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Abstract

The objective of this applied research is to modifying a vehicle to be used with
hydrogen as a fuel. The empbhasis of the study is to design a large scale safes, and practical
fuel storage tank for the hydrogen. It is found from this study that the metal hydride is the
safest material to be used. There are two stages in this study. The first stage is an
experimentation of charging and discharging the hydrogen from the tank to supporting the
design of the fuel and water cooling system. In the second stage, the testing was done on
the vehicle at various loads. The result can be concluded as the following : the metal
hydride tank is potentially most effective with vehicle using hydrogen as a fuel. It can
release Hydrogen to engine when being started while the temperature of both the engine
and the cooling water are at room temperature. In addition it can release Hydrogen well
when the engine run at the various loads. As the cooling water is heated up the Hydrogen
release can be done continuously. The charging time of the metal hydride tank takes up
‘approximately 10-20 minutes which is in the acceptable range of time. Although the metal
hydrid tank is rather small in comparison to normal high pressure tank, but its weight is
comparatively not too much different.
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Alloy class A C E
«| Type AB AB, AB AB,
Alloy components A.Ti A:Ti,Zr A:Mg A:MM, La, Ce
: B: Fe, Mn B:V, Fe, Cr, Mn, | B:Ni B:Ni
Ni (Mn, Al, Fe, Co

#1314 5.1 Alloy types for G{E Hydralloy@ hydrogen storage alloys.

Toyaniunniln

- 'I‘y-pe
- H, capacity
- Metalhydride alloy
- Metalhydride mass
- Tank volume
- Operating pressure
- Designed pressure
. = Max. charging pressure
- Coolant jacket volume
- Max. water pressure
- Max. temperature

- Tank weight

tKW5

: Approx. 5 Nm® H,
: Hydralloy C5

:30 kg

53 %0.1 1931

: Approx. 6 bars ( 20°C )
: 50 bar (100°C)

: 30 bars

: Approx. 61

: 0.6 bars

: 100°C

: Approx. 51 kg
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Metal Hydride Storage Container KW5

Hydrogen Capadity Approos, § Nm3 H2

Metal Hydride Alloy ecs

Metal Hydride Mass 30 kg.

Tank Volume 31i=931

App;n;ﬁhus(ﬂ:ﬂ

Mac, Charging Pressure

Coolant Jacket Voluma Approx. 61

Mae, Water Pressure 0.6 bars
Temperature 100 °C

Tank Weight Approx. 51 kg

9.1 Schematic Construction uaaﬁ’amﬁn"la"lmﬁ KW5
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T(C),P(b Water flow rate(m /h
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M3 -1 HaNINaaeuYedde lalasinunnuaugs
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Ngunniiussena 32°C 1nT8UARWILNT 1,200 SOUADUIN

t Temp, | Temp , | AT Gas flow rate Water flow rate
(min) | (°C) o) o) (liter/s) (m’/h)
0 29 29 0 0.3871 0.00
2 39 34 5 0.3871 1.30
4 a4 38 6 0.3871 1.30
6 47 41 6 0.3871 1.30
8 54 48 6 0.3871 1.35
10 62 52 10 0.3871 1.35
12 64 58 6 0.3871 1.35
14 65 58 7 0.3871 1.35
16 65 58 7 0.3871 1.35




M -2 HansnaaoUYesi lalaseunnnAuge

P =Y o A o = P 1 =
NYPUNYUUIINMA 327C ATaUHAIAUILTN 1,700 $8UADUIMN

t Temp, | Temp , AT Gas flow rate Water flow rate
(min) | (°C) Co | Co (liter/s) (m’/h)
0 29 29 0 0.4202 0.00
2 40 35 5 0.4202 1.30
4 48 40 8 0.4202 1.30
6 54 46 8 0.4202 1.35
8 62 52 10 0.4202 1.35
10 64 58 6 0.4202 1.40
12 67 59 8 0.4202 1.40
14 67 59 8 0.4202 1.40
16 68 58 10 0.4202 1.40
18 70 59 11 0.4202 1.40
20 73 62 11 0.4202 1.40
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= o o & ¢ = = ' P
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t Temp, | Temp AT Gas flow rate Water flow rate
min) | °c) | Co | Co (titer/s) (m’/h)
0 29 29 0 0.4533 0.00
2 40 35 5 0.4533 1.30
4 49 41 8 0.4533 1.30
6 58 46 9 0.4533 1.35
8 63 53 10 0.4533 1.35
10 68 58 10 0.4533 1.40
12 68 59 9 0.4533 1.40
14 69 59 10 0.4533 1.40
16 70 61 9 0.4533 1.40
18 71 61 10 0.4533 1.40
20 72 61 11 0.4533 1.40
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FT79INA 327 C IATBIYUAAUIVIN 2,500 58UABUIN

