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(Development of Standard Propellers for Coastal Fishing Vessels)
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SUMMARY

I. Title

Development of standard propellers for coastal fishing vessels

II. Purposes and needs of research development

The increase of the oil price and the deterioration of the fishing vessels are the main
causes of the weakening of the competitiveness and the worsening of the profitability. To
overcome these problems, it is necessary to develop standardized propellers for the
coastal fishing vessels. To improve the efficiency for the trawler, the ducted—propellers
should be considered first, and be fitted on the fishing vessels to be verified the
improvement in the design stage. For the smaller fishing vessels in our nation, it is
necessary to acquire a series—propeller data covering the unique requirement of our

small fishing vessel owners.

II. Contents and scopes of research development

It is essential to measure the wake, to study the propulsive characteristics for various
fishing vessels and to look for the energy—efficient propellers for various class of fishing
vessels. We first develop the design and analysis method suitable for the
non—conventional ducted—propellers, which are especially suitable for the high—powered
vessels like the trawlers, and then develop KF—Series propellers designed especially to
meet the requirements of the local fishing vessels. In this paper, we introduced a new
interaction model between the duct—propeller and the hull. The new extrapolation method
was applied for the analysis of the model test in the towing—tank, and will be scrutinized

by reviewing the full—scale trial data of the 130ton—class trawler.

IV. Results

1. To develop the interaction model between the ducted—propellers and the shear

flow in the stern area.
2. Optimum design of the 130ton—class ducted—propeller for the fishing vessels.

3. For the 130ton—class trawler, the resistance/self—propulsion tests in the towing
tank are carried and the open—water tests are performed for the ducted—propeller.

4. The full—scale ducted—propeller will be manufactured and installed on the

130ton—class fishing vessels, and will be tested its performance in full—scale



V.

trials.

. Design of the fixed pitch propeller for the new 190ton—class purse seiner.

For the 190ton—class purse seiner, the resistance/self—propulsion tests in the

towing tank are carried and the open—water tests are performed for the propeller.

. New KF-—Series propellers are developed to have higher efficient vessel when

compared to vessels equipped with MAU—Series propellers.

Research outcomes and its applications

1. Research outcomes

A tool to design the propellers, considering the interaction between the hull and

the propellers.

A tool to design the ducted—propellers, considering the cavitations.

Improvement of the propulsive efficiency, by introducing the ducted—propellers
to the trawler, and by improving the efficiency through the introduction of the
compound propulsors consisting of the ducted—propellers and the pre—swirl
stators.

Patent (10—2011—-0014225) of the ducted—propeller with the pre—swirl stator.

Validation of the effectiveness of the ducted—propeller to the 130—ton-—class

trawlers through the full—scale sea trials.

Development of new propeller series(KF—Series) with higher efficiency when
compared with the existing MAU-—Series propellers, designed especially for local

low—pitch fishing vessels.

2. Application plan

The companies participating in this project are capable and possesses the proper

technology to apply the present outcomes to the real fishing vessels

Successful application to a real fishing vessel will promote and spread the

adaption of the ducted—propellers to many vessels.

Technical advises and the guides will be available for the dissemination of the
new energy—saving device.
Due to the sharp increase of the fuel price, more energy—efficient propulsive

device will be in need.

Planning and policy to disseminate the fuel—saving device to the fishery people

is to be pursed at the government level.
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- | —@— 09R /’ \
0.05
0.04 | ,

flc

0.03

>

0.02

0.01

r/R 0.2 0.5 0.7 0.9
camber(mm) 21.6 20.4 13.8 9.2

o ASUE vBos FAE AWFAGE 3.1.6)9 Hdl AR(E 3.1.7)F o]&ste] W7
Weko 2 (0.18R~1.0R7MA] 43 AxE 7 3.1.89 A 3 3xY FA =3
A2 a3 3.1.119] ZA89 ).

I8 A= HoEREH oAHY HE 29y A QI A (skew:degree, other:mm)

r/R 0.18 0.2 0.25 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.95 | 0.975 1

pitch 1070.7 11075.1 {1085.311096.1 |1117.3 [1139.3 |1161.7 |1182.9 |1192.2 |1190.8 |1188.3 |1186.8 [1185.3

rake 0.0 6.2 21.5 36.0 62.7 86.7 | 108.1 | 128.7 | 148.3 | 167.2 | 176.3 | 180.8 | 185.2

skew 0.00 [—0.30 | —0.99 | —1.57 | —2.26 | —2.16 | —1.16 | 0.75 3.49 6.87 8.73 9.69 | 10.78

chord 320.3 | 337.7 | 378.1 | 414.4 | 475.2 | 519.7 | 544.8 | 544.2 | 505.7 | 402.2 | 300.9 | 219.2 0.0

camber [20.060 [21.600 |24.785 |26.630 |24.798 |20.400 |16.538 |13.800 |11.625 | 9.200 | 6.348 | 3.827 | 0.000

thickness [66.748 |65.000 |60.626 [56.237 |48.036 |41.000 |34.611 [29.324 |23.583 |15.693 [10.265 | 6.684 | 0.000

* Mean pitch ratio(P/D) : 0.5872
e Expanded Area ratio(Ap/Ag) : 0.4794
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T =1 o , A a e) | lq % [e)
gout, MBI Az AL Awe] IwF BE PP JI 2
NACA a=0.8 Hytd o= A A&staonz, F+ 2rfe] sdg Ans
gtk F A Atolel 3 i, ghol Aol7h ot AR A Frha o
ATt onk A2 AT Z2H e g&o] =2 FI, JnjEHold A A
S A4S a18de] NACA a=0.8 HHAS A3 = g
3% 9 Principal data of the propeller
Num. of blades 4
Diameter 1.92 m
Engine Power(MCR) 1278 PS
Propeller RPM 359.55
Ja 0.514
P/D 0.5872
Ar/Ao 0.4794
3t 10 Prediction result of the propeller open—water performance
at assumed design Ja
MAU-Series VLM (KPA4)
Ja 0.514
Kp 0.0787 0.1022
10Kq 0.1063 0.1340
No 0.6026 0.6237
0.8 B T
| —=—— MAU-KT
o7 —=— mau-10ka
| —=—— MAU -,
| —-—m—-— KPA4-KT
06k = —=— = KPA4.10KQ
© [l —-—a—-— KPA4 -7,
| — — — — DesignJA
os| ; .
s B
g - ; [
S 04} : e
‘-‘ B ; /
- - , T
=2 ;’ ‘ R
0.2
0.1/
00 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
JA
% 3.1.14 MAU-series and VLM.S o] &3 2298 d5Ads =4 23
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it 3.1.11 Optimum design point calculation by B,—4§ chart

RPM 1600 : 359.55(reduction)
Ps 1278 PS
7, 0.99
Pp 1263.9 PS
Vs 11.5 knots
g 1.0
1—w 1.0
Va 11.5 knots
v Br 5.34
h 1.143
Ag/Ao 0.4 0.55 0.7 opt.= 0.730
) 63.8 62.57 61.42 61.20
Diameter 2.040 2.001 1.965 1.957
P/D 0.69 0.74 0.76 0.760
No 0.61 0.59 0.57 0.566




1% 3.1.15 Bp—4 curve at 4—blades and Ap/Ap=0.70 propeller

3 3.1.12 Comparison of geometry and efficiency predicted by various methods

FAE FOAN

305 A% Z2Aeld] | A% =z 45 . S

#® 3.1.11) ~
99 KPAd o1& 45 | MAU AW AR A8 4% |0 e
T 7o T o

zzd9 A
Ag/Ap 0.4794 - 5 — 0.730
D(m) 1.920 - F5 - 1.957
P/D 0.587 - Fs -~ 0.760
7, 0.624 0.603 0.566
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Aol olste] F2M] 1/7.936% EPHS HEANZ At Ry A G
= 2HES R, R I S ¢dte] HHnH] 1/7.9362
A 23 T, Box keel, Shoe piece, Rudder, Duct(AZA X =3z RIFAFH)

Basiint, thg 29 3.1.163 2¥3.1.178 2y Ao HAA FIlEo
A lom 3 31132 EPAe Fo Ado|th E Ao HAAlE B3
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a9 3.1.17 B Ao AA E-Z 2987} B

i 3.1.13 ¥ F8 A (KS1286)

© A

File No.: s1286s02 s1286s02
Designation SYMBOL (unit) SHIP MODEL SHIP MODEL
Scale ratio SCALE 7.936 7.936
Load condition Design Design(w/ Duct)
Draft, moulded TF(m) 2.250 0.2835 2.250 0.2835
TA(m) 2.250 0.2835 2.250 0.2835
TMEAN(m) 2.250 0.2835 2.250 0.2835
Length between per. LPP(m) 26.000 3.2762 26.000 3.2762
Breadth, moulded B(m) 7.500 0.9451 7.500 0.9451
Depth, moulded D(m)
Number of propeller NOPROP 1 1
Length of waterline LWL(m) 28.381 3.5762 28.381 3.5762
Wetted surface area S(m2) 288.2 4.5764 300.6 4.7723
Bilge keel area SBK(m2) 0.0 0.0000 0.0 0.0000
Trans. area above WL AT(m2) 25.3 0.4011 25.3 0.4011
Displacement volume DISV(m3) 306 0.6120 306 0.6120
KB above moulded BL KB(m)
LCB from midship, f+ LCB(m)
LCF from midship, f+ LCF(m)
Block coef. CB 0.697 0.697
Load waterline coef. CW
Midship section coef. CM
Prismatic coef. CP
LPP/B 3.4667 3.4667
LPP/T 11.5556 11.5556
B/T 3.3333 3.3333

LCB% (fwd.+)
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“1% 3.1.18 Photographs of the Running Ship Model(KS1286, Design draft, 4 knots)
19 3.1.19 Photographs of the Running Ship Model(KS1286, Design draft, 11.5 knots)




A Elo] A HEoA 345 2R (KP935)9F AAlE 9 =238 (KP1064)2] 71|
ASA S 3. 23 A 1

ol 2 % WEd ASAY Ge onel FFE L oAl alely
B ¥ 7bx Aol el FAsgom, olul AgF N 2AUL FRFU] WFEE A
a3l
U 2Fe § ATde] EEVES Agste] Asdon, ofd Zedwe sugol
A Ase wetelr] 19 BIARE 3 AT £ Aol BU(IEY; 0.6m+0.6ms
2.6m; width=height+length) ol A 48 3}3]
¥ 3.1.15 Ag =4
Hull form KS1286
Wake Screen Fabrication Design Draft (%)
Propeller KP935, ' KP1064, .
w/15% Sea Margin w/15% Sea Margin
Cavitation Observation | =38 B oI E Y] AASS | £ R dQIGHe AAE
Fressure Fluctuation | g w ojoigeje] 4AES | HE-xzaez 4S8
Measurement Test
¥ 3.1.16 28 xzaAyo o #Y
Model Propeller Number KP935 KP1064
Scale Ratio, 4 7.936 7.936
Full-Scale Propeller Diameter, D, 1.984 m 1.984m
Model Propeller Diameter, D, 250.0 mm 250.0mm
Hub—Diameter Ratio, d,/D 0.1770 0.200
Number of Blades, Z 4 4
Mean Pitch—Diameter Ratio, (P/D),.., 0.6068 0.8046
Expanded Area Ratio, 4:/4o 0.4974 0.4855
Chord—Diameter Ratio at 0.7R,  Coz/D 0.2834 0.2605
Skew Angle Extent, s 13.04° 0.0°
Rake—Diameter Ratio at Tip 10.919 mm 0.0mm
Blade Section Type NACA66 NACA66
Propeller Rotation Direction R.H. R.H.
Material of Model Propeller Aluminum Aluminum




¥ 3.1.17 7Avlgo)A

Ad Z7A(KP935)

Model Propeller Number

KP935

Load Condition

Design draft(cruise) Design draft(Trawl)
Test Date February 08, 2011 February 08, 2011
Water Temperature 4.5°C 4.5°C
Atmospheric Pressure 100.1 kPa 100.1 kPa
Full—Scale Propeller Brake Power 1277.6 PS 1277.6 PS
Full=Scale Propeller Rotational Speed 377.44 rpm 360.56 rpm
Full—Scale Propeller Shaft Submergence 1.787m 1.787m
Dynamometer J25 J25
Tip Clearance 0.2506m 0.2506m
Model Propeller Rotational Speed, 25.0rps 25.0rps
Advance Coefficient, J. 0.3367 0.1738
Thrust Coefficient, Xr 0.1732 0.2319
Cavitation Number, %oz 1.3845 1.5171
Reynolds Number, R, 0.65x10° 0.65x10°
Air Content, @/, 63.0% 63.0%

¥ 3.1.18 78] g0

1A A8 ZA(KP1064)

Model Propeller Number

KP935
Load Condition Design draft(cruise) Design draft(Trawl)
Test Date April 16, 2012 April 16, 2012
Water Temperature 12.8°C 12.8°C
Atmospheric Pressure 100.24 kPa 100.24 kPa
Full=Scale Propeller Brake Power 1277.6 PS 1277.6 PS
Full=Scale Propeller Rotational Speed 337.66 rpm 311.03 rpm
Full=Scale Propeller Shaft Submergence 1.787m 1.787m
Dynamometer J25 J25
Tip Clearance w/ Duct w/ Duct
Model Propeller Rotational Speed, 'm 25.0rps 25.0rps
Advance Coefficient, J4 0.4302 0.3756
Thrust Coefficient, K 0.1874 0.2053
Cavitation Number, %oz 1.6061 1.8928
Reynolds Number, &, 0.76<10° 0.76x10°
Air Content, @/, 99.8% 59.8%
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7hH  AZF AIE
g 2 Rl 23 dHY AT AFS s o, 1 A vhet 2o
¥ 3.1.19 A5+ AlY ZAH(Design draft, Z2 2] KP935)
e PE
ks (kW) Mo Pp(kW) | N(rpm) t Ws NR
5.0 g 11 0.499 22 117.59 | 0.394 | 0.286 | 1.002
11.5 338 0.487 693 | 344.88 | 0.341 | 0.312 | 1.002
5.0 el | 208 0.329 630 311.44 | 0.167 | 0.284 | 0.994
#* 3.1.19 A5 A1g A3 (Design draft, Z2H2 KP1064)
2] 4= PE
S (kW) Np Pp(kW) | N(rpm) t Ws nR
5.0 = 14 0.622 22 106.73 | 0.116 | 0.156 | 0.976
11.5 372 0.560 664 308.94 | 0.107 | 0.157 | 0.976
5.0 | dlel | 210 0.357 589 274.97 | —0.117 | —0.152 | 0.957
() Zntge)d Al
Au ol Bl dolA AT ZzA(KP935)9 AAlE HEZZA(KP1064)2] 7H4] )
old AHS T3 Ade ey

¥ 3.1.19 7ZAnjelol A Alg ZA3}(Design draft, Z =22 KP935)

Load Condition at cruise

Load Condition at Trawl

Test Item
Suction Side

Pressure Side

Suction Side

Pressure Side

Type of Cavitation | Sheet Cavitation

Not Appeared

Sheet Cavitation

Not Appeared

Range of Blade Angle | — 30° ~ 230°

—-30° ~ 230°

Maximum Extent 28% at 20°

25% at 20°

¥ 3.1.19 7ZinelolA Al AF(Design draft,

=23 KP1064)

Load Condition at cruise

Load Condition at Trawl

Test Item
Suction Side

Pressure Side

Suction Side

Pressure Side

Type of Cavitation | Sheet Cavitation

Not Appeared

Sheet Cavitation

Not Appeared

Range of Blade Angle | — 30° ~ 90°

50° ~ 280°

Maximum Extent 20% at 30°

3% at 260°




1% 3.1.22 Photographs of the Cavitation Patterns of KP935
Propeller(cruise)



“1¥ 3.1.23 Photographs of the Cavitation Patterns of KP935
Propeller(Trawl)



~1¥] 3.1.24 Photographs of the Cavitation Patterns of KP1064 Propeller(Cruise)



1% 3.1.25 Photographs of the Cavitation Patterns of KP1064 Propeller(Trawl)
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1% 3.1.26 Photographs of the Model Ship

(KS1354)

3% 3.1.21 Principal Dimension of the Hull form (KS1354)

File No.: s1354s02
Designation SYMBOL (unit) SHIP MODEL
Scale ratio SCALE 9.6
Load condition Design
Draft, moulded TF(m) 2.610 0.2719
TA(m) 2.610 0.2719
TMEAN(m) 2.610 0.2719
Length between per. LPP(m) 38.000 3.9583
Breadth, moulded B(m) 8.600 0.8958
Depth, moulded D(m)
Number of propeller NOPROP 1
Length of waterline LWL(m) 42.627 4.4403
Wetted surface area S(m2) 423.4 4.5941
Bilge keel area SBK(m2) 0.0 0.0000
Trans. area above WL AT(m2) 57.5 0.6237
Displacement volume DISV(m3) 460 0.5199
KB above moulded BL KB(m)
LCB from midship, {+ LCB(m)
LCF from midship, f+ LCF(m)
Block coef. CB 0.559
Load waterline coef. CW
Midship section coef. CM
Prismatic coef. CP
LPP/B 4.4186
LPP/T 14.5594
B/T 3.295

LCB% (fwd.+)




AQess nage 9 A9xae 98w 2
3 3.1.22 130w ool d AF &5(KS1354)
cHA| Al g & R+E Algza
A3 7} 155 10 &%
IEARER= Box keel, Shoe piece, Rudder
- 3 3 Roia 4=
ZH_TLEE%]E] X}EO]—J\JO 37]' lg'r, 7 *11_:'—
HFRE XA S Box keel, Shoe piece R =
23y )
o2 = o= g 7} Design Propeller 170
AA 2 A ~ ) _
A= e 2453 7t Box keel, Shoe piece, Rudder 1&7, 75:

% 3.1.27

Photographs of the Running Ship Model(KS1354, Design draft, 12.0 knots)

1% 3.1.28 Photographs of the Running Ship Model(KS1354, Design draft, 15.0 knots)




(2) ZNvjde]d Alg

Mol A EdoA 190E o] =2 (KP1069)2] 7iv]g ol # ¢
Mgl e A= Part IIo]A AWsta Jof. AL o 49 %P%@Pﬂioﬂﬁ AA A
(13knots) % AAA] AFE3F AR 9] w2 A(NCR 1058.9kW x 300rpm) F 7}A 759l
ste] $8)slgl o, ojuf AFES WF AT FFAEH Y AAML] HEFE ALt
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(2 dp e

U 23wl FEAGATAY BE/HS el Agson, of) ZeAele) Fn)
1 T RARE BIAVITA Y AL SAIADY:

WEGEe] 49 Folzl WA HFolA AFS FAstelol S, & ol FS g <
Faol BT ARALL) AN Sh AL BFE AT A wE WELEe) ol
PHVC(Propeller Hull Vortex Cavitation)ell &sle] w9~ E4f& A AlS5Eo] Hed=e] 7
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@ Aol

# 3.1.23 AY =7
Hull form KS1354
Wake Screen Fabrication Design Draft (=3})
Propeller KP1069, w/15% Sea Margin
Cavitation Observation 13knots, NCR 1058.9kW x 300rpm
Pressure Fluctuation Measurement Test 13knots, NCR 1058.9kW x 300rpm
i 3.1.24 By Za2HAee T3 A
Model Propeller Number KP1069
Scale Ratio, 4 9.6
Full—Scale Propeller Diameter, D, 2.40 m
Model Propeller Diameter, D. 250.0 mm
Hub—Diameter Ratio, d4/D 0.170
Number of Blades, Z 4
Mean Pitch—Diameter Ratio, (P/D),... 0.5761
Expanded Area Ratio, 4:/4o 0.5905
Chord—Diameter Ratio at 0.7R,  Cos/D 0.3385
Skew Angle Extent, s 19.15°
Rake—Diameter Ratio at Tip 0 mm
Blade Section Type NACA66
Propeller Rotation Direction R.H.
Material of Model Propeller Aluminum




¥ 3.1.25 7iujEe] A Ald ZHA(KP1069)

Model Propeller Number

KP1069

Load Condition

Design draft
(Target Speed)

Design draft
(Target Power)

Test Date May 29, 2012 May 29, 2012
Water Temperature 20.5°C 20.5°C
Atmospheric Pressure 100.94 kPa 100.94 kPa
Full—Scale Propeller Brake Power 1154.2 PS 1439.6 PS
Full—Scale Propeller Rotational Speed 289.27 rpm 308.63 rpm
Full—Scale Propeller Shaft Submergence 211 m 2.11 m
Dynamometer J25 J25
Tip Clearance 0.2136 m 0.2136 m
Model Propeller Rotational Speed, 25.0 rps 25.0 rps
Advance Coefficient, J4 0.4150 0.4083
Thrust Coefficient, K 0.1191 0.1219
Cavitation Number, oz 1.6367 1.4378
Reynolds Number, R, 1.19x<10° 1.19x10°
Air Content, @/ 62.2% 62.2%




a9 3.1.29 AA =2y =H(KP1069)



% 3.1.19 78" o)A

A8 A3} (Design draft,

xz=238 KP1069)

¥ 3.1.19 A3F2 A& A3 (Design draft, KS1354)
T2y PE Mo Pp(kW) | N(rpm) t Ws nR
(kW)
KP827 793 0.578 1371 303.5 | 0.261 | 0.281 1.000
KP1069 793 0.558 1421 344.23 | 0.259 | 0.280 | 0.998
(L) ZinlE o)A AlE
S AAIA S (13knots) 2 AAA] ARESE Qo] v A (NCR 1058.9kW
300rpm) F 7FA 2AA AAZzHAe] KP10699] thdk suleo)d Al Az &)

Test Item

Load Condition at Design

Draft(Target Speed)

Suction Side

Pressure Side

Type of Cavitation

Sheet Cavitation

Sheet Cavitation

Range of Blade Angle

— 10° ~ 60°

30° ~ 340°

Maximum Extent

13% at 20°

2% at 250°

3 3.1.19 7ZiHldgo]Ad A&l A3} (Design draft,

xz=2Ay KP1069)

Test Item

Load Condition at Design

Draft(Target Power)

Suction Side

Pressure Side

Type of Cavitation

Sheet Cavitation

Sheet Cavitation

Range of Blade Angle

— 10° ~ 65°

30° ~ 340°

Maximum Extent

15% at 20°

3% at 250°

X
k4



1% 3.1.30 Photographs of the Cavitation Patterns of KP1069 Propeller(suction side)



1% 3.1.31 Photographs of the Cavitation Patterns of KP1069 Propeller(pressure side)
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19 3.2.13 Example of accelerating nozzle (NSMB nozzle No.19A)

MARIN's Nozzle No. 37, L/D = 0.5 DIMENSIONS ARE GIVEN IN */s OF LENGTH OF NOZZLE

Yty
1% 3.2.14 Example of accelerating nozzle (MARIN nozzle No. 37)
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3 3.2.1 Given condition for the propeller design

Engine Data Diesel 1278 PS(939kW) X 1600RPM

Reduction Ratio 445 11

Design Speed 11.5knots
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1% 3.2.15 Stern shape of the target ship
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1% 3.2.17 Flow chart of the design proposed in this study
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3% 3.2.2 Found parameters through the basic design using Ka—series chart (EAR 0.55)

EAR 0.55
Mean P/D 0.776
D(m) 1.984
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19 3.2.19 Burrill cavitation diagram for uniform flow [11]
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19 3.2.20 Empirical cavitation diagram for shrouded propellers



19 3.2.202 shrouded propellers o Burrill chart *3 A}&% 4 3= cavitation
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3% 3.2.3 Extrapolated results of the shrouded propeller from Burrill cavitation

diagram
Burrill Shrouded propeller
5% back cavitation 0.601 0.45
10% back cavitation 0.477 0.358
20% back cavitation 0.353 0.265

¥ 3.2.39 &9oz FAE HEo] extrapolation &2 AXtE Azfolt} wlE] AFI AA
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1.984m <1 @ 7Hd w9 K, Alekx7o] Hvh. Design point o @& Design xIH] oA 2]
Ka—series AAFa2 0.0298 o]t}

s

AFGs=E dA9 EAR 0.55 mean P/D & EAR 0.55 ©
HA g & glolmw, A5 WststuA HA &S e ¢s
MR ABAAZIAA K,=0.02989] #E ZHE me =

K
ol
)
oy
=

=] o4 mean P/D =
S e E 3}l EAR 0.5 ~ 0.7
Jekar, 1 we] a&uuE 33

an P/D A
.
3% 3.2.4 Optimization of EAR and mean P/D
EAR 0.50 0.55 0.60 0.65 0.70
Mean P/D 0.776 0.776 0.777 0.7870 0.7985
Kt 0.2586 0.2565 0.2539 0.2538 0.2529
Kq 0.0298 0.0298 0.0298 0.0298 0.0298
efficiency 0.4716 0.4685 0.4645 0.4638 0.4618

EARO| [} E 28 54

0.4740

0.4720

0.4700 *\

0.4680 \

0.4660 \

0.4640 \
0.4620 \

0.4600

Efficiency

0.5 .55 0.6 0.65 0.7
EAR

19 3.2.21 Efficiency curve according to EAR

# 324 = Kpg 7M1 we] EAR, mean P/D, §vf?_r e AR dola, a¥
3.2.212 EARY| W& 5& 4S5 yerd zlojth. 1 3.2.49 19 3.2.215 Fashd, EAR
0.5 oA afo] 7MY 25 AT 5 k. kA An|H ol A 15<} FAo A A FHA EAR
°] 0.358 ol=d, 0.5 > 0.358 o|EZ o] V|FEE WEANS & F Ak uEhA

Ka—series & AM&SH HE 7|2 A4AA Y+ vha 2o,



it 3.2.5 Final result of the parameters through basic design
considered the cavitation phenomenon

D(m) 1.984
Mean P/D 0.776
EAR 0.5
Kq 0.0298
Eff. 0.4716

(3) 27 |9 AA

ot

ddbx o7 Jdy] AEE = NACA section & A% 19 3.2.22004 H+= #Fe} #29] mean
camber line & 7|22 FAE 713ste] I geometry & Aot} A9k Ka—series 9
A9, 19 3.2.22004 Hi= vle} o] maximum thickness & 7)o % Chord®3C & back,
face M9 FHE Aot} & WA FAAEA L, AA AZS aEste], Ka—series &
Akl NACA ©HS ZH= geometry & WHIA|Z %37} Tt} Ka—series &= 7|EA o=
0.2R~1.0R 7}#] geometry”7} AT o] glomw o]&3t geometry W3S 0.2R~1.0R 7}A] X

oA HHoR s

19 3.2.22 Definition of Ka(left) and NACA(right) blade section

9 3.2.2391A4 Ka section 2 Ka—series?] 9] ItlE maximum thickness ° tjs}e],
Chord WHeFo 2 face, back Zﬁrﬁ—a- BE 9Eale] Ao A4 mgolth 18]al NACA
section = NACA66 (a = 0.8) = EUIZ, thickness ¢ camber & W}HAl Ka—series 9
geometry & 7} SH3A 1 g}g o Aolth, 7]|¥ A section ¢ Ao ThE7] wEd
AR g = oy, 19 3.2.23904 YehbeE Ao xpol: Ao & JEFS u| XX
oS Blolgt AT 019} 2 AAE 0.2R ~ 1.0R 7HA] wbEsglon, 17 3.2.2300%
0.2R¥} 0.6R oMol @ HAS ZAEA Y. T3 Ka—series = const pitch, no skew, no
rake & zte=d], ol& Ht 3}04 geometryS -4 819t}



19 3.2.23 Comparison of sectional shapes between Ka and NACA blade
at r/R=0.2 (upper) and 0.6 (lower)

19 3.2.24 Comparison of three dimensional blade geometry between Ka and NACA
section



a9 3.2.24% W3 -39 Ka—series 9 NACA geometry & &Alo] ZA|slo] H]algk 3
oty o]& XYW geometry 7} 719 O]X]‘%% o Atk wEkA o] F AHAE Wskd
geometry = AFg3slo] MPste= 3trh, WHEE geometry o AXZEE 7]¥ Ka—series 9F
Hla gk Aaghe o5 2o

3% 3.2.6 Computational results of the changed geometry with NACA sectional shape

Ka—series NACA NACA(+A)
Kq 0.298 0.0268 0.0297
Eff. 0.4716 0.5002 0.4887

F 3.2.69 7kl NACA gto]l f1¢F #2 geometry W&oz Aozl Aibgholtt. Kq 7+
Aee] oA G 1T S dnh ol AA FEeA] 7] Wi F4E& 5h] Sl
mean P/D & $A3t}. Kq o %59 mean P/D & 443} mean P/D 0.81 oA A 73”
21E WSS AS g% 5 e, 1 AAHe 1 3.2.69 LEF%T %
geometry W3S Fall, AAZAL WSelHA] Ka—series 9 A3t 23& NE
geometry & fojUilen, ol& # 3.2.7°] YEAT. & 3.2.79 geometry 7} FHE A<
71EAA Ao, F5 XaE FAAA Y T]Egko =z ALgH T

E
=] =gty
S

3 3.2.7 Impeller geometry through the basic design

r/R P/D Xm/D Skew C/D F/C T/D

0.2 0.81 0 0 0.1653 0.0424 0.04

0.3 0.81 0 0 0.1885 0.0637 0.0352
0.4 0.81 0 0 0.2097 0.0501 0.03

0.5 0.81 0 0 0.2289 0.0437 0.0245
0.6 0.81 0 0 0.2461 0.0386 0.0185
0.7 0.81 0 0 0.2605 0.0269 0.0132
0.8 0.81 0 0 0.2709 0.0173 0.009
0.9 0.81 0 0 0.2773 0.0115 0.0059
1 0.81 0 0 0.2778 0.0094 0.005




(4) ZAEA

712 A= EAR, mean P/D, D & #A3d}a, NACA section &2 H}Ho] F), Anky

2l eol= I EAR o #3F series chart 7} §117] wiitel, ol& A slst=

NACA section &= upfo] == wWo] 7|2 A ] & Z7|dgkar & &

= A AE, Pitch, Chord 59 ¥4 0.2R~1.0R oIAe Z47te] s

PRt GAEAA dACkER, A3k AAS dHolgrt Zad AlFolgtal & & gl
olEA H WS " B AFdAe g WY A3 EVbssith ohehA,

Zﬂ"] ez e el A §_‘§F el
AN A el 12 FHHH ol ¥ T

A A A F=7 kGl o] 2l gk XA

Newton's method & ©]-&3}3it}.

o>“r

[

(7F) Newton's method

Newton's method ¢ 7] €= ofF eksiry. @A) GAAA S F5 o a3
FxAQl v o g st} webd, V|EAAR S @S VEHoE AFste], HH 7
S D AAIFO R o]Fo] a3ty ol& 93 Newton's method 7} AF-&H T},

Ao Z o]FstHA =3ks Zbe, S vl 0 o] He Ho=z A& o] F3)
2 1 o =Y EE dl+= Zlo] Newton's method & ¥ggta & 4= Ao, A

PN

T

9] o & S9o] Newton's method ¢ ¢g& AHsl== 3},

>£1—N'MOHU

19 3.2.25 Newton’s method



pid

a9 3.2.259 S & g 28k wf Newton's method + &3 &
A Fol=Z FAAHr

¥ 3.2.8 Problem of Newton's method

Given f(x)

Find x o f(x) o =2 PARSY

EKL—

u:

5 oW f(x) 7k FoiHe W, 11 3.2.259] How FAE

7 REy Ao I8 zte A
< T3l A°] Newton's method ©]™, I flow chart & 1% 3.2.26°] =

x(i“—l) _ &

+ 0 oA gERol A2 AL AR Fhe

!

AN AAR P NN H L AABL

e e L +Mf

!

A71M X = g5olnz, AP g asz AT

OO 1 A= Fey L) @f(x A 2 16° f(x

L (ax0ye

PR M(k)i'u] 2@tk

O D) GO P oy SRETFALRE
dAx® 7 ox’ Jtd maza.

v

AP 2 Axa..

o [_ @‘(x‘*)J ,[awx* )J“
ox Fors

«
HO-
= B L e T

¢ YES+

x =x*?.z.5sngaFs.

1% 3.2.26 Procedure of solving problem

(4}) Newton’s method - A7 9] A&

% 3.2.259F & sk 9] A 9o+ Newton's method ALEeE S A= H
Hol w$- gy o}, dutHQl Ao xdEd e A9e I ATt v)$ oo o



T Aok SEAIRE, AAA oA FORE 2e, S HAL a88 Z4E As e 32 A
2 ©@<=5HA 7 %t} Newton's method 7} local optimization 2] E5A4S = Jd+=d H|&] A
Aol Aol EE&FS FEE local TS 7HAE FEld Bo)7] wEelth ol 1doR nd

st 18 3.2.263 7t}

19 3.2.26 Characteristic of the local optimization

2.262 B ke f = v ol2] JHe] local =k
]

3
= B AAYA, input M57} impeller geometry ©
|

(3

F&ol 2 Zelvh 17 3.2.269 A4E erl,:j;L ZH Igo 2=
, AA ARl Yol A= vl sz %‘Eﬁ«l &S 9 Zojth webs, 19
S A3 grolrt= Felo A= VUi 4 giguq, % 3.2.269 A 9} E?Ol 27%s &
golFojol ghrh. 7)ol A Z=7Ig AAll oAM= TIEAEAA AR U 7]EEA
geometry 7} @ Aot} 7|EAA geometry & Z7|3o.E Yo]FWH, local optimization <
AV SRS S TR U HA a88 Ve o AS AT AR V244 A
ol Al Aol gk A 12k HA k] n|E ZE7] Wl local optimization 2% && &F
S 71E = 9lS Aolth ®3E Newton's method & AM&EHEA, 374x o F-osfjof &
AL Aekxio] EAg = Aol 7R 7] EAQ1 AlkxA-L Xl ]Eia 517171 91
Aot AxAs FIHNZIHA FAH R HAS S 5 e
SF %

e 2ragde A A WYe é—;‘-ué?'f&‘?}.

