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Relationship Analysis between Relative Humidity and Explosion Pressure

of Hydrogen—Air and Acetylene—Air Mixtures in Flameproof Enclosure

Yong—Tae Kim" - Kihyo Jung"
*School of Industrial Engineering, University of Ulsan

Abstract

To test a flameproof enclosure for the safety certificate, a reference pressure of explosion needs to be

determined. However, the explosion pressure may be changed according to relative humidity of explosive

gases. Therefore, the guideline on relative humidity should be recommended for measuring the explosion

pressure for accurate and reproducible testings. This study examined the relationship of explosion
pressure with relative humidity of hydrogen (31 vol %) —air and acetylene (14 vol %) —air mixture gases.
The explosion pressures were measured by increasing the relative humidity of the gases by 10 % from

dry state to 80 % in a cylindrical explosion enclosure of 2.3 L. on ambient temperature and atmospheric

pressure (1 atm). The maximum explosive pressures were remained almost constant until the relative

humidity reached 10 % for the hydrogen—air mixture and 20 % for the acetylene—air mixture. However,

the maximum explosive pressures linearly decreased as the relative humidity increased. Based on the
results of the study, it would be recommended to use 10 % relative humidity for the hydrogen—air mixture
and 20 % for the acetylene—air mixture as the critical value in testing a flameproof enclosure.
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2 A0 FAHGA]= [Figure 113 2ol Q1sHd
kst 1S E5tete] waE 2dshs AR
(MFC, Mass Flow Controller, EL—Flow, Bronkhorst
AD, E37ER FEE gRIshs ARREERA7] (0,
Analyzer, Xendos 2223, ServomexAp), &317}~9] <%
55 Hshs 7R, RS R W TSR S
7] (Humidity & Temperature transmitter, EE31,
E+E elektronikAb), &Z2-87] (Explosion enclosure),
TAA0 kV) SRR (HV Generator), 83t Z871
(Ignition Plug), 4&41M (Piezoelectric pressure sensor),
ot X 47] (Charge meter; low—pass filter with a 3
dB point of 5 kHz), Al1§ HFEI(PC 1), HH548
AFEEPC 202 FAHY Utk 457 Ax]
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(Dryer) &} Al5A (Silica ge) & Ax Az Az &
FEY, 5= 44 99.99 % U obMd# 99.95%°]t}.

Explosion
enclosure

@ Flowmeter(0.2 L)
@ Flowmeter(2 L)
@ Sensor(Temp. & %R.H.)
@ HV Generator

& Ignition Plug Humidifier
® Sensor(Piezoelectric pressure) (@ Dryer
@ Charge Meter Silica gel

[Figure 1] Schematic diagram of the experimental apparatus

A FE] TR ARG AR
715 AHgsto] AZEQITE WA, A, opAlER], 5
719 &5, 2K, g algfsto] 3 TS
=]

28Tk TR AeEEEAYE ol gat] 24

N
[> 2
Bt of 1

= A Aekfepls 2ok 2
Mo A48 FEd EPAE TS

Zukg7)= A4 2.3 L, A7 200 mm, 3°] 75 mm2)
A% g7]olH, AL [Figure 2] ¢+ 2t}[18]. & A
Tl AREE F-87 = Hh A EPAEA ([Figure 2]
Al h BAIE F27 | BAE A AlDE S ole
Aoy, & ATrellM= 8712 21531 ([Figure 2] 9
A b FAIE T ol AxE AR FEekeEs 57
sheh, g} oAl Rl e] Hej A FPAEA = 242 0.29
mm<} 0.37 mme|tH18]. wb WA ([Figure 2]
oAl a EAIE F-F) o] Fdho] BAj] oJdks wkA| ¢kl
QA E Ho|HEE FAIE 4.90 mmE A7)

