KEME International Journal, Vol 16 No. 6 pp. 839~ 850, 2002 839

Performance Simulation of a Turboprop
Engine for Basic Trainer
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A performance simulation program for the turboprop engine (PT6A-62), which is the power
plant of the first Korean indigenous basic trainer KT-1, was developed for performance
prediction, development of an EHMS {Engine Health Monitoring System) and the flight
simulator. Characteristics of components including compressors, turbines, power turbines and
the constant speed propeller were required for the steady state and transient performance
analysis with on and off design point analysis. In most cases, these were substituted for what
scaled from similar engine components’ characteristics with the scaling law. The developed
program was evaluated with the performance data provided by the engine manufacturer and
with analysls results of GASTURB program, which is well known for the performance
simulation of gas turbines. Performance parameters such as mass tlow rate, compressor pressure
ratio, fuel flow rate, specific fuel consumption and turbine inlet temperature were discussed to
evaluate validity of the developed program at various cases. The first ease was the sea level static
stanidard condition and other cases were considered with various altitudes, flight velocities and
part loads with the range between idle and 105% rotational speed of the gas generator. In the
wransient analysis, the Continuity of Mags Flow Method wais utilized under the condition that
mass stored between components is ignored and the flow compatibility is satisfied, and the
Modified Euler Method was used for integration of the surplus torque. The transient perform-
ance analysis for various fuel schedules was performed. When the fuel step increase. was
considered, the overshoot of the turbine inlet temperature occurred. However, in case of ramp
increase of the fuel longer than step increase of the fuel, the overshoot of the turbine inlet
temperature was effectively reduced.
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MNomenclature FN Thrust of nozzle
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Cp  © Specific heat at constant pressure 4H  Enthalpy of reaction
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M. Provided data by Manufacturer
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Ng . Rotational speed of gas generator
s fod

Fy Total pressure

PR Pressure ratio

SFEC 1 Specific fuel consumption

SHP  Shalt Horse Power

TIT - Turbine Inlet Temperature

Ty Total temperature

n » Isertropie efficiency

Subscripts

< . Conpressor

CT  Compressor Turbine

CF. [ Centrifugal Force

L. Design point values of scaled component

M. D Arbitrary map values

M. D Design point map. values of original
components

a o Adr

g L Combustion gag

e . Meehanical

f L Compressor inlet

2 - Compressor exit

3 »Compressor turbine inlet

4 T Power turbine inlet

5 . Power turbine exit

1. Introduction

A performance simulation program for the
PT6A~62 turboprop engime, which is the power
plant of the first developed military basic trainer
KT-1 in Republic of Korea, has been required for
more precise performance prediction and devel-
opment of the EHMS and the Tlight simulator.
However, because most performance analysis
programs of engine manufacturers are proprie-
tary, they are usually not provided to their
customers. Therefore, most aireraft developers
need their own analysis tools for detailed per-
formance analysis and -development of equip-
mernts related to the engine. The following litera-
ture reviews the ‘historical background of gas
turbine simulation.

A non-hinear analog simulation of a JES-13
turbojet engivie was developed by Seldner, et al.
{1972). The study indicated that a mathematical
répresentation using the dynamics inherent in the
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conservation equations and engine geometry will
provide a better simulation than those using com-
ponent representation and Hnearized dynamies
(Seldner, et al., 1972).

In-order o optimizé the thrust response rate
of & single spool turbojet, Saravanamutioo and
Maclsaac(1973) used & hybrid computer. The
digital computer was better suited to store and
aecess datd such as compressor and turbine char-
acteristics while the analog computer calculated
the integration of net torque and numerous mul-
tiplication and divisions Tor the representation of
thermodynamic variables (Saravanamuttoo and
Maclsaac, 1973},

For simulating the steady state and dynamic
performaince of turbojet and turbofan engines,
4 generalized digital computer program, called
DYNGEN, was developed by Seller and Daniele
(1975). A -modified Buler method to solve the
differential egquations, which model the dynamics
of the engine, was used (Seller and Daniele,
1975).

