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ABSTRACT 

The general objective of this research is to produce a prototype destroyer that utilizes the exhaust heat from 

fishing boat engines. While the specific purpose of this research is to produce appropriate technology to produce fresh 

water for the needs of fishing boats. Increasing the productivity of fishermen through sailing time efficiency while 

producing sea water into fresh water on fishing boats and increasing the capacity of sea water distillators that utilize heat 

from fishing boat engines. This research is using experimental method. The distilator is designed as a means of distillation 

of sea water by utilizing the heat of the diesel engine exhaust gas. The results of the research for 3 hours with a constant 

engine speed of 2200 rpm were obtained, for testing the volume of 25 liters of distilled seawater obtained 4527 ml of fresh 

water with a sea water distillation temperature of 90 ° C, distillation effectiveness 70.18% and heat absorption of 1.1643 kJ 

/ s; In testing the volume of 27.5 liters of distilled seawater, it was obtained 4340 ml of fresh water with a sea water 

distillation temperature of 88 ° C, the effectiveness of the distiller was 68.18% and the heat absorption was kJ / s 1.24 and 

on the test volume of 30 liters of distilled sea water obtained 4133 ml of fresh water with a seawater temperature of 86 ° C, 

the effectiveness of the distillator is 66.32% and the heat absorbs 1.308 kJ / s. Water test results obtained from distillation: 

Water The results of distillation from a volume of 25 liters of sea water obtained pH = 6.8; Salinity = 0 ppt; Water The 

result of distillation from a volume of 27.5 liters of sea water obtained pH = 6.9; Salinity = 0 ppt; Water The result of 

distillation from a volume of 30 liters of sea water obtained pH = 6.8; Salinity = 0 ppt. 

 
Keywords: water volume, performance, destilator. 

 

1. INTRODUCTION 
The obstacles faced by the community in 

obtaining water vary, people who live in areas where there 

are clean and fresh water sources are not a problem, of 

course different from people who live in areas located on 

small islands, coastal areas and fishing communities. 

Problems that occur and are experienced by fishermen 

include a shortage of fresh water, sometimes they stop off 

on small islands and there is no fresh water available. 

Besides, the ship's capacity to transport fresh water from 

land is also limited. 

Adiana K [1] conducted research on Water 

Demand Analysis on Fishing Vessels that fishermen 

operate for days, weeks, some even average 2 months (60 

days) sailing across the ocean. 

Based on the results of interviews with fishermen 

in Tira Village, it was stated that the length of time they 

went to sea was between 40 - 50 days, depending on the 

availability of water and fuel. Amount of wateran average 

of 600 liters of freshwater fish prepared while 800 liters of 

fuel. The amount of water needed by fishermen is actually 

still very low, with 6 crew members so that its use is 

limited for drinking and cooking needs. 

Based on the description above, to overcome the 

obstacles faced, it is necessary to apply an appropriate 

technology which is expected to help fishing communities 

to obtain clean water or fresh water. 

One solution that will be pursued is distillation or 

distillation of sea water into fresh water by utilizing heat 

energy from engine exhaust gases which have not been 

utilized. bargain. 

According to Arismunandar. W [2], the heat of 

exhaust gas produced by a Diesel engine contains a lot of 

potential thermal energy which can be utilized because 34 

- 40% of the energy from combustion of fuel in the engine 

is wasted through exhaust gas 

Research on the distillation of sea water is widely 

carried out. Sugeng Abdullah [3] researched the 

Utilization of a Solar Energy Destilator to Produce 

Freshwater from Seawater. The results showed that the 

quantity of fresh water produced by solar distillators was 

3.866 liters / day / m
2
 and the quality of fresh water 

produced had a salt content of 0.00 mg / l (0%). The 

research method was carried out by quasi-experimental 

(quasi-experimental) using a solar-powered distilator 

model. 

