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Abstract 
Heat management is the design bottleneck in creation of rational gas storage sorption systems. Inefficient heat 

transfer in sorption bed is connected with relatively low thermal conductivity (0.1–0.5 W/m/K) and appreciable 
sorption heat of activated gas storage materials. This work is devoted to development and research of the thermally 
regulated onboard system of hydrogenous gas (methane, and hydrogen) storage applying the novel carbon sorbents. We 
suggested the hydrogenous gas storage based on combined gas adsorption and compression at moderates pressures (3–6 
MPa) and low temperatures (from the temperature of liquid nitrogen about 77 K to 273 K). 
 
KEYWORDS  

Vessel, sorbent, hydrogen, heat pipe, sorption storage  
 
 
INTRODUCTION  

Success in development of new hydrogen technologies, such as fuel cells, transport systems on hydrogen 
and methane, sorption heat pumps has shown that the use of hydrogenous gas results in qualitatively new 
solutions of ecological and power problems. The advantage of hydrogen and natural gas use is associated 
with ecological cleanliness. Adsorbed hydrogenous gas is a promising alternative to both existing technologies for gas 
storage since the same amount of gas can be stored at much lower pressure (2–6 MPa) in thinner walled tank and the 
method does not require expensive and cumbersome compression or liquefaction equipment. Key points of adsorption gas 
technology are high sorbent property and the vessels thermal management. The problem is that according to the 
thermodynamic laws, during the process of adsorption, the sorbent and gas temperature is increased, and hydrogen 
(methane) uptake by the sorbent diminishes as function of filling time. Correspondingly, lowering the temperature during 
adsorption provides for reduction of the vessel filling time and increase of hydrogenous gas uptake. At the high 
intensive gas output the degree of the stored gas can decrease up to 50–60 %. This is in contrast to hydrogen 
and methane storage by cryogenic liquefaction and by compression at very high pressure, where the stored 
gas is easily accessible for use. 

Hydrogen can potentially be stored at high density and low pressure by absorption in metallic hydrides. 
Currently metal hydrides have been commercialized and hydride tanks are commercially available. Daimler 
Benz, Honda and Mazda are among the several car companies to have tested metal hydrides for vehicular 
propulsion. Daimler Benz has demonstrated a combination of low temperature (FeTi) and high temperature 
hydride (Mg2Ni) tanks to store hydrogen [1]. The uptake capacity of hydrogen in the case of hydrides is 
dependent on temperature, pressure and alloy composition. It is expected that the hydride tanks will be 
charged at ambient conditions. While most metal hydrides are too heavy, too expensive or bond too strongly 
to hydrogen, recent research has identified sodium alanate (NaAlH4) as a potentially practical hydride for 
vehicular applications. However, multiple issues remain. Hydrides release considerable thermal energy as 
they adsorb hydrogen and require significant thermal energy (10–20% of the H2 lower heating value) input to 
release hydrogen. Therefore, hydride beds typically need to be built with heating and cooling passages to 
allow fast refuelling and desorption, reducing the system volumetric and gravimetric energy storage density. 
Many metals and alloys can also reversibly adsorb large amounts of hydrogen, but the adsorption energy is 
in the region of 50–100 kJ/mol [2]. Problems of technical design of metal hydride hydrogen accumulators are 
next: 1) necessity of introduction of gas filters or elaboration of metal hydride composites giving no dusting 
wear; 2) possible appearance of substantial stresses in the container walls at too high density of the powdered 
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bed (maximum allowed powder density of a of metal hydride material in the container should be no more 
than 60% of its true density).  

