =
e
6 0.05
o 004 |
% 0.03 Ho olHZHUe ECS off AHAME He
T 002 - - N
002 = 37 &4 gon Ed(lap 2 ASY
0 j " ZAEg 93 &3 &40 15 HPolY, &Y
8] RQOQ 10000 15000 20000 25000 30000 35000 R - ° 3 oL .
ALTITUDE (#) dElEde e 48R gle AR 7tHst
— WouslEd £ ndd =29 §3 9w
5 < UNINSTALLED CONDITION > , . ]
& 74in® (0.04774 m)E& A &34 h
Y
g
z 101 ¢ < ECS OFF CONDITION >
T
[ 100 —h
“)
<
> —
s 99 r
0 ’ : : ’ - — %EE 98
0 5000 10000 15000 20000 25600 30000 35000 1
ALTITUDE ()
7 ’>
1400 < UNINSTALLED CONDITION > 96 . . . . A ,
1200 | 0 5000 10000 15000 20000 25000 30000 35000
1000 | ALTITUDE (ft)
& 8oy 0.09 [ < ECS OFF CONDITION >
a 600 0.08 f
73] —
a00 + w007 4
»ot £ oo0s |
=00 % 0.05 |
O T 004
L 0 5000 10000 15000 20000 25000 30000 35000 L_L‘J 003 b
ALTITUDE (ft) 2 ooz
0.01
Fig. 3 v]g% Hu 011‘% 7oA DX W] ot 0 . — - . :
é-@! -‘6— Q 5300 10000 15000 20000 25000 30000 3%000
| ALTITUDE (1)




58 =&Y . IId t 2 E St==XZ 83X
5r < ECS OFF CONDITION > 101 < ECS MAX CONDITION >
a5 t
a 4 100 - ——
g35 F\\ - L/
x 37 g 9 g
SR = 1
T o, & ost
Q15 ¢t
= } 97 |
05 t
0 N A . . . . 96 . L . . . N .
0 5000 10000 15000 20000 25000 30000 35000 0 5000 10000 15000 20000 25000 30000 35000
ALTITUDE () ALTITUDE (9
1400 r < ECS OFF CONDITION > 0.09 r < ECS MAX CONDITION >
1200 0.08 |
© 007 F
1600 2 o008 \\
& 600 @ 004 | -
& o 003 | T
400 )
T 002
200 t 0.01 }
o L . , L . , 0 . R . L
0 500C 10000 15000 20000 25000 30000 35000 0 5000 10000 15000 20000 25000 30000 38000
ALTITUDE (ft) ALTITUDE (ft)
Fig. 4 ECS Off 43 Z7d A % Wizl 5 < ECS MAX CONDITION >
- . L 45
tq"f‘_,: fé.' Z‘“?} Aé?f o 4t
§3.5 -\
. B N 3t
8 Ase Fig 49k oo o] AW Eos |
. w o \
DX Oftet 5000fto]l Q) PAW AT B AHFE w —
= 25t ——
o 97.58%%t 98.95%°l0] olWel AR{FHS >
05
0.07135 kg/s9} 0.0938 kg/so| T} o L. ) ) . .
0 5000 10000 15060 20000 25000 30000 35000
ALTITUDE (ft)
3-2-2 ECS zdf =5 =
1400 < ECS MAX CONDITION >
1200
AY olFzdel ECS AUAE Auolx: 1000
Egle 37 &40 525%0l9 U (flap) 2 3 800 |
HeAx FES 9 =¥ £40] 18 HPo|t}. o 600
(]/% T
FUT gEede s Agoz gle Aow 00 —
Agsie w7lsd 48 2P =Ed fE 200
] 0 . . N . -
9 A 74in” (0.04774 mH)E HFL3tATt 0 5000 10000 15000 20000 25000 30000 35000
s|4dn= Fig sob Zor &¥o] Awd ALTITUDE (1
T Oftcf A ka7 B oF 98.9%0] Fig. 5 ECS Al &% 4% 2doA 1% Wshd

