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taecklee@hoseo.edu Abstract >> Korea government decides to build one hundred hydrogen refueling

_ stations (HRS) until 2020 and tries to disseminate HRS and boosts HRS market
Ei\fzzzd ;?jﬁ:: ;gi; in korea. Naepo HRS in chungnam province has been operated for last one full
Accepted 30 June, 2017 year of 2016 and recorded 2,520 times full charge for the hydrogen fuel cell pow-

ered vehicles and total 6,016 kg hydrogen fueling for the 25 units of hydrogen
fuel cell powered vehicles. Raw fuel of hydrogen from tube trailer measured by
pressure, converting into weight of hydrogen and shows 19.6% surplus with final
charged weight by dispenser. This result is caused measuring errors. Measured
charged errors between dispenser and Mass flow meter was determined 13.13%.

Key words : Hydrogen refueling station($ 4 % M 4 ), State of charge (SOC), Mass
flow meter(& A §27), Fuel Measuring Method(9 & A & HiH),
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Table 1. Status of hydrogen refueling station in Korea
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Fig. 2. Schematic picture Naepo HRS

Table 2. System Information of Naepo HRS

Equipment Specificaiton
o Capacity: 200Nm*/hr
Compressor o Comp. type: Diaphragm
o Capacity : 1,000 L * 9EA (3,600Nm"’)
Storage Tank 0 Charging pressure : 400bar
© Charging time: Charging time below 5
Dispenser minute per car, 6 car per 1H
P (from SOC 10% to SOC 97% at 700bar )
o Charging temperature: Below 80C
. © 270 kg/day
Capacity © 54 car/day (working time in 9H)
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Fig. 3. Fueling process for off-site type hydrogen refueling station
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Table 3. Overall for fueled amount for cars

Weighing Measuring
value Count Method
Input 83.796m’ | 64 -
amount
Output Measured by
amount 6,016.2 kg 2,520 Dispenser (kg)
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NWP : Nominal Working Pressure

p : density

The density of Hydrogen at 35 Mpa at 15C =24 g/L
The density of Hydrogen at 70 Mpa at 15°C =402 g/L
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Table 4. Specipications of MFM

Measuring range 600 kg/hr
Temp. Coverage -200~350C
Pressure Coverage 250 bar
Response speed 60 ms and better
Size 1/4'~1/2"
Precision 0.1%
Reproducibility 0.05%
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Table 5. Fuel supply gap between tube trailer and soc value
from dispenser
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Table 6. Fuel supply gap between soc value from despensor

Amount and MFM reading
Amount of| Amount | of output Unit May | Jun | Jul | Agu | Total
stock of stock | meas- | Error Amount of stock
Error
of of ured by | Amo- . a of Trailer 862 678 | 711 | 771 | 2,985
. . . ratio
Date | Trailer Trailer | Dispen- | unt (kg)
(m3) (kg) ser Amount of output
(kg) b | measuredby | 568 | 567 | 514 | 578 | 2,425
a b c = | _ Ao(%) Dispenser (kg)
b-c Amount of output
2016 m’ kg kg kg % ¢ | measured by 568 | 562 | 480 | 519 | 2,129
Jan 4,026 359 350 9 2.60 MFM (kg)
Feb 7,061 630 393 237 37.70 Error
Mar 7,066 631 505 126 20.00 Trailer |Amount | 294 | 111 | 197 | 193 | 559.8
Apr 6,647 593 448 145 24.50 bl & (kg)
May 9,651 862 568 | 294 | 34.10 a0 Dispense | Error
Jun 7,597 678 567 111 16.40 r ratio | 34.1 | 164 | 27.7 | 25.0 | 18.8
Jul 7,965 711 514 197 27.70 (%)
Aug 8,631 771 578 193 25.00 Error
Sep 6,122 547 528 19 3.40 Amount| 293.7 | 79.1 | 231.2 | 251.6 | 855.8
Trailer
Oct 6,409 572 496 76 13.30 I s (kg)
Nov 7,631 681 616 65 9.60 MEM | Error
Dec 4,990 446 453 -7 -1.70 ratio 34.1 123 | 325 | 32.7 | 28.7
Total 83,796 7481 6016 | 1465 19.6 (%)
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Table 7. Fueling gap between MFM and Dispenser of SOC

Amount of | Amount of
output output Error Error
No | measured by | measured by | Amount ratio
Dispenser MFM (kg) (%)
(kg) (kg)
1 1 1.146 0.146 14.6
2 1.054 1.213 0.159 14.5
3 1.155 1.327 0.172 14.3
4 1.259 1.473 0.177 13.6
5 1.358 1.555 0.196 14
6 1.453 1.665 0.213 14.2
7 1.553 1.762 0.209 13.1
8 1.656 1.909 0.253 14.9
9 1.754 2.009 0.255 14.2
10 1.855 2.112 0.257 13.5
11 1.953 2.233 0.28 14
12 2.055 2.346 0.291 139
13 2.152 2.453 0.301 13.6
14 2257 2.566 0.309 13.4
15 2.359 2.692 0.333 13.9
16 2.45 2.8 0.349 14.1
17 2.56 2.873 0.313 12
18 2.659 3.004 0.345 12.8
19 2.757 3.12 0.362 12.9
20 2.851 3.23 0.378 13
21 2.954 3.321 0.367 12.2
22 3.055 3.435 0.379 12.2
23 3.151 3.567 0.416 13
24 3.256 3.653 0.398 12
25 3.359 3.799 0.44 12.9
26 3.456 3.921 0.465 13.3
27 3.557 4.026 0.469 13
28 3.652 4.131 0.479 12.9
29 3.749 4.224 0.476 12.5
30 3.856 4374 0.517 13.3
31 3.969 4.444 0.474 11.9
32 4.062 4.568 0.507 12.3
33 4.16 4.702 0.542 12.9
34 4258 4.858 0.6 14
35 4.343 4.805 0.462 10.5
36 4.438 5.028 0.59 13.1
37 4.515 5.17 0.655 14.2
38 4.667 5.297 0.63 13.4
39 4.603 5.363 0.759 12.6
40 4.875 5.465 0.59 12
41 4.985 5.47 0.485 9.7
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Table 8. Summary of fueling error ration by difference of fuel
measuring method

Measurin Amount of Amount of output .
o Period stock (ke) Error ratio
(kg)
1 year Amount of Amount of output measured  19.6%
(2016) stock by Dispenser loss
(kg)
0,
4 months Amount of Amount of 0}1tput measured  28.7%
(Ma stock by Dispenser loss
Au }; (ke) Amount of output measured  18.7%

g £ by MFM loss
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