Hydrogen and methane physisorption is considered as one of the most promising storage technology for 
meeting the DOE goals. In contrast to the chemisorptions in metal hydrides, the phenomenon of physical 
adsorption of the undissociated hydrogen molecules on a surface of microporous carbon fibres or particles is 
a good direction to improve the situation. The sorption energy of different carbon materials is only 2–10 
kJ/mol [2]. Reducing the storage pressure while maintaining a high gravimetric and volumetric density 
represents a goal to reduce costs and enhance safety. As it was demonstrated in [3] the stored methane 
capacity is much more sensitive to level temperatures and heat transfer then to mass transfer limitations. It is 
possible to counteract to negative effects by the sorbent heating during gas output with help of a special 
thermal control system. Same thermal control system can be used for sorbent cooling during hydrogenous 
gas refuelling [4]. In the patent [5] the overlapping of channels for an air flow (temperature control) and 
sorbent sections natural gas storage) for vehicle tank is described. Another perspective direction is sorbent 
bed thermal conductivity increasing by briquetting with high thermal conductivity inert material (graphite) or 
without [6].  

In an ordinary adsorptive storage cylinder the gas flows axially through the carbon bed, which means 
that radial heat transfer takes place mainly by conduction. This is not particularly effective because granular 
beds are known to exhibit poor heat transfer characteristics. Chang and Talu [7] proposed changing the flow 
direction during discharge from axial to radial by a perforated tube inserted at the centre of the cylinder. Thin 
perforated tube helps to organize radial motion of gas inside the sorbent bed. The powdery activated carbon 
with rather high methane sorption capacity was used as the sorbent. For example, capacity was 0.134 m3/kg 
at ambient temperature 293 K and pressure 2 МPа. During the gas output from the tank temperature drops up 
37 K inside the sorbent and total amount of desorbed natural gas was in 25 % less in comparison with 
isothermal conditions. 

With the reduction of storage pressure through the use of the AHG technology, it is possible to use other 
vessels geometries which endure the high pressures created by the GNG technology. This imparts the design 
greater versatility. Another advantage of storage pressure reduction allows us to use lighter materials in the 
making of AHG vessels, as for example, aluminium because the stresses obtained would be smaller. The 
purpose of this approach is to reduce vessel weight, which today is around 70 kg. The DOE targets for 
operating temperature range are 233 to 323 K. Cryogenic temperatures are not expected to be acceptable for 
economic reasons. Nevertheless, it has been shown [8], that the hydrogen DOE target for 2005 (4.5 wt% H2) 
could be met with an isolated aluminium container (Fig. 1a) and a commercially available activated carbon 
material (300 g/m2) at a temperature of 77 K and a pressure of 5–10 MPa. 

 

 
 

Fig. 1. Typical low temperature carbon hydrogen storage system [8]. 
and a scheme for a cryogenic adsorption-based vessel [9]. 

 
The work [9] considers an adsorption hydrogen vessel with multilayer vacuum super insulation and 3.5 

MPa maximum operating pressure. The purpose of the heat exchange device is to cool or heat the system 
(Fig. 1b). The vessel was designed to store 5 kg of hydrogen at the temperature 80 K (internal volume 158 L, 
mass of activated carbon in the vessel 110 kg). The used adsorbent, superactivated carbon AX-21TM, was 
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pellets with a bulk density of 700 kg/m3. At 3.5 MPa, the cooled vessel stores three times more mass than the 
adiabatic vessel.  

The paper [10] presents cryo-adsorption vessel for hydrogen storage (Fig. 2). It has seven pressure tubes 
which are  filled  with  powdered activated  carbon  for  hydrogen storage. The tubes are one meter long with 

 

internal diameter of 80 mm and made of 
austenitic steel. The pressure tubes are located 
inside a vessel that can be filled with liquid 
nitrogen (LN2) to cool down the vessel. The 
LN2 vessel is as well filled up with cooper 
wool in order to achieve a better thermal 
distribution along the tubes, smooth boiling 
effects and physically connect the pressure 
tubes and the LN2 vessel wall, on the outer 
surface of which a heating mat is located for 
heating. The adsorbent (superactivated carbon 
AX-21TM made by Future Carbon GmbH from 

 
 

Fig. 2. The experimental adsorption vessel 
with the different parts and components. a) 
view along the axis; b) axial cross-section 
view; c) pressure tubes arrangement inside the 
LN2 vessel [10]. 

 
coconut shells, a specific surface area of 1800 m2/g) was slightly compressed into the pressure tubes so that a 
bed density of 340 kg/m3 could be achieved. With this parameterization, each pressure tube contains 2 kg of 
adsorbent and can store about 144 g of hydrogen, so that 35 pressure tubes are necessary in order to achieve 
a storage capacity of 5 kg at the pressure 3 MPa. The removal of 9.54 MJ of energy is required for filling the 
pre-cooled vessel from the evacuated state to 3 MPa at 77 K, which corresponds to the evaporation heat of 
about 60 litres of liquid nitrogen.  