o olue] dafA+FL 007232 kg/so| T

= o= [
ge &3 4%




M6A H25 2002. 6

HEEZE AX(PToA-62)2 S X

DAL R MK Y EHE o2 HHER 59

4. Holaeh & oM

AaEwe ol AREAT AT wHow
chgel MAzohe F74% wuel 9ok CMF
H(Constant Mass Flow Method) 7}2E{ 31 2]
o] AFA A ARG N FHEFe dAHsg
11 7R sl Wo)l 3, ICV H ¥ (Intercomponent
Volume Method)&- o] ZHAle] ox FAE
Atolol A frEFe]l BAXZt dojutttn ZhA s

i, o] F#e BYAE A 7 delAe] ¢

A
o=

HWste dFsed AHgsy Zolth F Wy
Atole] Fa AolHe HolYAdE P
Aeted Bad AdAlgielrh whel 2 A
W3 E ZAE e Aol EF¥olgtd 2Bl
FEATES Ws HAMeE dgsxe AL
AlZke] FojAE ICV WyE, mEx 587
ol WME2ES A F3E CME wyo] #8stth
ubs, B AFoME CMF W3S 88
ot.

3 =71 GEIIEN Alolo]
Matching)o] ol F X2 o} o EL IV}
HAE A sHe oy ShE7
ZH o B9 98-S P[4 was Ao
delol v AAAAdE Ao Algddd
e Ay @4 e 22 58 #Hy

FAAE wEstolo Grhs)

»
o
(E
tlo
’
(i3
[0
y

3:
g
%
=
3
It
3
3
>
joxd
i
+
gy
a5
Z

o171 ahe dEH w1 ddate 2
Bo Sa4dRYE, NS JHdEEE Y
stH 2 HPTH mtE{dl, HPCE n¢gE7]8
ebdch 2 o dpoiddiel 28 Sa4dRd

B 09 kgm*iE 7hgstach 9 4o S %

WA ol oo Eo g YERW, ¥ 7o

413> Euler Method% o] &35} 2 &3}l v} 6]
Holdel AesAg ek Zzadle £4

%1 Fig. 63 @d.

START

Detine Initaial RPM

Read PR4 from PT Map
with MFP4

i

Calculate T5, P5. PTW

Initial Performance Data
from Steady-State
Simulation

Check ' Nozzle Choke,
Calculate Nozzle Throat
Area

Guess MFP1

Read PRI, Eff from
Compressor Map with
MFP1

No . Reduce
~
Yes

No : Reduce *
MF Calculate Engine
Performance

Calculate T2, P2, CwW

Calculate Fuel _i

Flow, Increasing Rate DEL(G)={DHGT-DHCD)/4
trom Fuel Scheduling PisN

!

dw/dt = DELIG)/J

I

Integrate dw/dt Using
Euler Method

Read PR3 from GT Map J
with MFP3

1

Calculate T4, P4, CTW

1

Caiculate MFP4 from Flo
Compatibility Eq

L

Fig. 6 Flowchart of Transient Analysis

Calculate Compressor
Turbine Inlet Temperaturel

Calcutate MFP3 from Flo
Compatibility Eq

Calculate Increased RPi

Program

B doAE v A o) A
Ao HfolH 2A HolMEL HAsty
AR 2AEY davh A siepeg F
Vet AE9 AR GEviEEg FHERzG
2 %= (ITT; Inter Turbine Temperature) TT49] =i}

& HAT F A% amp Z7te] F9E AR



03
0%
i
e
A
I
Pl
OH
Jo
tor
=

o Zaistgrt. A gtalol A Al ATSE A& ITT::
o] AHEfA] 1143K o]t}

4-1. v A5 8y

3
>
)

