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THE EXPLOSIVE REACTIONS OF GASES.
The Pressure Effect of the Spark Ignition of Oxy-hydrogen Gas.

By Remper Goro and Kmer Urakuso.

(Absiract)

It is a2 well known fact that an explosive gas reaction is followed by a sudden pressure
change. However, even if a record of any minute pressure change could be made. it would
be hard to deal with kinetics of an explosive gas reaction directly from the record. Tor,
according to the authors’ view, the reaction not only in a spark explosion but in a thermal
explosion, does not proceed homogeneously with respect to the gaseous phase.”  And further,
the pressure effect of the explosive reaction tends to be generally attended by a vibmation which
necessitates the experiments (o be performed under the hest passible condition to prevent the
vibration. Yet in a certain range ol composition or pressure, a considerable vibration generally
takes place.

In order to ohserve the characteristic of such a vibration, the nuthors recorded the pressure
effcets of the explosive reactions brought forth by spark ignition of oxy-hydrogen gas under
varying pressures and compositions, using different vessels. The experimental apparatus is
shown in TFigs. 1. and 10, For the pressure imndicator, two kinds of mica membranes, {I) 0.09
mm and (IT) 0.24 mm thick, and both 8,0 cm in diameter, were used. In each of about 170
records of the pressure effect thus obtained. a vibration is observed and the type of the vibra-
tion changes systenmtically according to the vomposition as shiown in Figs. 11~17 and in
Table 2. The types of the vibralion being classified into four groups—(AJ, [B], [CJ and
LD (or (DY), the relation between each type and the experimental condition, especially the
composition, is summarized in Table 2. "The results are explained thus :

Type (A): As i Figs. 3, 14, etc., a single or several impulsive vibrations with a Jarge
amplitude and an extremely short periord were observed in the case of the mtio of oxygen o
hydrogen, 4:1 to 1:-

Type (B): To this type belongs a somewhat regular vibration, such as in Fig. I7,
whose [requency is b00~1500sec'. The frecuency seems to increase as the concentration of
hydrogen is increased.  Consequently, it seems probable that the vibration corresponds to that
proper to the gas columm in the glass tube [0.7 mm in diameter and 27 cm in length) con-
necting the reaction vessel with the pressure indicator.

Type (Cl: A completely regular damped vibration is of this type, which tends to appear
at low initiaf pressurcs. With the rise of pressure, it becomes superposed on that of ‘I'ype B,

1) 8. Ioriba and R. Gota; Proc, ngp. Acad., 16, 215 (1940).
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its amplitude coming to be smaller (Fig. 17). The frequency of this type is about 2000~6000
sec™’, which may be that of the vibration of the mica membrane itself.

Tt is presumed that the energy source of the vibration of Type [B) or £C] comes from
such an impulsive pressure effect represented by Type [AJ (ov what is lower in intensity),
which is directly relaied to the explosive process of the reaction. [t is suggested thal such a
process of an explosive reaction has some periodic nature in its pressure effect.

Type () : ‘'T'he vibration observed intermittently in the part of pressure rise with excess
of oxygen, as in Iig. 8, belongs to this type. This vibmtion can not be observed in the case
of the thick mica membrane (IT), its amplitude being small.  This type of vibration is con-
sidered to be a variety of Type (A as well as of Type (133, which is observed as a dotted
line in the part of pressure rise in the case of hydrogen excess.

It is concluded that, of those four types, (A and [1)] {or (D)) are directly related to
the explosive reaction itself, while [B] or [C] corresponds to the forced vibmation proper to
the gas column or the mica membrane brought forth by that of {AJ or [D].

Clemical Institute,

Kyoto Imperial University.
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1) Winshelwood :  ATucties of Chemical Change" Oxford. (1940).
2) Semenofl:  Chemical Kinctics and Chain Reactions" Oxford (1935).
3) 8. Horiba and R. Goto; Proc. Imp. Acad., 16, 218 (1940).
WUE—FBE: 111k, 61, 1083 (AH15).
4) Done and Townend ; * Flume and Combustion™ Longman Green (1927) p. 264,
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JHIBR A3, B O EETANATEZ TS, 2 LT 2 0IRFIE 1 & LT RIS O
BIFCKTREINZLOTHHLEE~LINTRESD PR FECI AR IHI T I
ZISNET O IR BT 2 L O Tlib 245, Z OMHFULIHEN & 5~ BRENEN
BT S0 THDL . TILLOBRIL, BRI MO MTTRER 0 0 ¢ JE—IBIT, fi25EDs
OMBHEE BT 2HENT RT3 b K~bihLs,

