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Abstract 

Investigations were conducted using mass blends of Iso-
Paraffinic Kerosene (IPK) and Fischer-Tropsch Synthetic 
Kerosene (S8) to produce a synthetic surrogate for aerospace F-
24. Due to the fossil fuel origin of F-24, the introduction of a 
synthetic surrogate would create a sustainable aviation fuel 
(SAF) with sources obtained from within the United States. An 
analysis of ignition delay (ID), combustion delay (CD), derived 
cetane number (DCN), negative temperature coefficient (NTC) 
region, Low-Temperature Heat Release region (LTHR) and 
High-Temperature Heat Release (HTHR) was conducted using a 
PAC CID 510 Constant Volume Combustion Chamber (CVCC). 
The fuels examined in this study are neat IPK, neat S8, neat F-
24, and by mass percentages, as follows: 75IPK 25S8, 52IPK 
48S8, 51IPK 49S8, 50IPK 50S8 and 25IPK 75S8.  

The DCN values determined for IPK, S8, and F-24 were 
26.92, 59.56 and 44.35 respectively. The influence of IPK 
present in the blends increases CD, thus reducing the DCN 
significantly. The fuel blend of 50IPK 50S8 was observed to be 
the closest match to F-24 when comparing DCN, ID and CD. 

The surrogate blends were determined to have a lower 
magnitude of peak pressure ringing compared to that of the neat 
S8 and F-24, this is due to the extended NTC region caused by 
the IPK present in the blend. During further refinement of the 
surrogate blend, the Apparent Heat Release Rate (AHRR) curve 
for the 51IPK 49S8 fuel blend was found to have the closest 
match to the AHRR of F24. The surrogate blend 50IPK 50S8 was 
shown to have the smallest percent difference and best match 
during the LTHR stage, compared to F-24, while 52IPK 48S8 
had the smallest percent difference for the energy released during 
LTHR. The ID and CD of the 25/75% blends were too dissimilar 
from the F-24 target to be considered as a surrogate.  

A Noise Vibration Harshness (NVH) analysis was also 
conducted during the combustion of the three neat fuels in the 
CVCC. This analysis was conducted to relate the ID, CD, HTHR 
and ringing to the vibrations that occur during combustion. Neat 
S8 was observed to have the most vibrations occurring during 
the combustion process. Additionally, the HTHR was observed 

to have a distinct pattern for the three neat fuels and the 
combustion of these fuels was quieter overall. 

 
 

Nomenclature 
 
AHRR  Apparent Heat Release Rate 
CD  combustion delay 
CVCC  Constant Volume Combustion Chamber 
DCN  Derived Cetane Number 
DTA  Differential Thermal Analysis 
Dv(x) Largest Droplet Size Observed in x% of spray 

by volume 
EOC  End of Combustion 
F-T  Fischer-Tropsch 
HTHR  High-Temperature Heat Release 
ID  Ignition Delay 
IPK  Iso-Paraffinic Kerosene 
LHV  Lower Heating Value 
LTC  Low-Temperature Combustion 
LTHR  Low-Temperature Heat Release 
SAF  Sustainable Aviation Fuels 
SMD  Sauter Mean Diameter 
SOC  Start of Combustion 
SOI  Start of Injection  
S8  Fischer-Tropsch Synthetic Kerosene 
TA(x)  Temperature at which X% of fuel is Vaporized 
TGA  Thermogravimetric Analysis 
NTC  Negative Temperature Coefficient 
NVH  Noise Vibration Harshness 
 
Introduction 
 

Society today is dependent on fossil fuels as a primary 
source of energy, making the availability of them a growing 
concern. This, along with harmful emissions produced during 
combustion, necessitates the development of sustainable fuel 
replacements. 
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Neat F-24 is a high-altitude fuel with military applications 
derived from the parent fuel Jet-A with additives to minimize 
corrosion, static charge and increase lubricity [1]. Iso-Paraffinic 
Kerosene (IPK) and Fischer-Tropsch Synthetic Kerosene (S8) 
are both Fischer-Tropsch Sustainable Aviation Fuels (SAF). The 
combustion of IPK has been known to have reduced gaseous 
emissions while maintaining high thermal efficiency [2-8]. The 
aviation industry has committed to reducing emissions, making 
SAF options an important step to becoming carbon neutral and 
reducing greenhouse gases [9-10]. As SAF options provide a 
more diverse fuel supply, fluctuations in fuel prices can be 
reduced while also providing regional economic benefits [11-
12]. 

