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Prediction of Temperature Dependence of Lower Explosive Limits
for Paraffinic Hydrocarbons
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Department of Industrial Safety Engineering, Semyung University
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Abstract : The aim of this study is to investigate the temperature dependence of the lower explosive
limit(LEL) at elevated temperature. The temperature dependence of the lower explosive limit is one of the
significant indices of flammability and combustibility. By using the literature data, the new equations for
predicting the temperature dependence of the lower explosive limits for paraffinic hydrocarbons are
proposed. The values calculated by the proposed equations were a good agreement with the literature data.
It is hoped eventually that this proposed equations will support the use of the prediction for the lower
explosive limit and the flash points of the. flammable mixtures.
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Table 1. Comparison of experimental and estimated the LEL
with temperature variation using several correlation
for methane

Table 3. Comparison of experimental and estimated the LEL
with temperature variation using several correlation
for n-hexane

No. | Temp. { LEL | Eqn.(2) [ Eqn.(4) | Eqn.(5) | Eqn.(6) | Eqn{(7)

1 26 126 1.20 1.20 1.20 1.20 1.20

2 100 (122 1.14 1.13 1.13 1.12 1.13

3 150 | 1.18| 1.09 1.08 1.09 1.07 1.08

4 200 | 1.14( 1.05 1.04 1.05 1.02 1.04

AAD.| - - 0.080 | 0.088 | 0.083 | 0.098 | 0.088

Table 4. Comparison of experimental and estimated the LEL
with temperature variation using several correlation
for n-heptane

No. | Temp. |LEL | Eqn.(2) | Eqn.(4) | Eqn.(5) | Eqn.(6) | Eqn.(7)

1 [-123.15(6.64| 553 5.58 5.54 5.63 5.57

2 |-86.15 [6.37| 5.40 543 5.40 5.47 543

No. | Temp. | LEL | Eqn.(2) | Eqn.(4) | Eqn.(5) | Eqn.(6) | Eqn.(7)

1 26 [1.05]| 1.10 1.10 1.10 1.10 1.10

2 100 | 1.02| 1.04 1.04 1.04 1.03 1.04

3 150 {099 1.00 0.99 1.00 0.98 0.99

4 200 | 0.95| 096 0.95 0.96 0.94 0.95

AAD. -4 - | 0.023) 0018 ) 0.023 | 0.020 | 0.018

Table 5. Comparison of experimental and estimated the LEL
with temperature variation using several correlation
for n—octane

3 |-55.15 |6.11| 529 531 5.29 5.34 5.31

4 |-27.15 {589 5.19 520 5.19 5.22 5.20

5 9.85 561 505 5.06 5.05 5.06 5.06

6 |25 5.00| 5.00 5.00 5.00 5.00 5.00

AAD| - - 0.693 | 0.673 | 0.692 | 0.650 | 0.675

Table 2. Comparison of experimental and estimated the LEL
with temperature variation using several correlation
for propane

No. | Temp. | LEL | Eqn.(2) | Eqn.(4) | Eqn.(5) | Eqn.(6) | Eqn.(7)

No. | Temp. | LEL | Eqn.(2) | Eqn.(4) | Eqn.(5) | Eqn.(6) | Eqn.(7)

1 26 (096 0.98 0.98 0.98 0.98 0.98

2 100 | 093 093 0.92 0.93 0.92 0.92

3 150 | 0.90| 0.89 0.88 0.89 0.88 0.89

4 200 [0.86( 0.86 0.85 0.86 0.83 0.85

AAD.| - - 0.008 | 0.015 | 0.008 | 0.020 | 0.015

Table 6. Comparison of experimental and estimated the LEL
with temperature variation using several correlation
for n~nonane

1 148 |1.82| 191 1.90 1.91 1.88 1.90

No. | Temp. | LEL | Eqn.(2) | Eqn.(4) | Eqn.(5) | Eqn.(6) | Eqn.(7)