It should be mentioned, that the heat or cold must be delivered as evenly as possible to all sorbent 
portions, placed into vessel. The currently employed methods of heating using electrical heaters, water coils, 
hot exhaust gas tubes, etc. do not provide required heat uniformity in the vessel and have very low 
efficiency. To complicate the matters, only direct blowing of the vessel or using of expensive and complex 
water heat exchangers or special refrigerators can deliver the cool. The heat pipes that are proposed as a 
basic element of the thermal management system for storage vessels are known in principle in the art. In 
general, a heat pipe is a hollow thin-walled metal cylinder or component of any other configuration. The 
inner surface of the heat-pipe wall is coated with a capillary-porous material impregnated with evaporating 
liquid. The inside channel of the heat pipe is filled with vapour of the above liquid. There are several 
Japanese applications (05-092369, 60042867) and patents (JP59003001, JP622204099), also single US 
patent (4,599867) concerning to employing of heat pipes for hydrogen storage tanks.  

A new method of hydrogenous gas storage and transportation by L.L. Vasiliev et al. published in the 
works [11, 12] discloses a multicell gas storage tank including heat pipes located in the tank internal 
crosspieces (Fig. 3). The design pressure of the tank is 3.5–6 MPa. Every separate section has the case made 
from an aluminium (or reinforced plastics) and filled with briquette sorbent material where hydrogenous gas  
is situated in adsorbed and compressed states. Heat pipes can easily be implemented inside the sorption 
storage vessel due to its flexibility, high heat transfer efficiency, cost-effectiveness, reliability, long operating 
life, and simple manufacturing technology. The metal fins on the heat pipe surface serve for intensification of 
heat transfer in the sorbent bed. The efficient system to perform the thermal control of sorbent bed during its 
sorption/desorption is heat pipe heat exchanger. A flat rectangular, rather than cylindrical form is convenient 
for gas vessel location in the automobile. The collector channels for gas supply and release were 
manufactured by extrusion inside of aluminium case. Longitudinal grooves in the case can be replaced with 
cylindrical channels in a sorbent body at the centre of each section in parallel to the axis of heat pipe. 
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Suggested design (sorbent “Busofit-M8”) provides a hydrogen-supply of 330 nm3/m3 at average pressure 6 
MPa and the liquid nitrogen temperature (Fig. 4). 

 
 

 
 

Fig. 3 The flat sectional vessel for natural gas (or hydrogen) sorption 
storage: 1 – vessel case, 2 – heat pipe, 3 – sorbent, 4 – channel for 
gas removal, 5 – longitudinal fins/partitions [12]. 

Fig. 4. Volume storage density of 
hydrogen (1 – the adsorbed and 
compressed gases; 2 – the adsorbed 
gas) vs. temperature  

 
This paper presents a numerical investigation of the thermally regulated cylindrical vessel for storage of 

hydrogenous gas. To diminish the negative influence of latent heat of adsorption on the process of gas 
refuelling/extraction of the vessel a heating element (HE) is placed near the cylinder axis. This heating 
element can be finned heat pipe, thermosyphone, one-phase heat exchanger or electrically heated coil. There 
is a small annular gap between sorbent bed and cylinder wall. The annular channel acts like a gas collector 
for input or output of the gas. Cartridge type of gas storage system, assembled of the separate cylindrical 
vessels, is proposed to diminish thickness of sorbent bed. The separate cylindrical vessel is located inside a 
flat casing that can be filled with a heat-transfer agent. They are arranged in parallel, completely separated 
from each other and share the same vessel inlet/outlet opening through a manifold. A micro-porous solid 
sorbent (carbon fibre “Busofit–M") is packed in the cylinder to increase the storage density and to reduce 
operating pressure (3.5–6 MPa). The sorbent had the following characteristics: the specific heat capacity 840 
J/m2K, the sorbent bed density 500 kg/m3, the effective heat conductivity 0.24 W/m/K, the total porosity 
0.78, advanced surface area SBET = 1939 m2/g and the big number of micropores VDR > 1 ml/g.  
 
