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Abstract: This study investigates the effects of blending JP8 fuel with conventional diesel on engine performance, combustion 
characteristics, and exhaust emissions in a single-cylinder, four-stroke, direct-injection diesel engine. Tests were conducted at 
1800 rpm under five torque loads (0, 8, 16, 24, and 32 Nm) using three fuel types: pure diesel, 90% diesel–10% JP8 (90D10JP8), 
and 70% diesel–30% JP8 (70D30JP8). Results showed that at low loads (8 Nm), JP8 blends exhibited higher BSFC values (e.g., 
404.1 g/kWh for 70D30JP8 vs. 376.4 g/kWh for diesel) and lower BTE (20.54% vs. 21.89%), consistent with prior findings on 
JP8’s lower cetane number and volatility. However, at full load (32 Nm), both JP8 blends achieved better BSFC (249.19 g/kWh 
for 70D30JP8 vs. 277.96 g/kWh for diesel) and higher BTE (33.31% vs. 29.64%), indicating improved combustion under high 
thermal loads—a trend also observed in studies on kerosene-based blends enhancing atomization at elevated temperatures. 
Combustion analysis revealed that JP8 blends delayed ignition (e.g., CA10 at -2.29°CA for 70D30JP8 vs. -3.20°CA for diesel) and 
prolonged combustion duration at mid-loads (26.68 CAD for 70D30JP8 at 16 Nm vs. 23.93 CAD for diesel), in line with literature 
describing increased premixed fractions due to lower cetane number. Despite this, maximum in-cylinder pressure surpassed 
diesel at 16 Nm (76.88 bar for 70D30JP8 vs. 72.76 bar for diesel), indicating stronger premixed combustion. Emission results 
confirmed CO reductions at full load for JP8 blends (0.402% vs. 0.834% for diesel) and notable soot suppression at mid-
loads (e.g., at 24 Nm: 0.46% for 70D30JP8 vs. 8.57% for diesel), consistent with JP8’s lower aromatic content. However, NOx 
emissions increased at mid-to-high loads (e.g., at 32 Nm: 999 ppm for 70D30JP8 vs. 930 ppm for diesel), highlighting a trade-
off due to higher local combustion temperatures. Overall, this study expands existing knowledge by providing a detailed, load-
dependent evaluation of JP8–diesel blends, showing that blends—particularly at 30% JP8 can achieve comparable or superior 
performance at high loads while reducing CO and soot emissions, although NOx mitigation strategies remain essential for 
practical application.

Keywords: JP8, diesel engine, performance, emissions, combustion

1.	 Introduction

Jet Propellant 8 (JP8) is a multi-purpose military avi-
ation fuel that has emerged as a critical component in 
modern defense logistics due to its adaptability, avail-
ability, and performance characteristics [1]. Originally 
developed to replace the more volatile JP-4, JP8 has 
become the standard fuel for NATO forces and is ex-
tensively used by the United States military in aircraft, 
ground vehicles, and even heating systems. [2–4] Its for-
mulation emphasizes safety [5], thermal stability, and 
multi-platform applicability, positioning it as a strategic 

energy resource with growing interest in civilian sec-
tors as well[6]. JP8 is produced through the refinement 
of crude oil, but its adaptability allows it to be synthe-
sized from alternative feedstocks, including natural gas 
via gas-to-liquid (GTL) technologies, biomass through 
Fischer-Tropsch processes, and even from waste plas-
tics or coal-based liquefaction routes[7]. This diversity 
in sourcing not only provides logistical security during 
military operations but also aligns with global efforts to 
develop more resilient fuel supply chains[8,9]. Its chem-
ical structure consists mainly of kerosene-range hydro-
carbons, paraffins, naphthenes, and aromatics, which 
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offer balanced combustion and volatility characteristics 
[10,11]. Typical properties include a density of approx-
imately 775–840 kg/m³, a cetane number in the range 
of 40–45, and a lower heating value (LHV) of ~43 MJ/
kg. These parameters make it suitable for compression 
ignition engines, albeit with performance trade-offs 
compared to standard diesel fuel[12]. The effects of JP8 
on diesel engine performance and emissions are due to 
differences in the physical and chemical properties of 
the fuel [13]. In general, there may be minor losses in 
torque and fuel economy when JP8 is used in a diesel 
engine, but there is potential for reduced particulate 
matter (PM) and NOx emissions[14]. Due to the lower 
density and viscosity of JP8, torque and fuel economy 
may be reduced compared to a diesel engine. However, 
these losses can be compensated for by increasing the 
injection duration and similar performance to diesel 
fuel can be achieved [15]. The lower cetane number of 
JP8 increases ignition delay and causes more premixed 
combustion. This changes the combustion characteris-
tics of the engine [16,17]. Blends of JP8 and biodiesel 
can be used without a significant loss of engine perfor-
mance. When using the optimum blend ratios, engine 
efficiency and performance can be maintained [18]. 
Use of JP8 reduces NOx and particulate matter emis-
sions under most conditions, especially when used in 
conjunction with exhaust gas recirculation (EGR) and 
multiple injection strategies [19,20]. JP8 tends to re-
duce smoke and CO emissions, but under some condi-
tions, increased HC (hydrocarbon) and CO emissions 
may be observed [21–24]. In JP8 and biodiesel blends, 
NOx emissions increase while CO emissions decrease. 
Smoke and total hydrocarbon emissions vary depend-
ing on the blend ratio [14]  From an environmental 
standpoint, JP8 shows potential benefits. Previous 
studies have demonstrated its ability to reduce partic-
ulate matter (PM) and smoke emissions, largely due to 
its lower aromatic content and higher hydrogen-to-car-
bon ratio compared to diesel. The application of JP8 in 
diesel engines has been associated with reductions in 
soot, CO, and unburned hydrocarbons under certain 
conditions, especially when optimized through engine 
calibration strategies such as advanced injection tim-
ing or the use of exhaust gas recirculation (EGR). Fer-
nandes et al. (2007) observed significant reductions in 
soot formation when JP8 was used in a heavy-duty die-
sel engine, although NOx emissions required additional 
control measures such as selective catalytic reduction 
(SCR)[25]. Despite these advantages, using JP8 in con-
ventional diesel engines poses some challenges. Its low-
er viscosity and density may result in suboptimal fuel 
injection patterns, especially in mechanical injection 
systems, leading to decreased atomization and air–fuel 
mixing[26]. Additionally, prolonged exposure to JP8 
may affect lubricity-sensitive components in the fuel 
system, such as injector tips and pump seals, necessitat-
ing either fuel system redesign or the addition of lubric-
ity-enhancing additives[27]. Another factor influencing 
the combustion behavior of JP8 is its complex distilla-
tion range and evaporation characteristics. These attri-
butes can affect cold start performance and transient 

