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Studies on Handling Conditions of Marine Engine for
Minimizing Oil Consumption—I

Fundamental Experiments

Toyonari Nismiya, Mitsuyoshi Yamas and Takeshi Araxi

Since the popularization of the controllable pitch propellers among small-sized and
medium-sized ships, the optimum combination to minimize oil consumption of the rate of
rotation of engine (rpm) and the angular pitch of propeller blades at various cruising speeds
has been an interest of marine engineers.

We made a series of experiments to find the optimum combination with the training ship
Kakuyo-Maru (1,044.38 G/T, 2,800 HP) under various cruising speeds of 9~13.5 knots on
October 22nd 1983 in the northwestern Pacific.

Following results were obtained.

i) Cruising speed, V (knot) and consumption of fuel oil, G, (kg/n.m. running) were
expressed by the following experimental formulae, where n is rpm of the main engine; S,
slip ratio of propeller; 6,, angular pitch of propeller blades.

V =10.0241-n—0.15863-S+0.84685- 6,—12.4791

Gp = 0.04906-n—0.0086 - V*+0.52406-S —0.06734- 6, —11.91674

ii) The oil consumption was always smaller at the combination of lower rpm and greater
pitch within the speed tested. However, when the angular pitch was 17° or greater, the
temperature of exhaust gas often reached above its dangerous level.

iii) The relative shaft-horse power at a constant rpm varied with pitch, i.e., the horse
power at the pitches of 16° or 17° increased by 3.37 or 11.52 % compared with the power
at 15° of pitch. '
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Table 1. Principal particulars of Kakuyo-Maru of Nagasaki University.

Hull
Length registered
Length between perpendiculars
Breadth
Depth
Gross tonnage
Main engine
Type
Number of cylinder
Maximum continuous horse power
Service horse power
Cylinder bore
Stroke
Type of supercharger
Reduction gear
Type

. Gear ratio
Controllable pitch propeller
Type
Number of blade
Diameter
Principle pitch
Developed area ratio
Fuel oil supplied

IR OHEEMEREIE, KT OB K> TKRE
KEhB» A BN ) — ¥ B IRIETERT 3
VENS B, LEdo>T, MELRRLH0BHED
B AMVAEIT AN &S WEHAD 19835 10A 22H, KiZik
NBEETEDIRECFEZ EREL 72,

Yy FAELS, 1605 XCITEEL LT, 20
DL AEI W T THRIEEH F 400, 500, 5503 &
U'580rpm DAERRS 12 ZE b &2, Thbb, 12BEOEE
HCTENERIZODVWTERI #4772, %5, Table 2
CRTE RIS EHAEIEAEL T, BIE—ETh o
F=. 7, FHAPEEMICERSNDI LD, LTOE
HEIZDWTHR A Z T RARICEHI 21T ) Lot L &,

1. 1. FHBEEEK

77V HREROBRAMERE (F2V 2 4)
AEOBEN L A2FHEE L.

1. 2. a3 REE

RSN B O A 4 v 712 & 3 BRAHERALE
EEEHERED 1 SHOFEEE Lk,

1. 3. i iaHEmIER L

58.00 m
58.00 m
11.85 m

7.60 m
1,044.38 tons

DAIHATSU 8DSM-32 Single action 4cycle Diesel
8

2,800 PS X 600/265 rpm

2,380 PS X 600/265 rpm

320 mm

380 mm

VTR-400

RCA-45D
Hydraulic clutch of immersed multi-plate

1:2.26 600/265 rpm

KAMOME CPC-80

3

2,850 mm

1,140 mm

0.45

#2 first grade (Rank A)

Specific gravity 15/4°C 0.8522
Lower calorific value 10,220 kecal/kg
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o . N. :Shaft horse power (PS)
TBRE, ZOIEEDERIEN2% U_FT‘&‘) 50T, BIE G :Fuel oil consumption (kg/h)
MERFIH5LE25. WD, PLER@EV8Y V' :Ship speed (knot)
. ) S :Propeller slip (%)
Uy O L THEL 7. Note:Throughout the figure, the solid lines
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Table 2. Measured and calculated characters of main engine of Kakuyo-Maru in parameter
of various angular pitch of propeller in 24th October 1983.
G, 15° 16° 17
P 1679 1797 1916
n 393.2 483.6 549.2 587.6 [395.5 488.2 549.2 583.1 [395.5 481.4 551.4 583.1
N, 174 214 243 260 175 216 243 258 175 213 244 258
hx10® | 52.5 77.0 94.0 107.0 | 55.0 81.0 105.0 113.5 | 59.0 87.0 110.0 123.0
Te 230.8 284.9 332.5 361.6 |238.5 299.3 354.6 379.3 |249.4 321.7 378.6 403.8
P, 0.11 0.25 0.43 0.58] 0.12 0.29 0.52 0.68} 0.14 0.35 0.60 0.83
Prez. 58.0 64.4 68.7 71.3 | 59.4 67.8 73.8 75.4 | 60.3 69.0 76.1 79.3
Ne 363 754 1173 1439 403 860 1332 1632 478 977 1511 1875
P. 3.4 5.7 7.9 9.0 3.8 6.5 8.9 10.3| 4.4 7.5 10.1 11.8
G 81.8 142.8 203.9 246.5 | 88.7 157.8 229.4 277.0 }101.0 173.9 257.9 315.1
Gn 9.03 13.01 16.80 19.52| 9.47 13.83 18.16 21.26| 10.33 14.67 19.80 23.29
\ 9.06 10.98 12.14 12.63| 9.37 11.41 12.63 13.03| 9.77 11.85 13.03 13.53
S 4.23 5.67 8.17 10.68| 8.05 9.30 10.74 13.25| 10.04 10.36 13.94 15.54

