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Experiment on influence of front/after-mounted propeller

on turboprop engine performance
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Abstract: Based on a 15 kW turboprop engine, a test rig for a biased inlet adopting a front/
after-mounted propeller configuration was built. And the influence of the front/after-mounted pro-
peller configurations on the performance of turboprop engine was investigated. The results
showed that: with the increase of the gas turbine speed, the pressurization effect of the propeller
slipstream was enhanced and the airflow loss in the inlet duct increased. The pressurization effect
of propeller slipstream was 0.35% and 0. 7% at the relative corrected speed of 64% and 88%,
respectively. It showed that when adopting the front-mounted configuration, the total pressure re-
covery coefficient of propeller/intake duct system was basically maintained at 100% ; limited by

both the slipstream pressurization effect from the front-mounted propeller and the power loss of
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the external transmission shaft, the engine pull was almost the same at the same gas turbine

speed no matter the propeller was mounted front or rear, but the speed of the propeller in the rear

position increased by 2. 8% —4% , and the outlet exhaust temperature increased by 11—22 °C;

For the after-mounted propeller configuration, the distortion pattern was characterized by a rela-

tively high pressure distribution at its upper part. In contrast, for the front-mounted configura-

tion, since the airflow accumulated at the lower right corner along the direction of the propeller

rotation, the distortion pattern at the outlet of inlet duct showed a distribution of high pressure in

the lower right corner and low pressure in the upper left corner. And the total pressure distortion

index decreased.
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Fig.1 A front/after-mounted propeller test-bed
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Fig.3 Distribution of measuring points for static pressure

along the inlet and total pressure at the outlet section
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Fig.4 Propeller force versus gas turbine relative

corrected speed
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Fig.5 Propeller speed versus gas turbine relative

corrected speed

64 68 72 76 80 84 88
ncor/%

PE6 T T AR i 8 A X 48 B e i

Fig.6 EGT versus gas turbine relative corrected speed

™ HES IR (exhaust gas temperature, EGT,
HAFSIE N ) A BT BN . 78 A [FR =i 5e
BN, TR AR ARG N, 5 A ) A 2R
FARG N, R nt G R RS 1 D R R B )
W HE 1 Jy 3G o, AT SR O A% O BILAE R H T
R/ | R R T8 0 2 1T HE IR T o A
T I R E SRS, A T R 2 T U A
T, RS HLEE O R R T REAA o R Y 1
o, 2T S AR S FR RO T, AR R 4R A % e R
TRIIPLEGT A& — &M T, H o RS R 5 AH
Xof e 55 5 T ., =64 Y0 B BE R B 22 °CL 886 R
ATRETHEA11C,

AN TR 22 BB BRSO 58 e SRS T & sh LA
I3 B BE 0 AR AR R R AT 25 A B 7 AT i — 2
B, B 7 B R BT/ R IR A TR S RGE
8 Tk H P 52 % S0 IE R 0t e e i 2 Ak, o
SRR A FBOE oy SE B0 5 R R
SR Z M, S5 i B 1 R E 2 00 1 T 1 R ASOR K
HEAGE TS B A LA, G B 2R AE X R
S T, =720 J 80 Y0 Bl BRE 2w U R A ]
M) IR R . N AT LUR Y, i AR

1.002

£ 1.000 l‘:%’

5 i

> [

3 L _

2 0.998 <

5 I

2 & - . <

8 0.996 e

=8 3 S~

g | - -@ - After(6=10°) @ < _

= 0994 —a— Front (0=10°) S
- ——— Front (0=18°) °
[ TR TR NS SR SR S |

64 68 72 76 80 84 88

ncm/%
P07 EEWRAZ 25 BB SR DL X 5 55 A8 Ak
Fig.7 Inlet total pressure recovery versus gas turbine