response, particularly under low ambient tempera-
tures. For this reason, JP8 is not commonly used as a 
direct replacement in civilian vehicles without engine 
modification or calibration. However, its use in blend-
ed form—particularly with diesel or biodiesel—has 
emerged as a practical strategy to combine the benefits 
of both fuels. Such blends allow leveraging JP8’s volatil-
ity and cleaner combustion potential while maintaining 
the favorable ignition properties and energy density of 
diesel. Numerous experimental studies have investigat-
ed the effects of JP8–diesel blends on engine behavior. 
Uyumaz et al. (2014) conducted combustion and emis-
sion measurements in a single-cylinder direct injection 
diesel engine using JP8-biodiesel blends and reported a 
trade-off between NOx and soot emissions[28]. Tsanakt-
sidis et al. (2014) explored ternary blends involving JP8, 
diesel, and biodiesel and emphasized improvements in 
storage stability and volatility profiles. These studies 
generally confirm that moderate ratios of JP8 (e.g., 10–
30%) can be successfully incorporated into diesel fuel 
without significant degradation in engine performance, 
provided appropriate control strategies are applied 
[29]. A notable feature of JP8-diesel blends is their im-
pact on combustion phasing. The ignition delay caused 
by JP8 can alter the crank angle at which key combus-
tion events—such as 10%, 50%, and 90% cumulative 
heat release—occur. These shifts influence both the 
efficiency and emissions of the engine. For instance, a 
delay in CA50 (crank angle at 50% heat release) may 
reduce thermal efficiency, while a wider combustion du-
ration (from CA10 to CA90) could enhance soot oxida-
tion under high-temperature conditions. Understand-
ing these dynamics is essential for calibrating engines 
to exploit the full potential of JP8-based fuels[14]. Be-
yond conventional energy-based assessments, exergy 
and second-law analyses offer deeper insights into the 
thermodynamic performance of fuel-blend combustion 
systems. Recent studies have demonstrated the value 
of exergy-based optimization in integrated energy sys-
tems [30–35], suggesting that similar approaches could 
be applied to evaluate diesel–JP8 blends, optimize com-
bustion strategies, and minimize irreversibilities.

Moreover, the suitability of JP8-diesel blends under 
varying engine load conditions remains an area of on-
going research. Most studies have focused on either 
full-load or low-load steady-state operations, with lim-
ited data available for intermediate load ranges where 
modern engines often operate. Mid-load conditions are 
particularly relevant for optimizing fuel consumption 
and emissions in real-world driving cycles. Under such 
regimes, the volatility and combustion reactivity of JP8 
become more influential, possibly offering improved 
premixed combustion behavior and enhanced heat re-
lease characteristics. In the context of modern emission 
regulations and alternative fuel strategies, JP8-diesel 
blends present both a challenge and an opportunity. On 
one hand, their usage requires careful attention to fuel 
system compatibility, combustion optimization, and 
after-treatment integration. On the other, they offer a 
pathway to fuel standardization across military and ci-
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vilian fleets, reduced dependency on petroleum-based 
diesel, and alignment with net-zero emission goals 
when derived from renewable feedstocks.

Despite its promising attributes, the literature lacks a 
comprehensive and systematic evaluation of JP8–die-
sel blends under multi-load conditions in a controlled 
laboratory environment. Specifically, there is a scarci-
ty of experimental studies detailing how JP8 influenc-
es in-cylinder pressure development, heat release rate 
(HRR) behavior, combustion phasing (e.g., CA10, CA50, 
CA90), and cumulative heat release trends across var-
ious loads. Moreover, there is limited clarity on how 
these combustion dynamics translate into real-world 
engine performance metrics such as brake thermal 
efficiency (BTE), brake specific fuel consumption 
(BSFC), and regulated emissions (NOx, CO, HC, soot, 
CO₂). Therefore, the main purpose of this study is to 
experimentally investigate the feasibility of using JP8–
diesel blends as alternative fuels in compression igni-
tion engines by evaluating their effects on combustion 
behavior, performance characteristics, and emission 
profiles under various engine loads. The experimental 
work is conducted using a single-cylinder, four-stroke, 
air-cooled diesel engine operating at a constant speed 
of 1800 rpm under five distinct torque loads (0, 8, 16, 
24, and 32 Nm). By comparing two JP8-diesel blend ra-
tios (10% and 30%) with pure diesel, this study aims 
to bridge the aforementioned knowledge gap and pro-
vide practical insights into the optimization of alterna-
tive fuel strategies for both military and civilian engine 
platforms.

2.	Materials and Methods

The experimental work was conducted in the Engine 
Test and Simulation Laboratory of Sakarya Universi-
ty of Applied Sciences, Arifiye Vocational School. The 
engine used for the tests was a single-cylinder, four-
stroke, air-cooled, direct-injection diesel engine, mod-
el Antor 3LD510. ▶Table 1 provides detailed technical 
specifications of the engine.