nguvQiy
t Temp, | Temp | AT Gas flow rate Water flow rate

mn) | °c) | Co | Co (liter/s) (m’/h)
0 29 29 0 0.5195 0.00
2 41 35 6 0.5195 1.30
4 50 44 6 0.5195 1.30
6 56 49 7 0.5195 1.35
8 64 55 9 0.5195 1.35
10 68 60 8 0.5195 1.40
12 69 61 8 0.5195 1.40
14 69 61 8 0.5195 1.40
16 70 62 8 0.5195 1.40
18 70 61 9 0.5195 1.40
20 70 61 9 0.5195 1.40
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i = = :‘ -1 y & = $ 1
ngumliussuIme 34°C gungiivasou 32°C nTvswuAALT 1,200 soUADLIHR

t Temp ,, | Temp AT Gas flowrate | Water flow rate
min) | Co) | Co) | Co (bar) (liter/s) (m’/h)
0.00 33 33 0 26 0.3871 1.40
0.45 33 33 0 24 0.3871 1.40
0.67 33 32 1 22 0.3871 1.40
1.00 33 32 1 20 0.3871 1.40
1.67 33 32 1 18 0.3871 1.40
2.30 33 32 1 16 0.3871 1.40
300 | 33 31 2 14 0.3871 1.40
4.17 32 31 1 12 0.3871 1.40
5.67 32 31 1 10 0.3871 1.40
9.25 31 30 1 8 0.3871 1.40
22.12 31 30 1 6 0.3871 1.40
28.67 32 30 2 5 0.3871 1.40
3172 | 31 30 1 4 0.3871 1.40




o ar 'd 1
AT -6 Haﬂ'ﬁﬂﬂﬁﬂnﬁﬁ??ﬂugﬂE}Qﬂ\?l‘ﬂﬁﬁ‘laqﬂiﬂ Mﬂz:ﬂﬂﬂﬂﬂﬂﬂimu

4 = il r o : a = '
Ngumgiiussume 34°C gamgihimdetu 32°C nTowuA@wLN 1,700 s0UARBUN

t Temp ,, | Temp ,, At Py Gas flow rate | Water flow rate
@) | C0) | Co | Co | Ga) (titer/s) (m'/b)
0.00 32 32 0 24 0.4202 1.40
0.03 32 32 0 22 0.4202 1.40
0.08 32 32 0 20 0.4202 1.40
0.58 32 32 0 16 0.4202 1.40
1.00 32 32 ¢} 14 0.4202 1.40
1.67 32 31 1 12 0.4202 1.40
2.77 32 31 1 10 0.4202 1.40
5,17 32 31 1 8 0.4202 1.40
9.50 32 31 1 6 0.4202 1.40
12.50 32 31 1 5 0.4202 1.40
15.42 31 31 0 = 0.4202 1.40




o o 4 1
A9 97 wamInageUaNsiouzvessundalelase vazidonlelasiau

4 = s 1 g8 & ¢ = { ' =
NgumnQlussvIMA 34°C gingiimasity 32°C ATBWUARUILT 2,000 TOUADUIT

