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ABSTRACT- “cryogenics” is defined as the 
study of a liquefied gas at very low temperature 
(below −150°C), as well as how materials perform 
at the aforementioned temperature. In this case, 
the cryogenic fluid is methane, which presents 
very good flammable qualities allowing it to be 
used as a new fuel and energy source. 
This paper is deals with design and thermal 
analysis of a large transportable vacuum 
insulated cryogenic vessel that will be attached to 
a truck in order to keep, maintain and transport 
by road liquid methane. 
Considerations such as different dimensions, 
materials as well as their mechanical properties, 
constraints, masses, insulation systems, 
temperature and weather-environmental 
conditions are made in the mechanical analysis. 
The CAD software Pro/Engineer(creo-2) is used 
to visualize the models for the chosen designs. In 
addition, the finite element module ANSYS 
WORKBENCH 15.0 is used to obtain results of 
thermal analysis in order to determine if the total 
temperature and heatflux are within margins.  
Finally this project concludes which is most 
suitable material at different loading conditions. 

 
I. INTRODUCTION 

 
The denotation “cryogenics” is defined as the study 
of a liquefied gas at very low temperature (below 
−150°C), as well as how materials perform at the 
aforementioned temperature. In this case, the 
cryogenic fluid is methane, which presents very 
good flammable qualities allowing it to be used as a 
new fuel and energy source. By being liquefied, 
methane reduces its volume approximately 580 
times at room pressure (1 bar), which makes it 
possible to transport a large quantity of methane in 
a small tank, which can be transported by a truck.  
           Cryogenic vessels could be transportable (by 
road, by train or by boat) or stationary (set on a gas 
plant, for instance). Moreover, vessels could be 
insulated by vacuum or by special insulation 
material (foam, for example).  
            This paper is aimed at the design and thermal 
analysis of a transportable cryogenic vessel 
composed of several parts. Methane is kept in an 
inner vessel covered by an outer jacket of the same 

shape. Between both vessels, a vacuum insulation 
system is located. There are also beams which are 
used as connections between the inner vessel and the 
outer jacket and these are designed, analyzed and 
optimized in order to obtain temperature and heat 
flux values within margins.  
 
TRUCK AND HOOK-LIFT MECHANISM  
It is necessary to find a truck which fulfils the 
requirements regarding dimensions, maximum 
payload and the possibility of attaching a hook-lift 
mechanism onto it, to load and unload the vessel on 
the truck chassis.  
The chosen truck is the Volvo 6x4 T Ride Tractor, 
which belongs to the Volvo FM13 range. Its main 
dimensions are shown in fig. and some other 
specifications of the truck are listed below.  

 
Dimensions of the Volvo 6x4 T Ride Tractor given 

in mm. 
Chassis dimensions:  
 Wheelbase (WB): 3600 mm  
 Overall chassis length (A): 7137 mm  
 Centre of rear axle to back of cab (D): 2604 
mm  
 Theoretical wheelbase (T): 4285 mm  
Plated weights:  
 Gross vehicle weight: 34000 kg  
 Gross combination weight: 44000 kg  
 Maximum payload: 10000 kg  
The hook-lift system is a mechanism used to load 
and unload containers by using a hook. There are 
many companies specialized in manufacturing 
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different hook-lift systems depending on the model 
of the truck.  
A sketch of a hook-lift mechanism is shown in fig. 
The hook-lift system in fig. has a mass of one ton 
and it is able to load approximately eight tons        

Hook-lift mechanism sketch. Dimensions in mm. 
INSULATION SYSTEM 
There are two main insulation methods regarding 
cryogenic vessels: vacuum and non-vacuum 
insulation. Non-vacuum insulation uses special 
materials with very low heat conductivity. A good 
example of such a material is the insulation 
polyurethane foam, whose heat conductivity is 
0.028 W/m·k. Nevertheless, the use of vacuum is the 
most efficient method, since it has almost no heat 
conductivity. This is why a vacuum insulated system 
is selected.  
Vacuum insulation method consists of creating a 
vacuum between the surfaces which are at different 
temperatures. Also, special materials can be added 
within the space between the two vessels to obtain 
lower heat conductivity and to also get a load 
carrying capacity that separates the vessels. There 
are two different methods depending on the added 
material. The first method is denoted multi-layer 
insulation (MLI) , and is also denoted as super 
insulation (SI). The second method is the expanded 
perlite insulation. 
DESIGN AND ANALYSIS OF THE PARTS OF 
THE CRYOGENIC VESSEL 
This topic focuses on the study of the parts of which 
the cryogenic vessel assembly is composed. Firstly, 
the frame that the cryogenic vessel is standing on is 
analyzed. Secondly the main vessel which is 
composed of an inner vessel, wherein the cryogenic 
fluid is kept, an outer jacket (in charge of covering 
the inner vessel), four supports (attachment between 
the vessels and the frame), twenty four beams (in 
charge of separating the inner vessel and the outer 
jacket), and finally three pipes for letting some flows 
of gas or air going in and out of the vessels. A third 
main part deals with other elements that complete 
the whole assembly. These are the cabinet (located 
on one side of the frame), the valves and the vacuum 
gate. In fig. the assembly is shown, although some 