Palmer and Yan (1985) developed a genera-
lized wodular digital computer code, called
TURBOTRANS for the steady state and transient
performance simulation of arbitrary gas turbine
engines with -arbitrary control systems. The con-
trol system of a given engine might consist of up
to 4 -control units, e.g. main tuel, afterburner fuel
and both bypasy and main nozzle ared control
units {Palmer and Yan, 1985).

TURBOCAL, a digital computer program that
simulates the or-design, off-design and transient
performance of arbitrary gas turbine configura«
tion ‘was developed by Douglas(1986). This pro-
gram performed also rig-test anilysis of three
engines. In order to obtain numerical solution of
the dynamic equations for the transient perform-
ance simulations, the modified Buler method was
used {Douglas, 1986).

Schobeiri et al., {1994) developed a modularly
structured  simulation code, called GETRAN,
which was capable of simulating the non-lincar
dynainic behavior of single and multi-spool core
engines, turbofan engines, and power generation
gas turbine engines {Schobeiri et al, 1994).

Since mid 1990°, a program of GUI{Graphical
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User Interface) method has been increasing. Using
SIMULINK, the dynamic non-linear model of a
single~ shaft industrial gas turbine was developed
by Bettocehi, et al(1996) . The mode! consisted of
modular structure representing individual engine
component and was-carried out in simplified form
(Bettocchi, et al, 1996) . Also, lower case a 65MW
heavy-duty gas turbine plant model was des-
cribed using SIMULINK by Crosa, et al. {1998)
{Crosa, et al, 1998).

GASTURB program of GUI'method developed
by Rurzke(1995) is updated as version 3.0 in
1999 and it is widely used as well-known pro-
gram. GASTURRB simulates most of the common
engine types: mixed and unmixed turbofans with
or without boosters, turboshalts with or without
heat exchangers, and one shafi and two shaft
turboprop engine. Also, GASTURB simulates
afterburner and convergent/divergent nozzles in
the turbojet and mixed flow turbofan engine
simulation (Kurzke, 1995).

The developed program for steady state and
transient performance analysis in this study was
compared with the performance data provided by
the engine manulacturer and the analysis result
of GASTURB program to evaluate whether the
developed program is acceptable or not.

The performance analysis was separately carri-
ed out at the design point, off design points in
steady state and transient conditions, Efficiencies
of individual components and ‘the inlet tempera-
ture of turbine were selected by comparing with
engine manufacturer’s performance data.

The steady state off-design point analysis were

performed with altitede variation between sea
level and 10668m height, flight velocities between
M.N. 0.0 (flight mach number==0.0) and M. N.
0.4 and partial load between 65% RPM and 105%
RPM.

In the transient performance analysis, the step
of fuel supply, which is needed fto
increase the rotational speed from idle to 100%
RPM was considered. The overshoot of the tur-
bine inlet

increase

temperature  was  compared  with
experimental data provided by the engine manu-
facturer. In addition, transient behaviors were

afialyzed at various simulated fuel schedules.

2. On-Design Performance Analysis

The PT6A-62 free-turbine turboprop engine is
selected for performance analysis in this study.
The station number and layout for analysis is
shown in Fig. L

In the design point performance analysis, well-
known thermo~dynamic relationships were used
to calculate individual component’s charicteris-
tics to meet the performance provided by the
gngine manufacturer,

Table 1 presents the performance data which
were provided by the engine manufacturer as a
reference.

Firstly, the compressor efficiency was deter-
mined using the compressor pressure ratio and the
exit total temperature, and then fuel flow rate was
calculated from SF.C (specific fuel consump-
tion] and SHP {(shaft horsepower). The fuel
tlow rate was used to caleulate the turbine inlet

Table 1 Performance data provided by engine Man-
ufacturer
_ Data by
Variable ) Y

Manufacturer

o Sea Level Static
Atmospheric Condition . e
Standard Condition

Mass Flow Rate (kg/s) 3.676
Compressor Pressure Ratio 823
Compressor Exit Temperature (K) 592.43

Shaft Horse Power (hp) 950

S.F.C (kg/kwhr) 0.36588
Nozzle throat Area (m®) 0.05808

Gas Generator Rotational Speed

. 36200

(100% RPM) !

