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Study of the Safe Gaps with Hydrogen/Air mixtures

by H. Tsurumi
T. Matsuda

Experimental Safe Gaps with Hydrogen/Air Mixtures have been measured by 8 liter spherical

stainless steel vessel with 1 inch flanges at atmospheric pressure and 0.5kg/cm? gauge pressure.

From the experiments, the following facts became evident.

1) Maximum Experimental Safe Gap (m. e. s. g.) is 0.22mm at atmospheric pressure.

2) Experimental Safe Gap is influenced by concentration and pressure.

3) Hydrogen concentration from 18 percent to 51 percent belongs to Explosion Grade No 3.

4) Experimental Safe Gap is correlative to quenching distance.
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Fig. 1. Experimental apparatus.

Fig. 2. Standard vessel and external gas

chamber.

Fig. 3. Spherical vessel.
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Table 1, Result of 15 explosion tests through flange gaps of various widths with various gas
concentrations at atmospheric pressure.
Gapm\iVnidth H{f(irl?g%n (I1=1gnition, N =Non-ignition)
0.18 29.0(15N) 34.0~35.0(15N)
0.22 27.5(15N) 30.0(15N) 32.5(15N) 35.0(15N)
0.24 26.6(15N) 29.0C 61, 9ND{30.0(131, 2N)|32.5( 41, 1IN)|33.5( 31, I2N)D
24,0(15N) 25.0( 81, 7N)D |25.5C 11, 14N)|29.0(141, 1IN)D I 34,5( 21, 13N)
o2 36.5C 11, 14N) | 38.5(15N) ‘
24.0(15ND 25.0(15N) 26.5C 51, 10ND | 30.0(131, 7N)D ‘ 33.0 81, 7N)
-2 36.0 31, 12N) | 38.5(15N) ’
15.0(15N) 17.0(15N) 19.0(151) 20.0(151) t 23.0(151)
0.39 40.0(151) 44.0(151) 46.0(151) 48.0(151) | 50.00 61, 9D
52.0(15N) !
14.0(15N) 16.0C 71, 8ND|53.0(151) 54.0(151) } 55.0C 51, 10N)
049 57.0C15N)
0.59 13.0(15N) 15.0C 91, 6N) |60.0C 81, 7N) | 62.0(15N) 63.0(15N)
0.69 12.0(15N) 12,5C 41, 11N) | 13.5(151) 64.0(101, 5N) | 66.0(15N)
1,00 9.0(I15N) 9.5(15N) 10.0C 4I, LIN) | 11.8( 81, 7N)
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Table 2. Result of 10 explosion tests through flange gaps of various widths with various gas
concentrations at 0.5kg/cm? gauge pressure.

Gap Width Hydrogen (1 TIgnition, N=Non-ignition)
0.1 26.0C10N) 30.0C10N) | 35.0010N)
0.14 30.0(10N) 31.0(10N) IS&OUON)
0.16 25.0(10N) 28.0C 31, 7N) |33.0(101) 35.0(10N)
0.18 23.0(10N) 25.0C 41, 6N) {35.5C 31, 7N) |37.5(10N)
0.25 18. 5(10N) 20.5( 21, 8N) 4&°€f%? ony) | 46- 0C10N)
0.29 16.5(10N) 17.6( 61, 4N) |46.0C 41, 6N) | 50.0(10N)
0.38 14,0(10N) 17.2(101) 52,5 81, 2N) | 54.0(10N)
0.49 12.0(10N) 14.5( 51, 5N) | 58.0C 2I, 8N) | 60.0C10N)
0.59 11.5(10N) 14.3C 41, 6N) {18.5(101) 60.0C 21, 8N) | 62.0(10N)
0.70 11.0(10N) 12.5( 21, 8N) [64.5( 11, 9N) | 65.5(10N)
0.80 9.5(10N) 10.5C 11, 9N)|66.0C 11, 9N) |67.5(10N)
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Fig. 8. Plot of P, T and dP/dT against gas

concentrations, obtained in the inner

vessel with various gaps at 0.5kg/cm?

G. pressure.

P : Explosion pressure, kg/cm? G.

