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Abstract Aviation kerosene RP-3 is extensively used in China. This paper details the measurement 

of the density of Chinese aviation kerosene RP-3 employing the flow method under high-pressure 

and high-temperature conditions. The methodology utilizes circular tubes with two different diam-

eters. The density of aviation kerosene RP-3 was experimentally measured for the first time within a 

pressure range from 6 MPa to 8 MPa and a temperature range from 323 K to 783 K, with a max-

imum relative uncertainty of 0.35%. The experimental setup used n-decane for calibration, achiev-

ing an average calibration error of 0.91%. The data indicate that the density of RP-3 ranges from 

764 kg/m3 to 247 kg/m3 under the tested conditions. The results show that the density of kerosene 

RP-3 decreases with an increase in temperature at a constant pressure, and at a given temperature, a 

higher pressure results in a higher density. Polynomial fitting was applied to the data, resulting in 

the average absolute deviation of 1.09%, 0.80%, and 0.76% at different pressures of 6, 7, and 

8 MPa, respectively.
© 2025 The Authors. Published by Elsevier Ltd on behalf of Chinese Society of Aeronautics and 

Astronautics. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/ 

licenses/by-nc-nd/4.0/). 
1. Introduction 

The pressing need to increase the speed of aircraft has led to 

progressively higher temperatures in the thermal components 
of aero engines, resulting in more severe thermal loads and a 
greater demand for cooling technologies.1–3 However, the 

efficiency of the commonly used air-cooling technologies 
decreases due to the rising compression ratio of the compres-
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Table 1 Components of aviation kerosene RP-3.43 

Composition Volume fraction 

(%) 

Saturated 

hydrocarbons 

Alkanes 52.2 

Monocyclic 

naphthenes 

33.8 

Bicyclic naphthenes 6.0 

Tricyclic naphthenes 0.1 

Aromatic 

hydrocarbons 

Alkyl benzenes 5.1 

Indan tetralin 1.3 

Naphthalene 0.6 

Naphthalene 

derivatives 

0.9
sor. Consequently, the Cooled Cooling Air technology 
(CCA)4–6 with air–fuel heat exchangers, utilizing the heat sink 
of the airborne endothermic hydrocarbon fuel to enhance the 

cooling capacity of the air, has emerged.7–9 Major aviation 
fuels, such as JP-8 in the United States and RP-3 in China,10 

typically are mixtures of hundreds of various hydrocarbons. 

Moreover, currently, the pressure in aero-engine fuel systems 
is about 3.86–5.00 MPa, which exceeds the critical pressure 
of aviation fuels. The thermal properties of aviation kerosene 

undergo dramatic changes in the near-critical region, signifi-
cantly impacting the flow and heat transfer characteristics of 
the fuel. These changes can lead to unique flow and heat trans-
fer phenomena.11–13 To effectively utilize the heat sink of the 

hydrocarbon fuel and optimize the air–fuel heat exchanger 
design, it is crucial to maintain a highly accurate database of 
fuel thermal properties at supercritical pressures. This data-

base should primarily include density, viscosity, isobaric speci-
fic heat capacity, thermal conductivity, critical point, and 
saturated vapor pressure. Therefore, it is particularly impor-

tant to accurately measure these thermal properties through 
experimental methods. 

Density measurement methods are generally categorized 

into direct and indirect methods. Direct measurements, based 
on the definition of density (the mass of a substance per unit 
volume), include Archimedes method,14 hydrostatic weigh-
ing,15 pycnometry,16,17 and hydrometer methods.18,19 Indirect 

measurements, on the other hand, encompass techniques such 
as vibrational, radiographic, acoustic, pulsed excitation,20 and 
thermal pulse methods.21–28 The aforementioned direct and 

indirect methods are typically suitable only for measuring den-
sity under low-temperature and low-pressure conditions, and 
many unresolved issues remain for their application at high 

temperatures and pressures. 
Specifically, methods like the Archimedes method, pycnom-

etry, and hydrometry could only be used for offline measure-

ment and are incapable of reflecting real-time changes in the 
density of the fluid under tests. Besides, these methods are 
not applicable under high-pressure conditions.29–31 The vibra-
tional measurement method is capable of measuring fluid den-

sity under high-pressure conditions; however, it is not suitable 
for high-temperature conditions32,33 . Radiographic methods, 
typically involving the measurement of radiation attenuation, 