Mulyanef [10] conducted research on a solar 

powered seawater distillation system using a flat plate 

collector with a tilted cover glass type. The test results 

show that the two types of slanted glass surface produce 

the most condensate, namely 255 ml / hour with the 

highest solar intensity of 757.37 W/m
2
. This research was 

conducted by using three types of flat plate collector cover 

glass, namely one slanted glass surface, two slanted glass 

surfaces, and four slanted glass surfaces. 

Baride L [5] conducted research on the design of 

a two-roof tilted distilator using diesel engine exhaust 

heat. From the research results obtained at 2200 rpm 

engine speed, sea water temperature 89°C, the resulting 
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fresh water product is 4465 ml with a pH = 6.4 and 

Salinity = 0 ppt. At 2000 rpm engine speed, sea water 

temperature was 87 ° C, the resulting fresh water product 

was 3700 ml with pH = 6.3 and Salinity = 0 ppt. At 1800 

rpm engine speed, sea water temperature was 83°C, the 

resulting fresh water product was 2940 ml with a pH = 6.4 

and Salinity = 0 ppt. 

Baride L [6] conducted research on the analysis 

of the evaporation space on a two-sloping roof distillator 

utilizing the exhaust heat of a Diesel engine. The results of 

the study with a volume of 25 liters of sea water obtained: 

At 2200 rpm, fresh water product 4.07 kg, steam product 

4.24 kg, exhaust gas temperature 228
o
C, sea water 

temperature 89
o
C, maximum sensible heat 1.609 kJ / s, the 

maximum latent heat is 1.276 kJ / s and the maximum 

condensation heat is 1.356 kJ / s. At 2000 rpm, the fresh 

water product is 3.34 kg, the steam product is 4.075 kg, 

the exhaust gas temperature is 209
o
C, the sea water 

temperature is 87
o
C, the maximum sensible heat is 1.727 

kJ / s, the maximum latent heat is 1.14 kJ / s and the heat 

of condensation maximum 1.12 kJ / s. At 1800 rpm, the 

fresh water product is 2.62 kg, the steam product is 3.001 

kg, the exhaust gas temperature is 185
o
C, the sea water 

temperature is 83
o
C, the maximum sensible heat is 1.551 

kJ / s, the maximum latent heat is 0.903 kJ / s and the 

maximum condensation heat is 0.911. kJ /s. 

 

2. LITERATURE  REVIEW 

Distillation is the process of separating the 

components in a liquid to get one or more specific 

components. In seawater distillation it can be considered 

to only separate two components, namely water and salt, 

even though there are actually many chemical elements in 

seawater. In general, evaporation (evaporation) is the 

change in a liquid into a vapor. Evaporation also means 

the mass transfer of the liquid upward in the presence of a 

temperature gradient between the surface of the liquid and 

the air above it. This is a natural convection event. Natural 

convection occurs due to the effect of buoyancy acting on 

the fluid. The buoyancy effect is a mechanism that occurs 

due to a density gradient. Density will decrease if the 

temperature of the fluid increases, and vice versa, the 

temperature increases, the density of the fluid will 

decrease. Fluid that is light (has a low density) will occupy 

a higher position. So that if it is continuously heated, the 

temperature of the fluid will continue to increase and its 

density will continue to decrease and evaporation will 

occur. 

The condensation event occurs as in evaporation, 

namely the change in the phase of a substance, only in this 

case the change occurs from the vapor phase to the liquid 

phase. Condensation also occurs as a result of saturated 

steam in contact with a cold surface (the surface 

temperature of a plate is lower than the saturated 

temperature of the steam) there will be condensation on 

the plate surface, this means that the saturated vapor 

releases latent heat, and due to the influence of gravity the 

condensate will flow down. 

Diesel motor is a type of internal combustion 

engine. The characteristic of a Diesel engine that 

distinguishes it from other combustion engines is the 

method of igniting the fuel. In a Diesel engine, fuel is 

injected into a cylinder containing air which is pressurized 

and at high temperature so that combustion occurs. 

