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Redesigning nozzle propeller of trawl vessel for
improving towing speed
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Fishing efficiency of a trawl vessel can be enhanced by increasing the swept area per unit time, which can be
attained either by increasing the mouth size of the net, or by increasing the towing speed. To improve fishing
and fuel efficiency of trawl vessels targeting fishes of greater mobility, in which the towing speed is more
critical in determining fishing efficiency, we conducted a series of model tests to evaluate the performance
of the newly-designed nozzle propeller before installing it in a trawl vessel to verify its towing speed and
fuel efficiency in the sea. By conducting further model tests in the experimental basin, we redesigned the
propeller of stern trawler to improve the resistance and propulsion performance. Through actual fishing
operations, we evaluated the improvement in fuel and fishing efficiency by installing the new nozzle
propeller. The trawling speed increased by 0.6kts at the same engine power (RPM), while the engine margin
increased by more than 20%. The increased towing speed by installing the redesigned propeller is expected
to enhance fishing performance through increasing the number of hauling- and casting operations per unit
times, while shortening the towing duration. Analysis of the Catch-Per-Unit-Effort (CPUE) data indicated
that the mean CPUE of trawl fishery increased from 3.04kg/m in year 2007 to 6.15kg/m in year 2008,
confirming enhanced fishing efficiency by adopting the redesigned propeller.
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Table 1. Principal dimensions of trawler Dong-San

L.O.A. 112.3m
L.B.P. 103.75m

B (molded) 16.0m

D (molded) 10.0m

Draft (D.L.W.L.) 6.05m

G/T 4,462ton
Main engine 5000ps x 230RPM
Design load draft (ext.) 6.066m
Displacement at D.L.W.L 7471.695ton
Lightship weight 3246.923ton
Deadweight at D.L.W.L 4224.772ton
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Table 2. Propulsive performance of calculations and test results

Designation Calculated values Full-scale test values Adjusted values Full-scale test values
Speed (kts) 4.4 43/45 4.451 43/45
RPM 190 190 /200 200 190 /200
Load of main engine 2900PS (58%) abt 3560PS (71.2%) 3325PS (66.5%) abt. 3560PS (71.2%)
Rack position 45.57 (71.2%) 45.57 (71.2%)
Exh' temp 340.6 (80%) 340.6 (80%)
Gov. Position 8.0 8.0
Max. Pressure 65.14 (50% UNDER) 65.14 (50% UNDER)

Conventional propeller Newly designed propeller
Remark
w=0.276, t=0.184 w=0.322, t=0.257

Table 3. Result of study for propulsive performance with nozzle propeller

Calculation with Compared with

Designation Nozzle propeller Full-scale test values

new values full-scale ship
Speed (kts) 4.451 5.50 1.049 kts increased 4.3/45
RPM 200 200 200 190 /200

3325PS 2971PS 354PS N
Load of Propeller (66.5%) (59.4%) (7.1%) decreased abt. 3560PS (71.2%)
Load of main engine 3287.6PS 3287.6PS
g (65.8%) (65.8%)

remarks +37.5PS —316.6PS

(+0.75%) (—6.3%)
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Table 4. Principal dimensions of nozzle propeller

Designation Ship
Diameter of ship propeller (mm) 3040
Expanded blade area ratio 0.730
Propeller pitch ratio, mean 0.8783
at tip 0.8783
at 0.7R 0.8783
at root 0.8783
Chord length-diameter ratio (0.7R) 0.3708
Max. blade thickn. -dia. ratio (0.7R) 0.05921
Hub-diameter ratio (aft. Displt. +) 0.1910
Skew angle(deg.) 0
Number of blades 4
Turning direction R.H.
Material RAIBc3
Propeller section type Kaplan
Propeller nozzle type 19A
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Fig. 1. Installation of nozzle propeller and installed propeller.
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Table 5. Comparison of conventional and nozzle propeller by trawling condition

Condition Item \_Date Aug 8.2007 Aug 20. 2007 Oct 18. 2007 Remark
Conventional Time 03:30 05:00 01:00
r‘(’) e Engine RPM 187 193 188
prop Ship Speed (kts) 49 49 45
. Time 08:30 10:00 11:00
W‘;h ';‘;lzezrle Engine RPM 190 200 210 Jzzsst d;(;;'g
prop Ship Speed (kts) 5.1 53 55 :
Table 6. Comparison of conventional and nozzle propeller by service condition
Condition Item \_ Date Feb 17. 2006 Nov 9. 2007 Remark
Conventional Time 09:00 12:00 Feb 17. 2008.
ropeller Engine RPM 200 190 extreme
prop Ship Speed (kts) 7.8 11.4 sea condition
. Time 19:00 20:00 21:00
W‘:h “(l’lzzrle Engine RPM 190 200 200 JZES; dza(;‘f)'g
propetie Ship Speed (kts) 12.0 12.9 12.9 :
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Fig. 2. Comparison of fuel consumption in March (main
engine).

Table 7. Comparison of fuel consumption (main engine)

Fig. 3. Comparison of fuel consumption in March (total
consumption).