Table 1. Technical specifications of the test engine 

Properties Value/Description

Model Antor 3LD510

Cylinder Number 1

Cooling Type Air Cooling

Bore × Stroke  85 × 90 (mm × mm)

Total Cylinder Volume 510 (cm3)

Maximum Power 12.0 HP (9.0 kW) @ 3000 RPM

Maximum Torque 32.8 Nm @1800 RPM

Compression Ratio 17.5:1

Maximum Speed 3000 RPM
 

In this study, all tests were performed at a constant en-
gine speed of 1800 rpm, corresponding to the speed at 
which the engine generates its maximum torque. En-
gine loads were applied at five discrete torque values: 
0 Nm, 8 Nm, 16 Nm, 24 Nm, and 32 Nm. The engine 
was first operated using conventional diesel fuel to ob-
tain baseline data. Subsequently, two fuel blends—90% 
diesel + 10% JP8 (90D10JP8) and 70% diesel + 30% 
JP8 (70D30JP8) were tested under identical operating 
conditions. Three fuels were injected via the main di-
rect-injection system. All performance and emission 
measurements reported represent averages from at 
least two repeated trials at each operating condition to 
ensure repeatability. Standard deviations were calcu-
lated and will be included as error bars in all revised 
plots.

A 15 kW DC electric dynamometer (KEMSAN brand) 
was used for applying engine load. Torque measure-
ments were obtained using an “S-type” load cell in-
tegrated with the dynamometer system. Fuel con-
sumption was quantified by recording the mass of fuel 
consumed over a 60-second interval using a high-preci-
sion balance and a stopwatch. Each measurement point 
was repeated at least twice to ensure repeatability and 
reliability.

In-cylinder pressure data were collected using an AVL 
GH14P piezoelectric pressure sensor installed on the 
engine cylinder head. The pressure signals were ampli-
fied through an AVL charge amplifier and transferred 
to the AVL Indi-Com combustion analysis system. 
Crank angle information was measured with an AVL 
crank encoder and synchronized with pressure data for 
combustion analysis. The pressure data were filtered 
using a fourth-order digital filter to remove high-fre-
quency noise and improve signal quality.

Exhaust gas temperature was monitored with a K-type 
thermocouple mounted on the exhaust manifold. Emis-
sions of CO, CO₂, HC, NOx, and O₂ were analysed using 
a BILSA MOD 2210 WINXP-K gas analyser. The mea-
surement range and precision of this device are listed 
in ▶Table 2.

Table 2. Technical Specifications of Emission Measuring Device 

Parameter Measurement Limit Sensitivity

CO 0 - 10% 0.01%

CO2 0 - 20% 0.01%

HC 0 - 10000 ppm 1 ppm

O2 0 - 25% 0.01%

NOx 0 - 5000 ppm 1 ppm

Lambda 0 - 5 0.001

  

Throughout the experiments, injection timing and fuel 
quantity were kept constant, with only fuel type var-
ied. Engine speed was continuously monitored with a 
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tachometer linked to the dynamometer system. Dyna-
mometer load and engine throttle position were con-
trolled via an integrated panel. The overall experimen-
tal setup is shown schematically in ▶Figure 1.

The key physical and chemical properties of JP8 fuel 
compared to conventional diesel are summarized in 
▶Table 3. These differences play a significant role in 
fuel behavior, combustion dynamics, and emission 
characteristics. JP8 exhibits a lower density (approxi-
mately 775–840 kg/m³) than diesel (820–860 kg/m³), 
which can influence fuel injection quantity and combus-
tion energy output. Additionally, JP8 has a significantly 
lower viscosity (1.25–1.90 mm²/s at 40°C) compared to 
diesel (1.9–4.1 mm²/s), which facilitates better atomiza-
tion and vaporization but may pose long-term durabili-
ty concerns for fuel system components due to reduced 
lubricity. JP8 also has a lower cetane number (typically 
40–45) than diesel (45–55), which contributes to lon-
ger ignition delay and a greater premixed combustion 
phase. This altered combustion phasing may result in 
higher pressure rise rates and increased formation of 
NOx and HC emissions under certain conditions. De-
spite this, the lower aromatic content of JP8 (<25% 
compared to <35% in diesel) promotes cleaner com-
bustion and contributes to reduced soot formation, par-
ticularly under medium-load operation. Furthermore, 
JP8’s flash point is approximately ≥38°C, which is lower 
than that of diesel (≥55°C), making it more volatile and 
easier to ignite, although it requires careful handling 
in storage and transport. Interestingly, both fuels offer 

comparable lower heating values, with JP8 around 43.2 
MJ/kg and diesel ranging from 42.5 to 43.0 MJ/kg, 
suggesting that JP8 can deliver similar energy content 
per unit mass when properly combusted. These prop-
erties collectively affect engine calibration, combustion 
efficiency, and emission profiles, which are thoroughly 
evaluated in the present study under different load con-
ditions.

Table 3. Physical and chemical properties of Jet Propellant 8 (JP8) 
fuel 

Property JP8 Fuel Diesel Fuel

Density @15°C (kg/m³) ~775–840	 ~820–860

Viscosity @40°C (mm²/s) 1.25–1.90 1.9–4.1

Cetane Number 40–45	 45–55

Lower Heating Value ~43.2	 ~42.5–43.0

Flash Point (°C) ≥ 38	 ≥ 55

Aromatic Content (%) < 25	 < 35
 

2.1. Uncertainty Analysis

To ensure the reliability and validity of the experimen-
tal results, an uncertainty analysis was conducted for 
the measured key parameters including torque, fuel 
consumption, in-cylinder pressure, and exhaust emis-
sions. Both systematic and random uncertainties were 
taken into account, and the total uncertainty for each 
measurement was estimated using the root sum square 

Figure 1. Experimental test setup

European Mechanical Science (2025), 9(3)

Combustion behaviour and emission trends of diesel–jp8 blends in a single-cylinder diesel engine

266 https://doi.org/10.26701/ems.1697763



(RSS) method as specified in the Kline and McClintock 
approach.