Propeller Rotational Speed (100%

mp«,\liu otational Speed (100% 2000

RPM)
e M“““‘NNM (/ o “,,»1 - ]

]%
B} iy k1 4 Powe 5 Meorke BPupdie Y
Tisrhine Yurbiv
Fig. 1 Station No. and layvout of the study etigine
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temperature, the turbine work and the power

turbite fnlet temperature at the design point If

the efficiency and the pressure loss of the
combustor may be assumed from the data of a
similar engine, the turbine inlet préssure can be
caleulated. Moreover the exit pressure of the
compressor turbing cun be calculated from the
compressor furbine ‘temperature ratio and the
turbine inlet -pressure. Since the nozzle of the
PT6A-62 engine 18 not choked at the design
pennt, the nozele exit pressive must be the sae
as atmospheric pressure, and therefore the nozzle
exit temperature can be caleulated from the nozzle
throat area. Finally, the power turbine pressure
ratio and the power turbine exit temperature to
satisfy the required shalt horsepower can be de-
termined. Where sentropic efficiencies of the

compressor turbine and the power turbine and

mechanical efficiencies of rotor -shalt bearings
including windage losses were assumed from
experimental data of a similar engine,

The design point performance analysis re-
sults, by both the developed program and the
GASTURB are shown n Table 2.

Ag shown in Table 20 the resulty satisfied the
performance data {Table 1) provided by the en-
gine manufacturer and corresponded to the results

Table 2 On-design performance data
Dp. o % Error
{Developed G ;;F; RE) <DP
Program). | |G
g 3.696 3,696 00
Foo/ Py 8.250 8250 0.0
P/ P 20420 30424 0.018
Pys/ Pos 25109 24609 1.991
Toe 1KJ 59243 59243 o0
Tay (K 1269.50 1269:30 0.0
‘ 1000:04 100004 00
8201626 817 86 0.337
i lkels! 00720 0.07204 L5k
SHP (HP) 950.038 950.008 0.003
FN (kN 0.56109 0.56038 o1a
SFC (Kg/Kw-hrl | (L.36587 0.36606 (052
A (o (105804 0.05801 0052

analyzed by GASTURB, so that the design po-
it was determined. In this case, the efficiencies
of the combustor, the compressor turbine and
the power turbine and the mechanical efficiency
of the gas generator rotor shalt and propeller
rotor shatt were assumed 1o 097, 092, 091,
0.94 and 0892, respectively, and the combustor
pressure loss wis assumed to 3%,

3. Steady State Performance Analysis

In the steady state performance analysis for
off-design point, the following assumpiions and
equations were considered:

The airflow passed through the intake, the
compressor, the compressor turbine, and the
power turbine must be constant. Therefore, the
following flow compatibility equations can -be
applied tothis type of the engine such as: (Cohen
et al, 1996}

My Los _ ey
f %B "%}1

(et mns) & Ton

Amgtg)

ry o )
Fo 03 9y

The work done by the compressor and the
tutbine connected with the same shafl must be
the same. Therefore work compatibility of the
gas generator are presented as the following
eguation:

TGy Toas= Cpald Thns (3)

The performance of the sach component

follows the scaled performance characteristic
from the original component characteristics

Since the englne manufacturer does not provide
component maps for this study, the staled com-
ponent maps from a somilar enging were used.
The sealing equations used in this study arve as
follows (Seller and Duniels, 1975):

PRy~ 1) 41 4

i1

D,
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The closer scaling factors ([ PRy — 11/ PRy.o.
~ 1 [ WA/ WAwp ] and | ETAR E TAws])
arg to 1.0, the somulated maps are much more
reasonable. Conversely, not being ¢lose 1w 1.0
does not necessarily mean that ‘the simulation
must be poor since many maps have been
typically scaled with a guite large range. In this
study, because scaling factors were 0.795 to 1.2,
it could be considered that the scaling component
characteristics might be valid.

The performance characteristics of the com-
pressor, turbine, power turbivie and propeller
were shown as Fig: 3

Figure 4 shows the flow chart of the steady
state program, which satisfies the above condi-
tions. In this study, the steady state performance
analysis g carried out with an uninstall condi-
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tion.

