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Abstract--many industrial diesel engines are used as the main engine of the ship. Apart from being relatively cheaper, the 

availability of industrial engine is also very abundant, and the repair process is also not too complicated. However, when 

viewed from the SOLAS regulations related to the main requirements for a ship propulsion engine, it must also be consid-

ered, because it operates at sea, so that ship engines must be tougher than industrial engines, especially related to engine 

performance when experiencing rolling and trim. The purpose of this research is to test the feasibility of industrial diesel 

engines being operated on ships. By using a water-cooled single-cylinder diesel engine which is commonly used in small 

ships. The experimental method was used in this research to obtain optimal results according to the conditions in the field, 

the engine was made in three variations, namely the normal condition (without inclination angle), the rolling condition of 

150, and the trim condition of 50 which complies with SOLAS regulations related to the inclination angle. The results of the 

research obtained torque, Specific Fuel Consumption (SFC), and engine thermal efficiency in various engine variations. The 

highest torque is in the condition of the 150 rolling engine, which is 13.87 N.m. The lowest SFC is in the condition of the 150 

rolling engine, which is 194 gr/kW.h. and the highest thermal efficiency was also obtained at the condition of the 150 rolling 

engine, namely 44.9%. The higher the engine speed, the higher the engine performance value in rolling 150 conditions, and 

the 50 trim conditions experience an increasing trend, but in low rotation conditions (750 Rpm) the performance decreases. 

Seeing the results obtained, a water-cooled single-cylinder diesel engine can be used as a small boat propulsion engine. 
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I. INTRODUCTION1 

International Maritime Organization (IMO) states 

that more than 90% of the volume of world trade is by 

sea [1][2] and almost all commercial ships use diesel 

engines as their prime mover [3]. The main reason ma-

rine engines are built differently from industrial engines 

is the risk of fire and corrosion [4]. Ship engines operate 

in a working environment with constant humidity and 

exposure to water. Exposure to salty sea water will dam-

age engine materials more quickly, while industrial ma-

chines usually operate in a dry environment [5]. In terms 

of service life, diesel engines are also far superior to gas-

oline engines, diesel engines can operate for more than 

30 years if routine maintenance is carried out, while gas-

oline engines are not able to operate for that long [6]. 
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Diesel engines have good performance if the power 

and torque produced are large, as well as the thermal 

efficiency values must also be high (between 30% Ther-

mal Efficiency (ηth) to 50%) and low Specific Fuel Con-

sumption (SFC) values [7][8]. Because ship engines op-

erate longer than industrial engines and the working en-

vironment of ship engines is different from the work 

environment of industrial engines, there must be special 

requirements met by diesel engines before they are said 

to be suitable for use on ships. A case regarding the sink-

ing of the EL FARO ship which caused the death of 33 

people on board revealed that the incident was due to 

extreme weather which caused the loss of the ship's pro-

pulsion because the engine used experienced extreme tilt 

which caused the lubricating oil pump and fuel pump to 

not be able to operate properly. optimally so that the en-

gine turns off [9]. 

The International Convention for the Safety of Life 

at Sea (SOLAS), Chapter II-1, Regulation 26.6, stipu-

lates that the ship's main engine must continue to operate 

even in a dynamic pitching condition of 7.50 by bow or 

stern and 22.50 under dynamic conditions (rolling) [10]. 

This rule is based on shipping conditions which are very 

different from conditions non-marine because there is 

often a difference in draft between the stern and the bow 

of the ship (trim) and it is very rare to get an even keel 

position and it is often in a state of trim by bow or trim 

by stern, it is not uncommon for ships to experience hard 

conditions when operated so that it can be ascertained 

that the engines that work for ships must be tougher than 

those that operate in the industry. The influence of the 

tilt angle on the engine has been studied to determine the 
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effect of engine cooling, the test results show that the 

engine that is set at an inclination angle of 10 heats up 

faster because there is an accumulation of oil at one 

point so that other areas in the engine do not get optimal 

oil supply [11]. 