<

torque identity 7
zRIOYe] Aasit. o

- r
et
Y

= o
K

%2

A o] F=x1A A Hel 718 Newton's method 9 f(x) $=2] EAJo]t}. AA
oA f(x) &= AFT AANE, x g W=, 9 W pitch, chord & ¢ B2 thgo
M, AR ((x) =, MeE AERts W, sjq =279 KPA4 & =

olgtal & 4= 9tk KPAl4 = e o s #ofxl v 4% zmafior <Akl
o2 F¥o] =rbesttt. wEbd FAHor HIsh] e vl d ((x) o tiE H)
def A& AFEsto] 3AF o] e & FAlshaL, 2af Aow FARShE WRo] ARgE

SEg #4100 o tiE A (o) clAe] AANE A (3.2.9)8 2
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f(X)=f(x*)+Vf(x*)T(x—x*)+%(x—x*)TH(x*)(x—x*)

= f(x)+c"d + %dTH(x*)d

(c=Vf(x")',d=(x-x")2t 7}4) (3.2.9)
o] A& d HEE AT xT WEE AT Zor o 4 (321007 L

LD IO s 16 =)

=c+ H(x)d (3.2.10)

2l (3.2.10) ¢ H(x) ¥ Hessian Matrix =4, n7]¢ W50 thdk Hessian Matrix &= 2
(3.2.11)°] FEAAT}.

H (x) => Hessian Matrix

R A B i
ax’  ox0x, Ox,0x,
of of . of
H(x)=| ox,ox, ox,’ 0x,0x,,
o’f  &f  of (3.2.11)
| Ox,0x,  0Ox,0x, ox,” |
21 (3.2.9), (3.2.10) °A4 x = Newton's method ¢ Fgh& ¥7] 918 M= AAgS
ojmstaL, xx = olsty] A 7S ot owd A xold S3S eves A2 vE
gkol 0 o] Wik A ejuat),
Id) _of(x)
=V +H
Y . f(x7)+ H(x)x—x")
=c+H((x)d=0,(c=Vf(x),d=(x-x"))
R A A of
ax’  Ox0x, ox,0x, |( Ax, ox,
of  of Of | Ax o
. o
ox,0x,  ox,’ ox,0x, | : |T 7] ox,
oy dr dr ) o (3.2.12)
| Ox,0x;  0Ox,0x, ox,’ | ox,




olg]3t g ®E A& A AYstd 2(3.2.12)9 2 ZA¥ES 4SS F Add o7)A
0 208 Agegz 278 AH, AV AV FHE 2t Ue AAHe
nlsie, A (3.2.12)¢ AEALAAS Fo 27]HANA vhs AAA

A= AA=A Ht. 2= Hessian matrix 2 @S FAH o= ALt 4 32
method o] & 7 & UA "o} ol& 2 (3.2.13)¥ &2 FAAQA W
t}.

T

o’ f 1
PE z?(.fi-#l,j -2 i T i—l,j)
1
o f
ax (ﬁj+l_2-f;]+»f;jl)
2
62f
— = —f o+
ax16x2 4hk (JFH-I ,j+l ﬁ+l,]—l f;—l,j+l l—l,]—l) (3213)
(h,k are increments in both x,y directions;;evenly spaced)
@ AlfzAe] F7F
(thel A2 Zo] Newton's method & &9 =#te & 5 AARE 7 $23 47
24 WESH G e age] FURe A AN Fobl HBrh AAxAS K 2
WA Rehw, 7 Ege ok gk AL oln Agstth = 14 AuHeld B
471% whek BARSA WS A7k akul, 712AA 6] ¢l8 Aol mean P/D #A| Alkzd
o FIMINAE FHlslr}, E}E}/ﬂ Newton’s method o ASZAE F7HA 7= X%l W
o et}
c, C,+C c  +C
Zf cdr Z- Ax( I W LTy
Ag 2 2 2
EAR="Et =
A, D4 zD* /4
~0.5817
J-l.O pxdx "
_ ‘ X;)X,
mean P/ D==— zz Pt) =1.21
Jo v 2w (3.2.14)
Kq=0.0703



2] (3.2.14)5 2w Aekx7 5 EAR, mean P/D #S L2328 geometry % W o
= AEste] de #gdes o dedl, FAHeR A3 Zol R, Kq #2 % 3.2.6
o] 7BMA AgS o] LTt ol#d 271S WEIHA AAAL Folrr] A E A
(3.2.15)9} & +=AHo] H 3}

f
o
QL
z

I

S (X X, Aes 4,) = 11p(%,,e0, x,) + A{C (X, X)) — comstl} + ..+ A, {C, (x,,.., X, ) — constm} (3.2.15)

Akzol gle w # AAdAL T f(x) & dFTFHE, KPAL4 & E3S o vYee
FEgkolth sHAIRE Alekxzdo]l Fr7E | T A f(x) = A (3.2.15)9 nplay,.w,) 7t H

, o719 constl, const2, constm & F7}StAF sl A7l Ha Ao FrHET o &
01 Akx71S EAR, mean P/D, Kq A7FAZ =3 1 3L 7|EAAA Y FdEE o=
QAIZITHA, constl, const2, const3 7} 1 gkell dlFE A Ak F AAWME 4 -0, 7F W3}
H A Ef%k% o7ty gt e, AAMSe] w2 EAR, mean P/D, Kq & 4AI s w5387
=5

S

o
-

(i,

@ A AWM interpolation & E3F AXMAITE @&

Ay

A 3tE ¢4+ Newton's method 2] f(x) o 3|F3s= KPA14 T2I1HS S8 oF st
), o] 2% 3.2.273 £ Wyo g o] Fojxit},

19 3.2.27 Flow chart of Newton’s method in developed program

% 3.2.277 o] Hessian matrix & &7] & 402 KPA14 & APA AT
of sh=tl Z7|HlA tha AAIFCRE o]Estr] f8 dag AMSS Figure 21 3
ofe mE W, A (3.2.15)0A4 ¢} o] W nilf, Ak m I PE o o el A
A4S 7] 98k AxESTE 2(n+m) N2 +1 WAL gus) Aoz A, IRz A=



4 4= ¢le Aola, M4 n o 4%, Pitch stunt HH3} sttt S wolA 0.2R~1.0R 7}
A W] AMG7E 970 7F "k agla oA AFEdE, AR mdEd 4 s dubEel &
T g=2A HARGS G4 S 5 7] bl 2 iteration = dfoFsttteE HES A7)
M o] KPA14 A3IA7ro] 102 7Folalxn sy ats ml$- 71 A2kA|7ke] W sts o 4=
AUt

19 3.2.28 Amount of the calculation for solving Hessian matrix

Aol A ARAIFS Fo]7] 9% w=o] dasit. AAXAL
Bl = AASHA 7] vl B
g5ttt 238 geometry 2 , pitch, chord &¢] %ko] WA
T A9 Zolry] JET Ed hub FHEU tip Foll TMHEFF
grol Aol mA= dFdFe] o Ak oldd olf=, 0.2R F-E 1.0R 7hA 9 #<F, 0.2R,
0.6R, 0.8R, 1.0R 47}#]2] %o = interpolation = 3d}o], =L Alole] FHES ol WHS
stith. = pitch, chord &9 WFTEPG 47FA9] WAFYRS Uit o R Sho] Z Ry
geometry = A28} th. Interpolation o] B O 23+= Cubic spline & AFg&3st¥on, 19
3.2.290 °ol& =AEAH. FAE FEol AR Wgr AYE FiEolal =4lo] interpolation
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AAF Holth, AnpHow WMirse BEE @ wgaud, 1 £AE u
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19 3.2.29 4 points interpolation result about C/D

(th A=z A3

zzAHo AFHIIE & ue AA F7HA] 2349 A4 §HA @k sy open water, 34
= AMu) dbFAe] QS wolth. Open water & @ IR, T2y GESAEAS on|dt=
Aoz »RIAY=Z 500 F FUF/ BT ddd HHAS ustt. An g A=,
AAZ Z2A7E AXE Adbe] Hol fAskS WE ondith. E ATl A=, open
water “JE]} An] dEFAd] Q1S wo] e EF HASE st

@ Open water

7124 A A7) open water AEIE AL Ayfolr] wiitel, 7]EAA S Kq #S AAX
Ao w Fal, EAR A 12 AfHlElo]d @A 7]FEol7] Wl aggiow Fevh o2 A
oM 3F 3.2.79 geometry & 7|EAAHORE Fi, Newton's method & Z R 35},
HAsls sk B =EdAe BE FHA S iteration 50 o] FdFoH, Kq &
HEA7IE g P 2Eol xS WE HAAEAAN ® Al

O

Haeato] 594 43l (Optimization 1)

Adubx o2 M ZAY geometry + pitch, chord, camber, thickness, skew, rake &2o.% -

o} oA BE FES HAs & = AN, B =folAe Z2dy A P & o

& 2= 9l pitch, chord o W&l A=A 3= AUt Pitch, chord = A=

Ao A, propeller geometry ¢ 1 e A5 SHZAQA AV} ofd, dIgFS F
sAl HAsE Hst=A o AE3 Aol FE AT -

N
=
g0 Tl
2

1 Newton’s method



o 7bsAel wislA &7l 918 pitch, chord AX 32 wz Pt o, 4 JdS
aLefslz] 1sko], Pitch ##3 - Chord # 4|3} - Pitch #H A3} o= AMS WPkl

O W9 54 #A 3 (Optimization I1)

SEA AT kel o], ofY WA A HAHSE & A o F2 AAus S
A& Aeolgtar Azstol A HAske] Mg RSkt Al HAsE dv= A2
(3.2.15) oA WP zy,..,x,0l pitch, chord 5& FAldl WA HAgs e 2S
ot SRA HAAS N 2,0 pitch o] 4RSFR HHBE F F chord 9 49
oAl HA S sk Aelflar, sAlel #HA Sk pitch, chord 8W= 8o HAEE o=
& ougt. AlkEde A3 Fdsith AR SUbskAR o AEe das s
shalth. ol|dh Al 7] AA Aaghel A EA HHEE sklA,
HE Ax] E3FT) o] local optimization o SHAIAlO], @& WMo FHAZbe= A

L 2 @A & Aojgtal A VERS F o HAHspsrll 2 @S
W E5 Zlolgt EAskaL, pitch HAEHE W AP AAE V| EEA g o A FA
st sk TOd 3.2.30~32% A7 7124, SR A, 2o SAH A S
e S Hola 9low, A A3 ATt Brp ARl Fde Bola vk

B ko

i
M 2 jo 24 my o >i A= B P ¥



1% 3.2.30 Impeller geometry with nozzle from the basic design

1% 3.2.31 Impeller geometry with nozzle from detail design (optimization 1)

19 3.2.32 Impeller geometry with nozzle from detail design
(optimization II)
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19 3.2.33 General wake field
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3 3.2.13 Circumferential mean velocity of each radius

r/R 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
VA 0.2523 0.456 0.595 0.67 0.691 0.698 0.709 0.725 0.739
VR | —0.1056 | —0.091 | —0.08 | —0.072 | —0.067 | —0.066 | —0.066 | —0.068 | —0.072
VT | 0.0231 | 0.003 | —0.014 | —0.017 | —0.002 | 0.007 | —0.01 | —0.028 | —0.021
AEE 0.3R~1.0R 7% EA3t2 2 0.2R A9 kS extrapolation &2 AAFEA )
wel v = A b £ 93-S v X+ axial velocity & 13 3.2.349F 7t}

VA

0.8

04 /

0.2

1% 3.2.34 Axial velocity vs radius

o] &3l wake data & Y 3il, open water &% 3}<} @8 o HAg A HAFJE
gste] HEHo=w a7 3.2.35¢ 2 HE Z2dlg] S ddow, A geometry

¥ 3.2.14°] YERAATE.



1% 3.2.35 Optimized impeller geometry by the proposed design procedure

3 3.2.14 Final geometry using the proposed optimization procedure

Impeller

4447 2%

No. of blades 4 EAR 0.5
Diameter 1.984 Tip clearance 0.0125R
(wake adapted)
r/R P/D Xm/D THM C/D F/C T/D
0.2 0.6904 0 0 0.1653 0.0424 0.0400
0.3 0.7394 0 0 0.1885 0.0637 0.0352
0.4 0.7833 0 0 0.2097 0.0501 0.0300
0.5 0.8173 0 0 0.2289 0.0437 0.0245
0.6 0.8362 0 0 0.2461 0.0386 0.0185
0.7 0.8367 0 0 0.2605 0.0269 0.0132
0.8 0.8221 0 0 0.2709 0.0173 0.0090
0.9 0.7973 0 0 0.2773 0.0115 0.0059
1 0.7675 0 0 0.2778 0.0094 0.0050
KT 0.2567 KQ 0.0278 Efficiency 0.730735




ut. KPA14& A4 POW R a1z
wake”} 1elE FHAstdE 1Ay
43 POW testZ simulationd] H.¢tom™ 19 3.2.367 £ ZA3}E IS
3} PAS A Fsle] 38 POW teste] ZAxpo} vf$- F-AFsFI

A (Y 3.2.35 9 33.2.14)& o] &35t KPA14E o]
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19 3.2.36 POW simulation using KPA14

/)= pitch, chord ¥ HA3s}elA =0 1 o]f-% AA, pitch, chord 7} ZZZ ]9
= dE @ol7] wFEola, & 3 thickness, camber & UE WE4E A=
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2. A4Q Z=zA A

7h ol e o] MAU AYE =xdAe ¥

7IE oA AR F 50EFS] F4F oA AW} /B, & FAMste] MAU AYE A=
of BEAA BAT(H 3.3.1) /B,9 A& 3~9 Alele] mluwA we oo R¥E

nalon, v 1 Ale] A FHA FAol mAA Eake w2 gAY £xE Bid. webA,
et AES hdoR s MAU A9 FEZE We 999 /B9 e A0S AL
e oM g ZEAYE A thh ojegol A Az ddHTh

% 3.3.1 Pitch ratio distribution by /B, on MAU-—series chart

1% 3.3.2 Pitch ratio distribution by /B, on KF—series chart
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Mg A AAE 98] FXH] 0.49] W FAAH|E AV} M5 RS BP-§ B
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=z AA7E golshAl H S

A2 Held 29y AA 2AE] KF A
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o2 ojAg EE

T}, NACA AE =g A4

M2 AE Z29e] AAdE NACA AES
o] ALgEo] A= NACA66(Mod. ) THH I} a=0.8 F AW A
g AAE A% AEE s faiA= 2 7)Eel H
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3 3.3.1 Applicable range of MAU series propeller

ErEe -7 Ay =y A 3] Z] H]
0.35 KF 3-35
3 0.5-1.2
0.50 KF 3-50
(2) KF Ag= Z=z
A oJMgoz JftE oy 1g& KF Algl= 238 = Id7l4 37090 4%, 3
H] 0.35~0.65%2 W3}o] £& yHgom XH|9 49 0.4~1.002 IXH|7} @& A%

A4ed  d=F AAH

3% 3.3.2 Applicable range of KF series propeller
Y sgmAe | Zead 9l | wA
0.35 KF 3-35 R
- 0.50 ... KF 3-50___| :0.4-1.0"
0.65 KF 3-65 Rrnes




(7H) 1xhd % 7]+ Propellerd] &4+

1% 3.3.3 Shape of KF3—50—55 propeller, 1st year
(AE/AOZO.50, P/D:O.55)

NG

717 3.3.4 Skew distribution of
KF3—50— 55 propeller outline,
1st year (Ap/Ao= 0.50,
P/D=0.55)

) 1N\
|z

1% 3.3.5 Rake distribution of
KF3—50— 55 propeller outline,
1st year (Ap/Ao= 0.50,
P/D=0.55)




(W) 2xd% 7] Propellere] &4

19 3.3.6 Shape of KF3—50—55 propeller, 2nd year
(Ap/Ap=0.50, P/D=0.55)

L W]
——

AN

19 3.3.7 Skew distribution of
KF3—50—55 propeller outline, 2nd
vear (Ap/Ap=0.50, P/D=0.55)

P

H—=

4

19 3.3.8 Rake distribution of
KF3—-50—-55 propeller outline, 2nd
vear (Ap/Ap=0.50, P/D=0.55)
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12pd =9 223 d%=2] 7|5 Propeller H] 1L

@ 1x3A% 7] Propeller

3 3.3.3 Radial values of 1st year KF3—50—55 propeller(Ar/Ao=0.50, P/D=0.55)

R Pitch/ Rake/ Skew (Phord/ Camber/ Thickness/
Diameter | Diameter (degree) Diameter Chord Diameter
0.180 0.251 0.000 —2.932 0.240 0.030 0.048
0.200 0.288 —0.003 —5.569 0.248 0.031 0.046
0.250 0.373 —0.008 —8.906 0.268 0.031 0.043
0.300 0.454 —0.013 —10.596 0.292 0.030 0.039
0.400 0.584 —0.020 —10.965 0.329 0.023 0.033
0.500 0.675 —0.023 —9.180 0.361 0.018 0.027
0.600 0.717 —0.024 —5.550 0.380 0.014 0.021
0.700 0.707 —0.020 0.006 0.381 0.013 0.017
0.800 0.654 —-0.014 7.184 0.355 0.011 0.012
0.900 0.550 —0.004 15.218 0.292 0.011 0.008
0.950 0.486 0.002 19.502 0.223 0.010 0.006
0.980 0.440 0.006 21.585 0.150 0.010 0.004
1.000 0.395 0.009 24,143 0.010 0.010 0.003

@ 22 3% 7] Propeller

3 3.3.4 Radial values of 2nd year KF3—50—55 propeller(Ar/A0=0.50, P/D=0.55)

VR Pitch/ Rake/ Skew Qhord/ Camber/ Thickness/
Diameter Diameter (degree) Diameter Chord Diameter
0.180 0.480 0.000 —2.932 0.239 0.033 0.052
0.200 0.488 0.000 —4.333 0.251 0.034 0.050
0.250 0.505 0.000 —6.962 0.277 0.035 0.045
0.300 0.520 0.000 —8.715 0.299 0.034 0.040
0.400 0.545 0.000 —10.000 0.336 0.030 0.032
0.500 0.565 0.000 —8.840 0.364 0.027 0.025
0.600 0.578 0.000 —5.522 0.379 0.025 0.020
0.700 0.584 —0.005 —1.141 0.381 0.023 0.015
0.800 0.580 —0.014 3.929 0.355 0.022 0.011
0.900 0.558 —0.018 9.249 0.288 0.021 0.007
0.950 0.538 —0.015 12.066 0.222 0.020 0.006
0.975 0.525 —0.009 13.531 0.166 0.018 0.005
1.000 0.505 0.010 15.000 0.010 0.000 0.005




19 3.3.9 Comparison of
Pitch/Diameter

13 3.3.11 Comparison of
Skew(degree)

19 3.3.13 Comparison of
Camber/Chord

19 3.3.10 Comparison of
Rake/Diameter

1% 3.3.12 Comparison of
Chord/Diameter

1% 3.3.14 Comparison of
Thickness/Dia.
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B oo = P/D=0.55, AE/A0=0.50¢] Z2AZ 7
28] (0.35~0.65)2 W3AA, 2L AL JFEZS 2457
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3% 3.3.5 Characteristics of propeller for KF series

(P/D)m(iE/AO 0.35 0.50 0.65
0.40 KF3-35-40 KF3-50—-40 KF3-65—-40
0.55 KF3-35-55 KF3-50—-55 KF3—-65—-55
0.70 KF3-35=70 KF3-50-70 KF3-65=70

19 3.3.15 Design variation of standard KF series propeller
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7}. POW test(Propeller Open—Water test, 237 @EA|H)

POW test(Propeller Open—Water test, T23g w@EA|g)olgh 24 dEo FHA
= w45 (uniform flow field)ollX 2y Z=Aef 5 721 A5k A Fo

g

AN F B4 ol (1.0 ~ 1.5)D AEE A8t ¥715d9 9 & AFrHYy
deks vt 4= glojof st} FH <t 2 FH A (dynamometer) X strain—gauge

=)
typeol™, A n(rps), 2 T(N), EL 7T Q(Nm)E A=3},
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2Pe AMe] ZEadE 3ga] s YA R S H S Aok,
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1384 ZdAF (Geometric similarity) @ 233 AX 9] Fido] g2 U3t T4
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19 3.3.16 Geometric similarity
W Axlole] semeRE weh Zae] ZHnE S,



4 3 %]z}t (hydrodynamic pitch angle of undisturbed flow) B<] kol Z& i} A XA &
sttt 271E8 der)

19 3.3.17 Kinematic similarity
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(3) 984 AAF (Dynamic similarity)
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I/]l[ VS V. VS
\/QLM \/QLS M VA
Z A< 719 Froude scalingell 9Jatd, QNS Axwtt 1/V/AE dHds] oglsojof

Vi _ V1 1
Dy Vo) ns\/X Ds/ A ngDg

. Froude scaling = J,, = Jg

SESH el elobd ARNE A7 5AF AL FET 5 ATk S o Ao
EIE ofv] Apelwr o] AEe Aol7h Ak F, AE $ESHH AApEHe] WAL
Q3 BAG S AW, FA A9 G4A FAWHS Froude scalingel AHAF
SA4e Baxdoln] FREAL ofy] Wiold. Aa Zedee] PR A0%
wo USRS FUW UE FANAN FUF AAAFE FAFUAE Reynolds T2 ¥
=% A AHE AT

(4) 2232 Reynolds2 A9

R — lorr Vi
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ofl

lh-nV, .
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scaling<

lozramarDy = lyzrsnsDs — ny = n5>\2

Z h¥ Tzl IAsE A zeded sAdsrT Vil mE g 3 HA Ak
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, ny, = 1600rps = 96000rpm 0. &2 3| AA| Ao} dh=d o]l EEHow B}

491 75
A4 ZzAe BEAe An HA5E U 2,400rpmA ol

e,

g - A4 T2 Abo]d] ReynoldsFS 27 gHehd, Mol ols) Aujus w2
o) ool AAZe F — ;EHTL BAEA Ak =

s
-

(6)

(7)

19 3.3.18 Dynamic similarity
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Symbol Meaning Units
T Thrust N
Q Torque N-m
n Rotational speed s—1
VA Speed of advance m/s




(8) POWAE Az} & fgt Tk =&

Symbol Definition
Thrust coefficient Kp=—1_
rust coefficien T anD4
Torque coefficient KQZ ?
omn D
Ad fficient J —ﬁ
vance coefficien =5
0 ter effici Ja By
pen—water efficiency N = 5—"5—
2 KQ
o714 mzdde dEEEe FUEUY ALE
R FEFEAT
(7h) 3% s}5 A4 (Thrust loading coefficient)
C T _ 38 Ky

Th:
05pViED T i

WEAQ Zede] 45 F43 o ZeAele] FHaFAFE 1
AL FR4% Al gol 2ol Kp/P5aa) $d%e & & vk
IE 3.3.19 ARG Jo] R gdd ZEAE
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528 oS tio R suty ol KF AlE g vx A HFS 98 P/D=0.55,
AE/A0=0.50¢1 7]& Z23¢dd] 3 x]8](0.4~0.7)¢} FZHAH](0.35~0.65)S WA 7 5
Mol ZeAHE A zZtsle] 20121 29 9o S YA T QT A BPAHS 3

sheiet.
it 3.3.6 Characteristics of propeller for KF series
(PJD),,_,:EIAO 35 50 65
40 KF3—35—40 -K-F-;:;;]-—;:(; KF3-65—40
55 KF3-35-55 | KF3-50-55 KF3—65—55§
70 KF3—35—70 -' KF3—50—70 KF3-65—70
85 KF3-35-85 | KF3-50-85 |KF3-85-85

1% 3.3.20 5case model propellers for POW Test



obell AxlE e AT (KORDD A HA8kaL

Q= =AY o
POW Jig @ Dynamometer(H29)¢} 5719 R zdgo] ttEXs AlF

(Towing Tank, A Y:LxW*D > 200%16«7)°|t}, (18 3.3.21~22)

1% 3.3.21 POW Jig & Dynamometer(H29) in KORDI

9 3.3.22 Towing Tank (L*W=D » 200%16%7) in KORDI



Ad zZzAe d54ds Alde 98 JAneh FAuAuE HEAZ 57 Y
2+

2% ofgel o] A

1% 3.3.23 5case model propellers for POW Test

1% 3.3.24 KF—3-50—-55(AE/A0=0.50, P/D=0.55) Model Propeller (Pressure
Side)



18] 3.3.25 KF—3-50—40(AE/A0=0.50, P/D=0.40) Model Propeller (Pressure
Side)

18] 3.3.26 KF—3—35—55(AE/A0=0.35, P/D=0.55) Model Propeller (Pressure
Side)



19 3.3.27 KF—3—-50—70(AE/A0=0.50, P/D=0.70) Model Propeller (Pressure
Side)

19 3.3.28 KF—3—-65—55(AE/A0=0.65, P/D=0.55) Model Propeller (Pressure
Side)

— 100 —



(@)
=
lo,
d
1
[k
u
i)
i)
(L
Biiy
ox
olr
>~
)
o
&

(1) 28 Zz29¢ 79 @ d=4% A3 A7

(7F) KF3-50—-55(AE/A0=0.50, P/D=0.55) Model Propeller

3 3.3.7 Prop. characteristics & P.O.W. results for KF3—50—55

Bajol e gL ARE A

PROP. CHARACTERISTICS P.0.W. RESULTS
Prop. NO. KP987 TEST NO. : KP986a
NAME fish—01 TEST DATE : 12-02—09
DIAM. (mm) 250 RPS : 18.5
BLADE NO. 3 RnMEAN : 8.34E05
A 5.2 WATER TEMP. : 13.7 °C
(P/D)ROOT 0.4738 J KT 10KQ n0 | Rn E05
(P/D)0.7R 0.5765 0.0000 | 0.2424 | 0.2093 | 0.0000 | 8.21
(P/D)TIP 0.4985 0.0500 | 0.2276 | 0.2001 | 0.0905 | 8.21
(P/D)MEAN 0.552 0.1000 | 0.2118 | 0.1906 | 0.1769 | 8.21
AE/AO 0.5067 0.1500 | 0.1954 | 0.1806 | 0.2583 | 8.23
RH/R 0.18 0.2000 | 0.1785 | 0.1701 | 0.3340 | 8.24
(C/D)0.7R 0.3807 0.2500 | 0.1613 | 0.1592 | 0.4031 | 8.26
(TO/D)0.7R(x103) 14.98 0.3000 | 0.1438 | 0.1477 | 0.4649 | 8.28
RAKETIP() 1.191 0.3500 | 0.1261 | 0.1356 | 0.5180 | 8.31
EFF.SKEW(") 25 0.4000 | 0.1079 | 0.1226 | 0.5603 | 8.34
ROTATION R.H. 0.4500 | 0.0892 | 0.1088 | 0.5872 | 8.38
SECTION NACA66 | 0.5000 | 0.0697 | 0.0939 | 0.5907 | 8.42
MATERIAL AL. 0.5500 | 0.0490 | 0.0777 | 0.5520 | 8.46
MANUFACTURE KRISO 0.6000 | 0.0267 | 0.0601 | 0.4242 | 8.51
OTHERS: 0.6500 | 0.0024 | 0.0409 | 0.0607 | 8.56
0.6547 | 0.0000 | 0.0390 | 0.0000 | 8.56

— 101 —




(b)) KF3-50—-40 (AE/A0=0.50, P/D=0.40) Model Propeller

3 3.3.8 Prop. characteristics & P.O.W. results for KF3—50—40

PROP. CHARACTERISTICS

P.O.W. RESULTS

Prop. NO. KP987 TEST NO. : KP987a
NAME fish—02 TEST DATE : 12—-02-09
DIAM.(mm) 250 RPS @ 22.0
BLADE NO. 3 RnMEAN : 9.85E05
A 5.2 WATER TEMP. : 13.7 °C
(P/D)ROOT 0.3491 J KT 10KQ no Rn EO05
(P/D)0.7R 0.4248 0.0000 | 0.1671 | 0.1244 | 0.0000 9.76
(P/D)TIP 0.3673 0.0500 | 0.1542 | 0.1195 | 0.1027 9.76
(P/D)MEAN 0.4068 0.1000 | 0.1405 | 0.1136 | 0.1968 9.77
AE/AO 0.5067 0.1500 | 0.1261 | 0.1069 | 0.2816 9.78
RH/R 0.18 0.2000 | 0.1109 | 0.0994 | 0.3551 9.80
(C/D)0.7R 0.3807 0.2500 | 0.0949 | 0.0912 | 0.4140 9.82
(TO/D)0.7R(x103) 14.98 0.3000 | 0.0780 | 0.0824 | 0.4520 9.85
RAKETIP(") 1.191 0.3500 | 0.0601 | 0.0728 | 0.4599 9.88
EFF.SKEW(") 25 0.4000 | 0.0411 | 0.0625 | 0.4186 9.92
ROTATION R.H. 0.4500 | 0.0208 | 0.0515 | 0.2893 9.96
SECTION NACA66 0.4978 | 0.0000 | 0.0402 | 0.0000 10.01
MATERIAL AL.
MANUFACTURE KRISO
OTHERS:

- 102 —




(t}) KF3-35-55 (AE/A0=0.35, P/D=0.55) Model Propeller

3 3.3.9 Prop. characteristics & P.O.W. results for KF3—35-55

PROP. CHARACTERISTICS

P.O.W. RESULTS

Prop. NO. KP988 TEST NO. : KP988a
NAME fish—03 TEST DATE : 12—-02-09
DIAM.(mm) 250 RPS : 20.0
BLADE NO. 3 RnMEAN : 6.31E05
I 5.2 WATER TEMP. : 13.7 °C
(P/D)ROOT 0.4738 J KT 10KQ no Rn EO05
(P/D)0.7R 0.5765 0.0000 | 0.2210 | 0.1778 | 0.0000 6.21
(P/D)TIP 0.4985 0.0500 | 0.2083 | 0.1716 | 0.0966 6.21
(P/D)MEAN 0.552 0.1000 | 0.1948 | 0.1642 | 0.1888 6.22
AE/AO 0.3547 0.1500 | 0.1807 | 0.1560 | 0.2765 6.22
RH/R 0.18 0.2000 | 0.1660 | 0.1472 | 0.3590 6.24
(C/D)0.7R 0.2665 0.2500 | 0.1509 | 0.1381 | 0.4348 6.25
(TO/D)0.7R(x103) 14.98 0.3000 | 0.1354 | 0.1285 | 0.5031 6.27
RAKETIP(") 1.191 0.3500 | 0.1194 | 0.1186 | 0.5608 6.29
EFF.SKEW (") 25 0.4000 | 0.1030 | 0.1080 | 0.6071 6.31
ROTATION R.H. 0.4500 | 0.0858 | 0.0965 | 0.6368 6.34
SECTION NACA66 0.5000 | 0.0678 | 0.0836 | 0.6454 6.37
MATERIAL AL. 0.5500 | 0.0487 | 0.0690 | 0.6178 6.40
MANUFACTURE KRISO 0.6000 | 0.0282 | 0.0518 | 0.5199 6.44
0.6500 | 0.0058 | 0.0315 | 0.1905 6.48
OTHERS:
0.6623 | 0.0000 | 0.0259 | 0.0000 6.49

— 103 —




(8h) KF3-50-70 (AE/A0=0.50, P/D=0.70) Model Propeller

3# 3.3.10 Prop. characteristics & P.O.W. results for KF3—50-70

PROP. CHARACTERISTICS

P.O.W. RESULTS

Prop. NO. KP989 TEST NO. : KP989a
NAME fish—04 TEST DATE : 12-02-09
DIAM.(mm) 250 RPS : 16.0
BLADE NO. 3 RnMEAN : 7.27E05
A 5.2 WATER TEMP. : 13.7 C
(P/D)ROOT 0.603 J KT 10KQ no Rn EO05
(P/D)0.7R 0.7337 0.0000 | 0.3216 | 0.3244 | 0.0000 7.10
(P/D)TIP 0.6344 0.0500 | 0.3044 | 0.3102 | 0.0781 7.10
(P/D)MEAN 0.7026 0.1000 | 0.2864 | 0.2957 | 0.1541 7.10
AE/AO 0.5067 0.1500 | 0.2680 | 0.2810 | 0.2277 7.11
RH/R 0.18 0.2000 | 0.2494 | 0.2662 | 0.2982 7.13
(C/D)0.7R 0.3807 0.2500 | 0.2308 | 0.2514 | 0.3653 7.14
(TO/D)0.7R(x103) 14.98 0.3000 | 0.2122 | 0.2365 | 0.4284 7.16
RAKETIP(®) 1.191 0.3500 | 0.1937 | 0.2215 | 0.4871 7.19
EFF.SKEW(") 25 0.4000 | 0.1752 | 0.2064 | 0.5404 7.21
ROTATION R.H. 0.4500 | 0.1567 | 0.1908 | 0.5882 7.24
SECTION NACA66 0.5000 | 0.1381 | 0.1747 | 0.6291 7.28
MATERIAL AL. 0.5500 | 0.1191 | 0.1577 | 0.6611 7.32
MANUFACTURE KRISO 0.6000 | 0.0994 | 0.1396 | 0.6799 7.36
0.6500 | 0.0788 | 0.1200 | 0.6793 7.40
0.7000 | 0.0568 | 0.0984 | 0.6431 7.45
OTHERS: 0.7500 | 0.0330 | 0.0744 | 0.5294 7.50
0.8000 | 0.0069 | 0.0475 | 0.1850 7.55
0.8125 | 0.0000 | 0.0403 | 0.0000 7.57
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(v}p) KF3-65-55 (AE/A0=0.65, P/D=0.55) Model Propeller

3% 3.3.11 Prop. characteristics & P.O.W. results for KF3—65—55

PROP. CHARACTERISTICS P.O.W. RESULTS
Prop. NO. KP990 TEST NO. : KP990a
NAME fish—05 TEST DATE : 12—-02-09
DIAM.(mm) 250 RPS : 17.5
BLADE NO. 3 RnMEAN : 1.02 E06
I 5.2 WATER TEMP. : 13.7 °C
(P/D)ROOT 0.4738 J KT 10KQ no Rn EO6
(P/D)0.7R 0.5765 0.0000 | 0.2483 | 0.2200 | 0.0000 1.00
(P/D)TIP 0.4985 0.0500 | 0.2334 | 0.2113 | 0.0879 1.00
(P/D)MEAN 0.552 0.1000 | 0.2170 | 0.2017 | 0.1712 1.00
AE/AO 0.6528 0.1500 | 0.1997 | 0.1912 | 0.2493 1.00
RH/R 0.18 0.2000 | 0.1817 | 0.1800 | 0.3213 1.04
(C/D)0.7R 0.4904 0.2500 | 0.1635 | 0.1683 | 0.3865 1.01
(TO/D)0.7R(x103) 14.98 0.3000 | 0.1449 | 0.1560 | 0.4435 1.01
RAKETIP(") 1.191 0.3500 | 0.1263 | 0.1432 | 0.4913 1.01
EFF.SKEW (") 25 0.4000 | 0.1073 | 0.1298 | 0.5263 1.02
ROTATION R.H. 0.4500 | 0.0879 | 0.1157 | 0.5441 1.02
SECTION NACA66 0.5000 | 0.0677 | 0.1008 | 0.5345 1.03
MATERIAL AL. 0.5500 | 0.0465 | 0.0849 | 0.4794 1.03
MANUFACTURE KRISO 0.6000 | 0.0235 | 0.0678 | 0.3310 1.04
0.6469 | 0.0000 | 0.0504 | 0.0000 1.04
OTHERS:
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no

0.0000
0.0905
0.1769
0.2583
0.3340
0.4031
0.4649
0.5180
0.5603
0.5872
0.5907
0.5520
0.4242
0.0607

10Kq
0.2093
0.2001
0.1906
0.1806
0.1701
0.1592
0.1477
0.1356
0.1226
0.1088
0.0939
0.0777
0.0601
0.0409

KF3-50-55

Kt
0.2424
0.2276
0.2118
0.1954
0.1785
0.1613
0.1438
0.1261
0.1079
0.0892
0.0697
0.0490
0.0267

=4 (P.O.W CHART)
0.0024

3.3.12 Performance of KF3—50—55

[e)

c_}‘l_

A

by
0.00
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
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KF3-50—55(AE/A0=0.50, P/D=0.55) Model Propeller
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10Kq
0.1244
0.1195
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0.0824
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0.0515
0.0402

KF3-50-40

Kt
0.1671
0.1542
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0.1261
0.1109
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0.0208
0.0000

3.3.13 Performance of KF3—50—40

3t
0.00
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50

(44) KF3-50—40 (AE/A0=0.50, P/D=0.40) Model Propeller

1 1 1 1 1 1 |
1 1 1 1 1 1 |
VM.. 1 1 1 1 1 1 1
1 1 1 1 1 1 |
ﬂ = 2 1 1 | 1 1 | |
b = il e e B Ml iy Rttty e
1 1 1 1 1 1 |
1 1 1 1 1 1 |
1 1 1 1 1 1 |
1 1 1 1 1 1 1
[P R U N I —— L R
i 1 i T I 1 |
1 1 1 1 1 1 1 1 |
1 1 1 1 1 1 1 1 |
1 1 1 1 1 1 1 1 |
1 1 1 1 1 1 1 1 |
R N T NS N TN S PR
1 1 1 1 1 1 1 1 |
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 |
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 |
i e e LT B
1 1 1 1 1 1 1 1 |
1 1 1 1 1 1 1 1 |
1 1 1 1 1 1 1 1 |
1 1 1 1 1 1 1 1 |
1 1 1 1 1 1 1 1 |
L e e e e E e B E R R W——
1 1 1 1 1 1 1 |
1 1 1 1 1 1 |
1 1 1 1 1 1 1 |
1 1 1 1 1 1 1 1 |
U U U U | S [ R
| [ 1 1 I 1 [ |
1 1 1 1 1 1 1 1 |
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 |
1 1 1 1 1 1 1 1 1
A R e e T T —
1 1 1 1 1 1 1 1 |
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
Fmm A= e e e e - - = e —————— -
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 |
||||| | Y _ I
1 1 i 1 i 1 i 1
1 1 1 1 1 1 1 1 |
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 |
L L L L
= = = = = = = = = =
= ] b ] ] =r ] ] — =
= = = = = = = = = =

o f n_m.uyq._ﬂ.-_.. n.hu..q.

