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I.  INTRODUCTION 

This research paper gives the over view of 

designing and analysis of the cold converter storage 

vessel, in which liquid oxygen and liquid   nitrogen 

or liquid argon are stored safely. The tank must 

sustain the working pressure otherwise the tank 

explodes and causes damage to itself and to 

itssurrounding equipment’s. 

 

Cryogenics refers to the entire phenomenon 

occurring be-low -150 or 123K. Cryogenics 

engineering involves the designand development of 

systems and components which produce, maintain, 

or utilize low temperatures. The word "cryogenic" 

is derived from the Greek words kruos, for frost, 

and genos, for origin of creation. 

 

 

In essence, cryogenics is the technology and art 

behind producing low temperatures. Cryogenics 

vessels are designed for storage and transport of 

liquid gases at sub-zero temperatures. 

Manufacturing of each cryogenic tank requires 

special technical and sophisticated fabrication 

techniques. Universal has developed the necessary 

technology and has been manufacturing this 

cryogenic equipment like cryogenics vessels since 

last 9 years. 

Structure of Cryogenic Storage vessel 
 
The cryogenic storage vessel is designed in such a 

way that it has two different shells, first one is 

called the inner shell or product container and the 

other is called as outer shell and it is also known as 

vacuum jacket. The airs between the gaps are 

sucked out with the help of air separation unit and it 

is made vacuumed for better insulation. In some 

cases different types of powders and gasses are 
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used for insulation and the type of insulation is 

always independent on the type of storage and 

environmental conditions. 

 

 

 

 

 

 

 

 

 

 

  Fig 1.1 Multilayered cryogenic vessel structure  

 

2. Designing of Cryogenic Vessel 
 

Different variables like the thickness of the product 

vessel, diameter of product vessel, thickness of the 

outer shell, diameter of the outer shell and the 

thickness of the stiffeners are calculated. Those 

calculations are depended on the type of design 

codes. 

 

2.1 Design codes 
 

A design code is a document that sets rules for the 

design of a new development. It is a tool that can be 

used in the design and planning process. The design 

and manufacture of pressure vessels are done 

according to some regulations and codes. They 

assure safety in operations, quality control and 

assurance. The codes that are adopted by pressure 

vessels manufactures are 

1) ASME selection VIII division- I & II 

(American codes) 

 

2) PD 5500 (British code) 

 

3) AD Merkblatter (German code) and 

 

4) IS 2825 (Indian code) 

 

The basic aims of the codes are same, but their 

approach is different. Their use of raw materials, 

historical back ground, design and manufacture are 

different for different codes in different countries. 

 

The features and limitations of codes are given 

below 

1) ASME selection VIII division- 1 

 
This code provides the formulas to 

compute thick-ness n stresses of the vessel. They 

provide procedures to de-sign the vessel. According 

to this code the wall thickness is computed by some 

assumptions. They are it should not exceed 

maximum allowable stresses, stresses should be 

uniformly distributed and there should be higher 

factor of safety. The limitations are 

 
1)Pressure exceeding 3000Psi 

 

2) Vessels having internal or external operation 

pressure not exceeding 15Psi with no limit on size. 

 

3)Nominal water containing capacity of 120 gallons 

or less. 

 

4) Vessels having an inside diameter not exceeding 

6” with no limitation on pressure. 

 

2) ASME selection VIII division-2 

 
In this code lower safety is considered as a 

result high-er allowable stresses are permitted in 

designing the vessel. It also ensures safety, design, 

fabrication and quality control. This code is 

applicable only when the vessel is fixed and it has 

no pressure limits. 

 

3) PD 5500 

 
This code specifies requirements for design, 

construc-tion, inspection and testing of welded 

pressure vessels. This code does not include vessels 

that are subjected to directly generated heat of 

flame impingement from a firing process. The 

limitations are pressure inside the vessel should not 

ex-ceed 140m bar above atmospheric pressure and 

6m bar below atmospheric pressure. It is not 

applicable for low pressure and single vertical axis 

of revolution, multi layer vessels, and transport 

pressure vessel. 