2 20 e A4 FA FEelA ofel
1

(dle)3| @5¢ 64% RPMoA Huds ¢

1 zhzF 0.1 ZolA 4.0 % Apole] Frhel 4

dstAl 72710 gAFd 8o §H 5
A 59 gl grexe =854 d¥HE
Fla=s

A Zzade #AFE A dRKE, 7t
A7) 2¢ A dE, Euig Fo A4
g NS 43 Ane slud I e A
Aae) gre Adadd desidezRE I
ok wwslg ey, Ao Table 2 ¥ 33
th A4 ZA 2dclMe AE ZAAE HAHE
W 07 2o 24 }aE FHNE BE haY
M7 BAFE 9 3.0 = T A4 o
2288 2 % 3 5 o FALHI "ok 2
zzaAe A AFdME 31 £ Foll 94%
RPMol st FAadeizt Hyon, 299
Agol= 48 2 ol Fo] A4S HAG A
Aakefol ol XA 2xtE FAAE
A3 "ol Mo gxnE ¥ THE £2¥E
918 R zpo], F HAY ZHE el 7t

Table 2. F 338 =9 Azt

Variable ;;?315232; Rig-test
Az FF 0.7 sec 0.7 sec

RPM 3.1 sec 3.0 sec
ol H 4.8 sec 5.0 sec

Table 3. B39 & 2t

) A} AFE B!
Variable g gifj X ;j_(;]} A % Error
Ng (%RPM) 93.38 94.04 0.707
AaFF (kg/s) | 0.0566 0.0566 0
Tl % (kgfsec)] 3.221 3.415 6.023
TIT (K) 1182.83 | 1132.46 | 4.258
TIP (bar) 6.809 6.955 0472
Zn}2 (hp) 688.35 698.8 1.518

0.07 r TAKE-OFF CONDITION
_0.06 r
W
Jo.s s
z s
50.04 ;/J
[T
7 0.03
o s
L= 0.02 —e— STEP - RAMP(0. 2,
~a— 1.0 —— 1.3
—— 1.8
0.01
0 2 3 4 [5)
TIME(SEC)
1800 TAKE-OFF CONDITION
1400 |y
1200 ?h;
<
~ 1000
P
800
600 —e— STEP —8 RAMP(G. 2
—a— 1.0 —_— 7.
—e— 1.8
400
o] 1 2 3 4 5
TIAE (SEC)

Fig. 7. |4 % Hdo|Fx79 HojAd+w
4-2. 3= 35 s

A5 zdel Holgd ATslsle ECSH
Offe} Az Aefol A FHdjolH =Y ko
et dge 7taddr] AHrE AL
Z 2 (Flight Idle, 64% Ng)o =¥ Hog A4
y  $E&EHMax. Climb & Max. Cruise
Power Rating, 93.38% Ng) 3 dA57=2 ZF7tst

s BaE B stepod Fhs A A

-0
}\0'6‘



M6 HM28 2002. 6 EH=EZE AUX(PT6A-62)2 =-HA

SS2A2 &80 MX & HY B2 Mo 61

Zaboll Al A F3E A S ITT 1143KE 238}«
B du ‘ﬂw— #7] 93 ramp 279 4
& 7tAsle] wdstdt. sl4 Autiz Fig 8
W Fig. 99} 7LE1

A At du e AR sep F7F A
ECS offe] #-$-oly= <F 09 %, ECS Aozt
Fefol A= oF 0.8 2 FO ITT7) AL E
z#g. ol& WAy Hd R dq F
7 AIES M &ato] s ek A3t ECS offe] 4
oo 1.0 %, ECS FHhzE Aelda= 0

older ARE FUHAIZITHE AgExe

[e]

607 TAKE-OFF CONDITIONCECS OFF)
0.08 ‘
I
=
Qo.04
[
jo.03
T
0.02 —e— STEP —- HAMP(D.ﬂ
—&— 0.6 —e— 1
0.01 j
1} 1 2 ) 3 4 5
TIME(SEC)
160 TAKE-GFF CONDITION (ECS OFF)
1400
1200 % ;t \
£
1000
=
800
500 o —e— STEP = _RAMP(D.2
—a— 0.6 —— 1
400 ]
s} 2 3 4 5
TIME (SEC)

Fig. 8 ECS OFF Hdlo]|§ =79 3 ojAty

Aedy 43
. TAKE-OFF CONDITION(ECS MAX)
_bos
© H
=
80.04 :
o
.03 )
= 1
[ :
0.0z —e— STEF —a— RAMP(D.2
—a—06 ——0.9
.0t - — -4
0 1 2 3 4 S
TIME(SEC)

