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Abstract— Now a day, most of the vehicles are running on 

CNG storage system. The natural gas is also economical and 

efficient. In CNG storage system, sometime it happens that if 

there is a low pressure at the fuel station and high pressure is 

required in storage tank. Thus, it will consume more time 

from fuel station to tank. So, i will going to design the storage 

tank as per the requirement which can fill storage tank with 

low pressure too with cascade connection system. At 

compressed natural gas refilling station, CNG must be stored 

in storage system in order to make utilization and usefulness 

of the refilling station more efficient. There are two types of 

storage system buffer and cascade. In this research there are 

different material used for CNG tank and by this analysis for 

finding which material is best suitable for better designing of 

CNG tank. In designing i will reduce the pressure inside 

storage tank for that i will going to make partition in CNG 

storage tank so that the pressure inside the tank will reduce 

and also install the control valves system for maintaining 

required pressure. This will help to increase the fueling rate 

as well as reduce the time required for filling process. Also i 

will use the cascade cylinder for refuelling the high 

compressed gas in small cylinder without use of compressor. 
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I. INTRODUCTION 

Compressed Natural Gas now have wide range of use in 

transportation as providing CNG storage system in vehicles 

but several problems are occurring to their worldwide use. 

Natural gas vehicles generally light duty vehicles is the loss 

of luggage space in the vehicles. CNG vessels are bigger and 

occupy more space and generally have to be placed at behind 

area of car. Refilling time for natural gas storage system is 

more than either petrol or diesel vehicles and many time 

consumers have to wait for hour in big queues to get their 

vehicles refilled due to the shortage of refilling station in the 

areas where share of Natural gas vehicles is higher than 

conventional fuel vehicles. Also the main problems occurring 

when there is a shortage of fuel station and sometimes it 

happens that the CNG storage cannot fill completely with 

high pressurized fuel. 

A natural gas engine is an alternative fuel engine that 

uses compressed natural gas as cleaner alternative to other 

fossil fuels. Existing petrol-powered engines is possible to 

change to use on compressed natural gas, and possible be 

dedicated or bi fuel. Diesel engines of the transport vehicles, 

heavy trucks and busses may be possible to change and 

possibility with dedicated with the put the new heads having 

SI systems, or may be run on a mixture of methane gas and 

diesel , with the primary fuel is the CNG and a little portion 

of diesel fuel is used as an igniter.  

When gas contained in a pressure vessel at high 

pressure is allow transferring to another pressure vessel 

having gas at a low pressure, the pressures will equalize 

somewhere between the two initial pressures of tank. The 

equilibrium pressure is also affected by transfer rate and 

temperature. While at constant temperature the equilibrium 

pressure is determine by Boyle's law and Dalton’s law of 

partial pressures for ideal gases. 

The compressed natural gas used as a clean 

alternative to other automobile such as gasoline (petrol) 

engine. In the fast filling process if the ambient temperature 

is change then it will affect the fast filling process. A CNG 

filling process consists of four types as gas supply meter, 

multistage compressor, cascade storage and dispenser. The 

gas in the flow pipeline at low pressure (<0.4mpa) and if 

possible then medium pressure around (1.6mpa) is a 

compressed at multistage compressor into a cascade storage 

system. This system maintained pressure higher then vehicle 

storage system so that gas can flow to the vehicle under 

differential pressure. 

The reducing cost of pressure vessel is main 

advantage of the users this is happen due to optimize the 

design of pressure vessel with help of finite element analysis. 

In pressure vessel high pressure is raises the various forces 

are act on it so that the selection of pressure vessel is most 

critical. That’s why i can say that the pressure vessel is heart 

of the storage of fluid. 

The good design and construction are dependent 

upon the formulation and adoption of good construction and 

install the standards and codes. The use of CNG is rapidly 

increasing therefore for storing the CNG various type of 

pressure vessel used according to its requirement. The 

production process of pressure vessel is too costly due to the 

need of accurate and sensitive machinery used for increasing 

the efficiency of vehicle.   