 

4) AD Merkblatter 
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Seven-trade association of Germany, which 

together forms the AD codes, compiles the AD 

Merkblatter. This code covers safety requirements, 

which must be adopted for normal condition of 

operation. The necessary requirements are satis-

factory design, manufacture and operation of the 

pressure vessel. To a large extent AD Merkblatter 

code is based on DIN standards (German standards). 

AD Merkblatter consists of the following series. 

Series A Equipment  

Series B Design 

Series C Fundamentals 
  

Series HManufacture 
 

Series HPManufacturing and testing 

 

Series NNon-metallic materials 

 
Series SSpecial cases 

  
Series WMetallic materials 

 

 

3 CRYOGENIC MATERIALS 

 

Austenitic steels, stainless steels, 

fine grain double normalized and tempered nickel 

steels, copper, titanium, and aluminium are 

excellent materials, which can be withstand 

cryogenic temperature. 

 

Stainless steels 
 

Austenitic stainless steels are 

suited for cryogenic applications as they remain 

tough and ductile even at -269°C. 

 

9% Nickel steels 
 

9% nickel steels are usually 

classified as ferrite steel however this constitutes 

austenitic ferrite and magnetite. The presence of 

austenitic has given excellent strength and re-

sistance to brittle fracture. 

 

The decrease in ductility with decrease in 

temperature below zero is very gradual and as 

chirpy v notch values are above 25 Ft lbs (346 or 

4.4 kg/cm2) at -200°C. In case of fabrication 

proven safety and favorable cost has made it 

widely used material in cryogenic equipment for 

stor-ing and transporting liquefied gases such as 

Nitrogen, Me- thane and Ethylene. 

 

Aluminium alloys 
 

Aluminium alloys like 5083 

(Mg 0.445%, Mn 0.6% and cr 0.15%), 6003 (Mn 

1.26% and Cu0.12%) are used in manufacture of 

cryogenic storage vessel, columns in air separation 

plant and brazed aluminium of heat exchangers. 

These show no ductile to brittle transformation 

even down to the temperature of liquid helium i.e., 

-269°C. 

 

The toughness properties of 

aluminium are so well known that it was not 

considered necessary to specify the minimum value 

in ASME or ASTM codes. Notched yield ratio, tear 

resistance, critical stress intensity is high. Fatigue 

strength also increases with decrease in 

temperature. 

 

Copper alloys 
Copper alloys like alpha brass 

and phosphorous-di-oxide, copper were easy 

material of construction for cryogenic equipments. 

Even today copper tubes are used for trays in small 

air separation plants. Copper has low yield strength 

in annealed condition. Copper alloys have less-er 

yield strength when compared to steel and are 

unaffected by temperature changes. 

 

Glass Fibres 

 

Glass Fibres Common glass fibres formed by the 

alumina-borosilicate glass having less than 1% w/w 

alkali oxides. Many types of glass fibres are there 

like E-glass, S-glass and C-glass fibres. Here E 

significant good electrical insulator also having 

good strength. S-indicates this glass fibre having 

high silica. 

 

Carbon fibres 



International Journal of Engineering and Techniques - Volume 4 Issue 2, Mar – Apr 2018 

ISSN: 2395-1303                                       http://www.ijetjournal.org Page 266 

 Carbon fibres Carbon fibres have very light density. 

Depends on the arrangement of carbon atoms the 

structure varies. When the carbon atoms arrange in 

form of three dimensional configurations the 

structure indicates diamond. The raw material of 

the carbon fibre is the organic precursor fibres. The 

carbon fibres having high Young’s modulus equal 

to about 1000 GPa 

 

Aluminium, Nickel Copper, Stainless steel, 

Titanium a glass epoxy, carbon fiber epoxy, 

aluminium epoxy, steel fiber epoxy are better 

suitable for production of the cryogenic storage 

vessel hence in order to select the stress analysis 

should be done on all materials and the based on 

the stress analysis results we can select a material 

which is best suited for the cryogenic tank 

production. And that material is later discussed in 

conclusion 
  

3.1 Design calculations. 
 

Different calculations of several variables are 

shown below 

 
3.1.1 Capacity calculations 
 

Net Capacity Q1= 65 m
3
 

Vapour space provided in tank = 5% of capacity 
 
Gross capacity of cold converter Q = net capacity + 
vapour Space                      = 68.25 m3  
Inner Diameter of inner cylinder Di= 
2698mm 
Radius of inner dish end ri=1350 mm 
Volume of two dished ends Vd 
 = 4/3 πri

