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Abstract— The cost of a model depends on the material used, type of manufacturing process and they also depend on the 

easiness of the process and time to complete it. The efficiency, cost and manufacturing process of the thermos flask are 

analysed. The optimization of insulation thickness is very important to increase the performance of domestic thermos 

flask because of its strong dependency on the heat load through vacuum space. However it is very difficult to find the 

optimum insulation thickness to allow minimum energy consumption at the arbitrarily give COP. In this study 

optimization process for insulation thickness was proposed to improve the energy efficiency of a system. This process 

includes the quantative relationship between the COP of the insulation thickness of each department. So this work aim is 

to find out optimum insulation thickness of the insulating material. Find out the effective insulation for a long period of a 

time achieve a low cost manufacturing also find out thermal dissipation. 
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I. INTRODUCTION 

Insulation, or more correctly thermal insulation, is a general term used to describe products that reduce heat loss or heat gain by 

providing a barrier between areas that are significantly different in temperature. 

The interest for reducing the energy consumption in society has increased during the last decades due to an increased 

environmental awareness. Wherever two micro environments with different temperatures are separated, thermal energy will 

transfer from the higher temperature to the lower. The magnitude of the heat transfer is dependent on the properties of the 

insulation, the magnitude of the temperature difference and the area in between the environments. If the energy is transferred to 

a place where it isn’t needed, for example the outdoor air, it is considered a loss. 

Thermal insulation provides a region for insulation in which thermal conduction is reduced or thermal radiation is reflected 

rather than absorbed by the lower temperature body. To change the temperature of an object, energy is required in the form of 

heat generation to increase the temperature, or heat extraction to reduce the temperature. Once the heat generation or heat 

extraction is terminated a reverse flow of heat occurs to reverse the temperature back to ambient. To maintain a given 

temperature considerable continuous energy is required. Insulation will reduce this energy loss. 

Heat may be transferred in three mechanisms: conduction, convection and radiation. Thermal conduction is the molecular 

transport of heat under the effect of temperature gradient. Convection mechanism of heat occurs in liquids and gases, whereby 

the flow processes transfer heat. Free convection is flow caused by the differences in density as a result of temperature 

differences. Forced convection is flow caused by external influences (wind, ventilators, etc.). Thermal radiation mechanism 

occurs when thermal energy is emitted similar to light radiation.  

Heat transfers through insulation material occur by means of conduction, while heat loss to or heat gain from atmosphere 

occurs by means of convection and radiation. Materials, which have a low thermal conductivity, are those, which have a high 

proportion of small voids containing air or gases. These voids are not big enough to transmit heat by convection or radiation, 

and therefore reduce the flow of heat. Thermal insulation materials come into the latter category. Thermal insulation materials 

may be natural substances or man-made. 

 

II. WORKING PRINCIPLE 

Vacuum insulation means is only a partially empty space, where some of the air and other gases have been removed from a gas 

containing volume. The vacuum flask consists of two flasks, placed one within the other and joined at the top. The gap between 

the two flasks is partially evacuated of air, creating a partial-vacuum which reduces heat conduction or convection. Vacuum 

flasks are usually made of metal, borosilicate glass, Stainless steel foam or plastic and have their opening stoppered with cork or 

polyethylene plastic. Vacuum flasks keep hot things hot and cold things cold. so vacuum flask design reduce a heat transfer. 

Three ways to heat transfer conduction, convection and radiation vacuum flask design reduce all of these. 

a. Plastic cap: 
Reduce energy transfer between conduction and convection Plastic is a good insulator so reduce the conduction. Convection 

currents cannot from since they are blocked by the top. Water molecules which evaporate are trapped inside the flask. 

b. Stainless steel: 
Reduce energy transfer by conduction and radiation. Steel is reducing heat transfer by conduction. Silver reflects infra - red 

radiation back in to the liquid and stops its being emitted. 
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c. Vacuum: 
Between the layers of Steel is a vacuum. Vacuum reduce energy transfer by the conduction and convection. Both conduction and 

convection carried by particles. A vacuum has very small number 

of particles and reduce conduction and convection. 

 

 

 

 

 

  

 

                                                                              

Fig.1 – Picture of Vacuum Insulation
 [1]

 

 

III. APPLICATION IN VACUUM INSULATION 

 

1. Thermo flask and   Water bottle  

2. Storage tank. 

3. Containers insulation. 

4. Building insulation 

5. Pipe insulation                                                                                                                                                        

IV. LITERATURE REVIEW 

Benjamin Fuchs.et.al. [2] The use of vacuum insulation panels are a promising solution for insulated thermal storage on a high 

level.They conducted experimental analyses to get more operational experience in the use of highly insulated small and middle-

sized thermal storages. Vacuum Insulation Panels (VIPs), it is possible to reduce these losses by a factor of 6 to 10, compared to 

conventional insulation materials. 

 

Ruben Baetens.et.al. [3] Aerogels are regarded as one of the most promising high performance thermal insulation materials for 

building applications today. Most traditional building insulation material with a thermal conductivity 2–2.5 times lower than that 

of conventional mineral wool. The high potential for aerogels may be especially found in its translucency and possible 

transparency, as the aerogels may provide large energy savings in future windows and skylights.                     