of the parts such as the inner vessel, the pipes, the 
valves and the beams are not visualised.  

 
Overview of the cryogenic vessel assembly. 

 
 
CREO INTRODUCTION 
CREO is a suite of programs that are used in the 
design, analysis, and manufacturing of a virtually 
unlimited range of product.  
CREO is a parametric, feature-based solid modeling 
system, “Feature based” means that you can create 
part and assembly by defining feature like pad, rib, 
slots, holes, rounds, and so on, instead of specifying 
low-level geometry like lines, arcs, and circle& 
features are specifying by setting values and 
attributes of element such as reference planes or 
surfaces direction of creation, pattern parameters, 
shape, dimensions and others. 
 “Parametric” means that the physical shape of the 
part or assembly is driven by the values assigned to 
the attributes (primarily dimensions) of its features. 
Parametric may define or modify a feature’s 
dimensions or other attributes at any time.  
“Solid Modeling” means that the computer model to 
create it able to contain all the information that a real 
solid object would have. The most useful thing about 
the solid modeling is that it is impossible to create a 
computer model that is ambiguous or physically 
non-realizable 

 
Part modeling in CREO  

 
 

II. LITERATURE REVIEW 
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Shao ,Wang, and Ang carried out thermo 
mechanical analysis of functionally graded hollow 
cylinder subjected to axisymmetric mechanical and 
transient thermal loads. Thick-walled cylinders 
subjected to internal heat flow are used in many 
engineering applications. Typical examples are 
nuclear engineering structures, nozzle sections of 
rockets, gun tubes, and dies of hot forming tools. 
The study of thick-walled cylinders subjected to 
internal heat flow and/or internal pressure is a 
problem of great practical interest. Industrial 
demands for such applications have focused the 
attention of the investigators on this point of 
research. However, most investigators have only 
dealt with the analysis of thermal stresses of thick-
walled cylinders under steady-state conditions. 
Stasynk etal. have studied the steady-state thermal 
stress of hollow cylinders considering the effect of 
variation of thermal conductivity as a function of 
temperature. They concluded that the effect of 
thermal conductivity on the temperature and stresses 
is slight for small values of internal heat flow. 
However, for large heat flow, the difference in 
temperature and stresses between temperature-
dependent and -independent thermal conductivity 
can be as much as 20%. 
Zukhova and Pimshtein have studied the one 
dimensional, steady-state thermal problem for a 
laminated cylinder consisting of concentric layers 
and subjected to internal pressure and external 
heating. Their calculations show that the radial 
compressive stress due to the internal pressure cans 
permit external heating without layer separation. 
They found that the distribution of temperatures and 
stresses depends on the manner of stress application 
and heating. Despite the fact that the theory of 
thermo elasticity has been widely used to solve the 
problem related to the pressure vessel, there is not 
enough literature available to determine the thermo 
mechanical stresses in pressure vessel using finite 
element approach. In this paper, thermo mechanical 
stresses was computed in a two layered composite 
hollow thick cylindrical pressure vessel taking into 
the effect of centrifugal and centripetal heat flow by 
using finite element approach. The proposed finite 
element solution may be used to design multilayered 
composite pressure vessel under steady state 
condition. 

III. PROBLEM DEFINITION & 
SOLUTION METHODOLOGY 

 
PROBLEM DEFINITION 
Transportable cryogenic vessels are used to 
transport liquid methane from one place to another. 
While transporting the cryogenic liquid shoukd 
maintain the temperature constant by using 
insulation. And also material used to manufacture 
the cryogenic vessel shoukd affect with temperature, 
pressure loads and reaction with liquids. 

Here the problem in this paper is to select a suitable 
material and design of cryogenic vessel with which 
it can withstand the temperatures and pressure. 
    