ATEERIE 50 R HEEN DFUURFR TR E L N LA L 0T 247 FIEROM IS5 ¥4
CPRfhiaME ) GLsEAt 13 b e €, $RIC C OHREIEN & LI FEOHEN & oI (EE LT
Ea¥ 1ith. {EBIHEDORE S R LfeDTH S,

R B & &

H—RLHBRENOBMTH L. AT THENT 2L A0i0DTH .
KRS : MHGFFRTARAAMERO b0 R N0 ILoHaY GE—BE) RO L
ANLMHNH D BARBRE CREVD, AKEOLITE FbiE ot LXK ) Ch 5.

‘I'able I.

& St i = O
No. 1 7.3cm. 189ce,
No. 2 7.9 2538
No. 3 HA) 3z
No. 4 10.0 0
No. & 10,8 661
No. 6 125 11
No. 7 12.8 1113
No. 8 13.7 1338

BAhEt: WMo uim 2.28cn OFUEIAEBIRE M e RO 2 (1) 0.09
mm. ZZE (1) 0.24mm. DI HI /2. T INEL L A5 Dizein IC{kT & V0P, AR
MONMGTH ROBTHICHELY:. ToBBEOIRE L LEFhicfiic i) 2~
& ST UEN ¥ IR 24 e LB PATHG2 o (MM XUl T 3 LM 2T
icin. BT 30Ic de Kotinsky & 2 ¥ FHBof W ITE 02 LRI
2B BN Lo HHLTELAV.) T OSBOmITEE (BEHSRERD L ﬂaBO_ﬂ:m’i‘H .
L, % ORISRy SRR D (5% 0, IR o SEOhARNE & fesk L /e

BEMISESK: 9% I OMITE ) 2P B K L b o o — ML, & 04
FREDRSEOF Iz AdLte. ¥R kTR LB U3 58y 5.5, IMIliZ 0.016 #5072

h) wRFR IR, A51358R, 01T (BR15).
Coward, Hartwell and Georgeson ; . Chem. Soc, 1432 (1917).
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ORI EHL L LT & WO, HEAFOME T — I I Lie il @o WA x kb3 2
Bic, BOGloMEE LT, zolf=RIicnd8icsd Al itins, K
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Fig, 2
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Fig. 3. No. 82. H.:0;=4:1, P=Tcmllg (325 No. §, # A% 1)

HASET LT O AIIRAVYHC R DT A (LTS DARIT/HMDOMEN & Wi L TR 2 lihid 5.

RE & %R
JSROTERILITIR T, o2 RBIENFO T IRFNTORO LT X 7. ZofCeMhfiy T
TEHMEDOME S DTH L. FRPTOHEEIZ KAED LT I LI T T oo AR
LKL OB X LTIR S, JEWERHMREN U5 & KAEH & 55 EMIFICIR ) 1 9580

Fig 4. No. 169, 11,: 0,=2:1, P=3.50 mmlly (%#2% No. 8, % 1L)
HALDACGRENE), MR CIZIE ) LS £ L orElilhih D, — WSS e+
202 % ZICEOWCTR ESRTTRNRCEZDETH 5, COMIICEE
CESTRILAREATT TN, T ORI b HEOEB X IR NOE & UTHHERFTT 2 IHLHHET
e PFLAO TOMEPYR & BERMEIT & 2 LT T 2 &, K INTHIT RN Il 1R 458
»bi, 220 bic, BEKEOIHTIO VP {—FBHBIL TR D EE~BN IO TILTF
ICRTHHC R DIRIPAR il L iR R imrnc B Lohle o 2 Ba.
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C & {Fif)E 5000~6000F:" @ faid> THUINN I dREDV T, ShPUlsiod in B fdhik o> |- ic 6t
B LTEALE b, 5K OO G o #RIC A IC L2 b T 5.
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Table 1l.