3
– both = 10.277 m3 

  
= 5.138 m3 – each dished ends 
Volume of cylindrical shell= LD

2
π/4 

= gross capacity – volume of dished ends 
 
LD

2
π/4   = 57.98 m

3 

 
 

 
Length of cylindrical shell L (TL to TL)  =10.14 m 
 

Height of the shell (HD2π/4)   = 59.85m
3 

 

H       =  10.473m 

 

Height of the liquid shell = height of shell – one dished 

end  
                                         = 10.473 + 1.350 

                                         = 11.823 m
3
 

Pressure due to static head= height of liquid × density of 

fluid/10 = 0.957 kg/cm
2
 

Hence design pressure = working pressure × 1.1 + 

atmospheric pressure + pressure due to static head  
= 18.5×1.1 + 1.0332 +0.957= 22.3402 kg/cm

2
 

 

3.1.3 Design of inner shell 
 
Design of inner cylindrical shell (under internal pressure) 

Thickness of shell (as per ASME SEC VIII DIV 1) 
 

T = PRi / (SE- 0.6P) + C.A + T.A 
 
Where P = design pressure = 22.3402 kg/cm

2
 

S = allowable stress = 1406.14 kg/cm
2
 

Ri = radius of inner shell = 1350 mm 

E = joint efficiency = 1  
C.A = corrosion allowance = 0 

T.A = thinning allowance = 0 

Hence thickness T = 20.13 mm ≈ 20.2 mm 

Adopted thickness = 20.2 mm 
 
3.1.4 Design of inner dished ends 

 
 
Dished ends are of spherical 
type Thickness of dished end is 
 

T = PRi / (2SE- 0.2P) + C.A + T.A 

Where 

P = design pressure = 22.3402 kg/cm
2
 

Ri = 1350.33 mm 
 
S = 1406.14 
kg/cm

2
 C.A = 0  

T.A = 1 
Hence thickness of inner dished end Td = 11.74     

≈ 12 mm 
Adopted thickness Td = 12 mm 

3.1.5 Inner cylindrical shell design (under 
external pressure)  

External diameter Do = 2698+ (2×20.2) 

 = 2738.4 mm 

Thickness of inner shell t =20 .2mm 

Length of inner cylindrical = 10140.23 mm 
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shell 

 

Effective length L  = 10140.23 + 2(rd/3) 

 

Where  

rd = radius  = 1350 mm 

                                 L= 11040.23 mm 

                             Do/t = 135.564 

  
From ASME SEC VIII DIV 1 

 

From graph factor A = 0.00008 

Since the graph (HA- 1) is falls on left side 
 
Pressure Pa = 2AE / 3(Do/t) 

Pa = 5.34 psi 

External pressure P=atmospheric pressure = 15 psi  
Since Pa < P the design is not safe, so we use 

stiffener rings 
  
3.1.6 Design of outer cylindrical shell design 
(under external pressure)  
We are using carbon steel SA 51TP 70. 

Inner diameter of outer cylindrical shell 

                                                        = 3050 mm 
Thickness of outer cylindrical shell = 20.2 mm 

 
Outer diameter of outer cylindrical shell Do= 3074 mm 

Corrosion allowance C.A = 3.0 

Effective lengthL =1240.23 mm 

L/DO = 3.65 

DO/t = 152.1782  
From ASME SEC VIII DIV 1 

From graph factor A = 0.00009 

As the graph is falls down on left side we cannot 

obtain factor 

‘B’ value 

Pressure Pa = 2AE / 3(Do/t) 

Pa = 9.448 psi 

External pressure P= 15 psi 
 

SINCE PA< P THE ADOPTER DIMENSIONS ARE NOT 

ADEQUATE TO WITH STAND THE EXTERNAL PRESSURE. 

FOR THAT PURPOSE WE HAVE TO PRO-VIDE 

STIFFENER RINGS ON EXTERNAL CYLINDRICAL SHELL. 