t Temp ,, | Temp AT P Gas flow rate | Water flow rate
min) | °c) | 0 | O | (an (liter/s) (m’/h)
0.00 33 33 0 27 0.4533 1.40
0.15 33 33 0 26 0.4533 1.40
0.35 33 32 1 24 0.4533 1.40
0.70 33 32 1 22 0.4533 1.40
0.98 33 32 1 20 0.4533 1.40
1.33 33 32 1 18 0.4533 1.40
1.67 33 32 1 16 0.4533 1.40
2.25 33 32 1 14 0.4533 1.40
2.75 33 31 2 12 0.4533 1.40
3.63 33 31 2 10 0.4533 1.40
5.42 32 31 1 8 0.4533 1.40
9.00 32 31 1 6 0.4533 1.40
13.58 31 30 1 5 0.4533 1.40
17.50 31 30 1 4 0.4533 1.40
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] 4 . "
fgungiiussome 34°C gungihimasidu 32°C inTowudiaunni 2,500 soudeuf

t Temp, | Temp, | AT | Gas flowrate | Water flow rate
@in) | o) | o) | Co | (ad) (titer/s) (m’/h)
0.00 33 33 0 26 0.5195 1.40
0.08 33 32 1 24 0.5195 1.40
0.25 33 32 ] 22 0.5195 1.40
0.50 33 32 1 20 0.5195 1.40
0.87 33 32 1 18 0.5195 1.40
1.33 33 32 1 16 0.5195 1.40
1.47 33 32 1 14 0.5195 1.40
L.75 33 32 1 12 0.5195 1.40
2.47 33 32 1 10 0.5195 1.40
3.33 33 32 1 8 0.5195 1.40
5.63 32 31 ) 6 0.5195 1.40
7.88 32 31 1 5 0.5195 1.40
11.93 30 29 1 4 0.5195 1.40
12.58 30 29 1 5 0.5195 1.40
13.57 30 29 1 6 0.5195 1.40
14.50 30 29.5 0.5 7 0.5195 1.40
17.08 30 30 0 8 0.5195 1.40
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NgungiussuIme 34°C gungiimasitu 50°C NTeUARWILIN 1,200 sBUABMT

t Temp . | Temp _, AT P Gas flow rate | Water flow rate

@) | Co) | o) | Co | (ar) (liter/s) (m’/h)
0.00 50 50 0 26 0.3871 1.40
0.17 49 49 0 24 0.3871 1.40
0.33 49 48 1 22 0.3871 1.40
1.67 49 47 2 20 0.3871 1.40
3.55 48 46 2 18 0.3871 1.40
5.98 47 45 2 16 0.3871 1.40
9.87 47 45 2 14 0.3871 1.40
13.98 49 47 2 12 0.3871 1.40
39.63 49 47 2 10 0.3871 1.40
65.17 48 47 1 8 0.3871 1.40
76.70 48 47 1 6 0.3871 1.40
78.70 48 47 1 5 0.2871 1.40
8027 | 48 47 1 4 0.3871 1.40
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t Temp, | Temp, | AT Gas flow rate | Water flow rate

min) | Co) | o) | o | (ba) (liter/s) (m’/h)
0.00 50 50 0 24 0.4202 1.40
0.10 50 50 0 22 0.4202 1.40
1.10 50 50 0 20 0.4202 1.40
2.23 51 50 1 18 0.4202 1.40
4.12 52 50 2 16 0.4202 1.40
6.83 52 50 2 14 0.4202 1.40
10.00 52 49 3 - 12 0.4202 1.40
27.42 51 50 1 10 0.4202 1.40
47.88 50 49 1 8 0.4202 1.40
5827 49 48 1 6 0.4202 1.40
60.43 49 48 1 5 0.4202 1.40
62.25 49 48 1 4 0.4202 1.40
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NgaunglussuIna 34°C gungiimanitu 50°C INTBIUUAAUINT 2,000 TBUADUT

t Temp ;, | Temp , AT P o Gas flowrate | Water flow rate
@n) | (°0) | o) | Co) | (ban) (iiter/s) (m’/h)
0.13 50 50 0 26 0.4533 1.40
0.27 50 50 0 24 0.4533 1.40
0.42 51 50 1 22 0.4533 1.40
1.15 52 50 2 20 0.4533 1.40
217 52 49 3 18 0.4533 1.40
3.42 51 50 1 16 0.4533 1.40
5.43 52 50 . 14 0.4533 1.40
8.18 51 50 1 12 0.4533 1.40
20.75 50 49 1 10 0.4533 1.40
37.98 49 48 1 8 0.4533 1.40
48.07 49 48 1 6 0.4533 1.40
50.93 49 48 1 5 0.4533 1.40
_54.72 49 48 1 4 0.4533 1.40
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Ngungiiusseme 34°C gaimgiimdetu 50°C nTBITUARUINT 2,500 SBUADUIT