"No. [L:0, | Py nim d 1,* Lo+ V mfsce #® o B X W
18 2:1 | 2 1 0002 | 008 87 A; c ”‘%ﬁ{’ (»I'j’z‘
19 > » 2 0.003 0.006 43 A C ]M
20 4 = 3 0.000 0.005 52 Ay C
o z z 4 0.000 0.004 ] A C
33 » 2 5 0.001 0.004 65 As &

! # 2 G 0.001 0.005 A2 A C
L 2 2 7 0.001 0.005 5 A C
25 2 s 8 0.001 0.006 43 A C
2 2:1 35 1 0.001 0,003 87 A C
a7 z » 2 0.001 0.00° 150 A: C ;
23 2 z 3 0.001 0.003 ST A c
29 4 2 4 0.001 0.002 87 A &
30 » 2 5 0.001 0.003 87 A C
a1 s 2 6 0.001 0.002 120 A c
32 z z 7 0.001 0.003 ST A C
23 # # 8 0.002 0.004 65 As c
34 1:2 25 1 0.001 ' | 0.005 52 A; B:s C
35 2 > 2 0.002 0.006 43 A B C
36 # 2 3 0.002 0.007 i A DB:
7 # 4 4 0.002 0.005 ha [HA

28 » » 5 0.003 0.007 iy B;

29 2 # G 0.002 0.006 42 B:

40 s 2 . v 0.002 0.006 43 B
41 s # 8 0.002 0.009 29 A B: Gy
it 1:2 35 1 0.001 0.004 G5 A:B: C,
49 4 # 2 0.002 0.004 G5 A: B Co
44 > 2 3 0.001 0.005 b A; B ¢y

o R IEES LIEN LR o@S L i T iE ok
ot IEEHWERITREN £ 535 BRI
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Fig. 5. No. 50 Ha: 0,=38:1, P=Scmilg (73 No. 1, % 1)

Fig.-('r.- No. 84, 1L,:0,==2:1, P=050emllg  (%3% No. 1, FI 1L)

Fig. 7. No. 85, 1L:0p=2:1, P=550cmllg (¥£2% No. 8 j 11)

Fig. & No 73. TL:0,=1:8, F=Scmllg (%2 No. 5, i 1)

Fig, 4. No. 78, 11;:05221:8, P=Tem (Y538 No. 8, 7hiEs)
Rev. Phys. Chem. Japan. XV, I'p. 34—35.
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Fig. 11. No. 143. 1{.: Oy=8:1, P=15cmlig
(7#2% No. 2, k% 1. MFRED

Fig. 12. No. 145, 11,:O0y=4:1. P=10cmliy Fig. 13. No. 1L, 11,:0.=2:1, P=Tcmlig
FIie ¥4 Kby | BT e "-.:_“_" ey
1]
N
———ra
- == = T T e T T = =
—_ - A .
Fig. 14, No. 154, [[2:0:=1:1, P=7emllg Fig. 16. No. 138, §1lL:0,=1:2, P=Tcmllg

Fig. 16, No. 163, 1,: 0,=1:4, P=10enmlig Fig. 17. No. 165, 1L:0,=1:8 P=15cmlig
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45 s s 4 0.002 0.003 53 A:B: C; D/ ’
46 2 2 a 0.001 0,006 EH] A B C; D/
47 # # G 0.001 0.005 52 A B o |
48 # s % 0.001 0.005 a3 c; [
49 # # 4 0.002 | 0.007 i B 181
50 2:1 25 8 - 0.004 6s | ¢
51 1:1 35 8 — 0.003 87 ; C
52 1:2 + 8 0.000 0.008 43 c: !
53 1:2 s 1 = 0,002 87 A; 1; ¢; DY
54 o 8 - 0.003 87 Aj C; D
55 8:1 80 1 — 0.010 o0 n’
56 z 80 5 — 0,009 20 D’
a7 > » 8 0.004 0,013 % D’
58 4:1 40 1 0.002 0.003 8T | A: ¢
59 » 40 5 0,001 0.004 i Aj C D’
60 z # g —_ _— — 7
61 # # 8 0.001 0.005 532 A: B C; D
62 1:1 25 1 - 0,003 8y A: - C:D/
63 » * 5 — 0.004 63 A ¢
64 s 8 0.001 0.005 52 C:
65 4 35 1 0,000 0,002 14 A D/
66 » s n 0,000 0.003 87 As C;
67 # 2 8 0.001 0.004 6 C;
63 1:4 40 1 0.002 0.008 a2 Ik s ™
69 = # 8 0,002 0.4 15 o D/
70 s » 8 - 0.015 & B; D
i 4 2 5 — YRR i B ST
73 1:8 80 1 - 00652 8§ - L D !
i . # 5 — 0.066 4 3 D
74 » s 8 - 0.081 3 B: D eRe
i 7 8 — 0.077 3 LEL
T 50 $ — 0.072 4 D .
5 1| 120 8 0.0047 | 0.0091 29 B B EAE (L)
78 1 by 1 0.0018 | 00024 108 A: B C
7 » 100 1 0.0013 0.002; 112 A: B3 C
50 2 120 1 0.0014 | 0.0024 10s | A:;D;cC
5L 2 40 8 0.0034 0,005 Ha B:s C
52 > i 8 0.002 0.006 43 A B C
83 > 100 8 0.002 | 0.003 87 | A;B;cC
84 2:1 25 1 0.002: 0,002 o C;