T : Pressure rise time, millis,

dP/dT : Max. rate of pressure rise,
kg/em? s, G.
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Table 3. Explosion pressure and time at various gaps for Hydrogen/Air mixtures (0.5kg/

cm? G. initial pressure)

Voll_:.[z% Gap n\fg dth Expf;i/c;rrln zpr(c:;.ssure Pressnx:irltlaisr.'ise time llzlg}xc.mgat: ?;f. rise
11.5 0.59 1.8 80.0 0.02x10°
12.0 0.49 1.9 65.0 0.03 »
14.3 0.59 2.8 30.0 0.08 »
14.5 0.49 3.9 36.0 0.11 »
15.5 0.38 4.2 38.0r o.11 »
16.5 0.29 6.1 22.0 0.28
17.6 0.29 6.8 20.0 0.34 »
23.0 0.18 8.5 13.0 0.65 » -
25.0 0.16 9.0 10.0 0.90 »
25.0 0.18 9.5 10.0 0.95 #
26.0 0. 11 9.8 8.3 1.18 »
28.0 0.16 10.2 10.0 1.02 »
35.0 0.11 10.5 7.5 1.40 »
35.0 0.16 10.1 7.0 1.44. n
35.5 0.18 10.0 7.0 1.43 »
46.0 0.29 9.0 7.0 1.29 »
50.0 0.29 9.0 7.0 1.29 »
60.0 0.49 4.7 24,0 0.20 »
60.0 0.59 4.1 20.0 0.21 »
62.0 0.59 4.0 20.0 0.20 »
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Fig.11. Experimental Safe Gaps for Hydrogen

/Air Mixtures.

(o) at atmospheric pressure (* at 1.0
kg/cm? G.) from the previous report.

® Ignition O Non-ignition

(B at atmospheric pressure from this
repert.

() at 0.5kg/cm? G. from this report.



Dl lEFry T A7) 2V 0. 1mm THo
fZ XD, 77 VvEOAFIEOWTIE, VDER X
55 LB, 2mmThHh, SEOREC AR
REO77voDOHRTIE, BSKAH W 25.4mm T H
B,

-7 o Fy v TOMEFEOLENT, JFEREE n/k
THbbINS,

n : JIEEE
k:Fvry T oAy VAV

SR DETRELEL TR B &, Hifiin/k =3/
0.10CHh, ZOWETRITSH n/k=15/0.02H 2\ %
10/0.02TH %,

5.5 PHIRRKEBBRBECHIIER

AR KT 5 BB RRBR BT, B
KRBORBH AL L TKRE—EEZRBEEY A FEAL
Twb,

ZORERT X - CKREEECHTIBREEENEXY
Z, H—11 LT &3 0 RERATHRIC X » TEREEH 2
EELDRICEERHHE O —§ 2 RAEFH 3 0HMA
D, Licdis TKE—LSREET AL KABRAY ~
LLTHEATIEATIE, BEREOMEYIICELD
ELTh, XOERHEMLHETTS 2 EADETHD.

feds, —OYENCEL T3, RBREREREN OB L

S THECKRHNE ML Z EAFETH S,

ff 2

BA{LH¥AE 7 OB LEHRREES (1967) T\
T, ZOWREO—FERELL,

EESEXH

Literature cited

@ P. B. Smith and J. R. Blackwell : Re-Determi-
nation with Hydrogen/Air Mixtures of Maximum
Saf Gap for One-Inch Flanges, ERA, D/T 117,

(1959)

® FEEEEZEWRNE @ KFBRE L REERRE
DOBRI2WT, 3, 11, (1961)

D. W. Woodhead, D. H. Jones and J. R. Bla-
ckwell : Environmental Effects on the Maximum
Safe Gap for 1 inch Flanges with Hydrogen/Air
Mixtures, ERA, D/T 129, (1961)

@ B. Lewis and G. Elbe : Combustion, Flames and
Explosions of Gases, 335~339, (1961)

® FEEEELLHRIRE : 75 v v —EXRE
BHARHNRETDERD 7S VvOoRETDO£~7
F v v TROVTORHE E—HD, 3, 14, (1960

® P. B. Smith and J. R. Blackwell : ibid.



