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Abstract

This paper deals with both experimental and theoretical methods for performance prediction
of asymmetric stator propulsion systems which have been used for the purpose of recovery
of a propeller slipstream rotational energy due to a stator located in front of the propeller.

Using the developed computer code based on the lifting surface theory, theortical investi-
gation on the interaction between the stator and the propeller is provided in order to obtain
general insight on the performance characteristics of the propulsion systems in uniform and
non-uniform flow.

Such theoretical calculations have good agreements with model tset results.

The asymmetric stator would give an efficiency gain of about 6% to the compound pro-
pulsor system compared with the single propeller system.
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Fig.1 lustration of singularity elements on stator
and propeller blades
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Table | Geometry of the model propeller(KP249)

A&, o\,

M3H, BEF

Propeller No. KP249 Propeller Name DW300K

Designed by DEAWOO Project Name

Propeller Type FPP No. of Propeller SINGLE

Diam.(Model) 250.000mm Scale Ratio(d) 39.200

Ag/Ao .453 (P D)mean .636
Skew(°) 22.953 Rake(°) .000

Section Name NACAG66 Hub Ratio 155

No. of Blades 4 Comment
r/R P/D X../D 8.(°) IID Sfol DA0%) 1,/ D(10°%) Sfoll
20 .5600 .0000 —2.50 1695 6.41 42.80 37.0457
.25 .5765 .0000 —3.67 .1814 6.88 39.54 37.1601
.30 .5920 .0000 —4.49 .1926 7.09 36.37 36.0848
.40 .6210 .0000 —4.95 2128 6.98 30.31 32.1373
.50 6470 .0000 —3.72 .2294 6.47 24.65 27.6314
.60 .6630 .0000 —-1.07 .2412 5.74 19.30 23.3452
.70 .6680 0000 2.71 .2458 5.11 14.55 20.3811
.80 .6560 0000 7.33 .2391 4.52 10.31 18.5269
.90 6280 .0000 12.53 .2094 3.66 6.37 17.1461
.95 .6120 .0000 15.24 1718 2.87 4.45 16.3586
1.00 .5950 .0000 18.00 .0000 .00 2.72 .0000

Table 2 Geometry of the asymmetric model stator(KP264) with the reference pitch angle(a ¢ =0)

i Propeller No. KP249 Propeller Name STATOR2
Designed by KRISO Project Name
Propeller Type CPP No. of Propeller SINGLE
Diam.(Model) 287.500mm Scale Ratio(X) 39.200
Ag/Ao 453 (P D)mean 23.937
Skew(°) .000 Rake(°) .000
Section Name NACA®66 Hub Ratio 258
No. of Blades 6 Comment
riR P/D X,/D 0,(°) /D o/ DA0%) 1,/ D(10°%) foll
.30 4.3591 .0000 .00 .1527 —6.23 20.61 —0.041
.35 4.8288 .0000 .00 .1496 -5.21 19.33 —0.035
40 6.8468 .0000 .00 .1466 —4.31 18.03 —0.029
.50 10.1464 .0000 .00 1405 —2.80 15.82 —0.020
.60 14.8172 .0000 .00 1344 —1.54 14.34 —0.011
.70 21.2804 .0000 .00 1283 — .63 13.03 —0.005
.80 29.3159 .0000 .00 1222 - .12 11.87 —0.001
.90 37.6034 .0000 .00 1161 .00 10.93 .0000
.95 41.6362 .0000 .00 1131 .00 10.56 .0000
1.00 44.9272 .0000 .00 1100 .00 10.19 .0000
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Fig.6 Comparison of the calculated tangential
velocity distribution with the measured one
behind the stator-propeller system(KP249+KP2
64 with Aa=0°) at 1.0R downstream of
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Fig.8 Comparison of propulsion efficiencies of the
stator-propeller system with different stator
angles
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Fig.11 The stator angle .vs. computed efficiency
curve for the determination of optimum stator
angle
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Table 3 KP264 stator mean circulation on each blade in non-uniform wake