NUMERICAL STUDY  

A peculiarity of the designed storage vessel is the combination of heat transfer processes and 
accumulation of hydrogenous gas in one volume. The rate of hydrogen charging (time of filling) is 
determined by the reaction rate of gas adsorption and heat transfer processes in a sorbent bed. In vessel 
during charging non-steady variation of temperature and pressure takes place. The pressure in vessel 
increases, and the temperature can, both to increase, and to decrease depending on the size of thermal source 
due to sorption reaction and heat exchange conditions on sorbent borders. The equilibrium adsorption  

 ,eqa P T  depends on the two thermodynamic variables. It increases with the growth of pressure and the 

reduction of temperature. To charge a cylinder fully, it is necessary that the pressure and temperature in 
sorbent reach their nominal values, and these parameters should be sustained during a certain time necessary 
for sorption reaction. Sorption reaction is exothermal and slow enough, and for full transiting of reaction one 
should take away the heat generated in sorbent in the course of charging. The nonequilibrium adsorption 
tends to its equilibrium value but with a considerable delay determined by sorption kinetics. This delay is of 
the order of tens seconds, and it should be considered at design of optimum modes of charging. It is 
technically possible to realize sharp build-up of pressure in vessel at the moment of its connection to the 
high-pressure tank. As to variation of temperature, it has slower character in view of essential heat capacity 
of structural materials. Therefore, it is hardly probably to realize sharp decreasing of sorbent temperature. 
Even if such drop of temperature would manage to be realized, it would cause a raise of reaction rate and by 
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virtue of it an increase of temperature, i.e. the negative feed-back is implemented. Sharp pressure raise in 
vessel (pressure jump) is inexpedient for a variety of reasons. First, it can cause tiredness and destruction of 
construction parts especially dangerous combined with the low temperature of charging. Second, such a 
process is nearly adiabatic, heat removal from sorbent has no time to decrease its temperature, and reaction 
nearly suspended in view of releasing heat. For a short time the reaction can even change its sign, and instead 
of sorption the desorption will be realized. 

The problem of the adsorption-based vessel modelling came thus to the consideration of different 
charge/discharge scenarios and to choice of the best one. It is assumed that at the initial stage of charging the 
mode is realized with a constant inlet mass flow rate until the working pressure is reached inside the vessel. 
After that, the redactor is switched off and further the charging is continued in a mode of a constant high 
pressure at the inlet. It is described mathematically by the change of boundary condition at the moment when 
nominal pressure is reached at the inlet.  

Mathematical model of cylindrical system for storage of hydrogenous gas in adsorbed state represents 
the system of 2D partial differential equations of non-steady balance: for energy, mass and momentum in 
porous homogeneous medium, supplemented by the equations of equilibrium sorption and sorption kinetics. 
For free gas in voids of vessel also equation of mass and energy balance were solved together with Navier –
Stokes equations. For construction elements made of metal, non-steady heat conduction equation was solved. 
All the equations were formulated in cylindrical coordinates. In porous body the reduced value of velocity 
was used. The system of equations was solved with finite element method.  

