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Design of Asymmetric Pre—swirl Stator for KVLCC2 Considering Angle of

Attack in Non—uniform Flow Fields of the Stern
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International Maritime Organization (IMO) regulates an emission of greenhouse gases by creating an Energy Efficiency Design Index

(EEDI) to reduce environmental pollution, In propulsion system field, studies are under way on Energy Saving Device (ESD), which

can improve propulsion efficiency with the propeller, to reduce the EEDI. Among the studies, the study of Pre—Swirl Stator (PSS) has

been actively conducted from long time ago, Recently the variable pith angle type pre—swirl stator has been studied to improve the

propulsion efficiency in non—uniform flow fields of the Stern, However, for traditional design methods, no specific design method has

been established on the blade or location of radius, In this study, proper design method is proposed for each blade or location for

radius according to hydrodynamic pitch angle,

Keywords : Energy saving device(Of|4X| M2t AX]), Asymmetric pre—swirl stator(H|CHE H&s0XE7H), CPAS(Constant Pitch Angle type
Pre—swirl Stator), VPAS(Variable Pitch Angle type Pre—swirl Stator), Low—speed full ship(X&<s H|CHM), KVLCC2, Potential
flow(ZElE F&), CFD(TMFAHE!, Model Test(2F AlR)
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Table 1 Dimension of CPAS

R Qhord/ Camber/ Thickness/
Diameter Chord Diameter
0.2 0.186 0.081 0.037
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0.3 0.180 0.074 0.033
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0.5 0.167 0.060 0.026
0.6 0.161 0.051 0.023
0.7 0.154 0.043 0.019
0.8 0.149 0.033 0.016
0.9 0.143 0.024 0.012
0.95 0.140 0.018 0.011
1 0.137 0.012 0.009
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Table 2 Main dimension of KVLCC?2

Parameter Real ship Model ship
Length PP (m) 320.0 6.491
Length WL (m) 325.5 6.602

Breadth (m) 58.0 1.177
Depth (m) 30.0 0.609
Design draught (m) 20.8 0.422
Cy 0.8098 0.8098
Design speed (knots) 15.5 2.208
Prop. Diameter (m) 9.86 0.2
Scale ratio 49.3
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Table 3 Domain Size and Boundary conditions

—2.5L.<X<3.0L
Domain size —2.5L<Y<2.5L
—1.6L.<Z<0.5L
Top Velocity inlet
Bottom Velocity inlet
Inlet Velocity inlet
Outlet Pressure outlet
Side Symmetry plane
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Table 4 A comparison of results of resistance test for CFD

and EFD
Fr by (Xfﬁ?g) Diff(%)
fgﬂig? 0.141 58.0 4.056 0.0
(EES) 0.141 49.3 3.996 1.48
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Table 5 Results of Self-Propulsion test using the CFD
Case ny(rps) | Q (N em) | 2mn,,Q,, (W) | Diff(%)
Bare. 7.822 0.388 19.045 -
CPAS 7.542 0.384 18.210 -4.39
Case 1 7.418 0.377 17.555 -7.82
Case 2 | 7.419 0.377 17.567 -7.76
Case 3 | 7.469 0.381 17.895 -6.04

Fig. 18 Stream line and velocity magnitude at tip of 4th
blade (r/R : 0.7~1.0)
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Fig. 19 Pressure distribution of 4th blade
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Fig. 20 Wake distribution at plane of downstream of
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Fig. 21 A picture of model ship

Fig. 22 Pictures of model propeller
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Fig. 23 Pictures of model CPAS(left) and VPAS(right)
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Fig. 24 Results of resistance test

Table. 6 Results of Self-Propulsion test (Bare Hull)

Bare Hull
Vs (knots) n (RPS) Q (N*m) DHP (PS)
12 0.982 1,990 16,688
14 1.139 2,703 26,302
15 1.222 3,094 32,306
15.5 1.263 3,240 34,956
16 1.309 3,477 38,877
17 1.399 3,930 46,966
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Table. 7 Results of Self-Propulsion test (w/ CPAS & VPAS)
w/ CPA vs Bare. w/ VPA vs Bare.

Vs n Q | DHP | n Q | DHP
(knots) | (%) | (%) | (%) | (%) | (%) | (%)

12 | -2.69 | -2.31 | -4.83 | -3.47 | -3.49 | -6.84
14 | -2.39|-2.10 | -4.44 | -3.26 | -3.25 | -6.40
15 | -2.44 | -2.36 | -4.75 | -3.35 | -3.59 | -6.81
16,56 | -2.27 | -2.60 | -4.82 | -3.20 | -3.89 | —6.96
16 | -2.34 | -2.84 | -5.11 | -3.32 | -4.34 | -7.52
17 | -2.41 | -2.52 | -4.87 | -3.44 | -4.15 | -7.44
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