85 > ° 8 0.0022 | 0.0030 T2 C;
86 » 50 1 0.0014 | 0.0024 108 | A 1
87 2 s 8 0.0025 | 0.0037 i C;
s 2 70 B! 0.0000 | 0.0014 185

59 » # s 0.0016 = = A C
a0 + 100 i 0.00087 | 000144 180 | A; c
91 # + 8 0,0014 = — A; B
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4z 1:1 35 i 0.0015 0.0023 113 A C
03 # # 8 0.0029 0.0041 61 C
91 # a0 1 0.0012 0.0019 157 Ag C
95 # | 8. 0.0021 0,0031 s - A:DB: C
T 4 %0 1 0.0011 0.0017 153 A: B; C
a7 # » 8 0.0013 0.0024 108 A; B; C
938 2 100 1 0.0009 0.0015 o A: B: C
09 » + 8 0.0013 00033 .78.9 A:B; C
100 1:3 B 1 0.0032 0.0042 62 A: B: C
101 s ? b1 0.0038 0.0061 42.5 B: C
102 2 50 1 0.0023 0.0026 100 A: B; C
103 2 $ 8 0.0040 0.0053 49 A; B; C
104 z o 1 0.0014 0.0025 104 A: B: C
105 2 7 8 0.0627 0.0047 5] A; B: C
106 Eid 100 1 0,001 0.0021 124 A; B: C
107 z & S 0.0025 0.0052 48 A; B: C
103 1:d 40 8 — 0.017 15 B
109 z T 1 0.003 0.008 a3 n
110 2 # 8 0.005 0.014 19 A; B C©
111 # 100 I — — — B
12 7 » 8 0.009 0.0:31 8.4 B
1 = 120 i 0.00-¢ 0.0011 294 n; c
114 z 4 8 0.0008 0.0021 124 L; C
115 1:8 868 1 — 0.0333 7.8 B: C
116 = 80 S — 0.067 1.9 B
117 2 100 8 - 0.065 4.0 B
18 z 120 S — 0.061 4.3 B LR No. 139
119 2.1 | 2 5 0.013 | o0.028 10.4 3'5([ £+ 25
120 121 144 1 0.00:29 —_ 80
121 # > b 0.0035 0.0078 ™M B: C
122 z 166 1 0.0018 0.0052 50 R
123 7 e 8 0.0045 0.009 o4 B: C
124 .53 120 1 0.0024 0.004 63 A:B:C
25 z ?» 8 0.0023 [ 0.0075 a5 A; B: C
126 z 100 1 0,005 0.005 % B; C
127 2 2 8 0.006 0.009 29 B: C
128 1:4 150 1 0.00L 0.008 Li32) B; C
129 ? » 8 0.005 0.014 18.5 B; C
130 # 200 1 0.002 0.007 ar B -
131 # # 8 0.002 0.012 20 n
132 1:6 130 1 0.0053 0.022 12 i
133 * 2 8 0.0122 0.0304 6.6 B
134 # 200 1 0.0106 0.0197 3 H
135 s & 8 0.0059 0.0402 0.5 B
136 1:8 g 1 — 0.045 6.0 B
137 » # S — = s B
138 * 250 1 — 0.044 5.9 B
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129 » 8 eonn | o.ose 5.2 B e I“ffn”-;f"
140 §:1 150 2 0.0020 0,002 118 R: C (-2 107 PR RS 31 )
141 * # * 0.0010 0.00041 il B C NaCl
142 B4 # > 0.0025 00047 Hh B KDBr
143 s 2 » 00034 0.0060 40 B K1
144 4:1 100 > (.002:} 0.00:32 515 A; B: O L
145 # 2 4 AL U] 0.0020 180 A B: C NaCl
146 z 2 d 0.0016 0.0024 108 A; B:C KBr
147 & 4 e 0.0012 0.0021 124 A; B; C K1
148 2:1 70 2 0.0008 0.0015 173 A o tL
149 4 2 * 0.0010 0.001:1 185 A (& NaCl
130 # L 2 0.0007 0.0011 185 A «Q KBr
1al1 # z d 0.0013 0.001t 160 A « K1
152 1:1 » Ed 0.001 0.002 180 A B: O L
153 » 2 # 0.001 0.004 20 A: B: C NaCl
154 » & > 0.001 0.001 W0 A; B; C KBr
155 g 2 » 0.001 0.001 260 A; B; C K1
156 1:2 4 z 0.002 0,004 87 A: B;: C it L
157 # > » 0.002 0,003 87 A; B O NaCl
158 > 4 » 0.001 0.005 87 Aj B C K Hr
159 » & > Q.00 0.002 130 A: B3; C KI
160 1:4 100 > 0.002 0.000 a A: B: C %L
161 » # 4 0.004 0.007 a7 Ay I C NadCl
164 z » » 0.002 0.006 4] A; B:C K Br
163 # i » 0.0 0.007 7 A; B:C K1
164 1:8 150 » — 0012 20 B: C L
165 » & » — 0.0236 75 B C© NaCl
1 > - > — 0.054 4.6 B; G KRr
167 o - 2 — 0,034 7.6 B; C K1