The measurement uncertainty of the torque measure-
ments obtained from the S-type load cell integrated into 
the dynamometer system is ±0.1 Nm. Fuel consumption 
was measured gravimetrically over a 60-second inter-
val using a high-precision balance with a resolution of 
0.01 g, and the overall uncertainty in the fuel mass flow 
rate was estimated as ±0.5%.

The in-cylinder pressure was measured using an AVL 
GH14P piezoelectric pressure sensor with a sensitivi-
ty of 0.1 pC/bar and an accuracy of ±1%, and data ac-
quisition was synchronized with the crank angle via a 
high-resolution AVL crank encoder. Although the sig-
nal was digitally filtered to reduce noise, a residual un-
certainty of ±1.5% was taken into account in the pres-
sure measurements.

For exhaust emissions, a BILSA MOD 2210 WINXP-K 
gas analyzer was used with instrument-specific accu-
racies listed in ▶Table 2. Based on the manufacturer’s 
calibration specifications and repeatability trials, the 
measurement uncertainties were ±0.01% for CO and 
CO₂, ±1 ppm for NOx and HC, and ±0.01% for O₂.

The combined uncertainties for derived performance 
parameters, such as Brake Thermal Efficiency (BTE) 
and Brake Specific Fuel Consumption (BSFC), were 
propagated using standard error propagation formu-
las that accounted for both torque and fuel mass flow 
uncertainties. The estimated uncertainty in BTE was 
±1.2%, while the uncertainty in BSFC was ±1.5%.

To increase repeatability, all experimental points were 
repeated at least twice, and the standard deviations 
of the repeated measurements were within acceptable 
limits (<3%).

This methodological framework was applied to evaluate 
the impact of JP8–diesel fuel blends on engine perfor-
mance, combustion behaviour, fuel consumption, and 
emission characteristics under varying load conditions.

3.	Results and Discussions

In this section, the performance, combustion, and emis-
sion characteristics of pure diesel and JP8-diesel fuel 
blends (90D10JP8 and 70D30JP8) were comparatively 
evaluated under different engine load conditions. The 
experimental results were analysed in terms of brake 
thermal efficiency, fuel consumption, combustion phas-
ing, in-cylinder pressure parameters, and pollutant 
emissions to assess the feasibility of using JP8 as a die-
sel substitute in compression ignition engines.

3.1.  Engine Performance Indicators

▶Figure 2 presents the variation of brake specific fuel 

consumption (BSFC) under different engine load con-
ditions for pure diesel, 90D10JP8, and 70D30JP8 
blends. BSFC shows an inverse relationship with load 
across all fuels, decreasing as load increases due to im-
proved combustion efficiency and reduced frictional 
losses. At 8 Nm, BSFC was highest: 376.4 g/kWh for 
diesel, 401.0 g/kWh for 90D10JP8, and 404.1 g/kWh 
for 70D30JP8, reflecting incomplete combustion and 
higher heat losses, especially for JP8 blends with lower 
cetane number. At 16 Nm, BSFC dropped notably, with 
diesel at 268.2 g/kWh, 70D30JP8 at 288.8 g/kWh, and 
90D10JP8 at 299.4 g/kWh, indicating slightly reduced 
fuel economy with higher JP8 content. At high loads 
(24 Nm and 32 Nm), JP8 blends achieved BSFC values 
comparable to or better than diesel. Notably, at 32 Nm, 
BSFC was 277.96 g/kWh for diesel, 252.76 g/kWh for 
90D10JP8, and 249.19 g/kWh for 70D30JP8. This im-
provement is attributed to enhanced air–fuel mixing, 
combustion stability, and better atomization at higher 
temperatures, suggesting JP8 blends can offer competi-
tive fuel economy under high-load conditions. [36].
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Figure 2. Variation of BSFC with engine load for different fuel types

▶Figure 3 illustrates the variation of brake ther-
mal efficiency (BTE) with engine load for pure diesel, 
90D10JP8, and 70D30JP8 blends. BTE increased with 
load for all fuels due to improved combustion stabili-
ty, higher in-cylinder temperatures, and reduced heat 
losses. At 8 Nm, BTE was lowest, with diesel at 21.89%, 
and slightly lower values for 90D10JP8 (20.59%) and 
70D30JP8 (20.54%), reflecting their lower cetane num-
ber and energy content. At 16 Nm, diesel showed the 
highest BTE at 30.71%, while JP8 blends had mildly 
reduced efficiencies. However, at higher loads (24 Nm 
and 32 Nm), JP8 blends outperformed diesel. At 
32 Nm, diesel achieved 29.64%, while 90D10JP8 and 
70D30JP8 reached 32.67% and 33.31%, respectively. 
This improved high-load performance is attributed to 
better atomization and mixing of JP8 blends at elevated 
temperatures, suggesting their suitability for high-load 
diesel engine applications where thermal efficiency is 
critical. [36].
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Figure 3. Variation of BTE with engine load for different fuel types.