1600 TAKE-OFF CONDITION (ECS MAX)

1400

1200 L

1000

74,41

800

i
600 —e— STEP “m— RAMF{0.2
—a— 0.6 ——0.3
400

0 1 2 3 a 5
TIME (SEC)

Fi

g. 9 ECS MAX. Hujo]l§ =39 Hoj4H
Besis Ax

O
i

5 oM 28 g &EE 98t daeF
5-1. §F7) HA] Aog 91T = V1% A

7E2E1E dlAe g7 Az LB Y3
A A AR s elste] olwd £89Y
AME 1 e Holux FLE st Aol U
ojtt. A A2 Aojell= Mzl @A sbE A

1
4
dE BF71% FEs WARE Py sy

w2 ARESE Mol This] PTeA-62 ol
x 22 AR UA Ygow B AF
!

717k M o -z—owm He

¢

2 |
o O of
1o oo N

&7) A gejn) — BE e

AE g * 100

2

B AFgME SMS 05%2 3] 05% o
g7 =W EElz I8 2% F&Eqch o
e Ald Ee yog dojrl grolw 2% o]l
o] FHoME A ZAst YAk o ‘EGL?
E 3719 &% M5y e 3

g AsAF ez A wRg

2 4 g A2 BUE 1439 298

A zde v Hdolg z=Ax Z
#Hool % =4 A ECS OFF ¢ Hdl 25 4H

N

ARI} sepoz F7HsHE A9E 743

ol
oy



62 284 - Oi4d - dEE gtmE &l s 55 Al

ok 7h2E Rl Qldlel A ghEv] Ele] /it 5

B 1 Adol AY § ko 5’%%0] ’éi?ﬂ Al

3 r < TAKE-OFF (SURGE CONTROL) > Agkol slojoleh. iyt 571 ERlel |

25 | SEE ff ok Aol 0¥ os PT6A-62

~ 2t A ¢%7] BHld FHEM Atejo] AT
2

S1s ©7b 1143Ke. 2 A A= o] ok Byl g E
w

© o] Aol duFTE 2 ol dwtH]

05 o 2 Aoz FHEW] dT7Eert A

—e— CSM
0 e ; L=t N0 CONTROL) 2% 1143 K& zaetA HW ARFFE
0 ' 2 TIMESEsec) 4 ° ® 1%4 ZaA7I =S st

;A 2He vFR Hdelg I AR
je. 10 v A EF Aol F A9 A AwpA _
Fig 1 3& Aol i A9 A Aw} Htjo]® =7 A ECS OFF 2 Ho ZFE Abe)
31 <ECS OFF (SURGE CONTROL) > A AE7} stepe2 Frlete F$-E 7HAE
25 oot &M AFE= Fig 13, 14, 159 2o, A
~ 2t o] o]l A% 05%7X Frelx Eu ¢
0\0
Sis | FeE7t euFESE FFE Holr Wy, A
S, 2RIS FLAAL Aol AW £xE 2
0.5 lpeseed FHatx] = 43E el
: “e— CSM
M , . . —a—NO CONTROL|
o 1600 & TAKE-OFF (TEMP. CONTROL) >
o] 1 2 3 4 5 6 1400
TIME (sec)
1200
Fig. 11 ECS OFF Hudlo|§ 279 A vz £ 1000 i n
-+ 800
F 600 J;
3r < ECS MAX (SURGE CONTROL) > 400 -
) ) —4— NO CONTROL
—_ 2 F )
R ] 1 2 3 4 5 [§]
=15 + TIME (sec)
5"
by Fig. 13 4] 3% Hojo]§ 2 A TIT
05 et - —GsY
0 #=NO GONTROL| 1800 [ < ECS OFF (TEMP. CONTROL) >
0 1 2 3 4 5 6 1400 T.‘\
TIME (sec) 19200 o
Fig. 12 ECS MAX. Ztjo]§ Zzg° HXuz Q‘ZEE M
<t
. 600 &
34 ZAs= Fig 10, 11, 128} Zow, = o 200 ‘r
ol@eal A$ 0627A 2 P A A viio] i g
°r 200 IE:ACONTHOL
05% olatz A=A A 7HeAE Hole diH, 0 B j '
R a 1 2 3 4 5 6
Bz F7EE FE349L ASodes 05% TIME (sec)
o] 4ol M=l vtzlg FBHH.