The Fischer-Tropsch process (F-T) is a method by which 
synthetic hydrocarbon fuels are derived from sources such as 
biomass, coal, and natural gas. This is usually done through the 
conversion of syngas [13-14]. The chemical equations for the 
alkene and alkane formation of the F-T hydrocarbon synthesis 
are summarized in Equations 1 and 2. 

 
2𝑛𝑛𝐻𝐻2 + 𝑛𝑛𝑛𝑛𝑛𝑛 → 𝐶𝐶𝑛𝑛𝐻𝐻2𝑛𝑛 + 𝑛𝑛𝐻𝐻2𝑜𝑜                                  Eq. 1 

(2𝑛𝑛 + 1)𝐻𝐻2 + 𝑛𝑛𝑛𝑛𝑛𝑛 → 𝐶𝐶𝑛𝑛𝐻𝐻(2𝑛𝑛+2) + 𝑛𝑛𝑛𝑛2𝑂𝑂                 Eq. 2 

 
The F-T process is highly advantageous as it is less complex, 

which provides greater economic feasibility and produces more 
environmentally friendly fuels than traditional petroleum-based 
fuels and processes [15-19]. Due to current limitations in 
infrastructure, F-T fuels cannot be used as a drop-in replacement 
for current engines in the United States, thus research is required 
to develop surrogate blends. 

A Constant Volume Combustion Chamber (CVCC) was 
used to determine the combustion properties, such as 
autoignition, rates of temperature rise, pressure rise, and the 
apparent heat release of fuels in a controlled environment [19, 
20]. Alhikami et al [21] studied the spray ignition characteristics 
of JP-5, Jet-A, and HRJ in a CVCC, varying temperature and 
pressure. Fuel reactivity was found to increase with chamber 
pressure and ignition delays shortened exponentially with 
increased chamber pressure. The NTC region was also a factor 
of study as it is important to the study of LTHR. 
  
Materials and Methods 
 
Spray Atomization and Droplets’ Distribution Analysis using 
Mie Scattering He-Ne Laser 
 

Mie scattering theory was utilized in a He-Ne Malvern 
Spraytec laser diffraction particle analyzer to determine the 
Sauter Mean Diameter (SMD) and spray droplet size distribution 
of the researched fuels after atomization. The research apparatus, 
shown in Figure 1, is composed of a pintle type Bosch fuel 
injector pressurized at 180 Bar that is perpendicularly positioned 
100mm away from the laser beam. The sensor array is composed 
of 36 silicon diode detectors that measure droplets from 0.1µm 
to 900µm at a rate of 10kHz. For this study, 28 of the sensors (8 

to 36) were selected. Measurements occurred 1ms after the start 
of injection for a duration of 5ms. All testing was conducted in 
ambient air at standard temperature and pressure. 
 

 
 

Figure 1. Mie Scattering He-Ne Malvern Spraytec Laser 

Thermogravimetric Analysis (TGA) and Differential Thermal 
Analysis  
 

A Thermogravimetric Analysis (TGA) and Differential 
Thermal Analysis (DTA) were conducted to determine the 
volatility and low-temperature energy release of the neat fuels. 
Samples of the fuels are placed in a controlled chamber that heats 
the sample from 20°C to 600°C at a rate of 20°C/min. The 
chamber is constantly purged with air at a flow rate of 
15mL/min. The change in mass of the fuel is measured as a 
percentage of the initial mass. 

 
PAC CID 510 Constant Volumes Combustion Chamber 
 

The PAC CID 510 Constant Volume Combustion Chamber 
(CVCC) was utilized to determine the Ignition Delay (ID) and 
Combustion Delay (CD) which was then utilized to calculate the 
Derived Cetane Number (DCN) of the researched fuels. The 
internal components of the CVCC are shown in Figure 2 with 
values corresponding to Table 1. 