are frequently used for measuring fluid density under high tem-
perature and pressure conditions.34 However, these methods 
necessitate a minimum density of the test substance, and the 

radiation employed may pose risks to human health. The 
acoustic method, noted for its high sensitivity and automation, 
is a non-contact technique. However, it exhibits a significant 
error margin when measuring the density of two-phase fluids, 

and the uniformity of the fluid density being tested substan-
tially influences the accuracy of the results.35,36 Since the 
acoustic method has reached its limits, an improved method 

of using the oscillating U-tube principle, the pulsed excitation 
method, has been developed in 2019.37 This method could gain 
three times more information than the conventional acoustic 

method. However, it is not suitable for high-temperature con-
ditions, with a maximum temperature of 150 °C.38 

Gü lü m and Bilgin39 measured the density of biodiesel-diesel 

blends at the temperatures of 10, 20, 30, and 40 °C by means of 
the pycnometer. Bruno et al.24 conducted density measure-
ments on the hydrocarbon fuel JP-10 over the temperature 
range from 233.15 K to 373.15 K at the pressure of 84 kPa, 
with a maximum measuring error of 0.22%. Wen et al.40 

measured the density of propellant EHF-TU over a tempera-
ture range of 303–765 K and a pressure range of 3–7 MPa with 
an uncertainty of 1.1%. The density of an endothermic hydro-

carbon fuel was measured online by Yang et al.41 employing a 
radial measurement method, covering the temperature range 
of 283–950 K at the pressure of 3 MPa and 4 MPa. And the 

uncertainty of their measurements was 0.292% to 2.286%. 
Deng et al.42 measured the density of hydrocarbon fuel RP-3 
at sub- and supercritical conditions over a temperature range 
of 295–796 K and a pressure range of 2–5 MPa. The results 

indicate that the density of RP-3 at the critical point is 
221.18 kg/m3 . Although some studies have been conducted 
on the density measurement of endothermic hydrocarbon fuels 

under high temperatures and pressures, the uncertainty of 
existing methods remains high. Additionally, there is a lack 
of density data for Chinese aviation kerosene RP-3 at high 

temperatures (300–800 K) and high pressures (6–8 MPa). 
The current study introduces a novel method for measuring 

fluid density under high temperatures and pressures. For the 

first time, the density of aviation kerosene RP-3 has been mea-
sured using a flow method with low uncertainty in the temper-
ature range of 323–783 K and pressure range of 6–8 MPa. 

2. Experimental setup 

2.1. Aviation kerosene RP-3 properties 

Chinese aviation kerosene RP-3 plays a crucial role in the field 
of aerospace engineering due to its distinctive properties and 

applications. This hydrocarbon fuel is a complex mixture 
derived from the fractional distillation of crude oil, character-
ized by its high-energy content and stability under varying 

operational conditions. RP-3 is specifically formulated to meet 
the rigorous demands of aviation, offering a balance between 
high calorific value and low-temperature performance, which 

is essential for efficient aircraft operation. Its formulation is 
tailored to ensure optimal combustion efficiency, reduced car-
bon emissions, and minimal impact on engine operating life. 
RP-3 kerosene is composed of 92.1% saturated hydrocarbons 

and 7.9% aromatic hydrocarbons by volume. The specific
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components of RP-3, detailed in Table 1,43 include saturated 
straight-chain alkanes, naphthenes, and aromatic compounds.

The critical point of aviation kerosene RP-3 is 

Tc = 645.04 K, Pc = 2.33 MPa.44 The flash point of RP-3 
is 50 °C, its molar mass is 148.33 g/mol, and its boiling point 
ranges from 163 °C to 212 °C.45 The average molecular for-

mula of RP-3 is C10.5H22. Under standard conditions (1 atm 
(1 atm = 101 325 Pa), 20 °C), its density is 791.3 kg/m3 . 

The importance of RP-3 transcends its basic function as a 

fuel. Due to its thermal properties, especially under high-
temperature and high-pressure conditions, currently, the ther-
mal–hydraulic performance of RP-3 is a critical research sub-
ject for thermal management in aero engines.46,47 As aero 

engines operate at higher temperatures to achieve greater effi-
ciencies and speeds, RP-3 also becomes a coolant. Therefore, it 
is necessary to thoroughly understand the physical and chem-

ical properties of RP-3 under various operating conditions. 