The model of heat transfer and gas sorption processes in the vessel is based on the following 
assumptions: 1) the hydrogenous gas is assumed to obey the perfect gas law (this assumption is valid below 
20 MPa); 2) the porous medium is assumed homogenous and isotropic; 3) the temperature of the solid phase 
is equal to the temperature of the gas phase at each point, because of the high coefficient of the volumetric 
heat transfer between them; 4) heating and cooling of the sorbent material is carried out by heat pipe (HP) 

with inner heat transfer coefficient 3 410 10HP    W/(m2·K), this coefficient is uniform along the surface 

and high in comparison with the thermal resistance of interface HP-sorbent bed. 
In essence, the porous media model is nothing more than an added momentum sink in the governing 

momentum equations. The time-dependent mass conservation equation for the hydrogen flow in a sorbent 
bed may be written as: 

 

 =g
g mv S


  




, where the mass source is 
 

s=-m

a
S

  


 
.                                    (1) 

 
Neglecting the momentum loss due to adsorption phenomena, the time-dependent momentum transport 
equation is similar to the one used for classical homogenous porous media: 

 

     stg gv vv P F


           


 
,                                                    (2) 

 

where g  is the gas density, P – the static pressure, v


 is the velocity vector, st  is the stress tensor, F


 

represents an additional friction term due to the porous medium. The friction source term accounts for the 
interactions between the flowing gas and the solid porous medium. These interactions include a local viscous 
dissipation at the pore scale and an inertial force due to the strong geometrical variation of the flow lines at 
the pore scale. These are accounted for with the expression the case of simple homogeneous porous media: 

 

2F v C v v
K

    
 

   
,                                                                    (3) 

 
where  is the viscosity, K  is the permeability and C2 is the inertial resistance factor. 

The energy balance equation is similar to those classically used to describe flow in porous media. It 
includes however a source term, that accounts for the energy release during adsorption process: 
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Here, total gas energy can bee expressed as /g g gE C T P    and total solid sorbent energy as S SE C T . 

The isosteric heat is calculated from the relation  ln ln .st a constt
q R T P T 

    Under conditions, existing 

in sorbent bed, viscous dissipation term in the above equation is neglected.  
The time-derivative of a current adsorption a  represents the overall mass transfer between the solid and 

gas phase. Its expression may be derived from the Linear Driving Force model (the equation of sorption 
kinetic):  

 

  0= expeq s

a E
a a K

R T

 
      

,                                                      (4) 

 

where 2
0 015 /s s pK D R , Ds0  – phenomenological constant, pR  – the average radius of particle. 

The estimation of the source term requires determining the equilibrium gas adsorption over all the pressure 
and temperature domains experienced in the vessel during the charging/discharging process. It may be 
presented through the Dubinin – Radushkevich equation of the state of gas 

 
2

2

0 exp ln cr
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v E P T


                  

,                                         (5) 

 
The two-dimensional model enables the prediction of the time-variations of the flow velocity, 

temperature, pressure and adsorption fields in an axisymmetrical storage vessel during the gas 
charging/discharging.  

 
RESULTS AND DISCUSSION 

On the ground of 2D computer modelling of a 12-liter cylindrical vessel the effect of finning parameters 
to the sorbent active volume disposed inside the vessel was analyzed. In a total, the vessel contains 4.5 kg of 
the sorbent. High-heat conducting metal insertions can be attached to the interior of housing or to built-in 
system of heat flux input/output. Round continuous aluminium fins 0.8 mm wide were uniformly distributed 
on the heat pipe (HP) envelope length. Their thermal contact to sorbent and heat pipe envelope was 
considered ideal. Such optimistic situation exists fairly from being always. Thermal resistance of contact 
depends on a mode of fin attaching and can be essential enough. The fin spacing varied from 16 up to 1600 
mm. The maximum value of spacing matched to the length of sorbent bed of 1600 mm. The fin spacing 
determines the amount of fins and the effective thermal resistance of the sorbent bed. The amount of fins 
relevant to the selected scope of spacing varied from 2 to 101. Figure 5 shows an example of calculated area 
with indication of different zones, which are the vessel case and heat pipe envelope made from stainless 
steel, aluminium fins, sorbent, and the free gaps filled with hydrogenous gas. 

