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Abstract— This paper on liquid-hydrogen Dewar 

development conducted by various researchers. This paper 

provides an annotated review of the current state of the art 

of cryogenic tank materials, structural designs, and 

insulation systems along with the identification of key 

challenges with the intent of developing a lightweight and 

long-term storage system for LH2. The broad classes of 

insulation systems reviewed include foams (including 

advanced aerogels) and multilayer insulation (MLI) systems 

with vacuum. The MLI systems show promise for long-term 

applications. Potential wall material candidates are 

monolithic metals as well as polymer matrix composites and 

discontinuously reinforced metal matrix composites. For 

short-duration flight applications, simple tank designs may 

suffice. The current trends in liner material development are 

reviewed in the case that a liner is required to minimize or 

eliminate the loss of hydrogen fuel through permeation. 
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I. INTRODUCTION 

Distribution and storage raise important challenges. The 

development of a wide network of LH2 distribution is 

required in this context, it is indispensable that the cost of 

hydrogen distribution is kept low and that its introduction is 

massive, so that the investment costs are justified. Hydrogen 

energy will solve the global environmental issues. Fuel cell 

vehicles commercialization will require the hydrogen supply 

infrastructure. LH2 (Liquid hydrogen) would be the most 

promising medium of transporting and storing hydrogen as 

infrastructure. The large-scale LH2 system would be similar 

to the existing LNG system. A LH2 container, which intends 

for multi-modal large scale transportation of LH2 by road, 

by rail or by sea, will be one of important equipments for 

realizing the economical and efficient LH2 systems. Thermal 

behavior and sloshing of a LH2 container, which differ from 

those of a stationary tank, will influence the boil off gas loss 

and the pressure rise of the closed vessel.   

II. AVAILABLE HYDROGEN STORAGE METHODS 

 High-pressure hydrogen storage 

 Liquid hydrogen 

 Metal hydride 

 Physisorption of hydrogen (such as carbon nano tubes) 

 Storage via chemical reaction 

Table 1 Hydrogen Storage Methods 

 

III. EWAR CONFIGURATION 

Cryogenic fluid storage vessel may be constructed in almost 

in any shape one desire spherical, cylindrical, and conical or 

any desired shape. The optimum Dewar configuration is 

spherical, because the sphere has the smallest area-to-

volume ratio of any shape. In practice, however, such 

theoretical configurations must be tempered by the 

commercial availability of variously shaped metal heads so 

that cylindrical shape vessel is mostly manufactured. 

 
Fig. 1: Dewar vessel with evacuated powder insulation for 

transportation. 

IV. INSULATION METHODS 

There are various methods of Dewar insulation appeared 

feasible at the time of the design the use of powder 

insulation, such as silica aerogel, at a moderate vacuum, and 

the use of an unfilled space at a high vacuum. Although the 

moderate vacuum associated with powder insulation brings 

many advantages such as reducing the importance of very 

minute leaks and making the achievement of a static vacuum 

easier the insulation value when used in moderate thickness 

does not appear to be as great as that of an unfilled space at 

a high vacuum with surfaces having a high reflectivity (low 

emissivity). As one of the primary goals was the 

achievement of a low hydrogen loss without making the 

Dewar too bulky, high vacuum rather than evacuated 

powder was chosen for the Dewar insulation. 

With high-vacuum insulation, heat energy flows to 

the inner surfaces by three mechanisms such as thermal 

radiation, residual gas conduction, and solid conduction 

through piping and insulating supports. Without any 

shielding, thermal radiation from room temperature directly 

to the liquid-hydrogen container would be excessive and 

would make it difficult to develop a low-loss hydrogen 

Dewar. In order to reduce this thermal radiation, a liquid 

nitrogen-cooled radiation shield was planned. This shield 

completely surrounds the liquid-hydrogen container and 

intercepts all ambient temperature radiation from the outer 

shell. Thermal radiation to the liquid-hydrogen container is 

then reduced by a factor of at least 200 and becomes of the 

same order of magnitude as the residual gas conduction and 

the solid conduction. A low heat leak to the nitrogen-cooled 

shield therefore requires highly reflecting surfaces.  
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V. MATERIALS OF CONSTRUCTION 

Several factors must be considered in varying degrees in 

regard to the materials of construction of Dewar vessels. 

