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Abstract: The training ship Seiyo-Maru II of the Tokyo University of Fisheries was built in
1987. Among its propulsion characteristics, only estimated power curves obtained through
water tank tests during construction are available, whereas its towing characteristics, re-
quired for the studies of fishing gears and oceanographic equipments and instruments have
been left unknown. Therefore, the ship speed Vs, rotational speed of the main engine N in
rpm and shaft horsepower SHP were measured to obtain the wake coefficient w, propulsive
efficiency 7 and effective horsepower curves (EHP curves) using propeller efficiency 7., all
of which are parameters required to determine the ship’s towing force. The relationships
were determined among the ship’s speed Vs, towing force in tonf, main engine power out-
put PS and main engine speed N.

The results of these calculations showed that the towing force of the ship is 5.6~6.8 tonf
at a propeller blade angle 6 of 20 degrees, a shaft horsepower of 800 PS and a ship speed of

3.0~6.0 knots.

1. Introduction

The T/S Seiyo-Maru was built in 1987, having
the gross tonnage of 167 t, the design full load
displacement of 385.6 t, the main engine horse-
power of 1,050 PS at 850/330 rpm, the diameter
of the four-bladed propeller of 1.85 meters, and
the skew angle of 25 degrees. Table 1 shows the
ship’s principal dimensions.

The estimated power curves were plotted by
West Japan Fluid Engineering Laboratory Co.,
Ltd., the propeller manufacturer, using effec-
tive horsepower EHP, wake coefficient w, thrust
deduction coefficient ¢, propulsive efficiency 7,
and thrust coefficient K¢ and torque coefficient
Kq of the manufacturer’s propeller. Howeve, the
towing characteristics required for the oceano-
graphic survey and the netted fishing gear were
not known. In 1992, as corrective measures for
the ship, rubber mountings were installed to the
main engine bed to improve vibration-damping
performance and noise levels in the hull.

To investigate the ageing after construction
and the towing characteristics, the speed Vs and
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main engine horsepower SHP of the ship were
measured at sea by, taking propeller blade angle
0 and rotational speed N in rpm of the main en-
gine as parameters. The results of these and pro-
peller efficiency 7. were used to determine the
wake coefficient w, propulsive efficiency 7 and
effective horsepower EHP curves, all of which
are required for estimating the towing charac-
teristics.

The results of the estimation are reported in
this paper together with some technical exper-
tise gained.

2. Methods of measurements and results

Measurments were carried out in the sea area
near Ukishima in Tokyo Bay on 6 July 1993. Sea
conditions were calm and suitable during meas-
urements. The draft fwd was 2.40 m, and aft
3.47 m. The hydrostatic curves and Bonjean
curves show that the ship was approximately in
conditions corresponding to its design full-load
displacement.

Measurements were carried out at propeller
blade angles 6 of 14.0, 16.0, 18.0, 20.0 and 22.0
degrees at the indicator on the engine room con-
sole. For each of these blade angles, the ship was
tested at main engine speed N of 850, 800, 750,
700 and 650 rpm.
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Table 1. Principal dimensions of hull, engine and propeller.

Hull

Gross tonnage

Length over all

Length between perpendiculars
Breadth (moulded)

Depth (moulded)
Block coefficient

Main engine
Type

Max. continuous output

Propeller
Diameter

Expanded area ratio

Skew angle

Number of blades

GT 160.00 t
Loa 35.50 m
Lpp 31.00 m
B 7.00 m
D 3.40 m
Cb 0.653

NIGATA 5PASL
1,050 PS X 850/330 RPM

1.850 m
0.65

25°
4

Table 2.

Relationships among blade angle
6, ship speed Vs at the main engine rotational
speed N in rpm and measured values of SHP

(ps).
Blade angle N Vs SHP
(9) (rpm) (knots) (ps)
650 7.30 171
700 7.90 217
14.0° 750 8.40 967
800 9.05 295
850 9.40 400
650 7.95 919
700 8.65 9256
16.0° 750 9.15 333
800 9.60 414
850 9.95 510
650 8.75 %1
700 9.25 934
18.0° 750 9.70 493
800 10.05 599
850 10.40 651
650 9.30 398
700 9.75 129
20.0° 750 10.15 536
800 10.50 671
850 10.90 824
650 9.75 AL2
700 10.15 533
22.0° 750 10.55 676
800 10.95 843

The JRC’s Doppler log, model “JNA-761" and
the Furuno LORAN C “CI20H” were used to
measure the speed Vs of the ship. To measure
shaft horsepower SHP, the Soyo Engineering
Co.’s horsepower meter was used.