2.2. Experimental system 

An experimental system for investigating supercritical hydro-
carbon fuel flow and heat transfer characteristics has been 
established, as shown in Fig. 1. The experimental setup com-

prises four main sub-systems: supply section, heating section, 
measurement section, and recovery section. In the supply sys-
tem, kerosene RP-3 is pumped from the storage tank using 
high-pressure-resistant liquid pumps (SP6015: 15 MPa, 0.01– 

600.00 mL/min; LP-0110: 15 MPa, 0.01–999.99 mL/min). 
The mass flow rate of the RP-3 could also be adjusted by the 
pump and measured using a Coriolis mass flowmeter (DMF-

1–1). Subsequently, the RP-3 flows into a two-stage preheating 
section consisting of two electrically heated serpentine tubes, 
Fig. 1 Schematic of supercritical hydrocarbon fu
where it is heated to the target temperature. The density mea-
surements of RP-3 under different temperatures and pressures 
will be conducted in the measurement section, and the details 

will be introduced in Section 2.3. After completing density 
measurements, high-temperature RP-3 flows into a water 
cooler and then flows through a back pressure valve that con-

trols the system pressure. Finally, the used kerosene RP-3 
flows into another tank for collection and storage. During 
the experiments, electrical signals, including pressure and mass 

flow rate, are collected using the data acquisition modules 
Adam-4118 and Adam-4520. 
2.3. Test section 

The test section is illustrated in Fig. 2. The main body of the 
test section consists of two vertically placed thin cylindrical 
tubes and a horizontally placed circular tube. Thermocouples 

(KPS-WRNK-191, range: 50 °C to 1 300 °C) are installed 
at both the inlet and outlet of the horizontal tubes to measure 
the entering and exiting temperature of the RP-3. The outer 

surface of the horizontal tube is wrapped with resistance wire 
for electrical heating, and the entire test section is encased in 
insulation material ASPEN with a thermal conductivity of 

0.012 W/(m K) to minimize heat loss. When the inlet and out-
let temperatures are equalized, it is assumed that heat loss is 
negligible, and measurement experiments could begin. At the 
inlet of the horizontal tube, two copper electrodes connected 

to a programmable power supply are positioned to apply dif-
ferent waveforms of electrical pulses. This process induces tem-
perature fluctuations by electrically heating the tube wall. The 

collection and recording of temperature fluctuation data are
el flow and heat transfer experimental system. 



4 Y. FU et al.

Fig. 2 Schematic of test section. 
accomplished using a Yokogawa high-speed acquisition mod-
ule (module VZ20X) and GA10 data logging software. The 
module VZ20X is an analog signal acquisition unit capable 

of high-speed, high-precision, and synchronized measurement 
of various analog signals. It features eight analog input chan-
nels per unit and supports high-speed sampling (1 kHz). The 

input channels are insulated from each other, ensuring reliable 
measurements in noisy environments. 

3. Theory and uncertainty analysis 

3.1. Theory 

The flow method measures the density of flowing hydrocarbon 
fuel based on the principle of mass conservation. Details of the 

experimental application and theoretical basis can be found in 
our past work.40,42 In a leak-free tube, the fluid mass flow rate 
remains the same from the inlet to the outlet and can be calcu-
lated by the formula below: 

m qUA 1 

where A is the cross-sectional area of the tube, q and U repre-
sent the fluid density and average velocity, respectively. 

Measurement of mass flow rate m could be taken by precise 

flowmeter. The cross-sectional area of the tube depends on the 
tube diameter (d) and could be calculated by the following 
equation: 

A 
pd2 

4 
2 
Fig. 3 Response of thermocouples and residence time collected 

and filtered by VZ20X. 
Combining Eq. (1) and Eq. (2), the density of the flowing 
fluid could be calculated with the average velocity, which is 
the key to the flow method for density measurement. The pro-

posed flow method is actually an approach to measure the 
average velocity with high accuracy. As depicted in Fig. 2, 
within a straight tube, thermocouples are positioned separately 

at the inlet and outlet. The inlet thermocouple detects changes 
in fluid temperature earlier than the outlet thermocouple when 
the fluid is heated prior to entering the tube. The response of 

thermocouples is represented in Fig. 3. 
The time difference between the thermocouples at the inlet 

and outlet theoretically equals the residence time of the fluid 
flowing through the center of the tube. Therefore, the fluid 

average velocity between the thermocouples at the inlet and 
outlet can be calculated as follows: 

