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A Sstudy on Steady-state and Transient Performance Simulation
of Turboprop Engine(PT6A-62)

Chang-Duk kong* - Ja-Young Ki** - Hyun-Ki Shin***

ABSTRACT

The performance simulation program on the turboprop engine(PT6A-62), which is a main
engine of the first trainer KT-1 in republic of Korea, was developed. Characteristics of engine
components were required for the steady-state performance analysis including on and off design
point analysis. In most cases, these were substituted for what scaled from well known engine
components characteristics with the scaling law.

The developed program was compared with GASTURB program which is well known for the
simulation performance analysis, such as analysis results of mass flow rate, compressor pressure
ratio, fuel flow rate, power, specific fuel consumption ratio and turbine inlet temperature in the
following four cases, to evaluate whether the developed program is acceptable or not. The first
case was the sea level static standard condition and other cases were considered with various
flight Mach numbers, altitudes. After verifying the developed program, the partload performance
analysis was carried out.

Transient performance analysis for various fuel schedules were performed. When the fuel step
increase of 0.lsec was performed, the overshoot of the compressor turbine inlet temperature
occurred. However, the fuel ramp increase for longer than O.lsec time was performed, the
overshoot could be eliminated.
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Fig. 1 Study Engine Layout
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Table 1. Main Performance of Study Engine

4 A 4 PT6A-62
717 % (kg/s) 3.81
*=7] GEn| 8.4
Bal= 27 (%) 0
Az (kg/s) 0.0718
=Z383 (m) 0.058
Zutg (HP) 1150 *(950)
H A8 458 (kg/kw hr) 0.3014

* AA&4dL 950 HP = A3
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Table 2. Design Point Performance of Study

Engine
=] A Ly =1.9.(0
T 7 GasTurb Zz QA-&(%)
F715%% (kg/s)| 3.81 3.81 0
et 7] =) 8.4 8.4 0
&E71E
Qrew) | 1240 | 1240 0
A8 F%F (kg/s)|0.07352| 0.07186 231
4718 H

N 3.17511 | 3.08323 2.98
£74Y (bar)

*=Zw3 (m?) [0.05810| 0.05803 | 0.128
Zvlg (HP) [116892| 1152 | 147

B] o:] E—_l—_‘l_g
(kg/kw hr)

0.30363 | 0.30099 | 0.85
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Fig. 2 Flow Chart of Steady-state program
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Table 3. Off Design Point Performance Analysis
Results at Sea Level Static State
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4 A5 29 (=zad| (%)
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e AR 8.4 8337 | 0.755
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ST (bar) | 3175 | 3.0613 | 3.584
*=ZHFH(m’) 0.058104 | 0.061334 | 5.559
S.H.P(HP) 1168.92 | 1151.19 | 1.517
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Table 4. Performance Analysis with Various
Flight Mach Numbers

s 2718 @%H | SFC | T3
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02 |Ag=z03| 389| 820| 028| 12160
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Fig. 3 Performance Analysis with Various Flight
Mach Numbers
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Table 5. Performance Analysis with Various
Altitudes

T= AR UL SFC | T3
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Fig. 4 Performance Analysis with Various
Altitudes
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Table 6. Performance Analysis with Various
Altitudes and Mach No.
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Fig. 6 Performance Analysis with Various
Altitudes at Mach No.=0.2
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Table 7. Fuel Scheduling for Transient
Performance Analysis

2| 88 R Wy

w | B7F | E27 AAs | ¥ gAs | Hx

p

A | (AERD) | (AEFD)

I |01 sec Fig.12
o, L

II 1.0 sec 80% RPM 100% RPM Fig.13

(0.03289kg/s)| (0.068837kg/ s)
m |3.0 sec Fig.14

Calculste T, Py, PTW

Read Eff* from Propeller Map
with C o J

Calculate SHP, F
Nozzle choke check

Select Initial RPM and Fuel
Flow from Steady—state
Simulation

Guess MFP1 from
Caompressor Map
Read PR1, Eff from
Compressor Map with MFP1
Calculate T ,. P, CW
Calculate Fuelflow Increasing
Rate from Fue! Scheduling

An(design) = An{cal)

Yes
DEL(G) =
(DHGT-DHCO) /2+PI «N

dwifdt = DEL{G)J

T3 = [(m ¢Eff oLHV) +
M o (C, s TOH /7 (C,pem )

Calculate MFP3 from Flow
Compatibility Eq
Read PR3 from GT Map
with MFP3
Calculate MFP4 from Flaw
Compatibility Eq
Read PR4 from PT Map
with MFP4

Integrate dw/dt Using Euter
Method

Calculate Increasing RPM

Fig. 11 Flow Chart of Transient program
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Table 8. Transient Performance Analysis result
according to Fuel Scheduling

dgzv} JAEE | g=7EN
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