[ Control |  Condition || sI S2

I

S3 s¢ | s5 S6 || Mean J

No Uniform 0.999 0.991

1.010 0.999 0.991 1.010 1.00

turning Non-uniform 1.007

—0.078

0.8C5 1.579 2.020 0.666 1.00

Non-uniform 0.950

0.869

0.977 1.034 1.154 1.006 1.00

e
urmng Angle(aa) F27° | +40°

+3.2° —2.7° —4.0° —-3.2° 0.0°

Stator mean angle of attack=13°

18 T T T T T T T

Circulation
M
T

s L i

-25
0.80

r/R
Fig.14 KP264 stator with each different blade pitch
angles circulation distributions on each blade

0.80 1.00

in non uniform wake
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Fig.15 Circumferentially averaged tangential velocity
component of the stator-propeller system
at 1.0R downstream of propeller plane
measured by L.D.V. system with varying
stator pitch angle(V=5m / s,n=45rps)
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Fig.16 Comparison of the stator drags(—Kr) for
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stator angles
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Table 4 The ratio of camber and thickness for the design of KP280 stator

Radius 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Luolte 0.400 0.400 0.349 0.350 0.350 0.300 0.250 0.200 0.100
Table 5 Geometry of the designed asymmetry model stator(KP280)
Propeller No. KP249 Propeller Name STATOR3
Designed by KRISO Project Name
Propeller Type CPP No. of Propeller SINGLE
Diam.(Model) 225.000mm Scale Ratio(d) 39.200
AelAo (P DYmean 9.088
Skew(°) .000 Rake(®) .000
Section Name Hub Ratio 330
No. of Blades [ 6 Comment ASYM.
r/R PID XulD L) iID So/ D(1G%) 1./ D(10°) Soll
.30 3.7800 0000 .00 2263 33.32
40 5.0397 .0000 .00 2226 29.85
.50 6.3005 .0000 .00 2187 26.38
.60 7.5601 .0000 .00 2150 22.90
70 8.8197 .0000 .00 2112 19.43
.80 10.0805 .0000 .00 2075 15.95
90 11.3401 .0000 .00 2037 12.48
.95 11.9705 .0000 .00 2019 10.74
1.00 12.5998 .0000 .00 .2000 9.00
o.88
/[/IIIIIIIIIII
Y
0.64 "': """l"g!ll 4
AR
Y
)
R
SR
S
0.2 = “ﬁ‘ﬁiﬁ\%
R
3
.80
0.850 0.78 .90 1,19 1.3%0
Ds/Dp

Fig.17 The stator diameter .vs. computed efficiency
curve for the determination of the optimum
diameter
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Fig.18 A view of surface descretization of the
designed asymmetric stator-propeller system
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Fig.19 The stator angle .vs. computed efficiency
curve for the determination of optimum stator
angle
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Fig.20 Comparison of the calcuated tangential
velocity behind different stator-propeller
system
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Fig.21 Comparison of the efficiencies with different
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Table 6 Designed stator(KP280) mean circulation on each blade in non-uniform wake

[ Controi | Conditon || s1 | s2 | s3 S4 S5 [ s6 ]| Mean
No Uniform 1.011 0.975 1.014 1.011 0.975 1.014 1.00
turning Non-uniform 1.388 0.672 1.109 0.897 1.239 0.695 1.00
) Non-uniform 0.972 1.033 0.997 0.990 0.972 1.036 1.00
turning

Angle(aa) —5.0° +4.0° -~1.0° +1.0° —-30° +4.0° 0.0°

Stator mean angle of attack=14"
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Circulation
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tig.22 Designed stator(KP280) with the same of
all blade pitch angles circulation distributions
on each blade in non uniform wake

s 2
i

Fig.24 The proposed new stator-propeller system

KSR $30% 19 19934 2A

e
o._y - ]
-
-
-
=
=3
o R ]
L]
-
[$)
-1 | -
- §
-28 L 1 L L L1 L
0,20 0.40 0.680 0.30 1.00
r/R

Fig.23 Designed stator(KP280) with each different
blade pitch angles circulation distributions
on each blade in non uniform wake
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