 
Table 1. Internal Components of PAC CID 510 CVCC 
 

Component 1 High-pressure Common Rail Fuel 
Injection System 

Component 2 6 Orifice Bosch Fuel Injector 
Component 3 Combustion Chamber 
Component 4 In-Chamber Piezoelectric Pressure Sensor 
Component 5 Injection Pressure Sensor 
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Figure 2. PAC CID 510 Internal Components (CAD model) 

Approximately 60mg of fuel is injected into the chamber per 
cycle before analysis is conducted. The CVCC performs five 
conditioning cycles to prime the chamber and flush out old fuel. 
Following the conditioning cycles, 15 cycles of injection, 
combustion and exhaust are completed using the ASTM standard 
D7668-14a testing parameters shown in Table 2. Due to the 
differences in viscosity of each fuel, the amount of mass injected 
into the chamber can differ by up to 2%. 

 
Table 2. Standard Testing Parameters 

Wall 
Temp. 

Fuel Inj. 
Pressure 

Coolant 
Temperature 

Inj. Pulse 
Width 

Chamber 
Pressure 

595.5°C 1000 Bar 50 °C  2.5 ms 20 Bar 
 
Discussion and Results: 
Thermophysical Properties of the Researched fuels 
 

The viscosity of the neat fuels was analyzed because of the 
influence this property has on spray distribution. At 40°C neat F-
24 was observed to have the highest viscosity at 1.37cP, while 
IPK had the lowest at 1.04cP. Fuels with higher viscosities have 
a lower surface area and that leads to more incomplete 
combustion [22]. The lower heating value of the neat fuels was 
analyzed to determine the heat of combustion, as a higher LHV 
is correlated with a higher hydrocarbon ratio in the fuel [23, 24]. 
The LHV ranged from 41.85 to 44.25 MJ/kg for all the 
researched fuels. The results of the thermophysical analysis of 
the tested fuels in a CVCC and can be seen in Table 3. 

Table 3. Thermophysical Properties 
Fuels 100 

F-24 
100 
IPK 

75IPK 
25S8 

50IPK 
50S8 

25IPK 
75S8 

100 
S8 

POSF no. 13664 7629 - - - 5109 
LHV-
MJ/kg 

41.85 44.25 - - - 42.04 

DCN* 44.35 26.92 37.14 44.56 51.48 59.56 
Avg.ID 

(ms) 
3.90 4.62 4.01 3.45 3.10 2.81 

Avg.CD 
(ms) 

5.59 15.45 7.55 5.52 4.62 4.04 

Visc. @ 
40℃ (cP) 

1.37 1.04 - - - 1.28 

* DCN with PAC CID 501 and ASTM D7668-14a. 

Sauter Mean Diameter and Spray Development 
 

The average SMD for the neat fuels is shown in Table 4 
where F-24 was observed to have the largest average SMD of the 
neat fuels. The relationship between the spray volume frequency, 
droplet size and the SMD over time is shown in Figure 3. 

 
Table 4. Sauter Mean Diameter of Researched Fuels 

Researched Fuels SMD [µm] 
100 F-24 18.70 
100 IPK 12.50 
100 S8 18.83 

  
Figure 3. Spray Development of the Neat Fuels 

The particle size by volume is shown in Table 5 where 
Dv(10), Dv(50) and Dv(90) denote 10%, 50% and 90% of the 
spray droplets that are less than or equal to the diameter. Neat S8 
has the largest Dv(10) value, while F-24 is observed to have the 
largest values for Dv(50) and Dv(90). These larger values for 
Dv(50) and Dv(90) correlate to F-24 spray being composed of 
larger droplet sizes. These large droplet sizes are due to the high 
viscosity of the fuel and may lead to an increase of unburned 
hydrocarbons in the combustion chamber. 