[Figure 2] Cross—section of the explosion
enclosure (a: Interior spherical chamber, b: Exterior cylindrical
enclosure, c: Adjustable part, d: outlet of mixture, e: Inlet of
mixture, f: Observation window, g: Ignition plug, h: lower gap
plate, fixed, i: upper gap plate, adjustable)
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[Figure 3] Humidifier used in this study (@ needle valve,
@ micro needle valve, @ ball valve, @ bottle with water)
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3. @fﬂ @34' Relative Humidity Maximum Explosion
(% R.H) Pressure (kPag)
31 4% ER 0 1
30.2 740.4
T EFTERC] Aol uhE HU9kE2 <Table 9.9 7304
153} P}, At ARzA0E A9H gt fAK) 09 =T
glou, vlm)gh W @) Aol £ 04%)0] YA Ao 01 o
2 A i, 74 EFEAS] 2he F 24 306 795.6
o] gL EkAael (9 23.0 T ~ 23.5 C) 10.2 7187
= AR Aoz spelE ) 40.0 790.8
AUEE 234 F4 S37FAS] HuSuke F 50.0 740.3
#7} A= <Table 2>9) 22 Floz2 B %) 50.0 715.1
FHrfEeke o] Htd Aol wet 689.3~759.6 49.9 717.2
kPag®] HI91E Hich sk, HojEdete] o] sFHak= 49.6 716.6
AisE 270 el (10.2 ~ 21.5) kPag® UL 50.1 720.9
AT AdTiE ek HoEEaky o] dwide 2 60.2 702.3
2&}7] 918l SPSS(V24, IBM) S &-8-3}0] 3]7] #4242 60.1 706.3
T Fa4 RV s Sl wet 60.0 658.3
HoZdetdo] [Figure 4] ¢} #o] Hasdh= o2 o 60.1 708.9
ERRCHER? = 0.671). AHIFE 10% olsh= vt 60.0 706.5
o] Hlszgk Zlo 7 eh AiEEe] AR 10%% 70.1 682.5
A, Atige] Qg 109 Bt Z7ksk 700 667.2
thZaeleo] 759.6 kPageld 697.1 kPag®z 62.5 70.0 709.6
kPag 7Fadh= 02 vERstth 70.0 699.7
69.9 687.5
<Table 1> Results of Hz(31 vol %)—air explosion mixtures 80.4 697.3
at various relative humidity 80.4 698.0
Relative Humidity Maximum Explosion 80.4 718.7
(% RH) Pressure (kPag) 80.3 707.8
0.4 769.6 80.2 663.6
0.4 743.2
0.3 763.5 <{Table 2> Average and standard deviation of maximum
03 754.3 explosion pressures at various relative humidity for
0.3 762.9 Hz(31 vol %) —air explosion mixtures
10.1 738.3 Relative Maximum Explosion Pressure (kPag)
9.7 7795 Humidity —
(% RH) Average Standard Deviation
102 7.0 0.3 758.6 10.2
100 760.7 10.0 759.6 17.2
98 736.5 19.8 742.5 11.6
20.1 736.5 30.3 722.4 13.7
19.7 7548 40.0 717.1 18.2
19.8 7269 49.9 722.0 10.4
19.7 753.0 60.1 696.5 21.5
19.7 L3 70.0 689.3 16.3
50.4 orT 80.3 697.1 20.6
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[Figure 4] Maximum explosion pressure (pm) With the various
relative humidity on H2(31 vol %) —air explosion mixtures
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<Table 3> Experimental results of CoHz(14 vol %)—air
explosion mixtures at various relative humidity

Relative Humidity Maximum Explosion
(% RH) Pressure (kPag)
3.1 1189.6
2.9 1182.5
2.8 1122.8
2.8 1196.3
3.0 1081.5
10.0 1026.5
10.0 1188.2
9.9 1094.1
10.1 1177.4
10.2 1223.6
20.1 1059.0
20.2 1168.3
19.8 1166.2
19.8 1132.5
20.2 1162.1
30.3 1095.2
30.2 1070.7
30.1 1072.8
30.1 1048.2
30.0 1040.8

Relative Humidity Maximum Explosion
(% R.H) Pressure (kPag)

40.1 1022.8

40.1 960.1

40.3 1124.3

40.2 1039.9

40.3 1014.3

50.4 982.2

50.3 967.8

494 940.3

50.0 918.7

50.1 993.6

60.2 917.1

59.8 914.8

60.0 921.7

59.9 888.3

60.4 906.3

69.8 846.0

70.1 866.2

69.9 874.3

69.7 851.4

69.9 789.2

79.8 771.5

80.3 818.2

79.8 827.7

79.8 779.2

80.6 875.1
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ZR= <Table 4>9} ) Hujzuketd o] Hwe At
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<Table 4> Average and standard deviation of maximum
explosion pressures at various relative humidity for
CoHo (14 vol %) —air explosion mixtures

elative Humidity | Maximum Explosion Pressure (kPag)

(% R.H) Average Standard Deviation
2.9 1154.5 50.2
10.0 1142.0 80.1
20.0 1137.6 46.3
30.1 1065.5 21.6
40.2 1032.3 59.5
50.0 960.5 30.7
60.1 909.6 13.2
69.9 845.4 33.4
80.1 814.3 41.7




106 UWEETZM $2-38719 oMEl—37] ER7RAY T4 s adA 24

ALH-d7N=a

opAERl Bl Ak 71l ufet A
ZwloldHo| [Figure 5] 8} Zo] 7FAsh= ko] ittt
(R* = 0.875). AthEE7T 20% ©181 wli= it
ol Ak R0 Vekor, T Qs kel o)
e AL 20%% SetE I ST AARR]
20%% Z¥shd ﬂﬂ}i‘gﬁ’;ai oF 1137.6 kPagellAl
814.3 kPag® 323.3 kPag #4sk= A 0% eI

1300

[ary

=]

(=]

o
T

C,H, 14 vol %

[ [

=} [

(=] (=]

(=] =
T

900

=)

(=]

o
T

700 |

Maximum Explosion Pressure, Pmax (kPog)

600 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80

Relative Humidity (% R. H.)

[Figure 5] Maximum explosion pressure at various relative
humidity for CoHz(14 vol %) —air explosion mixtures
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