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IMO7} E=%)F Energy Efficiency Design Index (EEDIS] ZHAIZ FH 4lo] S71] 1L Sl APk 2912 (Contra-
Rotating Propeller, CRP)%] T AH]ol|A o] AJ5H 715 §3t B QB A~Z X (Vortex Lattice Method) 7|RES] L€
FREH I ZPAFHE ek ol& 54 CRPel A-&3to] §-845 HE3Hith. tid CRP= EEDI 714E 3]
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@oel tial Akt d3lo] & dAE BYlS IRl & A5 Fato] Ak 7S &9 CRP AA 2 s

ajell f-gah7l ALgE 4= 9o2et Az,

Abstract — Recently, contra-rotating propellers (CRP) having higher efficiency draw much attention since the
EEDI regulation of IMO has been enforced. In this paper a numerical method based on the vortex lattice poten-
tial theory with a wake model and an experimental procedure with a newly built measuring device, specifically
focusing on CRPs, are introduced. And they are applied to a series of CRP known to be designed for the pur-
pose of improving EEDI. The numerical and experimental results showed good agreement explaining the char-
acteristics of the CRP properly. The proposed method is believed to be effectively used for various CRP related
studies.

Keywords: Energy Efficiency Design Index, EEDI( U] #] & &4 7| %] <), Contra-Rotating Propeller, CRP(“JHF
3] 7 = 2 3l g]), Vortex Lattice Method(X. 2. 8] 2~ 7 Z}), CRP Open Water Test(CRPH=A] &), Wake Model
(HFEE)
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Table 1. The cost price component by means of transport
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Table 2. Principal particulars of model Propellers

Designation I"CRP 2" CRP
(PP0O18) (PP019) (PP0O21) (PP022)
Diameter (m) 0.200 0.175 0.200 0.175
P/D mean 0.893 0.780 0.990 0.920
Ae/Ao 0.400 0.437 0.450 0.350
No. of Blade 3 4 4 3

[1st CRP]

[2nd CRP]

Fig. 3. Schematic view of grid system for CRP.
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Table 3. Principal particulars of contra-rotating propeller dynamometer

~
£
Contra-Rotating Propeller Dynamometer

Suction Side Pressure Side IN/OUT SIDE THRUSTER 100 N
After Propeller (PP013) Rated Capacity IN/OUT SIDE TORQUE 5 N-m
IN/OUT SIDE 1,500 rpm

Fig. 4. Photographs of 1* contra-rotating propeller.

[CONTRA-ROTATING PROPELLER DYNAMOMETER]
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Fig. 5. Photographs of 2™ contra-rotating propeller. Fig. 7. Drawings of CR Dynamometer.

Fig. 6. Photographs of CR Dynamometer.
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Table 4. Definition of non-dimensional coefficients [1st Contra-Rotating Propeller]
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Table 5. Comparison of numerical analysis and model test for 1* CRP

| KT 10KQ ETAO KT 10KQ ETAO KT 10KQ ETAO

(Cal.) (Cal.) (Cal.) (Exp.) (Exp.) (Exp.) (Diff) (Diff.) (Diff.)
0.075 0.3429 0.3156 0.1297 0.284 0.283 0.1198 -17% -10% 8%
0.15 0.2993 0.2845 0.2512 0.2568 0.261 0.2349 -14% -8% -6%
0.225 0.2576 0.2536 0.3638 0.2295 0.2392 0.3436 -11% 6% -6%
0.3 0.2189 0.2239 0.4667 0.2015 0.2167 0.444 -8% 3% -5%
0.375 0.1797 0.1927 0.5565 0.172 0.1926 0.533 4% 0% 4%
0.45 0.1428 0.1623 0.6304 0.1403 0.1661 0.6052 2% 2% -4%
0.525 0.1065 0.1314 0.6778 0.1059 0.1363 0.649 1% 4% -4%
0.6 0.0701 0.0990 0.6761 0.068 0.1025 0.6335 3% 4% -6%

0.675 0.0330 0.0650 0.5453 0.026 0.0637 0.4377 -21% -2% -20%
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Table 6. Comparison of numerical analysis and model test for 2™ CRP
I KT 10KQ ETAO KT 10KQ ETAO KT 10KQ ETAO
(Cal.) (Cal.) (Cal.) (Exp.) (Exp.) (Exp.) (Diff.) (Dift.) (Diff.)
0.075 0.4035 0.4066 0.1185 0.3505 0.3857 0.1084 -13% -5% -8%
0.15 0.3592 0.3695 0.2321 0.3178 0.356 0.2131 -12% -4% -8%
0.225 0.3162 0.3345 0.3385 0.2853 0.326 0.3133 -10% -3% -7%
0.3 0.2744 0.2992 0.4378 0.2524 0.2954 0.408 -8% -1% -7%
0.375 0.2338 0.2638 0.5291 0.2189 0.2638 0.4954 -6% 0% -6%
0.45 0.1941 0.2279 0.6100 0.1844 0.2306 0.5727 -5% 1% -6%
0.525 0.1549 0.1913 0.6764 0.1484 0.1954 0.6345 -4% 2% -6%
0.6 0.1159 0.1537 0.7199 0.1106 0.1578 0.6692 -5% 3% -7%
0.675 0.0766 0.1146 0.7180 0.0705 0.1173 0.6461 -8% 2% -10%
o |2nd Contra-Rotating Propeller| 317} 0. 30] o]— \;\}L 0049:1101] ;\1 2?]—7} ﬂ'ﬁ\_ %% % _/,: 9’)\ E} f?_i]—t—
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LA : : : Table 7. Comparison of propulsion efficiency using numerical analysis
02 d ot b K/J*=0.7156 1st CRP 2nd CRP  Difference (%)
L J 0.4486 0.4959 10.54%
. ; ; KT 0.1435 0.1701 18.54%
%01 02 03 0;‘ 05 06 07 10KQ 0.1628 0.2055 26.23%
ETAO 0.6291 0.6507 3.43%

Fig. 9. Comparison of numerical analysis and model test for 2™ CRP.
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