In case of uninstall condition, the inlet pressure
loss, bleed air take-off and the power take-off
can be ignored. Not only flight ¢onditions such
as the flight speed and the alutude but also part
loud conditions were considered in this analysis,
Lo this study, the maximum take-off condition,
which are the ‘design poiit and the off-design
point conditions with various alutudes from
ground to 10668m and various. Hight velogites
fraom M. N 0.0 fo M.N. 04 were analyzed. The
part load performance analysis with the range
between 65% RPM, (he idle
of the engine rotor, and 105% RPM, the maxi-

rotational speed

mivm rotational $peed of the engine rotor, were

analyzed ag well,

Compressor Tumim Characteristic
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& START Y Table 3 O design performance at take-off condi-
1 ’ tion
Select Fight Cigvtion Calouiats MEPY from Fiow P O Frior
T, P b, Compaitiiny tiy. ar 0 “;. ’
LDwvelape
I I (GASTURE) 4 Bk
Program) turer's Data)
Siadact G Ganpsior P O : : . :
N, N = Floceed Witk MR 3696 3696 0.0 3.696
| | 8250 | 8.250 0.0 8.250
{ e o { Coeuite T, Py PIW | 59243 | 59245 | 0003 | 592.43
| | ) 1269.50 | 126951 | 0.000 .
oo ey | | cssmgu | Tw(K) | 100004 | 100006 | 0002 .
I i HAKefs) | 007204 1 007200 | 0055 0472
0 PRNE > SHP THP G5 4 849 39 sy
o m T, P W P —— SHP (HP) | 950.008 | 949.399  0.064 950
i i Gy d SEC _ . - . ;
. 036606 036611 0014 036588
I e T, l i Kb
i Calotints SHP, ¥, Arind) Q05801 | 008794 0.121 0.05806
Uilecitate MEFD frov Flow
Corripalivily B,
l Bigazie chie thaek g Fable 4 Comparison ol the GASTURB and the
developed progrivn as altitude variation
Fisad PR from T Mo Ho N
W WEPS T
At whnlen) Adtitude
| e o T Variable | GUT. D.p.
Coletibte T, Py OW l Yes
[ | ma(kg/s)| 3211 | 32293 | 0270
- “Mww""“w g - _— e e ¥ s
wT O CTWELN . . PRe 8621 8.5642 U664
Ry ¢ : 1524 ;
[ M kg, 00636 - 00612 3,746
Fig. 4 Flow chart of stéady state marching progiam SHP{hpl 855098 832041 269
Mia Lk 2368 | 23828 | 0.625
31 Maximum take-off performance 4572 PR 9389 . 93367 | 0662
The maximum takeroll performance at a de- iy {kg/s) . 0.0485 (0.0461 4.910
sign’ point hay the sea level, standard atmos- EHP{hp) | 672994 | 646526 0 3.932
pheric and static condition. The result by the walke/s) 1685 16953 0.610
developed program was compared with manuo- o0 PR 0211 10T 1806
Py b et T T T iy e e ey Rl e ) e - o
Facturer’s performance data and the analysis iy (ke/s)| 00359 | 00350 5 507
result by GASTURB program. The compared o : : o
EsHit by WA LRE. Prog © compare SHP(hp) | 488933 | 45547 | 6.844
result 18 shown in Table 3. e e o s
The results compared with the resultsy of the T < ’ o
design point performance and GASTURE show- 10668 P ¢R‘~* 10:942 16.776 1543
ed the wiaximum vafige of error within 0.2% mylkg/s) 00249 | 0.0136 5.482
From these tesults, it was found thar the scaling SHPhp) | 328896 | 307.144 | 6613
method of component maps and the-algorithm of
steady state performance analysis werg reason- erating range of KT—1, was carried out. If the

able.