After combustion occurs, the used gas is 

discharged through the exhaust manifold, before going out 

into the outside air, the used gas is channeled to a silencer 

(so that no loud sound is generated) and through the 

exhaust gas channel, the gas is released and discharged 

into the free air. 

Conduction is the process by which heat flows 

from an area of higher temperature to an area of lower 

temperature in one medium (solid, liquid or gas) or 

between different mediums which are in direct contact [. 

The basic equation for one-dimensional 

conduction is steady with equation as follow: 

 𝑞𝑘 = −𝑘𝐴 𝑑𝑇𝑑𝑥                                                                    (1) 

 

where: qk = conduction heat flow rate (Watt); k = thermal 

conductivity of the material (W/m K); A = cross-sectional 

area perpendicular to the direction of heat flow (m2); dT = 

temperature gradient across section (K); dx = distance in 

the direction of heat flow (m).  

Radiation is the process by which heat flows 

from a high temperature body to an object at a low 

temperature when the objects are separated in space, even 

if there is a vacuum between them [9]. The fundamental 

Stefan-Boltzmann law states: 

 

q = σ A T4     
                                                                     (2) 

 

where: A = surface area (m
2); σ = Stefan-Boltzmann 

constant (5.67 x 10-8 W/m
2
K

4
); T = Absolute temperature 

(K) 

Convection is an energy transport process with 

the combined work of heat conduction, energy storage and 

mixing motion, convection is very important as a 

mechanism for energy transfer between the surfaces of 

solids and liquids and gases [9]. 

Convection heat transfer is classified under free 

convection and forced convection. 

 

q = h. A.(Tf – Tw)                                                             (3) 

 

where: q = convection heat flow rate (Watt); A = cross-

sectional area perpendicular to the direction of heat flow 

(m
2
); h = convection heat transfer coefficient (W/m

2
 K); 

Tw = surface temperature (K); Tf = cold fluid temperature 

(K) 

 

The Reynolds number is a dimensionless number 

used as a criterion to indicate whether the flow in a 

laminar tube is turbulent. 

For the Reynolds number Turbulent flow: 

 𝑅𝑒 =  𝑈𝑚.𝑑𝑖𝑣                                                                        (4) 

 

Where: 
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di  = inner diameter of pipe (m) 

v = kinematic viscosity of fluid (m
2
/.s) 

 

The average velocity of the fluid (Um) can be 

calculated by means of the continuity relationship for the 

one-dimensional flow in the tube �̇� =  𝜌 . 𝑈𝑚. 𝐴                                                                  (5) 

 

Where:  

m ̇  = mass flow rate of fluid (kg/s) 

A  = Pipe cross-sectional area (m2) 

The correlation between the Reynolds and Prandtl 

numbers can be formulated. For turbulent flow in a tube 

by Notter and Sleicher suggest using the following 

equation: 

 

                                       (6) 

 

Dimana: 

 

 
 

The heat transfer coefficient in this analysis is a 

free convection heat transfer due to the heating process so 

that the fluid changes its density and moves up to the 

surface. 

The convection heat transfer coefficient can be 

calculated by the equation: 

 

                         (7) 

 

                                                (8) 

 

So the convection heat transfer coefficient: 

 

                                                              (9) 

 

The heat transfer coefficient of a material is a 

function of thermal resistances and is a measure of the 

value of the amount of heat that passes through the surface 

area of one part to another for each temperature difference 

of a material. The overall heat transfer coefficient value 

can be calculated by the equation: 

 

                           (10) 

 

Heat exchanger effectiveness is the ratio of the 

actual heat flow rate in a given heat exchanger to the 

maximum possible heat exchange rate. This definition can 

be stated as follows: ∈ =  1−exp[−NTU x (1+c)]1+c                                                   (11) 

 

 

