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Estimation of Upper Explosive Limits of Paraffinic and
Olefinic Hydrocarbon Compounds
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Abstract

An estimation methodology, based on statistics and numerical method, has been developed for
estimating the upper explosive limits(UEL) of paraffinic and olefinic hydrocarbon compounds.
With proposed method, the UEL has been calculated for 24 paraffinic and 10 olefinic hydro-

carbon compounds.

The estimated the UEL agree with the experimental values within a few percent. A
comparisons with four other methods avaiable in the literature are also presented. It is hoped
eventually that this method will permit estimation of the UEL with improved accuracy and

broader application for other compounds.
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ﬁg. 1. Variation of the lower(Q) and upper(@®) explos-

ive limits with carbon number for the paraffinic
hydrocarbons.
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Fig. 2. Variation of the lower(O) and upper(@) explos-
ive limits with carbon number for the olefinic
hydrocarbons.

A AN A8 REESwsss 24
AN, SHBZRSE2 1049 SnsteAs 4o
Ale] A¥ARS"E B3t Fig. 13 Fig. 29
veRd itk

Fig. 13 Fig. 2°] Yepd 232 ge@Es
LB E s Ao A s Al(X) & ol &
st A3HA(X,) & Zaste RYES e
o] A Ak},

el A el

Model 1 : X,=a + bX, (7
Model 2 : X;=a + bX; + cX} (8)
Model 3 : X;=a + bX, + ¢ /X, (9)
Model 4 : X,=a + X, + ¢ /X3 (10)

Model 5 : Xo=a + bX, + cX* +dX] (11)
Model 6 : Xo=a + bX, + ¢X, + dX¢ (12)

R R R
Model 1 : X,=a + bX, (13)
Model 2 : X;=a + bX, + cX} (14)
Model 3 : X,=a + bX, + ¢ /X, (15)
Model 4 : Xo—a + bX, + ¢/ X} (16)

Model 5 : Xo=a + bX, + cXi +dXi (17)
Model 6 : =a + le + cX, -+ de (18)

Model 7 : Xo)=a + bX, + cX, + dX3
+ eXi (19)
AAG RdES FASHEN 2 85 iy
o olsf Hlw HESY HX3ld vyg I3z

& W) AUAR BAo o) ANY 2AE
hedl AAstE mdg 2] A8 GFHARA

SEK S - MBS 10% 2% Ca% 225%) 1965 68 1D



(multiple regression analysis)& o] &3t
9,100

GEARYIY SPATY XS el
BA4e 789 2Y(2Y)E o8 24d
MEEY ABZHY 2T BYHE 544
Q1 wEe watd, dwHos o 249 2Y
2 Al Wa g 52 A BAYE B4
3 233 AP S AP

AA G 2dg o] gutAl FeHZ FA|
& o3 22,

Y=a+bx+cx’+dx’+ex'+ - - -
e (20)

714 2z} ojsla, b, c,d, e, - - - EF
A3t7) 913 W e 2 HAsH(minimization)
W& ol &3t of W& sum of square of
deviation(S.S.D.)-& 7#3}7] 9Ish & v/ iSE
Hu| &3l o]& Y(zero) o2 FolA dolxl&
7 ++2] (normal equation) 9] & & +3}4 H©}.

ZwstgA g ol&3ta AAIE ASE] ¢
3 AAE A2rtx) mdE Jhed HAHsE 2y
€ AdAstdo gtk HA3E 2de MRS
AsllA EA A Bol o] &3l AP.E. (aver-

age percent error)$} A A D.(average absol-
ute deviation) & Al&-& e Fale 4L o
_—‘7_]_ 7‘1_].‘:}_5.9.10).

7| Xest. — Xexp.

APE.-= Xesp. 100 (21)
AAD == 'Xe“']gxex""l ©22)

47)1X Kest.& FAt4el o F48 Zuby
gAlolaL, Xexp.& A@gtolw, N& 28 (data)
Folth.

ANE WY o setazs Uz
slpage] TusigAel ol &t AAAE F
Abet7] s A AAR 7 =l ke wi)
A gkt SA%E 2N dolzl APE. ¢
A AD.& Table 13} 20 Jehfi ).

Table 19 YEhtRo] setaEgdsteael of
& ZASFAE ol 85t A3AE FAR G 2
dollx dojA FApk3 Fdgkel B vol% A
ol 0.20~0.35 Fxo]x, E3I APEE 2
96~4.76 A== YEI o9, Table 29] &g BZ
@3lFae B vol% Fole 0.19~11.03 I
o]x, AP.E.= 2.08~96.65 =2 Yelsit} &

Table 1. Summary of AP.E. and AAD. of estimating the upper explosive limits(UEL) by models for the paraffinic

hydrocarbons.