 
Fig. 5. SScchheemmee  ooff  ccaallccuullaattiioonn  ddoommaaiinn of the adsorption based vessel with finned HP, where top-down: vessel 
case (outer diameter 0.102 m), annular gas channel formed by the sorbent bed and the vessel case, sorbent, 
envelope of HP (outer diameter 0,02 m); left-to-right: gas volume before the sorbent bed, sorbent, HP fins, 

gas volume behind sorbent bed, vessel flange. 
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The calculation results corresponding to the time distribution of volume averaged characteristics at 
various charging processes of identical duration of 1500 s, are generalized on the two-dimensional color 
diagrams and graphs (Figs. 6–10). We analyzed the variant of vessel cooling from within a HP with constant 
operating temperature 77 K, when the case is thermally isolated and influence of finning parameters affects 
more strongly.  

Fig. 6. 2-D surfaces of 
temperature (K) in the 
adsorbed vessel at the end of 
gas charging for various fin 
configurations of HP: a) S=16 
mm, b) S=32 mm,   c) S=160 
mm,  d) S=1600 mm 
 
 

Color diagrams (Figs. 6, 
8) show the calculated fields 
of temperature and adsorption 
at the end of the 1500 s 
charging of the vessel with 
various fin spacing of HP. 
Note, the advantage of the 
gilled pipe is more uniform 
and fast cooling of sorbent 
accompanied by intensive 
hydrogen absorption over all 
its volume. The reduction of 
fin spacing, on the one hand, 
promotes the best cooling of 

sorbent and augmentation of stored mass, both in adsorbed and compressed state. On the other hand, more 
closely spaced fins of the HP reduces useful volume, mass of sorbent and mass of stored gas, this effect 
being more essential for thick fins. 

Figure 7 presents the dynamics of pressure variation in a sorbent bed and the mass rate of hydrogen flow 
entering through the vessel inlet/outlet. Seen, that the time of achievement of rating value of pressure 6 MPa  
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                                                         a)                                                                        b) 

Fig. 7. The mean sorbent pressure (a) and mass rate of hydrogen flow (b) during gas charging of the 
cylindrical vessel cooled by HP for various fin spacing  
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was increased almost three times with increasing the number of metal inserts from 2 to 101. For variants of 
rare finning the pressure raised quickly with the input of hydrogen. In view of low effective thermal 
conductivity the sorbent cooled slowly and adsorbed a few amount of gas molecules. The stored amount 
increases steeply at low-pressures because the isotherms at low-temperatures and pressures are very steep. 

 

 

Fig. 8. 2-D fields of 
adsorption value (kg/kg) in 
the cylindrical vessel at the 
end gas charging for various 
fin configurations of HP: a) 
S=16 mm, b) S=32 mm, c) 
S=160 mm, d) S=1600 mm 
 
 

At higher pressures, 
adsorption isotherms are 
saturated and the stored 
amount increases less steeply 
with pressure, the increase 
being mainly due to gas 
density increase in the bulk 
gas volume. The variation of 
hydrogen mass flow at 
vessel inlet determined the 
character of pressure change. 

 
In starting time interval of charging, corresponding to pressure increase in sorbent to rating value of 6 MPa, 
the mass flow equal of 0.0004 kg/s was sustained. Further the change to the condition of the fixed delivery 
pressure, the hydrogen mass flow tending asymptotically to zero.  

From the resulted graphs at Fig. 9 one can see that the reduction of fin spacing to hundred times down to 
16 mm has provided the temperature drop of sorbent from 186 to 81.5 K. At the same time on the contrary, 
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                                                      a)                                                                 b) 
Fig. 9. Mean sorbent temperature (a) and volumetric storage density of hydrogen (b) during gas charging 

up to pressure 6 MPa of the cylindrical vessel cooled by HP for various fin spacing 
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the volumetric storage density of gas in vessel has increased from 210 to 392 nm3/m3. Despite the 
distinctions in the temperature and pressure variations, the charging characteristics for the vessel with HP fin 
spacing of 16 and 32 mm are close each other. For rare finning of HP, volumetric storage density of 
hydrogen in the thermally regulated vessel is limited by non-uniform temperature field of the sorbent bed in 
consequence of the low effective thermal conductivity of sorbent.  