 
Table 5. Particle Size by Volume 

Researched Fuels Dv (10) 
[µm] 

Dv (50) 
[µm] 

Dv (90) 
[µm] 

100 F-24 9.96 30.45 133.33 
100 IPK 8.27 22.96 103.34 
100 S8 10.06 30.03 108.87 

 
Low-Temperature Oxidation and Differential Thermal 
Analysis 
 

As shown in the TGA curve in Figure 4, neat IPK vaporizes 
at lower temperatures than S8 and F-24. In Table 6 the 
temperature of the fuels is observed when 10%, 50%, and 90% 
of the sample mass is vaporized and is denoted by TA(10), 
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TA(50) and TA(90). Neat IPK was found to have the lowest 
values for TA(10), TA(50) and TA(90), at 72°C, 108°C and 
131°C respectively. Neat F-24 has the slowest vaporization with 
a TA(90) approximately 31% higher than that of IPK. The TGA 
curve of IPK occurs at lower temperatures which indicates the 
presence of lighter hydrocarbons present in the fuel and higher 
volatility. This high volatility leads to an earlier and better air-
fuel mixture in the combustion chamber and a reduction in 
unburned hydrocarbons. 
 

 

Figure 4. Thermogravimetric Analysis of Neat Fuels 

 
Table 6. Thermogravimetric Analysis (TGA) 

 
Researched 
Fuels 

TA (10) TA (50) TA (90) 

100 F-24 95°C 142°C 172°C 
100 IPK 72°C 108°C 131°C 
100 S8 78°C 126°C 162°C 

 
The DTA of the neat fuels, shown in Figure 5, is used to 

determine the endothermic and exothermic reactions of the fuel 
as the samples vaporize in a controlled environment. In Figure 5, 
the negative slope of the curve indicates an endothermic reaction, 
while the positive slope indicates an exothermic reaction. 
Furthermore, the slope of the DTA curve indicates the rate at 
which energy is absorbed and released. As the temperature 
within the chamber is increased the fuel absorbs heat to a point 
in which it starts oxidizing, approximately at TA(90), marking 
the point where the chemical bonds within the fuel break down 
and energy is released [25]. Neat IPK is shown to absorb and 
release energy faster than S8 and F-24, with a lower peak value. 

 
Figure 5. Differential Thermal Analysis 

 
ID, CD, and DCN 
 

The average ID and CD from the 15 cycles are used to 
calculate the DCN, using Equation 3. In this study, the ID is 
defined as the duration from the start of injection (0 
milliseconds) to the start of combustion. While CD is defined at 
the duration from the start of injection to the mid-point of the 
pressure curve, based on [25] and shown in Figure 6.  

 

 
Figure 6. AHRR and Temperature Trace for F-24 and Defined 

Regions of ID, CD, SOC, and EOC 
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Eq. 3 

𝐷𝐷𝐷𝐷𝐷𝐷 = 13.028 + �− 5.3378
𝐼𝐼𝐼𝐼

� + �300.18
𝐶𝐶𝐶𝐶

� + �− 12567.90
𝐶𝐶𝐶𝐶2

� + �3415.32
𝐶𝐶𝐶𝐶3

�    
 

 
The average ID, CD and DCN for the researched fuels can 

be found in Table 7. Neat IPK was observed to have the lowest 
DCN at 26.92, followed by F-24 at 44.35 and S8 at 59.56. The 
lower DCN of IPK can be attributed to the high values for ID and 
CD at 4.62ms and 15.45ms. The DCN of the fuel blends 
decreases with the addition of IPK in the blends. The fuel blend 
75IPK 25S8 had a DCN of 37.14, 50IPK 50S8 had a DCN of 
44.56 and 25IPK 75S8 had a DCN of 51.48. The ID and CD of 
the blends were also observed to increase as IPK increased. The 
ID of 75IPK 25S8 was 4.01ms, 50IPK 50S8 had an ID of 3.45ms 
and 25IPK 75S8 had an ID of 3.10ms. The CD of 75IPK 25S8 
was 7.55ms, 50IPK 50S8 had a CD of 5.52ms and 25IPK 75S8 
had a CD of 4.62ms.  

Table 7. ID, CD, and DCN of the Researched Fuels 
 
Researched 

Fuels 

100 
F-24 

100 
IPK 

100 S8 75IPK 
25S8 

50IPK 
50S8 

25IPK 
75S8 

DCN* 44.35 26.92 59.56 37.14 44.56 51.48 
Avg.ID (ms) 3.90 4.62 2.81 4.01 3.45 3.10 
Avg.CD (ms) 5.59 15.45 4.04 7.55 5.52 4.62 

 
 The relationship that ID and CD have on the DCN of the fuels 
is observed in Figure 7. The influence of CD on DCN increases 
exponentially as the presence of IPK increases in the fuel blends. 
In contrast, ID increases linearly as IPK% increases. This causes 
the DCN of the fuels to drastically decrease. 
 