2 180 |1.72| 1.87 1.85 1.87 1.82 1.85

3 218 11.65] 181 1.78 1.81 1.76 1.79

4 285 | 1.53( LT71 1.67 1.70 1.64 1.68

5 380 §1.38| 1.56 1.52 1.56 1.47 1.53

AAD) - - 0.152 | 0.124 | 0.150 { 0.094 | 0.130

FR AN B S K], M15H X|3E, 200044

I

1 26 10.85¢ 0.87 0.87 0.87 0.87 0.87

2 100 |0.81} 0.82 0.82 0.82 0.81 0.82

3 150 |0.76 0.79 0.79 0.79 0.78 0.79

4 200 {071 0.76 0.75 0.76 0.74 0.75

AAD.| - - 0.028 | 0.025 | 0.028 { 0.0i8 | 0.025
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Table 7. Comparison of experimental and estimated the LEL
with temperature variation using several correlation
for n-decane

No. | Temp. | LEL | Eqn.(2) | Eqn.(4) | Eqn.(5) | Eqn.(6) | Eqn.(7)
1 26 (0.75| 0.80 0.80 0.80 0.80 0.80

2 100 | 0.70| 0.76 0.75 0.76 0.75 0.75

3 150 0.66| 0.73 0.72 0.73 0.72 0.72

4 200 |0.64( 0.70 0.69 0.70 0.68 0.69

AAD| - - 0.060 | 0.053 | 0.060 | 0.050 | 0.053

Table 8. Comparison of AAD. of estimating the temperature
dependence the of LEL using several correlation
for the saturated hydrocarbons

Components | Eqn. (2) | Eqn. (4)|Eqn. (5) | Eqn. (6) |Eqn. (7)
Methane 0.693 | 0673 | 0692 | 0.650 | 0.672
Propane 0.152 | 0124 | 0.150 | 0.094 | 0.130
n-Hexane 0.080 [ 0088 [ 0.083 | 0.098 | 0.088
n-Heptane 0.023 | 0.018 | 0.023 | 0.020 | 0.018
n-Octane 0.008 | 0.015 | 0.008 | 0.020 | 0.015
n-Nonane 0.028 | 0.025 | 0.028 | 0.018 | 0.025
n-Decane 0.060 | 0.053 | 0.060 | 0.050 | 0.053
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Table 9. Comparison of AAP.E. and AAD. of estimating
the temperature dependence of the LEL by means
of Ean. (11) for the satrurated hydrocarbons

Components Las a b AAPE. |AAD.
Methane 50 |1.099 | -1.552x10° | 0.108 |0.007
Propane 2.1 |0964 | -8.831x10™" | 0907 [0.015
n-Hexane 12 |1.054 | -5767x10* | 0344 |0.004
n-Heptane 1.1 |0960 | -5.164x10® | 0.591 |0.006
n-Octane 0.98 [0.986 | -5.796x 10" | 0.650 |0.006
n-Nonane 0.87 {1.001 | -1.034x10° | 0514 |0.004
n-Decane 0.80 | 0.954 | -9.396 x 10 1.181 [ 0.008
Mean - - - 0.614 | 0.007

I

i

Table 11. Comparison of AA.D. of the LEL with temperature
variation using several correlation for methane

No. Temp. LEL Eqn(7) | Eqn(11) | Eqn(12)
1 -123.15 6.64 5.57 6.64 6.65
2 -86.15 6.37 543 6.36 6.36
3 -55.15 6.11 5.31 6.12 6.11
4 27.15 5.89 5.20 5.90 5.90
5 9.85 5.61 5.06 5.61 5.61
6 25 5.00 5.00 5.00 5.00
AAD. - - 0.675 0.007 0.006

Table 12. Comparison of AAD. of the LEL with temperature
variation using several correlation for propane