32  Altitude performance
The performance analysis with the altide
range from ground 1o 10,668m, which is the op-

altitude and the Hight Mach number is changed,
the component maps should be corrected in the
standard condition,

The performance analysis tor considering alti-
tide is earvred out at zero flight Mach nomber
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and 100% rotational speed of the gas generator.
It was compared with the performance data
provided by the engine manufacturer and with
GASTURBE anualysis results. Table 4 and Fig 5
show the result of comparison between them.
The airflow raté and the {fuel flow rate were
compared with the performance datid provided by
the engine manufacturer and with GASTURB
anlysis results. The former showed the muaximum
range of ertor within 8%, the later was lower.
From these was verified that the
developed program is useful and the algorithm of

results, it
steady state performance analysis was proper.

3.3 Part load performance
The part load performance analysls was done
with the 10% RPM interval between 65% idle and
105% magimum RPM of gas generator at the seu
tevel static standard condition. The
resulis compared with GASTURE are shown in

analvsis

Table 5 and Figo 6.

Table § Compurivon of the GASTURB and the
developed program as rotational speed of
gas generator

YGRPM | Variable T D.P % Error
malke/s) 1702 1.6772 1.457
. PRe 3.1936 3.1956 0:062
75% -
malke/s) 00212 0.0201 T
SHPhp! | 147183 149 89 1839
o (k 1,967 200806 2415
5% PRe 41449 4.1986 1296
T ms(ke/s)| 00347 | 0034 146
SHPThp! | 276388 -1 25702 6791
malky 2,645 2.645 0
o PRe 5614 55274 [.545
5% S
mpikelsh 00458 0.0431 5,169
SHP(hp) 48366 | 44402 | 5196
malkg/s)| 3.3 3315 | 0180
- PRy 2232 72326 0.129
G5% s . : -
iy lkgss) 0593 0.0612 3268
Siii’*hp* 735989 732926 - (0416
3965 3.935 (762
" 92719 9.296 0,244
HOS% e P,
fsi 0894 0.0905 1.321
SHP (hp! | 121804 | 120589 0897
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The result showed that the developed program
was proper for-the part load performance analysis
as the maximum range of error within $%.

34 Effect of fight velocity

In order to examine the performance with the
vartation of flight Mach No., the performance wis
analyzed with the altitude range from ground to
10,668m, which is the operating range of KT-1,
and with flight Mach number from zero 1o 0.4 at
100% rotational speed of the gas generator. Towas
compired with GASTURB analysi¢ results. Table
6 and Fig 7 show the result of comparison
between them:

After carrying out the steady state performance
analysis, the analysis results were compared with
GASTURB analysis results. As @ vesule, the range
of error was about 1% at the design point but
increased up to 815% away from the design
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Fig. 6 Restlis of steady state performance analysis
with gas genierater rotational speed variation
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(b) SHP vs. Mach nunmiber
Fig, T Results of steady state performance analysis
with fhight Mach number
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Table 6 Comparison of the GASTURB and developed program as altitude and flight Mach No. variation

Alfitude M.N.=0.0 M.N.=0.2 M.N.=0.4

{m} Variable GUT. DP. | % Frrorl G DP. % Eror GT. DLP. % Error

My 3696 3696 0.0 3761 3783 0.584 396 39708 0:265

{ SHP 950,01 9494 00064 - 979.837 1 963.645 1,652 1071827 11071825 0.000

SFC 0.36606 | 036611 G015 | G35986 | 03576 0.628 0.3425 | 0.354158 3.401

Mg 2.767 2.7856 (672 2.82 28502 1.O70 2.983 301885 1191

3048 SHP Ta1.63 7334 3706 0 TR4548 ] 749886 1 4418 | 853.636 . 807.69 5.382

SFC 0.35303 1 0.35946 L8230 034715 0 0342 483 033143 ) 0.34247 3331

My 2.008 2029 1046 2.048 20683 (.992 2,169 2207 L7 5]

6096 SHP 581,523 | 536.58 1728 59343 | 55184 7.008 628.09 | 582326 1 7.28s

SFC 034913 1 035124 1 0606 1 0.34747 | 034406 1 0.981 0.34362 | 0.3441 0,139

Mg 1.398 1423 182 1.429 145 1.469 15319 153357 0 0959

9144 SHP 404:47 | 371.48 8156 | 413345 386.067 1 6599 43743 | 40527 T.352

SEC 0.36036 0.37 2674 1 036004 036311 0.8520 1 035991 | 03502 2.697

point. The reason is as follows, (Kurzke, 1999);

# In the developed program the performance
maps of the compressor, the conipressor turbine
and  the turbing are -used, but i
GASTURB the compressor turbine flow rate,

efficiency and pressure ratio are fixed and the

power

compressor turbine map 18 not used.