relative corrected speed



%1

SRR N IVERCR Y B SOREE o2 LR Ny AR SRR 169

BERAET , #EAGE BB RS BB e R R S
A WL AN, 2 B RN R BT R e 2 X T
TR B R BOR o IE P Oy R SR Y 1 R
ROR , FH X #5300 3, =64 00 B 7200 IRET L B
PR S A B R T 1.0 T Rl 48 0 4 % 3 1Y
SO, S s AL S5 W R, o CE YO R
UG, Fh I R U SR O B R R R
FBCT W R B 22 48 5ik, 4 1] R S R AR 2R
Ao T AERT B AR E SRS BRI B B T
I Aol 5 WG 2 e T 1% 4, W e 2 4 TR AR B
T A T MR R T AR 2 M 4 i S U R
Sy 5 % 7B W G X W A EAE LR RS T
R T K 5 AR S e A S A A X P 2 . A
M &, L0V BE AR T, Hi 5 B IR e RS T Y
SRR S Z R 2 () B 22 52 it 6400 B BUIR S
1 29 0.3500 3§ i 2= 8826 Fe HUR B 19 0.7%0 . fH
A5 b 78 U8 B B 2 R 0.35%6 I BE R AR BN,
U RSO X (E O 354 Pa, Wl W TR 0 H
1 I R 22 17 Pao UM, AR SCIR IR 2
K H TR b o AN AR S 45 5 R 22 AN B2 i G
AR HE N 0.35% M3 RO A
— E AT {E B .

g5 b Ak VR I R A A A U I AL
A AEL Hy T A R B S A i Al el R 1) 2 A
IR, fr 2 R B A M RV R i A e T i/
Ja BARZS N RS HLAL 7 AR — B, IR B AR ZS R IR
Ji@ 2 e G n 2.8 96 ~4 06 .y 1T HE IR BE 1 n
11~22 °C,

3 EASmEESH

FET/ 5 E R 3 X K s AL AP BE Y S A
e AR SCER R HE ST R T o A R R AT T b .
Pl 8 B 1 A3 s R i e 43 A1 B AR SR
R AR AR B p/po 2 HERTE W RE R
FKASTE ST po 9 HOARL , X/ X 26 7% 0 5 78 2E < 3 o
F18 Bl o o7 XA A K B X I EG A i
frEWME 3 BFR. WEIHA LA 5 IR
JEHR AR AH X 4 5 1 6406 S 88 Y0 IR,
PEAGE W R R AR 5 R AR R — 20, 28
AR RAS S o5 AV A R M S I T AR
FEXARS T L Bl A R IR R S g BG n, V R i R
il 2R A i) N AL Bl X S B ) R R R O
FE A AR B4 o AT &, 7R A SCRIF S Y TR
Gy i SE T, 0 R E S R U R ) 1Y) R SR

After (6=10°), n, =0.64
—————— After (0=10°), n, =0.88
—— Front (6=10°), n, =0.64
- ----- Front (6=10°), n_ =0.88
—=— Front (0=18°), n, =0.64
1.000

0.999

0.998 —/,—__s\
£ 0997F

=099 F e
0.995 | e e
Tt Mg
0.994 Fo = _ -~ S
tyr 7 1 1 1 1 .
0 02 0.4 0.6 08 1.0
XIX,

P8 RSO T AR TS 20 A1 B AR 0% 1 AR 4808 A
Fig.8 Inlet static pressure distribution versus gas turbine

relative corrected speed

BT, & Sh LA R S 1 A8 Ak F A8 N T S
S R W S RS PN A T R R A0 A R
L7 B WEE 2 W AL B )

TE ESCTE VR R A A f SR AL L 1R 9 BRI ZG
T A R TR S Y AR S A R R
T M RT DU Y, 32 T 2SI 7 T Y 5
AN ER S S R, B R 0 A S BIE 7 R
RO i o B G o T i R SR R e IR 1 K,
DX e (A 3 R, T AV s DX A s s D)
AT TR T38RI R R BOE W 0, —=64% 1)
99.7 % FEAK 2 1., =88 19 99.3% -

p/Pa

101640
101240
100840
100440
100040
99640

0
Zhy  0.04 04

P9 M OF BIRRER RBE M 10%)

Fig.9 Total pressure distribution

(after-monnted propelle, 10° pitch angle)

10~ 11 B Al &R E 22 R8T 10° K& 18°
ACHE A HFGE B0 0 SR B L E AT
55 B2 AOR A AR B, i T IBE 3 v R AR
L HESCE A i R SO AR R SCE Y A A R
TESE T % Iy 1n) , 1) ST OV A f EA T HE R B
BT HEASGE 1T A R AN B 5] A A SR



170 it = 3

%37 %

p/Pa

101612
101338
101063
100789
100514
100240

BI10 o3 i iy R e 2 A A O 10)
Fig.10 Total pressure distribution
(front-mounted propeller, 10° pitch angle)

p/Pa

101607
101384
101160
100937
100713
100490

P11 8 A (HTE IR E IR REE A 18°)
Fig.11 Total pressure distribution

(front-monnted propeller, 18 ° pitch angle)

WY 0 1 e e DX S I DX T i AR A iR 6 A R 11
B9 OR Ve e AR X I T AR 4 i i K, HL e R X
i {2 9T 48 0, ARG D {8 3 0 /s o I R
— R, i T DX (B A B 0 3 R R T IR e 2
SO % 8 5, ARG DX 14 B AR Ok 5 T i
AUE SRR RS