Table 10. Comparison of AAP.E. and AAD. of estimating No. Temp. LEL | Eqo(7) | Eqn(ll) | Eqn(12)
e e Ly T L [ w | [ |
Components | 125 a b ¢ AAPE |AAD. 2 180 1.72 1.85 1.74 1.74
Methane 50 | 1099 [-1.530%107| 1.540%107 | 0.101 |0.006 3 218 1.65 1.79 1.67 1.65
Propane 2.1 | 1029 |-1.501x10” | 1.284x10° | 0293 |0.005 4 285 1.53 1.58 1.53 1.52
n-Hexane |12 | 1051 {-3.929x10*|-1.063%10°| 0.100 |0.001 5 380 1.38 1.53 1.37 138
n-Heptane | 1.1 | 0.954 | -2433x10°|-1.580x10°| 0.025 |0.0002 AAD. - - 0.130 0.015 | 0.005

n-Octane 0.98] 0.980 | -2.731x10%{-1.773x10°| 0.027 [0.0002

n-Nonane 0.87] 0.991 | -7.024x10*| -1.725 X 10°| 0.188 |0.001

n-Decane 0.80| 0.985 | -1.799x10”| 4230x10° | 0.091 |0.0006

Table 13. Comparison of AA.D. of the LEL with temperature
variation using several correfation for n-hexane

Mean - - - - 0.118 10.002

Ae] 2E5oEG S HAHZE A=dte o
Fak2 o]l gt b A 2Ela A 9
FAaE F-3gke] zpo] A3}E Table 99 o
WAtk =3 2 (12)& o] &3t 2zt EHo) o3
HANEE A RSt A& FA9 4, b} ¢
F# 283z 4 EAEC G FabAe o
Fhakst £33 g 2to] AFE Table 109
Wit

CHs, C3Hs, n-CsHys, n-C7Hjs, n-CgHis, n-CsHa,
n-CioHz, Z42}oll ofsf kA AA & 71&9) Zd
FA Y LENEFNES T FAAF B
ATolA AAIG 2R FA S Q7 2+ 7
o] FAgke B3} ¥ st Table 1194 17
o YeRfAT

=AM E SR, M5 HM3E, 2000

No. Temp. LEL Eqn(7) | Eqn.(11) | Eqn(12)
1 26 1.26 1.20 1.26 1.26
2 100 122 1.13 121 122
3 150 118 1.08 1.18 1.18
4 200 1.14 1.04 1.14 1.14
AAD. - - 0.088 0.004 0.001

Table 14. Comparison of A.AD. of the LEL with temperature
variation using several correlation for n-heptane

No. | Temp. | LEL | Eqn(7) | Equ(lD) | Eqn(12)
1 26 1.05 1.10 105 | 105
2 100 1.02 1.04 1.01 1.02
3 150 0.99 0.99 098 | 099
4 200 0.95 0.95 096 | 095
AAD. - - 0.018 | 0.006 | 0.0002
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Table 15. Comparison of AAD. of the LEL with temperature
variation using several correlation for n-octane

No. Temp. LEL Eqn.(7) | Eqn.(11) | Eqn.(12)

1 26 0.96 0.98 0.96 0.96

2 100 0.93 0.92 0.92 0.93

3 150 0.90 0.89 0.89 0.89

4 200 0.86 0.85 0.87 0.86
AAD. - - 0.015 0.006 0.0002

Table 16. Comparison of AAD. of the LEL with temperature

variation using several correfation for n-nonane

No. Temp. LEL Eqn.(7) | Eqn.(11) { Eqn.(12)
1 26 0.85 0.87 0.85 0.85
2 100 0.81 0.82 0.80 0.81
3 150 0.76 0.79 0.76 0.76
4 200 0.71 0.75 0.71 0.71
AAD. - 0.025 0.004 0.001

Table 17. Comparison of AAD. of the LEL with temperature
variation using several correlation for n-decane

No. Temp. LEL Eqn.(7) | Eqn(11) | Eqn.(12)

1 26 0.75 0.80 0.74 0.75

2 100 0.70 0.75 0.71 0.70

3 150 0.66 0.72 0.67 0.66

4 200 0.64 0.69 0.63 0.64
AAD. - - 0.053 0.008 0.0006
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