U 
L 

Dt 
3 

where L is the length between the inlet and outlet thermocou-

ples, and Dt is the residence time. By combining Eqs. (1)–(3), 
the density of the fluid flowing inside a straight circular tube 
could be measured using the formula below: 

q 
4mDt 

pd2 L 
4 

Integrating Eq. (4) with the prior analysis indicates that the 

accuracy of this density measurement method is directly and 
significantly influenced by the measurements of mass flow rate, 
tube diameter, tube length, and residence time. The first three 

parameters have matured into highly reliable and precise 
instruments and measurement methods. In other words, the 
measurement of residence time contributes more significantly 

to the measuring errors. The measurement of residence time 
is a transient process comprising three parts: the increase in 
fluid temperature, the response of the thermocouple along with 
the change in temperature difference, and the acquisition of the 

voltage signal by the acquisition module. These three parts 
represent the major direction for optimization in this study. 
Compared to Deng’s study,42 the current study adopts thermo-

couples with faster responses. Moreover, the acquisition fre-
quency has been increased to five times the original, with the 
acquisition delay reduced to 0.001 s. In addition, a power sup-

ply frequency noise removal filter has been added to the orig-
inal data processing to optimize the identification and 
acquisition of residence time. 

3.2. Uncertainty analysis 

Based on Eq. (4), the density measurement demands mass flow 
rate, tube diameter, length of test section, and residence time. 

The uncertainty of the former three parameters largely relies
Table 2 Uncertainty of direct measurements. 

Parameter Measuring device Uncertainty 

Mass flow rate Coriolis mass flowmeter 0.15% 

Scanning electron 

microscope 

Tube diameter 0.001 mm 

Length of test 

section 

Vernier caliper 1 mm
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Table 3 Experimentally measured density qexp, standard n-
decane density qreal, and relative deviation of n-decane at 
3 MPa over temperature ranges of 304–604 K. 

T (K) qexp (kg/m
3 ) qreal (kg/m

3 

304.04 734.56 724.35 1.41 

324.03 710.72 709.10 0.23 

373.41 668.82 670.98 0.32 

393.03 644.06 655.45 1.74 

403.85 633.35 646.75 2.07 

423.33 630.86 630.78 0.01 

423.65 623.88 630.51 1.05 

463.48 601.80 596.13 0.95 

503.38 565.62 558.21 1.33 

543.68 520.70 513.79 1.35 

573.44 474.90 473.79 0.23 

603.56 419.60 420.42 0.19
on the accuracy of the instrument. The uncertainty of the 
instruments used in the present study is listed in Table 2.

Since the residence time is measured by thermocouples 

through the high-speed acquisition module, the time response 
of the thermocouples and the frequency of the acquisition 
module contribute to the dominant uncertainty. The thermo-

couple time response constant sc is calculated by the following 
equation48 : 

sc 
qtccp tcVtc 

hAtc 

5 

where qtc and cp,tc are respectively the density and isobaric 
specific heat capacity of the thermocouple; Vtc and Atc are 
the volume and surface area of the thermocouple’s tip, respec-
tively; and h represents the heat transfer coefficient. The ther-
mocouple theoretical response relation48 is 

T T0 

T T0 

1 exp 
s ss 
sc 

6 

where T is the fluid transient temperature measured by the 

thermocouple; T0 and T are the initial temperature and the 
final temperature, respectively; s is the measurement time by 
the acquisition module and ss represents the start time point 

of thermocouple response to the thermal pulse. 
In the experiment, the minimum sensitivity (T T0) of the 

used thermocouples is 0.15 K, and the final temperature differ-
ence (T T0) caused by typical thermal pulses is generally 

not less than 10 K. Furthermore, the thermocouple time con-
stant response, sc, for RP-3 varies with temperature: approxi-
mately 0.15 s when the fluid temperature is below 643 K, 0.3 s 

in the pseudo-critical temperature region (643–683 K), and 
0.03 s when the temperature exceeds 683 K. Based on the 
aforementioned data, the response time of the thermocouples 

is calculated to be: 2.27 ms when the fluid temperature is below 
Tc, 4.53 ms in the pseudo-critical temperature region, and 
0.45 ms when the temperature exceeds Tc. The sampling inter-

val time of the high-speed acquisition module is 1 ms, with a 
sampling uncertainty of 0.1 ms. Since the response time of 
the thermocouples at different temperatures all exceed the 
uncertainty of the high-speed acquisition module, it could be 

considered that the uncertainty in residence time is primarily 
due to the response time of the thermocouples. During the 
experiment, the residence time is controlled at over 1.5 s 

between 643 K and 683 K, and over 1 s below 623 K and above 
683 K. 