1.0

0.9

as 07 08

oz [ g o5
J

19 3.3.30 Performance of KF3—50—40
- 107 —

a1

[



(th

KF3-35—-55 (AE/A0=0.35, P/D=0.55) Model Propeller

KTsIHKQsUU

3 3.3.14 Performance of KF3—35—-55

J Kt 10Kq No
0.00 0.2210 0.1778 0.0000
0.05 0.2083 0.1716 0.0966
0.10 0.1948 0.1642 0.1888
0.15 0.1807 0.1560 0.2765
0.20 0.1660 0.1472 0.3590
0.25 0.1509 0.1381 0.4348
0.30 0.1354 0.1285 0.5031
0.35 0.1194 0.1186 0.5608
0.40 0.1030 0.1080 0.6071
0.45 0.0858 0.0965 0.6368
0.50 0.0678 0.0836 0.6454
0.55 0.0487 0.0690 0.6178
0.60 0.0282 0.0518 0.5199
0.65 0.0058 0.0315 0.1905
0.66 0.0000 0.0259 0.0000
KF3-35-55
1.00 T T T T " T
| i i | i i | =K1
090 f----- e s S S ~8-10Kq
A N N N N O O N O (=
e
P S N R 5 N R N S
N L
) SR S A W
A W L O S R
15 o V4B RN SN NSNS S S S S
o gL
U VA N U S S R
a0 a1 a.2 a3 o4 05 o6 07 08 a9 Lo

1% 3.3.31 Performance of KF3—35—-55
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(2}) KF3-50—-70 (AE/AO0=0.50, P/D=0.70) Model Propeller

ET! IP?KQ, Ha

3% 3.3.15 Performance of KF3—50-70

J Kt 10Kq Mo
0.00 0.3216 0.3244 0.0000
0.05 0.3044 0.3102 0.0781
0.10 0.2864 0.2957 0.1541
0.15 0.2680 0.2810 0.2277
0.20 0.2494 0.2662 0.2982
0.25 0.2308 0.2514 0.3653
0.30 0.2122 0.2365 0.4284
0.35 0.1937 0.2215 0.4871
0.40 0.1752 0.2064 0.5404
0.45 0.1567 0.1908 0.5882
0.50 0.1381 0.1747 0.6291
0.55 0.1191 0.1577 0.6611
0.60 0.0994 0.1396 0.6799
0.65 0.0788 0.1200 0.6793
0.70 0.0568 0.0984 0.6431
0.75 0.0330 0.0744 0.5294
0.80 0.0069 0.0475 0.1850
0.81 0.0000 0.0403 0.0000
KF3-50-70
1.00 T T T T T
‘ | ‘ ‘ | —t—Ki
090 |----- e e A R EEEES —8—10Kq
o b | e
U S W U O O O
s s cu e N S
% R
9 I T 8 FN T BV
A 0 o e
P EEDas ~ ARSI N N -
ISR TN - ~ = S
o a1 a2 [ o4 (%] e o7 o8 o9 1.0
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To
0.0000
0.0879
0.1712
0.2493
0.3213
0.3865
0.4435
0.4913
0.5263
0.5441
0.5345
0.4794
0.3310
0.0000

10Kq
0.2200
0.2113
0.2017
0.1912
0.1800
0.1683
0.1560
0.1432
0.1298
0.1157
0.1008
0.0849
0.0678
0.0504

KF3-65-55

Kt
0.2483
0.2334
0.2170
0.1997
0.1817
0.1635
0.1449
0.1263
0.1073
0.0879
0.0677
0.0465
0.0235
0.0000

3.3.16 Performance of KF3—65—55
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19 3.3.34 Comparison of the change of pitch ratio
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1% 3.3.35 Comparison of the change of expended area ratio

- 112 -

AR



(th 571 AY =28 &5 o F4S ok ezl yerdlo] Bt

713 3.3.36 Performance of the 5case model propeller

- 113 =



(4) =3
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(7b)  KF3-50-55(AE/A0=0.50, P/D=0.55) Model Propeller
EPADY A FHATE s Bokh v dxIn] J=0.1~0.3914 4]

REAPRG e A s A

3 3.3.17. Performance of KF3—-50—-55

Diff.
EXP. KPAd (A—KPA4)/KPA4
J Kr Kr Kr
0.00 0.2424 0.2208 9.80%
0.05 0.2276 0.2098 8.50%
0.10 0.2118 0.1979 7.03%
0.15 0.1954 0.1851 5.55%
0.20 0.1785 0.1715 4.11%
0.25 0.1613 0.1569 2.80%
0.30 0.1438 0.1415 1.64%
0.35 0.1261 0.1252 0.75%
0.40 0.1079 0.1080 —0.06%
0.45 0.0892 0.0899 —-0.73%
0.50 0.0697 0.0709 —1.66%
0.55 0.0490 0.0510 —-3.96%
0.60 0.0267 0.0303 —11.76%
0.65 0.0024 0.0086 —72.16%

Thrust Coefficient
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015
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I FAEA Y] EFAFE s Hogth v HAXH] J=0.1~0.39014 FA| 84 0]
o e Ay s AT
3 3.3.18. Performance of KF3—50—55
Diff.
EXP. KPA4 (A—KPA4)/KPA4
J 10Kq 10Kq 10Kq
0.00 0.209 0.188 11.59%
0.05 0.200 0.183 9.57%
0.10 0.191 0.177 7.87%
0.15 0.181 0.170 6.39%
0.20 0.170 0.162 5.11%
0.25 0.159 0.153 4.12%
0.30 0.148 0.143 3.29%
0.35 0.136 0.132 2.66%
0.40 0.123 0.120 2.02%
0.45 0.109 0.107 1.42%
0.50 0.094 0.093 0.55%
0.55 0.078 0.078 —1.02%
0.60 0.060 0.063 —4.02%
0.65 0.041 0.046 —10.58%
Torgue Coefficient
0.35
——EXP
I e e T —W—KPAd
0.25
0.20
=)
= ors
0.10
0. 05
0. 90
00 01 02 03 04 05 0.6 07 OF 0.9

J
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i 3.3.19. Performance of KF3—50—55

Diff.
EXP. KPA4 (A—KPA4)/KPA4
J No No No

0.00 0.000 0.000 0.00%

0.05 0.091 0.091 —0.98%
0.10 0.177 0.178 —0.78%
0.15 0.258 0.260 —-0.79%
0.20 0.334 0.337 —0.96%
0.25 0.403 0.408 —1.27%
0.30 0.465 0.472 —1.60%
0.35 0.518 0.528 —1.86%
0.40 0.560 0.572 —2.03%
0.45 0.587 0.600 —2.12%
0.50 0.591 0.604 —2.20%
0.55 0.552 0.569 —2.97%
0.60 0.424 0.461 —8.07%
0.65 0.061 0.195 —68.86%

717 3.3.39 Comparison of Efficiency
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(1}) KF3-50—-40 (AE/A0=0.50, P/D=0.40) Model Propeller
RPAFH FA|A Y] FHATE v Hogth 5% We]e] b WA Ao v
AE A

3% 3.3.20. Performance of KF3—50—40

Diff.
EXP. KPad (A—KPA4)/KPA4
J KT KT KT
0.00 0.1671 0.1590 5.09%
0.05 0.1542 0.1485 3.83%
0.10 0.1405 0.1370 2.54%
0.15 0.1261 0.1245 1.27%
0.20 0.1109 0.1110 —0.11%
0.25 0.0949 0.0965 —1.68%
0.30 0.0780 0.0810 —3.73%
0.35 0.0601 0.0645 —6.84%
0.40 0.0411 0.0470 —12.55%
0.45 0.0208 0.0285 —26.99%
0.50 0.0000 | 0.0090 ~100.00%
Thrust Coefficient
0.35 —
| Exp
0.30 === FE R S E i QR 0y
R e .
0.20 - R S S eEEE EEPS
B i | | | | | | |
< I
i R S S s S e
. —_—_—,,,--
0.05 |- R R R Gt R SR
0,00 T N

o0 o1 02 03 o4 05 06 07 08 09
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3.3.22. Performance of KF3—50—40
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19 3.3.42 Comparison of Efficiency
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K

(t}) KF3—-35-55 (AE/A0=0.35, P/D=0.55) Model Propeller
P PEEREE SR
Al R v& Ay ghs Ao
3# 3.3.23. Performance of KF3—35—55

TE Hus] Bokrh w2 AXIH J=0.1~0.3°14 54

Diff.
EXP. KPAd (A—KPA4)/KPA4
J KT KT KT
0.00 0.2210 0.1789 23.53%
0.05 0.2083 0.1740 19.74%
0.10 0.1948 0.1671 16.55%
0.15 0.1807 0.1601 12.90%
0.20 0.1660 0.1515 9.59%
0.25 0.1509 0.1414 6.70%
0.30 0.1354 0.1299 4.24%
0.35 0.1194 0.1169 2.16%
0.40 0.1030 0.1024 0.60%
0.45 0.0858 0.0864 —0.73%
0.50 0.0678 0.0690 -1.71%
0.55 0.0487 0.0501 —2.70%
0.60 0.0282 0.0297 —4.89%
0.65 0.0058 0.0078 —25.26%
Thrust Coefficient
.35 : : ;
0.30
025
0.20
e
L=
015
010
005
.00

a0 o1

02 03 o4 05 06 07 08 09

J

1% 3.3.43 Comparison of Thrust Coefficient
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EEANH T FH A EAATE vlus] BTt G
REAEEY @e A ghS A
3 3.3.24. Performance of KF3—35—55
Diff.
EXP. KPA4 (A—KPA4)/KPA4

J 10Kq 10Kq 10Kq
0.00 0.1778 0.1628 9.22%
0.05 0.1716 0.1598 7.41%
0.10 0.1642 0.1551 5.87%
0.15 0.1560 0.1504 3.73%
0.20 0.1472 0.1445 1.90%
0.25 0.1381 0.1373 0.59%
0.30 0.1285 0.1289 —0.31%
0.35 0.1186 0.1193 —0.56%
0.40 0.1080 0.1084 —0.37%
0.45 0.0965 0.0963 0.20%
0.50 0.0836 0.0830 0.74%
0.55 0.0690 0.0684 0.84%
0.60 0.0518 0.0526 —1.58%
0.65 0.0315 0.0356 —11.54%

Torque Coefficient

0.35 : : : . : :

: : : : : || —*EXFE
a0 | aekpag
025 oo
7 RS SRS S S SR S

%l : : : : : ! : :

S e e e o e
010 [ g
pos [ .
0.00 S S S S S S

A8 J=0.1~0.2014 x84 o]

g0 o1 02 03 a4 05 0e 07 08 09

J

1% 3.3.44 Comparison of Torque Coefficient
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3 3.3.25. Performance of KF3—35-55

Diff.
EXP. KPA4 (A—KPA4)/KPA4
J No No No
0.00 0.0000 0.0000 0.00%
0.05 0.0966 0.0867 11.48%
0.10 0.1888 0.1715 10.08%
0.15 0.2765 0.2541 8.84%
0.20 0.3590 0.3338 7.54%
0.25 0.4348 0.4098 6.08%
0.30 0.5031 0.4811 4.56%
0.35 0.5608 0.5459 2.73%
0.40 0.6071 0.6013 0.97%
0.45 0.6368 0.6427 —0.92%
0.50 0.6454 0.6615 —2.43%
0.55 0.6178 0.6403 —3.51%
0.60 0.5199 0.5380 —3.36%
0.65 0.1905 0.2254 —15.51%

19 3.3.45 Comparison of Efficiency
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(&}) KF3-50—-70 (AE/A0=0.50, P/D=0.70) Model Propeller
REANY I FA A FEAFE vuE] Btk w2 AZIH] J=0.1~0.3914 $2] 34 o]
PN HG e A3 e It
3% 3.3.26. Performance of KF3—50—-70

Diff.
EXP. KPAd (A—KPA4)/KPA4
J KT KT KT
0.00 0.3216 0.2816 14.20%
0.05 0.3044 0.2697 12.85%
0.10 0.2864 025772 11.34%
0.15 0.2680 0.2441 9.80%
0.20 0.2494 0.2303 8.31%
0.25 0.2308 0.2158 6.94%
0.30 0.2122 0.2007 5.71%
0.35 0.1937 0.1850 4.71%
0.40 0.1752 0.1686 3.91%
0.45 0.1567 0.1516 3.38%
0.50 0.1381 0.1339 3.14%
0.55 0.1191 0.1156 3.06%
0.60 0.0994 0.0966 2.91%
0.65 0.0788 0.0770 2.38%
0.70 0.0568 0.0567 0.16%
0.75 0.0330 0.0358 —7.80%
0.80 0.0069 0.0142 —51.51%
Thrust Coefficient

0.35

020

0.25

0.20

KT

015

010

005

0.00
e o1 02 03 o4 05 06 07 05 09

J

19 3.3.46 Comparison of Thrust Coefficient
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RPN} FXEA e EAFE vlue Bkl v AH] J=0.1~0.3914 ] &)
AR e A zkSs Al

3# 3.3.27. Performance of KF3—50—70

Diff.
EXP. KPA4 (A—KPA4)/KPA4

J 10KQ 10KQ 10KQ
0.00 0.3244 0.2792 16.17%
0.05 0.3102 0.2733 13.50%
0.10 0.2957 0.2663 11.04%
0.15 0.2810 0.2582 8.82%
0.20 0.2662 0.2491 6.88%
0.25 0.2514 0.2388 5.26%
0.30 0.2365 0.2275 3.94%
0.35 0.2215 0.2152 2.95%
0.40 0.2064 0.2017 2.33%
0.45 0.1908 0.1872 1.95%
0.50 0.1747 0.1716 1.84%
0.55 0.1577 0.1549 1.83%
0.60 0.1396 0.1371 1.82%
0.65 0.1200 0.1183 1.46%
0.70 0.0984 0.0984 0.04%
0.75 0.0744 0.0774 —3.85%
0.80 0.0475 0.0553 —14.13%

Torque Coefficient

35

030

025

.20

10KQ

a1s

.10

0.05

000
a0 o1 02 03 o4 05 06 07 058 09

J

19 3.3.47 Comparison of Torque Coefficient
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FAEA Y] dEasS v Bt 2% dlele] o ®fleA AL H
X 3.3.28. Performance of KF3—50—-70
Diff.
EXP. KPA4 (A—KPA4)/KPA4
J n0 nO nO
0.00 0.0000 0.0000 0.00%
0.05 0.0781 0.0785 —-0.57%
0.10 0.1541 0.1537 0.27%
0.15 0.2277 0.2257 0.90%
0.20 0.2982 0.2943 1.34%
0.25 0.3653 0.3596 1.59%
0.30 0.4284 0.4212 1.71%
0.35 0.4871 0.4790 1.71%
0.40 0.5404 0.5322 1.54%
0.45 0.5882 0.5800 1.41%
0.50 0.6291 0.6211 1.29%
0.55 0.6611 0.6532 1.21%
0.60 0.6799 0.6727 1.07%
0.65 0.6793 0.6732 0.90%
0.70 0.6431 0.6423 0.12%
0.75 0.5294 0.5521 —-4.10%
0.80 0.1850 0.3275 —43.53%
Efficiency
0.90 . . .
i ——EXP
0.80 1" [ o A | -m-KPa4
0.70 : ;
0.60
s 050
b
6.40
6.30
0.20
0.10
0.60

o0 01 02 03 04 05 06 07 08 09

J

19 3.3.48 Comparison of Efficiency
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(m}) KF3—-65—-55 (AE/AO0=0.65, P/D=0.55) Model Propeller

RPEAFH A ] FEASE vlws] Bokrh v AZIN] J=0.1~0.200 4 FA] 4]

RHAF R Fo Ay 7S A9, J=0.5~0.694= BPAE Ao e RS g

3# 3.3.29. Performance of KF3—65—55

Diff.
EXP. KPad (A—KPA4)/KPA4
J KT KT KT
0.00 0.2483 0.2248 10.44%
0.05 0.2334 0.2130 9.56%
0.10 0.2170 0.2005 8.23%
0.15 0.1997 0.1872 6.65%
0.20 0.1817 0.1733 4.88%
0.25 0.1635 0.1585 3.14%
0.30 0.1449 0.1431 1.27%
0.35 0.1263 0.1269 —0.47%
0.40 0.1073 0.1100 —2.45%
0.45 0.0879 0.0924 —4.82%
0.50 0.0677 0.0740 —8.49%
0.55 0.0465 0.0549 —15.25%
0.60 0.0235 0.0350 —32.93%
0.65 0.0000 0.0145 —100.00%
Thrust Coefficient
6.35
-—=EXP
030 fF----d--maoo oo —B-KPA4
60.25 { :
6.20
e
L

615
o.10
6.05
o.00

oo 01 42 03 04 05

J

ge o075 08 09

19 3.3.49 Comparison of Thrust Coefficient
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a4
A3} e

AL, J=0.5~0.6°14

3 3.3.30. Performance of KF3—65—55

Diff.
EXP. KPAd (A—KPA4)/KPA4
J 10KQ 10KQ 10KQ
0.00 0.2200 0.1904 15.56%
0.05 0.2113 0.1863 13.42%
0.10 0.2017 0.1812 11.30%
0.15 0.1912 0.1752 9.16%
0.20 0.1800 0.1681 7.08%
0.25 0.1683 0.1601 5.15%
0.30 0.1560 0.1510 3.29%
0.35 0.1432 0.1410 1.56%
0.40 0.1298 0.1300 —0.14%
0.45 0.1157 0.1180 —1.93%
0.50 0.1008 0.1050 -3.99%
0.55 0.0849 0.0910 —6.71%
0.60 0.0678 0.0760 —10.82%
0.65 0.0504 0.0601 —16.09%
Torque Coefficient
0.35
0.30
0.25
0.20
2
= ors
0.10
0.05
0.00

a0 o1 02 o7 04 05 O0e 07 08 09

J

1% 3.3.50 Comparison of Torque Coefficient
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A7) o doll o
A= FAFe =
B(zx2¥ 3.3.52, 19

1.00

0.80

i 0.30000
iz 0.50000
e 0.70000
G 0.90000
—— 1.10000

0.60
x
>
0.40
0.20
0 OO L L L L L L L L L L l L L L L 1 L L L L l L L L L
-180.0 -120.0  -60.0 0.0 60.0 120.0  180.0
Angle

19 3.3.52 Wake distribution of standard fishing vessel

Looking Upstream

19 3.3.53 Axial mean velocity of standard fishing vessel
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Looking Upstream

19 3.3.54 Radial and Tangential mean
velocity of standard fishing vessel

1% 3.3.55 Wake and thrust deduction fraction
for single—screw ship (Harvald, 1983)
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ol g3l HAFavtFE , o clad arvald =324 FAFH 52E
a9 A7) AXe FAMF HvNE fFa T4 sk H o ZzdAe] {35
st th. (3% 3.3.32)

3 3.3.32 Estimated circumferential mean velocities of

the 50ton class jigging fishing vessel

r/R VX/V VR/V VT/V
0.180 0.418 0.037 0.032
0.200 0.414 0.017 0.028
0.250 0.412 —0.011 0.021
0.300 0.419 —0.036 0.016
0.400 0.445 —0.075 0.008
0.500 0.486 —0.102 0.003
0.600 0.573 —0.110 0.004
0.700 0.672 —0.110 0.005
0.800 0.726 —0.112 —0.001
0.900 0.763 —0.110 —0.006
0.950 0.778 —0.106 —0.007
0.975 0.786 —0.103 —0.006
1.000 0.793 —0.100 —0.006

F(nominal wake)Z

19 3.3.56 Radial distribution of estimated mean
velocities for the 50ton class jigging fishing vessel
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EXP.
KF3—-50—-55
(AE/A0=0.50,
P/D=0.55)
Uniform
1.3406
0.4881

Ay

(+) 0.391 %

¢t KF g =

=

KPA4
KF3—-50—-55
(AE/A0=0.50,
P/D=0.55)
Non—uniform
1.3406
0.5135
(+) 5.620 %

FdfsdedAe] KF Ad 2=

]

A
L4

o]

5

=

o] ®Wokt). w3l KF3-50—-55
2|
KPA4
KF3—-50—55
(AE/A0=0.50,
1.3406
0.4959

S

K,/ P4 MAU A€

Uniform

P/D=0.55)
(+) 2.001 %

H]

MAU
KF3—-50—-55
(AE/A0=0.50,
P/D=0.55)
Uniform
1.3406
0.4862
Reference

3.3.33 Comparison of propeller efficiency by propeller series type
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3t 3.3.34 Performance of MAU—series propeller in
uniform flow(Ar/Ao=0.50, P/D=0.55)

KF3-50—-55 MAU

J KT 10KQ nO KT/J2
0.05 0.2003 0.1665 0.0957 80.113
0.10 0.1865 0.1592 0.1864 18.645
0.15 0.1718 0.1512 0.2713 7.636
0.20 0.1564 0.1424 0.3498 3.911
0.25 0.1403 0.1327 0.4208 2.245
0.30 0.1235 0.1221 0.4831 1.373
0.35 0.1061 0.1106 0.5346 0.866
0.40 0.0882 0.0981 0.5719 0.551
0.45 0.0697 0.0847 0.5892 0.344
0.50 0.0507 0.0702 0.5747 0.203
0.55 0.0313 0.0546 0.5012 0.103
0.60 0.0115 0.0380 0.2890 0.032
0.61 0.0075 0.0345 0.2107 0.020
0.62 0.0035 0.0310 0.1106 0.009

1% 3.3.57 Performance of MAU—series propeller in uniform flow

(AE/A0=0.50, P/D=0.55)
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3t 3.3.35 Performance of KF—series propeller in uniform
flow by experiment (Ag/Ac=0.50, P/D=0.55)

KF3—-50—-55 EXP.

J KT 10KQ nO KT/J2
0.05 0.2272 0.2007 0.0901 90.873
0.10 0.2107 0.1901 0.1764 21.071
0.15 0.1943 0.1797 0.2582 8.637
0.20 0.1779 0.1693 0.3344 4.447
0.25 0.1612 0.1588 0.4040 2.979
0.30 0.1442 0.1478 0.4657 1.602
0.35 0.1267 0.1363 0.5178 1.034
0.40 0.1085 0.1239 0.5576 0.678
0.45 0.0895 0.1104 0.5807 0.442
0.50 0.0696 0.0957 0.5790 0.279
0.55 0.0487 0.0795 0.5357 0.161
0.60 0.0265 0.0616 0.4101 0.074
0.65 0.0029 0.0418 0.0713 0.007
0.70 —0.0222 0.0198 —1.2477 —0.045
0.75 —0.0490 —0.0045 13.0776 —0.087

1% 3.3.58 Performance of KF—series propeller in uniform flow by
experiment (AE/A0=0.50, P/D=0.55)
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19 3.3.59 Comparison of propeller efficiency by propeller series type
(Ag/A0=0.50, P/D=0.55)
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(3.3.2)

9(Jy . PID, A/ Ay, 2)

Ky = f(J,PIDA/A,Z)

10K,

.

WeAtolsl A7

o
1o -

Shs

syuse e AN

474 €]

2 A
(coupling terms)S T =2

L,

(3.3.3)
(3.3.4)
(3.3.5)
(3.3.6)

[e)

1=

o}

=

=

I K. 10K,

o]

" (pP/D) 3

(P/ D)7

3,3

o0& T
T

]

=

FoI1 Z, A /A0 O
A

Sl

9. =
—"_ L] L] L] + O

]

o

P
T

1

Aol M K2 Zoj4 32 ot

B

ol

q =z 4

KF A

1
T

ATl A]

2

- 137 —



a4 Aapel AD e RPAFAAE vl FA sk ALY AFEE vtetd F, Ald
zeAY AeFq FAs sl KF Ad =% A4S A% 58 32 Eed vde
A #& 3E 3.3.373% Zo] =Ea3ih

HE AT 7L olgate] WA 0.35, 0.50, 0.6500 wWE AL ALY
A% EZF(Y 3.3.62~3.3.64) ¥ BP-§ E®(1¥ 3.3.65~3.3.67)5 A3t}

oA AF7HA o]dg Zrdez AHgHAE MAU AQRT a8 3 AjulEeld 45
o] $3 KF Ald= =z AA7L 7hsdtA HAh £9, o] 4§ BP-§ x5 ¢4
24 A8 045 FFehe W2 AAH] JooAe] e AAVE rheatA Hlen, A
AA AR ZA A G AAZE ThestAl Ho] Adukel SRl By FA|Aola 5&
A2l oy s & 4 A =AUk

3 3.3.36 Applicable range of the polynomials

974 g4uAn | mede ¥y 1 ] 1]
0.35 KF 3-35

3 0.50 KF 3—-50 0.4—1.0
0.65 KF 3-65
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it 3.3.37 Coefficients and terms of Kt and 10Kq polynomials
for KF Series propellers

K, =>.Cl,(P/D)(J,)
i,

10K, =Y C%(P/D)'(J,)
L,

i j KF 3-35 KF 3-50 KF 3-65
0 0 —0.064857 |  —0.032796 | —0.021000
0 1 0.629408 0.264218 0.165781
0 2 —3.214759 | —1.653449 | —1.533064
0 3 2.707181 0.792241 0.936804
1 0 0.538320 0.500848 0.466560
1 1 —3.258989 | —2.110465| —1.464577
1 2 12.622637 6.959376 5.184021
. 1 3 —11.832949 | —4.740495 | —4.010362
i 2 0 —0.060331 | —0.018305 0.035442
2 1 3.728477 2.401106 1.322450
2 2 —15.639856 | —8.994591 —5.696463
2 3 15.536203 7.108025 5.158064
3 0 0.054551 0.040548 0.016737
3 1 —1.483172 | —1.003659 | —0.503941
3 2 6.224610 3.733232 2.123030
3 3 —6.420743 | —3.180651 | —2.114568
i j KF 3-35 KF 3-50 KF 3-65
0 0 —0.012405 0.003840 | —0.003111
0 1 0.230695 0.537036 1.038314
0 2 —0.335559 | —1.684033 | —4.144943
0 3 —0.711846 0.642412 3.701563
1 0 0.035872 0.116281 0.177686
1 1 —0.927414 | —2.710823| —4.473954
1 2 1.794942 8.505902 17.091332
@ 1 3 0.995451 | —5.460793 | —16.281439
" 2 0 0.560369 0.441666 0.368562
2 1 0.578327 3.190747 5.252095
2 2 —2.851243 | —12.572315 | —22.581715
2 3 0.129912 9.327939 22.022174
3 0 0.009526 0.062816 0.091346
3 1 —0.269171 | —1.440876 | —2.233433
3 2 1.344377 5.685922 9.529367
3 3 —0.434116 | —4.508454 | —9.416819
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1% 3.3.63 Open—Water performance of propellers of KF3—50 type
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19 3.3.64 Open—Water performance of propellers of KF3—65 type
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19 3.3.65 Bp—§ chart of propellers of KF3—35 type
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1% 3.3.66 Bp—§ chart of propellers of KF3—50 type
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19 3.3.67 Bp—§ chart of propellers of KF3—65 type
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(4) n, &S ANE sk= P/D, J,, A, /A, & T3] @F B5s=A AR

(5) Lagrange multiplier A& =3}, M2 X3 H A9
H=F+)\G (3.3.10)
(6) K, K,° "&2& ol&sted HE J,, P/DE W&

88]?:2 CHP/ D) (7P~ (3.3.11)
8(8;/(2) =2 G P/ D) (Y
aH = a
a(P/D
o i
H ‘\\ /0\

A

1% 3.3.68 Optimization of \, P/D, J,

(1) HZ Vit sto] Aelshd

{ ) }{J{ 6KT}—4K }+—8KT {5]{ —J{ aKQ}}—o (3.3.12)
a(P/D) a.J T a(p/D) P79 Y ag )] o
(8) P/D, J,& "AFTE A= Ay Ay

f(P/D,J,)= (3.3.13)

9 Ky, Kb P/D, Jy°) vgA ez @ sbedta, v shednE f(P/D.J,)=0,
fo(P/D,J,) =07} n&7bs3lth. uwheka], Newton - Raphson MethodE #8314, P/D,
J, & ekl HA AAdes =&

A FANN 2 mYNE 29E vigow X 474 £F mead Ane uaild
T, v)Ee] Bge A wAE AXA 2n REsd doleE ol&stel AAdA FA T
A7A AsHow +AT 4+ A dRon AF GUIE ogdle] Agx7t uth Wl
AAE ST 5 dES & Gl
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19 3.3.69 Example of the program to design for propellers

19 3.3.70 Example of the automated program to make drawings
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MODEL TEST REPORT

Title
o133l ofM FT7|o| BHAYH U HSHIL
CHARM Bt Report No.
SM=z
Ship Owner Project Manager
iLsung Moon
Ship & Propeller Model No. Date
KS1286, KP935 30-May-2012
Test ltems Scale Ratio
Resistance, Self-propulsion, Wake survey, Paint, Cavi- 7.936
tation, Pressure fluctuation
Summary :

efd(E =)0 tieh LEo| dIYAH=ZRH S0t &2

Design draft, = 2 2{(KP935), w/o Sea margin

& Pe(kW) | no | Po(kW) | N(rpm) t Ws NR
50 | Okxj 11 0.499 22 11759 | 0394 | 0286 | 1.002
115 | 28| 338 0.487 693 | 344.88 | 0341 | 0312 | 1.002
50 |09l | 208 0.329 630 31144 | 0167 | 0284 | 0.994

KOREA OCEAN RESEARCH & DEVELOPMENT INSTITUTE







E 2 %

Table 1

Table 2

Table 3

Table 4

Table 5

Table 6

Table 7

Table 8

Table 9

Table 10

Table 11

Table 12

Table 13

Table 14

Table 15

Table 16

Table 17

Table 18

Table 19

Table 20

Table 21

Principal Dimensions of the Hull Form (KS1286) = T-1
Principal Dimensions of the Stock Propeller (KP935) == T-2
Principal Dimensions of the Design Propeller (KP1064) = T-3
Open-Water Characteristics of the Stock Propeller (KP935) = T-4
Open-Water Characteristics of the Design Propeller (KP1064) T-5
Open-Water Characteristics of the Design Propeller (KP1064 & Duct, CFD - T-6
results)

Resistance Performance (KS1286, Design draft, Cruise) == T-7
Model Test Results (KS1286, Design draft, Cruise, StockP.) == T-8
Full Scale Prediction of Powering Performance (KS1286, Design draft, - T-9
Cruise, Stock P.)

