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Abstract: Through the 1978 SOLAS Protocol and then through the introduction of amendments from 1981 and 1983, 

new specifications are brought regarding the design, operation, maintenance, verification of inert gas systems intended 

for both oil tanks and bulk chemical tanks, and, in general, the systems of safety on board ships carrying dangerous 

goods. The inerting method using a gas system with generator and scrubber involves a continuous and very efficient 

process, with a low level of supervision and maintenance, that is why this type of installation was chosen in this study. 

Installations with a scrubber type unit require the installation of an inert gas generator that operates at a pressure of 8-10 

bar and releases nitrogen at 7-9 bar. The quality of the air will depend on the type of generator used, scrubber type unit, 

but air without impurities with the best possible quality is recommended. Nitrogen quality for a given unit varies with 

production rate and is generally 95-97% pure. By connecting high-quality scrubbers, nitrogen can be brought to 99% 

purity, but at lower production rates and much higher energy consumption rates of any system on board ship is 

specifically identified with its reliability. So as to get the best out of marine motors, it is critical to screen their 

performances and take measures to accomplish productive combustion. As a result of heat gains on board ships from 

engine rooms and crew, the increase in humidity as well as due to the various releases of gases from on board systems, 

room air deteriorates, requiring replacement and its processing through the HVAC (heat, ventilation and air 

conditioning) system. The combustion process in diesel engines is the most complex and difficult to address. HVAC 

system has a definitely role for diesel engine combustion. 

Key words: VLCC, engine room, inert gas, scrubber, simulation analysis system. 

 
1. INTRODUCTION 

 

New oil tankers provided with fixed washing and 

tank cleaning installations must be mandatorily equipped 

with an inert gas installation that meets all the 

international requirements imposed by Rule 62, SOLAS 

Safety - Life Safety on the Sea). All oil stations with a 

fixed inert gas installation must be equipped with a 

closed oil measurement system ("UTI - temperature 

indicator oil"). 

Currently, the inert gas installation must be 

constructed and tested to maintain a non- flammable 

atmosphere in all the ship's tanks, except when these 

tanks must be degassed. The inert gas installation must 

meet the following conditions: 

- to ensure the inertness of empty cargo tanks by 

reducing the concentration of O2 in the tanks to a level 

at which combustion cannot be maintained; 

- to maintain the atmosphere in any area of a cargo 

tank at a concentration below 8% for the entire duration 

of the voyage and/or for the entire duration of the 

operation of the petroleum products in the terminal 

berth; 

- the installation should not require the introduction 

of air into the tank under normal working conditions 

except when the tank needs to be degassed; 

- the inert gas installation must ensure an inert gas 

flow of 125% of the vessel's maximum discharge flow 

expressed in volume; 

- the inert gas installation must ensure a permanent 

flow of inert gas with an inert gas concentration that 

does not exceed 5% at the mains level; 

- on the inert gas main, the valve will be provided 

to isolate the combustion gases between the boiler 

chimney (evacuation manifold) and the scrubber. This 

valve had to be provided with an indicator showing the 

position of the closing device. Measures shall be taken to 

keep this valve gas-tight and to keep their seats free of 

deposits. Measures will be taken to block the operation 

of soot blowers and boilers when this valve is opened; 

- for the effective cooling of the gas particles and 

the elimination of the solid ones as well as (mandatory) 

the compounds resulting from the combustion of 

sulphur, a gas purifier (scrubber) is provided, the 

scrubber will be supplied with the necessary water 

without causing any inconvenience; 
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- a filter or equivalent device will be provided to 

reduce the water content of the gas flow before it enters 

the fan; 

- the gas purifier (scrubber) will always be located 

behind the cargo tanks, the pump room and the 

cofferdam that separates this compartment from the 

engine compartment; 

- the two ventilators must together ensure a gas 

volume of 125% of the maximum discharge volume of 

the vessel; 

- the inert gas generator must be autonomous and 

be equipped with two fuel pumps. The Administration 

can also accept the request of a single pump, provided 

that there are enough spare parts for it on board; 

- the inert gas installation must be designed and 

built in such a way that the maximum pressure that the 

inert gas ventilators can achieve does not exceed the 

value of the test pressure of any cargo tank. Appropriate 

closing devices will be provided for the suction and 

discharge pipes; 