t Temp , | Temp AT Gas flow rate | Water flow rate
min) | Co) | Co) | o (bar) (liter/s) (m’/h)
0.00 50 50 0 28 0.5195 1.40
0.30 50 50 0 27 0.5195 1.40
0.47 51 51 0 26 0.5195 1.40
0.58 51 50 1 24 0.5195 1.40
0.77 52 50 2 22 0.5195 1.40
1.03 52 50 2 20 0.5195 1.40
1.58 52 | 49 3 18 0.5195 1.40
2.08 51 50 1 16 0.5195 1.40
2.92 52 50 2 14 0.5195 1.40
4.80 51 50 1 12 0.5195 1.40
9.17 50 49 1 10 0.5195 1.40
21.48 49 48 1 8 0.5195 1.40
30.58 49 48 1 6 0.5195 1.40
32.98 49 48 1 5 0.5195 1.40
35.10 49 48 1 4 0.5195 1.40
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figmuugiiussnime 34°c gamgihmasdu 70°C inTossudiauni 2,500 soUABUIN

t Temp, | Temp_ | AT P Gas flow rate | Water flow rate
@n) | °c) | Co | Co | G (liter/s) (m’/h)
0.00 69 69 0 20 0.5195 1.40
0.25 69 69 0 18 0.5195 1.40
6.08 69 68 1 16 0.5195 1.40
18.98 68 67 1 14 0.5195 1.40
26.63 68 67 12 0.5195 1.40
30.22 68 67 1 10 0.5195 1.40
32.67 68 67 1 8 0.5195 1.40
34.20 68 67 1 6 0.5195 1.40
34.73 68 67 1 5 0.5195 1.40
35.50 68 67 1 4 0.5195 1.40
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heungiiusseima 34°C gaumgiivimasitu 32°C gamgiite 32°¢C

ar : ] o )
ﬂﬂ'i']ﬂ'ﬁ'lﬂﬁ'llENU']“ﬂﬁﬂlglu 14 Qﬂ‘l.l']ﬁﬂmﬂ'iﬂf)‘lf'ﬂﬁq

t Temp, | Temp | AT P %P Water flow rate
mn) | 0 | Co | Co | Ga) (/)
0.00 32 32 0 0.0 0.00 14
0.83 32 32 0 5.0 9.09 1.4
1.33 32 33 1 10.0 18.18 14
1.85 32 33 1 15.0 27.27 1.4
2.75 32 33 1 20.0 36.36 1.4
3.83 32 33 1 25.0 45.45 1.4
4.58 32 33 1 30.0 54.55 1.4
5.75 32 33 1 30.0 63.64 1.4
6.83 32 33 1 30.0 72.73 1.4
8.67 32 33 1 30.0 81.82 1.4
11.08 32 32,5 0.5 30.0 90.91 1.4
15.33 32 32.5 0.5 30.0 100.00 1.4
16.00 32 32 0 30.0 100.00 1.4
16.42 32 32 0 30.0 100.00 1.4
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t Temp,, | Temp,, | AT P %P Water flow rate

min) | o) | Co | Co) | () (m’/h)
0.00 31 31 0 0.0 0.00 2.0
0.92 31 31 0 5.0 12.50 2.0
1.58 32 33 1 10.0 25.00 2.0
2.82 32 33 1 15.0 37.50 2.0
3.97 32 33 1 20.0 50.00 2.0
5.53 32 33 1 25.0 62.50 2.0
6.75 32 33 1 30.0 75.00 2.0
9.42 32 33 1 30.0 87.50 2.0
13.08 32 32.5 0.5 30.0 100.0 2.0
16.20 32 32.5 0.5 30.0 100.0 2.0
17.72 32 32 0 30.0 100.0 2.0
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t Temp,, | Temp AT P %P Water flow rate