Due to the unstable working environment of the 

ship's engine due to the influence of waves, it is feared 

that the resulting engine performance value will also not 

be good, if usually engine performance testing is limited 

to fuel variations such as the effect of modifying the tim-

ing of natural gas injection on engine performance [12], 

a combination of biodiesel from microalgal [13], varia-

tions of biodiesel fuel from animal oils [14], determina-

tion of engine performance values with biodiesel from 

palm oil mill effluent (POME) [8] and calculation of 

performance values using corn oil [7]. All of these re-

search was carried out under normal engine conditions 

(not in tilted conditions) or in the sense that they were 

only to test engine performance, for offshore. Because 

the specifications are different from industrial engine, the 

price of boat engines themselves is also much more ex-

pensive, for example, almost all traditional fishing boats 

(wooden boats) and ferries (klotok) in Indonesian territo-

ry use industrial engines for their boats [15]. 

By looking at the background above, research on the 

feasibility of onshore diesel engines to be used as the 

main propulsion engines of ships in terms of regulations 

of The International Convention for the Safety of Life at 

Sea (SOLAS) is very important to know the performance 

of these engines when converted into a diesel engine 

operating at sea.  

II. METHOD 

The method used in this study is an experimental 

method that is commonly used in research testing engine 

performance such as research testing engine performance 

with mixed fuel ethanol and gasoline [16] and experi-

mental testing of engine performance with turbulent jet 

ignition control variations [17]. 

the fuel used in the test is a fuel with a high cetane 

number content and it is not recommended to use bio-

diesel because the cetane number is lower than diesel 

fuel (43 to 50) [18][19] so  Pertamina dex diesel oil (This 

fuel has a cetane number of 53) [20] was used for fuel 

without any other fuel mixture and set at a normal tem-

perature of 260 C and for the test engine, it was made 

based on the inclination variation standardized by SO-

LAS, namely dynamic trim conditions (pitching) 7,50 by 

bow or stern and 22.50 under dynamic condition (rolling) 

or 150 static conditions then compared with the condition 

of the engine with an inclination of 00. The Indonesian 

Classification Bureau (BKI) provides almost the same 

rules, namely static conditions for the angle of inclina-

tion when transverse, namely 150, and the inclination 

angle of the front and the rear end is 50 [21]. The engine 

performance tested was power, torque, SFC, and thermal 

efficiency. 

The flow of testing on the engine can be seen in 

Figure 1 below: 

 
Figure. 1. Experimental System [7]
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The engine specifications can be seen in table 1 below. 

 

 

TABLE 1.  

THE SPECIFICATIONS OF ENGINE [8][7]. 

Engine Type Yanmar TF 75/85 Series 

No of Cylinder 

Displacement 

Continuous Power 

Compression Ratio 

Specific Fuel Consumption 

Cylinder 4 Stroke 

493 cc 

7,5 Kw/2200 rpm 

1:18 

171 gr/HP h 

  

The research test scenario in Figure 1 shows that 

there are three engine conditions, namely the normal 

condition or without an inclination angle (00), a rolling 

condition with an inclination angle of 150, and a trim 

condition with an inclination angle of 50. 

III. RESULTS AND DISCUSSION 

As previously explained, the research process is car-

ried out by comparing the engine performance values 

under normal conditions and trim and rolling conditions. 

A. Diesel engine performance testing process 

The process of testing engine performance is carried 

out to find out whether by changing the position of the 

engine (both trim and rolling positions) the resulting 

engine performance value remains good or not, it is nec-

essary to compare the results of engine performance un-

der normal conditions or without any angle of inclina-

tion, in this case, the test was carried out on a YANMAR 

TF 85 Diesel engine. The testing process begins by put-

ting fuel in the tank. Then the crank lever is rotated man-

ually clockwise while raising the clutch, after playing, 

release the crank lever and clutch simultaneously. After 

the engine is active, wait a few moments to turn on the 

light load. The next step is to record the amount of cur-

rent and voltage obtained at each step and calculate the 

fuel consumption time. 

Testing on the engine was carried out in stages, 

namely with 20 ml of pure diesel fuel and then in 3 rpm 

variations (750 rpm, 1000 rpm, and 1250 rpm) and 4 

lamp load variations (800 Watt, 1600 Watt, 2400 Watt, 

and 3200 Watt). on the lamps which amount to 32 lamps, 

each of which has a power of 100 Watts. 

Figure 2 shows the condition of the diesel engine 

which has been set at the trim position of 50 and Figure 3 

shows the position of the engine which is set at the roll-

ing position of 150. 