Mechanical properties, thermal conductivity, surface 

reflectivity, out-gassing rates, and diffusion proper ties are 

some of the more important factors. For equipment designed 

for transport, another factor- weight- is also of considerable 

importance. Among the various mechanical proper ties of 

metals, brittleness or notch sensitivity is one of the most 

important in cryogenic work, because many metals notably 

the ferrite steels become very brittle just below room 

temperature. Some of those common engineering metals, 

whose impact strengths are satisfactory down to liquid-

hydrogen temperatures, are austenitic steels (such as the 

stainless types 304, 316, 321, and 347), copper, many 

copper alloys, and aluminum. 

For piping, good strength and low thermal 

conductivity are necessary. Of the more common materials, 

stainless steel and Monel have these characteristics. Of these 

two, Monel not only has a thermal conductivity 

approximately twice that of stainless steel, but it is also 

more expensive. Thus, in the absence of any other 

compelling factors, stainless steel is ordinarily used for all 

internal piping. The choice of shell materials is more 

difficult because a greater number of factors are involved. 

For low weight, aluminum is indicated. For high reflectivity, 

both copper and aluminum are good, but aluminum probably 

maintains its reflectivity better than copper. It is possible to 

use stainless steel covered with aluminum foil to obtain a 

high reflectivity. For high thermal conductivity, which is 

desirable in some places, either copper or aluminum can be 

used. Finally, because the solubility of hydrogen in 

aluminum is much less than that in stainless steel, aluminum 

should be a very good material with respect to hydrogen 

diffusion. For the outer shell, where low weight and high 

reflectivity are important, aluminum would appear to be the 

ideal material. For the liquid-nitrogen cooled radiation 

shield, low weight, high reflectivity, and high thermal 

conductivity are desirable. For the liquid-hydrogen 

container, high reflectivity, low hydrogen diffusion, and, 

again, high thermal conductivity are the important factors. 

Liquid hydrogen when kept in a shell of relatively low 

conductivity i.e., stainless steel, supports a temperature 

gradient that is undesirable when the vessel is scaled to 

allow pressure buildup. The top layer of the liquid may be as 

much as 1 to 1.5 
0
C warmer than the bottom layer, and the 

vapor pressure in the vapor space above the liquid is 

correspondingly high. This pressure buildup is undesirable 

in a scaled-off container because it causes the safely valves 

to relieved the vessel prematurely, and in a refrigerated 

vessel causes the refrigerator to cycle more frequently.  

VI. INSULATING SUPPORTS 

Acceleration, shock, and vibration conditions can be quite 

severe in equipment subject to road and air transport. For 

instance, some mechanical service conditions were imposed 

as Dewar design objectives. Thus by observation it is readily 

seen that a Dewar capable of road and air transport requires 

a sturdy suspension system. This suspension system must 

also be a good thermal insulator in order to minimize 

conduction heat leak to the cold shells. From a mechanical 

viewpoint it is desirable to have the suspension system rigid 

to eliminate the possibility of internal resonances that could 

be caused by vibration during transport, and from an 

assembly viewpoint the suspension system should be 

simple. 

Stainless-steel cables have been employed very successfully, 

from a thermal point of view, in liquid hydrogen transport 

Dewars. However, their use has resulted in two major 

difficulties. First, getting the proper distribution of tension 

on all support cables causes a very difficult assembly 

problem. Second, experience has shown that such cables 

may be stretched considerably under repeated loading and 

thermal cycling. This stretching lowers the natural 

frequency of the suspension system and makes it difficult 

for the Dewar to meet acceleration and shock specifications. 

Some remarks on the development of multiple contact 

thermal insulators be the Bureau might be of interest. 

During various experiments it has been observed that 

difficulty is experienced in transferring heat across metal 

surfaces clamped together in supposedly good contact in a 

vacuum. The surfaces may appear quite smooth and yet, due 

to microscopic irregularities, may present only a small area 

of metal to metal contact; thus, the net area for solid 

conduction is quite small. This area depends on load and 

metal hardness. When one multiplies this effect by 

lamination, rigid members that are also good thermal 

insulators can be readily devised 

VII. CONCLUSION 

In practical terms, this means that the potential benefit of 

hydrogen for transport applications is high, but the 

necessary investment in order to be able to reap those 

benefits is also considerable. It appears entirely feasible, by 

further refinements in producing surfaces of high reflectivity 

and employing mechanical designs with less support 

conduction, to effect a still further improvement, making 

possible the low-loss transportation of liquid helium. 
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