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ABSTRACT 
 

Aims: This study aims to analyze the impact of diesel-n-butanol fuel blends on the performance 
and emissions of a 4-stroke diesel engine, with an emphasis on assessing the efficiency and 
emissions improvements of the D95 blend through experimentation and simulation procedures. 
Study Design: Performance evaluation was conducted in compliance with SAE J1349 test 
standards, using a Tec-Quipment TD110-115 4-stroke engine running at 1500 rpm. The GT-Power 
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simulation toolkit was also employed to analyze different loads, using the D95 diesel-n-butanol 
blend and conventional diesel fuel. 
Place and Duration of Study: The study was conducted over a span of 2 months at the 
Automotive Engineering Technology Workshop, Federal Polytechnic, Bauchi, Nigeria. 
Methodology: The study followed the SAE J1349 test protocol, utilizing a D95 diesel-n-butanol 
blend and conventional diesel fuel. Engine setup, performance, and emissions were assessed 
through experimental procedures and GT-Power simulations. Despite its lower calorific value, the 
D95 blend exhibited performance comparable to that of diesel fuel. 
Results: The combined findings from both experimental and simulation analyses provided insights 
into the effects of n-butanol-diesel blends on engine attributes, combustion, and emissions. 
However, simulated torque and brake power consistently exceeded experimental values as the 
engine load increased. While the D95 blend exhibited brake power comparable to that of diesel fuel, 
it also improved performance efficiency, fuel economy, and reduced emissions. Therefore, it is 
expected to promote sustainability and environmentally friendly fuel choices in the transportation 
sector. 
Conclusion: The synergy of experimental and simulation results offers valuable insights into the 
effects of the diesel-n-butanol blend on engine performance, emissions, and fuel efficiency, while 
also improving the power output potential and providing sustainable fuel options. 
 

 

Keywords: Diesel engine; D95 diesel-n-butanol blend; engine performance; fuel economy; 
emissions. 

 

1. INTRODUCTION 
 

Many researchers have evaluated the 
performance and emissions of CI engines with 
diesel-n-butanol blends. It was reported that Han 
et al. [1] studied a diesel-n-butanol blend in a 
multi-cylinder CI engine, showing enhanced 
combustion efficiency and reduced emissions of 
NOx and PM. Zhang et al. [2] found similar 
results for a single-cylinder CI engine, 
emphasizing improved combustion efficiency and 
decreased NOx emissions through n-butanol 
blending with diesel fuel. Diesel engines are 
commonly employed in various industries such 
as construction, agriculture, transportation, 
power generation, and industrial sectors primarily 
for generating power. Several factors, including 
higher efficiency, versatility, robustness, and 
lower operating costs, contribute to the 
preference for diesel engines over spark ignition 
counterparts [3]. The combustion of petroleum 
crude and its derivatives with long carbon chains 
in internal combustion engines results in the 
emission of significant amounts of CO2 into the 
atmosphere. This greenhouse gas traps heat and 
contributes to global warming. One global 
strategy to address the challenges posed by 
harmful emissions and the depletion of fossil 
fuels is the substitution of renewable fuels [4]. 
However, a long-term concern is the availability 
and sustainability of these fuels. Renewable 
oxygenated compounds, such as alcohols, 
present viable alternatives in this context due to 
their cleaner combustion compared to fossil  
fuels [5,6]. 

N-butanol as a versatile renewable fuel could be 
produced from lignocellulose biomass, or 
fermentation [7]. It is a primary alcohol 
surrounded by four carbon structures and the 
chemical formula C4H9OH that has four structural 
isomers [8-12]. Lower alcohols such as methanol 
and ethanol, as well as higher alcohols like 
butanol, have been used to partially replace 
diesel in diesel engines. Butanol, in particular, 
offers several advantages over lower alcohols. 
These advantages include a higher cetane 
number, higher heating value, better miscibility 
with diesel, and lower heat of vaporization 
compared to other lower alcohols [13]. N-butanol 
stands out as a strong contender as a fuel 
additive for diesel engines, despite being less 
explored in diesel engine research. With modern 
production methods, butanol has become an 
affordable and environmentally friendly option 
[14]. Unlike shorter-chain alcohols, butanol has 
the potential to serve as a suitable substitute for 
gasoline and possesses a moderate cetane 
number, allowing for significant amounts of 
butanol to be incorporated into diesel fuel [15-
19]. Butanol is particularly intriguing as a 
renewable biofuel because its properties closely 
resemble those of diesel fuel, unlike ethanol [20]. 
 