- for all cargo tanks, the gas evacuation piping must 

be located as far as possible from the inert gas entry 

point; thus, the suction of these pipes will be placed 

immediately under the deck at a distance of 1 m above 

the bottom of the tank; 

- ensuring the possibility of adjusting and 

calibrating the value of the O2 concentration and the 

maximum limit, on the scale of the device, thus, for the 

O2 analysis it will be: O2 21%, for the explosimeter the 

scale will be calibrated in 00% L0.FL1. The fixed 

devices in the installation, the O2 analyser will be 

calibrated with the help of a pure gas that does not 

contain oxygen, this is nitrogen. 

For the oxygen installation with an autonomous 

generator, the following alarms appear: 

- alarm for insufficient fuel supply; 

- alarm when the power source of the autonomous 

generator fails; 

- alarm for the failure of the power supply of the 

autonomous control system; 

All alarms will be placed both in the cargo room 

and in the car compartment. these instructions must 

include emergency procedures to be used in case of 

partial failure or non- functioning of the inert gas 

installation. 

The inert atmosphere is defined as the atmosphere 

in which ignition, combustion cannot take place due to 

the low concentration of O2. Such an atmosphere is 

composed of gases such as: N, Ar, Kr, Hе, CO2, CO. To 

obtain the inert gas, the following methods are used: 

- separation of hydrogen from ammonia (NH3); 

- liquids; 

- gas resulting from combustion: exhaust gas the 

residual gases resulting from the combustion of diesel 

fuel are: N – 74.5%, CO2 – 12.5%, H2O – 12.5%, SO2 – 

0.04%. 

The composition of combustion gases from marine 

boilers, inert gas generators under normal working 

conditions and good technical condition of the 

combustion and combustion control equipment 

(otherwise the values are altered) are: O2 – 43%, CO2 – 

5% , N – 77 %, H2O – 5 %, SO2 – (0.3 - 0.5) %, CO – 

(1000 - 10000) ppm, NO – 4000 ppm, solid suspensions 

150-200 mg/m3. At the same time, good combustion is 

defined as the best atomization of the fuel towards the 

combustion chamber (injection). The principle diagram 

of an inert gas installation on board a ship is shown 

below, in figure 1: 

 
 

Figure 1  Basic diagram of the inert gas installation 

 

 Above is the basic diagram of a complete inert gas 

installation. The component elements of the installation 

in the figure above are: 1 – main engine, with internal 

combustion; 2 – boiler; 3 – cooler; 4 – scrubber; 5 – 

filter material; 6 – droplet separator; 7 – fans; 8 – three-

way valve; 9 – O2 analyser; 10 – hydraulic shutter (deck 

seal); 11 – GI highway; 12 – inert gas distribution valve; 

13 – Kingstone outlet;14 – sea water pump; 15 – 

seawater diverter valve;16 – autonomous inert gas 

generator. 

The papers sent to the journal secretariat for publishing 

will be edited in DOC format. Editing board will convert 

the Word files in PDF format.  

 

2. ENGINE ROOM FOR VLCC SHIP 

 

To obtain good working conditions in the engine 

room, it is necessary to investigate its layout from a very 

beginning of any design. Attention shall be paid to the 

ventilation, transport ways, escapes, maintenance hatch  

and space for maintenance etc. The accommodation 

block is usually arranged above the engine room and 

both of them must be very well coordinated to create one 

logical solution. 
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Figure 2  Engine room arrangement 

 
Table 1. Main engine characteristics 

 
 

Characteristics Value 

Bore 850 mm 

Stroke 3150 mm 

Number of cylinders 7 

MCR power 27020 kW 

NCR power 22965 kW 

Speed 76 rpm 

 

3.  MITSUBISHI-UE MDE 7UEC85LSII MAIN 

ENGINE 

 

MITSUBISHI-UE MDE 7UEC85LSII is a two-

stroke, slow speed and reversible engine, with a constant 

overcharging pressure that develops a rated output of 

27020 kW at a speed of 76 rpm, the ship shifting with a 

maximum speed of 16 kN (knots). MITSUBISHI type 

7UEC85LSII two-stroke engine has big bore size and a 

total power output up to 20000 kW, being part of the 

category of high efficiency slow engines. 
 