Based on the analysis above, the uncertainties of residence 

time Dt within different temperature ranges are as follows: 
0.227% when the fluid temperature is below 623 K, 0.302% 
when the fluid temperature is within the pseudo-critical tem-

perature region (643–683 K), and 0.045% when the fluid tem-
perature is above 683 K. 

The relative uncertainty of the fluid density measurement is 
calculated according to the following equation: 

e q e2 m e2 L 4e2 d e2 Dt 7 

The final calculation yields the relative uncertainty for the 

fluid density measurement within different temperature ranges: 
0.29% when the fluid temperature is below 623 K, 0.35% when 
the fluid temperature is within the pseudo-critical temperature 

region (643–683 K), and 0.19% when the fluid temperature is 
above 683 K. 
4. Results and discussion 

4.1. Calibration using n-decane 

To verify the reliability of the proposed density measurement 
method and the experimental system, it is necessary to conduct 

calibration experiments before formal measurements. n-decane 
is selected as the calibration fluid, with the system pressure 
maintained at 3 MPa and 6 MPa and temperature ranges of 

304–698 K. n-decane is a colorless liquid with a critical temper-
ature of 617.7 K and a critical pressure of 2.103 MPa. The 
mass flow rate, tube diameter, and tube length are selected 
as needed based on different temperature ranges to ensure 

the flow Reynolds number greater than 5 000 and sufficient 
residence time. The experimentally measured density (qexp), 
standard n-decane density (qreal) from the NIST (National 

Institute of Standards and Technology) REFPROP 
database,49 and their relative deviations are listed in Tables 3 
and 4. The Relative Deviation (RD), Average Absolute Devi-

ation (AAD), and Maximum Absolute Deviation (MAD) are 
calculated as follows. 

RD 
qexp qreal 

qreal 

8 

AAD 
1 

n 

n 

i 1 

qexp i qreal i 

qreal i 

9 

MAD max 
qexp i qreal i 

qreal i 

10 

Fig. 4 demonstrates the RD of n-decane variations with n-

decane temperature. The AAD of the n-decane in the experi-
ments is 0.91% and the MAD is 3.04%. The measurement 
deviation for density between 600 K and 700 K is generally lar-

ger than that between 300 K and 600 K. This is because, in the 
pseudo-critical region, the density undergoes significant 
fluctuations. 

In fact, prior to the aforementioned calibration experi-
ments, we also conducted a pre-calibration using n-decane to 
optimize our measurement methods. Fig. 5 shows the results 
of our pre-calibration. In the pre-calibration experiments using 

n-decane, the pressure was maintained at 3 MPa, with a tem-
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Table 4 Experimentally measured density qexp, standard n-
decane density qreal, and relative deviation of n-decane at 
6 MPa over temperature ranges of 598–698 K. 

T (K) qexp (kg/m
3 ) qreal (kg/m

3 

598.40 477.21 468.25 1.91 

623.30 445.46 435.74 2.23 

648.08 407.14 400.01 1.78 

673.14 365.32 360.49 1.34 

698.29 319.90 317.72 0.69 

Fig. 4 RD of n-decane variations with n-decane temperature: (a) 

n-decane at P = 3 MPa and temperature ranges from 304 K to 

603 K; (b) n-decane at P = 6 MPa and temperature ranges from 

598 K to 698 K. 

Fig. 5 Pre-calibration results with high error: (a) Comparison of 

n-decane density between measured data with standard data; (b) 

RD of n-decane variations with temperature. 
perature range of 150 °C to 450 °C, and a mass flow rate of 3 g/ 

s. It can be seen that the pre-calibration experiments exhibit 
significant errors in both the low-temperature region (below 
200 °C) and the high-temperature region (above 400 °C). This 
is because, in the low-temperature region, the fluid viscosity is 

higher and the Reynolds number is lower, resulting in flow 
being laminar or in transition, with an uneven velocity distri-
bution; in the high-temperature region, the density of n-

decane decreases rapidly, leading to a shorter residence time 
in the test section, and thus significant errors in residence time 
measurement. On the basis of the experience gained from pre-

calibration experiments, principles that contribute to the accu-
racy of measurements have been summarized: (A) Ensuring the 
fluid in the test section is in the turbulent regime. This is due to 
the presence of a boundary layer when fluid flows inside the 
tube, where the velocity gradient is significant, causing an 

