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Steady- and transient-state numerical simulation of
turboprop engine of propeller-free-turbine types

LLUO Tian-yi's SHAN Peng', MENG Fei*, LI Chao-bai'

(1. School of Energy and Power Engineering,
Beijing University of Aeronautics and Astronautics, Beijing 100191, China;
2. Beijing Aerospace Microsystems Institute,

China Aerospace Science and Technology Corporation, Beijing 100094, China)

Abstract; In order to simulate the performance of an integral turboprop propulsion sys-
tem by a mathematics model, the propeller was taken as one of the internal flow components
of the turboprop engine greatly influenced by external flow under the flight conditions. With
introduction of propeller map and an imaginary mass method, this component-level turbo-
prop engine mathematics model balanced two mass flow rates and powers of the propeller-
free-turbine rotor and gas generator. The corresponding code was developed, and the steady-
and transient-state sea-level rotational speed characteristics and flight mission profile charac-
teristics of an 8 MW propfan propulsion system were simulated. The numerical simulation
results show that, this mathematics model can successfully simulate the detailed performance
of the variable pitch angle and the angle of attack of propeller or propfan on the cooperating
points, and also the steady- and transient-state characteristics including the thrust and the

specific fuel consumption of thrust of turboprop engine, while the environmental and adjus-
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ted parameters like altitude, velocity and turbine inlet total temperature are varying.
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propeller; propfan; turboprop engine; engine mathematics model;

imaginary mass method; transient-state characteristics
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Fig. 1 Balancing principles in the component level
altitude-velocity characteristic mathematics

model of multi-shaft turboprop engine
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Table 1 Sea level specified performance of a three-shaft single-propfan turboprop

e RohPU R WA, WE/ 4 MK N} YB3 SN Y
(r/min) ) %/ kW (r/min) (kg/s) 54 BR/K H%/m B /km B
788 7236.1 8353 31 3.5, 7.0 1577 5.33 11 0.72
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Fig. 2 Characteristics of turbine inlet total temperature,
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sea-level rotational speed of

a three-shaft turboprop engine
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Fig. 3 Characteristics of the high pressure and intermediate
pressure compressor pressure ratios, air mass flow,
fuel mass flow. specific fuel consumption of the sea-

level rotational speed of a three-shaft turboprop engine
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Table 2 Sea-level rotation speed characteristics of the
steady cooperating points (3, 4, 11, 12) of a
three-shaft single-propfan turboprop

P9 T)/K n,/(r/min) P../kW
3 1483 15363 6602
4 1427 14955 5865
11 1464 15102 6344
12 1498 14818 6764
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Fig. 4 Time responses of low pressure, intermediate

pressure and high pressure rotor speeds

at sea-level

9000 =100 1550
8000 =490 —_:[500
2000 J80 1450
6000 '-‘*II -570 - 1400
{ 460 41350
3000 e l ] f: |
. Nsoé 13005
40 =+

250

_/7‘4% |
1464

o 81963
3000 f 430 1200
| {76871 ) n i
2000 \ S 40 quiso
1000 i {0 4
AN PRI |.'..|....|.‘..|'.'7.—'Ti—.'7.’.l..--:o _:[050

0 50 100 150 200{250 300 350 400 450
s

LS A5 2y 2 5 LA 1 & 42 (8] i
Fig. 5 Time responses of the torque meter power and

the torque at sea-level
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Table 3 Flight mission profile characteristics of the
steady cooperating points (6, 7, 8) of a three-shaft

single-propfan turboprop

h= T/ /K H/m Ma
6 1423. 4 1000 0.4
7 1375.3 1400 0.45
8 1350. 3 2100 0.5
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Table 4 Control schedule of turbine inlet total temperature
and the prescribed change rules of flight
height and velocity according to time
(AT /A /(K/s) (AH/AD/(m/s)  (AMa/AD)/(1/s)
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Fig. 10  Prescribed changes of flight height, velocity
and turbine inlet total temperature according

to time and the time responses of low pressure,

intermediate pressure and high pressure compressor
mass flows among points 6, 7 and 8 on

flight mission profile

A P A EE A Y BB R AR A 4 BB LA
55 655 7 VA T Y 3 R S B A I

1 BB i AT Bl T &1 2s TR
SER T B R B0 B i S s . 23 =0t i
W+ BRI T AR R GE T . S AR BRI
L 0 ) 1 R ELAIR A7 MR R R A G A

6200F 33p ~1500
E I
5800F 11460
5400F 1420
A |
= % &
5000 1380
4600 11340
4200'_ 28'-..1.,..1,.,1....1....|...l..(.l...']wo
0 10 20 30 40 50 60 70 80

ts
BT RATAESS A B2 6.5 7.5 8 = Ml
25000 SR IR B S e R AR T A
SRAE A7 1) IR 8] 0 7
Fig. 11  Prescribed change of turbine inlet total temperature
according to time and the time responses of
the propeller power and the propeller pitch
angle among points 6, 7 and 8 on

flight mission profile

B2 B BT R T TRECBIR
E ERAT SR B Ma 1 H R B AE R R, 251
L A A P[] P A I B b 3 O TR e s O
I/ 1A S B 2% MR 2 Th AR LA PR R A Dy A
AR AN AAZE R i B o AR 2 4 K (0 R T 2 K A A
PR K.

553 BB IRARHTAE T, 5 AT S Ma
IR EIFRE - AT m B H e . 2= RS
R i Bl O R S T R N TR e 2 T R T
I T3 SR T 2 R R A D S A AL

55 4 BB T s Ma R H 1978048 58 1 K&
P ATRS AT.