 
Figure 7. Derived Cetane Number, Ignition Delay, and 

Combustion Delay of the Researched Fuels 

Combustion Pressure and Mass Fraction Burned 
 
The combustion pressure of the researched fuels was 

measured using a piezoelectric pressure sensor across 15 
combustion cycles. This data is averaged and used to determine 
the AHRR and temperature of the fuels. The pressure curve for 
the researched fuels can be observed in Figures 8 and 9. The 
slope of the pressure trace curve is an indication of stability 
during combustion and oscillations observed during the peak 
pressure represent ringing which is a result of the dynamic 
change of pressure gradient in the combustion chamber. 
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Figure 8. Pressure Curves of the Researched Fuels 

Figure 9 shows the combustion pressure of the surrogate 
fuels under consideration. The fuel blends of 52IPK 48S8, 51IPK 
49S8, and 50IPK 50S8 were seen to nearly overlap with the 
pressure curve for F-24 while having a lower magnitude of 
ringing at peak pressure, as seen in Figure 10. This lower ringing 
intensity during peak pressure correlates to more stable 
combustion for the surrogate fuels. 

The peak pressure for all researched fuels can be found in 
Table 8. Neat IPK was observed to have the largest peak pressure 
at 42.66 bar, while 25IPK 75S8 had the lowest at 41.11 bar. 

 
Table 8. Peak Pressures of Researched Fuels 

Researched Fuels Peak Pressure (bar) 
100 F-24 42.52 
100 IPK 42.66 
100 S8 41.77 

75IPK 25S8 42.54 
52IPK 48S8 42.14 
51IPK 49S8 42.13 
50IPK 50S8 42.09 
25IPK 75S8 41.11 
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Figure 9. Pressure Curves of the Surrogate Fuels 

 
Figure 10. Peak Pressure detail of the Surrogate Fuels 

 
AHRR, NTC Region, and LTHR Analysis 
 
 The AHRR is defined as the amount of energy required 
to raise the temperature of the combustion chamber. To conduct 
AHRR analysis, the conditions within the CVCC are considered 
adiabatic and 100% combustion efficiency is assumed, allowing 
for a closed system analysis governed by Equation 4. The global 
specific heat ratio is assumed to be constant; the injection was 
considered to be homogeneous, and the step count is constant 
throughout the combustion cycle at 0.04ms. 

 
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 1
𝛾𝛾−1

𝑉𝑉 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

                                      Eq. 4 
 

The AHRR curve for the researched fuels is shown in Figure 
11. The peak AHRR for the surrogate fuels is seen in Figure 12, 
where 50IPK 50S8 is observed to have the closest peak AHRR 
to F-24, while 51IPK 49S8 is observed to have the closest AHRR 
trend to F-24. Neat S8 and 25IPK 75S8 were observed to produce 
strong ringing after HTHR phase of combustion, as seen in 
Figure 11, after 5ms mark.  

 

 
Figure 11. AHRR of the Researched Fuels 

 

 
Figure 12. Peak AHRR of the Surrogate Fuels 

15

20

25

30

35

40

45

2 3 4 5 6 7 8

100 F-24
50IPK 50S8
51IPK 49S8
52IPK 48S8

Pr
es

su
re

 [b
ar

]

Time [ms]

40

40.5

41

41.5

42

42.5

43

6 8 10 12 14

100 F-24
50IPK 50S8
51IPK 49S8
52IPK 48S8

Pr
es

su
re

 [b
ar

]

Time [ms]

-1

0

1

2

3

4

5

6

0 5 10 15 20

F-24
IPK
100 S8
75IPK 25S8
50IPK 50S8
25IPK 75S8

AH
RR

 [M
W

]

Time [ms]

-1

0

1

2

3

4

5

5 5.2 5.4 5.6 5.8 6

100 F-24
52IPK 48S8
51IPK 49S8
50IPK 50S8

A
H

R
R

 [M
W

]

Time [ms]



 7 Copyright © 2022 by ASME 

The Low-Temperature Heat Release (LTHR) region is a 
period during which the fuels undergo periods of slow oxidation 
and cool flame formation. During the formation of cool flames 
there are periods of ignition and quenching of about 0.5ms, best 
seen on F-24 in Figure 13, that vary with the hydrocarbon 
structure of each fuel. Hydrocarbon structure influences ignition 
timing, burn rate, burning limits, knock and emissions [25, 26, 
27]. 