Trial Prediction of Powering Performance (KS1286, Design draft, Cruise, - T-10
Stock P.)

Resistance Performance (KS1286, Design draft, Trawl) == T-11
Model Test Results (KS1286, Design draft, Trawl, StockP.) == T-12
Full Scale Prediction of Powering Performance (KS1286, Design draft, - T-13
Trawl, Stock P.)

Trial Prediction of Powering Performance (KS1286, Design draft, Trawl, =~ T-14
Stock P.)

Resistance Performance (KS1286, Design draft, Cruise with Duct) -~ T-15
Model Test Results (KS1286, Design draft, Cruise with Duct, DesignP.) - T-16
Full Scale Prediction of Powering Performance (KS1286, Design draft, - T-17
Cruise with Duct, Design P.)

Trial Prediction of Powering Performance (KS1286, Design draft, Cruise =~ T-18
with Duct, Design P.)

Resistance Performance (KS1286, Design draft, Trawl with Duct) -~ T-19
Model Test Results (KS1286, Design draft, Trawl with Duct, DesignP.) - T-20
Full Scale Prediction of Powering Performance (KS1286, Design draft, - T-21

Trawl with Duct, Design P.)



Table 22

Table 23

Table 24

Table 25

Table 26

Table 27

Table 28

Trial Prediction of Powering Performance (KS1286, Design draft, Trawl
with Duct, Design P.)

Measured Velocity Components and Circumferential Mean Velocities-1
(KS1286, Design draft, 4.0knots)

Measured Velocity Components and Circumferential Mean Velocities-11
(KS1286, Design draft, 4.0knots)

Harmonic Analysis of Velocity Components (KS1286, Design draft,
4.0knots)

Measured Velocity Components and Circumferential Mean Velocities-1
(KS1286, Design draft, 11.5knots)

Measured Velocity Components and Circumferential Mean Velocities-11
(KS1286, Design draft, 11.5knots)

Harmonic Analysis of Velocity Components (KS1286, Design draft,
11.5knots)
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Figure 1
Figure 2
Figure 3
Figure 4
Figure 5
Figure 6
Figure 7
Figure 8
Figure 9
Figure 10
Figure 11
Figure 12
Figure 13
Figure 14
Figure 15
Figure 16
Figure 17
Figure 18
Figure 19
Figure 20

Figure 21

Photographs of the Model Ship(KS1286) oo F-1
Drawing of the Stock Propeller (KP935) == F-2
Drawing of the Design Propeller (KP2064) === F-3
Photographs of the Design Propellerand Duct = F-4
Open-Water Characteristics of the Stock Propeller (KP935) F-5
Open-Water Characteristics of the Design Propeller (KP1064) = F-6
Open-Water Characteristics of the Design Propeller (CFD Result) F-7
Resistance Coefficients (KS1286, Designdrafty = F-8
Propulsive Coefficients (KS1286, Design draft, Stock Propeller) == F-9
Prediction of Powering Performance (KS1286, Design draft, Stock Propeller) - F-10
Resistance Coefficients (KS1286, Design draft, with Duct) == F-11
Propulsive Coefficients (KS1286, Design draft, with Duct, Design Propeller) - F-12
Prediction of Powering Performance (KS1286, Design draft, with Duct, - F-13
Design Propeller)

Circumferential Distribution of Velocity Components (KS1286, Design draft, - F-14
4.0 knots)

Iso-Axial Velocity Contours (KS1286, Design draft, 40 knots) == F-15
Transverse Velocity Vectors (KS1286, Design draft, 4.0 knots) =~ F-16
Radial Distibution of Harnomic Amplitudes of Velocities (KS1286, Design F-17
draft, 4.0 knots)

Radial Distibution of Circumferential Mean Velocity Components (KS1286, - F-18
Design draft, 4.0 knots)

Circumferential Distribution of Velocity Components (KS1286, Design draft, - F-19
11.5 knots)

Iso-Axial Velocity Contours (KS1286, Design draft, 11.5 knots) =~ F-20
Transverse Velocity Vectors (KS1286, Design draft, 11.5knots) =~ F-21



Figure 22 Radial Distibution of Harnomic Amplitudes of Velocities (KS1286, Design =~ F-22
draft, 11.5 knots)

Figure 23 Radial Distibution of Circumferential Mean Velocity Components (KS1286, F-23
Design draft, 11.5 knots)

Figure 24 Photographs of the Running Ship Model (KS1286, Design draft, 4.0 knots) F-24

Figure 25 Photographs of the Running Ship Model (KS1286, Design draft, 1.5 knots) - F-25

Figure 26  Paint Test Results - 1 (KS1286, Design draft, 11.5knots) = F-26

Figure 27  Paint Test Results - 2 (KS1286, Design draft, 11.5knots) = F-27
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Principal Dimensions of the Hull Form
Table 1 (KS1286)
File No.: 5128602 5128602
Designation SYMBOL (unit) SHIP  MODEL SHIP MODEL
Scale ratio SCALE 7.936 7.936
Load condition Design Design(w/ Duct)
Draft, moulded TF(m) 2.250 0.2835 2.250 0.2835
TA(mM) 2.250 0.2835 2.250 0.2835
TMEAN(m) 2.250 0.2835 2.250 0.2835
Length between per. LPP(m) 26.000 3.2762 26.000 3.2762
Breadth, moulded B(m) 7.500 0.9451 7.500 0.9451
Depth, moulded D(m)
Number of propeller NOPROP 1 1
Length of waterline LWL(m) 28.381 3.5762 28.381 3.5762
Wetted surface area S(m2) 288.2 4.5764 300.6 4.7723
Bilge keel area SBK(m2) 0.0  0.0000 0.0 0.0000
Trans. area above WL  AT(m2) 25.3 0.4011 25.3 0.4011
Displacement volume  DISV(m3) 306  0.6120 306 0.6120
KB above moulded BL KB(m)
LCB from midship, f+ LCB(m)
LCF from midship, f+  LCF(m)
Block coef. CB 0.697 0.697
Load waterline coef. Cw
Midship section coef. CM
Prismatic coef. CP
LPP/B 3.4667 3.4667
LPP/T 11.5556 11.5556
B/T 3.3333 3.3333
LCB% (fwd.+)

T-1
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5/30/2012
Principal Dimensions of the Stock Propeller
(KP935)
FILE NO.: 51286502

Designation SYMBOL
Scale ratio SCALE 7.936
Diameter of ship propeller (m) DIA. S 1.984
Diameter of model propeller (m) DIA.M 0.2500
Expanded blade area ratio EAR 0.4974
Propeller pitch ratio, mean PRMEAN 0.6068

at tip PRTIP 0.6173

at0.7R PR70R 0.6161

at root PRROOT 0.5573
Chord length-diameter ratio (0.7R) CR70 0.2834
Max. blade thickn. -dia. ratio (0.7R) TR70 0.0153
Hub-diameter ratio HDR 0.1770
Rake angle (deg) RDR 10.9190
Skew angle (deg) SKEW 13.04
Number of blades NPB 4
Turning direction R.H.
Material AL
Propeller section type NACAG66
Propeller stock number KP935

T-2
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Table 3 Principal Dlmen5|(0£|if(1;g2)e Design Propeller
FILE NO.: 51286512

Designation SYMBOL
Scale ratio SCALE 7.936
Diameter of ship propeller (m) DIA. S 1.984
Diameter of model propeller (m) DIA. M 0.2500
Expanded blade area ratio EAR 0.4855
Propeller pitch ratio, mean PRMEAN 0.8046

at tip PRTIP 0.7675

at0.7R PR70R 0.8367

at root PRROOT 0.6904
Chord length-diameter ratio (0.7R) CR70 0.2605
Max. blade thickn. -dia. ratio (0.7R) TR70 0.0132
Hub-diameter ratio HDR 0.2000
Rake angle (deg) RDR 0.0000
Skew angle (deg) SKEW 0.00
Number of blades NPB 4
Turning direction R.H.
Material AL
Propeller section type NACAG66
Propeller stock number KP1064

T-3



of

A=

5/30/2012
Table 4 Open-Water Characteristics of the Stock Propeller
(KP935)
Propeller KP935 Scale Ratio: 7.936
Test No. Date Temp. Density
(deg)  (Kg/m3)
POW P935001 03-Jun-10 14.2 999.08
KP935 Propeller dimensions
Diameter ship(m) 1.9840 Chord length-dia.ratio (0.7R) 0.2834
model(m) 0.2500 Max. blade thick.-dia.ratio(0.7R) 0.0153
Hub-diameter ratio 0.1800
Expanded area ratio 0.4974 Rake angle (deg) 10.9200
Pitch ratio  mean 0.6068 Skew angle (deg) 13
at tip 0.6173 Number of propeller blades 4
at 0.7R 0.6161 Turning direction R.H.
at root 0.5573 Material AL
Blade roughness KP(micron) 30.0 Propeller section type NACAG6
Model scale Full Scale
RPS Temp. Prop. Rn Temp. Prop. Rn
18.0 14.2 6.110E+05 15 6.726E+06
J KT 10KQ ETAO KT 10KQ ETAO
0.000 0.2839 0.2634 0.000 0.2839 0.2634 0.000
0.050 0.2705 0.2539 0.085 0.2705 0.2539 0.085
0.100 0.2557 0.2439 0.167 0.2557 0.2439 0.167
0.150 0.2398 0.2335 0.245 0.2398 0.2335 0.245
0.200 0.2230 0.2227 0.319 0.2230 0.2227 0.319
0.250 0.2054 0.2113 0.387 0.2054 0.2113 0.387
0.300 0.1871 0.1992 0.448 0.1871 0.1992 0.448
0.350 0.1681 0.1864 0.502 0.1681 0.1864 0.502
0.400 0.1484 0.1727 0.547 0.1484 0.1727 0.547
0.450 0.1281 0.1580 0.581 0.1281 0.1580 0.581
0.500 0.1069 0.1422 0.598 0.1069 0.1422 0.598
0.550 0.0849 0.1251 0.594 0.0849 0.1251 0.594
0.600 0.0619 0.1065 0.555 0.0619 0.1065 0.555
0.650 0.0376 0.0862 0.451 0.0376 0.0862 0.451
0.700 0.0118 0.0642 0.205 0.0118 0.0642 0.205
0.722 0.0000 0.0540 0.000 0.0000 0.0540 0.000
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Table 5 Open-Water Characteristics of the Design Propeller
(KP1064)
Propeller KP106 Scale Ratio: 7.936
Test No. Date Temp. Density
(deg)  (Kg/m3)
POW P1064002  15-Feb-12 134 999.23
KP106 Propeller dimensions
Diameter ship(m) 1.9840 Chord length-dia.ratio (0.7R) 0.2605
model(m) 0.2500 Max. blade thick.-dia.ratio(0.7R) 0.0132
Hub-diameter ratio 0.2000
Expanded area ratio 0.4855 Rake angle (deg) 0.0000
Pitch ratio mean 0.8046 Skew angle (deg) 0
at tip 0.7675 Number of propeller blades 4
at 0.7R 0.8367 Turning direction R.H.
at root 0.6904 Material AL
Blade roughness KP(micron) 30.0 Propeller section type NACAG66
Model scale Full Scale
RPS Temp. Prop. Rn Temp. Prop. Rn
16.0 134 4.953E+05 15 5.649E+06
J(POW)  J(AJ cor.) KT 10KQ ETAO KT 10KQ ETAO
0.3000 0.072 0.2962 0.3686 0.092 0.2962 0.3686 0.092
0.3500 0.148 0.2748 0.3478 0.186 0.2748 0.3478 0.186
0.4000 0.222 0.2531 0.3266 0.274 0.2531 0.3266 0.274
0.4500 0.294 0.2310 0.3051 0.355 0.2310 0.3051 0.355
0.5000 0.365 0.2086 0.2831 0.428 0.2086 0.2831 0.428
0.5500 0.435 0.1858 0.2604 0.494 0.1858 0.2604 0.494
0.6000 0.503 0.1625 0.2370 0.549 0.1625 0.2370 0.549
0.6500 0.569 0.1388 0.2126 0.591 0.1388 0.2126 0.591
0.7000 0.634 0.1144 0.1869 0.618 0.1144 0.1869 0.618
0.7500 0.698 0.0892 0.1595 0.621 0.0892 0.1595 0.621
0.8000 0.760 0.0630 0.1301 0.585 0.0630 0.1301 0.585
0.8500 0.820 0.0356 0.0982 0.473 0.0356 0.0982 0.473
0.9000 0.879 0.0069 0.0633 0.152 0.0069 0.0633 0.152
0.9110 0.891 0.0000 0.0548 0.000 0.0000 0.0548 0.000
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Table 6

Open-Water Characteristics of the Design Propeller

5/30/2012

(KP1064 & Duct, CFD results)

J KT KT J Xk
w/ duct w/o duct
0.3 0.2366 0.3069 0.2244
0.4 0.2014 0.2639 0.1845
0.5 0.1656 0.2139 0.1339
0.6 0.1262 0.1633 0.0947
0.7 0.0818 0.1106 0.0640
0.8 0.0343 0.0552 0.0422

KOREA OCEAN RESEARCH & DEVELOPMENT INSTITUTE
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Table 7 Resistance_ Performance_
(KS1286, Design draft, Cruise)
Draft FP/AP: 2.25 2.25 Scale Ratio :  7.936
appendages: 1 Rudder Analysis Code : 1111000
Test No. Date Temp. Density KS1286  Ship dimension
(deg.) (Kg/m3) Ship  Model
RES S1286R01  10-7-19 18.3 998.45 LPP(m) 26.000 3.2762
SEA 15.0 1025.87 B(m) 7.500 0.9451
D(m)
Analysis method -- Based on 1978 ITTC XP(m)
performance prediction method -
* Model-ship correlation line : 1957 ITTC LWL(m) 28.381 3.5762 CB 0.6972
S(m2) 288.2 45764 | CW
* 2-dimensional method SBK(m2) 0.0 0.0000| CM
* Correlation allowance (2-D) : CA= .000400 AT(m2) 25.3 0.4011 CP
* w/ Bilge keel resistance DISV(m3) 306.0 0.6120
*w/ Air resistance : CAA = .0010*AT/S KB(m) LPP/B 3.47
LCB+f(m) B/TM 3.33
LCF+f(m) LCB%
VS PE CTS CR CFS CFM CTM RTM VM FN
(knot) (kW) (e-3) (e-3) (e-3) (e-3) (e-3) (N) (m/s)
4.00 5.7 4.436 1.634 2.315 3.879 5512 6.72 0.7305 0.1233
5.00 11.2 4.459 1.733 2.238 3.713 5446 10.37 0.9131 0.1542
6.00 18.9 4.351 1.685 2.178 3.586 5.271 1446 1.0957 0.1850
7.00 30.1 4.364 1.748 2.129 3.483 5231 19.53 1.2783 0.2159
8.00 50.0 4.852 2.276 2.088 3.398 5.674 27.66 1.4609 0.2467
9.00 89.5 6.100 3.560 2.053 3.325 6.884 4249 1.6435 0.2775
10.00 162.1 8.052 5.542 2.022 3.262 8.804 67.08 1.8261 0.3084
11.00 271.8 10.145  7.662 1.995 3.206 10.868 100.19 2.0088 0.3392
11.50 337.7 11.033  8.563 1.983 3.181 11.744 118.33 2.1001 0.3546
12.00 411.3 11.827 9.368 1971 3.157 12525 137.41 2.1914 0.3700
13.00 623.4 14.098 11.661 1.949 3.112 14773 190.22 2.3740 0.4009
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Table 8 quel Test Resul_ts
(KS1286, Design draft, Cruise, Stock P.)
Draft FP/AP: 2.25 2.25 Scale Ratio: 7.936
appendages: 1 Rudder Condition : KP935
NOPROP : 1 Analysis Code : 1111000
Test No. Date Temp. Density KS1286  Ship dimension
(deg.) (Kg/m3) Ship  Model
RES S1286R01  10-7-19 18.3 998.45 LPP(m) 26.000 3.2762
SP 51286502  10-7-19 18.3 998.45 B(m) 7.500 0.9451
POW P935001 10-6-3 14.2 999.08 D(m)
XP(m)
KP935 Propeller dimension
DIA:s 1.984 CR70(chord) 0.2834 LWL(m) 28.381 3.5762 CB 0.6972
DIA.m 0.25 TR70(thick) 0.0153 S(m2) 288.2 4.5764 Cw
EAR 0.4974 HDR(hub) 0.177 SBK(m2) 0.0 0.0000 CM
PRMEAN  0.6068 | Rake(deg) 10.919 AT(m2) 253 04011 | CP
TIP 0.6173 | SKEW(deg) 13.04 DISV(m3) | 306.0 0.6120
0.70R 0.6161 | Turn. R.H. KB(m) LPP/B  3.47
ROOT 0.5573 Mater. AL LCB+f(m) B/TM 3.33
Type NACAG6 Z: 4 LCF+f(m) LCB%
VS VM RTM FD ™ QM NM THDF WFTM ETAR CR
(knot) (m/s) (N) (N) (N)  (Nm)  (rps) (e-3)

4.00 0.730 6.72 1.42 835 0.270 4.34 0.365 0.281 1.002 1.634
5.00 0.913 10.37 2.05 13.74  0.439 5.48 0394 0.286 1.002 1.733
6.00 1.096 14.46 2.76 19.75 0.629 6.55 0.408 0.291 1.002 1.685
7.00 1.278 19.53 3.56 27.02 0.858 7.64 0409 0.295 1.002 1.748
8.00 1.461 27.66 4.43 38.72  1.205 8.93 0.400 0.300 1.002 2.276
9.00 1.644 42.49 5.38 60.33 1810 10.65 0.385 0.304 1.002 3.560
10.00 1.826 67.08 6.39 9586 2.771  12.79 0.367 0.307 1.002 5.542
11.00 2.009 100.19 748 14242 4005 15.05 0.349 0311 1002 7.662
11.50 2.100 11833 8.04 167.35 4.665  16.13 0.341 0312 1.002 8.563
12.00 2.191 13741 862 19338 5351 17.18 0.334 0314 1.002 9.368
13.00 2.374 190.22  9.83 267.25 7.264  19.73 0325 0316 1.002 11.661
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Table 9 Full Scale Predic'Fion of Poweri_ng Performance
(KS1286, Design draft, Cruise, Stock P.)
Draft FP/AP: 2.25 2.25 Scale Ratio :  7.936
appendages: 1 Rudder Condition : KP935
NOPROP : 1 Analysis Code : 1111000
Test No. Date Temp.  Density VS PE PD N FN
(deg.) (Kg/m3) (knot) (kW) (kW)  (rpm)
RES S1286R01  10-7-19 18.3 998.45 4.00 6 11 93.06 0.1233
SP 51286S02  10-7-19 18.3 998.45 5.00 11 22 117.59 0.1542
POW P935001  10-6-3 14.2 999.08 6.00 19 39 140.61 0.1850
7.00 30 61 163.83 0.2159
Analysis method -- Based on 1978 ITTC 8.00 50 100 191.25 0.2467
performance prediction method - 9.00 90 179  228.16 0.2775
* Model-ship correlation line : 1957 ITTC 10.00 162 327 273.64 0.3084
* Propeller blade roughness KP = 30.e-6 11.00 272 557 322.08 0.3392
11.50 338 693 344.88 0.3546
* 2-dimensional method 12.00 411 843  366.83 0.3700
* Correlation allowance (2-D) : CA= .000400 13.00 623 1321 421.87 0.4009
* w/ Bilge keel resistance
* w/ Air resistance : CAA = .0010*AT/S KS1286 Ship dimension
LWL(m) 28.381| Tm(m)  2.250
S(m2) 288.2 | AT(m2) 25.3
SBK(m2) 0.0 | DIA(M)  1.984
VS CTS CR ADVCA THDF WFTM WFTS ETAH ETAR ETAO ETAD
(knot) (e-3) (e-3)
4.00 4.436 1.634 0.481 0.365 0281 0281 0.883 1.002 0590 0.522
5.00 4.459 1.733 0.472 0.394 0.286 0.286 0.849 1.002 0586 0.499
6.00 4.351 1.685 0471 0.408 0291 0291 0835 1.002 0586 0.490
7.00 4.364 1.748 0.469 0.409 0.295 0.295 0.838 1.002 0.585 0.492
8.00 4.852 2.276 0.456 0.400 0.300 0.300 0.857 1.002 0.582 0.500
9.00 6.100 3.560 0.427 0.385 0.304 0304 0.884 1.002 0564 0.499
10.00  8.052 5.542 0.394 0.367 0.307 0307 0913 1.002 0541 0.495
11.00 10.145 7.662 0.366 0.349 0.311 0311 0945 1.002 0515 0.488
1150 11.033 8.563 0.357 0.341 0312 0312 0958 1.002 0.508 0.487
12.00 11.827 9.368 0.349 0.334 0.314 0314 0971 1.002 0501 0.488
13.00 14.098 11.661 0.328 0.325 0316 0316 0987 1.002 0477 0472
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Trial Prediction of Powering Performance

(KS1286, Design draft, Cruise, Stock P.)

Draft FP/AP: 2.25 2.25

appendages: 1 Rudder

NOPROP : 1

Test No. Date Temp. Density
(deg.) (Kg/m3)

5/30/2012
Scale Ratio: 7.936
Condition : KP935

RES S1286R01  10-7-19 18.3 998.45
SP §1286S02  10-7-19 18.3 998.45
POW P935001 10-6-3 14.2 999.08

Analysis method -- Based on 1978 ITTC
performance prediction method -
* Model-ship correlation line : 1957 ITTC

* Propeller blade roughness KP = 30.e-6

* 2-dimensional method

* Correlation allowance (2-D) : CA= .000400
* w/ Bilge keel resistance

*w/ Air resistance : CAA = .0010*AT/S

* Transmission Efficiency = .990

* w/o DCFC-DWC correction

* w/o CP-CN correction

Analysis Code : 1111000
VS PE PB N FN
(knot) (kW) (kW)  (rpm)
4.00 6 11 93.06 0.1233
5.00 11 23 11759 0.1542
6.00 19 39  140.61 0.1850
7.00 30 62  163.83 0.2159
8.00 50 101  191.25 0.2467
9.00 90 181 228.16 0.2775
10.00 162 330 273.64 0.3084
11.00 272 563  322.08 0.3392
11.50 338 700  344.88 0.3546
12.00 411 852  366.83 0.3700
13.00 623 1334 421.87 0.4009
KS1286 Ship dimension
LWL(m) 28.381 | Tm(m) 2.250
S(m2) 288.2 | AT(m2) 25.3
SBK(m2) 0.0 | DIA(m)  1.984
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Resistance Performance
Table 11 (KS1286, Design draft, Trawl)
Draft FP/AP: 2.25 2.25 Scale Ratio :  7.936
appendages: 1 Rudder Analysis Code : 1111000
Test No. Date Temp. Density KS1286  Ship dimension
(deg.) (Kg/m3) Ship  Model
RES S1286R01  10-7-19 18.3 998.45 LPP(m) 26.000 3.2762
SEA 15.0 1025.87 B(m) 7.500 0.9451
D(m)
Analysis method -- Based on 1978 ITTC XP(m)
performance prediction method -
* Model-ship correlation line : 1957 ITTC LWL(m) 28.381 3.5762 CB 0.6972
S(m2) 288.2 45764 | CW
* 2-dimensional method SBK(m2) 0.0 0.0000| CM
* Correlation allowance (2-D) : CA= .000400 AT(m2) 25.3 0.4011 CP
* w/ Bilge keel resistance DISV(m3) 306.0 0.6120
*w/ Air resistance : CAA = .0010*AT/S KB(m) LPP/B 3.47
LCB+f(m) B/TM 333
LCF+f(m) LCB%
VS PE CTS CR* CFS CFM CTM RTM VM FN
(knot) (kW) (e-3) (e-3) (e-3) (e-3) (e-3) (N) (m/s)
4.00 85.8 66.645 63.842 2.315 3.879 67.721 82.55 0.7305 0.1233
5.00 162.1 64.411 61.685 2.238 3.713 65.398 12456 0.9131 0.1542
6.00 271.8 62.526 59.861 2.178 3.586  63.446 174.02 1.0957 0.1850

*CR ol = o] ofQlg o]

30l A&
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Model Test Results
Table 12 (KS1286, Design draft, Trawl, Stock P.)
Draft FP/AP: 2.25 2.25 Scale Ratio: 7.936
appendages: 1 Rudder Condition : KP935
NOPROP : 1 Analysis Code : 1111000
Test No. Date Temp. Density KS1286  Ship dimension
(deg.) (Kg/m3) Ship  Model
RES S1286R01  10-7-19 18.3 998.45 LPP(m) 26.000 3.2762
SP 51286502  10-7-19 18.3 998.45 B(m) 7.500 0.9451
POW P935001 10-6-3 14.2 999.08 D(m)
XP(m)
KP935 Propeller dimension
DIA:s 1.984 CR70(chord) 0.2834 LWL(m) 28.381 3.5762 CB 0.6972
DIA.m 0.25 TR70(thick) 0.0153 S(m2) 288.2 4.5764 Cw
EAR 0.4974 HDR(hub) 0.177 SBK(m2) 0.0 0.0000 CM
PRMEAN  0.6068 | Rake(deg) 10.919 AT(m2) 253 0.4011| CP
TIP 0.6173 | SKEW(deg) 13.04 DISV(m3) | 306.0 0.6120
0.70R 0.6161 | Turn. R.H. KB(m) LPP/B  3.47
ROOT 0.5573 Mater. AL LCB+f(m) B/TM 3.33
Type NACAG6 Z: 4 LCF+f(m) LCB%
VS VM RTM FD ™ QM NM THDF WFTM ETAR CR*
(knot) (m/s) (N) (N) (N)  (Nm)  (rps) (e-3)

4.00 0.730 82.55 1.42 97.99 2470 10.58 0.172 0.291 0.988 63.842
5.00 0.913 12456 205 14708 3.69 13.01 0.167 0.284 0.994 61.685
6.00 1.096 17402 276 20510 5.159  15.30 0.165 0.318 0.990 59.861

*CRoll= o] o] oQlee] kel &
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Table 13 Full Scale Prediction of Powering Performance
(KS1286, Design draft, Trawl, Stock P.)
Draft FP/AP: 2.25 2.25 Scale Ratio :  7.936
appendages: 1 Rudder Condition : KP935
NOPROP : 1 Analysis Code : 1111000
Test No. Date Temp.  Density VS PE PD N FN
(deg.) (Kg/m3) (knot) (kW) (kW)  (rpm)
RES S1286R01  10-7-19 18.3 998.45 4.00 111 348 25449 0.1233
SP 51286502  10-7-19 18.3 998.45 5.00 208 630 311.44 0.1542
POW  P935001 10-6-3 14.2 999.08 6.00 346 1031 366.19 0.1850
Analysis method -- Based on 1978 ITTC
performance prediction method -
* Model-ship correlation line : 1957 ITTC
* Propeller blade roughness KP = 30.e-6
* 2-dimensional method KS1286 Ship dimension
* Correlation allowance (2-D) : CA= .000400 LWL(m) 28.381 | Tm(m) 2.250
* w/ Bilge keel resistance S(m2) 288.2 | AT(m2) 25.3
*w/ Air resistance : CAA= .0010*AT/S SBK(m2) 0.0 | DIA(m) 1.984
VS CTS CR* ADVCA THDF WFTM WFTS ETAH ETAR ETAO ETAD
(knot) (e-3) (e-3)
4.00 86.102 83.300 0.179 0.172 0.291  0.267 1.130 0988 0.286 0.319
5.00 82.560 79.834 0.184 0.167 0.284 0.262 1.128 0994 0.294 0.329
6.00 79.655 76.990 0.182 0.165 0.318 0.286 1.170 0990 0.290 0.336

*CRoll= o] o] oQlee] kel &
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Table 14 Trial Prediction of Powering Performance
(KS1286, Design draft, Trawl, Stock P.)
Draft FP/AP: 225 225 Scale Ratio :  7.936
appendages: 1 Rudder Condition : KP935
NOPROP : 1 Analysis Code : 1111000
Test No. Date  Temp. Density VS PE PB N FN
(deg.) (Kg/m3) (knot) (kW) (kW)  (rpm)
RES S1286R01  10-7-19 18.3 998.45 4.00 111 351 254.49 0.1233
SP  S1286S02  10-7-19 18.3 998.45 5.00 208 637 311.44 0.1542
POW P935001 10-6-3 14.2 999.08 6.00 346 1042 366.19 0.1850
Analysis method -- Based on 1978 ITTC
performance prediction method -
* Model-ship correlation line : 1957 ITTC
* Propeller blade roughness KP = 30.e-6
* 2-dimensional method KS1286 Ship dimension
* Correlation allowance (2-D) : CA= .000400 LWL(m) 28.381 | Tm(m) 2.250
* w/ Bilge keel resistance S(m2) 288.2 | AT(m2) 25.3
*w/ Air resistance : CAA= .0010*AT/S SBK(m2) 0.0 | DIA(mM) 1.984

* Transmission Efficiency = .990

* w/o DCFC-DWC correction
* w/o CP-CN correction

KOREA OCEAN RESEARCH & DEVELOPMENT INSTITUTE
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Table 15 Resis_tance Perforrr_lance_
(KS1286, Design draft, Cruise with Duct)
Draft FP/AP: 2.25 2.25 Scale Ratio :  7.936
appendages: 1 Rudder Analysis Code : 1111000
Test No. Date  Temp. Density KS1286  Ship dimension
(deg.) (Kg/m3) Ship  Model
RES S1286R11 12-2-18 134 999.23 LPP(m) 26.000 3.2762
SEA 15.0 1025.87 B(m) 7.500 0.9451
D(m)
Analysis method -- Based on 1978 ITTC XP(m)
performance prediction method -
* Model-ship correlation line : 1957 ITTC LWL(m) 28.381 3.5762 CB 0.6972
S(m2) 3006 4.7723| CwW
* 2-dimensional method SBK(m2) 0.0 0.0000| CM
* Correlation allowance (2-D) : CA = 0.000400 AT(m2) 25.3 0.4011 CP
* w/ Bilge keel resistance DISV(m3) 306.0 0.6120
*w/ Air resistance : CAA = 0.0010*AT/S KB(m) LPP/B 3.47
LCB+f(m) B/TM 3.33
LCF+f(m) LCB%
VS PE CTS CR CFS CFM CTM RTM VM FN
(knot) (kW) (e-3) (e-3) (e-3) (e-3) (e-3) (N) (m/s)
4.00 7.1 5.312 2512 2.315 3.978 6.491 8.26 0.7305 0.1233
5.00 13.8 5.271 2.548 2.238 3.806 6.355 12.63 0.9131 0.1542
6.00 23.1 5.085 2.422 2.178 3.674 6.096 17.45 1.0957 0.1850
7.00 36.3 5.041 2.427 2.129 3.568 5995 2336 1.2783 0.2159
8.00 59.1 5.499 2.927 2.088 3.479 6.406 32.60 1.4609 0.2467
9.00 103.4 6.760 4.223 2.053 3.404 7.626 49.12 1.6435 0.2775
10.00 184.3 8.779 6.273 2.022 3.338 9.611 76.42 1.8261 0.3084
11.00 304.1 10.887  8.407 1.995 3.281 11.688 112.45 2.0088 0.3392
11.50 371.8 11.647  9.180 1.983 3.254 12.435 130.76 2.1001 0.3546
12.00 441.2 12.165 9.710 1.971 3.229 12.939 148.15 2.1914 0.3700
13.00 666.7 14459 12.026  1.949 3.183 15.209 204.37 2.3740 0.4009
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Table 16 _ Model Test_Resths '
(KS1286, Design draft, Cruise with Duct, Design P.)
Draft FP/AP: 225 225 Scale Ratio : 7.936
appendages: 1 Rudder Condition : KP1064J
NOPROP : 1 Analysis Code : 1111000
Test No. Date Temp. Density KS1286  Ship dimension
(deg.) (Kg/m3) Ship  Model
RES S1286R11  12-2-18 13.4 999.23 LPP(m) 26.000 3.2762
SP S1286512  12-2-18 13.4 999.23 B(m) 7.500 0.9451
POW  P1064002 12-2-15 13.4 999.23 D(m)
XP(m)
KP106 Propeller dimension
DIAs 1.984 | CR70(chord) 0.2605 LWL(m) | 28.381 3.5762| CB 0.6972
DIA.m 0.25 TR70(thick) 0.0132 S(m2) 3006 47723 | CW
EAR 0.4855 | HDR(hub) 0.2 SBK(m2) 0.0 0.0000| CM
PRMEAN  0.8046 | RDR(rake) 0 AT(m2) 253 04011 | CP
TIP 0.7675 | SKEW(deg) 0 DISV(m3) | 306.0 0.6120
0.70R 0.8367 | Turn. R.H. KB(m) LPP/B 3.47
ROOT 0.6904 | Mater. AL LCB+f(m) B/TM 3.33
Type NACA66 Z: 4 LCF+f(m) LCB%
VS VM RTM FD ™ QM NM THDF WFTM ETAR CR
(knot) (m/s) (N) (N) (N)  (Nm)  (rps) (e-3)
4.00 0.730 8.26 1.61 7.33 0.303 3.97 0.093 0.157 0.974 2.512
5.00 0.913 12.63 2.32 1166 0.480 4.98 0.116 0.156 0.976 2.548
6.00 1.096 17.45 3.14 16.43 0.676 5.93 0.129 0.162 0.977 2.422
7.00 1.278 23.36 4.05 22.32 0914 6.88 0.135 0.169 0.979 2.427
8.00 1.461 32.60 5.04 31.82 1.282 8.03 0.134 0.171 0.980 2.927
9.00 1.644 49.12 6.12 49.36  1.928 9.57 0.129 0.169 0.982 4.223
10.00 1.826 76.42 7.28 78.65 2.972 11.50 0.121 0.163 0.984 6.273
11.00 2.009 112.45 8.52 11691 4.319 13.53 0.111 0.158 0.985 8.407
11.50 2.100 130.76 9.17 136.16 4.994 14.45 0.107 0.157 0.986 9.180
12.00 2.191 148.15 9.83 154.03 5.618 15.26 0.102 0.160 0.987 9.710
13.00 2.374 204.37 11.22 21343 7.621 17.39 0.095 0.177 0.989 12.026
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Table 17 Full Scale P_rediction of P.ower.ing Performa}nce
(KS1286, Design draft, Cruise with Duct, Design P.)
Draft FP/AP: 2.25 2.25 Scale Ratio:  7.936
appendages: 1 Rudder Condition : KP1064J
NOPROP : 1 Analysis Code : 1111000
Test No. Date Temp.  Density VS PE PD N FN
(deg.) (Kg/m3) (knot) (kW) (kW)  (rpm)
RES S1286R11 12-2-18 134 999.23 4.00 7 11 85.37 0.1233
SP 51286S12  12-2-18 13.4 999.23 5.00 14 22 106.73 0.1542
POW P1064002 12-2-15 134 999.23 6.00 23 37 126.93  0.1850
7.00 36 59 14743  0.2159
Analysis method -- Based on 1978 ITTC 8.00 59 96 172.20  0.2467
performance prediction method - 9.00 103 170 204.51 0.2775
* Model-ship correlation line : 1957 ITTC 10.00 184 317  246.17 0.3084
* Propeller blade roughness KP = 30.e-6 11.00 304 537 289.09 0.3392
11.50 372 664 308.94 0.3546
* 2-dimensional method 12.00 441 790 326.24 0.3700
* Correlation allowance (2-D) : CA = 0.000400 13.00 667 1219 371.67 0.4009
* w/ Bilge keel resistance
* w/ Air resistance : CAA = 0.0010*AT/S KS1286 Ship dimension
LWL(m) 28.381 | Tm(m) 2.250
S(m2)  300.6 | AT(m2) 25.3
SBK(m2) 0.0 | DIA(m) 1.984
VS CTS CR ADVCA THDF WFTM WFTS ETAH ETAR ETAO ETAD
(knot) (e-3) (e-3)
4.00 5.312 2512 0.621 0.093 0.157 0.148 1.064 0.974 0.611 0.634
5.00 5.271 2.548 0.615 0.116 0.156  0.156 1.047 0976 0.608 0.622
6.00 5.085 2.422 0.616 0.129 0.162 0.162 1.039 0.977 0.609 0.618
7.00 5.041 2.427 0.614 0.135 0.169 0.169 1.041  0.979 0.607 0.619
8.00 5.499 2.927 0.599 0.134 0.171 0.171 1.045 0.980 0.601 0.615
9.00 6.760 4.223 0.569 0.129 0.169 0.169 1.048 0.982 0.591 0.609
10.00 8.779 6.273 0.529 0.121 0.163 0.163 1.050 0.984 0.563 0.582
11.00 10.887 8.407 0.498 0.111 0.158 0.158 1.056 0985 0.545 0.567
11.50 11.647 9.180 0.488 0.107 0.157 0.157 1.059 0.986 0.536 0.560
12.00 12.165 9.710 0.481 0.102 0.160 0.160 1.069 0.987 0.529 0.559
13.00 14.459 12.026 0.448 0.095 0.177 0.177 1.100 0.989 0.503 0.547
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Table 18 Trial Prec_liction of Powgring_ Performancg
(KS1286, Design draft, Cruise with Duct, Design P.)
Draft FP/AP: 225 225 Scale Ratio:  7.936
appendages: 1 Rudder Condition : KP1064J
NOPROP : 1 Analysis Code : 1111000
Test No. Date  Temp. Density VS PE PB N FN
(deg.) (Kg/m3) (knot) (kW) (kW)  (rpm)
RES S1286R11 12-2-18 134 999.23 4.00 7 11 85.37 0.1233
SP  S1286S12 12-2-18 13.4 999.23 5.00 14 22 106.73 0.1542
POW P1064002 12-2-15 134 999.23 6.00 23 38 126.93  0.1850
7.00 36 59 14743  0.2159
Analysis method -- Based on 1978 ITTC 8.00 59 97 172.20  0.2467
performance prediction method - 9.00 103 172 20451 0.2775
* Model-ship correlation line : 1957 ITTC 10.00 184 320 246.17 0.3084
* Propeller blade roughness KP = 30.e-6 11.00 304 542  289.09 0.3392
11.50 372 671 308.94 0.3546
* 2-dimensional method 12.00 441 798 326.24  0.3700
* Correlation allowance (2-D) : CA = 0.000400 13.00 667 1232 371.67  0.4009
* w/ Bilge keel resistance
* w/ Air resistance : CAA = 0.0010*AT/S KS1286 Ship dimension
* Transmission Efficiency = 0.990 LWL(m) 28.381 | Tm(m) 2.250
S(m2)  300.6 | AT(m2) 25.3
SBK(m2) 0.0 | DIA(M) 1.984