II. CNG FILLING STATION 

 
Fig. 1: NGV Filling Station 

In this Figure 1 shows a schematic diagram of CNG filling 

station. Gas from the distribution pipeline, usually low 

pressure at <4bar (0.4MPa) or possibly medium pressure (16 
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bar), is compressed using a large multi stage compressor into 

cascade storage system. Cascade system is used for 

maintained higher pressure than vehicle’s on-board storage 

so that gas flows to the vehicle under different pressure. 

Mostly, the cascade storage system will operate in range of 

205 bar to 250 bar, while the vehicle’s maximum onboard 

cylinder pressure is 200bar. In order to make the utilization 

of the compressor and buffer storage more efficient, fast fill 

CNG stations usually operate using a three-stage cascade 

storage system. 

A. Chemical Compositions of Natural Gas 

The mixture of natural gas varies with climate, location and 

other factors. The gas is refined before flowing into the pipe 

lines. Table 1 show an experimental analysis of typical 

natural gas composition which flows in Iran pipe lines 

according to the Khangiran refinery official website [1]. It can 

be realized that the most of compositions occupied very low 

percentage. By knowing that Methane is occupied about 99% 

of the gas, For the sake of simplicity it is assumed that 

Methane is the only substance in the Natural gas. 

Table 1: Experimental analysis of natural gas 

composition the Khangiran refinery (the Khangiran refinery 

official website [1]) 

Componen

t 

Chemical 

formula 

Experimental analysis (mole 

fraction %) 

Carbon 

dioxide 
CO2 0.055 

Nitrogen N2 0.428 

Methane CH4 98.64 

Ethane C2H6 0.593 

Propane C3H8 0.065 

Iso butane C4H10 0.015 

n-Butane C4H10 0.034 

Iso-

Pentane 
C5H12 0.026 

+C6 +C6 0.125 

  Total = 100% 

 

Table 1: 

B. CNG Properties Value [2] 

Density (kg/m3) 0.72 

Flammability limits (volume % in air) 4.3-15 

Flammability limits (Ø) 0.4-1.6 

Auto ignition temperature in air (0C) 723 

Minimum ignition energy (mJ) 0.28 

Flame velocity (ms-1) 0.38 

Adiabatic flame temperature (K) 2214 

Quenching distance (mm) 2.1 

Stoichiometric fuel/air mass ratio 0.069 

Stoichiometric volume fraction (%) 9.48 

Lower heating value (MJ/kg) 45.8 

Heat of combustion (MJ/kgair) 2.9 

Table 2: 

 
Fig. 2: Worldwide Growth of CNG Vehicle 

Mahmood Farzaneh-Gord, Shahram Hashemi and 

Ahmad Farzaneh-Kord have done the In this study a 

numerical method has been developed based on first law of 

thermodynamics, conservation of mass and thermodynamic 

properties of methane to simulate fast filling process of NGV 

cylinder. Based on the method a computer program has been 

built to study effect of ambient temperature and initial NGV 

cylinder pressure. The model has been applied for single 

reservoir tank and commonly cascade group of three. The 

results indicated that there is a temperature rise in order 40 K 

or more during charging process. This would cause under-

filled the NGV cylinder and reduce driving range of the NGV. 

The results also indicated that ambient temperature has big 

effect on filling process and final NGV cylinder conditions. 

As ambient temperature rise, the fill ratio and amount of 

charged gas drop which cause low driving range as a result, 

filling the NGV during night probably more efficient than 

during the day especially during summer [3]. 

Mahdi Deymi-DashtebayazMahmood Farzaneh 

GordI and Hamid Reza RahbariIII have been used as 

theoretical tools in order to investigate conditions of NGV 

cylinder and storage bank pending filling process. A 

theoretical analysis has been built to study the blow downing 

storage bank and filling NGV cylinder. The important 

parameters that this paper has investigated include variation 

of temperature, pressure, mass flow rate, charged mass and 

entropy generation for NGV cylinder and storage bank. Also, 

it is discussed effects of ambient temperature on these 

parameters. As entropy generation is associated with the 

compressor input work if the entropy generation reduces, 

compressor work is also decrease[4]. 

