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Abstract: The thermal performance of LNG fuel tanks of vehicles is determined by the time for non-venting storage of
fuel and the amount of fuel supplied to the engine. In this study, we selected a double-walled vacuum-insulated fuel tank
with a volume of 450 liter, and the properties of the fuel contained in it were assumed to be the same as those of the
methane(CHy). For the increasing the non-venting fuel storage time, we propose the use of shielded penetration pipes in
the tank. We compared the storage times of the tank used in our study with those of the conventional fuel tank. Further,
the additional heat input required to maintain the fuel pressure necessary for an appropriate fuel supply rate was
predicted. For these parameters, we derived a thermodynamic relationship that can be used to estimate the rate of increase
in pressure for a known heat input, and we obtained equations for estimating the rate of heat leaked by using the
established heat transfer model. From the results of numerical computation, we found the non-venting storage time of the
tank with shielded pipes to be 25-30% higher than that of the tank with unshielded pipes. Further, we determined the
appropriate operation conditions by taking into consideration the transfer rate of additional heat provided to the fuel tank.
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Table 1 Constants in Eq. (4) for P=0.1 ~4 MPa

Prop. hy hy, vy
a -313.30434E0 527.58982 0.00229
b 317.75445E-3 -179.44474E-3 8.40825E-7
¢ -230.66564E-6 105.36884E-6 -5.83070E-10
d 102.37244E-9 -48.96864E-9 3.06372E-13
e -22.01581E-12 11.08080E-12 -7.59867E-17
f 1.81608E-15 -0.99903E-15 7.45345E-21

SD 3.53806 1.46718 4451E-6

* Correlation coef. B2 > 0.99, Standard Deviation=5D
* Units P:kPa, h:kJ/kg, v:m®/kg
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Fig. 3 Schematic for Shielded Pipe
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Table 2 Specifications of the tank for calculation

Volume Tank : 4501, LNG : 40517(90%)
Dimensions(mm ) A=1740, B=1638, (=657,
in Fig. 2 D= 612, E=1020, F=360.

P,.x=1600 kPa : Safety Valve Released
P, i, =600kPa : Minimum Fuel Supply
Pressure
Tank :300 series SUS, Thickness :3
Insulator :k;, =1.5x10"* W/m K

Normal Operating]
Pressure Range

Material
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Table 3 Dimensions of penetration pipes

e

Main Pipe |Annular region| Shielded Pipe, m

Out Dia, m gap, m Length | Diameter
Inlet Pipe | d; =0.019 | s, =0.005 |l; =1.0|d, =0.024
Outlet Pipe dy =0.013 | s, =0.005 |I, =0.35|d,, =0.018
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rate with time over 800 ~ 1600%kPa with no
mass flow from tank on vehicle
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Fig. 7 Effect of Trij»o and Fjy; on hold time, fuel
mass after hold time and on additional heat
transfer over pressure range 800 ~ 600 kPa
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