The Low-Temperature Heat Release (LTHR) region, 
Negative Temperature Coefficient, and the cool flame formation 
region for this study are defined in Figure 13 and the LTHR 
regions for the surrogate fuels are shown in Figure 14. 

 

 
Figure 13. LTHR, Cool Flame Formation, and NTC of F-24 

 
 

             Figure 14. LTHR of Surrogate Fuels 

The LTHR region of F-24 could not be reproduced by any 
of the surrogate fuels due to the longer ID of neat IPK which 
extended the NTC regions for the surrogates. 

The LTHR durations and percent difference compared to F-
24 for all the researched fuels are shown in Table 9. The 
surrogate 50IPK 50S8 was found to have the smallest percent 
difference compared to F-24 at 9.90%.  

 
Table 9. LTHR Durations of Researched Fuels 

Researched 
Fuels 

LTHR 
Duration [ms] 

% Difference 

100 F-24 1.92 - 
100 IPK 9.56 133.10 
75IPK 25S8 3.40 55.64 
52IPK 48S8 2.24 15.38 
51IPK 49S8 2.20 13.59 
50IPK 50S8 2.12 9.90 
25IPK 75S8 1.56 20.69 
100 S8 1.26 41.51 

 
The energy released during the LTHR region and percent 

difference compared to that of F-24 of the researched fuels can 
be seen in Table 10. The blend 52IPK 48S8 was determined to 
have the lowest percent difference of 1.54% when compared to 
F-24. 
 

Table 10. LTHR Energy Release for Researched Fuels 
Researched 

Fuels 
LTHR Energy 

Release [J] 
% Difference 

100 F-24 336.61 - 
100 IPK 476.81 34.47 
75IPK 25S8 374.17 10.57 
52IPK 48S8 331.47 1.54 
51IPK 49S8 330.72 1.77 
50IPK 50S8 328.15 2.55 
25IPK 75S8 262.10 24.89 
100 S8 206.23 48.04 

 
The peak combustion temperatures for the researched fuels 

can be found in Table 11. Temperature is derived from the Ideal 
Gas Law, as shown in Equation 5 where V is the volume of the 
CVCC, P is pressure, R is the gas constant of ambient air, n is 
the number of moles of the fuel, and T is the absolute 
temperature. 

 
𝑇𝑇 = 𝑃𝑃𝑃𝑃

𝑛𝑛𝑛𝑛
                                                        Eq. 5 

 
The peak temperature of the fuels was observed to decrease 

with the addition of S8. 
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Table 11. Peak Temperature for Researched Fuels 
Researched Fuels Peak Temperature [K] 
100 F-24 1846.7 
100 IPK 1852.8 
75IPK 25S8 1847.6 
52IPK 48S8 1829.9 
51IPK 49S8 1829.8 
50IPK 50S8 1828.0 
25IPK 75S8 1828.6 
100 S8 1813.9 

 
Mass Fraction Burned 
 

The percent mass fraction burned for the researched fuels 
can be seen in Figure 15. Fuels with a higher DCN correlate to a 
better auto-ignition quality which is observed by an increased 
rate of combustion and mass fraction burned. Neat S8 was 
observed to combust faster than all the other fuels, burning all its 
mass 4.56ms after the start of injection, while neat IPK had the 
longest combustion, burning all its mass after 20.64ms. 

 

 
Figure 15. Mass Fraction Burned of the Researched Fuels 

Noise Vibration and Harshness (NVH) Analysis 
 
Through the application of a Hottinger Brüel and Kjær 

accelerometer, seen in Figure 16, the combustion processes of 
100% F-24, S8 and IPK were evaluated with respect to the 
AHRR of each fuel. Vibrations from the combustion of F-24, S8 
and IPK were measured and the combustion phasing was listed 
on the graph, shown in Figures 17-19 .  