Laszlo VARGA, Andras NAGY and Attila 

KOVACS have done the how to optimization the design of 

CNG storage tank. During the design, manufacture and test 

of the new hybrid CNG tank experiences gained result in the 

following conclusions. The Computer Aided Design based on 

this developed analytical and optimization process can be 

easily and carried out. The high static load carrying capacity 

and long service life were the result of the optimal wall 

thickness and optimal stiffness of the composite shell.  On the 

other hand, these stresses after cutting the composite shell 

will be eliminated by separation of the two components. This 

means that the old tanks can easily be cut into pieces and the 

different engineering materials can be recycled separately [5]. 
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According to Cho, there are several major problems 

needed to be solved when using lean burn natural gas engines. 

First, the set point for the best compromise between 

emissions and fuel economy is not clear, although wide range 

exhaust gas oxygen sensors have recently become available. 

Second, even if this set point is known for a given fuel and 

operating condition, the optimum air–fuel ratio changes with 

both operating conditions and fuel properties. Third, the 

exhaust temperatures of natural gas engines operating in lean 

burn conditions are below 750 K at most operating 

conditions, comparable to the base Diesel engines. The lower 

exhaust temperatures increase the difficulties in methane 

oxidation and result in low conversion efficiency. Numerous 

studies have suggested that decreasing the injector nozzle 

orifice diameter is an effective method of increasing fuel air 

mixing during injection [6]. 

III. MATERIALS & METHOD 

There are various types of material used in storage tank as per 

the requirement. The storage tank mainly used stainless steel, 

mild steal, etc. which is resulting of higher efficiency engine 

and more life of component. By choosing the material is 

stainless steel gives several advantages as, longer life, and 

noncorrosive, able to withstand high pressure and also fine 

finish. In this i have used various material for checking stress 

and displacement from that details of above data i have used 

best suitable material for storage tank. In this various method 

for fast filling of fuel into CNG storage tank for that first i 

will design the storage tank and for fast filling i have to used 

valve for transferring the fuel from fuel stations to the tank.  

IV. RESULT & DISCUSSION 

Here, in the CNG storage tank various methods are there for 

fast filling of fuel. The CNG tank system will be more 

beneficial to the society compare to petrol and diesel. The 

natural gas is used as fuel in CNG storage tank system which 

is economical and efficient. Still in CNG tank system there is 

some problem are occurring like fueling time, the shortage of 

fuel causes when there is requirement of high pressure so tank 

is not fully filled with high pressure. So i will try to reduce 

these problems which result in more output and can give more 

advantages to users. In designing i  will reduce the pressure 

inside storage tank for that i will going to make partition in 

CNG storage tank so that the pressure inside the tank will 

reduce and also i will install the control valves system for 

maintaining required pressure. This will help to increase the 

fueling rate as well as reduce the time required for filling 

process. In this there are used two systems as cascade storage 

system and buffer storage system. In buffer storage system 

compressors are coupled with a single bank storage system 

for continuously fast filling vehicles where in cascade storage 

system compressor coupled with multi bank cascade storage 

system for fast filling of fuel.  

 
Fig. 3: Schematic Diagram of Cascade Connection[7] 

V. CONCLUSION 

From this experiment conclude that if in CNG storage system, 

sometimes it happens that if there is a low pressure at the fuel 

station and high pressure is required in storage tank. Thus, it 

will take small amount of fuel and it will consume more time 

from fuel station to tank. So, i will going to design the storage 

tank as per the requirement which can fill storage tank with 

low pressure too. In designing i  will reduce the pressure 

inside storage tank for that i will going to make partition in 

CNG storage tank so that the pressure inside the tank will 

reduce and also i will install the control valves system for 

maintaining required pressure. This will help to increase the 

fueling rate as well as reduce the time required for filling 

process. Also i will use the cascade cylinder for refueling the 

high compressed gas in small cylinder without use of 

compressor. 
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