To mitigate the adverse effects of tidal cur-
rents during measurements, the ship was
maneouvred along the reciprocal courses be-
tween two points in the same sea area. Table 2
shows the mean values of the measurements.

3. Methods of analysis

Fig. 1 is a representative flowchart for deter-
mining relationships between ship speed, effec-
tive horsepower and main engine horsepower on
the basis of propeller data (Koke et al., 1992,
1993). When the ship proceeds at a propeller
blade angle 6 (degrees) and a speed Vp (m/s),

|4
1¢7p=V(1v w)
%: Vp/nD
Ii't I¢{q
’{L’:I{t'pn’D‘1 %=Kq',02D5
R=T(1—¢) P=27nQ
EIgP:RV/75 é‘HP:P/(%' n)

Fig. 1 Flowchart for determination of the rela-
tionships among parameters.
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Fig. 2. Typical curves of popeller efficiency 7..

the advance speed Vp (m/s) of propeller can be
determined from wake coefficient w, and the
propeller advance coefficient J, from propeller
diameter D (m) and rotational speed n (rps). In
these calculations, the propeller thrust coeffi-
cients Kt on the left and Kq on the right were de-
termined by polynominal of J and propeller
pitch ratio P/D (0.77 tanfo):

Kt='r% EO A; (D' (P/ D), ¢h)

1=v =

Kt:' ‘"% _SZO Aij (J)1 (P/D)’, (2)
=0 j=

where A; and B; are the coefficients of the
polynominals for Kt and Kq, r and s are the or-
ders of the polynominal for J and P/D (value=3
for r and s). Fig. 2 shows the coefficients Kt
and Kq used for the ship as propeller efficiency
7 o.

When the Kt value on the left is known, the
overall hull resistance R (kgf) can be deter-
mined from liquid density o0 (kg/m®), and n and
Dby way of thrust T (kgf) and thrust deduction
coefficient ¢. The values of overall resistance R
and ship speed V are used to calculate effective
horsepower PS.

When the value of Kq on the right is known,
torque § (kgf-m) and power P (kgf-m/s) can be
determined from Kgq, oand n, and furthermore,
shaft horsepower SHP (PS) can be determined
from propulsive efficincy 7.

Unkonown factors in the flowchart are wake
coefficient w, coefficients of thie propeller Kgq
and K¢, thrust deduction coefficient ¢ and pro-
peller efficiency 7.

Propulsive efficiency 7 is as below:

n=ner*1nNr €))
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Fig. 3. Relationships between the ship speed Vs and the propeller efficiency ratio 7 &,
transmission efficiency 7 r and thrust deduction factor (1—¢).

where 7 =: propeller efficiency ratio and 7 «:
transmission efficiency.

On the assumptions that the propeller blade
are intact, that propeller coefficients Kt and Kq
and thrust deduction coefficient ¢ during the
self-propulsion test remain unchanged, and that
the value of ¢ = 0.242 obtained from the full-
load water tank test can be used, the unknown
factors remaining in the flowchart are wake co-
efficient w and propulsive efficiency 7.

Thus, when ship speed V at a given propeller
angle 8, rotational speed of the propeller n and
shaft horsepower SHP are known from measure-
ments, wake coefficient w and propulsive effi-
ciency 77 can be calculated using the relational
expessions shown in the flowchart. Effective
horsepower curves can also be plotted.

For navigation at a given propeller blade
angle 6 and a given rotational speed ni, overall
hull resistance R: can be determined from

effective horsepower EHP curves. For towing an
object at a given constant ship speed V and pro-
peller rotational speed n., overall resistance R
for thrust T contains a resistance component of
the towed object Xr: and is expressed as a sum of
hull resistance R: and towed object resistance Xr

Hence, when towed object resistance Xr is re-
garded as towing force TF,

TF:Rz—R1 (4)

Because the maximum continuous rating of
the main engine of the ship is 1.050 PS, shaft
horsepowers of 1,000, 800 and 600 PS were se-
lected. For these horsepower levels, relation-
ships betweeen ship speed Vs, towing force TF
and rotational speed of the main engine N were
determined.

For practical reasons, various conversions
were performed: form V (m/s) to Vs (knots)
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Fig. 6. Comparisonof EHP curves at low speed.

for ship speed, from kgf to tonf for towing
force, and from n (rps) to N (rpm) via the re-
duction ratio for rotational speed of the main
engine.