* w/o DCFC-DWC correction
* w/o CP-CN correction
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Table 19 Resisf[ance Performancg
(KS1286, Design draft, Trawl with Duct)
Draft FP/AP: 2.25 2.25 Scale Ratio :  7.936
appendages: 1 Rudder Analysis Code : 1111000
Test No. Date  Temp. Density KS1286  Ship dimension
(deg.) (Kg/m3) Ship  Model
RES S1286R11 12-2-18 134 999.23 LPP(m) 26.000 3.2762
SEA 15.0 1025.87 B(m) 7.500 0.9451
D(m)
Analysis method -- Based on 1978 ITTC XP(m)
performance prediction method -
* Model-ship correlation line : 1957 ITTC LWL(m) 28.381 3.5762 CB 0.6972
S(m2) 3006 4.7723| CwW
* 2-dimensional method SBK(m2) 0.0 0.0000| CM
* Correlation allowance (2-D) : CA = 0.000400 AT(m2) 25.3 0.4011 CP
* w/ Bilge keel resistance DISV(m3) 306.0 0.6120
*w/ Air resistance : CAA = 0.0010*AT/S KB(m) LPP/B 3.47
LCB+f(m) B/TM 333
LCF+f(m) LCB%
VS PE CTS CR* CFS CFM CTM RTM VM FN
(knot) (kW) (e-3) (e-3) (e-3) (e-3) (e-3) (N) (m/s)
4.00 87.3 64.968 62.169 2.315 3.978 66.147 84.15 0.7305 0.1233
5.00 164.7 62.760 60.037 2.238 3.806 63.844 126.91 0.9131 0.1542
6.00 276.0 60.872 58.210 2.178 3.674 61884 177.14 1.0957 0.1850

*CR ol = o] ofQlg o]

30l A&
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Table 20 _ Model Test Resu.lts '
(KS1286, Design draft, Trawl with Duct, Design P.)
Draft FP/AP: 225 225 Scale Ratio : 7.936
appendages: 1 Rudder Condition : KP1064J
NOPROP : 1 Analysis Code : 1111000
Test No. Date Temp. Density KS1286  Ship dimension
(deg.) (Kg/m3) Ship  Model
RES S1286R11  12-2-18 13.4 999.23 LPP(m) 26.000 3.2762
SP S1286512  12-2-18 13.4 999.23 B(m) 7.500 0.9451
POW  P1064002 12-2-15 13.4 999.23 D(m)
XP(m)
KP106 Propeller dimension
DIAs 1.984 | CR70(chord) 0.2605 LWL(m) | 28.381 3.5762| CB 0.6972
DIA.m 0.25 TR70(thick) 0.0132 S(m2) 3006 47723 | CW
EAR 0.4855 | HDR(hub) 0.2 SBK(m?2) 0.0 0.0000| CM
PRMEAN  0.8046 | RDR(rake) 0 AT(m2) 253 04011 | CP
TIP 0.7675 | SKEW(deg) 0 DISV(m3) | 306.0 0.6120
0.70R 0.8367 | Turn. R.H. KB(m) LPP/B 3.47
ROOT 0.6904 | Mater. AL LCB+f(m) B/TM 3.33
Type NACA66 Z: 4 LCF+f(m) LCB%
VS VM RTM FD ™ QM NM THDF WFTM ETAR CR*
(knot) (m/s) (N) (N) (N)  (Nm)  (rps) (e-3)
4.00 0.730 84.15 1.61 7357 2.603 9.38 -0.122 -0.114 0.952 62.169
5.00 0.913 126.91 2.32 111.54 3.906 11.44 -0.117 -0.049 0.957 60.037
6.00 1.096 177.14 3.14 151.44 5.327 13.34 -0.149 -0.021 0.953 58.210

*CRoll= o] o] oQlee] kel &
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Table 21 Full Scale Prediction of Powering Performance
(KS1286, Design draft, Trawl with Duct, Design P.)
Draft FP/AP: 2.25 2.25 Scale Ratio:  7.936
appendages: 1 Rudder Condition : KP1064J
NOPROP : 1 Analysis Code : 1111000
Test No. Date Temp.  Density VS PE PD N FN
(deg.) (Kg/m3) (knot) (kW) (kW)  (rpm)

RES S1286R11 12-2-18 134 999.23 4.00 112 323 22530 0.1233

SP S1286S12 12-2-18 134 999.23 5.00 210 589 274.97 0.1542
POW P1064002 12-2-15 134 999.23 6.00 350 936 321.53 0.1850
Analysis method -- Based on 1978 ITTC
performance prediction method -
* Model-ship correlation line : 1957 ITTC
* Propeller blade roughness KP = 30.e-6
* 2-dimensional method KS1286 Ship dimension
* Correlation allowance (2-D) : CA = 0.000400 LWL(m) 28.381 | Tm(m) 2.250
* w/ Bilge keel resistance S(m2)  300.6 | AT(m2) 25.3
*w/ Air resistance : CAA = 0.0010*AT/S SBK(m2) 0.0 | DIA(m) 1.984

VS CTS CR* ADVCA THDF WFTM WFTS ETAH ETAR ETAO ETAD

(knot) (e-3) (e-3)

400  83.608 80.809 0.333 -0.122  -0.114 -0.207 0.930 0.952 0.393 0.348
5.00  80.150 77.427 0.326 -0.117 -0.049 -0.152 0970 0.957 0.385 0.357
6.00 77.282 74.620 0.335 -0.149  -0.021 -0.155 0.994 0.953 0.395 0.374

*CRoll= o] o] oQlee] kel &
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Table 22 Trial Prediction of Powering Performance
(KS1286, Design draft, Trawl with Duct, Design P.)
Draft FP/AP: 225 225 Scale Ratio:  7.936
appendages: 1 Rudder Condition : KP1064J
NOPROP : 1 Analysis Code : 1111000
Test No. Date  Temp. Density VS PE PB N FN
(deg.) (Kg/m3) (knot) (kW) (kW)  (rpm)
RES S1286R11 12-2-18 134 999.23 4.00 112 326 22530 0.1233
SP  S1286S12 12-2-18 134 999.23 5.00 210 595  274.97 0.1542
POW P1064002 12-2-15 134 999.23 6.00 350 945 32153 0.1850
Analysis method -- Based on 1978 ITTC
performance prediction method -
* Model-ship correlation line : 1957 ITTC
* Propeller blade roughness KP = 30.e-6
* 2-dimensional method KS1286 Ship dimension
* Correlation allowance (2-D) : CA = 0.000400 LWL(m) 28.381 | Tm(m) 2.250
* w/ Bilge keel resistance S(m2) 300.6 | AT(m2) 25.3
*w/ Air resistance : CAA = 0.0010*AT/S SBK(m2) 0.0 | DIA(mM) 1.984

* Transmission Efficiency = 0.990

* w/o DCFC-DWC correction
* w/o CP-CN correction

KOREA OCEAN RESEARCH & DEVELOPMENT INSTITUTE
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Table 23 Measured Velocity Components and Circumferential
Mean Velocities-1 (KS1286, Design draft, 4.0knots)
Test Number s1286K04 | Load Condition  Design Ship Speed(knots) 4.00 | Water Temp.(deg) 18.4
Rake Number M1-5 TF/TA(m) 2.25 2.25 Model Speed(m/s)  0.7305 | Model Prop. Dia(m)  0.2500
Angle 0 5 10 20 30 40 50 60 70 80 90
(Deg.) 100 110 120 130 140 150 160 170 175 180 185
/IR 190 200 210 220 230 240 250 260 270 280 290
0.024  0.038 0.054 0.058 0.101 0.036 0.246 0.347 0.446 0.516 0.598
VXIV 0636 0.670 0.603 0.659 0651 0.583 0.463 0.179 0.107 0.052 0.144
0261 0431 0519 0560 0606 0.565 0.617 0.612 0.511 0.495 0.374
-0.020 -0.012 -0.021 -0.032 -0.019 -0.030 -0.049 -0.070  -0.080 -0.092 -0.106
0.3000 | VR/V -0.123 -0.145 -0.155 -0.181 -0.190 -0.168 -0.129  -0.018 0.075 0.043  0.067
-0.018 -0.110 -0.148 -0.162 -0.171 -0.145 -0.142 -0.124  -0.104 -0.089 -0.078
0.022 -0.003 -0.002 0.017 0.009 -0.016 -0.058 -0.079 -0.114 -0.111  -0.135
VTIV -0.114 -0.114 -0.040 -0.011 0.053 0.123 0.182 0.151 0.109 0.044 -0.133
-0.215 -0.214 -0.158 -0.089 0.000 0.049 0.082 0.115 0.106 0.120  0.096
0.106 0.063 0.080 0.095 0.177 0.355 0528 0.744 0.873 0.903 0.933
VXV 0.942 0.948 0.952 0.940 0.924 0.907 0.801 0.424 0.189 0.124 0.207
0454 0785 0.890 0.885 0910 0.916 0.901 0.888 0.881 0.874 0.813
-0.021 -0.053 -0.037 -0.030 -0.017 0.019 0.026  0.036 0.016 -0.028  -0.056
0.5000 | VRV -0.075 -0.095 -0.112 -0.125 -0.139 -0.154 -0.164 -0.081 0.070 0.104  0.064
-0.067 -0.155 -0.152 -0.139 -0.120 -0.115 -0.097 -0.078  -0.059 -0.036 -0.001
-0.091 0.047 -0.074 -0.084 -0.122 -0.170 -0.201  -0.233  -0.229 -0.219 -0.203
VTIV -0.177 -0.164 -0.147 -0.114 -0.082 -0.049 0.085 0.249 0.169 -0.109 -0.182
-0.288 -0.138 -0.050 0.014 0.054 0.097 0.118 0.144 0.156 0.170 0.172
0.040 0.078 0.091 0.084 0163 0.353 0.685 0.818 0.895 0919 0.924
VXIV 0934 0929 0.937 0930 0928 0.932 0.935 0.641 0.094 0.040 0.137
0742 0976 0.972 0966 0961 0.957 0.940  0.940 0.934 0.925 0.880
0.001 0.012 0.003 -0.002 0.018 0.008 0.028  0.013 0.000 -0.024 -0.044
0.7000 | VR/V -0.059 -0.074 -0.083 -0.095 -0.107 -0.118 -0.138  -0.131 0.016 0.034  0.021
-0.145 -0.138 -0.123 -0.112 -0.103 -0.091 -0.078 -0.067  -0.052 -0.036 -0.003
-0.034 -0.007 -0.017 -0.023 -0.062 -0.125 -0.197 -0.200  -0.200 -0.189 -0.176
VTIV -0.157 -0.145 -0.119 -0.102 -0.080 -0.052 0.003  0.203 0.080 -0.031 -0.117
-0.155 -0.002 0.039 0.069 0.099 0.122 0.151 0.173 0.187 0.212  0.215
0.075 0.073 0.084 0.060 0.127 0.323 0.645 0.844 0.903 0.945  0.955
VXIV 0959 0956 0.953 0.951 0955 0.952 0.954  0.907 0.055 0.022 0.142
0933 0962 0.963 0.957 0960 0.960 0.956  0.949 0.941 0.935 0.885
0.020 -0.012 0.007 -0.009 0.057 0.007 0.060  0.057 0.005 -0.043 -0.075
0.9000 | VR/V -0.094 -0.118 -0.138 -0.151 -0.162 -0.180 -0.187 -0.196 0.046 0.019  0.065
-0.195 -0.186 -0.178 -0.161 -0.144 -0.137 -0.118  -0.095 -0.071 -0.040 0.010
-0.006 -0.062 -0.005 -0.014 -0.066 -0.122 -0.160 -0.192  -0.190 -0.177  -0.162
VTIV -0.143 -0.132 -0.120 -0.099 -0.080 -0.066 -0.046  0.054 0.038 -0.017 -0.131
-0.072 0.009 0.030 0.046 0.064 0.086 0.099 0.114 0.126 0.143  0.148
0.047 0.026 0.043 0.037 0.079 0.270 0.658  0.808 0.901 0935 0.937
VXIV 0943 0.940 0.946 0943 0943 0.950 0.959  0.968 0.070 0.027  0.450
0980 0981 0.983 0973 0967 0.965 0.945  0.943 0.938 0931 0.869
-0.010 0.016 -0.005 0.009 0.030 -0.002 0.042 0.031 -0.024 -0.058 -0.084
1.1000 | VR/V -0.103 -0.124 -0.132 -0.146 -0.159 -0.168 -0.186 -0.169  -0.017 0.023 -0.151
-0.183 -0.188 -0.173 -0.160 -0.152 -0.139 -0.121  -0.109  -0.089 -0.067 -0.027
-0.041 -0.026 -0.036 -0.032 -0.066 -0.135 -0.212  -0.214  -0.209 -0.190 -0.174
VTIV -0.154 -0.141 -0.117 -0.104 -0.085 -0.066 -0.043  0.038 0.060 -0.026  -0.086
-0.029 0.041 0.065 0.080 0.105 0.123 0.149  0.170 0.185 0212 0.221
/R 0.300 0.400 0500 0.600 0.700 0.800 0.900 1.000 Volumetric

VXIV | 0.365 0541 0.629 0.660 0.672 0.680 0.685 0.683 Mean of VX/V = 0.650

VR/V | -0.084 -0.069 -0.056 -0.047 -0.046 -0.052 -0.061 -0.067 Nominal Wake
VT/V | -0.002 -0.030 -0.041 -0.023 -0.003 -0.006 -0.016 -0.014 Fraction(WN) = 0.350
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Table 24 Measured Velocity Components and Circumferential
Mean Velocities-11 (KS1286, Design draft, 4.0knots)
Test Number s1286K04 | Load Condition  Design Ship Speed(knots) 4.00 | Water Temp.(deg) 18.4
Rake Number M1-5 TF/TA(m) 2.25 2.25 Model Speed(m/s)  0.7305 | Model Prop. Dia(m)  0.2500
Angle 300 310 320 330 340 350 355 360
(Deg.)
r/R
0.238 0.147 0.078 0.039 0.080 0.057 0.033 0.024
VXIV
-0.060 -0.052 -0.014 -0.019 -0.012 -0.018 -0.027  -0.020
0.3000 | VRV
0.074 0.054 0.065 0.036 0.024 0.018 0.024  0.022
VTIV
0.718 0483 0.216 0.138 0.095 0.099 0.086  0.106
VXIV
0.008 0.005 -0.022 -0.021 -0.023 -0.022 -0.028  -0.021
0.5000 | VRV
0.175 0122 0.008 -0.041 -0.082 -0.085 -0.076  -0.091
VTIV
0.764 0552 0266 0122 0.091 0.100 0.116  0.040
VXIV
0.007 0.009 0.010 0.004 0.001 0.003 0.001  0.001
0.7000 | VRV
0.202 0.173 0103 0.020 -0.018 -0.013 -0.011 -0.034
VTIV
0.806 0.648 0.277 0.044 0.047 0.061 0.081  0.075
VXIV
0.039 0.056 0.046 0.022 -0.007 0.006 0.009  0.020
0.9000 | VRV
0.154 0.151 0.094 0.023 0.008 -0.003 0.000 -0.006
VTIV
0.762 0568 0.222 0.081 0.025 0.039 0.046  0.047
VXIV
0.019 0.022 0.012 0.026 -0.003 -0.004 0.006 -0.010
1.1000 | VRV
0.215 0.200 0.116 0.056 -0.021 -0.033 -0.036  -0.041
VTIV
IR 0.300 0.400 0,500 0.600 0.700 0.800 0.900 1.000 Volumetric
VXV | 0.365 0.541 0.629 0.660 0.672 0.680 0.685 0.683 Mean of VX/V = 0.650
VR/V | -0.084 -0.069 -0.056 -0.047 -0.046 -0.052 -0.061 -0.067 Nominal Wake
VT/V | -0.002 -0.030 -0.041 -0.023 -0.003 -0.006 -0.016 -0.014 Fraction(WN) = 0.350
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Table 25 Harmonic Analysis of Velocity Components
(KS1286, Design draft, 4.0knots)

Test Number s1286K04 | Load Condition  Design Ship Speed(knots) 4.00 | Water Temp.(deg) 18.4
Rake Number M1-5 TF/TA(m) 2.25 2.25 Model Speed(m/s)  0.7305 | Model Prop. Dia(m)  0.2500
k 0 1 2 3 4 5 6 7 8 9 10

/R Harmonic analysis of axial velocity component
a(k) 0.365 -0.211 -0.209 0.095 -0.022 0.061 -0.036 0.024  -0.026 -0.002 -0.012
0.3000 | b(k) 0.000 0.032 -0.001 0.001 -0.008 -0.010 0.006 -0.005 0.013 -0.005 -0.002
c(k) 0.365 0.214 0.209 0.095 0.024 0.062 0.037 0.024  0.029 0.006  0.012
a(k) 0.629 -0.281 -0.337 0.033 -0.064 0.116 -0.032  0.056  -0.049 0.027 -0.028
0.5000 | b(k) 0.000 0.027 0.006 0.003 0.003 -0.005 -0.006 -0.011  -0.003 -0.005  0.002
c(k) 0.629 0.282 0.337 0.033 0.064 0.116 0.032  0.057 0.049 0.027  0.029
a(k) 0.672 -0.313 -0.323 -0.007 -0.069 0.125 -0.032  0.087  -0.063 0.051 -0.063
0.7000 | b(k) 0.000 0.005 0.027 0.001 0.003 -0.016 -0.007  -0.009 0.006 -0.001  0.006
c(k) 0.672 0314 0324 0.007 0.069 0.126 0.033  0.087 0.063 0.051 0.064
a(k) 0.685 -0.345 -0.324 -0.030 -0.055 0.121 -0.014  0.096  -0.059 0.057 -0.078
0.9000 | b(k) 0.000 0.007 0.012 0.003 0.005 0.001 0.002 -0.004 -0.001 -0.006  -0.002
c(k) 0.685 0.345 0325 0.030 0.056 0.121 0.015 0.097 0.059 0.057 0.078
a(k) 0.677 -0.376 -0.312 -0.038 -0.042 0.114 -0.012  0.081  -0.057 0.050 -0.073
1.1000 | b(k) 0.000 0.005 0.019 -0.002 -0.001 -0.009 -0.002  -0.002 0.007 -0.001  0.007
c(k) 0.677 0376 0.313 0.038 0.042 0.115 0.012  0.081 0.058 0.050  0.073

/R Harmonic analysis of radial velocity component
a(k) -0.084 0.048 0.043 -0.038 0.029 -0.027 0.014 -0.014 0.011 -0.005  0.008
0.3000 | b(k) 0.000 -0.005 0.002 -0.005 0.001 -0.001 -0.001  0.001  -0.001 0.001  0.000
c(k) 0.084 0.048 0.043 0.039 0.029 0.027 0.014 0014 0.011 0.005  0.008
a(k) -0.056 0.056 -0.002 -0.046 0.016 -0.018 0.028 -0.018 0.017 -0.019 0.014
0.5000 | b(k) 0.000 0.005 0.006 0.000 -0.002 -0.005 -0.002 -0.003  -0.001 -0.002  0.000
c(k) 0.056 0.057 0.006 0.046 0.016 0.019 0.028  0.018 0.017 0.019 0.014
a(k) -0.046  0.066 -0.002 -0.020 0.005 -0.010 0.016 -0.011 0.012 -0.013  0.014
0.7000 | b(k) 0.000 0.004 0.000 0.001 0.000 0.000 -0.001  0.000 -0.001 0.001  0.000
c(k) 0.046 0.066 0.002 0.020 0.005 0.010 0.016 0.011 0.012 0.013 0.014
a(k) -0.061 0.103 -0.002 -0.043 0.001 -0.015 0.024 -0.013 0.018 -0.021  0.018
0.9000 | b(k) 0.000 0.000 0.001 0.000 0.000 0.000 0.001  0.002 0.001 -0.002 -0.004
c(k) 0.061 0.103 0.002 0.043 0.001 0.015 0.024  0.013 0.018 0.021  0.018
a(k) -0.071  0.099 0.003 -0.029 -0.003 -0.011 0.017 -0.008 0.010 -0.015  0.009
1.1000 | b(k) 0.000 0.003 0.000 0.001 -0.002 0.001 -0.001  0.003  -0.001 0.004 -0.003
c(k) 0.071  0.099 0.003 0.029 0.003 0.011 0.017  0.008 0.010 0.015  0.009

/R Harmonic analysis of tangential velocity component

a(k) -0.002 0.015 0.004 0.003 -0.002 -0.006 0.000 -0.006 0.002 0.002  0.003
0.3000 | b(k) 0.000 -0.057 -0.058 0.089 -0.049 0.034 -0.023  0.016 -0.013 0.007 -0.008
c(k) 0.002 0.059 0.058 0.089 0.049 0.035 0.023  0.017 0.013 0.008  0.008
a(k) -0.041 -0.018 -0.018 -0.001 0.008 0.006 0.010  0.007 0.003 0.003 -0.001
0.5000 | b(k) 0.000 -0.149 -0.048 0.068 -0.016 0.057 -0.033  0.033  -0.032 0.027 -0.020
c(k) 0.041 0.150 0.051 0.068 0.018 0.058 0.034  0.033 0.032 0.027  0.020
a(k) -0.003 -0.008 -0.009 -0.003 0.004 0.002 0.001 0.001 -0.002 0.004 -0.002
0.7000 | b(k) 0.000 -0.167 -0.034 0.041 0.006 0.038 -0.015  0.022  -0.024 0.016 -0.021
c(k) 0.003 0.168 0.035 0.041 0.007 0.038 0.015 0.022 0.024 0.016  0.021
a(k) -0.016 0.003 0.001 0.001 -0.001 -0.001 -0.001  0.002  -0.001 -0.001  -0.005
0.9000 | b(k) 0.000 -0.142 -0.026 0.019 0.013 0.023 -0.002  0.008 -0.011 0.006 -0.013
c(k) 0.016 0.142 0.026 0.019 0.013 0.023 0.003  0.008 0.012 0.006 0.014
a(k) -0.004 -0.009 -0.013 -0.005 -0.002 -0.001 -0.003 -0.001  -0.002 0.002  0.000
1.1000 | b(k) 0.000 -0.179 -0.030 0.021 0.023 0.025 0.003 0.007 -0.010 0.004 -0.009
c(k) 0.004 0179 0.032 0.022 0.024 0.025 0.004  0.007 0.010 0.005  0.009
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Table 26

ol

A=

Measured Velocity Components and Circumferential
Mean Velocities-1 (KS1286, Design draft, 11.5knots)

5/30/2012

Test Number s1286K03 | Load Condition  Design Ship Speed(knots) 11.50 | Water Temp.(deg) 18.4
Rake Number M1-5 TF/TA(m) 2.25 2.25 Model Speed(m/s) 2.1001 | Model Prop. Dia(m)  0.2500
Angle 0 5 10 20 30 40 50 60 70 80 90
(Deg.) 100 110 120 130 140 150 160 170 175 180 185
/'R 190 200 210 220 230 240 250 260 270 280 290
0.005 0.005 0.030 0.026 0.094 0.172 0.313 0.442 0.569 0.644 0.697
VXIV 0.713 0761 0.777 0.746 0.735 0.672 0.568  0.398 0.236 0.089  0.197
0355 0565 0.697 0.741 0.765 0.765 0.740  0.706 0.653 0579 0.528
-0.004 -0.002 -0.012 -0.018 -0.032 -0.050 -0.048 -0.056  -0.055 -0.073  -0.097
0.3000 | VR/IV -0.118 -0.150 -0.176 -0.197 -0.207 -0.191 -0.169  -0.036 0.045 0.074  0.039
-0.036 -0.148 -0.206 -0.211 -0.198 -0.174 -0.147  -0.124 -0.104 -0.086 -0.072
-0.005 -0.004 0.010 -0.027 -0.038 -0.072 -0.087 -0.122  -0.155 -0.160 -0.153
VTIV -0.126 -0.112 -0.072 -0.025 0.066 0.123 0.202 0.244 0.201 0.031 -0.169
-0.213 -0.188 -0.117 -0.037 0.057 0.093 0.116  0.138 0.155 0.156  0.149
0.040 0.041 0.044 0.063 0.210 0.492 0.742  0.878 0.914 0.938 0.954
VXIV 0.959 0960 0960 0.950 0.943 0.920 0.863  0.430 0.186 0.120 0.221
0489 0.857 0900 0.923 0.929 0.925 0930 0.918 0.915 0.895 0.885
-0.011 -0.009 -0.011 -0.008 0.019 0.044 0.055  0.037 0.009 -0.037  -0.070
0.5000 | VRIV -0.102 -0.125 -0.149 -0.172 -0.191 -0.213 -0.242  -0.109 0.066 0.100  0.056
-0.152 -0.240 -0.208 -0.191 -0.171 -0.153 -0.125 -0.105 -0.076 -0.043  -0.006
-0.035 -0.036 -0.038 -0.053 -0.109 -0.183 -0.228 -0.231  -0.217 -0.209  -0.193
VTIV -0.177 -0.155 -0.131 -0.108 -0.078 -0.007 0.089  0.290 0.166 -0.092 -0.192
-0.288 -0.111 -0.044 0.038 0.075 0.114 0.140 0.167 0.186 0.198  0.200
0.052 0.012 0.012 0.090 0298 0.529 0.793  0.898 0.921 0926  0.937
VXIV 0.938 0936 0942 0.942 0.950 0.947 0.934  0.706 0.089 0.044 0.161
0779 0931 0.946 0.949 0948 0.948 0937 0934 0.929 0923 0914
0.003 0.010 0.001 0.016 0.004 0.011 0.025 0.011 -0.013 -0.033  -0.056
0.7000 | VRV -0.075 -0.097 -0.114 -0.136 -0.159 -0.178 -0.209 -0.205 0.036 0.037 0.014
-0.220 -0.216 -0.187 -0.162 -0.143 -0.123 -0.104 -0.085 -0.066 -0.043  -0.008
-0.002 -0.012 -0.010 -0.058 -0.130 -0.179 -0.215 -0.216  -0.218 -0.198 -0.181
VTIV -0.161 -0.148 -0.127 -0.103 -0.075 -0.035 0.040 0.220 0.081 -0.021  -0.136
-0.167 0.037 0.057 0.083 0.114 0.142 0.166 0.188 0.210 0.224 0.239
0.028 0.029 0.022 0.072 0285 0.600 0.769  0.878 0.920 0.943  0.956
VXIV 0.962 0969 0974 0.969 0.973 00972 0.969  0.953 0.048 0.035 0.168
0971 0965 0.966 0.966 0.967 0.962 0.967 0.958 0.954 0.944  0.930
0.012 0.010 0.003 0.039 0.014 0.075 0.073 0.038 -0.018 -0.055 -0.086
0.9000 | VR/V -0.112 -0.130 -0.149 -0.166 -0.182 -0.196 -0.211  -0.231 0.041 0.029 0.066
-0.214 -0.206 -0.188 -0.177 -0.161 -0.148 -0.127 -0.110 -0.087 -0.054 -0.010
-0.025 -0.026 -0.018 -0.069 -0.144 -0.221 -0.238  -0.250 -0.234 -0.214 -0.194
VTIV -0.175 -0.154 -0.134 -0.114 -0.092 -0.067 -0.044 0.056 0.026 -0.013 -0.152
-0.059 0.006 0.025 0.047 0.063 0.083 0.100 0.116 0.130 0.145  0.152
0.017 0.018 0.009 0.025 0.149 0.425 0.743  0.869 0.941 0.947  0.984
VXV 0.990 0.995 1.000 1.005 1.017 1.017 1.016 1.029 0.252 0.210 0.699
1.027 1039 1.034 1025 1020 1.014 1.003 1.001 0.989 0.983 0.964
0.015 0.015 0.003 0.009 -0.014 0.013 0.043 0.014 -0.042 -0.069 -0.093
1.1000 | VR/V -0.110 -0.127 -0.141 -0.154 -0.169 -0.178 -0.190 -0.165 -0.017 0.011 -0.145
-0.182 -0.194 -0.182 -0.169 -0.159 -0.147 -0.131  -0.115 -0.097 -0.073  -0.045
0.007 -0.014 -0.008 -0.022 -0.098 -0.172 -0.233 -0.228  -0.223 -0.197 -0.172
VTIV -0.153 -0.139 -0.120 -0.102 -0.085 -0.062 -0.036  0.024 0.012 -0.001  0.013
-0.031 0.041 0.066 0.085 0.109 0.129 0.150 0.170 0.194 0.210  0.233
/IR 0.300 0400 0500 0.600 0.700 0.800 0.900 1.000 Volumetric
VXIV | 0.456 0595 0670 0.691 0.698 0.709 0.725 0.739 Mean of VX/V = 0.689
VR/V | -0.091 -0.080 -0.072 -0.067 -0.066 -0.066 -0.068 -0.072 Nominal Wake
VT/V | 0.003 -0.014 -0.017 -0.002 0.007 -0.010 -0.028 -0.021 Fraction(WN) = 0.311
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Table 27
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Measured Velocity Components and Circumferential

Mean Velocities-11 (KS1286, Design draft, 11.5knots)