Several studies have been reported on the 
performance, combustion and emission of diesel 
-n-butanol blends in CI engines with impressive 
outcomes [21-25]. A lot more research papers 
were published on the combustion behaviour of 
binary and ternary blend mixtures of 
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butanol/biodiesel/ and diesel; and 
butanol/biodiesel/ and diesel fuels [26-30]. The 
results showed that n-butanol blending led to 
improved combustion efficiency and reduced 
particulate matter (PM) emissions. Using 
simulation and modelling tools such as; 
computational fluid dynamics (CFD), and multi-
objective optimization theory to investigate the 
combustion and emissions characteristics of a 
diesel-n-butanol blend in CI engines, and further 
provide a more profound understanding of the 
combustion kinetics of the butanol blended fuel 
samples in CI engines was also reported with 
significant success [31-33]. Xu, et al. [34] used 
GT-Power to assess the impact of n-butanol 
blending, revealing improved combustion 
efficiency and reduced NOx and PM emissions. 
These simulations offer valuable insights into the 
effects of fuel blending on engine behaviour. 
Experiments validate simulation results, while 
GT-Power enables detailed analysis under 
diverse conditions. However, not many 
simulation studies were carried out on CI engines 
running on diesel-n-butanol fuel samples, as it 
was with spark ignition engines running on 
gasoline fuel and blends of oxygenated fuels. 
The preference for using GT-Power was to 
provide a comprehensive understanding of the 
engine's behaviour under various conditions, and 
a detailed examination of how blending diesel 
fuel with n-butanol affects crucial engine 
parameters, including combustion 
characteristics, power output, fuel efficiency, and 
emissions of pollutants such as NOx, PM, CO, 
and HC. 
 
Hence, the main thrust of this research is to 
conduct a comprehensive engine performance 
and emission analysis of a CI engine using the 
D95 diesel-n-butanol blends through 
experimental and simulation approaches to 
provide valuable insights for alternative fuel 
development and influence of engine design, for 
more sustainable and energy-efficient 
transportation sector. 
 

2. MATERIALS AND METHODS 
 

2.1 Materials 
 
The source of materials and properties of n-
butanol used for this study are presented in 
Tables 1 and 2. 
 
The use of personal protective equipment, such 
as; gloves, coveralls, and recommended 
respirators of >20ppm –full face piece APR with 

organic vapour cartridges, >200ppm- supplied air 
to deal with health and safety concerns against; 
inhalation, and eyes and skin contact would be 
encouraged when handling n-butanol and 
preparing fuel samples in the laboratory [35]. 
 

Table 1. Source of fuel and n-butanol additive 
 

S/N Material  Product Manufacturer 
/Distributor 

1 Diesel Nigerian National Petroleum 
Corporation, Nigeria 

2 N-
Butanol 

Solventis, Surrey, UK. 

 

Table 2. Technical properties of n-Butanol 
 

Properties Specifications 

Description Colourless liquid, medium 
volatility, banana-like odour 

Synonyms:  butan-1-ol, 1-butanol, normal 
butanol, and n-butyl alcohol 

Cas Number 71-36-3 
Molecular 
Formula  

C4H10O 

Molecular 
Mass  

74.12 

Flashpoint 
(closed cup) 

29 °C (84.2 °F) - 35 °C 

Autoignition 
temperature 

343 °C (649.4 °F) 

Boiling Point   117 °C (242.6 °F) 
Melting Point   -90 °C (-130 °F) 
Vapour 
Pressure  

0.58 kPa at 20 °C (68 °F) 

Density 0.81 at 20 °C (68 °F) 
Log P 0.88 

Source [34] 
 

2.2 Preparation of Fuel Samples 
 

To prepare the samples for the study, different 
compositions of diesel and n-butanol were mixed 
with the aid of a mechanical-magnetic stirrer. For 
the purpose of this study, 4 separate samples of 
D95, D90, D85, D80, and D75 fuel mixtures were 
prepared at an ambient temperature of 36oC and 
stirred for 60 minutes to obtain a homogeneous 
consistency. Each blended fuel sample was 
prepared on a volumetric basis of 500ml using 
the prescribed volumetric proportion of the 
mixtures in Table 3. 
 

2.3 Fuel Characterizations 
 

ASTM Standard test protocols as prescribed in 
Table 4 were used for the fuel property 
determination. 
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2.4 Engine Performance Test 
 

The engine performance and emission 
characteristics of a Diesel-Butanol fuel mixture in 
a single-cylinder 4-stroke compression ignition 
engine were studied using both experimental 
methods and modelling and simulation 
techniques. The performance test was conducted 
in conformity with SAE J1349 and ISO 8178 test 
protocols [36,37] for evaluating the power output, 
torque, fuel consumption, and emission levels on 
a Tec-Quipment TD110-115 single-cylinder, 4-
stroke air-cooled engine test rig coupled to a 
horizontal hydraulic dynamometer (refer to Fig. 1 
and Table 5). 
 