[unit: Kilo liter]

Month Year Variation Of Deviation (%)
2007 2008 fuel consumption
March 222.8 205.4 —17.4 —7.8
April 201.4 166.6 —35.0 —174
May 194.3 179.4 —149 =77
June 203.4 176.9 —26.5 —13.0
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Fig. 5. Comparison of krill round production in May and
June.

Table 8. Comparison of fish meal production (unit: ton)
Year iati f
Month Varlatlorll © Deviation (%)
2007 2008 production
March 126.3 346.2 219.9 174.1
April 193.4 199.2 5.8 3.0
May 301.4 213.4 —88.0 —29.2
June 120.8 249.7 128.9 106.8
Table 9. Comparison of krill round production (unit: ton)
Year iati f
Month Varlatlorll © Deviation (%)
2007 2008 production
April 2,942 2,607 —335 —114
May 3,915 3,372 —543 —-13.9
June 1,593 2,913 1,320 82.8
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Table 10. Summary of fuel consumption and krill production
Month Designation 2007 Year 2008 Végizgszt()f Percent ReUn?ai;ks
M/E 222.8 205.4 —174 -178 kilo liter
DIE Mixed fuel 65.4 66.6 1.2 1.8 kilo liter
M.G.O. 1194 142.6 232 19.4 kilo liter
March A/B Mixed fuel 69.3 80.2 10.9 15.7 kilo liter
Sum of fuel consumption ~ 540.7 591.8 51.1 9.5 " /Bj]g;;’/[“ifcrlu ded
F/M Production 126.3 346.2 219.9 174.1 ton
M/E 201.4 166.6 —34.8 —173 kilo liter
Mixed fuel 61.1 59.7 —14 —-23 kilo liter
DE M.G.O. 123.7 129.3 5.6 4.5 kilo liter
April A/B Mixed fuel 62.0 75.7 13.7 22.1 kilo liter
Sum of fuel consumption 5149 495.7 ~192 ~37 " /B’l;i/l;dliifcrlu ded
F/M Production 197.4 199.2 5.8 3.0 ton
Krill round 2,942 2,607 —335 —114 ton
M/E 194.3 179.4 —14.9 —=7.7 kilo liter
Mixed fuel 66.5 67.7 1.2 1.8 kilo liter
e M.G.O. 130.6 128.8 —1.8 —14 kilo liter
May A/B Mixed fuel 62.5 77.0 14.5 23.2 kilo liter
Sum of fuel consumption 547.4 520.0 —274 —=5.0 M/B,l;i;l(\)/lnitrfcrluded
F/M Production 301.4 213.4 —88 —29.2 ton
Krill round 3,915 2,913 1,320 —-13.9 ton
M/E 203.4 176.9 ~265 ~13.0 repair;jﬁj dzsysumed
Mixed fuel 39.0 6.4 —32.6 —83.6 kilo liter
e M.G.O. 97.3 172.4 75.1 77.2 kilo liter
June A/B Mixed fuel 36.5 73.5 37 101.4 kilo liter
Sum of fuel consumption ~ 469.9 503.2 333 7.1 " /B’kFi;g/[“ifcrlu ded
F/M Production 120.8 249.7 128.9 106.8 ton
Krill round 1,593 2913 1,320 82.8 ton
- M/E: Main Engine - F/M: Fish meal
Remarks - D/E: Diesel Engine (Generator) - M/B: Main Boiler
- A/B: Auxiliarly Boiler - M.G.O.: Marine Gas Oil
AEoA & 2ddre 1sdz sdsty = = U
A& 77%0] . o] 713t Fke) AA A {7 o} o] S YA
SRS AEE tiH] of 13.2%7F 4o of LY FEE HAABH] sk 7]
o, Y 5aE HAFS 2X gastglon, ofE Al A9l 20079 3 A4 $¢1 20084 &f = A}
Aitge Ad= i8] 36%7F 7k Ao 9 ='E o]&3to] sttt
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Table 11. CPUE analysis for year 2007
L Avg. trawling
Month No. of No. of trawling Trawling time speed Total catch CPUE
catch days (hour) (ton) (kg/m)
(kts)
March 27 342 267 2.5 3,656 2.96
April 26 320 218 25 3,796 3.76
May 27 335 222 2.5 4,938 4.80
June 14 158 146 2.5 1,221 1.81
July 21 222 232 2.5 2,025 1.89
Sum 115 1377 1085 - 15,636 —
Average 23 275 217 2.5 3,127 3.04
Table 12. CPUE analysis for year 2008
L Avg. trawling
Month No. of No. of trawling Trawling time speed Total catch CPUE
catch days (hour) (ton) (kg/m)
(kts)
March 29 417 188 2.9 6,667 6.60
April 27 340 148 2.9 4,332 5.45
May 29 375 145 2.9 5,431 9.97
June 25 307 182 2.9 5,585 5.71
July 5 87 37 2.9 1,192 6.00
Sum 115 1526 700 - 23,207 —
Average 23 305 140 2.9 4,641 6.15
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