« The constant pressure specfic heat and the
specific heat ratio are fixed at each hot section
component in the developed program, but
caleulated as the function of temperature in

GASTURB.

4, Transient State Performance
Analysis

Wihen fuel input is rapidly increased or de-
creased, the engine 1s 1 the transient state. In the
trafisient state, the power gutput of the rotor shaf
is gurpassed or insufficient. Therefore, it would
net be suitable for the required work balance
between the compressor and “turbing. Conses
quently, the engine is frequently bevond the oper-
ational range, which may damage the engine or
shorten its lifetime. Above all, when the engine is
opetated during rapid acceleration, the overshoot
of the turbine inlet temperature exceeds the limit,
Therelore, it 15 very bmportant that the dynamic

characteristics of the engine should be vorrectly
simulated or -anticipated when improving the
reliability of the engine during transient operation
of an engine

The CMF (Constant Mass Flow) method and
the 1OV {Inter-component Volume) method are
primartily used in dymamic simuladéns. In the
ICV method, work and flow mismitch during
transient operation of an engine i3 assumed. The
flow mismatel 18 used to calculate the wute of
change of pressure ut the various stations in the
engine, by taking a value for inter-component
volumes and applyving the was laws. Also, the
wark mismateh is utilizéd to estimate the varias
tion of rotational speed by calculating the differ-
ence between compressof and turbine work
during transient operation of an engine. (Kini,
1999},

The CMF method, the mass stored between
components of an engine is ignored and the con-
tinuity of mass flow is used to calculate 4 pee-
formance.

Ta this study, the CMF method was atilized
because of the reduce

advantages to cop-

putational time and to pérform the calenlation
for the change of & large rotational speed. In
the CMI method, since the muass flow passing

through the each component must be congrant
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Table 7 Steady state arrival time

S ;

Variable Transient Simulation Rig-test mamﬁimwma{ E Calculate T . Py PTW l
ﬁzf 0.1 sec | 0.7 sec | 2.0 sec | 4.0 sec ) 0.7 sec ”“‘”“"é‘@”&";’iﬂ { - wim Py i
Ng 3.0 sec | 3.1 sec | 39 s8¢ | 5.3 sec | 3.0 sec i

- A ey Foad B from Propaiier Map
Ma 54 sec | 5.0 s8¢ | 6.3 sec| 7.7 seC e g Wit Gl
i
TIT 5.9 sec| 6.1 see | 6.8 sec | 8.2 sec | e +
sec S BeC SeC Conmsmor g I P———— i
TIP | 6.6 sec 6.8 sec|7.5 sec|B.9 sec ' o i
I Read PRI, EIF from
SHP 47 sec 4.8 sec| 57 sec| 7.3 sec| 5.0 sec | C°“‘”’B’“““'“1”WW‘ } Hezzie ehoke check f
§ Calcalate Ty, By OW : ’/K
Table 8 Steady state value error i '&fﬁesﬁm}a%caﬂ}
58 Sgsion Sty st s
Variable C T 18-S wvalue | % Error et e
analysis i DELGE) =
/ 5 (i ER SLEN (DHET-DHEO) /2P o
Ng (%RPM) 93,38 94.04 0:707 P T -
iy (kg/'sec) 0:0566 0.0566 0 i ! PR l
: ‘ - - Caculate M3 fram Flow \

wia kg sec) 3221 3415 6.023 ‘ Cornpathiy £, i 5 I

TIT (K) 1182.83 | 113246 4.258 | mm“ﬁm v { g e G Euker

TIP (bar) 6.809 6.955 0.472 "‘”‘fs T

SHP (hp) 688.35 698.8 1.518 ; Caicuan T, 7, €W i Caittate incroasing M ‘

i //LM“‘“N
‘ ) ) ] ; Calculate MFFA from Flow TEIY
an iteration process for matching mass flow is LW“’:‘WE“

needed. E Fiad PR from P Meg : Yee

- g WA PR J—
The work difference between the compressor } ¢ "
and the turbine in the transient state can be e
Fig. 8 Flow chart of transient analysis program

expressed in the following equation (Sellers and
Daniele, 1975).