3.2. Combustion Parameters

In ▶Figure 4, the in-cylinder pressure, heat release rate 
and cumulative heat release values of the test fuels at 
0, 8, 16, 24, and 32 Nm engine loads are shown graphi-
cally. As a general trend, it is seen that pure diesel fuel 
produces higher in-cylinder pressure values compared 
to JP8-added fuels as the load increases. This is thought 
to be due to the lower cetane number and lower energy 
content of JP8 compared to pure diesel. However, at 16 
Nm load, JP8 blend produces higher maximum in-cyl-
inder pressure compared to pure diesel, in addition to 
higher heat release rate and cumulative heat release val-
ues. These results show that JP8 blend provides perfor-
mance improvement at medium engine load. At 16 Nm 
load, a significant increase is observed in Pmax, MPRR 
and IMEP values with 10% and 30% JP8 blend. It is 
observed that it provides a significant decrease in HC 
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Figure 4. Changes in in-cylinder pressure, heat release and cumulative heat release of JP 8 blend at different loads
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emissions. These results show that JP8 blend improves 
combustion at 16 Nm load. This improvement is proba-
bly due to improved fuel-air mixing and increased vol-
atility of the JP8 mixture at moderate load conditions, 
which promotes more uniform combustion. The lower 
cetane number of JP8 slightly delayed ignition. An ex-
amination of the CA90 plot shows that combustion is 
delayed by the JP8 blend. The JP8 blend allows better 
premixing before combustion begins. This results in 
a rapid and intense combustion phase when ignition 
occurs, contributing to more complete combustion – 
hence the reduction in HC emissions. These effects are 
evident at 16 Nm load, indicating that JP8 exhibits fa-
vourable combustion kinetics under moderate in-cylin-
der pressure and temperature conditions.

▶Figure 5 displays the crank angle at 10% cumulative 
heat release (CA10), a key indicator of combustion start. 
CA10 marks the crank position where the first signif-
icant portion of fuel energy is released, helping eval-
uate ignition characteristics. Across all tested loads, 
JP8-containing blends (90D10JP8 and 70D30JP8) gen-
erally showed slightly advanced CA10 values compared 
to pure diesel. For instance, at 0 Nm, diesel ignited at 
-3.20°CA, while 90D10JP8 and 70D30JP8 ignited at 
-2.52°CA and -2.29°CA, respectively. This behavior 
suggests that the lower cetane number and higher vol-
atility of JP8 promote longer ignition delays, enabling 
better air–fuel premixing before ignition. As a result, 
combustion starts slightly earlier relative to TDC once 
ignition begins. This trend of advanced CA10 for JP8 
blends remained consistent up to mid-loads. At 24 Nm, 
diesel showed -3.53°CA, while the blends had slightly 
less advanced values of -3.14°CA and -2.98°CA, indicat-
ing the differences narrowed somewhat with load. At 
the highest load (32 Nm), CA10 values for all fuels con-
verged closely (around -2.7°CA), suggesting that under 
high-pressure, high-temperature conditions, the influ-
ence of fuel type on ignition timing diminishes. These 
results highlight that while JP8 blends slightly modify 
combustion phasing at low and mid-loads, their effect 
becomes negligible at full load where in-cylinder con-
ditions dominate ignition behavior. Across all operat-
ing conditions, CA10 values for JP8-containing blends 
(90D10JP8 and 70D30JP8) occurred earlier (i.e., closer 
to top dead center) than those of pure diesel fuel. This 
behavior is attributed to JP8’s lower cetane number and 
higher volatility, which extend the ignition delay, allow-
ing for more premixed combustion. As a result, once 
ignition begins, combustion proceeds rapidly. However, 
the shift in CA10 remains moderate, indicating that the 
blend ratios used do not dominate the ignition behavior 
entirely [37].

▶Figure 6 illustrates the crank angle at which 50% of 
the total heat release occurs (CA50), a key metric for 
combustion phasing and engine efficiency. Optimal 
CA50 values generally lie between 5–10° TDC to bal-
ance efficiency and knocking risk. At low engine loads 
(0 and 8 Nm), diesel exhibited earlier combustion 
phasing than the JP8 blends. For example, at 0 Nm, 

diesel’s CA50 was around -0.27°CA, while 90D10JP8 
and 70D30JP8 showed delayed phasing at 1.06°CA and 
1.43°CA, respectively. This delay reflects the longer ig-
nition delay of JP8-containing fuels due to their lower 
cetane number. As load increased to 16 Nm, CA50 val-
ues for all fuels moved closer to the optimal range. Die-
sel reached 1.70°CA, while JP8 blends recorded slightly 
later phasing at 3.11°CA and 2.87°CA. This moderate 
delay in the blends is consistent with their ignition char-
acteristics but still acceptable for efficient operation. At 
higher loads (24 Nm and 32 Nm), differences between 
fuels narrowed further. For instance, at 24 Nm, diesel 
reached 6.96°CA, while JP8 blends were nearly identi-
cal at 7.02°CA and 6.78°CA. At full load (32 Nm), die-
sel peaked at 10.17°CA, with JP8 blends close behind 
around 9.47°CA. These results indicate that while JP8 
blends cause slight delays in combustion phasing at 
low loads, their effect diminishes significantly as load 
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increases. At medium-to-high loads, all fuels achieve 
CA50 values within the ideal window, demonstrating 
that JP8–diesel blends can maintain efficient and stable 
combustion phasing suitable for practical diesel engine 
applications under higher load conditions.

▶Figure 7 presents the variation of CA90, represent-
ing the crank angle at which 90% of the fuel’s heat is 
released—a key indicator of combustion duration and 
completeness. At low loads (0 Nm), diesel showed earli-
er combustion completion (12.56°CA) compared to JP8 
blends (14.27°CA and 14.46°CA), indicating slightly 
longer combustion durations for the blends due to their 
lower cetane number and delayed ignition. As load in-
creased to 16 Nm, this trend continued, with diesel at 
20.13°CA and JP8 blends showing higher CA90 values 
of 22.96°CA and 23.80°CA, suggesting combustion ex-
tended further into the expansion stroke, potentially 
impacting thermal efficiency. However, at higher loads 
(24 and 32 Nm), differences between fuels narrowed 
significantly. At 24 Nm, CA90 values clustered around 
34–35°CA, and at 32 Nm, diesel reached 43.95°CA 
while JP8 blends were only slightly lower (~42.2–
42.7°CA). This convergence at high loads is likely due 
to improved in-cylinder conditions that promote faster 
oxidation regardless of fuel blend. Overall, JP8 blends 
slightly prolong combustion at low and mid loads, but 
this effect becomes negligible at high loads, supporting 
their suitability for applications with variable load de-
mands.
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▶Figure 8 shows the variation of maximum in-cylinder 
pressure (Pmax) across engine loads for diesel, 90D10JP8, 
and 70D30JP8 fuels. Pmax is a key indicator of combus-
tion intensity and fuel reactivity. At idle (0 Nm), die-
sel recorded 59.47 bar, while JP8 blends were slightly 
lower (~57.3 bar), consistent with their delayed ignition 
and lower heat release. At 8 Nm, Pmax increased for all 
fuels, with values ranging from 68.01 bar (diesel) to 
69.08 bar (70D30JP8). Notably, at 16 Nm, JP8 blends 