5/30/2012

Test Number s1286K03 | Load Condition  Design Ship Speed(knots) 11.50 | Water Temp.(deg) 18.4
Rake Number M1-5 TF/TA(m) 2.25 2.25 Model Speed(m/s)  2.1001 | Model Prop. Dia(m)  0.2500
Angle 300 310 320 330 340 350 355 360
(Deg.)
r/R
0359 0.234 0.107 0.067 0.062 0.011 0.011 0.005
VXIV
-0.063 -0.053 -0.035 -0.022 0.004 -0.008 -0.008  -0.004
0.3000 | VRV
0.103 0.072 0.054 0.024 0.005 0.011 0.011 -0.005
VTIV
0.850 0.664 0410 0.166 0.062 0.040 0.035  0.040
VXIV
0.017 0.025 0.008 0.012 -0.022 -0.012 -0.012 -0.011
0.5000 | VR/V
0.210 0191 0.135 0.050 -0.005 -0.035 -0.031  -0.035
VTIV
0.880 0.744 0477 0164 0.036 0.022 0.047 0.052
VXIV
0.013 0.027 0.017 0.007 0.017 0.002 0.007  0.003
0.7000 | VR/V
0.242 0225 0.178 0.096 0.033 0.019 0.004 -0.002
VTIV
0.892 0.775 0556 0.253 0.023 0.015 0.023  0.028
VXIV
0.033 0.060 0.049 0.038 0016 0.010 0.019 0.012
0.9000 | VRV
0.162 0.161 0.145 0.104 0.023 -0.016 -0.024  -0.025
VTIV
0904 0776 0545 0321 0027 0.014 0.017  0.017
VXIV
0.018 0.043 0.017 -0.016 0.010 0.011 0.014  0.015
1.1000 | VRV
0.244 0233 0190 0.075 0.024 0.015 0.018  0.007
VTIV
r/R 0.300 0.400 0500 0.600 0.700 0.800 0.900 1.000 Volumetric
VXIV | 0.456 0595 0.670 0.691 0.698 0709 0.725 0.739 Mean of VX/V = 0.689
VR/V | -0.091 -0.080 -0.072 -0.067 -0.066 -0.066 -0.068 -0.072 Nominal Wake
VT/V | 0.003 -0.014 -0.017 -0.002 0.007 -0.010 -0.028 -0.021 Fraction(WN) = 0.311
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Table 28

Harmonic Analysis of Velocity Components

of

A=

(KS1286, Design draft, 11.5knots)

5/30/2012

Test Number s1286K03 | Load Condition  Design Ship Speed(knots) 11.50 | Water Temp.(deg) 18.4
Rake Number M1-5 TF/TA(m) 2.25 2.25 Model Speed(m/s)  2.1001 | Model Prop. Dia(m) 0.2500
k 0 1 2 3 4 5 6 7 8 9 10

/R Harmonic analysis of axial velocity component
a(k) 0456 -0.273 -0.249 0.077 -0.042 0.067 -0.028 0.023  -0.030 0.016 -0.014
0.3000 | b(k) 0.000 0.019 0.015 -0.003 -0.008 -0.004 -0.008  0.002  -0.004 0.005  0.002
c(k) 0.456 0.274 0.250 0.077 0.043 0.067 0.029  0.023 0.030 0.016 0.014
a(k) 0.670 -0.267 -0.360 -0.024 -0.112 0.100 -0.027  0.084  -0.036 0.037 -0.034
0.5000 | b(k) 0.000 0.022 0.008 0.002 0.004 -0.006 -0.003  -0.009 0.002 -0.002  0.007
c(k) 0.670 0.267 0.360 0.024 0.112 0.100 0.027  0.084 0.036 0.038  0.035
a(k) 0.698 -0.286 -0.336 -0.060 -0.119 0.089 -0.033  0.095 -0.045 0.060 -0.055
0.7000 | b(k) 0.000 0.009 0.017 0.011 0.010 0.000 0.001 -0.010 -0.001 -0.010 -0.002
c(k) 0.698 0.286 0.336 0.061 0.119 0.089 0.033  0.096 0.045 0.061  0.055
a(k) 0.725 -0.309 -0.323 -0.075 -0.116 0.068 -0.039  0.094 -0.044 0.079 -0.057
0.9000 | b(k) 0.000 0.003 0.004 0.006 0.008 0.003 0.002 -0.004 0.000 -0.004  0.003
c(k) 0.725 0309 0.324 0076 0.116 0.068 0.039  0.094 0.044 0.079  0.058
a(k) 0.751 -0.373 -0.312 -0.088 -0.084 0.066 -0.016  0.076  -0.033 0.053 -0.045
1.1000 | b(k) 0.000 -0.020 -0.015 -0.017 -0.004 -0.003 0.008  0.006 0.016 0.004  0.009
c(k) 0.751 0373 0313 0.090 0.085 0.066 0.018 0.076 0.036 0.053  0.046

/R Harmonic analysis of radial velocity component
a(k) -0.091 0.066 0.036 -0.040 0.042 -0.026 0.021 -0.017 0.011 -0.011  0.008
0.3000 | b(k) 0.000 0.002 -0.001 -0.004 -0.004 -0.002 0.002 -0.001 0.002 0.000  0.000
c(k) 0.091 0.066 0.036 0.040 0.042 0.026 0.021  0.017 0.011 0.011  0.008
a(k) -0.072  0.100 -0.001 -0.052 0.016 -0.027 0.032 -0.023 0.025 -0.022  0.022
0.5000 | b(k) 0.000 0.006 0.005 0.003 -0.001 0.000 -0.003  0.002  -0.002 0.003 -0.001
c(k) 0.072 0100 0.005 0.052 0.016 0.027 0.032  0.023 0.025 0.022  0.022
a(k) -0.066  0.099 -0.008 -0.023 0.009 -0.016 0.023 -0.017 0.019 -0.021  0.017
0.7000 | b(k) 0.000 0.003 -0.003 -0.001 0.000 0.002 -0.001  0.001  -0.001 0.001  0.000
c(k) 0.066 0.099 0.009 0.023 0.009 0.016 0.023  0.017 0.019 0.021  0.017
a(k) -0.068 0.118 0.005 -0.041 -0.002 -0.022 0.024 -0.013 0.023 -0.020  0.019
0.9000 | b(k) 0.000 0.000 0.003 0.000 0.001 -0.002 -0.001  -0.001 0.002 0.001  0.003
c(k) 0.068 0.118 0.006 0.041 0.003 0.022 0.024  0.013 0.023 0.020 0.019
a(k) -0.077 0101 0.008 -0.028 0.000 -0.011 0.023 -0.001 0.016 -0.013  0.005
1.1000 | b(k) 0.000 0.002 -0.002 0.000 -0.001 0.002 -0.002  0.002  -0.003 0.002 -0.003
c(k) 0.077 0101 0.008 0.028 0.001 0.011 0.023  0.002 0.016 0.014  0.005

/R Harmonic analysis of tangential velocity component
a(k) 0.003 -0.010 0.003 0.004 0.002 0.000 0.003 -0.002 0.004 -0.001  0.000
0.3000 | b(k) 0.000 -0.090 -0.062 0.092 -0.048 0.043 -0.035  0.022 -0.013 0.015 -0.013
c(k) 0.003 0.091 0.062 0.092 0.048 0.043 0.035  0.023 0.013 0.015 0.013
a(k) -0.017 -0.005 -0.012 -0.002 0.002 0.000 0.000 0.002 -0.003 0.003 -0.004
0.5000 | b(k) 0.000 -0.168 -0.068 0.056 -0.025 0.061 -0.028  0.040 -0.031 0.023 -0.024
c(k) 0.017 0.169 0.069 0.056 0.025 0.061 0.028  0.040 0.031 0.023  0.024
a(k) 0.007 -0.009 -0.005 -0.004 0.002 0.005 -0.001  0.008 -0.004 0.006 -0.007
0.7000 | b(k) 0.000 -0.193 -0.056 0.025 -0.006 0.039 -0.014  0.027  -0.021 0.021 -0.020
c(k) 0.007 0193 0.056 0.025 0.007 0.039 0.014  0.028 0.021 0.022  0.022
a(k) -0.028 -0.005 0.008 0.006 0.002 -0.001 -0.003  0.000 -0.003 0.002 -0.003
0.9000 | b(k) 0.000 -0.171 -0.051 0.004 0.005 0.023 0.004 0.017 -0.004 0.011 -0.007
c(k) 0.028 0.171 0.052 0.007 0.005 0.023 0.005 0.017 0.005 0.012  0.008
a(k) 0.003 0.000 -0.004 0.000 0.002 0.001 0.001  0.002 0.002 0.000  0.000
1.1000 | b(k) 0.000 -0.192 -0.045 0.010 0.021 0.027 0.007 0.009 -0.006 0.001 -0.009
c(k) 0.003 0192 0.045 0.010 0.021 0.027 0.007  0.009 0.007 0.001  0.009

F-1






of

A=

Figure 1

Photographs of the Model Ship
(KS1286)
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Drawing of the Stock Propeller
(KP935)

Figure 2
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Drawing of the Design Propeller
(KP1064)
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Figure 4

Photographs of the Design Propeller and Duct
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Figure 5 Open-Water Characteristics of the Stock Propeller
° (KP935)
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Fiqure 6 Open-Water Characteristics of the Design Propeller
° (KP1064)
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Fiqure 7 Open-Water Characteristics of the Design Propeller
: (CFD Result)
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, Resistance Coefficients
Figure 8 (KS1286, Design draft)
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Propulsive Coefficients

Figure 9 :
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Fiqure 10 Prediction of Powering Performance
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Radial Distibution of Circumferential Mean Velocity
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Photographs of the Running Ship Model
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Photographs of the Running Ship Model
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Figure 26

Paint Test Results — 1
(KS1286, Design draft, 11.5 knots)
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Paint Test Results — 2
(KS1286, Design draft, 11.5 knots)
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A. Test Descriptions

A-1 Propulsion Tests

Model tests required for the full scale performance prediction comprise the resistance test,
the self-propulsion test and the propeller open-water test.
In the resistance test the model is towed at the speeds giving the same Froude numbers for

the model and ship, and the total resistance of the model R; is measured.

In the self-propulsion test, the model is propelled with its own propeller at the so-called
ship propulsion point over the desired range of speeds. In order to compensate for the model's
increased frictional resistance due to the difference in Reynolds numbers of the model and
ship, the model is towed by the resistance dynamometer. This towing force is calculated as
follows:

Fo :%pMSMVI\i [CVM _(CFS +CA)] @

For each speed, propeller thrust (T,, ), torque (Q,,) and propeller revolution (N,, ) are

measured.
In these tests, a model is connected to the towing carriage by a resistance dynamometer at
the center of buoyancy and restrained from yaw and sway.

To get the open-water characteristics of the propeller, the open-water test is performed and
thrust, torque and rate of revolution are measured, keeping the rate of advance is varied so that
a loading range of the propeller is examined.

A-1.1 Analysis of Model Test Results

Model Resistance R; measured in the resistance tests is expressed in the non-
dimensional form

R
% ©)
2 PSuVi

C, =

This is reduced to the residual resistance coefficient C. by following relation.

Cr :CTM _CFM ®)

Thrust T,,, and torque Q,,, measured at the self-propulsion tests are expressed in non-
dimensional form as follows:



TM
T pNE DY
__ Qu
NG Dy,

(4)

()

With K; = asinput, J; and Ko, are read off from the model propeller characteris-

tics. Then the wake fraction w;,, and the relative rotative efficiency 7, are calculated by
the following relations.

‘JTM DP N M
Wy, =1——-% — (6)
™ VM
K
Qmv
Mg =——— (7)
KQM
The thrust deduction is obtained from
T, —-R. +F
t _ ( M Tvc D) (8)

Ty

where R; is the resistance corrected for the differences in temperature between re-
sistance and self-propulsion tests:

C. +C
R, =R ﬁ
Fu R

©)

where C. s the frictional resistance coefficient at the temperature of the self-
propulsion test.

A-1.2 Total Resistance of Ship

The total resistance coefficient of a ship is defined as

Cr, =Cp +C,+Cr +Cpa (10)

where C,, isthe air resistance coefficient:

2

A Vi
C,n =000l x —Lx —R~ (11)
AA SS VSQ



where V, is the relative head wind speed.
If the ship is fitted with bilge keels, the total resistance coefficient is calculated as follows:

S, +S
L= %x(c% +C,)+Co+Cpy (12)
S

A-1.3 Scale Effect Corrections for Propeller Characteristics

The characteristics of the full scale propeller are calculated from the model characteristics
as follows:

TOS TOM AI‘<TO (13)
KQos - KQOM _AKQO (14)
where
AK, =—AC, x0.3x 0%, CoreZ (15)
° D
P P
z
AK, =AC, x0.25x 218 (16)
{0} DP
and AC, isthe difference in drag coefficient, such that
AC, =Cp, —Cp, (17)
where
t
Co, =2><(1+2 °‘7RM]X(O'S:M - J (18)
C0.7R RnO.7R RnO.7R
t0'7RM Co 7R -
Cp, =2x|1+2— x| 1.89+1.62log —— (19)
C0.7R kP
If AC, is less than zero,
AC, =0 (20)

is used.

The blade roughness k, is assumed as3x10°m, and the local Reynolds number at



0.7R is calculated as follows:

35 +(0.7z)
Riozr = Co.7ry, Ny DPM (21)
Vm

A-1.4 Full Scale Wake

The full scale wake is calculated from the model wake w,, , and the thrust deduction t :

Ce, +C,

Wy = (t+0.04)+(w;,, —t—0.04)x (22)

FMC

In the formula, the factor 0.04 is used to take account for rudder effect. If full scale wake
Wi is greater than model wake wy,, , following formula is used.

Wrs = Why (23)

A-1.5 Standard Prediction

The load of the full scale propeller is obtained from the following relation.

(24)

ﬁ: SS % CTS
L Iy (Y

With this value of K, /J? asinput, Jand Ko, are read off from the full scale pro-
peller characteristics and the following quantities are calculated.

* the effective power:
P. =1.36% % SV3C, x10°:(PS) (25)
* the rate of revolutions:

_ =W Vs gps) (26)

S
‘]TS DPS

* the delivered power:

K
P, =1.36x 27 x psDj, N§ —2=x107° : (PS) 27)

R



* the thrust of the propeller:

K
Ts =J_;JTZSPSD;SNSZ :(N) (28)

* the torque of the propeller:

K
Qs =—2= psDa N2 :(N—m) (29)

R

* the total efficiency:

I:>E
_ 30
o P (30)
* the hull efficiency:
1-t
= 31
U 1-w, (31)

A-2 Wake Survey Test

The wake survey test to determine the axial, radial and tangential velocity components in
the propeller plane is executed by means of a rake assembly of 5 pitot tubes. The head of each
pitot tube contains five holes joined by small diameter internal tubes: one on the center, one
pair aligned with the radial plane, and the other pair in the tangential plane. Four static holes
joined to a common internal tube is located at the middle part of each pitot tube.

A-2.1 Velocity Components

The pressure difference between center and static holes is measured by the differential
type pressure transducer and the axial velocity component V, can be obtained. From the re-

sults, iso-axial velocity contours are plotted to give the wake distribution at the propeller plane.

The tangential and radial velocity components V, and V, can be computed from the
pressure differences between the pair of holes in the tangential and radial plane, respectively.
Also the transverse component of velocity vector V,, is computed as follows:

Vie = \/Vt2 +Vr2 (32)

The transverse flow direction at the propeller plane can be easily seen by plotting these ve-
locity vectors.



A-2.2 Harmonic Series

The velocity components at the propeller plane are considered as a periodic function of
period 2z for each radius and represented by the Fourier Series.

V, = a,+ Zn:(ak cos(k@)+b, sin(k@))
k=1 (33)

a, + Zn:(ck cos(k@ -4, ))

A-2.3 Mean Velocity Components

Circumferential mean velocity is the mean value of the measured velocity at the radius
$r$ and computed as follows:

VM_ 1 27

== Vi(0)de (34)
27 90

Total mean velocity is obtained from the value of circumferential mean velocity from
propeller hub to propeller tip at the propeller plane and computed as follows:

27r'|.:pVMi -r-dr
VTMi = ”(r pz _ rhz) (35)

Wake fraction represents the nominal wake fraction without propeller at the stern and is
computed as follows:

WN =1—7 :1_VTMX (36)
Yo(+upward) (+downstream)
XO: VX
(+outward)
T 8,V [(+clockwise)
Propeller Z, (+port)

Plane Q
0



B. Nomenclature

B-1 Geometry of Ship and Propeller

Symbol C.Symbol Title Definition
A AE Expanded blade area Outside of hub
Ay AM Midship section area Midway between
FP and AP
A, AO Propeller disc area D}
4
A, - Projected area
A AT Transverse projected area of ship above wa-
terline
A, AW Waterplane area
05 - Longitudinal clearance from propeller to stern
frame at a height of 0.8R above the propeller
axis.
a, Vertical clearance to hull
B B Breadth, moulded of ship
BA BA Bulb section area in submerged part at FP
BAR BAR Bulb-midship section area ratio BA
AM
BB BB Bulb breadth in submerged part
BBR BBR Bulb-midship breadth ratio BB
B
BH BH Bulb height of maximum length position
BHR BHR Bulb height-fwd draft ratio BH
TF
BL BL Bulb length from maximum fore end to AP in
submerged part
BLR BLR Bulb-ship length ratio BL
LPP
Y C Chord length of propeller blade section
5 CB Block coefficient \
L.,BT
Cy CM Midship section coefficient "
BT
Cp CP Prismatic coefficient, longitudinal \
AM LPP
Cy Cw Load waterline coefficient A,




Symbol C.Symbol
CRyr CRO070
Corn CHO070

D D

D, DP

d DH

EAR EAR

f, -

G -

h -

HDR HDR

i RAKG
KB KB

LCB LCB

LCF LCF

Los LOS

Lep LPP

Ly, LWL

N, NOPROP
P P

PR, .a PRMEAN
PR, PRROOT
PRy, PRTIP
PR, ¢ PRO70
RDR RDR

S S

Sax SBK

T T

T, TA

T: TF

T TMEAN

Title
Chord length-diameter ratio at 0.7R

Chord length of blade at 0.7R
Depth, moulded of ship
Diameter of a propeller

Hub diameter
Expanded area ratio

Maximum camber of propeller blade section

Non-dimensional circulation

Depth of submergence of the propeller axis

Hub-diameter ratio

Rake from the propeller plane to the tip gener-  Aft displacement

ation line

Center of buoyancy above moulded baseline

Center of buoyancy from midship
Center of floatation from midship
Length overall, submerged
Length between perpendiculars
Length of load waterline

Number of propellers

Propeller pitch in general
Propeller pitch ratio, mean

Propeller pitch ratio at root
Propeller pitch ratio at tip
Propeller pitch ratio at 0.7R
Propeller rake-diameter ratio

Wetted surface area of a ship
Wetted surface area of bilge keels

Draft, moulded of ship
Draft at after perpendicular

Draft at forward perpendicular
Mean draft of AP and FP

Thickness-chord ratio

Definition Unit
Corr
DP
m
m
m
m
AE
A
r
27U
m
d
DP
m
is positive
m
Fwd. positive m
Fwd. positive m
m
m
m
iG
DP
m2
m2
m
m
m
m



Symbol C.Symbol
tRy 75 TRO70
tmO.7R TMO70
Uy -

X, XP

Z NPB

(94 -

5 -

0, SKEW
A SCALE
T -

\Y, DISV

Title

Maximum blade thickness-diameter ratio at t

0.7R

Maximum blade thickness at 0.7R
Resultant velocity at 0.7 radius

Longitudinal propeller position

Number of propeller blades
Angle of attack relative to zero-lift line
Taylor’s diameter coefficient

Skew angle

Scale ratio
Radial circulation distribution
Displacement volume

Definition

mO0.7R

Dp

NDyJ?2 +0.7% 72
Distance between

propeller plane and
AP

Unit

m

deg.



B-2 Resistance and Propulsion

Symbol C.Symbol
C, CA
Cua CAA
Co CD

C, CF

Cy CN

Co CP

C. CR

C, CT

C, CcVv
Cy CW
F FD

Fo, FDO
F, FN

J ADVC
J, ADVCA
Kq KQ
K, KT

k C3

Kp KP

K¢ KS

Title
Incremental resistance coefficient for model-
ship corrlation
AIr resistance coefficient

Drag coefficient of propeller
Specific frictional resistance coefficient

Trial correction for rpm

Trial correction for power

Specific residuary resistance coefficient
Specific total resistance coefficient
Specific total viscous resistance coefficient

Specific wavemaking resistance coefficient

Towing force in a self-propulsion test, meas-
ured
Towing force in a self-propulsion test, calcu-
lated

Froude number
Advance coefficient of ship

Advance coefficient of propeller

Torque coefficient

Thrust coefficient

Three dimensional form factor

Blade roughness of a propeller
Hull roughness of a ship

Definition

Unit

I:QA
Y2 psv*

RAA
Y2 p8V*

RF
1/2 pSV?

3



Symbol C.Symbol

N N

P, PB

P, PD

P PE

Q Q

R, RA

Roaa RAA

R- RF

R, RN

Rq RR

R, RT

R, RV

R, RW

T T

t THDF

\Y \Y

V, VA

w WFT

AC. DCF

AC . DCFC

Mo ETAD

M ETAH

Mo ETAO

7 ETAR

4 NU

P RHO
Subscript M
Subscript S
Subscript T
Subscript O

B-3 Wake Survey

Title
Rate of revolution
Brake power
Delivered power at propeller
Effective power
Torque
Model-ship correlation allowance
Alr resistance
Frictional resistance

Reynolds number

Residuary resistance
Total resistance

Total viscous resistance
Wavemaking resistance

Thrust
Thrust deduction fraction

Speed of ship

Speed of advance of propeller

Taylor wake fraction

Roughness allowance
Trial correction for C.

Propulsive efficiency or quasi-propulsive

coefficient
Hull efficiency
Propeller open-water efficiency

Relative rotative efficiency
Coefficient of kinematic viscosity

Mass density

: Value for model ship or propeller
: Value for full scale ship or propeller

: Value from thrust-identity

Definition

Unit

Due to fluid fric-
tion on surface

R, — R,
Total towed re-
sistance

Due to for-
mation of sur-
face waves

TR,
T

Speed in relation
to water flow
V-V,

V

Pe

L-t)/a-w)

: Value for propeller open-water characteristics

revs/sec
KW,PS
KW,PS
KW,PS
N-—-m
N

N
N

P

m/sec
knot

m?/sec
kg/m?



Symbol C.Symbol Title

a, A Fourier cosine coefficients

a, A0 Fourier coefficient

b, B Fourier sine coefficients

C, C Harmonic amplitude

r R Radial coordinate

\Y \Y Velocity of undisturbed flow or speed of ship
model

V, VI Nondimensional velocity components

Vv, VM Mean velocity at the radius r

Vv, VR Radial velocity component

Vi VTM Mean velocity at the propeller plane

V, VT Tangential velocity component

Vv, VTR Transverse component of velocity vector

Vy, VX Axial velocity component

Wy, WN Froude wake fraction

0 ANG Position angle

@ PHI Phase angle

Subscript i : Axial, radial or tangential velocity components

Definition

Unit

m/sec

m/sec
m/sec
m/sec
m/sec
m/sec
m/sec

deg.
deg.
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1. Introduction
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2. Propeller Geometry

The principal particulars of the design propeller and the propeller drawing are presented in
tables and figures as follows:

Model Propeller Number KP935 KP1064
Principal Particulars of the Propeller Table 1 Table 1
Propeller and Duct Drawing Fig. 1 Fig. 2, Fig. 3

Table 1 Principal Particulars of the Propeller

Model Propeller Number KP935 KP1064
Scale Ratio, 2 7.936 7.936
Full-Scale Propeller Diameter, D, 1.984 m 1.984 m
Model Propeller Diameter, D, 250.0 mm 250.0 mm
Hub-Diameter Ratio, d,, /D 0.1770 0.200
Number of Blades, Z 4 4
Mean Pitch-Diameter Ratio, (P/D), ... 0.6068 0.8046
Expanded Area Ratio, A /A, 0.4974 0.4855
Chord-Diameter Ratio at 0.7R, C,.;/D 0.2834 0.2605
Skew Angle Extent, 6 13.04° 0.0°
Rake-Diameter Ratio at Tip 10.919 mm 0.00 mm
Blade Section Type NACAG6 NACAG6
Propeller Rotation Direction R.H. R.H.
Material of Model Propeller Aluminum Aluminum




3. Tests Descriptions

Wake reproduce results are presented in tables and figures as follows:

(@) Hull Form (KS1286)

Wake Reproduce Results Design Draft
Measured Axial Velocity Contour in Cavitation Tunnel Fig. 4
Measured Axial Velocity along the Circumferential Direction Fig. 5

In Fig. 4 and 5, the reproduced velocity distributions along the circumferential direction at
various radial positions are compared with the corresponding one measured in the KORDI
towing tank. The reproductions are considered acceptable.

The cavitation test conditions are determined by the torque identity method from the re-
sults of resistance, self-propulsion and open-water test in the towing tank. The blade angular
position of a key blade is measured from the vertically upward position in clockwise direction
when the propeller is viewed from afterward. The test items and conditions are as follows:

(b) Cavitation Observations

Propeller KP935 KP1064
Load Condition =3t of ! *=5t oj| @l
Test Condition Table 2 Table 3
Suction Side Cavitation Sketch Fig. 6 Fig. 9 - -

Suction Side Cavitation Photographs Fig. 7-8 | Fig.10-11 | Fig. 14 Fig. 15

Pressure Side Cavitation Sketch - -

Pressure Side Cavitation Photographs - -




(c) Predicted Full-Scale Pressure Fluctuation

Propeller KP935 KP1064
Load Condition B} of ol 23} ol 9!
Test Condition Table 2 Table 3

Table 4 Table 5 - -

Pressure Fluctuation Amplitude
Fig. 12 Fig. 13 - -

The pressure fluctuation was measured on a flat plate above the propeller. The XTM-190-
25A pressure transducers of 25 psi (172.4 kPa) are used to pick up the pressure values. The
five pick-up positions on the plate are depicted below.

Forward

_________ —:6— Starboard
: Center |

|
|
\, | /
i
|

~
'\__’_/-/

Afterward

Location of five pressure transducers on the flat plate

Using the method recommended by ITTC, the full-scale pressure fluctuation amplitudes
can be predicted from the model scale measurement according to the following formula,

2 2
P-:P.x& Ny D,
B " pm nm Dm




Table 2 Conditions for Cavitation Test (KP935)

Model Propeller Number KP935
Load Condition Design draft(Cruse) | Design draft(Trawl)
Test Date February 08, 2011 | February 08, 2011
Water Temperature 4.5°C 4.5°C
Atmospheric Pressure 100.1 kPa 100.1 kPa
Full-Scale Propeller Brake Power 1277.6 PS 1277.6 PS
Full-Scale Propeller Rotational Speed 377.44 rpm 360.56 rpm
Full-Scale Propeller Shaft Submergence 1.787m 1.787m
Dynamometer J25 J25
Tip Clearance 0.2506m 0.2506m
Model Propeller Rotational Speed, n, 25.0rps 25.0rps
Advance Coefficient, J, 0.3367 0.1738
Thrust Coefficient, K, 0.1732 0.2319
Cavitation Number, o, ,x 1.3845 15171
Reynolds Number, R, 0.65x10° 0.65x10°
Air Content, «/a 63.0% 63.0%




Table 3 Conditions for Cavitation Test (KP1064)

Model Propeller Number

Load Condition
Test Date
Water Temperature
Atmospheric Pressure
Full-Scale Propeller Brake Power
Full-Scale Propeller Rotational Speed
Full-Scale Propeller Shaft Submergence
Dynamometer
Tip Clearance
Model Propeller Rotational Speed, n,
Advance Coefficient, J,
Thrust Coefficient, K,
Cavitation Number, o, ,x
Reynolds Number, R,

Air Content, «/a

KP1064
Design draft(Cruse) | Design draft(Trawl)
April 16, 2012 April 16, 2012
12.8°C 12.8°C
100.24 kPa 100.24 kPa
1277.6 PS 1277.6 PS
337.66 rpm 311.03 rpm
1.787m 1.787m
J25 J25
w/ Duct w/ Duct
25.0rps 25.0rps
0.4302 0.3756
0.1874 0.2053
1.6061 1.8928
0.76x10° 0.76x10°
59.8% 59.8%




4. Summery

Based on the cavitation observation and the pressure fluctuation measurement tests, the follow-

ing characteristics can be deduced.

(a) Cavitation Observations (KP935)

Load Condition at Cruse

Vst 72 Suction Side Pressure Side
Type of Cavitation Sheet Cavitation Not Appeared
Range of Blade Angle — 30° ~ 230° -
Maximum Extent 28% at 20° -

Load Condition at Trawl

Test ltem Suction Side Pressure Side
Type of Cavitation Sheet Cavitation Not Appeared
Range of Blade Angle —30° ~ 230° -
Maximum Extent 25% at 20° -
(b) Predicted Full-Scale Peak Pressure Fluctuation(KP935)
Load Condition Cruse Trawl
Harmonic Component 1% Blade Frequency | 2" Blade Frequency
Amplitude 19.493kPa 11.216kPa
Location Center Center

Table 4 The Predicted Full-Scale Pressure Fluctuation Amplitudes

for KP935 in the Load Condition at Cruse

Psi (kPa) Port Center Starboard Forward Afterward
Ps1 4.829 19.493 17.193 6.910 16.967
Ps2 4.898 8.384 8.488 3.154 7.498
Ps3 3.647 5.745 6.453 2.997 5.497
Ps4 3.116 4.764 5.042 2.737 4.503

Table 5 The Predicted Full-Scale Pressure Fluctuation Amplitudes
for KP935 in the Load Condition at Trawl

Psi (kPa) Port Center Starboard Forward Afterward
P 4521 5.822 9.545 1.726 5.058
Ps2 5.162 11.216 7.744 4.295 7.793
Ps3 1.934 7.832 3.139 1.715 3.540
Psa 1.704 4.605 2.043 1.490 2414




(a) Cavitation Observations (KP1064)

Test Item

Load Condition at Cruse

Suction Side Pressure Side
Type of Cavitation Sheet Cavitation Sheet Cavitation
Range of Blade Angle —30° ~90° 50° ~ 280°
Maximum Extent 20% at 30° 3% at 260°

Test Item

Load Condition at Trawl

Suction Side Pressure Side
Type of Cavitation Sheet Cavitation Not Appeared
Range of Blade Angle —30° ~ 80° -

Maximum Extent

15% at 30°
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Duct Propeller
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Figure 3

Drawing of KP1064 Propeller Duct

April 16, 2012

Duct Propeller
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Design Draft

February 08, 2011
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Iso-Axial Velocity Curves of the Wake Reproduced
in the Cavitation Tunnel

Figure 4
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Design Draft

February 08, 2011

Comparison of the Wake Reproduced in the Cavitation

Figure 5 Tunnel with the Wake Measured in the Towing Tank
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Load Condition at

SN Design Draft
Cruse
Figure 6 Sketches of the Cavitation Patterns of KP935 Propeller Suction Side
I:I Continuous type of the sheet Bubble cavitation
cavitation
Intermittent type of the sheet . I
7
g0 cavitation Thick sheet cavitation

Korea Ocean Research & Development Institute
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Cruse

Photographs of the Cavitation Patterns

February 08, 2011

Figure 7 of KP935 Propeller(Cruse) Suction Side
-20° -10° 0°
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Korea Ocean Research & Development Institute F-7
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Cruse

Figure 8

Photographs of the Cavitation Patterns
of KP935 Propeller(Cruse)

February 08, 2011

Suction Side
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Sketches of the Cavitation Patterns of KP935 Propeller

February 08, 2011

Figure 9 (Trawl) Suction Side
I:I Continuous type of the sheet Bubble cavitation
cavitation
777777 | mermitent ype of the sheet Thick sheet cavitation
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Trawl

Photographs of the Cavitation Patterns

February 08, 2011

Figure 10 of KP935 Propeller(Trawl) Suction Side
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Trawl

Figure 11

Photographs of the Cavitation Patterns
of KP935 Propeller(Trawl)

February 08, 2011
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180°

200°

Korea Ocean Research & Development Institute

220°

F-11



Load Condition at
M Design Draft
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February 08, 2011

The Predicted Full-Scale Pressure Fluctuation Amplitudes

Figure 12 for KP935 Cruse
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Load Condition at
M Design Draft
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February 08, 2011

The Predicted Full-Scale Pressure Fluctuation Amplitudes

Figure 13 for KP935 Trawl
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Cruse
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April 16, 2012
Fiqure 14 Photographs of the Cavitation Patterns
g of KP1064 Propeller(Cruse) Suction Side
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Cruse

Figure 15

Photographs of the Cavitation Patterns
of KP1064 Propeller(Cruse)

April 16, 2012
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Trawl

SNz
April 16, 2012
Fiqure 16 Photographs of the Cavitation Patterns
g of KP1064 Propeller(Trawl ) Suction Side
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Nomenclature



H Nomenclature

Symbol Definition
Ac/As Expanded area ratio
C Chord length of propeller blade sections
D Propeller diameter
D, Diameter of a model propeller
DS Diameter of a full-scale propeller
d,/D Hub-diameter ratio
h Depth of submergence of the propeller shaft
Ja Advance ratio based on propeller inflow velocity, v, /nD
K, Propeller thrust coefficient, T/pn?D*
n Number of revolution of a propeller per second, rps
n, Number of revolution of a model propeller per second
n, Number of revolution of a full-scale propeller per second
N Number of revolution of a propeller per minute, rpm
P, Static pressure for calculation of a cavitation number
P, Vapor pressure of sea water or fresh water
P.i i-th harmonic component of pressure fluctuation amplitude of model test
P, i-th harmonic component of pressure fluctuation amplitude of full-scale ship
R Propeller radius
R, Reynolds number, based on ship speed & chord-length of blade section at 0.7R
t, Tip clearance from propeller tip to hull surface vertically
V, Mean axial velocity of onset flow at the propeller plane
\'A Ship speed
w Taylor wake fraction
X,Y,z Cartesian coordinate system, x positive downstream from the propeller plane, and y vertically upward
i and z portside from the propeller axis
Z Number of blades
ala, Aiir content ratio
0 Angular position of the reference line of the key blade of a propeller, measured from a vertically up-
ward position in a propeller rotation direction
A Scale ratio
P Fluid density
P Density of fresh water
P Density of sea water
itati = = 1
Coomr Cavitation number aty = 0.7R,z=0basedonn, (, )/EpnzDz



MODEL TEST REPORT

Title
Aol ofd FXI|el BHAYE S H5EHIL
CH AL M EE Report No.
190 & M2
Ship Owner Project Manager
190 £ Mat iLsung Moon
Ship & Propeller Model No. Date
30-May-2012
Test ltems Scale Ratio
Resistance, Self-propulsion, Wake survey, Paint, Cavi- 1/9.6
tation, Pressure fluctuation
Summary :
KS 1354 (Design draft, 15 £ E)
Z=2EY Pe (kW) Nob Pp (kW) | N(rpm) t Ws NRr
KP827 793 0.578 1371 303.50 0.261 0.281 1.000
KP1069 793 0.558 1421 34423 0.259 0.280 0.998

Maritime and Ocean Engineering Research Institute, KORDI
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Table 1
Table 2
Table 3
Table 4
Table 5
Table 6
Table 7
Table 8
Table 9
Table 10
Table 11
Table 12
Table 13
Table 14

Table 15

Principal Dimensions of the Hull Form (KS13%4) = T-1
Principal Dimensions of the Stock Propeller (KP827) == T-2
Principal Dimensions of the Design Propeller (KP1069) = T-3
Open-Water Characteristics of the Stock Propeller (KP827) = T-4
Open-Water Characteristics of the Design Propeller (KP1069) T-5
Resistance Performance (KS1354, Designdraft)y = T-6
Model Test Results (KS1354, Design draft, StockP.) == T-7
Full Scale Prediction of Powering Performance (KS1354, Design draft, - T-8
Stock P.)