 

a)         b) 

Figure. 2. a) Diesel Engines and Generators. b) Trim 50 engine condition 

 

 

 

 

 

 

 

 

 

Figure. 3. a) Diesel Engines and Generators. b) Rolling 150 engine condition 

a) b) 
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TABLE 2.  

ENGINE TEST RESULT DATA IN FOUR LOAD CONDITIONS 

Fuel 
Load 

(watt) 
Rpm 

V 

(Volt) 

A (Am-

pere) 

Time 

(s) 

V 

(Volt) 

A (Am-

pere) 

Time 

(s) 

V 

(Volt) 

A (Am-

pere) 

Time 

(s) 

Normal Condition (00) Inclination angle of 150 (Rolling) Inclination angle of 50 (Trim) 

Diesel Oil 

800 

750 

69 1.7 228 35 1.59 303 56 1.51 251 

1600 71 3.42 187 47 2.55 283 64 2.12 229 

2400 78 5.12 149 48 3.8 242 72 2.91 203 

3200 82 6.06 127 52 4.7 229 76 3.32 185 

Diesel Oil 

800 

1000 

85 2.2 203 97 1.79 246 85 2.02 212 

1600 94 4.5 143 102 4.27 198 98 3.11 191 

2400 110 5.6 127 102 6.29 163 112 4.31 174 

3200 118 7.52 102 103 7.62 133 113 5.4 161 

Diesel Oil 

800 

1250 

91 3.21 147 121 2.93 158 118 2.04 169 

1600 101 5.2 116 143 5.3 136 138 4.14 132 

2400 121 6.44 80 158 7.9 104 159 5.47 118 

3200 132 7.8 62 167 8.7 85 172 7.26 94 

            

1. Comparative analysis of Torque, SFC, and Thermal 

Efficiency vs. Power 

Based on the data from the test results above, it can 

be calculated Power, torque, SFC, and Thermal Efficien-

cy, while an example of the calculation is a sample en-

gine test with a rotation of 750 Rpm with a load of 1000 

watts with a variable position of the rolling engine 150. 

P  = 2  (πn/60)  T                                          (1)    

Where:  

P  = Power (W) 

n  = Engine Rotation (Rpm) 

T  = Torque (N.m) 

Because during the engine test, the current and volt-

age values are obtained. 

P  = (Current x voltage x 0,001) / Load Factor    

 = (1,59 x 35 x 0,001) / 0,8 

 = 0,0696 kW 

So, to get the torque value, the equation is: 

T  =  (n/2) π (P/1000)   (2) 

 

With the above equation, it can be calculated torque as 

follows: 

 

 T  = (750/2) 3,14 (69,6/1000) 

 T  = 0,82 N.m 

 

SFC calculation generated on a diesel engine with the 

following equation: 

SFC =  (mf x 10000) / P    (3)                    

 

 

 

 

 

 

Where: 

SFC = Specific Fuel Consumption (gr/kWh) 

mf = Fuel Consumption (kg/jam) 

 = ((ρ x vf) / tf) x 3600 

P = Power (kW) 

ρ = Fuel Density (kg/L) 

vf = Fuel Volume (L) 

tf = Fuel Consumption Time (s) 

With the above equation, the SFC calculation can be 

performed as follows: 

mf =  ((ρ x vf) / tf) x 3600 

= ((0.00001 x 833)/303) x 3600 

= 0.09897 kg/h 

 

SFC = (0.09897 x 10^3) / 0.0695625 

 = 1422.7536 gr / kW.h 

 

The value of thermal efficiency can be calculated using 

the formula. 

ηth  = (P / (mf x LHV) x 3600) x 100                   (4) 

Where:  

P       = Power (W) 

mf     = Fuel Consumption (kg/jam) 

LHV  = Low Heating Value (kj/kg), for diesel oil      

= 43400 kj/kg [22] 

ηth  = (0.0695625/(0.09897 x 43400) x 3600) x 100 

           = ((0.88 x 0.1) / 309) x 3600  

             = 5.83%  
 

The results of calculating Torque, Power, and SFC 

from three fuel samples at four load variations in full can 

be seen in table 4 below. 
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TABLE 3.  

