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ABSTRACT

The paper deals with an oil tanker whose propulsion system with internal
combustion engine during navigation was investigated. For a power plant with
internal combustion engines we distinguish the subsystems: the internal combustion
engine; consumer (s); mechanisms and auxiliary installations of the internal
combustion engine power plant. The energy required for the proper functioning of
the energy system is provided by the engines it is equipped with. During the voyage,
the ship has several conditions for navigation, and the main engine and auxiliary
machinery do not work all the time on the same charge.

KEYWORDS: auxiliary machinery, fuel consumption, internal combustion
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1. Introduction

The operating mode of the propulsion engine
depends on: the type of ship, navigation conditions,
ship body construction, propellant type, on the mode
of transmission of energy from the engine to the
propeller.

In the paper is calculated the fuel consumption
of auxiliary engines that equip a ship.

The measurements were made on an oil tanker
equipped with a single propeller.

2. Case study

We must take into account the fact that during a
voyage the ship has more navigational situations and
the main engine and auxiliary machinery do not
always work at the same load.

The propulsion of the ship is provided by a six-
cylinder MAN B & W Diesel Engine.

Engine power 9480 [kW], engine speed 127
[rpm]; ship speed 15.38 [Nd].

The ship is equipped with three Diesel
generators, each of 6 cylinders in line 960 kW power,
900 rpm.

The main engine of a ship is the main fuel
consumer and the major energy producer on board
ships.

For a naval propulsion plant with internal
combustion engines, an independent variable which
gives its operating regimes is considered.

The study was conducted for several operating
modes for full load and ballast. Ballast tanks are built
into the hull of a ship in order to help maintain its
stability by filling them with seawater.

We calculated the fuel consumption for
auxiliary engines for each navigation situation (a.
ship's march; b. loading the ship; c. maneuvers
through straits; d. stationary with loading; e.
stationary with unloading) [1].

a. Pva1=4ma1 Pema-2 kWl (D)

-HMA1 = 047 - the charge coefficient of the

auxiliary motors;

rhMA,C,l =Pua1-CSmac kahl (2

-Myaca - fuel consumption of auxiliary engines

- CSya ¢ - specific fuel consumption of auxiliary
motors = 0.180 [kg / kW.h] [5]

T™MAML = Tm,7 +7p,3 [h] ®3)

T 7 - the time of march to the port of origin;

Tp 3 - the march time to the destination port;
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TMA,m,1 - the number of engine operating hours;

CCmas = MMAC 17 MA M1 1071 @

CC a1 - fuel consumption of auxiliary engines;

b. Pva2=#mA2 Pema-2 kW] (5)

HmA,2 = 0495 - the charge coefficient of the
auxiliary motors;

mMA,C,Z =Pma2 - CSwmac [karh] (6)

mMA,C,z - hourly fuel consumption of auxiliary

engines;
TMAmM,2 = Tm,i + 7b,i [h] ™

TMA,m,2 - the number of operating hours of the

auxiliary motors;
Tmii - running time of auxiliary engines (full load);

Tp,j - operating time of auxiliary motors (ballast);

CCmA2=Myac2 TMAM,2 107311 (8)

CCma,2 - fuel consumption of auxiliary engines
(freight loading march);

¢. Puaz=#ma3 Fema-2 [kw] (9)

Hma3=0.625 - the charge coefficient of the

auxiliary motors;

Myac.s = Pvaz-CSuac [karh (10)

Myacs - hourly fuel consumption of auxiliary

engines;

TMAmM,3 = Tm,s T 7b,s [Nl 11)

TMA,m,3 - the number of operating hours of the

auxiliary motors;
Tm.s - running time of auxiliary engines (full load);

Th,s- running time of auxiliary engines (ballast)
(maneuver through straits).

CCMA3 =Mypcs  MAma-103 [T (12)
CcC MA,3 - fuel consumption of auxiliary engines;

d. Puas=#masPema-2 kW] (13)

HMA.4 - 0420- the charge coefficient of the

auxiliary motors;

Myaca =Pvas-CSuac [kahl  (14)

m MAC.4 ~ fuel consumption of auxiliary engines;

TMA,m,4 =Tm,6 + 7h,2 [Nl (15)

T .
MAM.4 _ the number of operating hours of the
auxiliary motors;

Tm,6 - the loading time in the port of destination;

Tp o - the loading time in the port of origin;

CCMA4 =Myac.a TMama 10 [0 (16)
CCwma,4 - fuel consumption of auxiliary engines;

e. Puwas=#mas Fema-2 [kw] (17)

Hma,5 = 0.8 - the charge coefficient of the auxiliary
motors;

Muacs = Pvas-CSmac [ka/h] (18)

m MACS5 ~ fuel consumption of auxiliary engines;

TMA,m,5 = Tm,5 + 7p,8 [N] (19)
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Tm 5 - download time in the port of destination;
Tp g - download time in the port of origin;

TMA,m,5 - the number of operating hours of the

auxiliary motors;

CCmas = m MAC.5 TMAmM,5 1073 ] (20)

CCma5 - fuel consumption of auxiliary engines

(stationary unloading);
CSmAc - specific fuel consumption of auxiliary

engines = 0.180 [kg/kW.h];
16
—— Vioad

15 Vballast

14

Iy

v [Nd]

Fuel consumption of auxiliary engines on

voyage:

CCMA total = CCMA,1+CCMA,2+CCMA 3+CCMA 4
+CCMAS (21)

Fuel consumption of auxiliary engines (annual):

CCma total ,an =CCmAtotal - Ny (22)

The calculations were made based on a program
in Engineering Equation Solver.

Figure 1 shows the ship's speed (load and
ballast). In Table 1 are presented the results obtained
for the fuel consumption of auxiliary machines for
several navigation situations.

Vs
)

vl

90 100 110

n

120

Fig. 1. Speed of the ship

130 140

Table 1. Fuel consumption for the studied navigation situations

Regime CCMA;tot | CCMA,1 | CCMA,2 | CCMA,3 | CCMA4 CC'[\:I]A’S
[t/voiaj] [t] [t] [t] [t]
regime 1 98,870 85,390 2,737 2,592 2,423 5,722
regime 2 97,990 84,520 2,737 2,592 2,423 5,722
regime 3 93,175 79,700 2,738 2,592 2,423 5,722
100
= 98,87 90,000 1
g 98 97,99 80,000 - W Seriesl
; 9% 70,000 1 ® Series2
‘—5 60,000 Series3
< 9% 50,000
5 93,175 40,000 1
o 92 ’
30,000 1
90 20,000 7
14,00 14,15 15,00 10,000 1  m
v [Nd] 0,000 + T r 1

Fig. 2. Fuel consumption

CCMA,1 CCMA,2 CCMA3 CCMA4 CCMAS

Fig. 3. Fuel consumption for the studied
navigation situations
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3. Conclusions

The fuel consumption of the auxiliary engines is
the lowest for operating at speed v = 150 [Nd].

For the operating mode with: speed of the
ballast ship vb = 15 Nd, the fuel consumption is:
CCMA, total = 93,175 [t/voyage]. The calculations
were made based on a program in Engineering
Equation Solver.

The vessel must operate at the parameters for
which it was designed and built, thus meeting all
technical and economic requirements.
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