 

Athanasa A. Septevai.et.al [4] This study reports an efficient approach of  reducing thermal conductivity and enhancing 

mechanical properties of rigid polyurethane foam without affecting the density, by  a very low fraction of cellulose nanocrystal 

(CNC) through an optimised solvent-free ultra-sonication method. 

The resultant rigid polyurethane foam exhibited a 5% reduction in initial thermal conductivity 

 

Benjamin Fuchs.et.al.[5] This paper give review   of vacuum   insulation materials in the field of small and middle-szied thermal 

storage. With vacuum insulation the thermal conductivity is lowered by a factor of 6 to 10 compared to conventional insulation              

materials, like expanded polystyrene or mineral wool.  Using this concepts are promising to reduce the thermal losses of small 

thermal storage. 

 

Tao Xie.et.al. [6] The MTIM with two kinds of different arrangements were calculated.  (1) putting the PCMs at the bottom of       

the MTIM   (2)  putting the PCMs at the middle of   the MTIM .The best arrangement of MTIM which can achieve the optimum 

insulation performance of the material, both the PCMs’ location as well as its thickness. 

 

S.Q. Zeng .et.al.[7] This paper presents a theoretical method for determining the optimal carbon-loading level in silica aerogel to 

minimize the energy transfer. At ambient temperature, about 8% carbon in silica aerogel can lower the total energy transfer by 

about 1/3. At temperature as high as 600 K non-opacified aerogel has a total energy transfer that is 10 times larger than that of 

opacified aerogel at the optimal loading level. 

 

A.Berge.et.al. [8] vacuum insulation panel replace the innermost layers of polyurethane around the service pipe. Proto types have 

been tested both in field in a district  heating grid and in laboratory a constant temperature. The result indicate that the panels are 

an intact after four year in field. In the laboratory the pipe have been exposed to a constant temperature of 115°C  for over three 

years without damage to the panel.   
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A.Berge.et.al. [9] vacuum insulation panel replace the innermost layers of polyurethane around the service pipe. Proto types have 

been tested both in field in a district  heating grid and in laboratory a constant temperature. The result indicate that the panels are 

an intact after four year in field. In the laboratory the pipe have been exposed to a constant temperature of 115°C for over three 

years without damage to the panel.   

 

 

V. DATA COLLECTION 

An attempt is made in the paper to design and perform the analysis of Thermo Flask. The model is created by using 

SOLIDWORKS 2017. By  CFD analysis is carried out in COMSOL MULTI PHYSICS 5.3. Design data which is used for the 

design of thermo Flask is tabulated below.                                             

Table 1 Geometrical dimension for thermo flask
 [10] 

 

 

 

 

 

 

 

 

 

 

 

 

 

For CFD analysis the boundary conditions are given to both fluids which are tabulated below. 

Table 2 Boundary Conditions 

In said Wet surface of stainless steel shell 

Bottom area: Insulated 

Outer surface ambient temperature 

 

VI. MODELING 

 

 
                                               

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2 -Thermo flask                                    Fig.3- Half section of Thermo flask 

No. Parameters Value  

1. Outer radius 0.0435m 

2. Inner radius      0.0365m 

3. Length of thermo flask 0.225m 

4. Inner material steel (AISI 3014)       0.001m 

5. Outer  material steel (AISI 3014)       0.001m 

6. Insulating material       0.005m 

7. Inside Temperature 90°C 

8. Ambient  Temperature 25°C 

9. Convective heat transfer for air 10W/m
2
k 

10. Convective heat transfer for Water 100W/m
2
k 
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            Fig.4. – Thermo flask with Flow Not – Computed                    Fig.5. – Thermo flask with Flow Computed 

              
Shown fig 4 which is Thermo flask without consider flow and fig 5 which is consider with laminar air flow and control volume. 

And analysis with three different insulating material which is PU foam, vaccum insulation and aerogel blanket insulation. 

 

VII. MESHING 

Meshing of Thermo flask is done for various number of elements. Meshing is done with extra fine meshing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6 - Meshing of thermo flask 

VIII. RESULTS 

Analysis done with three different insulation and from the analysis it is shows that aerogel blanket is best than the other. 

 

 

 

  

 

 

  

 

 

 

 

 

 

 

 

 

 

Fig.7 – 3D Model Analysis For Thermo Flask 
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                                                                       Fig.8. – Temperature contour of modified structure  

After the analysis was done, result was generated and the following graph was obtained showing change in temperature verses 

time. It is clearly seen that the temperature of water if kept at 90°C in bottle, after 2 hour is 87.5°C, after 6 hours is 84°C and after 

10  hours it comes down to 80.5°C. This is indicated with the green line.  

 

IX. CONCLUSION AND FUTURE SCOPE 

CONCLUSION 

Effect of insulation material on temperature of fluid in thermo flask is analys during the study. There are different insulation 

material which is PU foam, vacuum insulation, aerogel blanket. Effect on temperature of fluid in thermo flask which in analysed 

with COMSOL PHYICS 5.3. During Analysis shows that aerogel blanket which is better than the other PU foam and vacuum 

insulation material.so from the above analysis finally concluded that the thermal conductivity of aerogel is lower than the other 

commercials insulation material. 

FUTURE SCOPE 

 Further Analysis can  be possible with different  insulation material  and by varying thickness insulating  material of 

thermo flask . 
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