N T AT BRI ST
SRR IR i @ D
Prave — Proo.secor

Proave 7 Pave

Horb poe & S HLE O 3h R A SF 2 A R
Droso.secror M3 B B /N 1) 60° Ji3 X 11 S 14 2T
D TR BIHLIE T 57 350 5

i 12 25 AR IR ZS T Do BER i 58
o AR AT A ER T B 2 0 R M 5 4
AU Il R 45 R T I AR R AL
iy Y A AR T O B I T 3 B R A A R
TE PN A2 00 SRS, PAL I S0 AR AT Y R e
i@ % 7 1) A AU M AR A 7 1) AT MEAR E
T B S AL E 1 AR A 8 20 A A 1 5 55 B

D(\GO -

G, H /5 EARAS TR BRI I Sl R PR A AR B Y
22 5, AR [R) R e e T T i BB R S X I £ g 7
TEB D oo FHXTE 5 o Bl A S HLR T e
ARG, e s HLEE A B E R, D g T
O A o B T AR Y7 2 3l 1 Sk BRI R 5 T 4y
T2 RS 6078 XA R /NP 2R Y 22 (i 8
AR B /AN TR i / o B R 2 R 28T =l i
FO D oo ¥ 52 BLZ B s/ 3 . tb b, A E IR
T AR A5 TR, B 2 B A 0 G R, A )RR A e e
& BEE PYCU — O00  BR R 2 2R
I8 R T 0 A AN B SR G W AR AR KL Do
3 S

0.65 ¢ — _@ — After (6=10°)

I ——&—— Front (6=10°)
0e0E —>— Front (6=18°)
0.55

o 050
045 F
040 F
] P T T DN S

64 68 72 76 80 84 88

nCOl'/%

BI12 D, o BERA SR 58 A 0 305 3 8 1k
Fig.12 D, versus gas turbine relative corrected speed

at different states

SR 5 EORES T ACE 1 IE 5 TR
PR ROR TN IE-S SRR & RN U (S
UL AE B CTE PN I IR SR e T 1 A AR A T 1)
e B A B IR BE RORAES P LA TR B AT
F v e b AR T AR B TR 23 A, 6 R BT
W AL FE KL D oo A1 BT AR

4 & it

A SCR AL 19 75 2 58 T/ e R
i@ 26 U sl A o T 2 e sh WL R Rt RGBT T A
AR B, R E LSRN .

1) Bt 5 998 A 5 T 0 118 385, R E 4 Y O
A5 SR B i i ASCTE N AR G B, G R X 4
L 6490 S 886 MR A W UL M R R 4 i oA
0.35% K 0.7% , ¢ A F BN 1 BRI E S/
HERTE 25 A B R R B AR R 7E 100 % .

2) 2T E R E S R AR S 4 E
1% 45 Bl T S 2R (9 25 6 52 ), R TR R AR e e
R /R BRI R R S LR ) AR — B B )R



%1

SRR N IVERCR Y B SOREE o2 LR Ny AR SRR 171

RS I B S AN 2.8 %0 ~4 % i THER
T BE N 11~22 °C.

3) AT JE BARAS IE 5 R 7 A0 X i A
PRI o3 A3, AR AT AU AR HE S P T IR 2
JE % 7 ) AR AN T Il AT HEAR HESCE 0
AT A T A R AR T R S A X
() S FE S AR $8 B0 D . oo 5 FITFEAR

AR SCEE VKR TR E R 2 K sh L R itk R
T BRI 4 R 0 3 MR R 22 R S0k T RS TR
PEACTE 2 Y 38 2 D e 86, o — 2B IR AT /S B
HERIE 2 5T 105 24 K Bl HIL A e 52 A A

S LHk

(1] XU 2 O BE 3 e M M. Ab s A s 28 i K
R A, 2006,

[2] RS EAMRR LS KR I] iz F2E R, 2013, 1:
18-22.

ZHOU Huihua. The development prospect of turbo-propeller
engines[J]. Aeronautical Science and Technology,2013,1:18-
22.(in Chinese)

[3] ERug. A0 R 0 2 e LR i R g vt 5 il g oF

FE[D]. B AT AU AR K2, 2019.
XTIA Tiangian.Research on control system design and experi-
ment of a micro turboprop engine with variable pitch[D].
Nanjing: Nanjing University of Aeronautics and Astronau-
tics,2019.(in Chinese)

[4] ALEXIOU A,FRANTZIS C,ARETAKIS N, et al.Contra-
rotating propeller modelling for open rotor engine perfor-
mance simulations[R].ASME Paper GT2012-69232,2016.

