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On the Total Trawl Drag Characteristic of a Stern Trawler
and Its Estimating Methods

By
Sueo TAKASHIMA and Katsuhiro MUTO

It is necessary to know accurately the total trawl drag characteristic of the trawler not
only in her maneuvering under trawling but in the most suitable designing of her trawling
gears in technical and economical efficiency.

In this paper, the authors have attempted to estimate the total trawl drag characteristic
with a simple method of calculating. And the estimated characteristic, namely, calculated
relations among the revolutions of propeller, ship speeds and total trawl drag under
trawling, have compared with field experimental results using about 5000 G.T. type stern
trawler.

And results obtained are summarized as follows:

1) In the case of estimating the characteristic by using the thrust coefficient “Ky”’, the
characteristic may be obtained most accurately, but even other estimating methods can
approximately estimate the characteristic.

2) Trawling under usually towing ship speeds, namely, on the assumptions that total
resistance “Rg” is proportional to the ship speed and thrust coefficient “Ky” express as
K7 =AJ + A, the total trawl drag can be obtained as

F=V1{0.5144nApD’ (1-w) (I-t)-C} +#n'D*A;P (I-t).

3) If the relation between pull power “E.H.P.”” and brake horse power “B.H.P.” express
as E.H.P.' = k-B.H.P., the proportional constant “k” can be approximately calculated by
following formula.
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Fig. 1. Total resistance during official speed trial and
field experiments,
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Table 1. Particulars of the stern trawler at the official speed trial and field trial.

Speed trial Field trial
Length between perpendiculars (m) 103.00 ”
Breadth (m) 16. 80 ”
Depth (m) 11.00 ”
Draft for. (m) 2.73 4.30
Draft aft. (m) 5.22 6.60
Trim(m) 2.49 (—) 2.30(—)
Displacement (ton) 41R9 86 6176. 16
Block coefficient 0.582 0.631
Prismatic coefficient 0.609 0.651
Waterplane coefficient 0.719 0.798
Wetted surface area (m?) 1712.0 2075.0
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Fig. 2. Total trawl drag characteristic (by estimating method 1),
Notes — ¢ Calculated values
------: Estimated from calculated values
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Fig. 3. Total trawl drag characteristic (by estimating method 2).
Notes are same in Fig. 2.
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Fig. 4. Variation in the B.H.P. and EH.P. with ship
speed.
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Fig. 5. Variation in the E.H.P,/B.H.P. with ship speed.
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Fig. 6. Total trawl drag characteristic (by estimating method 3).
Notes are same in Fig. 2.
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Fig. 8. Total trawl drag characteristic (by estimating method 4).
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Fig. 9. Curves of B.H.P, of the stern trawler.
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Fig. 10. Total trawl drag characteristic (by estimating method 5).
Notes «—: Calculated by formula ( 7)
~~i———: Calculated by formula (12)
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Fig. 11. Curves of B.H.P, of the stern trawler.
Notes ——: Calculated by formula ( 8)
—————— : Calculated by formula (13)
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Table 2. Results of ﬁeld trial.

Exp. No. 1 2 3 4 5 6
20" o 60° 120° 30° 30°

Relative wind directicn \TD O Q ,Q Ej d
Relative wind velocity (m/sec) 2.0 9.0 7.5 10.0 18.0 18.0
Sea condition (Beaufort) 0 - 2 2 3 4 5
Wave hight (m) 0.5 1.0 1.0 2.0 3.0 3.0
Depth (m) 240 243 315 257 225 222
Towing speed (m/sec) 1.75 2.21 2.01 1.54 2.01 2.11
Total tension of warps (ton) 24.9 21.5 / 25.36 19. 04 19.9
Propeller revolution (r/min) 154. 6 165. 8 149.3 143.5 160. 6 168. 5
Brake horse power B H. P.(ps.) 2250 2627 / / 2525 2900

Table 3. Comparison of towing net characteristics calculated and experimented.

1 2 4 5 6
Exp. No.
Cal. | Exp. | Cal. | Exp. | Cal. | Exp. | Cal. | Exp. | Cal. | Exp.
Towing speed (kt) 3.4 3.4 4.3 43| 3.0| 3.0] 3.9 3.9| 41| 4.1
Propeller revolution (r/min) 154.6| ~» |165.8, ~ |143.5| ~ |160.6 168.5| ~» -
Brake horse power B.H.P, (p.s.) |2248 | 2250 | 2650 | 2627 2462 | 2525 | 2870 | 2900
Trawl drag (ton) 21.0122.2122.0/20.6|18.3121.1121.5|21.0|23.720.1

Remark: Trawl drag was obtained by regulating the horizontal component of total tension of
warps for calm sea condition in order to adjust the effects of winds and waves.
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Fig. 12. Variation of ¢ coefficient with propeller revo-
lutions and ship speed.
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List of symbols

w Displacement

V,v Ship speed kt, m/sec

T Thrust of propeller

t Thrust deduction coefficient

Ry Total resistance of ship

F Total trawl drag

Cr Frictional resistance coefficient

L Ship length

v Coefficient of Kinematic viscosity
Ry Frictional resistance

PPy Density of water, air

S Wetted surface area

v Volume of displacement

Cp Prismatic coefficient

B Breadth of ship

d Draft

g Acceleration of gravity

Cr Residual resistance coefficient

Ry Residual resistance

R, 'Air resistance

A’ Transverse section area upon water line
4 Relative wind velocity m/sec
kE(g) Relative wind direction coefficient
Cy Air resistance coefficient

B.H.P. Brake horsepower

DHP., P Delivered horsepower

E.H.P, Effective horsepower
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N, n Propeller revolutions per min., per sec.

2 Transmission efficiency

Ty Hull efficiency

7, Open-water efficiency

g Relative rotative efficiency

w Wake coefficient

V., va Speed of advance of propeller kt, m/sec

D Diameter of propeller

H Pitch of propeller

Fy Froude number

J Advance number

Ky Thrust coefficient

K, Torque coefficient

Q Torque in shaft

E.H.P.’ Power to pull trawl = Fv/75

k,a b Constants relating to E.H.P.” and B.H.P.

A, A, B, B, C.C Constants relating to Ky, Kg and total resistan-
ce of ship
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