 

3.1.7 Stiffener ring calculations under 

external pressure Inner shell 

 

We provide 2 stiffener rings, so there are 3 equal 

spaces. 
Outside diameter of cylindrical 
shell Do = 2722 mm 
Provided thickness t = 20.2 mm 

Corrosion allowance C.A = 0  

Length between stiffener rings Ls 

=3680.076

mm 

(Assuming 2 stiffener rings)   

 

L/Do = 1.35 

 

 Do/t = 137 
From ASME SEC VIII DIV 1 

From graph factor A = 0.00023 

From graph factor B = 3000 
 

Pressure Pa = 4B / 3(Do/t) 
 

Pa = 29.684 psi 

External pressure P = 15 psi 
 

Since Pa > P the adopted dimensions are not 

adequate to with stand the external pressure. So, our 

design is safe. 
 

3.1.8 Outer shell  
Outside diameter of cylindrical shell 

Do=3074 mm 

Provided thickness t=20.2 mm  
 

Corrosion allowance C.A= 3 mm 

Length between stiffener rings Ls  = 3740 

mm 

L/Do = 1.218 

Do/t = 152.17 

From ASME SEC VIII DIV 1 

From graph factor A = 0.00025 

From graph factor B = 3400 

 

Pressure Pa = 4B / 3(Do/t) 

Pa = 29.79 psi 

External pressure P = 15 psi 
Since Pa > P the adopted dimensions are not 

adequate to with stand the external pressure. So, our 
design is safe.Under this geometry conditions the 
vessel is designed. Some dimensions are calculated 
while some others are assumed and some others are 
taken from design standard codes and graphs. 
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3.2 Auto desk Inventor Static stress analysis 

The stress analysis environment to analyze your 

assembly or part design and evaluate different 

options quickly. You can analyze a model under 

different conditions using various materials, loads 

and constraints (also called boundary conditions), 

and then view the results. You have a choice of 

performing a static analysis or a frequency (also 

called modal) analysis with associated mode 

shapes. After you view and evaluate the results, you 

can change your model and rerun the analysis to see 

the effect your changes produce. 

Typical Stress Analysis workflow 

1. Create Simulations and specify their properties. 

2. Exclude components not required for 

simulation. 

3. Assign materials. If you define a modal 

simulation, you can run it now. There is enough 

information to see the natural frequencies. 

4. Add Constraints. 

5. Add Loads. 

6. Specify contact conditions, an optional step. 

7. Specify and preview the mesh, an optional step. 

8. Run the simulation. 

9. View and Interpret the Results 

 

4 DESIGN ANALYSIS OF CRYOGENIC 

VESSEL. 
 

The first simulation is done on the cryogenic vessel 

which is made up of with the Glass Epoxy. And its 
simulation results are shown below 

 

Simulation:1 

Analyzed File: Cryogenic Vessel  

Autodesk Inventor Version 2015 (Build 1915900,159) 

Creation Date: 07-Jan-18,8:05 PM 

Simulation Author PeddadaThirumalaRao  
 

Project Info (I Properties) 

Author PeddadaThirumalaRao 
 

Part Number 2ndcc  

Designer PeddadaThirumalaRao 

Date Created 07-Jan-18 

 
Material Glass Epoxy 

Density 0.0695 lbmass/in3 

Mass 23055.9 lbmass 

Area 4762870 cm2 

Volume 5436260cm3 

 
Center of Gravity 

X=-0.0000000000029165 cm 
Y=-525.627 cm 

Z=-154.6cm 

 

General objective and settings: 

Design Objective  Single Point  

Simulation Type Static Analysis 

Last Modified Date 07-Jan-18,  

11:12 PM 

Area 4762870 cm2 

Detect and Eliminate  

RigidBody Modes 

No 

 

Mesh Settings: 

Avg. Element Size (fraction of 

model diameter) 

0.1  

Min. Element Size (fraction of 

model diameter) 

0.2 

Grading Factor 1.5 

Max. Turn Angle 60 deg 

Created Curved Mesh Elements Yes 

Material(s): 