3. RESEARCH METHOD 
This research is using experimental method. 

where the distilator is designed as a means of distillation 

of sea water by utilizing the heat of the diesel engine 

exhaust gas. Tests were carried out for 3 hours and data 

observations were carried out every 30 minutes with an 

engine speed of 2200 rpm, the amount of distilled water 

was varied, namely 25 liters, 27.5 liters and 30 liters. The 

quality of distilled water was also tested. Distillation 

testing was carried out on the fishermen's head, belonging 

to the community of Tira Village, Sampolawa District, 

South Buton Regency, Southeast Sulawesi Province with 

the following stage procedure: 

 

a) Connect the distilator with the fishing boat Diesel 

engine exhaust pipe. 

b) Start the Diesel engine. 

c) Set the engine speed at 2200 rpm, by adjusting the 

throttle opening. 

d) Put 25 liters of seawater to be distilled on the 

distillator 

e) Turn on the cooling water pump to cool the tilt plate 

on the destilator cover. 

f) Record the data read on the measuring instrument that 

has been installed on the distillator and the fresh water 

data from the distillation, taking it every 30 minutes 

for 180 minutes. 

g) For testing with a volume of 27.5 liters of distilled 

water and 30 liters, it is carried out according to the 

procedure points 1 to 6. 

h) Data analysis was carried out to determine the 

effectiveness of the distillator 

 

 
 

Figure-1.Two sloping roof type destroyers. 

 

4. RESULT AND DISCUSSIONS 
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4.1 RESULT  

 

 

Table-1. Data collection 25 liter seawater volume. 
 

No 
Type of 

Data 

Time (Minute) 
Post 

Test Tot. 

30 60 90 120 150 180 (1 hr) 

1 Tgas.in 218 221 225 227 229 229 
  

2 Tgas.out 100 103 112 116 120 120 
  

3 T air laut 57 77 85 87 90 90 
  

4 Tpipa 65 84 91 94 96 96 
  

5 VProd 115 412 728 859 966 1042 405 4527 

 

Table-2. Seawater volume data collection 27.5 liters. 
 

No 
Type of 

Data 

Time  (Minute) 
Post of 

Test Tot. 

30 60 90 120 150 180 (1 hr) 

1 Tgas.in 215 218 221 223 226 226 
  

2 Tgas.out 98 101 109 114 118 118 
  

3 T air laut 54 76 83 85 88 88 
  

4 Tpipa 63 82 88 91 94 94 
  

5 VProd 95 393 715 821 928 1018 370 4340 

 

Table-3. Seawater volume data collection 30 liters. 
 

No 
Type of 

Data 

Time (Minute) 
Post 

Test Tot. 

30 60 90 120 150 180 (1 hr) 

1 Tgas.in 213 215 218 221 223 223 
  

2 Tgas.out 98 100 108 112 115 115 
  

3 T air laut 53 75 81 83 86 86 
  

4 Tpipa 61 79 86 88 92 92 
  

5 VProd 78 376 698 780 896 984 321 4133 

 

4.2 DISSCUSSIONS 

 

A. Relationship of Flue Gas Temperature, Distilled  

     Water and Pipe with Time 

Based on Figure 2 and 3 of graphs it is found that 

both the temperature of the exhaust gases entering the 

distillator and those that come out tend to increase but not 

significantly, where in the three tests, the average starts to 

be constant after 150 minutes 

 

 
 

Figure-2. Graph inlet gas temperature vs. time. 

 

At a water volume of 25 liters, the maximum 

temperature of the exhaust gas entering the distilator is 

229 
o
C and the temperature of the exhaust gas coming out 

of the distiller is a maximum of 120
o
C, at a water volume 
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of 27.5 liters, the maximum temperature of the exhaust gas 

entering the distiller is 226
o
C and the temperature of the 

exhaust gas coming out of the distiller is 118
o
C and at a 

volume of 30 liters of water, the maximum temperature of 

the exhaust gas entering the distiller is 223 
o
C and the 

temperature of the exhaust gas coming out of the distiller 

is 115
o
C. 