surpassed diesel, with 70D30JP8 reaching 76.88 bar 
versus diesel’s 72.76 bar, indicating enhanced premixed 
combustion from longer ignition delays. At 24 Nm, dif-
ferences narrowed further, with all fuels around 73 bar, 
reflecting the dominant effect of in-cylinder conditions 
over fuel properties. At full load (32 Nm), Pmax values 
converged even more closely (~72 bar for all), suggest-
ing minimal impact of blend ratio at high loads. Over-
all, while diesel maintained slightly lower pressures 
at mid-to-high loads, JP8 blends especially 70D30JP8 
demonstrated comparable or higher peak pressures, 
highlighting their potential for efficient combustion un-
der moderate and high loading conditions.
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▶Figure 9 shows the variation of maximum pressure 
rise rate (MPRR) with engine load for diesel and JP8 
blends. MPRR reflects how quickly in-cylinder pressure 
rises during combustion—a key indicator of premixed 
combustion intensity and potential knocking risk. At 
0 Nm, MPRR values were moderate and similar across 
fuels: diesel at 9.07 bar/deg, with JP8 blends slightly 
lower (8.20–8.96 bar/deg), suggesting stable, low-load 
combustion. As load increased to 8 Nm, MPRR rose 
sharply, especially for JP8 blends. 70D30JP8 recorded 
14.22 bar/deg versus 13.80 bar/deg for diesel, indicat-
ing stronger premixed combustion due to ignition delay. 
At 16 Nm, MPRR peaked for all fuels, with 70D30JP8 
at 16.81 bar/deg, 90D10JP8 at 16.25 bar/deg, and die-
sel at 15.32 bar/deg. This reflects the most intense pre-
mixed combustion phase, particularly for higher JP8 
ratios. Beyond 16 Nm, MPRR declined across all fu-
els as combustion shifted toward diffusion-controlled 
modes. At 32 Nm, values dropped to around 10 bar/deg, 
with diesel showing the lowest at 8.87 bar/deg. Overall, 
JP8 blends increase MPRR under mid-load conditions, 
enhancing combustion efficiency but also posing poten-
tial mechanical stress risks that should be considered 
in engine calibration.

▶Figure 10 shows the effect of engine load on combustion 
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duration for diesel and JP8-diesel blends (90D10JP8 
and 70D30JP8). Combustion duration, defined as the 
crank angle interval between CA10 and CA90, indi-
cates how smoothly and efficiently combustion pro-
gresses. For all fuels, combustion duration increased 
with engine load. At low loads (0–8 Nm), durations were 
relatively short due to lower fuel mass and combustion 
intensity. At 0 Nm, diesel recorded 15.76 CAD, while 
JP8 blends were slightly longer (~16.8 CAD), reflecting 
delayed ignition and slower flame propagation from 
lower cetane number. At 16 Nm, differences became 
clearer: diesel reached 23.93 CAD, while JP8 blends 
extended to ~26–27 CAD, indicating a larger premixed 
combustion fraction and delayed phasing. At higher 
loads (24 and 32 Nm), combustion duration increased 
substantially for all fuels, but differences narrowed. For 
example, at 32 Nm, diesel reached 46.68 CAD, with JP8 
blends close behind (~44.8–45.4 CAD), suggesting that 
elevated in-cylinder conditions mitigated delay effects. 
Overall, JP8 blends slightly increase combustion dura-
tion across loads due to delayed ignition, but this im-
pact lessens at high loads where combustion conditions 
promote better fuel oxidation. These results align with 
trends observed in CA50, CA90, and MPRR analyses, 
highlighting greater sensitivity of JP8 combustion dy-
namics at low and mid-loads [38].

▶Figure 11 illustrates the variation of indicated mean 
effective pressure (IMEP) for diesel and JP8-diesel 
blends across engine loads. IMEP reflects the engine’s 
ability to convert combustion energy into work, with 
values here averaged over 200 cycles for accuracy. At 
0 Nm, IMEP was lowest for all fuels due to minimal 
fuel input: diesel at 1.869 bar, with JP8 blends slight-
ly lower (~1.76–1.81 bar), showing little variation at 
idle. As load increased to 8 Nm, IMEP rose according-
ly, with 70D30JP8 slightly exceeding diesel (3.43 bar 
vs. 3.32 bar), suggesting slightly stronger combustion. 
At 16 Nm, JP8 blends showed notably higher IMEP 

(5.12–5.13 bar) than diesel (4.38 bar), consistent with 
stronger premixed combustion phases observed in Pmax 
and MPRR trends. At higher loads (24 and 32 Nm), dif-
ferences among fuels narrowed significantly. For exam-
ple, at 32 Nm, diesel reached 7.43 bar, while JP8 blends 
were close behind (~7.26–7.33 bar), indicating reduced 
sensitivity to fuel type under high thermal conditions. 
Overall, these results confirm that JP8-diesel blends 
can deliver comparable or even slightly higher com-
bustion effectiveness at low-to-mid loads, with perfor-
mance differences becoming negligible at full load [37].
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3.3. Emissions Trends

