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Abstract — Hydrogen is expected to become a new, clean source of energy for the next genera—
tion. Therefore, many studies have investigated the characteristics of the hydrogen flame. How—
ever, because the hydrogen flame has high temperature, the flame does not emit visible light,
and the flame propagates at a high velocity, investigating its characteristics is difficult. In the
present study, in order to simultaneously examine the flame temperature and flame propagation
velocity of hydrogen/air mixtures, ultra fine thermocouples with diameters of 12.7, 25.4, and
50.8 um are utilized. The results show that it is possible to detect the arrival time of the flame.

Due to the temperature compensation with the time constants of thermocouples, it is also possible
to estimate the flame temperature.
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Fig. 1. Experimental setup.

Electronic load

AV

Capacitor

v
/_

Nichrome wire

Power source

Fig. 2. Electrical circuit of the ignition equip-
ment.

ing)°ll &Jgk 11232 -5 0] -5} T} Fig. 201 31719
25l 91t 1713 & et DC % 1(E3640A,
Agilent Technologies) 0.2 ZHIA(F & 0.1 Foll A3l&
Z AN A o, AAH-EHPLZ334WL, Kikusui Electro-
nics)E F3 5A] s AFE YA EH(HH0.2
mm, Aol4mm)e]] E27] sFAch 3, AF T2 H
(TCP312, Tektronix) = ©]-&-5}0] 213}7 F2] 3 7.2 $}
A &A17HE BRIkt

3199 2E2E 437 f18l 2shd el F-E
0.05 ~ 030m] Xl 4 A=A 7 3 mm)S -3+
A1 Q3 (K-type, 27127, 25.4, 50.8 um, Omega
Engineering) S 2 X3}t AA) o g d A
FellA F2mm e H o] Qlrk dAdlelA EH =
718 AT S Sote] & T3 100 kHz 2
YA @4 2 2 5 3 (PXI-6133, National Instruments)
o] o= it

1A

1} ks,

nm. &
3.1. ™ O& L
42 30vol. % 2] 7-9-ol FA1A AR (R H254 1
m)E o] g3lo] A ko] o)t LW E S =45

A3} Fig. 30 YebdTh 1822 59

s

S 72838 X] A4 A3E 20101 6



1500

Diameter : 25.4 ym

1200

D ©
o o
o o

Temperature, AT (°C)
w
o
o

300 mm

0

L L L
250 260 270

Time (ms)

L L
220 230 240 280

Fig. 3. Time histories of flame temperature at
each distance.

350

H, vol.%
300 m 35
® 30
250 A 20
200 -

150

100

Distance (mm)

50

0 L L L L
10 15 20

Time (ms)

25

Fig. 4. Arrival time of flam for different con—
centrations.

EQ717F #3518 wxbe] op et Hehd ol A5
B2 ghextoltt 8t o] o] ojsf S AL
EEEM SRS & At 2 AP = =
AEH o R 2ETPFeoRs oibE SRt
o= gk

[elre)

Fig. 4°l| 5 = 3K(F=4 20, 30 35vol %)l 12 3}
AEGA S ST A RS dEb 3L Qo o] 2t}
G20 F LA ARE A4 0= eIt gl
= AT S5 7= Flo] o, sk9do] At
ghof| whe} 7HEE o A = RS & = ek 7] 39
AAl= E3717F A3 Ho| B2 F/3tqiol 2t
THE AN, 3¢1e] A apghe] whef, 7] A7k el A
v AZFAE ko] Q= e ste] o) wdAzkA
9] o]l GRE doivty Azt o) ufef
A, Ao 7Y SRS A GRE

O Ag, Al stF vk o] F7HR A8 914

p

L

KIGAS Vol. 14, No. 3, June, 2010

rO

7} 0] o] F747) w02 A2}

3} A ukE == 42420, 30, 35 vol %, 2] <=4 &2 3}
QTSGR = A8 o 5 Q) o] B 2]
E.‘:]' 2O M

Fo sRoA Hdsd A 2 s veRdith
= olxle] A w12) 9k AA R BEE 2 A el
2] el e 3}9d 7 94 & (flame propagation velocity)
o) B = lakr] flske], Zh s ol o A i
= (burning velocity) & 2](1)S ©] 8301 ‘=@ A[5,7]

o wakeie.

SHIEAASES)E the 22 Ao B
¥ o).
s <[ 2 |d
p) ot (1)
A7IA, S AEEE, ot ats 7194 1A
7FAUE, drfdis SHE A9 £ 5 YER Y, Fig. 4

SN2 FA|ATHEA 0 7 FAbe ATh S v
se] 2512080 mmyel A o) FAATEES AH5
Shoich. s, Aakel 0 2 3 7] 213} vl Qle] 2w
EE FRA6] o ek 3, () F °] g3l
A ket 2349} 552 2 Table 1] LHERdIT), 531
o) v 38 & Az, 2 9 Akglo] AA sk Ik o %
5} o] FAA AATNE o] §ho] wHE B3 A5
EE e SARG S AR 7 SR go) o

A= A

32. Y=

A A& AHE-Sto] shd R 0] S Vs
35 Totaty] flste], Zshd ol A FEl 22 A
(250mm) ]l 2= 47 AUl (6mm) <l 2 7 o] thE 3
E7F9] JAH (12.7,25.4, 50.8 um) = AHg-5Fo] 31
LE54L A EE St Fig. 50l o] =& g o E§
NE &3 7390 L= A9S ekt 3t
Aol 2= A Ao thgol & G o] SHEEe
Zpo] & s thE A vreRtaL QA W, 319 o] T AbA|
7 A B S-S U Sl 2 Ao A= o))
S} A2 07 A 0] A4TtA0] 2 EE HES
Atk A2 2Ty DA HA e
(D] TAE the o 22 2)(2) 0.2 F-ol ¥ Th4).

dT
T =T+r—
o T @
714, 1= A7k v DA ATt H A
(3O Fol¥T)
e pCd
4h ©)
A7NA, p.C,d, = ZH2F A AT O] W, ¥, 27,

- 10 -



A Aol )%

Table 1. Flame propagation velocity (drf/dt)
and burning velocity(SL) for diffe-
rent concentration

Sy (m/s)
N
Hz vol.% (m/s) | Present Ref. Ref.
work (5) (7)
20 7.6 14 1.5 0.8
30 154 2.2 2.5 2.1
35 16.2 2.5 3.1 2.8
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