@n) | °C) | (O | (CC) | (ad) (m’/h)
0.00 33 33 0 0.0 0.00 2.5
0.67 33 33 0 5.0 14.29 25
1.33 33 33 0 10.0 28.57 2.5
1.83 33 34 1 15.0 42.86 25
2.92 32 33 1 20.0 57.14 2.5
4.55 32 33 1 25.0 71.43 2.5
6.73 32 33 1 30.0 85.71 2.5
11.00 32 33 1 30.0 100.0 2.5
17.00 32 32 0 30.0 100.0 2.5
19.72 32 32 0 30.0 100.0 2.5
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fgungiussune 34°C guugiimaedu 32°C gangiifs 32°¢
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t Temp, | Temp | AT P %P Water flow rate

@min) | Co) | Co | Co | Ga) (m’/h)
0.00 32 33 0 0.0 0.00 3.0

1.00 32 33 1 5.0 20.0 3.0

1.67 32 34 2 10.0 40.0 3.0

233 38 34 1 15.0 60.0 3.0

4.50 33 34 1 20.0 80.0 3.0

10.50 33 34 1 25.0 100.0 3.0

13.50 33 33 0 25.0 100.0 3.0

14.50 33 33 0 25.0 100.0 3.0
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T Temp , | Temp AT P, %P Water flow rate
@mn) | °0) | (C) | CO) | (ar) (m'/h)
0.00 32 32 0 0.0 0.00 3.0
0.83 31 31 0 5.0 6.10 3.0
2.78 30 32 2 10.0 12.20 3.0
375 30 32 2 15.0 18.29 3.0
5.10 32 33 1 25.0 30.49 3.0
5.57 32 33 1 30.0 36.59 3.0
6.60 32 33 1 30.0 48.78 3.0
7.30 32 33 1 30.0 54.88 3.0
8.52 32 33 1 30.0 60.98 3.0
9.83 32 33 1 30.0 73.17 3.0
12.33 33 33 1 30.0 85.37 3.0
18.42 33 34 1 30.0 95.12 3.0
24.08 33 34 1 30.0 97.56 3.0
30.25 33 33 0 30.0 100.0 3.0
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t Temp, | Temp_, | AT P, %P Water flow rate

min) | Co) | Co | Co) | (ba) (m'/h)
0.00 50 50 0 0 0.00 2.0
1.00 50 50 0 10 22,22 2.0
2.67 50 51 1 15 3333 2.0
3.43 50 51 1 18 40.00 2.0
4.80 51 52 1 20 44.44 2.0
6.00 51 52 1 25 48.89 2.0
8.50 51 52 1 30 55.56 2.0
10.43 51 52 1 30 66.67 2.0
13.50 51 52 1 30 71.78 2.0
15.65 51 52 1 30 80.00 2.0
29.57 51 52 1 30 100.00 2.0
45.17 51 51 0 30 100.00 2.0
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t Temp, | Temp | AT P Gas flow rate | Water flow rate