uneven velocity field distribution across the cross-section of 
the tube. Compared to laminar flow, under the same flow con-
ditions, the velocity field distribution of the fluid is more uni-
form in turbulent flow.50,51 Therefore, the average fluid 

velocity measured through residence time in turbulent flow is 
closer to the actual mainstream velocity, which could signifi-
cantly enhance the measurement accuracy. (B) The residence 

time should not be excessively long or short. In this experi-
ment, temperature fluctuations are captured using a high-
speed acquisition module to determine residence time. On 

one hand, excessively long residence times cause temperature 
fluctuations to become less pronounced due to axial heat con-
duction during tests, making them more difficult to be mea-
sured by thermocouples. On the other hand, the high-speed 

acquisition module has a sampling interval of 1 ms, and exces-
sively short residence times increase the uncertainty of its mea-
surements. Based on these experiential guidelines, two test 

sections with different diameters and lengths were designed 
to measure the density of RP-3 under different temperatures 
and pressures.

4.2. Density measurement of RP-3 

The density of RP-3 has been measured at temperature ranges 

from 323 K to 783 K and pressure ranges from 6 MPa to 
8 MPa. Fig. 6 shows the response curves of the thermocouples 
at the inlet and outlet of the experimental section under typical 
conditions over time. It can be observed that after the heat 

pulse is applied, the inlet thermocouple responds first, showing
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Fig. 6 Response of inlet and outlet thermocouples with time under typical conditions: (a) P = 6 MPa, T = 363.22 K; (b) P = 7 MPa, 

T = 363.22 K; (c) P = 8 MPa, T = 363.58 K. 

Table 5 Values of temperature polynomial coefficient Ci at different pressures. 

Pressure (MPa) C1 C2 C3 C4 C5 C6 

6 742.885 15.590 0.059 0 1.018 10 4 8.235 10 8 2.382 10 11 

7 340.372 4.358 0.013 7 1.330 10 5 1.497 10 9 6.871 10 12 

8 2 450.547 16.027 0.063 7 1.308 10 4 1.332 10 7 5.401 10 11 

Table 6 Experimentally measured density of RP-3 at pressures of 6, 7, and 8 MPa and temperature ranges from 323 K to 783 K. 

P 

(MPa) 

T 

(K) 

qexp 
(kg/m3 ) 

qfit 
(kg/m3 ) 

P 

(MPa) 

T 

(K) 

qexp 
(kg/m3 ) 

qfit 
(kg/m3 ) 

P 

(MPa) 

T 

(K) 

qexp 
(kg/m3 ) 

qfit 
(kg/m3 ) 