▶Figure 12 shows CO₂ emissions for diesel and JP8-die-
sel blends (90D10JP8 and 70D30JP8) across varying 
engine loads. As a primary product of complete com-
bustion, CO₂ emissions generally rise with load due to 
increased fuel consumption. At 0 Nm, CO₂ levels were 
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low and similar: diesel and 70D30JP8 at 1.933%, and 
90D10JP8 slightly lower at 1.787%, reflecting minimal 
combustion at idle. At 8 Nm, emissions rose modest-
ly, with diesel at 3.42% and JP8 blends close behind 
(~3.30–3.46%), suggesting good combustion complete-
ness. At 16 Nm, differences became clearer: diesel at 
4.78%, while 90D10JP8 and 70D30JP8 were higher 
(5.41% and 5.22%), indicating better air–fuel mixing 
and more complete combustion from the JP8 blends. At 
higher loads (24 Nm and 32 Nm), CO₂ emissions peak-
ed for all fuels, with values converging. For example, 
at 32 Nm, diesel reached 9.49%, while 90D10JP8 and 
70D30JP8 were slightly lower (8.92–9.19%), suggesting 
that at full load, differences in blend composition have 
less impact than the dominant effect of high fuel deliv-
ery and combustion conditions. Overall, CO₂ emissions 
increased with load as expected. JP8 blends showed 
slightly higher emissions at mid-loads, reflecting ef-
ficient combustion, but differences narrowed at high 
loads where fuel quantity and load effects dominated 
[39,40].
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▶Figure 13 shows CO emissions for diesel and JP8-die-
sel blends (90D10JP8 and 70D30JP8) across engine 
loads. CO forms from incomplete combustion, espe-
cially with rich mixtures or low combustion tempera-
tures. At no-load (0 Nm), CO emissions were relatively 
high for all fuels due to poor combustion quality: diesel 
at 0.073%, with slightly higher values for JP8 blends 
(~0.076–0.079%), reflecting low temperatures and 
limited mixing. As load increased to 8 and 16 Nm, CO 
emissions dropped sharply for all fuels, indicating bet-
ter combustion conditions and more complete oxidation 
to CO₂. For example, at 16 Nm, diesel was at 0.020% 
and 70D30JP8 at 0.021%. At 24 Nm, CO emissions rose 
slightly, especially for diesel (0.099%), while JP8 blends 
remained lower (0.065–0.087%). This increase likely 
results from richer local zones at higher injection rates, 
where diesel’s lower volatility limits mixing. At full load 
(32 Nm), the differences became more pronounced: 

diesel emitted 0.834% CO, more than double the JP8 
blends (around 0.40%). This suggests that JP8’s better 
volatility and atomization promote more complete com-
bustion even under demanding conditions. Overall, CO 
emissions were lowest at mid-loads and highest at idle 
and full load. JP8-diesel blends consistently showed 
lower CO at high loads, highlighting their advantage 
in improving combustion completeness under rich, 
high-demand conditions [41,42].
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▶Figure 14 shows the change in unburned hydrocarbon 
(HC) emissions with engine load for diesel and JP8-die-
sel blends (90D10JP8 and 70D30JP8). HC emissions 
arise from incomplete combustion due to poor mixing, 
quenching near cold surfaces, or oxygen deficiency. At 
0 Nm, HC emissions were low for all fuels: diesel at 
18 ppm, with even lower values for JP8 blends (13–
15 ppm), reflecting better volatility and atomization at 
idle. As load increased to 8 and 16 Nm, HC emissions 
rose moderately but remained lower for JP8 blends. At 
16 Nm, diesel emitted 24 ppm, while JP8 blends were 
slightly lower (18–19 ppm), indicating improved pre-
mixed combustion. At 24 Nm, diesel’s HC spiked to 
33 ppm, while JP8 blends stayed lower (~24–25 ppm), 
likely due to better mixing and combustion control. 
However, at full load (32 Nm), the trend reversed: die-
sel dropped to 16 ppm, while JP8 blends increased to 
~28–29 ppm. This rise in HC for JP8 blends at high load 
may result from ignition delay, over-lean zones, or flame 
quenching under high-pressure conditions. Overall, 
JP8 blends reduce HC emissions at low and mid loads 
thanks to improved volatility and mixing, but may lead 
to higher HC at full load where combustion conditions 
become more demanding [43,44].

▶Figure 15 illustrates NOx emissions for diesel and 
JP8-diesel blends (90D10JP8 and 70D30JP8) across 
engine loads. NOx formation depends on combustion 
temperature and oxygen availability, typically increas-
ing with load. At idle (0 Nm), NOx levels were low for 
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all fuels: diesel at 139 ppm, with JP8 blends even low-
er (100–114 ppm) due to cooler combustion and mini-
mal injection. At 8 Nm, emissions rose sharply but re-
mained lower for JP8 blends (405–427 ppm) compared 
to diesel (475 ppm), likely due to delayed ignition and 
slightly cooler peak temperatures. However, at 16 Nm, 
JP8 blends produced higher NOx than diesel (943 ppm 
for 90D10JP8, 885 ppm for 70D30JP8 vs. 813 ppm for 
diesel), reflecting more intense premixed combustion 
and higher local temperatures. This trend continued at 
24 Nm, with all fuels peaking around 1086–1147 ppm. 
At 32 Nm, NOx slightly declined, but JP8 blends re-
mained higher (999–1021 ppm) than diesel (930 ppm), 
likely due to richer zones limiting oxygen but still sus-
taining higher peak temperatures in the JP8 blends. 
Overall, while JP8 blends reduced NOx at low loads, 
they tended to exceed diesel at mid-to-high loads, sug-
gesting the need for strategies like EGR or after-treat-
ment to manage NOx emissions in practical applica-
tions [45].
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fuel blends.