 
(a) 

 

(b

) 

 

 

Figure 3  MITSUBISHI 7UEC85LSII  main 

engine: (a) side picture; (b) top picture [real 

photo onboard VLCC ship of 305000 tdw 

 Energy balance for main engine 

For main diesel engine we have formulas for heat 

flux: 

𝑄𝑟𝑎𝑑
̇ = (0.02 … 0.04) ∙ 𝑄𝑑 

̇ [𝑘𝑊],  (1) 

 

𝑄𝑑̇ =
1

𝜂𝑒
∙ 𝑃𝑒 =

22965

0.45
= 51033 [𝑘𝑊] , (2) 

 

𝑄𝑟𝑎𝑑
̇ = 0.02 ∙ 51044 = 1020 [𝑘𝑊] , (3) 

 

where 

 𝑄𝑟𝑎𝑑
̇  – radiant heat flux; 
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 𝑄𝑑̇ – dissipated heat flux; 

 Pe – engine effective power; 

 ηe – effective efficiency. 

 

Mass air flow calculation for engine room: 

 

𝑄𝑟𝑎𝑑
̇ = 𝑚𝑎𝑖𝑟̇ ∙ 𝑐𝑎𝑖𝑟 ∙ 𝛥𝑡 [𝑘𝑊] ,   (4) 

 

𝑚𝑎𝑖𝑟̇ =
𝑄𝑟𝑎𝑑̇

𝑐𝑎𝑖𝑟∙𝛥𝑡
[

𝐾𝑔𝑎𝑖𝑟

𝑠
]  ,  (5) 

 

where 

 

 𝑚𝑎𝑖𝑟̇  [
𝐾𝑔𝑎𝑖𝑟

𝑠
] - air masis flow; 

 

 cair = 1 [
𝐾𝐽

𝐾𝑔𝐾
]-  specific air heat; 

 

 

 𝛥𝑡 =[5…10] [𝐾] - temperature difference; 

 

𝑚𝑎𝑖𝑟 =
1020

1∙10
[

𝐾𝑔𝑎𝑖𝑟

𝑠
]  ,  (6) 

 
 

𝑚𝑎𝑖𝑟 = 102 [
𝐾𝑔𝑎𝑖𝑟

𝑠
].    (7) 

 

Volume air flow calculation for engine room: 

 

𝜌 =
𝑃

𝑅𝑇
     (8) 

 

𝜌 =
100

0.286∙300
     (9) 

 

𝜌 = 1.16 [
𝐾𝑔𝑎𝑖𝑟

𝑚3 ]                (10) 

 

where 

 P  [
𝐾𝑁

𝑚2] - air pressure; 

 

 R = 0.286 [
𝐾𝐽

𝐾𝑔𝐾
] -  gas constant; 

 

 𝑇 = 300 [𝐾] – air temperature; 

 

 𝜌 = 1.16 [
𝐾𝑔𝑎𝑖𝑟

𝑚3 ] – air densisty. 

 

𝑉̇ =
𝑚𝑎𝑖𝑟

𝜌
.,   (11) 

 

𝑉̇ =
102

1.16
  ,  (12) 

 

𝑉̇ = 87.9 [
𝑚3

𝑠
] .  (13) 

 

Volume air flow calculation for engine room fan: 

𝑃𝑓𝑎𝑛 =
𝑉̇∙𝛥𝑃

ηfan
[𝑘𝑊]   (14) 

 

𝛥𝑃 =
80∙100

10200
= 0.78 [

𝑘𝑁

𝑚2] , (15) 

 

𝑉̇ =
0.75∙92

0.78
= 88 [

𝑚3

𝑠
],   (16) 

 

where 

 𝑃𝑓𝑎𝑛 = 92 [𝑘𝑊]– fan effective power; 

 

 𝑉̇ – volumic air flow; 

 

 ηfan = [0.65…0.75] – fan efficiency; 

 

 𝛥𝑃 – pressure difference. 