DATA RESULTS OF THE CALCULATION OF POWER, TORQUE, AND THERMAL EFFICIENCY IN TOTAL. 

Load 

(watt) 
Rpm 

Ne 

(kW) 

Torque 

(N.m) 

SFC 

(gr/kWh) 

ηth 

(%) 

Ne 

(kW) 

Torque 

(N.m) 

SFC 

(gr/kWh) 

ηth 

(%) 

Ne 

(kW) 

Torque 

(N.m) 

SFC 

(gr/kWh) 

ηth 

(%) 

Normal Condition (00) Inclination angle of 150 (Rolling) Inclination angle of 50 (Trim) 

800 

750 

0.15 1.87 897 9.3 0.07 0.89 1423 5.8 0.11 1.35 1130 7.3 

1600 0.30 3.86 528 15.7 0.15 1.91 707 11.7 0.17 2.16 772 10.7 

2400 0.50 6.35 403 20.6 0.23 2.90 543 15.3 0.26 3.33 564 14.7 

3200 0.62 7.91 380 21.8 0.31 3.89 429 19.4 0.32 4.01 514 16.1 

800 

1000 

0.23 2.23 632 13.1 0.22 2.07 562 14.8 0.21 2.05 659 12.6 

1600 0.53 5.05 397 20.9 0.54 5.20 278 29.8 0.38 3.64 412 20.1 

2400 0.77 7.35 307 27.1 0.80 7.66 229 36.2 0.60 5.76 286 29.0 

3200 1.11 10.59 265 31.3 0.98 9.36 230 36.1 0.76 7.28 244 34.0 

800 

1250 

0.37 2.79 559 14.9 0.44 3.38 428 19.4 0.30 2.30 590 14.1 

1600 0.66 5.01 394 21.1 0.95 7.23 233 35.6 0.71 5.45 318 26.1 

2400 0.97 7.44 385 21.6 1.56 11.91 185 44.9 1.09 8.30 234 35.5 

3200 1.29 9.83 376 22.1 1.82 13.87 194 42.7 1.56 11.92 204 40.6 

 

2.  Comparative analysis between SFC vs Load 

With variations in the angle of inclination of the en-

gine, the value of engine performance can be compared 

in terms of the power generated and the amount of fuel 

consumption experienced by the engine (SFC). In Figure 

4 you can see a comparison chart between SFC and load 

at three variations of engine speed.  

 
Figure. 4. Comparison graph of SFC with load for each Rpm (a) 750 Rpm, (b) 1000 Rpm, (c) 1250 Rpm 
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Figure 4. a) is a comparison graph of SFC vs load 

with variations in the position of the engine rolling 150, 

flat engine position 00, and trim aft engine position 50, 

the graph above shows the SFC value of Rpm 750 which 

is the largest value found on the 150 rolling graphs with 

SFC value of 1422.7 gr/kWh. While the lowest is found 

on the graph with a flat inclination of 00 of 380.1 

gr/kWh. Figure 4. b) shows the SFC value of Rpm 1000 

where the highest value is found on the 50 trim chart with 

an SFC value of 659.06 gr/kWh. Meanwhile, the lowest 

is found on the graph with a left tilt of 150 of 229.8 

gr/kWh. Figure 4. c) shows the highest Rpm 1250 SFC 

value found on the 50 stern trim charts with an SFC value 

of 589.7 gr/kWh. While the lowest is found on the graph 

with a 150 rolling of 184.8 gr/kWh. 

The level of fuel consumption under normal circum-

stances (without tilt) looks better when compared to the 

condition of the rolling 150 and trim 50 engines. Howev-

er, when the engine speed rises to Rpm 1250 it makes the 

engine SFC much more efficient. By looking at the re-

sults of these tests, it can be concluded that the influence 

of the tilt of the engine greatly affects the value of fuel 

consumption, the greater the angle of inclination of the 

engine at a lower Rpm, the higher the SFC of the engine. 

but when the Rpm is high, the engine with rolling 150 is 

even more efficient. 

 

3.  Comparative analysis between Torque vs Load 

Another engine performance parameter is the torque, 

the engine torque itself is the boost from the engine that 

occurs between the piston and the crankshaft. the value 

of engine torque in three variations of inclination angle 

can be seen in Figure 5 below. 