▶Figure 16 illustrates soot emission levels for die-
sel and JP8-diesel blends (90D10JP8 and 70D30JP8) 
across engine loads. Soot forms under rich, low-oxygen 
conditions and is influenced by fuel composition and 
air–fuel mixing. At low loads (0–16 Nm), no detectable 
soot emissions were observed for any fuel, as lean, well-
mixed combustion prevents soot formation. At 24 Nm, 
soot appeared, with diesel showing significantly higher 
emissions (8.57%) compared to much lower levels for 
90D10JP8 (2.62%) and 70D30JP8 (0.46%). This re-
duction is attributed to JP8’s lower aromatic content, 
higher hydrogen-to-carbon ratio, and better volatili-
ty, which promote cleaner combustion and more com-
plete oxidation of soot precursors. However, at full load 
(32 Nm), soot emissions rose for all fuels. Diesel reached 
14.41%, while 90D10JP8 and 70D30JP8 increased to 
21.18% and 16.47%, respectively. Unlike at mid-loads, 
JP8 blends produced more soot than diesel, likely due 
to richer local zones and limited oxygen availability off-
setting their volatility advantages. Overall, JP8-diesel 
blends effectively reduce soot at medium loads but may 
lead to higher emissions under high-load conditions 
where mixture richness and combustion complexity 
dominate [46].
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fuel blends.

4.	Conclusion

In this study, the effects of blending JP8 with conven-
tional diesel fuel on engine performance, combustion 
behaviour, and exhaust emissions were experimen-
tally investigated at different load conditions using a 
single-cylinder compression ignition engine. The main 
findings are summarized as follows:

•	 Brake thermal efficiency (BTE) increased with 
engine load for all fuels. At low load (8 Nm), JP8 
blends showed about 6–7% lower BTE than diesel 
(e.g., diesel at ~21.9% vs. ~20.5% for 70D30JP8), 
but at high load (32 Nm), 70D30JP8 exceeded die-
sel by ~12% (33.31% vs. 29.64%), indicating su-
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perior efficiency due to improved atomization and 
combustion.

•	 Brake specific fuel consumption (BSFC) was 
~7–10% higher for JP8 blends at low and mid loads 
(e.g., 404.1 g/kWh for 70D30JP8 vs. 376.4 g/kWh 
for diesel at 8 Nm), yet at full load (32 Nm), JP8 
blends achieved ~10% lower BSFC (e.g., 249.19 g/
kWh for 70D30JP8 vs. 277.96 g/kWh for diesel), re-
flecting recovered combustion efficiency at elevated 
temperatures.

•	 Combustion analysis showed JP8 blends had de-
layed ignition (CA10 advanced by ~0.7–1°CA), re-
tarded combustion phasing (CA50 ~1–2°CA later 
at mid loads), and ~10–12% longer combustion 
duration (e.g., ~26.7 CAD vs. ~23.9 CAD at 16 Nm). 
These differences diminished at high loads, where 
higher pressures improved ignition characteristics.

•	 Peak in-cylinder pressure (Pmax) and maximum 
pressure rise rate (MPRR) were ~5–7% higher for 
JP8 blends at mid loads (e.g., Pmax of 76.88 bar for 
70D30JP8 vs. 72.76 bar for diesel at 16 Nm), indi-
cating more intense premixed combustion phases.

•	 CO₂ emissions increased with load for all fuels. 
At high load (32 Nm), JP8 blends showed ~3–6% 
lower CO₂ than diesel (e.g., 8.92–9.19% vs. 9.49%), 
suggesting slightly leaner or more efficient combus-
tion under maximum load.

•	 CO and HC emissions were generally ~10–30% 
lower for JP8 blends at low and mid loads (e.g., 
CO at 16 Nm: ~0.02% vs. ~0.021% diesel), but in-
creased at high load (32 Nm), where JP8 blends 
showed ~40–50% higher HC than diesel (e.g., ~28–
29 ppm vs. 16 ppm).

•	 NOx emissions were ~15–30% lower for JP8 blends 
at low load (e.g., 100 ppm vs. 139 ppm at idle), but 
exceeded diesel by ~5–15% at mid and high loads 
(e.g., 999–1021 ppm vs. 930 ppm at 32 Nm), due to 
increased premixed combustion fractions and high-
er local temperatures.

•	 Soot emissions were drastically reduced with JP8 
blends at mid loads, with reductions of ~80–95% 
compared to diesel (e.g., at 24 Nm: 0.46% for 
70D30JP8 vs. 8.57% for diesel), highlighting a ma-
jor advantage in particulate emissions control.

•	 Heat release rate (HRR) analysis confirmed that 
JP8 blends delay and smooth combustion, produc-
ing broader, lower peaks while maintaining com-
parable cumulative energy release, supporting 
stable operation under varied loads.

In conclusion, JP8-diesel blends, especially with 30% 
JP8, show promise for diesel engine use under medi-
um-to-high load conditions, offering benefits like re-

duced soot and stable combustion. While ignition tim-
ing and emissions may require calibration, JP8 remains 
a viable alternative fuel. Although this study assessed 
JP8-diesel blends across various loads, further re-
search is needed to optimize engine performance. Fu-
ture work should explore advanced injection strategies 
(e.g., early, multiple, or split injections) and varied EGR 
rates to manage NOx emissions at high loads. Investi-
gating low-temperature combustion modes like HCCI 
or RCCI could also help reduce both NOx and soot. 
Additionally, the long-term effects on injectors, fuel 
systems, and engine wear due to JP8’s lower viscosity 
should be evaluated. Beyond steady-state conditions, 
future studies should examine cold start and transient 
operation performance. Finally, assessing compatibility 
with after-treatment systems (DPF, SCR) and testing a 
wider range of blend ratios or additives could further 
improve combustion quality and emissions, supporting 
broader military and civilian applications. While this 
study focused on energy-based performance and emis-
sion parameters, future research should also include 
exergy-based analyses to assess the second-law effi-
ciency of JP8–diesel combustion. Such analyses could 
quantify irreversibilities, identify major sources of ex-
ergy destruction, and help optimize injection strategies 
or combustion phasing for maximum thermodynamic 
efficiency.
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