4 & ®B

HESL TG S R AL 2 A A e A
IR e AR F) R AU B Y B B O R T v e i T T
ST v RS 5 1 o e 8 1) By R DL JE 2 [ AL R
J& TR/ e B T B R S LA A/ o Y A
PERECARIRL. S T 3 =32 R S L & 22 A
TRATAE S5 T AR A S SRR 15 B T it
A BT I S sl BIL A k2R G R ORI 5 BT B
B o XL o M 2 WA AR SCE 5 8k BB R AT £

Sk :

[ 1T S DRME . B/ P F V. U 193 W5 Sl WL 3o 98 3 2 5



1182

i B

532 %

2]

[3]

IR TR PEHLE %25 3 H 3 J14E 22,1993,

TR W/l HE R g3 B Ok S LA T R =2 2k AR A
[J]. #E#E4E AR ,2002,23(2) :118-120.

WU Hu, LIAN Xiaochun. Simulation of the performances
of an augmented turbofan engine using three-layer itera-
tions[ J]. Journal of Propulsion Technology,2002,23(2)
118-120. (in Chinese)

AR RO e, i i TR XU T Sy 368 B A Sl AL S Y R 4
BLRERILT 1L %S 8 ) 254, 2005,20(1) : 13-17.

CHEN Min, TANG Hailong.ZHANG Jing. Real-time per-
formance simulation of a mixed-flow two-spool augmented
turbofan engine[ ] ]. Journal of Aerospace Power, 2005, 20
(1):13-17. (in Chinese)

R AL DS R IDE . WU R AR LT L R e e [ .
i as 3l 124k, 2013,39(1) :47-50.

CAO Hui, KONG Qingyi, HAN Xiaoguang. Simulation and
experimental validation of twin-shaft gas turbine [ J]. Journal
of Aerospace Power,2013,39(1) :47-50. (in Chinese)

BRI BR AR F K SC A HE TR AR 0 16 il Ok S LI e
IHRBTBE (], s TARVER, 2011,2(3) :312-317.
ZHAO Qiang, CHEN Yuchun, WANG Yongwen, et al.
Study of mathematical model on steady-characteristics of
turbo-shaft engine based on component modeling[ ]J]. Advances
in Aeronautical Science and Engineering,2011,2(3) :312-317.
(in Chinese)

FH A L B 1), 8 A 03 A MR 2 R Sl L A A 5 4 okl ) L
[J7. U2 3 1241 ,2010,25(11) : 2599-2605.

TIAN Chao, HUANG Xianghua, DENG Zhiwei. Modeling
and simulation research of turboprop engine control tech-
nology[ J]. Journal of Aerospace Power, 2010, 25 (11):
2599-2605. (in Chinese)

Burger C, Hartfield R, Burkhalter J. Performance and noise
optimization of a propeller using the vortex lattice method
and a genetic algorithm[ R]. ATAA-2007-1883,2007.
Bellocq P, Sethi V, Cerasi L, et al. Advanced open rotor
performance modelling for multidisciplinary optimization
assessments[ R]. ASME Paper GT2010-22963,2010.
Hendricks E S, Tong M T. Performance and weight estimates

for an advanced open rotor engine[ R]. Atlanta,Georgia, USA:

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

The 48th Joint Propulsion Conference and Exhibit,2012.
BRAOG, ik, “Hl—R ShpLERE I ic 50k [ M. b
A0 U U S LR R R L 1990.

AT TS5 B ARAEEE . WU e 1 T3 28 Kk s LR e 5K A
HERGEABA RO AL AT R S M (0. i zs 3 2
% ,2014,29(11) :2621-2632.

ZHOU Yicheng, SHAN Peng,ZHU Dexuan. Components
level mathematical model of two-stage turbocharging re-
ciprocating engine propeller propulsion system and analysis
of its flying characteristic[ ] ]. Journal of Aerospace Power,
2014,29(11):2621-2632. (in Chinese)

Befle sl BT s A AL FEL M. 78 % . P46 Tk K 2%
AL L 2008.

Koenig R W, Fishbach . H. GENENG :a program for cal-
culating design and off-design performance for turbojet and
turbofan engines[ R]. NASA TN D-6552,1972.

Fishbach I. H,Koenig R W. GENENG |[[ :a program for
calculating design and off-design performance of two-and
three-spool turbofans with as many as three nozzles[ R].
NASA TN D-6553,1972.

Sellers J F,Daniele C J. DYNGEN:a program for calculat-
ing steady-state and transient performance of turbojet and
turbofan engines[ R]. NASA TN D-7901,1975.

. RSP AR RO 5D db st de st A
iR K2, 2013.

LI Chaobai. Mathematical model revision and numerical
simulation of the dynamic characteristics of turbo-engines
[D]. Beijing : Beijing University of Aeronautics and Astro-
nautics,2013. (in Chinese)

B R —. ZHEE K AP B R RO L R 5D b
A WE A AR R4, 2015,

LUO Tianyi. Mathematical model revision and numerical
simulation for the dynamic characteristics of multi-spool
turbo-engines[ D]. Beijing: Beijing University of Aeronau-
tics and Astronautics,2015. (in Chinese)

Biemann D,Conway R N. Propeller charts for the determi-
nation of the rotational speed for the maximum ratio of the
propulsive efficiency to the special fuel consumption[ R].
NACA-TR-749.,1940.

(%#t et #)