= =
D B & B [

AROm L, KEERL S ) R o 54
ITKCHIT 2L DOTH S,
TR At BdLS.

HiCORE G 1L ERHR O IR LN B8 1) 3 IRE

B S LR ASGE ¢ THENIBED AT DI5 G ICILATE L 7 EFIRE

Je T AL A BRI, EMEn L B bt s BIBIEV LR

IACHD AL O 3T L3 LY R RERIEIN & S22 T, KIERE 5 EDHES
+ TOIMMEOELNENCIE iy, RiCa T Kirkby-Wheeler O P¢ERRISL G- ABDIC AT L K
AEL BRI KIGA A LT Zoic, Ao ki b Lis {dvcBlvg)s 5. ciul))dic )
o heH LA HEA A 2 WHESTLOTS 5.

2) I/ ®B B X
SEICEBULTIE B SN BN OIRHIC S b vwOTH 5D, £ OERHEOERICE &<
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MR D Z D HB N B~ 67 v b —IR BB {iiENc s b o, KX
FANRORBEOERCKS LoT B2k BRHEOMITER CHZENIET 2 0 Td 3.
P—R A DRI BANIN & KAERGEIC (Tl 2 dLde BBIHLEILIETS 23R 3E
LRWHTH 2. TOEADTFIC Lt BTtk Bt % FREI b chs LT 5.

a) A RSN T,

ot t bbb aikic A DRtk iioR R L0k 0. ol 41 2b 14 D
fecdoT, KENTRLEDBHMIC (M 2RTCIR W6tV Wb kARSI S
PR Ch: S 3 BUL S o Hifahid 4. TiLdbiB~s &, T Ot B X Il
HiF2b0THE 5 EFEIND. KICEORIOLIYE LS LEHFICKERIR LR T
DI —CIRE D FIET B % 4 (B~ G5 09R 2 355 ) LB hid o0/ 3 v b O 1, B
Chc B2 CHRE L THIFsIcERL 2 O =) T © o TRkl oS eETE ik s
#elbhtt d OTH BA3, & OIMOOMWF CIEGLEI ORI 7B 13 (i L, HRERRTh O 7% 4
ERTioLE~bND. Thudhb B~ L, TOBRRVENIAIEN L oTRiicE D
SRR OENIOMEL. L CRAFNREDINEE) P XL Lt E~bh
%, BLHO M — b L MR Y T3 nd 0o R 3BATL E (RS L, Mo
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