 
Name Glass Epoxy composite 

 
General 

Mass Density 0.0695lbmass

/in3 

Yield Strength 9700.3 psi 

Ultimate Tensile 

Strength 

10500 psi 

Stress 

Young’s Modulus 9427.45 ksi 

Poisson’s Ratio 0.26 ul 

Shear Modulus 3770.98 ksi 

Part Name(s) Cryogenic vessel 

Operating conditions: 

 
Load Type Pressure  

Magnitude 250.000 psi 

 

Selected Faces: 
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Fig 4.2.1 Selecting face for pressure 

 
Constraint Type Fixed Constraint 

 

The body contacts along with selected faces are 

same for the both simulations hence those pictures 

are skipped. The applied pressure in the vessel is 

250 psi according to the ASME standards and the 

external pressure is taken as 150 psi. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4.2.2 constrained position of a vessel for 

analysis 

 

Result Summary Glass Epoxy 

 

 
Von Mises Stress 

 

 
 

Fig 4.2.3 application of von mises stress 

 

The maximum stress produced in the vessel is 

119.217 MPa and its location is near to the welded 

region of the vessel. 
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In analysis 1st principal stresses 3
rd

 principal 

stresses are important hence those two analysis 

reports are also shown below the difference in color 

indicates the different stresses acting at the different 

locations of the vessel 
 

 
Fig 4.2.4  First  principal stress acting on vessel 

 

 
 

    Fig 4.2.5 Third principal stress acting on vessel 
 

 

 

 
 

Fig 4.2.6 Safety Factor 

 

5 DESIGN ANALYSIS OF CRYOGENIC 

VESSELOF INNER AND OUTER VESSEL 
 

The simulation is done on the cryogenic vessel 
which is made up of with the Glass Epoxy as outer 

vessel and carbon fiber epoxy as inner vessel. And its 
simulation results are shown below. 

 
Simulation:7 
 

Project Info (I Properties) 
Author PeddadaThirumalaRao 

 
 
 

Part Number 2ndcc  

Designer PeddadaThirumalaRao 

Date Created 27-Jan-18 

 

 
Material Glass Epoxy 

Density 0.0695 lbmass/in3 

Mass 23055.9 lbmass 

Area 4762870 cm2 

Volume 5436260cm3 

 

Center of 

Gravity 

X=-0.0000000000029165 cm 

Y=-525.627 cm 

Z=-154.6cm 

 

Material Carbon fiber epoxy 

Density 0.0328 lbmass/in3 

Mass 14082 lbmass 

Area 3972452 cm2 
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Volume 5086543 cm3 

 
Center of Gravity 

X=-0.0000000000029165 cm 
Y=-525.627 cm 

Z=-154.6cm 

 

 

General objective and settings: 
Design Objective  Single Point  

Simulation Type Static Analysis 

Last Modified Date 27-Jan-18,  

6:50 PM 

Area 4762870 cm2 

Detect and Eliminate Rigid Body 

 Modes 

No 

 

Mesh Settings: 
Avg. Element Size (fraction of 
model diameter) 

0.1  

Min. Element Size (fraction of 

model diameter) 

0.2 

Grading Factor 1.5 

Max. Turn Angle 60 deg 

Created Curved Mesh Elements Yes 

 

Material(s): 

 
Name Glass Epoxy (Outer vessel) 

 

General 

Mass Density 0.0695 

lbmass/in3 

Yield Strength 9700.3 psi 

Ultimate Tensile 

Strength 

10500 psi 

Stress 

Young’s Modulus 9427.45 ksi 

Poisson’s Ratio 0.26 ul 

Shear Modulus 3770.98ksi 

Part 

Name(s) 

Cryogenic vessel 

 

 
Name Carbon fiber Epoxy(Inner vessel) 

 
General 

Mass Density 0.0185 

lbmass/in3 

Yield Strength 10507984.099 

psi 

Ultimate Tensile 

Strength 

299845 psi 

Stress 

Young’s Modulus 30741.21 ksi 

Poisson’s Ratio 0.25 ul 

Shear Modulus 6987.93 ksi 

Part 

Name(s) 

Cryogenic vessel 

 

Operating conditions: 

 
Load Type Pressure  

Magnitude 250.000 psi 

 
 
Result Summary for Multi layered Cryogenic 
Vessel  

 
 

Von Mises Stress for multi layered vessel -(Outer 

vessel: Glass Epoxy; Inner Vessel: Carbon fiber) 
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Fig 5.1 Static analysis Von Mises stress 

 

 

 
Fig 5.2Static analysis Equivalent Strain acting on 

vessel made of Outer vessel: Glass Epoxy; Inner 

Vessel: Carbon fiber. 