 

 
 

Figure-3. Graph of gas exit temperature vs. time. 

 

Based on Figures 4 and 5 in the graph, it can be 

clearly seen that both the temperature of the distilled water 

and the surface temperature of the heating pipe has 

increased but become constant after 150 minutes for all 

tests. At a water volume of 25 liters, the temperature of the 

distilled sea water is 90
o
C and the heating pipe surface 

temperature is 96
o
C, at a water volume of 27.5 liters, the 

temperature of the distilled sea water is 88
o
C and the 

surface temperature of the heating pipe is 94
o
C and at a 

water volume of 30 liters, the temperature of the seawater 

is distilled at 86
o
C and the surface temperature of the 

heating pipe is 9 
o
C 

 

 
 

Figure-4. Graph sea water temperature vs time. 

 

 
 

Figure-5. Graph of pipe temperature vs time. 

 

B. Relationship of Heat and Effectiveness to Sea Water  

     Volume 

From Figure-6, the graph clearly shows that the 

more the amount of water that is distilled, the heat needed 

to be absorbed by the distilled water also increases. 

Because the engine rotation is constant, the calorific 

energy produced by the fuel is also constant; this causes a 

decrease in the temperature of the distilled seawater, the 

exhaust gas temperature, the pipe surface temperature and 

a decrease in the effectiveness of the distillator as shown 

in Figure-7 on the graph that each increase in quantity 

distilled water. At a volume of 25 liters of water, the heat 

absorbed by water is 1.164 kJ/s, the effectiveness of the 

distiller is 70.18% at a volume of 27.5 liters of water, the 

heat absorbed by water is 1.24 kJ / s, the effectiveness of 

the distilator is 68.20% and the volume of water 30 liters, 

the heat absorbed by water 1.308 kJ /s, the effectiveness of 

the distilator 66.33% 

 

 
 

Figure-6. Graph of heat absorb vs sea water 
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Figure-7. Graph of effectiveness  vs. vol. sea water 

 

C. Relationship of Distilled Water Products to the  

     Volume of Distilled Water 

 

 
 

Figure-8. Graph of product vs. vol. sea water. 

 

Based on Figure 8 in the graph above, it appears 

that the increasing the volume of water being distilled, the 

water product from the distillation also decreases, to 

increase the distilled water product it must be 

accompanied by an increase in heat energy entering the 

distillation room. At 25 liter water volume, 4527 ml fresh 

water product, 27.5 liter water volume, 4340 ml fresh 

water product and 30 liter water volume, 4133 ml fresh 

water product. 

 

5. CONCLUSIONS 

From the test results at a constant engine speed of 

2200 rpm obtained: for testing 25 liters of distilled 

seawater obtained 4527 ml of fresh water with a sea water 

temperature of 90°C, the effectiveness of the distiller is 

70.18% and the heat absorption is 1.1643 kJ / s; In the test 

of 27.5 liters of distilled seawater, it was obtained 4340 ml 

of fresh water with a sea water temperature of 88 ° C, the 

effectiveness of the distillator was 68.18% and the heat 

absorption was 1.24 kJ / s and on the test of 30 liters of 

distilled seawater it was obtained fresh water 4133 ml with 

a sea water temperature of 86 ° C, the effectiveness of the 

distillator is 66.32% and the heat absorption is 1.308 kJ / s. 

Water test results obtained from distillation: Water The 

results of distillation from 25 liters of sea water obtained 

pH = 6.8; Salinity = 0 ppt; Water The result of distillation 

from 27.5 liters of sea water obtained pH = 6.9; Salinity = 

0 ppt; Water The result of distillation from 30 liters of 

seawater obtained pH = 6.8; Salinity = 0 ppt 
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