6 323.23 760.23 758.81 7 323.07 760.64 760.48 8 323.95 765.69 768.16 

6 343.23 750.72 748.61 7 343.18 752.28 749.74 8 343.98 754.12 752.49 

6 363.22 738.79 736.25 7 363.22 739.95 737.67 8 363.58 743.91 738.16 

6 373.18 723.66 729.51 7 373.35 728.30 731.14 8 372.82 736.20 731.61 

6 393.05 708.66 715.30 7 393.13 709.02 717.78 8 393.28 708.63 717.34 

6 408.14 697.30 704.07 7 408.24 703.77 707.14 8 408.11 700.28 707.05 

6 423.27 695.13 692.62 7 423.24 698.25 696.31 8 423.43 694.66 696.39 

6 438.21 682.72 681.24 7 438.10 690.14 685.40 8 438.29 685.77 685.95 

6 453.19 678.60 669.86 7 453.14 679.87 674.24 8 453.29 680.69 675.29 

6 468.23 666.70 658.51 7 467.99 665.81 663.15 8 468.23 667.88 664.52 

6 483.48 653.14 647.07 7 483.23 653.41 651.73 8 483.21 657.08 653.60 

6 498.33 633.69 636.00 7 498.29 636.90 640.41 8 498.09 641.01 642.62 

6 513.10 622.21 624.99 7 513.31 630.55 629.08 8 513.41 628.79 631.18 

6 528.30 612.66 613.59 7 528.33 618.85 617.69 8 528.21 621.50 620.03 

6 543.36 603.91 602.13 7 543.41 608.57 606.14 8 543.30 614.25 608.55 

6 558.28 582.58 590.48 7 557.98 589.80 594.82 8 558.31 593.80 597.02 

6 573.46 577.62 578.16 7 573.16 581.37 582.76 8 573.21 583.53 585.43 

6 588.08 558.88 565.71 7 588.53 568.75 570.18 8 588.51 573.57 573.34 

6 603.38 543.72 551.87 7 603.30 548.31 557.59 8 603.19 554.05 561.48 

6 618.56 528.70 537.09 7 618.45 535.86 544.02 8 618.30 542.65 548.92 

6 633.35 524.63 521.50 7 633.53 530.59 529.68 8 633.16 537.02 536.06 

6 648.15 515.10 504.50 7 648.01 523.02 514.93 8 648.31 528.71 522.27 

6 663.21 497.68 485.54 7 663.11 507.10 498.31 8 662.98 513.16 508.04 

6 678.41 469.73 464.45 7 678.24 489.84 480.14 8 678.09 496.23 492.19 

6 693.10 445.65 441.98 7 693.05 459.38 460.61 8 693.09 475.35 474.93 

6 708.41 420.20 416.10 7 708.14 440.69 438.63 8 708.19 458.79 455.63 

6 722.99 382.21 388.92 7 723.10 410.14 414.44 8 722.94 425.38 434.48 

6 743.21 330.27 346.66 7 742.95 365.03 378.05 8 742.93 393.53 401.23 

6 763.30 297.79 298.94 7 763.40 336.47 334.55 8 763.44 370.12 360.24 

6 783.53 252.11 244.56 7 783.50 288.94 284.80 8 783.56 309.32 311.47
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Table 7 Fitting deviations of RP-3 densities between experimentally measured data and fitted data. 

P (MPa) T (K) n (%) P (MPa) T (K) n (%) P (MPa) T (K) n (%) 

6 323.23 0.19 7 323.07 0.02 8 323.95 0.32 

6 343.23 0.28 7 343.18 0.34 8 343.98 0.22 

6 363.22 0.34 7 363.22 0.31 8 363.58 0.77 

6 373.18 0.81 7 373.35 0.39 8 372.82 0.62 

6 393.05 0.94 7 393.13 1.24 8 393.28 1.23 

6 408.14 0.97 7 408.24 0.48 8 408.11 0.97 

6 423.27 0.36 7 423.24 0.28 8 423.43 0.25 

6 438.21 0.22 7 438.10 0.69 8 438.29 0.03 

6 453.19 1.29 7 453.14 0.83 8 453.29 0.79 

6 468.23 1.23 7 467.99 0.40 8 468.23 0.50 

6 483.48 0.93 7 483.23 0.26 8 483.21 0.53 

6 498.33 0.36 7 498.29 0.55 8 498.09 0.25 

6 513.10 0.45 7 513.31 0.23 8 513.41 0.38 

6 528.30 0.15 7 528.33 0.19 8 528.21 0.24 

6 543.36 0.29 7 543.41 0.40 8 543.30 0.93 

6 558.28 1.36 7 557.98 0.85 8 558.31 0.54 

6 573.46 0.09 7 573.16 0.24 8 573.21 0.33 

6 588.08 1.22 7 588.53 0.25 8 588.51 0.04 

6 603.38 1.50 7 603.30 1.69 8 603.19 1.34 

6 618.56 1.59 7 618.45 1.52 8 618.30 1.15 

6 633.35 0.60 7 633.53 0.17 8 633.16 0.18 

6 648.15 2.06 7 648.01 1.55 8 648.31 1.22 

6 663.21 2.44 7 663.11 1.73 8 662.98 1.00 

6 678.41 1.12 7 678.24 1.98 8 678.09 0.82 

6 693.10 0.82 7 693.05 0.27 8 693.09 0.09 

6 708.41 0.98 7 708.14 0.47 8 708.19 0.69 

6 722.99 1.75 7 723.10 1.05 8 722.94 2.14 

6 743.21 4.97 7 742.95 3.56 8 742.93 1.96 

6 763.30 0.38 7 763.40 0.57 8 763.44 2.67 

6 783.53 3.00 7 783.50 1.43 8 783.56 0.69 

Fig. 7 Experimental density of RP-3 at pressures of 6, 7, and 

8 MPa and temperature ranges from 323 K to 783 K. 
a pulse-like change in temperature, followed by the outlet ther-
mocouple receiving the heat pulse signal, with its temperature 

also changing accordingly. By following the theory mentioned 
in Section 3.1, the density of RP-3 under these conditions can 
be calculated. Besides, all experimentally measured RP-3 den-

sity data at constant pressure have also been fitted using a 
piecewise polynomial. The fitting formula is shown below.

q 
n 

i 1 

CiT
i 1 11 
where Ci represents the temperature polynomial coefficient, n 
is the number of the polynomial coefficients, determined 
through the F-test method. 