 

The Autodesk inventor static analysis result 

summery analysis is carried out for the single 

shelled cylinder and different materials are being 

analysed for different materials. Materials used are 

Stainless steel, Aluminium, Copper, Tungsten, 

Nickel-Copper Alloy, and S- glass epoxy. Von 

mises stress, First Principal stress, Third Principal 

stress, Equivalent strain, first Principal strain, third 

principal strain and safety factor are obtained as 

output analysis. The mechanical properties of the 

material are considered as input parameters such as, 

density, mass, young’s modulus, Poisson’s ratio, 

shear modulus, yield strength and ultimate tensile 

strength. This study provided more information on 

properties of glass fibre in comparison to 

aluminium, steel, copper, titanium are  

comparativelygiven better stress strain relations. 
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Table 1: Homogeneous materials for a single shell Cryogenic vessel
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Table 2: Multilayered Heterogeneous materials for Cryogenic vessel
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6. STRENGTH TO RIGIDITY OF A CARBON, 

ALUMINIUM AND STEEL FIBER EPOXY 

COMPOSITE MATERIAL 

 
Strength and rigidity of a carbon fiber 

component is analyzed from the  quality of 

material in connection to weight." Here Carbon 

Fiber ,Aluminumfiber and Steel strands are 

displaying phenomenal outcomes from the above 

tables Table No1 and Table No 2". Material 

stiffness is estimated with Young modulus. 

However this parameter alone isn't adequate to 

indicate material firmness, without considering the 

heaviness of the given component. The connection 

of stiffness to weight (specifically a particular 

modulus) is practically speaking best to decide the 

unbending nature of a material, with respect to most 

plan engineers, both stiffness and weight are the 

most critical parameters.  

Carbon fiber is a material that offers 

firmness and strength at low density– which is 

lighter than aluminum and steel, that gives 

numerous down to earth benefits. Weight for 

weight, carbon fiber offers 2 to 5 times greater 

unbending nature (contingent upon the fiber utilized) 

than aluminum and steel. Carbon fiber, its stiffness  

will be 5-10 times more than steel or aluminum (of 

a similar weight). The above information for carbon 

fiber sheets identifies with an example made 

utilizing the innovation of epoxy sap imbuement 

(70/30% proportion of carbon fiber to resin).  

A component produced using standard 

carbon fiber of an indistinguishable thickness from 

an aluminum one will offer 31% more unbending 

nature than the aluminum one and in the meantime 

weight half less and have 60% more quality. 

Utilization of carbon fiber of higher modulus and 

one-direction texture may give x 4 times the 

inflexibility contrasted with aluminum at 

comparative or enhanced extreme quality.  

Steel and aluminum have extreme strength 

lower than that predefined in the table. This is the 

because of the way that before add up to 

devastation (count of ultimate strength was based 

on this moment) a metal component will experience 

perpetual misshapening (won't reestablish its unique 

measurements).  

The minute when lasting bending happens 

(without annihilation) identifies with yield strength. 

For the protection from damage in the above data, 

the Tensile Strength – Ultimate Strength was 

connected that identifies with protection from add 

up to destruction (splitting).  

Carbon fiber has distinctive execution – if 

there should be an occurrence of stacking that 

causes permanent bending of aluminum without 

reclamation of the first measurements, carbon fiber 

will show greater versatility and, after fleeting 

bending, will reestablish its shape following arrival 

of the stacking (spring back impact). Carbon fiber 

composite has a thickness x 2 times not as much as 

aluminum, and in excess of 5 times not as much as 

steel. Therefore, in a part of similar measurements, 

supplanting aluminum with carbon fiber will 

diminish its weight by half. Replacing steel with 

carbon fiber will decrease the weight x 5 times.  