 
Figure. 5. Comparison graph of Torque with load for each Rpm (a) 750 Rpm, (b) 1000 Rpm, (c) 1250 Rpm

Figure 5. a) is a Torque vs. load comparison chart 

with diesel fuel which shows a comparison between 150, 

00, and 50. The graph above shows the highest torque 

value of Rpm 750 found on graph 00 with a torque value 

of 7.91 Nm. While the lowest is found on the graph with 

a left tilt of 150 of 0.89 Nm. Figure 5. b) shows the high-

est torque value at Rpm 1000 on graph 00 with a torque 

value of 10.59 Nm. While the lowest is on the trim 50 

inclination of 2.05 Nm. Figure 5. c) shows the highest 

Torque value at Rpm 1250 on a graph with an inclination 

of 150 with a Torque value of 13.87 Nm. While the low-

est is found on the graph with the stern trim inclination 

of 50 of 2.29 Nm. 

The torque value when the engine is in normal con-

dition (without tilt) at Rpm 750 looks better when com-

pared to the rolling 150 and trim 50 engine conditions. 



International Journal of Marine Engineering Innovation and Research, Vol. 8(1), Mar. 2023. 8-15  

(pISSN: 2541-5972,eISSN: 2548-1479) 
14 

 
However, when the maximum Rpm is (1250), the engine 

torque value in rolling 150 and trim 50 conditions in-

crease. for the results of these tests, it can be concluded 

that the greater the angle of inclination of the engine 

makes the engine Torque decrease, but the torque will 

increase if the engine is operated at 1250 Rpm rotation. 

 

3.  Comparative analysis between Thermal Efficiency vs 

Load 

Another engine performance parameter is thermal 

efficiency, the thermal efficiency of the engine itself can 

be said to be the amount of energy produced by burning 

fuel that the engine converts into power. the value of the 

thermal efficiency of the engine in three variations of the 

inclination angle can be seen in Figure 6 below.

 
Figure. 6. Comparison graph of Thermal Eff with load for each Rpm (a) 750 Rpm, (b) 1000 Rpm, (c) 1250 Rpm

Figure 6. a) is a graph of the comparison of Thermal 

Efficiency against loads with diesel fuel which shows a 

comparison between 150, 00, and 50. The graph above 

shows the highest Rpm 750 Thermal Efficiency value 

found on graph 00 with a Thermal Efficiency value of 

21.82%. While the lowest is found on the graph with a 

rolling of 150 of 5.83%. Figure 6. b) shows the highest 

Rpm 1000 Thermal Efficiency value on the rolling 150 

charts with a Thermal Efficiency value of 36.16%. While 

the lowest is found on the graph with a stern trim of 50 of 

12.59%. Figure 6. c) shows the highest Rpm 1250 Ther-

mal Efficiency value on the rolling 150 charts with a 

Thermal Efficiency value of 44.88%. While the lowest is 

found on the graph with a trim of 50 of 14.07%. 

The results of testing the engine show that the value 

of thermal efficiency has an increasing trend on the vari-

ation engine with a rolling of 150 when the engine oper-

ates at 1000 Rpm and above. But at low rotation (750 

Rpm) the best value is in normal engine conditions. 

 

IV. Conclusion 

Regarding the many ships that use industrial engines 

as the prime mover so that feasibility tests are carried out 

in terms of the SOLAS regulations regarding the angle of 

inclination of the ship's engines, the results obtained in 

this study indicate that although the engines are still ca-

pable of operating in a state of rolling 150 and trim 50 In 

terms of performance values, the engine has decreased. 

Engine torque under normal conditions at low speed (750 

Rpm) is better than torque when the engine is rolling 150 

and trim 50, which is 7.91 N.m. The lowest SFC is also 

shown when the engine is normal at low speeds, namely 

350 gr/kW.h, but at Rpm 1000 and above the SFC of an 

engine with a rolling of 150 and a trim of 50 is even bet-
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ter. and the value of thermal efficiency for engines with a 

rolling of 150 and trim 50 also shows a better trend with 

the highest value of 44.9%, while the thermal efficiency 

of the engine under normal circumstances does not reach 

30%. Overall, the value of engine performance both in 

terms of power, torque, and SFC is still better if the en-

gine is in normal conditions or without a tilt angle. 
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