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A new surrogate fuel of RP-3 kerosene

ZENG Wen, LIU Jing, ZHANG Zhibo, MA Hongan, ZHANG Jing, LIU Aiguo
(College of Aerospace Engineering, Shenyang Aerospace University, Shenyang 110136, China)

Abstract: In order to select the surrogate fuel with the same physical and chemical prop-
erties as RP-3 kerosene, the physical and chemical properties of RP-3 kerosene were ana-
lyzed. According to the physical and chemical properties of RP-3 kerosene, the selection cri-
terions of the RP-3 kerosene surrogate fuel (including the molecular mass, hydrogen-carbon
ratio, cetane number and lower heating value) were determined. Based on the selection crite-
rions, a five-component RP-3 kerosene surrogate fuel comprising n-decane, n-dodecane, iso-
cetane, methylcyclohexane and toluene was presented, and the mole fractions of these five
components were optimized. Furthermore, the densities and kinematic viscosities of the sur-
rogate fuel and RP-3 kerosene were contrastively analyzed at different temperatures. The re-
sults show that the molecular mass, hydrogen-carbon ratio, cetane number and lower heat-
ing value of the surrogate fuel, which comprise 14 % n-decane/10% n-dodecane/30% iso-ce-
tane/36 % methylcyclohexane/10% toluene (mole fraction), agree well with the correspond-
ing criterions of RP-3 kerosene. At the same time, the variation trends of the densities and
kinematic viscosities of the surrogate fuel agree well with the corresponding experimental da-

ta of RP-3 kerosene at different temperatures.

Key words: RP-3 kerosene; surrogate fuel; selection criterion; density;

kinematic viscosity
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Table 1 Main compositions of different type kerosenes
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Table 2 Main physical properties of RP-3 kerosene
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Table 3 Main selection criterions of the main species in the surrogate fuel of RP-3 kerosene
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Table 4 Optimized results of the mole fractions of the main components in the surrogate fuel
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1 0. 20 0.08 0.28 0. 30 0.14 2.026 151. 2 45. 99 43.98 0.056 35
2 0.16 0.12 0. 30 0. 34 0.08 2.063 153.0 45.63 44,12 0.05401
3 0.16 0.12 0. 30 0. 36 0.06 2.074 153.1 45.76 44.15 0.05605
4 0.16 0.08 0. 38 0.10 0.28 1.962 160. 3 41. 41 43. 89 0.044 25
5 0.16 0.08 0. 38 0.12 0.26 1.972 160. 4 41.56 43.93 0.04366
6 0.16 0.12 0.32 0.12 0.28 1. 957 154. 4 44,24 43. 82 0.044 35
7 0.16 0.12 0.32 0.14 0. 26 1.967 154.5 44, 38 43. 85 0.04478
8 0.24 0.02 0.28 0.16 0. 30 1.933 150.5 44, 35 43. 69 0.044 68
9 0. 24 0.02 0.28 0.18 0.28 1.944 150. 6 44. 49 43.72 0.044 64
10 0.16 0.10 0.32 0.12 0. 30 1.942 153.4 42.71 43.77 0.03360
11 0.16 0.10 0.32 0.14 0.28 1.953 153.5 42. 85 43. 80 0.03292
12 0.1 0.10 0.32 0.46 0.02 2.086 150.7 39.23 44,21 0.034 35
13 0.12 0.14 0.28 0.14 0.32 1.920 147.0 41.71 43. 66 0.03187
14 0. 14 0.06 0.32 0.32 0.16 2.007 151.0 39.01 43.97 0.03454
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15 0.16 0. 04 0. 34 0. 30 0.16 2.011 154. 1 39. 45 44,00 0.033 90
16 0.16 0. 04 0. 34 0.32 0. 14 2.022 154. 3 39.61 44,03 0.032 43
17 0.18 0. 04 0. 30 0.16 0.32 1.918 149.5 40.13 43.67 0.035 70
18 0.18 0. 04 0. 30 0.18 0. 30 1.929 149. 6 40. 28 43.70 0.032 68
19 0.18 0. 04 0.32 0.16 0. 30 1.934 152. 2 40. 27 43.74 0.033 54
20 0. 20 0.02 0. 30 0.16 0.32 1.918 150.0 40. 57 43.67 0.033 62
21 0. 10 0.14 0. 34 0.28 0.14 2.029 154. 3 41. 20 44, 06 0.023 51
22 0.10 0.14 0.32 0. 24 0. 20 1.993 151.4 40. 74 43.93 0.021 34
23 0.12 0.12 0.32 0. 38 0.06 2.070 152. 8 42. 24 44,16 0.023 39
24 0.12 0.14 0.28 0.28 0.18 2.000 147.8 42.76 43.90 0.022 58
25 0.14 0.10 0. 30 0. 38 0.08 2.056 150. 7 42.52 44.10 0.020 63
26 0.16 0. 04 0.32 0.42 0.06 2.063 152. 2 40. 25 44,13 0.024 70
27 0.16 0.06 0. 30 0.46 0.02 2.086 150. 7 41.99 44.18 0.021 34
28 0.18 0. 04 0. 30 0. 26 0.22 1.974 150. 1 40.91 43. 84 0.021 75
29 0.18 0.06 0. 30 0.26 0. 20 1.989 151.1 42.47 43. 89 0.022 41
30 0.12 0.12 0.28 0. 34 0.14 2.019 147. 2 41. 65 43. 96 0.015 87
31 0.12 0.12 0.28 0. 36 0.12 2.031 147. 3 41. 81 43.99 0.015 73
32 0.12 0.12 0. 30 0.32 0. 14 2.023 149.8 41. 65 43.99 0.014 90
33 0.12 0.12 0. 30 0. 34 0.12 2.034 149.9 41. 80 44.03 0.015 14
34 0.12 0.12 0. 30 0. 36 0. 10 2.045 150.0 41. 95 44.06 0.016 09
35 0.14 0. 10 0. 30 0. 30 0.16 2.011 150. 2 41.92 43.96 0.016 56
36 0. 14 0.10 0. 30 0.32 0.14 2.022 150. 3 42.07 43.99 0.016 70
37 0.18 0. 04 0. 30 0. 34 0. 14 2.019 150. 6 41.52 43.98 0.015 56
38 0.18 0. 04 0. 30 0. 36 0.12 2.030 150. 7 41. 67 44.01 0.015 50
39 0.10 0.14 0.30 0.36 0.10 2.045 149.4 41.52 44. 06 0.014 58
40 0. 04 0.22 0. 30 0. 30 0.14 2.027 148. 4 41. 35 44,02 0.014 86
41 0. 04 0.22 0. 30 0.32 0.12 2.038 148. 5 41.50 44. 05 0.014 73
42 0.18 0. 04 0. 28 0. 38 0.12 2.027 148.1 41. 67 43.98 0.014 61
43 0.10 0.14 0. 30 0. 34 0.12 2.034 149. 3 41. 37 44,03 0.014 90
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Table 5 Selection criterion values of the surrogate fuel and RP-3 kerosene
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