Parameters a b d APE, A AD.
Model 1 3.9654 2.4165 4.7618 0.3541
Model 2 2.3191 4.2338 —0.3365 2.9552 0.2090
Model 3 6.8166 1.8034 —2.3408 2.9592 0.2218
Model 4 5.3520 2.0338 —1.0655 3.0791 0.2333
Model 5 3.0169 3.0715 0.1997 —0.0668 2.9966 0.2042
Model 6 2.1409 4.3228 0.1003 —-().3481 2.9653 0.2093

Table 2. Summary of APE. and AAD. of estimating

the upper explosive limits(UEL) by models for the olefinic

hydrocarbons.

Parameters a b c d e APE A AD.
Model 1 —11.5687 12.9043 25.8695 2.8977
Model 2 39.4539 — 39.4890 12.3625 15.6831 1.5511
Model 3 —85.2319 30.9146 69.5596 12.1200 2.0073
Model 4 —44.5581 23.5406 37.3787 19.9226 2.1257
Model 5 —79.9492 152.0234 - 85.5117 15.8292 2.0753 0.1932
Model 6 385.8438 —220.7422 | —210.5547 42,2686 5.1581 0.4760
Model 7 —45.5000 78.0000 | — 25.5000 —3.6250 2.4688 96.6458 11.0354
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Fig. 4. Calculated versus experimental upper explosive
limits(vol 2) for the olefinic hydrocarbons.
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Table 3. Comparison of experimental and estimated upper explosive limits using several correlations for the paraffinic

hydrocarbons.

No | Compounds Xa Xz |Spakowski | Zabetakis | Kitagawa | G.C.M. |This study
1 methane 5.0 15.0 17.49 14.53 14.3 15.22 15.08
2 ethane 3.0 12.5 13.14 11.26 12.2 11.08 11.99
3 propane 2.1 9.5 10.76 9.42 9.5 10.24 9.73
4 n-butane 1.8 8.5 9.87 8.72 8.5 9.05 8.85
5 iso-butane 1.8 8.4 9.87 8.72 8.5 9.31 8.85
6 n-pentane 1.51 7.8 8.94 7.9 7.7 7.9 7.94
7 2-methyl butane 14 7.6 8.57 7.69 7.7 7.89 7.59
8 2,2-dimethyl propane 14 7.5 8.57 7.69 7.7 7.49 - 7.59
9 n-hexane 1.2 7.5 7.86 7.12 7.1 7.03 6.92
10 | 2-methyl pentane 1.2 7.0 7.86 7.12 7.1 7.18 6.92
11 3-methy! pentane 1.2 7.0 7.86 7.12 7.1 7.18 6.92
12 | 2,2-dimethyl butane 1.2 7.0 7.86 7.12 7.1 6.70 6.92
13 | 2,3<dimethy] butane 1.2 7.0 7.86 7.12 71 7.30 6.92
14 | n-heptane 1.05 6.7 7.30 6.66 6.5 6.29 6.39
15 | 2-methyl hexane 1.0 6.0 7.10 6.50 6.5 6.39 6.22
16 | 3-methyl hexane 1.0 6.0 7.10 6.50 6.5 6.39 6.22
17 | 2,2-dimethyl] pentane 1.05 6.7 7.30 6.66 6.5 6.03 6.39
18 | 2,3-dimethyl pentane 1.1 6.7 7.49 6.82 6.5 6.50 6.60
19 | n-octane 0.95 6.0 6.90 6.34 6.1 5.72 6.04
20 | 2-methyl heptane 0.95 6.0 6.90 6.34 6.1 5.80 6.04
21 n-nonane 0.85 5.6 6.48 5.99 5.6 5.29 5.67
22 | 3,3diethyl pentane 0.85 5.7 6.48 5.99 5.6 5.12 5.67
23 | 2,2,3,3-tetramethyl pentane 0.80 49 6.27 5.81 5.6 4.95 5.49
24 | n-decane 0.75 5.6 6.04 5.63 5.3 4.98 5.31
APE, 13.58 4,19 3.12 5.49 2.96
A AD, 0.99 0.30 0.22 0.41 0.21

Table 4. Comparison of experimental and estimated upper explosive limits using several correlations for the olefinic

hydrocarbons.

No | Compounds Xa X2 |Spakowski | Zabetakis | Kitagawa | G.C.M. |This study
1 ethylene 3.0 34.0 13.14 11.25 14.3 16.61 33.90
2 propene 2.4 1.1 11.59 10.07 10.70 13.96 11.18
3 1-butene 1.6 9.3 9.24 82 9.5 11.42 9.21
4 cis-2-butene 1.7 9.0 9.55 8.47 9.5 9.05 9.13
5 trans-2-butene 1.8 9.7 9.87 8.72 9.5 9.05 8.95
6 2-methyl propene 1.8 8.8 9.87 8.72 9.5 10.31 8.95
7 3-methyl-1-butene 1.5 9.1 8.91 7.96 8.5 9.79 9.11
8 1-pentene 1.5 8.7 8.91 7.96 8.5 9.57 9.11
9 2-pentene 1.4 8.7 8.57 7.69 8.5 9.79 8.72
10 | 1-hexene 1.2 6.9 7.86 7.12 7.7 8.20 6.69
APE, 10.64 14.04 10.21 17.31 2.08
A AD, 2.47 2.30 2.35 2.85 0.19
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