The axial profiles of temperature at the border sorbent-gas (Fig. 10a) at the end of charging process 
testify to cooling basically the regions adjoining to zone of gas inlet. So, for the fin spacing 1600 mm all 
sorbent at the border had the temperature 199 K, and for S=160 mm the temperature – 186 K. The close 
location of metal inserts/fins (16 mm) has provided the sorbent cooling from 79 to 97 K in the course of 
1500 s charging. Figure 10b shows some general characteristics of the vessel filled with hydrogen, such as 
mean volumetric sorbent temperature, volumetric density of storage and the mass of stored hydrogen, as the 
functions of fin spacing. Fins were round aluminum disks with the thickness 0.8 mm. The amount of the 
stored hydrogen is determined by the quantity of adsorbed gas in sorbent and the free pressured gas in 
macropores and voids of system. The sorption value as the inertial characteristic varies extremely slowly, 
following the pressure and sorbent temperature variations with a definite time gap. As a result, the stored 
mass of hydrogen at the end of charging to 6 MPa and steady temperature for the considered variants of fin 
spacing (16, 32, 160, 1600 mm) has reached the values of 0.342, 0.334, 0.26 and 0.19 kg that corresponds to 
volumetric density of hydrogen storage 392, 375, 286 and 210 nm3/m3. The exothermal character of sorption 
reaction and poor heat transfer the rare finning of HP has not provided heat removal during charging (1500 s) 
and was so the reason of hydrogen store reduction nearly twice. 
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                                               a)                                                                       b) 
Fig. 10. Influence of the HP fin spacing on the characteristics of the adsorption-based vessel with hydrogen: 

(G=0.4 г/с): a) axial profile of the temperature at the border sorbent-circular gas channel; b) the mean 
sorbent temperature (1) and volumetric storage density of hydrogen (2)  

 
 
CONCLUTION 

Successful development of a getter system of hydrogenous gas storage presumes a presence of an active 
thermal regulation and special properties of materials capable to store up hydrogen efficiently. The design of 
a sorption vessel for rational storage of hydrogenous gas must include the following components:  

 a microporous solid sorbent, packed in the vessel envelope (to increase the storage density and to 
reduce operating pressure (3.5–6 MPa); 

 several sections (cartridge type of a vessel to diminish thickness of sorbent bed); 
 a heat-exchange element (HE), placed near the cylinder axis (to diminish the negative influence of 

latent heat of adsorption). This element can be one-phase heat exchanger or electrically heated coil, finned 
heat pipe. 
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 The HE fins and perforated tube effectively change the flow direction from axial to radial, which 
promotes energy transfer by convection from the cold or hot wall to the central region. Furthermore, the high 
conductivity of the fins increases the overall conductive radial heat transfer. 

The developed vessel with the finned heat pipe and microporous carbon-base sorbent is perspective for 
the power engineering and for the gas domestic and small business industry. 

 
Nomenclature  
a – adsorption, kg/kg; aeq – equilibrium adsorption, kg/kg; Cg – specific heat capacity of free gas, 

J/kg/K; Ca – specific heat capacity of adsorbed gas, J/(kgK);  E – activation energy, J/kg; G – gas output 
from the cylinder, kg/sec, g/sec; K – permeability, m2; M – mass of the gas in the cylinder, kg; P – pressure, 
Pa; qst – latent isosteric heat of sorption, J/kg; R – gas constant, J/kg/0K; T – temperature, K; а – specific 
volume of adsorbed medium, m3/kg; Va – partial molar adsorption volume; Vg – molar gas-phase volume; 
W0 – maximum microporous specific volume, m3/kg.  

Greek Letters:  – total porosity;ef – effective thermal conductivity of the sorbent bed, W/(mK);  –

dynamic viscosity, kg/(m s);  – bulk density of the sorbent, kg/m3; g – density of free gas, kg/m3; v –
 volumetric storage density of gas, nm3/m3 (where nm3/m3=m3(STP)/m3); – time, s.  

Subscript: a – adsorbate; ch – charge; cr – critical state; end – finite value; eq –  equilibrium conditions; 
HP – heat pipe; 0 – initial value.  

Abbreviations: AHG – Adsorbed hydrogenous gas; HP – heat pipe, STP – standard of temperature (273 K) 
and pressure (0.1 MPa). 
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