4. Results of analysis

Propeller efficiencies: The results of the full-
load water tank test showed a propeller effi-
ciency ratio 7n=r of 1.005 and a transmission
efficiency 7 of 0.98. Generally, the 7 r values
are approximately 1.0 and the 7 r values are
within the range from 0.98 to 0.95. Therefore 1.0
was adopted as the 7r value to simplify the cal-
culations.

Fig. 3 shows comparison of the results of the
calculation based on observations (solid lines)
with those obtained by the water tank test (dot-
ted lines). 7 r based on observations was 0.95 at
Vs of 11.75 knots and 0.98 at 8.00 knots.

Wake ratio (1—w): Fig. 4 shows a compari-

son of the wake ratio (1 —w) for given ship
speeds Vs. The wake ratio (1—w) based on ob-
servations (marked with circles) was 0.72 at Vs
of 11.75 knots and 0.75 at 6.0 knots. As the ship
speed 1s reduced, the wake ratio increases. In-
quiries of several shipbuilders about this ten-
dency were thus confirmed.

Effective horsepower EHP: Fig. 5 shows a
comparison of the effective horsepower based on
observations (marked with circles) in relation
to given ship speeds with that obtained by the
tank test (dotted curve). The solid line repre-
sents the effective horsepower determined by the
method of least squares.

The values based on observations were higher
than those obtained by the tank test by 30~50
PS, especially in the low speed range.

Fig. 6 shows the effective horsepower curves
for the low speed range. In the estimation, the
effective horsepower of 78.8 PS at 7.30 knots
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Fig. 7. Towing force curves.

was employed. The solid curve is estimated one
based on observations and the dotted curve is
that obtained by water tank test.

Estimated horsepower: The T/S Seiyo-Maru
Il usually navigates with a propeller blade angle
6 of 20 degrees and at a main engine rotational
speed N of 820 rpm. The water tank test shows
a shaft horsepower of 690 PS and a ship speed of
10.76 knots, while the present measurements
gave a shaft horsepower of 720 PS and a ship
speed of 10.68 knots.

Towing force TF: The EHP curves shown in
Fig. 6 were used to estimate the towing force TF
(tonf) and the main engine rotating speed N
(rpm) at ship speeds of 2.5~6.5 knots with the
normal propeller blade angle of 20 degrees.

For the estimation, shaft horsepowers of 600,
800, 1,000, PS, the wake ratio of 0.75 and the
propulsive efficiency of 0.95 (worse condition)
were employed as navigation conditions. The re-
sults of estimation are shown in Fig. 7.

The training ship is usually operated at 3/4 of
MCR of the main engine. At a shaft horsepower
of 800 PS, the ship speed Vs is 3.0 knots, the
towing force TF is 6.84 tonf, and the main en-
gine rotaional speed N is 770 rpm. The ship speed
of 6.0 knots corresponds to the towing force of
5.68 tonf and the main engine rotational speed
of 805 rpm. The ordinary towing force of the

T/S Seiyo-Maru 1 isestimated to be 5.6 to 6.8
tonf,
5. Conclusion

The ship speed Vs, main engine rotating speed
N and shaft horsepower SHP of the T/S Seiyo-
Maru I were measured at sea and the results
were analyzed to make clear the characteristics
required for towing various fishing gear and
oceanographic survey instruments.

In the analysis, propulsive efficiency 7 and
wake coefficient w were determined from thrust
deduction coefficient t obtained in the water
tank test. The estimated effective SHP was
higher than that obtained by the water tank test
by 30 to 50 PS. This demonstrates an increase in
overall hull resistance R as compared with that
at the completion of the ship.

The measurements and analysis showed that
for the propeller blade angle of 20 degrees and
main engine rotational speed of 820 rpm under
normal navigation conditions, the ship speed Vs
decreased by 0.1 knots and the shaft horsepower
increased by 30 PS for 6 years after the condi-
tion.

For a propeller blade angle of 20 degrees and
shaft horsepower of 800 PS, the towing force TF
was within the range of 6.84~5.69 tonf at the
ship speed of 3.0~6.0 knots and at the main
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engine rotational speeds of 770~805 rpm. Thus, power curves for the training Ship “Shinyo-
the normal towing force of the T/S Seiyo-Maru * Maru”. J. Tokyo Univ. Fish., 79, 144-145.
I was estimated to be 5.6 to 6.8 tonf. KOEKE, T., Y. TakAsU and H. Mocuzukr (1993) :

Correction to estimated power curves. Esti-
mated power curves for the Reseach/Training
Ship ”"Umitaka-Maru”-II. J. Tokyo Univ.
Fish., 80, 41-44.
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