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Abstract
Speed of sound is great importance for fuel injection timing and combustion timing in the diesel engines. In this study
correlation of speed of sound in fatty acid ethyl esters (FAEE) and ethyl-biodiesels are correlated to the Martin’s rule of free
energy additivity for predicting speed of sound from their own equations. Data available in literatures are used to validate and
support the proposed equations. The speed of sound in FAEE and ethyl-biodiesel can be easily predicted from its carbon number
(z ), number of double bonds (pn d) at different temperatures (T). The average absolute deviation (AAD) in predicting of
saturated and unsaturated FAEE and ethyl-biodiesel are 0.56 and 0.31%, respectively. In addition, speed of sound in ethyl-

biodiesel can be predicted either from average carbon number of atoms ( z, ) and number of double bonds average (1 i(ave) ) of

(ave)
fatty acids or from the SN and IV with approximately the same accuracy. The speed of sound outside temperature between

293.15 and 343.15 K may be possibly predicted by this model but accuracy may be lower.

Keywords: Law of free energy additivity, Speed of sound, Fatty acid ethyl ester, Ethyl biodiesel
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Suggested applicable
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Estimation Method description AAD%
temperature range (°C) experiment

Daridon et al. Group contribution method 10-100 27 0.10%
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Huber et al. Equation of state approach 5-60 14 0.40%
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Tat et al. (2003) Linear relationships

20-100 - -
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Suggested applicable Relative
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Mass fraction of FAEE
Ethyl biodiesel Z e Ny ave) SN v
16:0 16:1 18:0 18:1 18:2 18:3 Other

soybean 0.1092 0.0008 0.0293 0.2745 0.5265 0.0496 0.0101 17.81 1.48 182.68 121.60

sunflower 0.0566 0.0009 0.0311 0.3532 0.5446 0.0028 0.0109 17.92 1.45 181.71 119.38

soybean+sunflower 0.1181 0.0016 0.0323 0.2753 0.499 0.05687 0.0151 17.79 1.45 182.88 119.54

palm 0.3867 0.0015 0.0449 0.4451 0.1029 0.0026 0.0164 17.18 0.66 187.39 54.19

1399 3 wamsrmneanuideduefialulafwaieuiunansneanieay (Freitas et al., 2013)

Speed of sound (m/s)

Ethyl-Biodiesel Temperature (K)
Eq. 20 %D Eq. 24 %D
soy bean 293.15 1407.68 -0.40 1412.08 -0.71
298.15 1386.16 -0.15 1388.71 -0.33
303.15 1365.85 0.03 1366.66 -0.03
308.15 1346.67 0.14 1345.84 0.20
313.15 1328.52 0.20 1326.16 0.37
318.15 1311.35 0.19 1307.54 0.48
323.15 1295.07 0.13 1289.90 0.52
328.15 1279.64 0.01 1273.18 0.51
333.15 1264.98 -0.16 1257.30 0.45
338.15 1251.06 -0.38 1242.23 0.33
343.15 1237.83 -0.63 1227.90 0.17
AAD(%) 0.22 0.37
sunflower 293.15 1408.02 -0.40 1412.47 -0.72
298.15 1386.27 -0.15 1388.86 -0.34
303.15 1365.74 0.01 1366.60 -0.06
308.15 1346.36 0.12 1345.59 0.18
313.15 1328.02 0.19 1325.72 0.36
318.15 1310.67 0.21 1306.92 0.49
323.15 1294.22 0.15 1289.11 0.54
328.15 1278.63 0.05 1272.23 0.55
333.15 1263.82 -0.11 1256.21 0.50
338.15 1249.76 -0.3 1241.00 0.40
343.15 1236.39 -0.54 1226.53 0.26
AAD(%) 0.20 0.40
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Speed of sound (m/s)

Ethyl-Biodiesel Temperature (K)
Eq. 20 %D Eq. 24 %D
soy bean+beef talloow 293.15 1408.02 -0.57 1411.80 -0.84
298.15 1386.27 -0.31 1388.45 -0.47
303.15 1365.74 -0.12 1366.42 -0.17
308.15 1346.36 0.01 1345.63 0.06
313.15 1328.02 0.07 1325.97 0.22
318.15 1310.67 0.07 1307.36 0.32
323.15 1294.22 0.01 1289.74 0.36
328.15 1278.63 -0.10 1273.03 0.34
333.15 1263.82 -0.26 1257.17 0.27
338.15 1249.76 -0.47 1242.11 0.15
343.15 1236.39 -0.72 1227.79 -0.02
AAD(%) 0.25 0.29
palm 293.15 1400.05 -0.70 1404.19 -1.00
298.15 1378.80 -0.49 1381.14 -0.66
303.15 1358.74 -0.34 1359.40 -0.39
308.15 1339.80 -0.26 1338.87 -0.19
313.15 1321.88 -0.24 1319.47 -0.06
318.15 1304.92 -0.28 1301.10 0.01
323.15 1288.84 -0.38 1283.71 0.02
328.15 1273.6 -0.53 1267.21 -0.02
333.15 1259.13 -0.73 1251.56 -0.13
338.15 1245.38 -0.98 1236.69 -0.28
343.15 1232.31 -1.28 1222.55 -0.48
AAD(%) 0.56 0.29

MMM 4 M3EacANNAMAAABUENYINIREY (AAD(%)) NNMSININETiBUNUNINITNASY

AAD (%)
Ethyl-Biodiesel
Eq. 20 Eq. 24 Wada 1 Wada 2
soybean 0.22 0.37 0.81 0.31
sunflower 0.20 0.40 0.65 0.26
soybean+sunflower 0.25 0.29 0.60 0.46
palm 0.56 0.29 0.30 0.75
Overall 0.31 0.34 0.59 0.45
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