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younhulje@gnu.ac.kr Abstract >> Hydrogen is attracting attention as an alternative energy source as

_ an eco-friendly fuel without emitting environmental pollutants. In order to use hy-
Ei\fzzzd it:iﬁg;fgggo drogen as an energy source, technologies such as hydrogen production and stor-
Accepted 30 December, 2020  a8€ must be used, and new storage methods are being studied. In this study, the

behavior of hydrogen in the storage tank were numerically studied under
high-pressure hydrogen discharge conditions in a Type lll hydrogen tank. Numerical
results were compared with the experimental value and the results were quanti-
tatively analyzed to verify the numerical implementation. With the results of
pressure and temperature values under a given discharge condition, the
Redich-Kwong gas model showed the adequate models with the smallest error
between numerical and experimental results.
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Table 1. Advantages and disadvantages of hydrogen storage

methods®
hydrogen
storage Characteristics
methods
Compressed | - High pressure (70 MPa)
hydrogen - Low storage density per volume and weight
- -253°C under atmospheric condition
- Liquefi f 10-14 kw/kg H.
Liquefied 1qu§ ied energy of 10 w/kg Ha
hydrogen required
4 - Insulation technology
- High storage density per volume and weight
- Metallic materials with a unique ability
hydro | - Reversibly absorb and release significant
gen amounts of hydrogen from the gas phase or
storage| electrochemically
Materi | alloy | - High storage density per volume
al - Low storage density per volume
- High hydrogen storage capacity due to
carbon| porous microstructure high specific surface
fiber | area (SSA) and low mass density
- Low storage density per volume and weight
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3 Egﬂ‘%‘ E 2 A ﬂs} ‘:]' OHH = ‘(H il ?:I]— ‘%‘3 Table 2. Dimensions of the tank and its material properties
L Qako =l Zlo)7 mm 7
=74 L8 d ﬂi H 17} 849 Rl Dimension and material properties
0] 354 mm= = o] ¢] ™ normal working pressure Total length (mm) 1,030
70 MPa?l 119} ®=o|t} 119t A &S Bt Culind Inner diameter (mm) 354
inder
5 A ks et 2] dlAAd g Ly Y Outer diameter (mm) 427
71A1e] wio] w2 B yire] el Wslel oA Thickness (mm) 2730
< B0l ddels AR s 4 9ok Density (kg/m’) 1,570
Laminate Specific heat (J/[kg-K]) 840
(CFRP layer) Thermal conductivity
0.612
Type I Type I Type I Type IV (W/[m-K])
(/f.fi"ﬁﬁﬂ,"';?ié) &ﬁ:;ﬁ:i;@l Aluminum liner Plastic liner Thickness (mm) 5-10
4 f | Liner Density (kg/m3) 2,700
\ \ [SK o (aluminum Specific heat (J/[kg-K]) 902
GFRP (tank reinforced) [ CFRP (tank reinforced) | CFRP (tank reinforced) alloy) Thermal conductivity
W/m K 238
Fig. 1. Characteristics of hydrogen storage tanks (W/[m-K])
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(k: the turbulence kinetic energy, e: dissipation rate,
G,: the generation of turbulence kinetic energy, Y,
contribution of the fluctuating dilatation, y,: turbulent
viscosity.)
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Fig. 2. Modeling of storage tank

Table 3. Hydrogen discharge condition

Initial pressure (MPa) 36.3
Final pressure (MPa) 2.5

Discharge time (s) 1,140
Ambient temperature (K) 305
Initial temperature (K) 331
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Fig. 3. Pressure distribution of hydrogen tank with gas model

Table 4. The averaged deviations of pressure between ex-
perimental and numerical results

Gas model Difference (%)
Soave-Redich-Kwong 7.60
Peng-Robinson 44.0
Aungier-Redich-Kwong 18.2
Redich-Kwong 3.20

Table 5. The averaged deviations of pressure between ex-
perimental and numerical results during discharging time

Difference (%)
Gas model
Before 400 s After 400 s
Soave-Redich-Kwong 0.29 0.11
Peng-Robinson 0.43 0.42
Aungier-Redich-Kwong 0.40 0.16
Redich-Kwong 0.29 0.09
> BRLAUN L3S =27

Hl(gas model)M 2 &

‘?l)oﬂ*i% *Jﬁﬁx—i oz ‘E%% 2 %Liiﬂ F % H
ojtf7k FRKS00% o] F)oll= thar U% £
A WOl AL BT 4 glek olop 2L A%
o] W3} wjZo]l gas modele] whet 7ol HwAGE
7 oF 0.5% nlgbe] ZjolE Holu} Fuke]
ofZl oF 02% mRte] zjolE Helth z7]
Soave-redich-kwong H @1} Redich-kwong 0|
AR M A SAE mel v el
Redich-Kwongo] 7} 2R @215 Holch A3dgk

A

335

J’ ® Experiment
£ Soave-redich-kwong
330 | O Peng-Robinson
A Aungier-redich-kwong
¢ Redich-kwong
*
@ 325
5 &
2 120 .
2 8
£ L
2 o35 . ?
310 + L ]
305 | L L L ?

0 100 200 300 400

Time [s]

Fig. 4. Temperature distribution of hydrogen tank distribution
with gas model (initial state)
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Fig. 5. Temperature distribution of hydrogen tank distribution
with gas model (developed state)
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