Fig. 14 ECS OFF Audlo|§ =719 TIT

5-2. FNIIT AL Aojg AT AuwF 4



Nied M25 2002. 6 HBLE WX(PT6A-62)2 S-HE HA52AQ UEI MK ¥ EHE IS HHHR 63

1800 r < ECS MAX (TEMP. CONTROL) >

1400
1200 R R
Q1000 as

= 800
t 600 T
AQ0 t
200 —e—TT4
o ) L L —a— NO CrONTFIOL
¢} 1 2 3 4 5 [§]
TIME (sec)
Fig. 15 ECS MAX. Hujo]F =79 As TIT

PT6A-620 %1 2] =] $H(flat-rated) %
el el

A T2

A% A

off M.

S 98] p-line

o}k
3T
A AGE 2ReRT FYOEM FHE 4%
J 3 Xk
~

TolA woh WA FRFe] 23 AU 2

2 314}

6. & =

o
MNEE =948t B-lined

t

A gH(flat-rated) A5 REAlSH7] Hst &9

o] A3 o

= =

@}
3 A4 64%
93.38% 77} 7]

21 950hpS = HEA S dsH
Fe FaAde ¢ndss
Holde) 4 ks

s 2
L k=)
FH xde] Hdolg HHA ¢ (dle)
O A
=]

=38 A o A= | & a

oM Hd

(O S )

Z7l3led €23 dg ~AAFY

F 01 ZoA 40 2=z gddA Hgsq

TIT(Turbine Inl

et Temperature) 7} & ZhA}of] 4] 4]

A BALET 94 e duFNES 2

R e

1.

] [= 2 I

.
8 X oo r AFZE F7HA

H) A2 A= 26 =, A2

Aellale ok 0. 1 7
Od AL s x3slA Sg st
Q9w olae) ABey A

b AR Adel 2Esdct ool A%l A v
d GEe Age 23 WAE sk Aol o
ae)EE HoldH M ZIaged Frtsdd
o} &7 MA ehEE 05%E stam o] e

otk 4% Helu #7698 2% FEs
AGeice] ol ARFAS 194 pa

1l

AA LA W oA s sl

7|

o

2 d7e aHHdgdTAY Age 49
H “PToA-62 3] 3 AF ZAF 7|0l #
& A7l gFEgAY AR FENARE 2
T3 d74AH SEdFAA(HAEE: R12-
1995-001004-0) Z#e} AR YL 3|y o]q
A= HY

1. Lehtinen, B., DeHoff, R.L., and Hackney, R.D.,
“Multivariable Control Altitude Demonstration on
the F100 Turbofan Engine”, J. of Guidance and
Control, JAN,FEB, pp.50~58, 1981,

2. Athans, M., Kapasouris, P., Kappos, E., Spang,
H. A, “Linear Quadratic Gaussian with
Loop-Transfer Recovery Methodology for the
F-100 Engine”, J. of Guidance, Vol. 9, NO. I,
pp.45~52, 1986

3. vhA A, 1996. 9, “PT6A-62 Mzl &3 A3
4 A7, Tyt Ta

4. P. P. Walsh, P. Fletcher, 1998 “Gas Turbine
Performance”, Blackwell Science

5. P. Pilidis, 1983 "Digital Simulation of Gas
Turbine Performance”, Ph.D Thesis, Univ. of
Glasgow

6. Sellers, J.F., Daniele, C. J., "DYNGEN - A
Program  for  calculating  Steady-State  and
Transient  Performance of  Turbojet and
Turbofan Engines”, NASA TND-7901, 1975

7. FAY, ZFEd, 713, 243 “PT6A-62 E]
BIEE dxe) Fady Holdw v, 3T
583 F=7 stedE 3, 2001