Diminishment of weight by utilization of 

carbon fiber is conceivable and invaluable 

particularly for items where directional quality is 

critical. Not at all like metals, composites don't 

exhibit indistinguishable quality toward any path 

(not uniform). In reality it is amid the generation 

procedure where choices are taken with respect to 

the heading of textures (when utilizing one-course 

textures) and the bearing that will offer the best 

quality, by lessening quality at different spots. This 

arrangement makes it conceivable to decrease the 

heaviness of carbon fiber parts considerably further. 

 

6.1Comparisons Thermal expansions  
 

Engineers are frequently persuaded by the 

numerous advantages that carbon fiber offers 

because of low heat expansion contrasted and 

conventional materials like steel or aluminum. 

Carbon fiber shows remarkable parameters. 

Material   Heat expansion 

Aluminium  13 

Steel    7 

Glassfibre – epoxy 

composite   
7-8 

Carbon fibre– epoxy 

composite   
2 
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Carbon fiber (composite of carbon fiber and 

epoxy resin) is a material with heat expansion x 6 

times less than aluminum and more than 3 times 

less that steel. 

 

6.2  Heat conduction 
Carbon fiber is a material with low heat 

conduction attributes. Heat conduction 

fundamentally relies upon exchange/conduction of 

vitality from zones of high temperature to regions 

of low temperature. Exceedingly heat conductive 

materials exchange temperature more effortlessly 

than materials with low heats conductivity.  

Composite produced using carbon fiber and 

epoxy resin is a material with heat conductivity x 

40 times not as much as aluminum and 10 times not 

as much as steel. In this manner the supposition 

might be made that carbon fiber is a good insulator 

This table compares heat conductivity of different 

materials– including carbon fiber (Unit W/m*) 

 

Material Heat conduction 

Carbon fiber– epoxy 

composite 
5-7 

Steel 50 

Aluminium 210 

 

Regularly it is caused by Price: Carbon fiber 

components cost more than aluminum ones since 

carbon fiber costs increasingly and the fabricate of 

carbon items is additional tedious. Then again, 

when contrasting costs related with execution of 

aluminum and carbon fiber creation, much of the 

time it is the generation of the carbon fiber 

component that will be less expensive and, all the 

more critically, moderate if there should be an 

occurrence of a little run, for which usage of 

aluminum component creation would not be cost-

effective.  

when contrasting costs related with 

execution of aluminum and carbon fiber creation, 

much of the time it is the generation of the carbon 

fiber component that will be less expensive and, all 

the more imperatively, moderate if there should be 

an occurrence of a little run, for which usage of 

aluminum component creation would not be 

financially savvy.  

This examination gave more data on properties of 

carbon fiber in contrast with aluminum. With time, 

increasingly configuration architects will make 

utilization of this material, as carbon fiber offers 

numerous favorable circumstances including light 

weight, essentially zero heat expansion, simple 

machining and high unbending nature.  

 

Atlast we have to specify broad absence of 

mindfulness with respect to regarding the 

advantages and benefits of carbon fiber over 

customary materials including aluminum or steel. 

We trust that this paper gives more understanding 

about carbon fiber and what makes this material not 

the same as aluminum, and additionally what 

benefits are conceivable by supplanting aluminum 

with carbon fiber. 

 

II. CONCLUSIONS 

 

This project work involves the comparison of 

material optimization of cryogenic pressure vessel 

under static loading conditions. The Cryogenic 

pressure vessel is modelled and analysis is carried 

out in Auto desk Inventor version 15.0. The 

analysis carried out is under static loading condition 

and also maximum and minimum stress strain 

conditions. Different materials are being analysed 

for different conditions and materials used are 

Structural steel, Aluminium, copper and titanium 

and Glass epoxy for the homogeneous vessel. Steel 

and glass epoxy outer structure with aluminium, 

copper and stainless steel and aluminium fiber, 

carbon fiber and steel for the inner structure. Taking 

stress into consideration and strain into account, S- 

glass epoxy for the outer structure with carbon fiber 

epoxy for the inner structure is comparably better 

than the other materials. Hence, “Glass epoxy”for 

homogeneous vessel and for multilayered vessel the 

“glass epoxy for outer structure with carbon fiber 

for the inner structure” is better suited material for 

producing cryogenic vessel. 
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