merbHer=meAHo+( 22 ) 1-n-40 7)
where moment of inertia for the rotor in this study
is 0.9 kg~m®

For performance analysis of the transient state,
the rotational speed’s increase or decrease is
caleulated by integrating the surplus torque of the
second term of the right hand side equation. In
this study, the Modified Euler method was used
for integration (William, 1992). Figure 8 shows
the flowchart of the dynamic simulation program
by the CMF method.

For performance analysis of the fransient state,
various fuel flow schedulings were dssumed for
acceleration from idle RPM{64%) to maximum
cruise condition RPM(93.38%) of gas generator
rotational speed. The fuel inerease rates of 0.1,
0.7, 2.0 and 4.0 seconds were considered and 0.7

Copyright (C) 2003 NuriMedia Co., Ltd.

seconds was experimental condition. In case of
0.7 seconds, time that the rotational speed of the
gas generator and the shaft horsepower reac-
hed the steady state was compared with the
experiment result. Also, the value of steady state
attainment was compared with the results of part
load performance analysis at 93.38% RPM. The
results of comparison show in Table 7, Table 8
and Fig. 9,

The developed program for transient analysis
controly the fuel flow to keep the turbine inlet
temperature of 400K if it exceeds IMOOK or
beyond the bounds of operatable components’
characteristics.

According 1o the analysis result, using the ramp
fuel scheduling more than 4 seconds for accelera-
tion from 64% RPM to 93.38% RPM can reduce
the excessive overshoot, which can make failure
of the turbine blades.



Performance Simulation of ¢ Turboprop Engine for Basic Trainer 849

AR g r 00
H
;’ &y
g
cg} . 8
# “_X.-"‘"
“f? E:; w0 o
2 &
— o
g e P B 641
e i 4w R oilhorss 5§ w0 8
i 0 481 B o 55 3 0
s Bl A8 e 40
40
& & B g a 4 4 & 8 10
Tierse Um0y T EE o T Thre {nec ¥ F = et ¥
{a) Fuel flow rate vs. Time (b)Y RPM vs. Time
THON
g
800
jiord
- P00
kA
{-:- FB00
piay
IO
s G w065 e
o G o B RN e t) e ST
o £ 250 e 4 e 5
ek L AR *3‘38 | et R |
BOL
& 2 4 fid -4 iy o 2 4 B 8 Hd
Tanes {seek Filted Ten (Sec) bt i

{¢) SHP vs. Time

{d) Turbine inler Temperature vs. Time
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5, Conclusion

A performance simulation program for the
PT6A-62 turboprop engine, which is the power
plant of the first Korean indigenous basic trainer,
was developed. The design point performance
patameters of PT6A-62 were deétermined by
comparing with engine manufacturer’s perform-
ance data. The developed program was eviluated
by comparing with engine performance data and
analysis results of GASTURB program, which is
well known for the performance stmulation of gas
turbine. In the steady-state analysis, there were
various cases such s take~off condition, flight
conditions including variation of altitude and
flight Mach number and part load conditions. In
all cases, the maximum error was within reason-
able value. For the transient analysis, the CMF
Method was utilized, and the Modified Euler
Method was used for integration of the surplus
torque. In this analysis, there were two cases, such
as the step fuel inecrease scheduling and the ramp
fuel increase scheduling. In the case of step fuel

increase, the analysis results were compared with
the test results, and the excessive overshoot of the
compressor turbine inlet temperature occurred, In
order to eliminate the overshoot in the turbine
inlet temperature, the fuel mass flow must be
increased in ramp with the tme interval over 4
seconds. However, the optimal control technique
is required for safe operation and fast response
characteristics of the engine. (Kong, et al., 1999)
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