Table 5 shows the values of Ci under different pressures. 

The fitting results are of high accuracy, with the coefficient 
of determination (R2 ) of the fitting results being greater than 
0.998 for the different pressures. Table 6 lists the experimen-

tally measured RP-3 densities and the fitted RP-3 densities, 
while Table 7 provides the fitting deviations (n). The density 
variations of RP-3 with the temperature at the pressure of 6, 

7, and 8 MPa are demonstrated in Fig. 7. Similar to pure sub-
stance fluids, the density of RP-3 decreases with an increase in 
temperature, a trend that is more pronounced near the pseudo-

critical region. The critical pressure of RP-3 is 2.33 MPa.44 

Around a temperature of 650 K and under a pressure of 
6 MPa, RP-3 enters the pseudo-critical region. Before reaching 
the pseudo-critical region, RP-3 exhibits liquid properties, with 

its density increasing as pressure rises, although it is not partic-
ularly sensitive to pressure changes. Once the temperature of 
RP-3 exceeds the pseudo-critical temperature and it enters 

the supercritical state, the density of RP-3 significantly 
decreases but still remains at a level close to that of a liquid.11 

From Fig. 7, it can be observed that in the low-temperature 

region (T < 483 K), the density of RP-3 is almost the same 
under different pressures. As the temperature increases, the 
effect of pressure on the density of RP-3 becomes more pro-
nounced; the higher the pressure, the greater the density of 

RP-3.
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The AAD between the experiment value and the fitted value 
is 1.09%, 0.80%, and 0.76% at different pressures of 6, 7, and 
8 MPa, respectively. The MAD of the RP-3 density fitting 

results in the supercritical region (T > 650 K) at three different 
pressures is 4.97%, 3.56%, and 2.67%, respectively. These val-
ues are all higher than those recorded when the RP-3 temper-

ature is below the pseudo-critical region, which are 1.59%, 
1.69%, and 1.34%, respectively. The higher the temperature 
of RP-3, the greater the deviation in the fitting results. The 

main factor causing this phenomenon is that closer to the 
pseudo-critical region, the changes in thermal properties 
become more dramatic, where minor temperature changes 
can lead to significant differences in physical properties. This 

non-uniform distribution of thermal properties might slightly 
degrade the stability and accuracy of density measurements. 

5. Conclusions 

This study provides a comprehensive analysis of the density 
measurement of Chinese aviation kerosene RP-3 with a high-

pressure and high-temperature regime. An experimental sys-
tem for investigating supercritical hydrocarbon fuel flow and 
heat transfer characteristics has been established. Utilizing an 

optimized flow method, the density of RP-3 was successfully 
measured. The measurements covered a pressure range of 6– 
8 MPa and a temperature range of 323–783 K, marking the 

first collection of such extensive data under these conditions. 
The key conclusions are summarized as follows: 

(1) The current study has developed a method for measur-

ing fluid density based on the law of mass conservation 
using a thermal pulse technique, which allows for high-
precision measurement of fluid density under high tem-

perature and high pressure conditions. The precision 
of this measurement technique is validated using n-
decane as a calibration fluid, which achieves an average 

absolute deviation of 0.91%, demonstrating the reliabil-
ity of the approach. 

(2) The density of aviation kerosene RP-3 was experimen-

tally measured for the first time within a pressure range 
of 6–8 MPa and a temperature range of 323–783 K, with 
a maximum relative uncertainty of 0.35%. All RP-3 den-
sity readings at constant pressures were fitted using a 

piecewise polynomial. The average absolute deviation 
between the experiment value and the fitted value of 
RP-3 density is 1.09%, 0.80%, and 0.76% at different 

pressures of 6, 7, and 8 MPa, respectively, illustrating 
the robustness of the fitting approach used. 

(3) In the low-temperature region (T < 483 K), the density 

of RP-3 is almost the same under different pressures. As 
the temperature increases, the effect of pressure on the 
density of RP-3 becomes more pronounced; the higher 
the pressure, the greater the density of RP-3. 
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et al. Simultaneous viscosity and density measurements and 

modeling of 2-alcohols at temperatures between (291 and 353) K 

and pressures up to 50 MPa. Fluid Phase Equilib 

2020;514:112559. 
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