Trial Prediction of Powering Performance (KS1354, Design draft, Stock P.) = T-9
Model Test Results (KS1354, Design draft, DesignP.) == T-10
Full Scale Prediction of Powering Performance (KS1354, Design draft, - T-11
Design P.)

Trial Prediction of Powering Performance (KS1354, Design draft, Design P.) = T-12
Measured Velocity Components and Circumferential Mean Velocities-1 - T-13
(KS1354, Design draft, 15.0knots)

Measured Velocity Components and Circumferential Mean Velocities-1l. =~ - T-14
(KS1354, Design draft, 15.0knots)

Harmonic Analysis of Velocity Components (KS1354, Design draft, -~ T-15
15.0knots)
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Figure 1
Figure 2
Figure 3
Figure 4
Figure 5
Figure 6
Figure 7
Figure 8
Figure 9
Figure 10
Figure 11
Figure 12
Figure 13
Figure 14
Figure 15
Figure 16
Figure 17
Figure 18

Figure 19

Photographs of the Model Ship(KS13%4) = F-1
Drawing of the Stock Propeller (kP827) o F-2
Drawing of the Design Propeller (KP2069) == F-3
Open-Water Characteristics of the Stock Propeller (KP827) = F-4
Open-Water Characteristics of the Design Propeller (KP1069) = F-5
Resistance Coefficients (KS1354, Designdrafty = F-6
Propulsive Coefficients (KS1354, Design draft, Stock Propeller) -~ F-7
Prediction of Powering Performance (KS1354, Design draft, Stock Propeller, - F-8
at NCR)

Prediction of Powering Performance (KS1354, Design draft, Stock Propeller, - F-9
at NCR w/ 15% S.M.)

Propulsive Coefficients (KS1354, Design draft, Design Propeller) = F-10
Prediction of Powering Performance (KS1354, Design draft, Design = F-11
Propeller, at NCR)

Prediction of Powering Performance (KS1354, Design draft, Design =~ = F-12
Propeller, at NCR w/ 15% S.M.)

Circumferential Distribution of Velocity Components (KS1354, Design draft, - F-13
15.0 knots)

Iso-Axial Velocity Contours (KS1354, Design draft, 15.0 knots) == F-14
Transverse Velocity Vectors (KS1354, Design draft, 15.0 knots) =~ F-15
Radial Distibution of Harnomic Amplitudes of Velocities (KS1354, Design - F-16
draft, 15.0 knots)

Radial Distibution of Circumferential Mean Velocity Components (KS1354, - F-17
Design draft, 15.0 knots)

Photographs of the Running Ship Model (KS1354, Design draft, 12.0 knots) -~ F-18
Photographs of the Running Ship Model (KS1354, Design draft, 15.0 knots) - F-19
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KS 1354 (Design draft, 15 £ E)
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TE=EY Pe (kW) No Pp (kW) | N(rpm) t Ws nr
KP827 793 0.578 1371 303.50 0.261 0.281 1.000
KP1069 793 0.558 1421 34423 0.259 0.280 0.998
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G/T 190Ton Class Purse Seiner

5/30/2012
Principal Dimensions of the Hull Form
Table 1 (KS1354) ]

File No.: 51354502

Designation SYMBOL(unit) SHIP  MODEL

Scale ratio SCALE 9.6

Load condition Design

Draft, moulded TF(m) 2.610 0.2719
TA(m) 2.610 0.2719
TMEAN(m) 2.610 0.2719

Length between per. LPP(m) 38.000  3.9583

Breadth, moulded B(m) 8.600  0.8958

Depth, moulded D(m)

Number of propeller NOPROP 1

Length of waterline LWL (m) 42.627  4.4403

Wetted surface area S(m2) 4234 45941

Bilge keel area SBK(m2) 0.0 0.0000

Trans. area above WL AT(m2) 575  0.6237

Displacement volume DISV(m3) 460  0.5199

KB above moulded BL ~ KB(m)
LCB from midship, f+ LCB(m)
LCF from midship, f+ LCF(m)

Block coef. CB 0.559
Load waterline coef. CwW

Midship section coef. CM

Prismatic coef. CP

LPP/B 4.4186
LPP/T 14.5594
B/IT 3.295

LCB% (fwd.+)




G/T 190Ton Class Purse Seiner

Principal Dimensions of the Stock Propeller
(KP827)
FILE NO.: 51354502

Designation SYMBOL
Scale ratio SCALE 9.6
Diameter of ship propeller (m) DIA. S 2.400
Diameter of model propeller (m) DIA. M 0.2500
Expanded blade area ratio EAR 0.6200
Propeller pitch ratio, mean PRMEAN 0.7050

at tip PRTIP 0.6501

at0.7R PR70R 0.7195

at root PRROOT 0.6921
Chord length-diameter ratio (0.7R) CR70 0.3489
Max. blade thickn. -dia. ratio (0.7R)  TR70 0.0111
Hub-diameter ratio HDR 0.1700
Rake angle (deg) RDR 0.0000
Skew angle (deg) SKEW 19.02
Number of blades NPB 4
Turning direction R.H.
Material AL
Propeller section type NACA
Propeller stock number KP827

5/30/2012

T-2



Table 3

G/T 190Ton Class Purse Seiner

5/30/2012
Principal Dimensions of the Design Propeller
(KP1069) -
FILENO.:  s1354s05

Designation SYMBOL
Scale ratio SCALE 9.6
Diameter of ship propeller (m) DIA. S 2.400
Diameter of model propeller (m) DIA.M 0.2500
Expanded blade area ratio EAR 0.5905
Propeller pitch ratio, mean PRMEAN 0.5761

at tip PRTIP 0.5340

at0.7R PR70R 0.5863

at root PRROOT 0.5742
Chord length-diameter ratio (0.7R) CR70 0.3385
Max. blade thickn. -dia. ratio (0.7R)  TR70 0.0111
Hub-diameter ratio HDR 0.1700
Rake angle (deg) RDR 0.0000
Skew angle (deg) SKEW 19.15
Number of blades NPB 4
Turning direction R.H.
Material AL
Propeller section type NACAG66
Propeller stock number KP1069

T-3



G/T 190Ton Class Purse Seiner

5/30/2012
Table 4 Open-Water Characteristics of the Stock Propeller
(KP827) -
Propeller KP827 Scale Ratio: 9.6
Test No. Date Temp. Density
(deg) (Kg/m3)
POW P827001  27-Nov-07 18.9 998.34
KP827 Propeller dimensions
Diameter ship(m) 2.4000 Chord length-dia.ratio (0.7R) 0.3489
model(m) 0.2500 Max. blade thick.-dia.ratio(0.7R) 0.0111
Hub-diameter ratio 0.1700
Expanded area ratio 0.6200 Rake angle (deg) 0.0000
Pitch ratio  mean 0.7050 Skew angle (deg) 19
at tip 0.6501 Number of propeller blades 4
at 0.7R 0.7195 Turning direction R.H.
at root 0.6921 Material AL
Blade roughness KP(micron) 30.0 Propeller section type NACA
Model scale Full Scale
RPS Temp. Prop. Rn Temp. Prop. Rn
16.5 18.9 7.801E+05 15 1.555E+07
J KT 10KQ ETAO KT 10KQ ETAO
0.000 0.3478 0.3769 0.000 0.3478 0.3769 0.000
0.050 0.3322 0.3629 0.073 0.3322 0.3629 0.073
0.100 0.3141 0.3466 0.144 0.3141 0.3466 0.144
0.150 0.2943 0.3288 0.214 0.2943 0.3288 0.214
0.200 0.2733 0.3099 0.281 0.2733 0.3099 0.281
0.250 0.2516 0.2903 0.345 0.2516 0.2903 0.345
0.300 0.2295 0.2703 0.405 0.2295 0.2703 0.405
0.350 0.2073 0.2500 0.462 0.2073 0.2500 0.462
0.400 0.1851 0.2296 0.513 0.1851 0.2296 0.513
0.450 0.1631 0.2091 0.559 0.1631 0.2091 0.559
0.500 0.1411 0.1883 0.596 0.1411 0.1883 0.596
0.550 0.1190 0.1670 0.624 0.1190 0.1670 0.624
0.600 0.0966 0.1449 0.637 0.0966 0.1449 0.637
0.650 0.0736 0.1216 0.626 0.0736 0.1216 0.626
0.700 0.0494 0.0966 0.570 0.0494 0.0966 0.570
0.750 0.0236 0.0693 0.406 0.0236 0.0693 0.406
0.792 0.0000 0.0438 0.000 0.0000 0.0438 0.000
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G/T 190Ton Class Purse Seiner

5/30/2012
Table 5 Open-Water Characteristics of the Design Propeller
(KP1069) -
Propeller KP1069 Scale Ratio: 9.6
Test No. Date Temp. Density
(deg)  (Kg/m3)
POW P106001 06-Mar-12 13.3 999.24
KP106 Propeller dimensions
Diameter ship(m) 2.4000 Chord length-dia.ratio (0.7R) 0.3385
model(m) 0.2500 Max. blade thick.-dia.ratio(0.7R) 0.0111
Hub-diameter ratio 0.1700
Expanded area ratio 0.5905 Rake angle (deg) 0.0000
Pitch ratio  mean 0.5761 Skew angle (deg) 19.1
at tip 0.5340 Number of propeller blades 4
at0.7R 0.5863 Turning direction R.H.
at root 0.5742 Material AL
Blade roughness KP(micron) 30.0 Propeller section type NACAG6
Model scale Full Scale
RPS Temp. Prop. Rn Temp. Prop. Rn
18.0 13.3 7.111E+05 15 1.711E+07
J KT 10KQ ETAO KT 10KQ ETAO
0.000 0.2781 0.2625 0.000 0.2781 0.2625 0.000
0.050 0.2639 0.2504 0.084 0.2639 0.2504 0.084
0.100 0.2471 0.2375 0.166 0.2471 0.2375 0.166
0.150 0.2286 0.2239 0.244 0.2286 0.2239 0.244
0.200 0.2089 0.2097 0.317 0.2089 0.2097 0.317
0.250 0.1885 0.1950 0.385 0.1885 0.1950 0.385
0.300 0.1677 0.1797 0.446 0.1677 0.1797 0.446
0.350 0.1467 0.1639 0.499 0.1467 0.1639 0.499
0.400 0.1255 0.1474 0.542 0.1255 0.1474 0.542
0.450 0.1040 0.1302 0.572 0.1040 0.1302 0.572
0.500 0.0819 0.1121 0.581 0.0819 0.1121 0.581
0.550 0.0588 0.0928 0.555 0.0588 0.0928 0.555
0.600 0.0342 0.0722 0.452 0.0342 0.0722 0.452
0.650 0.0072 0.0498 0.150 0.0072 0.0498 0.150
0.663 0.0000 0.0438 0.000 0.0000 0.0438 0.000
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G/T 190Ton Class Purse Seiner

Resistance Performance

5/30/2012

Table 6 (KS1354, Design draft)
Draft FP/AP: 2.61 2.61 Scale Ratio: 9.6
appendages: 1 Rudder Analysis Code : 1111000
Test No. Date ~ Temp. Density KS1354  Ship dimension
(deg.) (Kg/m3) Ship  Model
RES S1354R01  11-4-18 13.8 999.14 LPP(m) 38.000 3.9583
SEA 15.0  1025.87 B(m) 8.600 0.8958
D(m)
Analysis method -- Based on 1978 ITTC XP(m)
performance prediction method -
* Model-ship correlation line : 1957 ITTC LWL(m) 42.627 4.4403 CB 0.5585
S(m2) 4234 45941 | CW
* 2-dimensional method SBK(m2) 0.0 0.0000| CM
* Correlation allowance (2-D) : CA= .000370 AT(m2) 57.5 0.6237 CP 0.5585
* w/ Bilge keel resistance DISV(m3) 460.0 0.5199
* w/ Air resistance : CAA = .0010*AT/S KB(m) LPP/B 4.42
LCB+f(m) B/TM 3.30
LCF+f(m) LCB%  0.00
VS PE CTS CR CFS CFEM CTM RTM VM FN
(knot) (kW) (e-3) (e-3) (e-3) (e-3) (e-3) (N) (m/s)
5.00 19.0 5.129 2.516 2.108 3.710 6.226 9.85 0.8302 0.1258
7.00 54.4 5.366 2.852 2.008 3.480 6.332 19.63 1.1622 0.1761
9.00 119.9 5.562 3.118 1.938 3.322 6.441 33.01 1.4943 0.2265
11.00 225.5 5.731 3.340 1.885 3.204 6.544 50.10 1.8264 0.2768
12.00 301.7 5.906 3.537 1.863 3.154 6.692 60.96 1.9924 0.3019
13.00 406.4 6.257 3.909 1.842 3.110 7.018 75.04 2.1585 0.3271
14.00 559.8 6.899 4.570 1.824 3.069 7.639 94.73 2.3245 0.3523
15.00 792.8 7.945 5.632 1.807 3.032 8.665 123.35 2.4905 0.3774
16.00 1143.1 9.439 7.141 1.791 2.999 10.140 164.24 2.6566 0.4026
17.00 1627.0 11.200 8.918 1.777 2.967 11.885 217.32 2.8226 0.4277
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G/T 190Ton Class Purse Seiner

5/30/2012
Table 7 Model j’est Results
(KS1354, Design draft, Stock P.) -
Draft FP/AP: 261 261 Scale Ratio : 9.6
appendages: 1 Rudder Condition : KP827
NOPROP : 1 Analysis Code : 1111000
Test No. Date Temp. Density KS1354  Ship dimension
(deg.) (Kg/m3) Ship  Model
RES S1354R01 11-4-18 13.8 999.14 LPP(m) 38.000 3.9583
SP 51354502 11-4-18 13.8 999.14 B(m) 8.600 0.8958
POW pP827001  07-11-27 18.9 998.34 D(m)
XP(m)
KP827  Propeller dimension
DIA.s 2.4 CR70(chord) 0.3489 LWL(m) 42.627  4.4403 CB 0.5585
DIA.m 0.25 TR70(thick) 0.0111 S(m2) 4234 45941 | CW
EAR 0.62 HDR(hub) 0.17 SBK(m2) 0.0 0.0000| CM
PRMEAN  0.705 | Rake(deg) 0 AT(m2) 575 0.6237| CP  0.5585
TIP 0.6501 | SKEW(deg) 19.02 DISV(m3) | 460.0 0.5199
0.70R 0.7195 | Turn. R.H. KB(m) LPP/B  4.42
ROOT 0.6921 Mater. AL LCB+f(m) B/TM 3.30
Type NACA Z: 4 LCF+f(m) LCB%  0.00
VS VM RTM FD ™ QM NM THDF WFTM ETAR CR
(knot) (m/s) (N) (N) (N)  (Nm)  (rps) (e-3)
11.00 1.826 50.10 7.26 57.85 1.948 10.39 0.260 0.276 0.999 3.340
12.00 1.992 60.96 8.40 71.04 2378 1140 0.260 0.281 0.999 3.537
13.00 2.158 75.04 9.60 88,50 2937 1254 0.261 0.284 0.999 3.909
14.00 2.324 94.73 10.86 113.48 3.721  13.91 0.261 0.284 0.999 4.570
15.00 2.491 12335 1218 150.51 4.860  15.58 0.261 0.281 1.000 5.632
16.00 2.657 16424 1356 204.11 6.484 17.60 0.262 0.276 1.000 7.141
16.50 2.740 189.25 1427 237.10 7.475 18.70 0.262 0.273 1.000 8.005
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G/T 190Ton Class Purse Seiner

5/30/2012
Table 8 Full Scale Prediction of Powering Performance
(KS1354, Design draft, Stock P.) -
Draft FP/AP: 2.61 2.61 Scale Ratio: 9.6
appendages: 1 Rudder Condition : KP827
NOPROP : 1 Analysis Code : 1111000
Test No. Date Temp.  Density VS PE PD N FN
(deg.) (Kg/m3) (knot) (KW) (kW)  (rpm)
RES S1354R01  11-4-18 13.8 999.14 11.00 226 369 202.76 0.2768
SP S1354S502  11-4-18 13.8 999.14 12.00 302 493 222.27 0.3019
POW P827001 07-11-27 18.9 998.34 13.00 406 670 244.60 0.3271
14.00 560 942 27122 0.3523
Analysis method -- Based on 1978 ITTC 15.00 793 1371 303.50 0.3774
performance prediction method - 16.00 1143 2062 342.71 0.4026
* Model-ship correlation line : 1957 ITTC 16.50 1367 2526 364.20 0.4152
* Propeller blade roughness KP = 30.e-6
* 2-dimensional method KS1354 Ship dimension
* Correlation allowance (2-D) : CA= .000370 LWL(m) 42.627 | Tm(m) 2.610
* w/ Bilge keel resistance S(m2)  423.4 | AT(m2) 57.5
*w/ Air resistance : CAA= .0010*AT/S SBK(m2) 0.0 | DIA(mM) 2.400
VS CTS CR ADVCA THDF WFTM WFTS ETAH ETAR ETAO ETAD

(knot) (e-3) (e-3)

11.00 5.731 3.340 0.505 0.260 0.276 0.276  1.023 0.999 0.598 0.611
12.00  5.906 3.537 0.499 0.260 0281 0281 1029 0999 059 0.613
13.00  6.257 3.909 0.490 0.261 0.284 0.284 1032 0999 0.588 0.606
1400  6.899 4.570 0.476 0.261 0284 0284 1032 0999 0576 0.594
15.00  7.945 5.632 0.457 0.261 0.281 0.281 1.028 1.000 0.563 0.578
16.00  9.439 7.141 0.434 0.262 0276 0276 1.020 1.000 0.544 0.554
16.50 10.294 8.005 0.423 0.262 0.273 0273 1015 1000 0.533 0.541
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G/T 190Ton Class Purse Seiner

5/30/2012
Table 9 Trial Prediction of Powering Performance
(KS1354, Design draft, Stock P.) -
Draft FP/AP: 2.61 2.61 Scale Ratio:  9.60
Appendages: Condition : KP827
NOPRORP : 1 Test option :
Test No. Date Temp.  Density KS1354  Ship dimension
(deg.) (Kg/m3) LBP(m) 38.00 LWL(m) 42.63
RES S1354R01  11-4-18 13.8 999.17 B(m) 8.6 S(m2) 423.4
SP  S1354S02  11-4-18 13.8 999.17 DISP(m3) 460  DIA(m) 2.4
POW  KP827 07-11-27 18.9 998.34 AT(m2) 57.5 SBK(m2) 0.0
Ship Speed Brake Power Speed of Shaft
(knot) (m/s) (kW) (PS) (rpm) (rps)
11.00 5.66 373 507 202.76  3.3793
12.00 6.17 498 677 222.27  3.7045
13.00 6.69 677 921 24460 4.0767
14.00 7.20 951 1,293 271.22 45203
15.00 7.72 1,385 1,883 303.50 5.0583
16.00 8.23 2,083 2,832 342,71 57118
16.50 8.49 2,551 3,469 364.20 6.0700
Condition Ship Speed Speed of Shaft Sea Margin
(knots) (rpm) (%)
Trial 15.35 316.54 -
Service 15.00 - 15
Main Engine Power = 1593 kw
Transmission Efficiency = 0.99
[Notes]

- For explanations of abbreviations see list of symbols.

- Reynolds and Froude number based on Lwl = 42.627

- Frictional resistance determined according to the ITTC-1957 formula.

- A model-ship correlation allowance, Ca = 0.00037

- A resistance of abovewater part through the air, Cair = 0.0001358

- Power corrected by Cp = 1, RPM corrected by Cn =1, Cnp = 1 applied.

- The results have been obtained by Froude scaling from self-propulsion
point of ship corresponding to a scale effect correction on resistance
determined by means of the ITTC-1957 formula.

- The results are valid for unrestricted deep water of 15.0 deg C and a
mass density of 1025.9 kg/m3, clean surfaces of hull and propeller blades
and no effects of wind and waves.
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G/T 190Ton Class Purse Seiner

5/30/2012
Model Test Results
Table 10 (KS1354, Design draft, Design P.) -
Draft FP/AP: 261 261 Scale Ratio : 9.6
appendages: 1 Rudder Condition : KP1069
NOPROP : 1 Analysis Code : 1111000
Test No. Date  Temp. Density KS1354  Ship dimension
(deg.) (Kg/m3) Ship  Model

RES S1354R01 11-4-18 13.8 999.14 LPP(m) 38.000 3.9583

SP 51354505  12-3-2 13.3 999.24 B(m) 8.600 0.8958
POW P106001 12-3-6 13.3 999.24 D(m)

XP(m)
KP1069 Propeller dimension
DIA:s 2.4 CR70(chord) 0.3385 LWL(m) 42.627  4.4403 CB 0.5585
DIA.m 0.25 TR70(thick) 0.0111 S(m2) 4234 45941 | CW
EAR 0.5905 HDR(hub) 0.17 SBK(m2) 0.0 0.0000| CM
PRMEAN  0.5761 | Rake(deg) 0 AT(m2) 575 0.6237 CP
TIP 0.534 | SKEW(deg) 19.15 DISV(m3) | 460.0 0.5199
0.70R 0.5863 | Turn. R.H. KB(m) LPP/B 4.42
ROOT 0.5742 Mater. AL LCB+f(m) B/TM 3.30
Type NACAG66 Z: 4 LCF+f(m) LCB%

VS VM RTM FD ™ QM NM THDF WFTM ETAR CR
(knot) (m/s) (N) (N) (N)  (Nm)  (rps) (e-3)
11.00 1.826 50.10 7.32 58.00 1.818 11.88 0.262 0.273 0.994  3.340
12.00 1.992 60.96 8.47 7112 2210 13.01 0.261 0.279 0995 3.537
13.00 2.158 75.04 9.68 88.48 2.718 14.29 0.260 0.282 0.996  3.909
14.00 2.324 94.73 1095 113.30 3.424 1581 0.260 0.283 0.997 4.570
15.00 2.491 123.35 12.28 150.04 4.444 17.67 0.259 0.280 0.998 5.632
16.00 2.657 16424 13.68 203.20 5.889 19.92 0.259 0.275 0999 7.141
16.50 2.740 189.25 1439 23588 6.768 21.15 0.258 0.272 0.999 8.005
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G/T 190Ton Class Purse Seiner

5/30/2012
Table 11 Full Scale Prediction_ of Powering Performance
(KS1354, Design draft, Design P.) -
Draft FP/AP: 2.61 2.61 Scale Ratio : 9.6
appendages: 1 Rudder Condition : KP1069
NOPROP : 1 Analysis Code : 1111000
Test No. Date Temp.  Density VS PE PD N FN
(deg.) (Kg/m3) (knot) (kW) (kW)  (rpm)
RES S1354R01 11-4-18 13.8 999.14 11.00 226 394 23175 0.2768
SP 51354505  12-3-2 13.3 999.24 12.00 302 525 253.93 0.3019
POW P106001 12-3-6 13.3 999.24 13.00 406 710 278.95 0.3271
14.00 560 988 308.60 0.3523
Analysis method -- Based on 1978 ITTC 15.00 793 1421 34423 0.3774
performance prediction method - 16.00 1143 2124 388.13 0.4026
* Model-ship correlation line : 1957 ITTC 16.50 1367 2593 41214 0.4152
* Propeller blade roughness KP = 30.e-6
* 2-dimensional method KS1354 Ship dimension
* Correlation allowance (2-D) : CA=  .000370 LWL(m) 42.627 | Tm(m) 2.610
* w/ Bilge keel resistance S(m2)  423.4 | AT(m2) 57.5
*w/ Air resistance : CAA= .0010*AT/S SBK(m2) 0.0 | DIA(m) 2.400
VS CTS CR ADVCA THDF WFTM WFTS ETAH ETAR ETAO ETAD
(knot) (e-3) (e-3)
11.00 5.731 3.340 0.444 0.262 0.273  0.273 1.015 0.994 0.568 0.573
12.00  5.906 3.537 0.438 0.261 0.279  0.279 1.025 0.995 0.564 0.575
13.00 6.257 3.909 0.430 0.260 0.282 0.282 1.030 0.996 0.558 0.573
14.00 6.899 4570 0.419 0.260 0.283  0.283 1.032 0.997 0.551 0.566
15.00 7.945 5.632 0.403 0.259 0.280 0.280 1.029 0.998 0.543 0.558
16.00 9439 7.141 0.384 0.259 0.275 0.275 1.023 0.999 0.527 0.538
16.50 10.294 8.005 0.375 0.258 0.272 0.272 1.019 0.999 0.518 0.527
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G/T 190Ton Class Purse Seiner

5/30/2012
Table 12 Trial Prediction of Powering Performance
(KS1354, Design draft, Design P.) -
Draft FP/AP: 2.61 2.61 Scale Ratio:  9.60
Appendages: Condition : KP1069
Test No. Date Temp.  Density KS1354  Ship dimension
(deg.) (Kg/m3) LBP(m) 38.00 LWL(m) 42.63
RES S1354R01 11-4-18 13.8 999.17 B(m) 8.6 S(m2) 423.4
SP  S1354S00  12-3-2 13.3 999.24 DISP(m3) 460  DIA(mM) 2.4
POW  KP1069 12-3-6 13.3 999.24 AT(m2) 57.5 SBK(m2) 0.0
Ship Speed Brake Power Speed of Shaft
(knot) (m/s) (kW) (PS) (rpm) (rps)
11.00 5.66 398 540 231.75  3.8625
12.00 6.17 530 721 253.93  4.2322
13.00 6.69 717 975 278.95  4.6492
14.00 7.20 998 1,357 308.60  5.1433
15.00 7.72 1,435 1,951 344.23  5.7372
16.00 8.23 2,145 2,917 388.13  6.4688
16.50 8.49 2,619 3,561 412.14  6.8690
Condition Ship Speed Speed of Shaft Sea Margin
(knots) (rpm) (%)
Trial 15.26 355.3 -
Service 14.91 - 15
Main Engine Power = 1593 kw
Transmission Efficiency = 0.99
[Notes]

- For explanations of abbreviations see list of symbols.

- Reynolds and Froude number based on Lwl = 42.627

- Frictional resistance determined according to the ITTC-1957 formula.

- A model-ship correlation allowance, Ca = 0.00037

- A resistance of abovewater part through the air, Cair = 0.0001358

- Power corrected by Cp = 1, RPM corrected by Cn =1, Cnp = 1 applied.

- The results have been obtained by Froude scaling from self-propulsion
point of ship corresponding to a scale effect correction on resistance
determined by means of the ITTC-1957 formula.

- The results are valid for unrestricted deep water of 15.0 deg C and a
mass density of 1025.9 kg/m3, clean surfaces of hull and propeller blades
and no effects of wind and waves.
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Table 13

G/T 190Ton Class Purse Seiner

Measured Velocity Components and Circumferential
Mean Velocities-1 (KS1354, Design draft, 15.0knots)

5/30/2012

Test Number s1354k03 | Load Condition Design Ship Speed(knots) 15.00 | Water Temp.(deg) 13.8
Rake Number M1-5 TF/TA(m) 3.81 3.81 Model Speed(m/s) 2.4905 | Model Prop. Dia(m)  0.2500
Angle 0 5 10 20 30 40 50 60 70 80 90
(Deg.) 100 110 120 130 140 150 160 170 175 180 185
/'R 190 200 210 220 230 240 250 260 270 280 290
0.061 0.078 0.086 0.192 0.365 0.510 0.627 0.698 0.745 0.770 0.798
VXIV 0.812 0814 0.784 0.729 0.639 0.469 0.224  0.115 0.136 0.147  0.138
0.121 0.231 0.469 0.643 0.729 0.779 0.811 0.811 0.797 0.768 0.743
0.051 0.066 0.046 -0.017 -0.048 -0.034 -0.020 -0.028  -0.049 -0.076  -0.105
0.3000 | VR/V -0.139 -0.171 -0.199 -0.212 -0.201 -0.173 -0.066 0.096 0.115 0.123 0.115
0.101 -0.070 -0.172 -0.212 -0.212 -0.194 -0.172  -0.145 -0.117 -0.093 -0.071
0.046 -0.086 -0.081 -0.130 -0.148 -0.160 -0.175 -0.174  -0.165 -0.152  -0.139
VTIV -0.115 -0.084 -0.040 0.040 0.079 0.125 0.142  0.083 0.066 0.050 -0.057
-0.077 -0.136 -0.121 -0.055 0.040 0.073 0.106  0.129 0.149 0.160 0.173
0.060 0.059 0.094 0.265 0.49 0.649 0.705  0.737 0.754 0.784  0.808
VXIV 0.840 0.852 0.858 0.843 0.789  0.687 0576  0.242 0.116 0.089  0.107
0239 0579 0681 0.794 0851 0.864 0.854  0.839 0.805 0.779  0.749
0.050 0.037 0.010 -0.071 -0.067 -0.047 -0.052 -0.067 -0.088 -0.111  -0.137
0.5000 | VRIV -0.165 -0.193 -0.220 -0.239 -0.246 -0.194 -0.099  0.034 0.077 0.075  0.083
0.040 -0.094 -0.191 -0.247 -0.243 -0.225 -0.199 -0.172 -0.144 -0.117  -0.095
0.011 -0.058 -0.079 -0.156 -0.171 -0.174 0171 -0171 -0.168 -0.164 -0.158
VTIV -0.151 -0.135 -0.115 -0.088 -0.049 0.038 0.108  0.165 0.117 -0.066 -0.114
-0.168 -0.117 -0.069 0.001 0.051 0.087 0.113 0.134 0.144 0.153  0.158
0.033 0.042 0.075 0414 0702 0.803 0.809 0.815 0.830 0.847  0.865
VXIV 0.884 0900 0906 0917 0916 0.898 0.829  0.500 0.152 0.098 0.156
0490 0.828 0.900 0.924 0928 0.920 0913 0.895 0.873 0.854  0.836
0.027 0.028 0.008 -0.050 0.002 0.012 -0.012 -0.031  -0.050 -0.068  -0.087
0.7000 | VR/V -0.108 -0.125 -0.141 -0.157 -0.171 -0.185 -0.179  -0.077 0.103 0.082 0.097
-0.075 -0.177 -0.186 -0.174 -0.162 -0.147 -0.131  -0.115  -0.095 -0.076  -0.057
-0.022 -0.042 -0.063 -0.166 -0.180 -0.174 -0.173  -0.169 -0.166 -0.160 -0.153
VTIV -0.142 -0.129 -0.111 -0.092 -0.066 -0.028 0.043 0.211 0.154 -0.058 -0.154
-0.205 -0.033 0.032 0.058 0.079 0.098 0.119 0.136 0.152 0.161  0.168
0.009 0.013 0.047 0447 0793 0.874 0.888  0.896 0.906 0912 0922
VXIV 0932 0934 0936 0936 093 0931 0.927 0.862 0.328 0.099 0.323
0.867 0925 0.933 0.937 0937 0.937 0.933 0.929 0.918 0.907 0.901
0.005 0.001 -0.021 -0.058 -0.015 -0.030 -0.052 -0.074  -0.094 -0.112 -0.132
0.9000 | VRV -0.150 -0.165 -0.182 -0.195 -0.209 -0.222 -0.232  -0.225 0.010 0.083 0.024
-0.212 -0.228 -0.226 -0.216 -0.204 -0.191 -0.175 -0.160 -0.142 -0.122  -0.105
0.009 -0.011 -0.043 -0.169 -0.190 -0.190 -0.187 -0.183  -0.176 -0.168 -0.158
VTIV -0.148 -0.134 -0.118 -0.102 -0.084 -0.059 0.012 0.167 0.275 -0.080 -0.272
-0.192 -0.059 0.012 0.042 0.065 0.085 0.104 0.121 0.133 0.146  0.155
0.014 0.027 0.080 0486 0.794 0.897 0.908 0.915 0.928 0.938  0.946
VXIV 0952 0955 0.960 0.963 0963 0.962 0.962 0.948 0.251 0.096  0.248
0.949 0962 0970 0.972 0972 0.967 0961 0.956 0.950 0.942 0.932
-0.005 -0.016 -0.031 0.023 0.061 0.034 0.011 -0.013 -0.032 -0.048 -0.064
1.1000 | VRV -0.080 -0.093 -0.106 -0.120 -0.135 -0.150 -0.176  -0.211 0.027 0.080 0.029
-0.208 -0.176 -0.154 -0.140 -0.126 -0.113 -0.101 -0.088 -0.073 -0.057 -0.041
0.012 -0.026 -0.072 -0.148 -0.178 -0.177 -0.171 -0.164  -0.157 -0.148  -0.140
VTIV -0.129 -0.118 -0.105 -0.093 -0.079 -0.061 0.015  0.059 0.081 0.042 -0.077
-0.048 0.015 0.037 0.058 0.077 0.094 0.111  0.126 0.140 0.149  0.159
/IR 0.300 0400 0500 0.600 0.700 0.800 0.900 1.000 Volumetric
VXIV | 0527 0.567 0613 0.670 0.722 0.759 0.783 0.799 Mean of VX/V = 0.710
VR/V | -0.075 0100 -0.107 -0.088 -0.076 -0.098 -0.120 -0.104 Nominal Wake
VT/V | 0.009 -0.003 -0.008 -0.005 -0.001 -0.007 -0.013 -0.010 Fraction(WN) = 0.290
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Table 14