[5] SILVAV T,BRINGHENTIC, TOMITA J T, et al.A pro-
peller model for steady-state and transient performance pre-
diction of turboprop and counter-rotating open rotor engines
[J]. Journal of Engineering for Gas Turbines and Power,
2018,140(7):071201.1-071201.13.

[6] bz, B vhas Ko ms Jo AL 38 e 2 5 & g pLic

FC A 72 (0], iz TRk JiE , 2020,11(5):672-678.
WEN Zhanyong, LUO Yang. Study on matching constant
speed propeller for piston engine on MALE UAVI[J]. Ad-
vances in Aeronautical Science and Engineering, 2020, 11
(5):672-678.(in Chinese)

[7] shikis BRBER SN 1 R G4 K ICRLE ARBFE[D]. 7 5t At
M as LR R 2017,

SHI Yongyun.Research on prop-engine cooperation technol-
ogy of propeller power system[D].Nanjing:Nanjing Universi-

ty of Aeronautics and Astronautics,2017.(in Chinese)

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

FH . 0 i 2 R B LA ASE S 4 o 4 O B F T (D], AT e
AU LR K24, 2010.

TIAN Chao.Simulation research on modeling and control of
aero turboprop engine[D]. Nanjing: Nanjing University of Aero-
nautics and Astronautics, 2010.(in Chinese)

PAKMEHR M, FITZGERALD N, FERON E, et al. Phys-
ics-based dynamic modeling of a turboshaft engine driving a
variable pitch propeller[J].Journal of Propulsion and Power,
2016,32(1):646-658.

LOPEZ-DIEZ A, RUIZ-CALAVERA L, CASTILLO -
CALVO J, et al.Front end optimization of high speed turbo-
prop engines[R].ATAA 2005-4204,2005.

RUIZ-CALAVERA L, FUNES-SEBASTIAN D, PERDONES-
DIAZ D.Powered model wind tunnel tests of a high-offset
subsonic turboprop air intake[R].ATAA 2010-6502,2010.
PR G, # G BRI A R i R R S LR A/
o A HUEAEI[T] A2 B Jy 241, 2017, 32(5):1176-1182
LUO Tianyi, SHAN Peng, MENG Fei, et al. Steady - and
transient - state numerical simulation of turboprop engine of
propeller-free-turbine types[J].Journal of Aerospace Power,
2017,32(5):1176-1182.(in Chinese)

FH R, B 1) A 8 A e MR 3 e s ML AT 4 ol )y
[J] #% 3 J1 241, 2010, 25(11):2599-2605.

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

VI W8 . oA 3 38 Fal /388 3 % S ML MR P R BT T (D).
AU AU S AR K24, 2015,

LIU Jingni. Research of the advanced turboshaft/turboprop
engine performance design[D]. Nanjing: Nanjing University
of Aeronautics and Astronautics, 2015.(in Chinese)

JE A AT R A A R SN U X A s Lt R B
PERE )20 [T]. A2 80 ) 2441, 2019, 34(6):1322-1333.
ZHOU Shirui, LI Bo, ZHOU Yang, et al. Aerodynamic per-
formance influence of propeller slipstream on engine intake
[J].Journal of Aerospace Power, 2019, 34(6):1322-1333.(in
Chinese)

R BER S RSP/ TR SR
PR S S AR R, 2014,

PAN Xinzhi. Research on aerodynamic interference between

N

i fff 53 [D].

Q

propeller and engine nacelle/intake[D].Nanjing:Nanjing Uni-
versity of Aeronautics and Astronautics, 2014.(in Chinese)
R GEAENE AT R T AR A R A T U X I AL
SRR AR ALI]. 2 241, 2008, 29(4) :845-852.

LI Bo, LIANG Dewang, HUANG Guoping. Propeller



172 I IS I 537 &
slipstream effects on aerodynamic performance of turbo-prop J1284, 2009, 24(9):2085-2090.
airplane based on equivalent actuator disk model[J]. Acta JING Jianpeng, GUO Rongwei. Experimental investigation
Aeronautica et Astronautica Sinica, 2008, 29 (4):845-852. of pneumatic characteristics for S-shaped inlet in missiles[J].
(in Chinese) Journal of Aerospace Power, 2009, 24 (9): 2085 -2090. (in
(18] sf @, SRR . s ) S & gt <l s gl de: [T, 2 3 Chinese)

(%#.k F)