The acceleration produced by each fuel’s combustion in 
m/s2 is on the Y-axis of the plot with respect to time in 
milliseconds (ms) presented on the X-axis. Through the 

processing of acceleration with respect to time in ms, the 
combustion vibrations produced by each fuel were correlated to 
each fuel’s respective AHRR.  

The durations of Ignition Delay (ID) and Combustion Delay 
(CD), as seen in Table 6, were applied over the combustion 
vibrations produced by each fuel, shown in Figures 17-19.  

 

  
Figure 16. NVH Instrumentation on CVCC 

 
From the assessment of the combustion vibrations produced 

by F-24, S8 and IPK it was verified that the greatest duration of 
ID and CD occurred within the combustion of IPK. Specifically, 
the ID of IPK was 18.47% longer than F-24 and 15.21% longer 
than S8. The difference seen in the CD of IPK compared to F-24 
and S8 was far greater. Neat IPK was 176.39% longer in duration 
than F-24 and 282.42% longer in duration than S8. These values 
correlate between the Figures 17-19 and Table 6.   

  
Figure 17. Z Direction Combustion Acceleration with Relation to 

AHRR of neat F-24 
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Figure 18. Z Direction Combustion Acceleration with Relation to 

AHRR of neat IPK 

 
Figure 19. Z Direction Combustion Acceleration with Relation to 

AHRR of neat S8 

 
Figure 20. Vibrations Pattern during HTHR of F-24 

More importantly, the vibrations during the HTHR region in 
each of the Figures 17-19 have a repeating trend that is the same 
across all the researched fuels, this can be seen in detail in Figure 
20. In general, the vibrations produced during HTHR have the 
lowest values.  

 
Conclusion 
 

Research was conducted in a CVCC to investigate the 
autoignition quality and combustion properties of blends of two 
Sustainable Aviation Fuels (SAF), IPK and S8 to determine a 
surrogate fuel for F-24. The thermophysical properties of the 
neat fuels were also determined to gain a wider perspective on 
their combustion characteristics. Neat IPK was found to have a 
higher Lower Heating Value. 

A spray analysis was conducted using a He-Ne laser 
utilizing Mie scattering theory and Fraunhofer assumptions. It 
was observed that neat IPK had the smallest SMD and 
distribution for 10%, 50% and 90% of the spray and was 
observed to have the most favorable thermal-physical properties 
of the neat fuels; however, the large CD significantly reduced the 
DCN of IPK. 

The pressure curves during combustion of 52IPK 48S8, 
51IPK 49S8 and 50IPK 50S8 were observed to closely overlap 
with that of neat F-24. The influence of IPK in the blends was 
observed to decrease peak pressure ringing and correspond to 
greater combustion stability. 

During the peak of the AHRR curve, 50IPK 50S8 had the 
closest matching max values to F-24, while 51IPK 49S8 was 
observed to more closely follow the AHRR trend of F-24.  

The LTHR analysis of F-24 could not be reproduced using 
the surrogate fuels, as the influence of IPK in the blend was seen 
to extend the NTC region due to its greater ID and CD values. 
This is in contrast to that of the other fuels. The surrogate blend 
50IPK 50S8 was observed to have the lowest percent difference 
during the duration of LTHR when compared to F-24 and 52IPK 
48S8 was found to have the lowest percent difference in energy 
release during LTHR compared to F-24. It was learned that the 
influence of S8 in the fuels decreased the duration of the LTHR 
and the presence of IPK in the blend increases the NTC region. 
The cool flame region for F-24 is longer in duration than that of 
S8, while the NTC region is slightly shorter. Additionally, the 
cool flame formation of F-24 was observed to have periods of 
ignition and quenching of about 0.5ms. The 25% blends were 
very far from the F-24 target in terms of combustion properties. 

During the NVH analysis of the combustion of the neat fuels 
in the CVCC it was found that the ID, CD and HTHR have an 
influence on vibrations occurring during combustion and 
subsequent ringing. Vibrations occurring during HTHR had a 
recurring pattern across the neat fuels. Additionally, the 
vibrations were observed to be lower during HTHR. From the 
NVH analysis it can be observed that neat S8 had the most 
violent start of combustion of the three neat fuels, resulting in the 
highest acceleration values in the combustion chamber. 
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