 
METHODOLOGY 
 
 Designing of cryogenic vesseel using CREO 

software based on accurate dimensions. 
 Calculating the pressure and temperatures acting 

on the vessel. 
 Computing the thermal analysis of cryogenic 

vessel using stainless steel, carbon steel 
AISI1040  and monel_400. 

 Calculating the heat flux on cryogenic vessel 
using different materials. 

 From thermal analysis of cryogenic vessel 
results, best optimized geometry and best 
material of cryogenic vessel was proposed. 

 
 
 
 
 

IV. MODELING OF CRYOGENIC 
VESSEL 

 
2D model of inner vessel in CREO software 

 

 
3D model of inner vessel in CREO software 

International Journal of Scientific Research and Review

Volume 7, Issue 7, 2018

ISSN NO: 2279-543X

http://dynamicpublisher.org/653



 
Design of inner vessel in CREO software 

 
2D model of surge plate in CREO software 

 

 
3D model of surge plate in CREO software 

 
Arrangement of surge plates in inner vessel 

 
Wire frame model of the vessel assembly. 

 
CHAPTER-V 

THERMAL ANALYSIS OF VACUUM 
INSULATED CRYOGENIC VESSEL  

1. Stainless Steel 
 Material Properties: 
Young’s Modulus (Ex)          :        193*103 MPa        
  Poisson’s Ratio                    :         0.3 
  Density                                 :         8030 Kg/m3 
  Yield Strength                     :         290 Mpa 
 Thermal Conductivity          :        16.2 w/m .k 
Apply Conditions 
         Click on Steady State Thermal  - Temperature 
- Outer Vessel - Select Areas - 300 c- Convection - 
Select Areas - Film Co-efficient - 4.0886 w/mm2 

.0c - Bulk Temperature -1620 c -  Apply 

 
Imported model from CREO 

 
Temperature on outer surface 
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Convection on surge plates 

 
Total temperature for inner vessel made of 

Stainless Steel 

 
Heat Flux for inner vessel made of Stainless Steel 

 
Heat Flux in X-direction for inner vessel made of 

Stainless Steel 

 
Heat Flux in Y-direction for inner vessel made of 

Stainless Steel 

 
Heat Flux in Z-direction for inner vessel made of 

stainless steel 
CARBON STEEL AISI 1040 
Material Properties: 
Young’s Modulus (Ex)       :   200*103 MPa 
Poisson’s Ratio                   :     0.3 
Density                         :     7845 kg/m3 
Yield Strength                    :     353.4 Mpa 
 Thermal Conductivity       :     54 w/m .k 

 
Total Temperature for inner vessel made of Carbon 

Steel AISI 1040 
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Heat Flux for inner vessel made of Carbon Steel 

AISI 1040 

 
Heat Flux in X-direction for inner vessel made of  

Carbon steel AISI 1040 

 
Heat Flux in Y-direction for inner vessel made  

of Carbon Steel AISI 1040 

 
Heat Flux in Z-direction for inner vessel  

made of Carbon Steel AISI 1040 
Monel_400 
Material Properties: 
Young’s Modulus (Ex)       : 125*103 MPa 
 Poisson’s Ratio                  :  0.32 
Density                               :  8800 kg/m3 

Yield Strength                    :  400 Mpa 
 Thermal Conductivity       :  16.5w/m .k 

 
Total Temperature for inner vessel made of 

Monel_400 

 
Heat Flux for inner vessel made of Monel_400 
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Heat Flux in X-direction for inner vessel made of 

Monel_400 

 
Heat Flux in Y-direction for inner vessel made of 

Monel_400 
 

 
Heat Flux in Z-direction for inner vessel made of 

Monel_400 
 

CHAPTER: VII 

RESULTS AND CONCLUSION 

Thermal analysis of vacuum insulated cryogenic 

vessel was studied briefly in this paper. Here 

geometry of vacuum insulated cryogenic vessel 

using stainless steel, Carbon steel AISI 1040 and 

monel_400 materials was analyzed and temperature 

distribution and heat flux in X, Y, Z directions 

results are tabulated below. 

 

From the thermal analysis results, the parameters 

such as Total Temperature, Heat flux, Heat flux in 

X, Y, Z directions are almost equal for Stainless 

Steel and Monel_400. 

Hence from the above results, it can be concluded 

that Monel _400 is the best suited material for 

cryogenic vessels. 
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