 

 

 

 

 

 

58 

 

ISSN (Print): 1844-6116         
ISSN (Online): 2501-8795 

https://www. jmte.eu                  

Journal of Marine 
Technology and Environment 

DOI: 10.53464/JMTE.01.2023.09 

 

 
 

 

Figure 4  Basic diagram of an inert gas installation with a scrubber  

 

 

Therefore, due to its advantages, for a 50,000 tdw 

oil tanker, an inert gas installation with a scrubber is 

chosen. The operation of the inert gas installation that 

was chosen is presented in more detail above. This 

installation is the simplest, from a constructive point of 

view, of all the types of inert gas installations that can be 

installed on board ships and presents a series of 

advantages that can justify the choice of this variant. 

The main component of the inert gas installation on 

board the oil tanker is the gas generator produced by the 

Finnish company Warstila, at the Guangzhou Shipyard 

International. The type of generator is Wartsila Moss, 

with the following general characteristics: 

- Capacity: 4125 Nm
3
/h; 

- In production in 2015; 

- Order: 1310045; 

- Pressure: 0.12 bar at 100% capacity; 

- Normal oxygen content: 1 – 5% (the level is 

adjustable in the mentioned interval); 

- Gas composition at O2 = 3% by volume;  

- Gas temperature at the cooling tower: maximum 5 
0
C higher than the water temperature at the suction 

flange; 

- Fuel consumption: 304 kg/h; 

- Sea water consumption: 236 m3/h with a 3 mm 

filter; 

- Pressure (at the cooling tower): approximately 2 

bar; 

- Temperature rise: 13 
0
C; 

- Flow through the seawater seal: 3 m
3
/h; 

- Sealing pressure: 1 bar;  

- Electric motor power at 100% capacity of the 

auxiliary blower: 86 kW; 

- Power of the electric motor of the fuel supply 

pump: 1.8 kW; 

- Instrument air: 4 Nm
3
/h. 

 

 

4.  PERFORMANCE ANALYSIS OF 

SCRUBBER INERT GAS PLANT USING ANSYS 

 

As it was mentioned before, due to its advantages, 

for the 50,000 tdw oil tanker, an inert gas installation 

with a scrubber is preferred. This installation is the 

simplest, from a constructive point of view, of all the 

types of inert gas installations that can be installed on 

board ships and presents a series of advantages that can 

justify the choice of this variant. The operation of the 

inert gas installation that was chosen is presented in 

more detail below, using the specialized Ansys software: 
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Figure 5 Network of nodes 

 

 
 

Figure 6 Creating the scrubber model of the inert gas 

plant 

 

 
 

 

Figure 7. Discretization of the scrubber model 

 

 
 

Figure 8. Simulation of velocity fields 

of velocity streamlines 
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Figure 9. Simulation of velocity contours 

 

 

 
 

Figure 10 Analysis of pressure variation 
 

 
 

Figure 11 Temperature variation during operation 

 

 

 

 
 

Figure 12 Parameter variation during iterations 
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5. CONCLUSIONS 

 

Two things play a major role in how profitable an 

oil tanker can be, one is flexibility, the other is keeping 

costs to a minimum. Both depend on certain equipment, 

such as the inert gas system installed on board the ship. 

An oil tanker's inert gas system is vital to safety and 

efficiency during cargo operations. 

In a typical oil tanker the inert gas system operates 

around 750 hours per year. To avoid delays and costly 

penalties, it must perform whenever needed, despite 

continuous exposure to high temperatures and seawater. 

This is the reason why durable materials and the best 

quality components are used for the construction of these 

equipments, to which are also added effective 

maintenance solutions. 

Fuel efficiency is important to both the economy of 

the tanker and the environment. Modern systems such as 

Smit Combustion prevent the loss of inert gas by 

exhausting the water so that the fuel used is not wasted. 

This is a unique feature for inert gas generators. The 

Smit Combustion System is a low-pressure, fuel-burning 

system for inert gas production. Using the Ultramizing 

system, it produces soot-free inert gas with an oxygen 

content of 2 - 4%, even when operating under 

stoichiometric conditions. To save fuel, it can also be 

equipped with an automatic fuel efficiency module. 

Fuel Efficiency Mode (or AFEM), which constantly 

adjusts iner gas output to current needs. By using a 

system of this type, just the right amount of inert gas is 

produced, with the AFEM adjusting the amount of fuel 

to compensate for environmental factors and keep the 

oxygen percentage stable. The quality of the inert gas is 

also important, and that means that it is generated and 

used without soot. 
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