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Theoretical design method investigation of
vane wheel after propeller

HOU Li-xun, HU An-kang, WANG Chun—hui, HAN Feng—le:
(College of Shipbuilding Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract: In order to have comprehensive design and investigation of the vane wheel after propeller, the
propeller vortex theory is adopted to design the vane wheel with the forward propeller is given. The inter-
action between the forward propeller and the vane wheel is considered through the induced velocities. The
induced velocities are obtained through the potential based low order surface panel method employing the
hyperboloidal quadrilateral panels and are circumferentially averaged. Therefore, the unsteady problem is
translated to steady state. For the purpose to determine the diameter of the turbine section of vane wheel,
the wake flow field of the forward propeller is analyzed through the surface panel method. The surface panel
method is used to predict the hydrodynamic performance of the system. An iterative calculation method is
used until the hydrodynamic performance of the system converges. The analysis of an instance shows that at
lower advance speed, the vane wheel after propeller designed through this method can get greater yield and
the increase of efficiency can be up to 14.42%.

Key words: propeller; vane wheel; induced velocity; vortex theory; surface panel method
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Tab.1 Geometric parameters of vane wheel
(a) A( A,/A=0.443 5)

r c/, 1D, fIc PID,
0.132 4 0.099 6 0.021 0 -0.019 1 1.794 7
0.256 4 0.088 0 0.017 7 -0.043 9 1.785 2
0.380 3 0.079 1 0.014 7 -0.040 6 1.783 1
0.504 2 0.079 5 0.011 9 -0.030 4 1.743 0
0.628 2 0.092 9 0.009 3 -0.018 6 1.625 7
0.662 1 0.103 0 0.008 7 -0.006 3 1.583 1
0.752 1 0.126 2 0.007 0 0.019 7 1.903 5
0.876 1 0.118 9 0.004 8 0.0250 1.785 8
1.000 0 0.003 1 0.000 0 0.00 1.698 3

(b) B{( A, /A=0.345 3)

r c/, 1D, fic PID,
0.137 8 0.099 0 0.026 0 -0.019 0 2.008 7
0.261 0 0.078 9 0.021 7 -0.039 3 2.053 1
0.384 1 0.069 5 0.017 7 -0.039 0 2.059 1
0.507 3 0.068 8 0.014 8 -0.038 0 2.2375
0.630 5 0.076 4 0.010 3 -0.017 7 24533
0.688 9 0.090 2 0.008 1 0.009 0 2.128 6
0.753 7 0.098 3 0.006 9 0.016 5 1.948 1
0.876 8 0.105 8 0.004 8 0.032 6 1.873 6
1.000 0 0.002 5 0.003 0 0.00 1.824 1
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(e) C{ A, /A=0.278 2)
T C/D, t/D, flc PID,
0.142 6 0.078 3 0.025 0 -0.009 3 2410 6
0.265 1 0.068 3 0.020 7 -0.036 8 24415
0.387 6 0.063 5 0.016 6 -0.045 8 2.490 9
0.510 1 0.066 2 0.014 8 -0.025 5 24753
0.632 5 0.069 6 0.010 2 -0.001 6 2.1522
0.713 1 0.070 8 0.008 7 0.007 6 1.885 4
0.753 7 0.077 3 0.006 9 0.011 0 1.991 1
0.876 8 0.062 0 0.004 8 0.020 9 2.126 0
1.000 O 0.003 2 0.003 0 0.00 1.876 8
2.2
, 2 , P-KT .P-10K(Q P4119 10
;A-KT B-KT .C-KT A .B.C ;A-10KQ .B-10KQ .C-10KQ
A B.C 10 o
2
Tab.2 Hydrodynamic performance
J P-KT P-10KQ A-KT A-10KQ B-KT B-10K(Q C-KT C-10KQ
0.50 0.285 26 0.443 2 0.035 45 0.000 3
0.65 0.227 14 0.361 6 0.021 03 0.000 2
0.80 0.163 41 0.278 1 0.013 76 0.000 08
,AB.C 3 P4119
P4119 0.067 7% .0.055 3% . Tab.3 Open water performance of P4119
0.028 7%, , 3 J KT 10KQ
P4119 , A B. 0.50 0.280 28 0.433 2
C 14.42% 11.64% 0.65 0.222 29 0.3556
9.68%. ’ 0.80 0.161 54 0.271 1
3
, , P4119
(1 ) b b b

(2)
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