Remarks:Various conditions throughout the above measurements were:
1) displacement of Kakuyo-Maru: 1794.5 tons
2) smooth sea with portbow waves and light air (2m/sec.).

8, :Propeller pitch angle (deg.)
P :Propeller pitch (mm)
n  :Revolution of main engine (rpm)
N, :Revolution of propeller (rpm)
h :Revolution of turbo charger (rpm)
T. :Exhaust gas temperature of main engine (°C)
P, :Suction air pressure (kg/cm®)
Pz :Maximum pressure (kg/cm?)
Ne :Shaft horse power (PS)
P. :Mean effective pressure (kg/cm?)
G  :Fuel oil consumption (kg/h)
Gn :Fuel oil consumption (kg/n.m.)
V  :Ship speed (knot)
S :Propeller slip (%)
Table 3. Result of official sea trial in 1975
- Remarks:Various conditions throughout the above
2 18.5 measurements were:
P 2097 1) displacement of Kakuyo-Maru: 1350.00
tons
Load 1/4 2/4 3/4 4/4 2) smooth sea with starboardbow waves
n 378 479 546 600 and light air (2m/sec.)
N, 168 211 242 265 8, :Propeller pitch angle (deg.)
hx10° | 56.0  90.0  120.0  135.0 P :Propeller pitch (mm)
n :Revolution of main_engine (rpm)
Te 240 320 370 410 N, :Revolution of propeller (rpm)
P, 0.16 0.50 0.82 1.12 h :Revolution of turbo charge (rpm)
Poax 70.3 80.5 87.5 93.3 Te :(E%h)aust ges temperature of main engine
Ne 600 1300 1870 2340 P, :Suction air pressure (kg/cm?)
Pe 5.8 10.0 12.6 14.5 Paax :Maximum pressure (kg/cm?)
G 101.1 183.0 275.0 379.3 N. :Shaft horse power (PS)
Gn 9.432 13.800 18.429 24.441 P. :Mean effective pressure (kg/cm?
v 1072 13.26 14.92  15.52 G :Tuel ofl consumption (kg/h)
» :Fuel oil consumption (kg/n.m.)
S 6.08 7.49 9.23 13.79 v :Ship speed (knot)
S :Propeller slip (%)
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Fig. 2. Interrelation between shaft horse power
and ratio of operating rpm to rated rpm,
in parameter of various angular pitch of
propeller blade.
N.:Shaft horse power (PS)
n :Revolution per minute of main engine
(rpm)

n,:Rated rpm of main engine (rpm)
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Fig. 4. Variances of suction air pressure, rpm
of turbo charger and exhaust gas tem-
perature of main engine, in various shaft
horse power of main engine. This figure
is referred from engine Log Books (1974—
1983) of Kakuyo Maru.

N,:Shaft horse power (PS)

P,:Suction air .pressure (kg/cm?)

h :Revolution per minute turbo charger
(rpm)

T.:Exhaust ges temperature of main en-

gine (°C)
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Fig. 5. Interrelation between specific fuel oil
consumption (b,, g/PS/h) and pressure
ratio (Pnax/Pe).

Pz :Maximum pressure (kg/cm?)
P. :Mean effective pressure (kg/cm?

be :Specific fuel oil consumption (g/PS/h)
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Fig. 6. Speed-rpm diagram in parameter of pitch
angle of propeller.

V:Ship speed (knot)

n:Revolution of main engine (rpm)
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Fig. 7. Propulsive characteristics given by the
experimental results in 1983.
In this figure, the abscissa is rpm and
the ordinate is shaft horse power. Solid
lines are given respectively for 15°—17°
of angular pitch of propeller and dotted
lines are for isograde of various ship’s
speeds of Kakuyo-Maru, in 1983.
N:Shaft horse power (PS)
n :Revolution of main engine (rpm)
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Fig. 8. Interrelation between shaft horse power
and ship speed.

Ne:Shaft horse power (PS)
V :Ship speed (knot)
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