G/T 190Ton Class Purse Seiner

Measured Velocity Components and Circumferential
Mean Velocities-11 (KS1354, Design draft, 15.0knots)

5/30/2012

Test Number s1354k03 | Load Condition Design Ship Speed(knots) 15.00 | Water Temp.(deg) 13.8
Rake Number M1-5 TF/TA(m) 3.81 3.81 Model Speed(m/s)  2.4905 | Model Prop. Dia(m)  0.2500
Angle 300 310 320 330 340 350 355 360
(Deg.)
r'R
0.695 0625 0506 0.363 0.187 0.076 0.078 0.061
VXIV
-0.054 -0.043 -0.045 -0.040 -0.025 0.079 0.065  0.051
0.3000 | VR/V
0182 0.183 0.169 0158 0.136 0.092 0.085  0.046
VTIV
0.731 0.699 0643 0495 0.273 0.097 0.062  0.060
VXIV
-0.076 -0.061 -0.058 -0.077 -0.079  0.007 0.035  0.050
0.5000 | VR/V
0.163 0.163 0.166 0.161 0.150 0.081 0.059  0.011
VTIV
0821 0816 0.811 0.710 0421 0.074 0.041 0.033
VXIV
-0.039 -0.020 0.009 0.000 -0.052 0.010 0.030  0.027
0.7000 | VR/V
0.172 0176 0.177 0.18 0.171 0.062 0.043 -0.022
VTIV
0.891 0.882 0.868 0.788 0.445 0.048 0.013  0.009
VXIV
-0.085 -0.063 -0.042 -0.028 -0.064 -0.021 0.001  0.005
0.9000 | VR/V
0.165 0.169 0.174 0175 0155 0.044 0.011  0.009
VTIV
0921 0915 0906 0804 0.490 0.080 0.027  0.014
VXIV
-0.023 0.004 0.028 0.055 0.019 -0.036 -0.015 -0.005
1.1000 | VR/IV
0.166 0.173 0.179 0181 0.153 0.074 0.026  0.012
VTIV
/R 0.300 0.400 0.500 0.600 0.700 0.800 0.900 1.000 Volumetric
VXIV | 0527 0.567 0.613 0670 0722 0.759 0.783 0.799 Mean of VX/V = 0.710
VR/V | -0.075 -0.100 -0.107 -0.088 -0.076 -0.098 -0.120 -0.104 Nominal Wake
VT/V | 0.009 -0.003 -0.008 -0.005 -0.001 -0.007 -0.013 -0.010 Fraction(WN) = 0.290
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Table 15

Harmonic Analysis of Velocity Components

G/T 190Ton Class Purse Seiner

(KS1354, Design draft, 15.0knots)

5/30/2012

Test Number s1354k03 | Load Condition Design Ship Speed(knots) 15.00 | Water Temp.(deg) 13.8
Rake Number M1-5 TF/TA(m) 3.81 3.81 Model Speed(m/s)  2.4905 | Model Prop. Dia(m)  0.2500
k 0 1 2 3 4 5 6 7 8 9 10

/R Harmonic analysis of axial velocity component
a(k) 0.527 -0.049 -0.357 0.026 -0.099 0.006 -0.006 -0.001 0.014 -0.010 0.016
0.3000 | b(k) 0.000 0.001 0.001 0.000 0.002 0.000 0.001  0.001 0.001 0.000 0.001
c(k) 0.527 0.049 0357 0.026 0.099 0.006 0.006  0.002 0.014 0.010 0.016
a(k) 0.614 -0.102 -0.306 0.017 -0.155 0.010 -0.059  0.025 -0.021 0.024 -0.011
0.5000 | b(k) 0.000 0.001 0.002 -0.001 -0.002 0.000 -0.001  -0.001 0.000 -0.001  0.000
c(k) 0.614 0102 0306 0017 0.155 0.010 0.059  0.025 0.021 0.024  0.011
a(k) 0.723 -0.133 -0.263 -0.026 -0.191 -0.004 -0.115  0.028  -0.056 0.040 -0.025
0.7000 | b(k) 0.000 -0.005 0.000 0.000 -0.002 0.001 -0.001  0.001 0.000 0.001  0.000
c(k) 0.723 0134 0.263 0.026 0.191 0.004 0.115  0.028 0.056 0.040  0.025
a(k) 0.783 -0.168 -0.241 -0.089 -0.174 -0.035 -0.112  0.018  -0.064 0.048 -0.039
0.9000 | b(k) 0.000 0.002 0.002 0.000 0.000 0.000 0.000  0.000 0.000 0.000  0.000
c(k) 0.783 0168 0241 0.089 0.174 0.035 0.112  0.018 0.064 0.048  0.039
a(k) 0.811 -0.170 -0.240 -0.088 -0.176 -0.030 -0.117 0.022 -0.072 0.054 -0.051
1.1000 | b(k) 0.000 -0.004 0.000 -0.002 -0.001 0.001 0.000  0.001 0.000 0.000  0.000
c(k) 0.811 0.171 0.240 0.088 0.176 0.030 0.117 0.022 0.072 0.054 0.051

/R Harmonic analysis of radial velocity component
a(k) -0.075 0.051 0.076 -0.062 0.062 -0.018 0.033 -0.003 0.013 -0.001  0.000
0.3000 | b(k) 0.000 0.006 0.003 -0.002 -0.004 -0.002 0.000 -0.002 0.000 0.000 -0.001
c(k) 0.075 0.051 0.076 0.062 0.062 0.018 0.033  0.004 0.013 0.001  0.001
a(k) -0.107  0.052 0.069 -0.062 0.056 -0.019 0.031  0.002 0.015 0.006  0.006
0.5000 | b(k) 0.000 0.004 0.002 0.000 0.002 -0.001 0.000  0.000 0.000 0.000  0.000
c(k) 0.107 0.052 0.069 0.062 0.056 0.019 0.031  0.003 0.015 0.006  0.006
a(k) -0.076  0.070 0.027 -0.036 0.025 -0.027 0.029 -0.016 0.029 -0.008  0.023
0.7000 | b(k) 0.000 0.003 0.000 -0.001 0.000 -0.001 0.000  0.000 0.000 0.000  0.000
c(k) 0.076 0.070 0.027 0.036 0.025 0.027 0.029  0.016 0.029 0.008  0.023
a(k) -0.120  0.087 0.025 -0.022 0.019 -0.022 0.023 -0.017 0.026 -0.014  0.026
0.9000 | b(k) 0.000 0.006 0.002 0.000 0.002 -0.001 0.001 -0.001 0.001 -0.001  0.000
c(k) 0.120 0.087 0.025 0.022 0.019 0.022 0.023  0.017 0.026 0.014  0.026
a(k) -0.062 0.085 0.004 -0.019 -0.003 -0.027 0.006 -0.023 0.016 -0.017  0.022
1.1000 | b(k) 0.000 0.004 0.001 0.000 0.000 0.000 0.001  0.000 0.000 0.000  0.000
c(k) 0.062 0.085 0.004 0019 0.003 0.027 0.006  0.023 0.016 0.017  0.022

/R Harmonic analysis of tangential velocity component

a(k) 0.009 -0.005 0.000 0.005 -0.003 -0.001 0.005 -0.005 0.005 -0.001  -0.001
0.3000 | b(k) 0.000 -0.120 -0.116 0.035 -0.048 0.012 -0.014 -0.003  -0.005 -0.005 -0.002
c(k) 0.009 0120 0.116 0.035 0.049 0.012 0.015  0.006 0.007 0.005 0.002
a(k) -0.008 0.007 0.001 -0.002 0.003 0.000 0.000 0.003 -0.002 0.003 -0.002
0.5000 | b(k) 0.000 -0.146 -0.086 0.018 -0.058 0.022 -0.032  0.016 -0.016 0.011 -0.008
c(k) 0.008 0.146 0.086 0.018 0.058 0.022 0.032  0.016 0.016 0.011  0.008
a(k) -0.001  0.003 0.000 -0.002 -0.001 0.002 -0.003  0.002  -0.003 0.002 -0.002
0.7000 | b(k) 0.000 -0.159 -0.072 -0.004 -0.045 0.016 -0.033  0.026 -0.024 0.026 -0.016
c(k) 0.001 0160 0.072 0.004 0.045 0.016 0.033  0.026 0.024 0.026  0.017
a(k) -0.013  0.010 0.000 0.002 0.001 0.001 0.001  0.001 0.000 0.001  0.000
0.9000 | b(k) 0.000 -0.158 -0.072 -0.006 -0.040 0.019 -0.029  0.028  -0.022 0.029 -0.016
c(k) 0.013 0.158 0.072 0.006 0.040 0.019 0.029  0.028 0.022 0.029 0.016
a(k) 0.000 0.001 0.004 -0.005 0.005 -0.003 0.002 0.000 -0.001 0.001 -0.001
1.1000 | b(k) 0.000 -0.158 -0.060 -0.021 -0.027 0.001 -0.014  0.010 -0.008 0.011 -0.005
c(k) 0.000 0.158 0.060 0.022 0.027 0.003 0.014  0.010 0.008 0.011  0.005
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G/T 190Ton Class Purse Seiner

Figure 1

5/30/2012

Photographs of the Model Ship
(KS1354)
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G/T 190Ton Class Purse Seiner

Drawing of the Stock Propeller
(KP827)

Figure 2
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G/T 190Ton Class Purse Seiner

Drawing of the Design Propeller
(KP1069)

Figure 3
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G/T 190Ton Class Purse Seiner

5/30/2012
. Open-Water Characteristics of the Stock Propeller
Figure 4 (KP827)
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G/T 190Ton Class Purse Seiner

5/30/2012
Fiqure 5 Open-Water Characteristics of the Design Propeller
: (KP1069)
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G/T 190Ton Class Purse Seiner

5/30/2012
. Resistance Coefficients
Figure 6 (KS1354, Design draft)
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G/T 190Ton Class Purse Seiner

5/30/2012
Figure 7 Propulsive Coefficients
(KS1354, Design draft, Stock Propeller)
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G/T 190Ton Class Purse Seiner

5/30/2012
Fiqure 8 Prediction of Powering Performance
g (KS1354, Design draft, Stock Propeller, at NCR)
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G/T 190Ton Class Purse Seiner

Prediction of Powering Performance I
Figure 9 ](KS1354, Design draft, Stock Propeller, at NCR w/
15% S.M.)
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G/T 190Ton Class Purse Seiner

5/30/2012
Figure 10 Propulsive Coefficients
(KS1354, Design draft, Design Propeller)
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G/T 190Ton Class Purse Seiner

5/30/2012
Fiqure 11 Prediction of Powering Performance
g (KS1354, Design draft, Design Propeller, at NCR)
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G/T 190Ton Class Purse Seiner

Prediction of Powering Performance 5/30/2012
Figure 12 (KS1354, Design draft, Design Propeller, at NCR w/
15% S.M.)
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G/T 190Ton Class Purse Seiner

5/30/2012
Fiqure 13 Circumferential Distribution of Velocity Components
g (KS1354, Design draft, 15.0 knots)
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G/T 190Ton Class Purse Seiner

Figure 14

Iso-Axial Velocity Contours
(KS1354, Design draft, 15.0 knots)

5/30/2012
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G/T 190Ton Class Purse Seiner

Figure 15

Transverse Velocity Vectors
(KS1354, Design draft, 15.0 knots)

5/30/2012
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Figure 16
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G/T 190Ton Class Purse Seiner

Radial Distibution of Harnomic Amplitudes of
Velocities (KS1354, Design draft, 15.0 knots)
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G/T 190Ton Class Purse Seiner

5/30/2012
Radial Distibution of Circumferential Mean Velocity

Figure 17 Components (KS1354, Design draft, 15.0 knots)
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G/T 190Ton Class Purse Seiner

Figure 18

5/30/2012

Photographs of the Running Ship Model
(KS1354, Design draft, 12.0 knots)
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G/T 190Ton Class Purse Seiner

5/30/2012

Photographs of the Running Ship Model

Figure 19 (KS1354, Design draft, 15.0 knots)

Maritime and Ocean Engineering Research Institute, KORDI




A. Test Descriptions
B. Nomenclature



A. Test Descriptions

A-1 Propulsion Tests

Model tests required for the full scale performance prediction comprise the resistance test,
the self-propulsion test and the propeller open-water test.
In the resistance test the model is towed at the speeds giving the same Froude numbers for

the model and ship, and the total resistance of the model R;  is measured.

In the self-propulsion test, the model is propelled with its own propeller at the so-called
ship propulsion point over the desired range of speeds. In order to compensate for the model's
increased frictional resistance due to the difference in Reynolds numbers of the model and
ship, the model is towed by the resistance dynamometer. This towing force is calculated as
follows:

Fo :%pMSMVI\i [CVM _(CFS +CA)] @

For each speed, propeller thrust (T,, ), torque (Q,,) and propeller revolution (N,,) are

measured.
In these tests, a model is connected to the towing carriage by a resistance dynamometer at
the center of buoyancy and restrained from yaw and sway.

To get the open-water characteristics of the propeller, the open-water test is performed and
thrust, torque and rate of revolution are measured, keeping the rate of advance is varied so that
a loading range of the propeller is examined.

A-1.1 Analysis of Model Test Results

Model Resistance R; measured in the resistance tests is expressed in the non-
dimensional form
R
Cp =g @
S BV

This is reduced to the residual resistance coefficient C, by following relation.
Cp= CTM _CFM ©)

Thrust T,,, and torque Q,,, measured at the self-propulsion tests are expressed in non-
dimensional form as follows:
TM

= 4
Tm ,ON;D;M ( )



Qu
= 5
™ pN; DS ®)
With K; —asinput, J; and K, = are read off from the model propeller characteris-

tics. Then the wake fraction w;,, and the relative rotative efficiency . are calculated by
the following relations.

‘]TM DP N M
W, =1— M 6
™ v, (6)
K

Qm
Mp =—"— (7)

KQM

The thrust deduction is obtained from
T R. +F

t— ( M Twc D) (8)

where R; s the resistance corrected for the differences in temperature between re-
sistance and self-propulsion tests:

Ce,. +Cx

R, =R, x—* — 9
e =Ro X ©)

where C. s the frictional resistance coefficient at the temperature of the self-
propulsion test.

A-1.2 Total Resistance of Ship

The total resistance coefficient of a ship is defined as
Cr, =Cp, +C,+Cr +Cyy (10)

where C,, isthe air resistance coefficient:

2
S S

2
Co = O.OlegixV—R (11)

where V, is the relative head wind speed.

If the ship is fitted with bilge keels, the total resistance coefficient is calculated as follows:



S +SBKS

. S ><(CFS +CA)+CR +C,, (12)
S

A-1.3 Scale Effect Corrections for Propeller Characteristics

The characteristics of the full scale propeller are calculated from the model characteristics
as follows:

~AK, (13)

Tos — Mom
KQos = KQOM _AKQO (14)

where

P0.7R % CO.7R Z

AK; =-AC, x0.3x > 15
" o o b (15)
z
AKq =AC, x0.25x “IRE (16)
P
and AC, is the difference in drag coefficient, such that
AC, =Cp, —Cp, (17)
where
t
Co, :ZX(1+2 i ]X[Ol(/)jdf - 2?3 J (18)
C0.7R Rn0.7R Rn0.7R
t0.7R C07R 0
Cp, =2x|1+2—""|x|1.89+1.62log > (19)
C0.7R kP
If AC, is less than zero,
AC, =0 (20)

is used.

The blade roughness k, is assumed as3x10°m, and the local Reynolds number at
0.7R s calculated as follows:



35, +(0.7x)
Rio7r = Corr,, Ny DPM (21)
Vm

A-1.4 Full Scale Wake

The full scale wake is calculated from the model wake w;,, , and the thrust deduction t :

Ce, +C,

Wy = (t+0.04)+ (W, —t—0.04)x (22)

FMC

In the formula, the factor 0.04 is used to take account for rudder effect. If full scale wake
Wy IS greater than model wake wy,, , following formula is used.

Wrs = Wry (23)

A-1.5 Standard Prediction

The load of the full scale propeller is obtained from the following relation.

K, S, C,
T _ : 24
J’ 2D§s x(l_t)(l_WTs )2 @

With this value of K; / J? asinput, J;sand Ko, are read off from the full scale pro-
peller characteristics and the following quantities are calculated.

* the effective power:
P. =1.36x p_zs SVZC, x107°:(PS) (25)
* the rate of revolutions:

N, = (Wi Vs (RPS) (26)
'JTS DPS

* the delivered power:

K
P, =1.36x 27 x psDj N3 —2=x10~ : (PS) 27)

R

* the thrust of the propeller:



K
Ts :J_;‘]TZSPSDSSNSZ :(N) (28)
* the torque of the propeller:

K
Qs =—2= psDi N2 :(N—m) (29)

R

* the total efficiency:

I:)E
_ 30
o P, (30)
* the hull efficiency:
1-t
= 31
M 1-w, (31)

A-2 Wake Survey Test

The wake survey test to determine the axial, radial and tangential velocity components in
the propeller plane is executed by means of a rake assembly of 5 pitot tubes. The head of each
pitot tube contains five holes joined by small diameter internal tubes: one on the center, one
pair aligned with the radial plane, and the other pair in the tangential plane. Four static holes
joined to a common internal tube is located at the middle part of each pitot tube.

A-2.1 Velocity Components

The pressure difference between center and static holes is measured by the differential
type pressure transducer and the axial velocity component V, can be obtained. From the re-

sults, iso-axial velocity contours are plotted to give the wake distribution at the propeller plane.

The tangential and radial velocity components V, and V, can be computed from the
pressure differences between the pair of holes in the tangential and radial plane, respectively.
Also the transverse component of velocity vector V,, is computed as follows:

V, =V +V? (32)

The transverse flow direction at the propeller plane can be easily seen by plotting these ve-
locity vectors.

A-2.2 Harmonic Series

The velocity components at the propeller plane are considered as a periodic function of



period 2z for each radius and represented by the Fourier Series.

V, = a, + Zn:(ak cos(k@)+b, sin(k@))
= (33)
= a,+ > (c, cos(kd—g,))

k=1
A-2.3 Mean Velocity Components

Circumferential mean velocity is the mean value of the measured velocity at the radius
$r$ and computed as follows:

1 2z
vV, = —
Mo o

V,(6)d6 (34)

Total mean velocity is obtained from the value of circumferential mean velocity from
propeller hub to propeller tip at the propeller plane and computed as follows:

27r_[rr”VMi -r-dr

7r(rp2 - rhz)

Wake fraction represents the nominal wake fraction without propeller at the stern and is
computed as follows:

Viwi = (35)

Wy :1_\% =1-Viux (36)

Yo(+upward) (+downstream)

/ X()? VX

Vs
s

(+outward) e

r-,‘/."

6.V; |(+clockwise)

Propeller Z, (+port)

Plane Q
§]




B. Nomenclature

B-1 Geometry of Ship and Propeller

Symbol C.Symbol Title Definition
A AE Expanded blade area Outside of hub
Ay AM Midship section area Midway between
FP and AP
A, AO Propeller disc area D2
4
A, - Projected area
A, AT Transverse projected area of ship above wa-
terline
A, AW Waterplane area
CI - Longitudinal clearance from propeller to stern
frame at a height of 0.8R above the propeller
axis.
a, Vertical clearance to hull
B B Breadth, moulded of ship m
BA BA Bulb section area in submerged part at FP m
BAR BAR Bulb-midship section area ratio BA
AM
BB BB Bulb breadth in submerged part
BBR BBR Bulb-midship breadth ratio BB
B
BH BH Bulb height of maximum length position
BHR BHR Bulb height-fwd draft ratio BH
TF
BL BL Bulb length from maximum fore end to AP in
submerged part
BLR BLR Bulb-ship length ratio BL
LPP
¢ C Chord length of propeller blade section
Cs CB Block coefficient \%
L.pBT
Cy CM Midship section coefficient A,
BT
(o CpP Prismatic coefficient, longitudinal \%
Au Lep
Cy CW Load waterline coefficient A,




Symbol C.Symbol
Ry -x CRO070
Corn CHO070

D D

D, DP

d DH

EAR EAR

f, -

G -

h -

HDR HDR

i RAKG
KB KB

LCB LCB

LCF LCF

Los LOS

Lop LPP

Ly, LWL

N, NOPROP
P P

PR . PRMEAN
PR, .o PRROOT
PRﬁp PRTIP
PR, -q PR0O70
RDR RDR

S S

Sex SBK

T T

T, TA

Te TF

Toean TMEAN
t_o -

c
Symbol C.Symbol

Title
Chord length-diameter ratio at 0.7R

Chord length of blade at 0.7R

Depth, moulded of ship
Diameter of a propeller

Hub diameter
Expanded area ratio

Maximum camber of propeller blade section
Non-dimensional circulation

Depth of submergence of the propeller axis
Hub-diameter ratio

Rake from the propeller plane to the tip gener- Aft displacement

ation line

Center of buoyancy above moulded baseline
Center of buoyancy from midship

Center of floatation from midship

Length overall, submerged

Length between perpendiculars

Length of load waterline

Number of propellers

Propeller pitch in general
Propeller pitch ratio, mean

Propeller pitch ratio at root
Propeller pitch ratio at tip
Propeller pitch ratio at 0.7R
Propeller rake-diameter ratio

Wetted surface area of a ship
Wetted surface area of bilge keels

Draft, moulded of ship
Draft at after perpendicular

Draft at forward perpendicular
Mean draft of AP and FP

Thickness-chord ratio

Title

Definition Unit
CO.7R
DP
m
m
m
m
AE
A
r
27U o
m
a4
DP
m
IS positive
m
Fwd. positive m
Fwd. positive m
m
m
m
Jo_
DP
m2
m2
m
m
m
m
Definition nit



[N

8%

0

w

A
r
\%

TRO70

TMO070
XP

NPB

SKEW
SCALE

DISV

Maximum blade thickness-diameter ratio at
0.7R

Maximum blade thickness at 0.7R
Resultant velocity at 0.7 radius

Longitudinal propeller position

Number of propeller blades
Angle of attack relative to zero-lift line
Taylor’s diameter coefficient

Skew angle

Scale ratio
Radial circulation distribution
Displacement volume

B-2 Resistance and Propulsion

Symbol C.Symbol
C, CA
Coun CAA
Co CD
C: CF
Cy CN
C, CP
Cq CR
C, CT
C, CcVv
C, CW
Fo FD
F, FDO

Title

Incremental resistance coefficient for model-
ship corrlation

Air resistance coefficient

Drag coefficient of propeller
Specific frictional resistance coefficient

Trial correction for rpm

Trial correction for power

Specific residuary resistance coefficient
Specific total resistance coefficient
Specific total viscous resistance coefficient

Specific wavemaking resistance coefficient

Towing force in a self-propulsion test, meas-
ured
Towing force in a self-propulsion test, calcu-
lated

tmO.7R

D

ND\/J % +0.7% 72

Distance between
propeller plane and
AP

Definition
_ Ry
1/2 pSV?

RAA
1/2 pSV 2

RF
1/2 pSV?

m

deg.

c
=



~ X
17

00 Z

e

>
>

U 1 3o O
>

T

AC,

FN
ADVC

ADVCA

KQ

KT

C3

KP
KS

PB
PD
PE

RA
RAA
RF

RN

RR
RT

RV
RW

THDF

VA

WFT

DCF

Froude number
Advance coefficient of ship

Advance coefficient of propeller

Torque coefficient

Thrust coefficient

Three dimensional form factor

Blade roughness of a propeller
Hull roughness of a ship

Rate of revolution

Brake power

Delivered power at propeller
Effective power

Torque

Model-ship correlation allowance
Alir resistance

Frictional resistance

Reynolds number

Residuary resistance
Total resistance

Total viscous resistance
Wavemaking resistance

Thrust
Thrust deduction fraction

Speed of ship

Speed of advance of propeller

Taylor wake fraction

Roughness allowance

Due to fluid fric-
tion on surface

R, — R,
Total towed re-
sistance

Due to for-
mation of sur-
face waves

T-R,
T

Speed in relation
to water flow

V-V,
v

revs/sec
KW,PS
KW,PS
KW,PS
N —-m
N

N

N

m/sec
knot



ACk
7o

My
Mo
MR

DCFC
ETAD

ETAH
ETAO

ETAR
NU

RHO

Subscript M

Subscript S
Subscript T

Subscript O

B-3 Wake Survey

Symbol C.Symbol
a, A

a, A0

b, B

C, C

r R

V \Y

V. Vi
V,, VM
V., VR
Viu VTM
V, VT
v, VTR
V, VX
Wy, WN
0 ANG
¢ PHI

Trial correction for C.

Propulsive efficiency or quasi-propulsive
coefficient

Hull efficiency

Propeller open-water efficiency

Relative rotative efficiency

Coefficient of kinematic viscosity

Mass density

: Value for model ship or propeller
: Value for full scale ship or propeller
: Value from thrust-identity

PE
Py
L-t)/1-w)

: Value for propeller open-water characteristics

Title
Fourier cosine coefficients
Fourier coefficient
Fourier sine coefficients
Harmonic amplitude

Radial coordinate

Velocity of undisturbed flow or speed of ship
model

Nondimensional velocity components

Mean velocity at the radius r

Radial velocity component

Mean velocity at the propeller plane
Tangential velocity component

Transverse component of velocity vector

Axial velocity component
Froude wake fraction

Position angle
Phase angle

Subscript 1 : Axial, radial or tangential velocity components

Definition Unit

m/sec

m/sec
m/sec
m/sec
m/sec
m/sec
m/sec

deg.
deg.
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1. Introduction
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2. Propeller Geometry

The principal particulars of the design propeller and the propeller drawing are presented in
tables and figures as follows:

Model Propeller Number KP1069
Principal Particulars of the Propeller Table 1
Propeller Drawing Fig. 1

Table 1 Principal Particulars of the Propeller

Model Propeller Number KP1069
Scale Ratio, 4 9.6
Full-Scale Propeller Diameter, D, 240m
Model Propeller Diameter, D,, 250.0 mm
Hub-Diameter Ratio, d,, /D 0.170
Number of Blades, Z 4
Mean Pitch-Diameter Ratio, (P/D), ... 0.5761
Expanded Area Ratio, A: /A, 0.5905
Chord-Diameter Ratio at 0.7R, C,,5/D 0.3385
Skew Angle Extent, & 19.15°
Rake-Diameter Ratio at Tip 0.0 mm
Blade Section Type NACAG6
Propeller Rotation Direction R.H.
Material of Model Propeller Aluminum




3. Tests Descriptions

Wake reproduce results are presented in tables and figures as follows:

(@) Hull Form (KS1354)

Wake Reproduce Results Design Draft
Measured Axial Velocity Contour in Cavitation Tunnel Fig. 2
Measured Axial Velocity along the Circumferential Direction Fig. 3

In Fig. 3, the reproduced velocity distributions along the circumferential direction at vari-
ous radial positions are compared with the corresponding one measured in the KORDI towing
tank. The reproductions are considered acceptable.

The cavitation test conditions are determined by the torque identity method from the re-
sults of resistance, self-propulsion and open-water test in the towing tank. The blade angular
position of a key blade is measured from the vertically upward position in clockwise direction
when the propeller is viewed from afterward. The test items and conditions are as follows:

(b) Cavitation Observations

Propeller KP1069
Load Condition AN A A O
Test Condition Table 2
Suction Side Cavitation Sketch Fig. 4 Fig. 8
Suction Side Cavitation Photographs Fig.5 Fig.9
Pressure Side Cavitation Sketch Fig. 6 Fig. 10
Pressure Side Cavitation Photographs Fig. 7 Fig. 11




(c) Predicted Full-Scale Pressure Fluctuation

Propeller KP1069
Load Condition MAME A A oA
Test Condition Table 2
Table 3 Table 4
Pressure Fluctuation Amplitude
Fig. 12 Fig. 13

The pressure fluctuation was measured on a flat plate above the propeller. The XTM-190-
25A pressure transducers of 25 psi (172.4 kPa) are used to pick up the pressure values. The
five pick-up positions on the plate are depicted below.

Forward
o/ | \.
% ! \,
7/ | \
/ i
, Q0 \
/ e
Port _‘_ ————————— > . _.‘_ Starboard
| i Center |
\ i /
\‘ I /
\. . /
\\\ | e

Afterward

Location of five pressure transducers on the flat plate

Using the method recommended by ITTC, the full-scale pressure fluctuation amplitudes
can be predicted from the model scale measurement according to the following formula,

2 2
P _p xPN|[Ds
B " pm nm Dm



Table 2 Conditions for Cavitation Test

Model Propeller Number KP1069
L e
Test Date May 29, 2012 May 29, 2012
Water Temperature 20.5°C 20.5°C
Atmospheric Pressure 100.94 kPa 100.94 kPa
Full-Scale Propeller Brake Power 1154.2 PS 1439.6 PS
Full-Scale Propeller Rotational Speed 289.27 rpm 308.63 rpm
Full-Scale Propeller Shaft Submergence 2.11m 2.11m
Dynamometer J25 J25
Tip Clearance 0.2136m 0.2136m
Model Propeller Rotational Speed, n,, 25.0rps 25.0rps
Advance Coefficient, J, 0.4150 0.4083
Thrust Coefficient, K, 0.1191 0.1219
Cavitation Number, &, .75 1.6367 1.4378
Reynolds Number, R, 1.19x10° 1.19x10°
Air Content, a/a, 62.2% 62.2%




4. Summery

Based on the cavitation observation and the pressure fluctuation measurement tests, the follow-
ing characteristics can be deduced.

(a) Cavitation Observations

Load Condition at Design Draft(Target Speed)

Vst it Suction Side Pressure Side
Type of Cavitation Sheet Cavitation Sheet Cavitation
Range of Blade Angle —-10° ~ 60° 30° ~ 340°
Maximum Extent 13% at 20° 2% at 250°

Load Condition at Design Draft(Target Power)

UGS LI Suction Side Pressure Side
Type of Cavitation Sheet Cavitation Sheet Cavitation
Range of Blade Angle —-10° ~ 65° 30° ~ 340°
Maximum Extent 15% at 20° 3% at 250°

(b) Predicted Full-Scale Peak Pressure Fluctuation at Maximum Position

Load Condition Target Speed Target Power
Harmonic Component 1% Blade Frequency | 2" Blade Frequency
Amplitude 19.493kPa 3.434kPa
Location Center Center

Table 3 The Predicted Full-Scale Pressure Fluctuation Amplitudes
for KP1069 in the Load Condition at Target Speed

Psi (kPa) Port Center Starboard Forward Afterward
Ps1 0.447 1.189 1.137 0.905 0.848
Ps2 1.622 2.317 1.842 1.771 1.845
Ps3 1.545 2.231 1.872 1.845 1.956
Ps4 1.418 2.098 2.021 1.493 1.950

Table 4 The Predicted Full-Scale Pressure Fluctuation Amplitudes
for KP1069 in the Load Condition at Target Power

Psi (kPa) Port Center Starboard Forward Afterward
Py 0.635 1.653 1.588 1.073 1.219
Py, 2.399 3.434 2.7122 2.586 2.751
Pss 2.140 2.950 2.679 2.564 2.793
P 1.938 2.660 2.796 2.005 2.416
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190& oM

Design Draft

Figure 2

Iso-Axial Velocity Curves of the Wake Reproduced
in the Cavitation Tunnel

May 29, 2012
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1905 OfA Design Draft

May 29, 2012

Comparison of the Wake Reproduced in the Cavitation

Figure 3 Tunnel with the Wake Measured in the Towing Tank

_ Measured in T.T.
_— Simulated in C.T.
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Design Draft

Figure 4

Sketches of the Cavitation Patterns of KP1069 Propeller
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Design Draft

Figure 5

Sketches of the Cavitation Patterns of KP1069 Propeller
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Target Speed
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May 29, 2012
Fiaure 6 Photographs of the Cavitation Patterns
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Figure 7

Photographs of the Cavitation Patterns
of KP1069 Propeller
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Figure 8 Sketches of the Cavitation Patterns of KP1069 Propeller s
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Sketches of the Cavitation Patterns of KP1069 Propeller
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Fiqure 10 Photographs of the Cavitation Patterns
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Figure 11

Photographs of the Cavitation Patterns
of KP1069 Propeller
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Load Condition at
190E M Design Draft
May 29, 2012
Figure 12 The Predicted Full-Scale Pressure Fluctuation Amplitudes
9 for KP1069 Target Speed
10
m1BF m2BF = 3BF m4BF
9
8
7
. 6
o
2
b}
E 5
=
=
< 4
3 M~
7Ry s
1
0
Port Center Starboard Forward Afterward
Maritime and Ocean Engineering Research Institute, KORDI F-12




Load Condition at
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Fiqure 13 The Predicted Full-Scale Pressure Fluctuation Amplitudes

J for KP1069 Target Power
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H Nomenclature

Symbol Definition
A /A Expanded area ratio
C Chord length of propeller blade sections
D Propeller diameter
D, Diameter of a model propeller
D, Diameter of a full-scale propeller
d,/D Hub-diameter ratio
h Depth of submergence of the propeller shaft
J, Advance ratio based on propeller inflow velocity, v, /nD
K, Propeller thrust coefficient, T/pn’D*
n Number of revolution of a propeller per second, rps
n, Number of revolution of a model propeller per second
n, Number of revolution of a full-scale propeller per second
N Number of revolution of a propeller per minute, rpm
P, Static pressure for calculation of a cavitation number
P, Vapor pressure of sea water or fresh water
P i-th harmonic component of pressure fluctuation amplitude of model test
P, i-th harmonic component of pressure fluctuation amplitude of full-scale ship
R Propeller radius
R, Reynolds number, based on ship speed & chord-length of blade section at 0.7R
t. Tip clearance from propeller tip to hull surface vertically
V. Mean axial velocity of onset flow at the propeller plane
V Ship speed
w Taylor wake fraction
X,Y,2 Cartesian coordinate system, x positive downstream from the propeller plane, and y vertically upward
T and z portside from the propeller axis
Z Number of blades
ala, Alir content ratio
0 Angular position of the reference line of the key blade of a propeller, measured from a vertically upward
position in a propeller rotation direction
A Scale ratio
P Fluid density
P Density of fresh water
Ps Density of sea water
itati = = 1
Coomr Cavitation number aty = 0.7R,z=0basedonn, (, _ pv)/apnzDz
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