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Determination of critical properties ¢, p, of endothermic
hydrocarbon fuels——RP-3 and simulated JP-7

SUN Qing-mei MI Zhen-tao ZHANG Xiang-wen
School of Chemical Engineering Laboratory of Green Synthesis and Conversion Tianjin University Tianjin 300072 China

Abstract A short residence time flow equipment for the measurement of the critical temperature and pressure of
fluids was developed to determine the critical properties of endothermic hydrocarbon fuels. The short residence
time about 10 s ~50s at elevated-temperature minimized the decomposition and other reactions of fuels. Tak-
ing n -pentane n -hexane and cyclohexane as standard reagents the reliability of the apparatus was checked. The
critical properties of endothermic hydrocarbon fuels-Simulate JP-7 and RP-3 were determined. Four estimation
methods based on the volume average boiling point and relative density were also used to estimate the critical
properties of the fuels. The comparisons between the experimental and predicted values indicated that the correla-
tions suggested by APl American Petroleum Institute and Riazi-Daubert were reliable to predict the critical
properties of fuels.
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JP-7
1 1 2
1.1 RP-3 JP-7
1
Table 1 The main components of the fuels RP-3 and simulate JP-7
Simulate JP-7 RP-3
component content w /% component content w /%
n -undecane 14.30 n -decane 15.94
n -dodecane 14.04 n -undecane 15.47
n -tridecane 7.39 n -dodecane 12.25
n -decane 6.03 n -tridecane 7.14
2 6-dimethyloctane 5.69 cyclohexane 6.50
2 6-dimethylundecane 5.55 n -nonane 5.67
2-methyl-decalin 4.37 4-methyl-nonane 4.31
n -tetradecane 3.45 1 1 2 3-tetramethylcyclohexane 3.96
2-methylundecane 3.22 7-methyl-tridecane 3.44
Pentylcyclohexane 2.68 2-methyl-3-ethyl-heptane 3.38
Others 33.28 Others 21.94
2

Table 2 The purity of the experimental reagents

Substance Spec. Purity w/%

n -pentane AR 98.8 !‘>I'I'<} @ L

disposal
n -hexane HPLC 99.9

Cyclohexane HPLC 99.8
5 ﬁ

1.2 Rosenthal

1 500 C 5.0 MPa T
Rosenthal

400 C r—%‘:d—?—:—

+0.3C
0.01 MPa 1

Figure 1 Schematic diagram of apparatus

H+

A—feed tank B-—check valve C—preheater D—digital
indicator E—thermocouple F—furnace G—back-pressure
valve H—pump L—condenser M-—controller P—pres-

sure gauge T—tested tube

Doy 1.3

t(‘2 P2

t(‘l P tt‘Z Pc2
10s~50s
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2 0.11048 x 1071 x APl +0.139 58 x 1071 x
API API 2.0.4827 x 10771, x API *
ASTM API 3 Keler and lee correlation
' Cavett 7" Keler -Lee '8 t, =341.7 +811 xd + 0.4244 +0.1174d x

Riazi -Daubert "

API
T APT gravity ASTM

d 15.5°C/15.5C
slope

1 APl methods " API Technical Data
Book

t, = 186.16 + 1.6667A-0.7127 x 107°A’
A=d 1, +100.0

2 Cavett correlation

t, =768.07121 +1.713 369 31,-0. 108 340 03 x
107°£;-0. 892 12579 x 10~ APl ¢, +0. 388 905 84 x
107°; +0.53094920 x 107 API 1 +0.327 116 00
x 107" API %

logp, = 2.829 + 0.941 2 x 107°1,-0. 304 75 x
1074;-0. 151 41 x 107°4;-0.208 7 x 107", x API +

3

t, + 0.4669-3.2623d x10%,

Inp, = 8.363 4-0.056 6/d- 0.232 44 + 2.289
8/d +0.11857/d> x 1071, + 1.4685 +3.648/d
+0.47227/d> x1076,- 0.42019 +1.6977/d> x
107"

4 Riazi and daubert correlation

t, = 24.278 x 1,0.588 8 x d0.359 6

p. =3.12281 x 10° x,-2.3125 x d2.320 1

19

YP2001-1
3
L 10% 30% 50% 70%
90% by = g * tyon
+ i+ brgg + ooy /D
15.5C 4
5 ASTM slope = tgyq-t1gq 7

90-10  API = 141.5/d,; ,-131.5

Table 3  Distillation temperatures at corresponding volume percent points

Distillated ¢ /%

Fuel
0 10 50 70 90 100
RP-3 120.0 162.5 172.5 182.7 195.0 213.3 230.0
Simulated JP-7 185.0 194.0 200.3 206.0 214.0 229.7 248.0
4 15.5TC 6 6
Table 4 Relative density of endothermal-fuel
RP-3 Simulated JP-7
No.
m /g d 15.5°C/15.5C m /g d 15.5C/15.5C
1 20.060 1 0.7954 19.805 2 0.7853
2 20.256 3 0.7956 20.017 8 0.7862 6
3 20.254 4 0.796 4 20.005 4 0.786 6
Average 0.7958 0.786 0 Table 6 Comparison of critical properties determined this
5 work of 3 standards substances with literatures
Table 5 Related properties of fuels for determination Standards 1. /C p. /MPa
of critical properties substances literature this work literature this work
n-pentane  196.55 *  196.46 3.370 ¥ 3.364
t, API ASTM 15 15
Fuel d 15.5°C/15.5C : . 196.75 2 3.380 2
/C gravity  slope 196.36 *' 3.360 *
RP-3 0.7958 185.2  46.3 1.14 n-hexane  234.45% 234.78 3.025%*  3.029
Simulated JP-7 0.786 0 208.8  48.5 0. 80 234.20 ° 3.041 7
234.71 % 3.031 %
Cyclohexane 280.65 *  280.28 4.080 * 4.072
31 280.55 % 4.071 %
’ 280.25 » 4.075 %
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Table 7 Critical properties of fuels determined of this work
Critical Critical
Fuel
2 temperatures ¢ /°C  pressure p /MPa
JP-7 RP-3 25C RP-3 372.35 2.390
Simulated JP-7 397.45 2.158
400
5 a—s dt, ,/dt JP-7 < dt, ,/di RP-3
~ 390 Jp-7 RP-3
E 7
<
8 380 3.3 API Cavett
=
£ e e e Keler - Lee Riazi - Daubert
370 8
10 15 20 25 30 35
Time ¢/s 6.63 C
2 0.828 MPa API Riazi -
Figure 2 Apparent critical temperatures of fuels Daubert
as a function of residence time 5 28 C 0.182 MPa 505C 0.182
00 RP-3 A simulated JP-7
MPa
8
Table 8 Ceritical properties of fuels determined by estimation
Fuel Temperature ¢, /C Pressure  p,/ MPa
ue
API's Cavett's Lee's Riazi's API's Cavett's Lee’s Riazi's
RP-3 374.25 371.11 369.20 373.35 2.572 1.770 2.420 2.283
Simulate JP-7 392.17 389. 18 385.54 391.50 2.165 1.337 2.074 1.976
L, 372.35C  397.45°C p,
1 2.390 MPa  2.158 MPa
JP-7 397.45 C JP-7
0 ~5 MPa 14 405 C
0 ~500 C 3
2 RP-3 JP-7
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