min) | °c) | Co) | Co) | (ban) (liter/s) (m’/h)
0.00 32 32 0 16 0.3871 0.00
0.22 32 32 0 14 0.3871 0.00
1.00 39 33 6 13 0.3871 0.80
2.42 42 35 7 12 0.3871 0.90
3.80 48 40 8 11 0.3871 0.90
6.82 51 e 7 10.8 0.3871 1.00
8.00 52 45 7 10.7 0.3871 1.10
11.75 53 46 7 10.6 0.3871 1.10
14.93 55 47 8 10.5 0.3871 1.10
19.65 57 48 9 10.4 0.3871 1.10
24.87 58 50 8 10.3 0.3871 1.10
28.97 59 51 8 10.2 0.3871 1.10
35.75 58 50 8 10.1 0.3871 1.10
41.30 57 51 6 10 0.3871 1.10
53.05 57 or) 6 9 0.3871 1.10
57.17 57 51 6 8.5 0.3871 1.10
61.38 57 51 6 8.4 0.3871 1.10
64.42 57 51 6 8 0.3871 1.10
68.50 57 52 5 6 0.3871 1.10
72.38 57 52 5 5 0.3871 1.10
72.90 57 52 5 4.5 0.3871 1.10
73.93 57 52 5 4 0.3871 1.10
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t Temp,, | Temp AT P Gas flow rate | Water flow rate
min) | °C) | O | CO | Ga) (liter/s) (m’/h)
0.00 32 32 0 20 0.4202 0.00
0.17 32 32 0 19 0.4202 0.00
0.75 33 31 2 18 0.4202 0.00
1.40 39 36 3 16 0.4202 0.80
3.07 43 41 2 14 0.4202 1.00
4.50 48 46 2 12 0.4202 1.20
7.47 48 46 2 10.7 0.4202 1.30
10.42 50 48 2 10.6 0.4202 1.30
14.95 52 51 1 10.5 0.4202 1.30
19.50 54 52 2 10.4 0.4202 1.30
24.00 54 52 2 10.3 0.4202 1.30
28.13 59 57 2 10.2 0.4202 1.30
34.40 39 57 2 10.2 0.4202 1.30
36.58 59 58 1 10.2 0.4202 1.30
41.17 59 58 1 10.1 0.4202 1.30
44.07 59 58 1 10 0.4202 1.30
45.80 59 58 1 10 0.4202 1.30
47.63 59 58 1 9 0.4202 1.30
48.78 59 58 1 8 0.4202 1.30
49.95 60 59 1 7 0.4202 1.30
50.82 61 60 1 6 0.4202 1.30
51.42 61 60 1 5 0.4202 1.30
52.15 61 60 1 4 0.4202 1.30
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t Temp, | Temp, | AT L Gas flow rate | Water flow rate
min) | Co) | Co) | o (bar) (liter/s) (m’/h)
0.00 33 33 0 20 0.4533 0.00
0.13 33 33 0 19 0.4533 0.00
0.56 35 33 2 18 0.4533 0.00
1.13 39 36 3 16 0.4533 0.80
2.83 43 41 2 14 0.4533 1.00
3.96 48 46 2 12 0.4533 1.20
5.73 48 46 2 10.7 0.4533 1.30
7.93 50 48 2 106 0.4533 1.30
10.86 52 51 1 10.5 0.4533 1.30
13.58 54 52 2 10.4 0.4533 1.30
16.29 54 52 2 10.3 0.4533 135
18.85 59 57 2 10.2 0.4533 1.35
22.39 59 57 2 10.2 0.4533 135
24.28 59 58 1 10.2 0.4533 135
28.13 59 58 1 10.1 0.4533 1.35
30.84 59 58 1 10 0.4533 1.35
33.73 59 58 1 10 0.4533 1.35
35.27 59 58 1 9 0.4533 1.35
37.81 59 58 1 8 0.4533 1.35
39.23 60 59 1 7 0.4533 1.35
40.33 60 59 1 6 0.4533 1.35
41.09 61 60 1 5 0.4533 1.35
41.76 61 60 1 4 0.4533 1.35
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t Temp ,, | Temp , AT Gas flow rate | Water flow rate
mn) | Cc) | Co | Co) | (a) (litex/s) (m’/h)
0.00 33 33 0 20 0.5195 0.00
0.08 32 32 0 18 0.5195 0.00
0.37 33 31 2 16 0.5195 0.00
0.85 39 36 3 14 0.5195 0.80
2.58 43 41 2 12 0.5195 1.00
3.42 48 46 2 11 0.5195 1.20
3.98 48 46 2 10.5 0.5195 1.30
5.45 50 48 2 10.2 0.5195 1.40
6.77 52 51 1 10.1 0.5195 1.40
7.65 54 52 2 10 0.5195 1.40
8.58 54 52 2 10 0.5195 1.40
9.57 59 57 2 10 0.5195 1.40
10.38 59 57 2 10 0.5195 1.40
11.97 59 58 1 10 0.5195 1.40
15.08 59 58 1 10 0.5195 1.40

17.621 59 58 1 10 0.5195 1.40
22.90 59 58 1 10 0.5195 1.40
26.83 59 58 1 9 0.5195 1.40
28.50 59 58 1 8 0.5195 1.40
29.85 60 59 1 7 0.5195 1.40
30.77 61 60 1 6 0.5195 1.40
31.37 61 60 1 5 0.5195 1.40
32.18 61 60 1 4 0.5195 1.40
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