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ABSTRACT

We propose an equivalent model of a sintered metal mesh filter calculated by Ergun's equation and
polynomial regression for the CFD analysis of breakaway devices at a hydrogen fueling station. CFD analysis
of filters that cause high pressure loss is essential because breakaway devices in high-pressure hydrogen
conditions require low pressure loss. A differential pressure experiment with a filter was performed in a
low-pressure air condition considering similarities. An equivalent model was developed by deriving the
resistance value by the polynomial regression using the experimental results. The results of CFD analysis
using the equivalent model show that there was almost no error in the operating condition of the breakaway
device compared to the experimental results. Through this work, we believe that the proposed equivalent
model of a filter can be applied to the analysis of breakaway devices in hydrogen fueling stations. We will
study how to optimize the shape and position of the filter in breakaway devices using the developed
equivalent model.
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Fig. 2 (a) Photograph and (b) schematic diagram of
experimental equipments for pressure drop
testt (Dpressure transmitter(PT), @differential
pressure sensor(DPS), Qflow meter(FM), @
housing, Bindicator

Table 2 Specifications of filter

Table 1 Experimental conditions Specifications of filter Value [unit]
Experimental conditions Value [unit] Outer Diameter (Do) 10 [mm]
Flow Rate (V) 50 to 1000 [LPM] Thickness (1) 1.7 [mm]
Outlet pressure (Pour) 0.7 [MPa] Filter grade 40 [1m]
Flow fluid air at 25 [C] Material SuS316L
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(mesh, mesh diameter)
1stlayer (100, 0.10 mm)
204 Jayer (50, 0.14 mm)
3 Jayer (250, 0.11 mm)
4% Jayer (12, 0.60 mm)
5% layer (64, 0.42 mm)

Fig. 3 Schematic diagram and photograph of five-layer
sintered metal mesh filter
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Table 3 Boundary conditions of CFD analysis

Table 4 Resistance from result of Ergun's equation

Parameters Value [unit] Ri [1/m] R, [I/m’]
Flow Rate (1) 50 to 250 [LPM] 1°! layer 10.23 1.56x10°
Outlet pressure (Py,) 0.7 [MPa] 2" layer 3.24 2.26x10°
Density (Air) 1.225 [kg/m*] 3" layer 10.87 1.61x10°
Viscosity (Air) 1.789x107° [kg/m-s] 4™ layer 3.07 4.68x10*
5% layer 1.19 1.62x10*
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Table 5 Resistance from result of experiment using
polynomial regression

Cases R [1/m] R, [1/m?]
case-1 (5 points data) 8.29 1.71x107
case-2 (2 points data) 4.88 2.72x107
case-3 (2 points data) 7.32 2.77x107
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Table 6 Comparison of experimental results and CFD
analysis by equivalent model (3 cases)

V AP Exp. AP Case-1 AP, Case-2 AP, Case-3
[LPM] | [MPa] [MPa] [MPa] [MPa]
50 0.0070 0.0113 0.0079 0.0179
100 0.0192 0.0248 0.0181 0.0382
150 0.0454 0.0391 0.0294 0.0588
200 0.0778 0.0585 0.0440 0.0722
250 0.1067 0.0737 0.0576 0.1063
low flow region high flow region |
0.12 — ; . i
¢ Case-1 03% Y-85
0.10F Case-2 *
A Case-3 " 30.9%
— 0.08 - o, V@
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Fig. 8 Pressure drop depending on flow rate
from the result of experiments and CFD
analysis using equivalent model (3 cases)
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Table 7 Comparison of CFD analysis by equivalnet

model and experimental results

i/ AP Exp. AP CFD,Ergun AP CFD,poly.
[LPM] | [MPa] [MPa] [MPa]
0.007 0.0079
00100076 1y 40 [+3.9%)]
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100 | o002 | GO 5 7%]
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150 100453 1 151 g0 [+7.7%]
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Fig. 10 Comparison of CFD analysis results using
equivalent model and experimental data
expressed polynomial regression
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