Table 3. N-Butanol -Diesel Blends 
 

S/N Samples Fuel Constituents (%) 

N-butanol Diesel 

1 
2 

D100 0 100 
D95 5 95 

3 D90 10 90 
4 D85 15 85 
5 
6 

D80 
D75 

20 
25 

80 
75 

 

Table 4. ASTM D975 test protocol for fuel 
samples 

 

Fuel Property ASTM 
Specification 

Density at 40oC (kg/m3)            ASTMD4052 
Specific gravity ASTMD4052 
Kinematic viscosity at 400C 
(mm2/s) 

ASTM D445 

Flash Point (C) ASTM D93 
Cloud Point (oC) ASTM D2500 
Derived Cetane Number ASTM D613 
Calorific Value (kJ/Kg) ASTM D975 
Autoignition temperature 
(oC/oF) 

ASTM E659-14 

Source: [38] 
 

The engine was operated at a constant speed of 
1500 rpm under varied and incremental loading 
conditions of 500g, 1000g, 1500g, 2000g, 2500g 
and 3000g at an interval of 20 minutes. The time 
taken by an engine to consume 8 ml of fuel, 
torque, exhaust temperature and barometric 
pressure for all fuel samples were recorded.  As 
the fuel sample(s) were run, engine performance 
measurements such as brake specific fuel 
consumption, air flow rate, brake power, 
volumetric efficiency, brake thermal efficiency, 
percentage heat loss and air/fuel ratio were. The 
concentration of emissions of CO2, CO, unburnt 

HC, and NOX was measured using an SV-5Q 
automobile exhaust gas analyzer by fixing the 
probe tip of the exhaust gas analyzer to the 
exhaust tailpipe of the engine test bed.   
 

 
 

Fig. 1. An illustration of a complete TD110-
TD115 TQ small engine test rig [39] 

 
Table 5. Test engine technical specifications 

 

Parameters Specifications 

Model  TD110-115 
Number of cylinders  1 
Method of starting                                      Manual starting 
Engine type Single-cylinder, 4-

stroke diesel 
Bore 79.5× 95.5 mm 
Piston stroke  115mm 
Displacement  1896mm 
Rated speed  3600 rpm 
Maximum output  5.6kW 
Compression ratio                                       12:1 to 17.5:1 
Maximum MEP                                           1400kPa 
Cooling method                                           Air-cooled 
Fuel and Lube oil                                         filter Present 
Injection pump                                            Bosh VE VP 37 

Source: [39] 

 

2.5 Modelling and Simulation of Engine 
Characteristics 

 
GT-Power was employed to define the engine 
configuration, specify fuel properties, model the 
intake system, configure combustion, analyze 
performance and emissions, and optimize 
operating conditions. The simulation yielded 
important information about engine performance 
and emissions. This comprehensive approach 
provided valuable insights into the behaviour of 
the fuel mixture in the engine.  The GT-ISE 
modelling format, which utilizes an object-
oriented structure, was employed to construct the 
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engine model for analyzing performance and 
emissions [40]. This structure consists of three 
hierarchical levels: i) Templates, ii) Objects, and 
iii) Parts. To model the single-cylinder 
compression ignition engine, a total of eleven 
templates were developed. These templates 
include the Inlet environment, Intake runner, 
Intake port, Intake valve, cylinder (comprising the 
cylinder initial state object, cylinder wall 
temperature object, fuel injector), outlet 
environment, exhaust runner, exhaust port, 
exhaust valve, and engine crank train 
(incorporating the engine speed parameter, 
engine friction object, and cylinder geometry 
object). Once all the aforementioned templates 
were created, the parts were placed on the 

project map, and the components were 
interconnected, as depicted in Plate 1. Each 
object appearing on the map now functions as an 
individual part, with GT-ISE automatically 
assigning a name to each part as it is positioned 
on the map. Once the engine was modelled, 
specific input parameters for the case, simulation 
type, and desired output were specified in the 
settings menu of GT-ISE. To execute the model, 
the "Run Simulation" button on the GT-ISE 
toolbar was utilized, and the model was 
automatically saved for future reference. A 
sample of the simulation window is depicted in 
Plate 1, while the results of the simulation can be 
found in Plates 2, 3 and 4. 

 

 
 

Plate 1. Engine model from GT-POWER Software 
 

 
 

Plate 2. Simulation window output 
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Plate 3. Results of the simulated model 
 

 
 

Plate 4. Simulated results from GT-POWER 
 

To view and extract the results, the "Open GT-
POST" button on the GT-ISE toolbar was clicked. 
Subsequently, the corresponding .gdx file with 
the same name as the model was selected. This 
action launched the GT-POST post-processing 
program in a new window, where available plots 
were extracted and compared with experimental 
plots for the variations of engine torque, brake 
power, brake specific fuel consumption, brake 
thermal efficiency, as well as emissions of CO2, 
CO, unburnt HC, and NOX with load increase, 
were analyzed for D95 fuel samples. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Fuel Properties of Fuel and Blended 
Samples 

 

Table 6 presents the results of the fuel sample 
properties, and are being discussed as follows: 

According to the findings in Table 6, the diesel 
fuel sample exhibited a relatively higher fuel 
density and relative density at room temperature, 
measuring 0.836. It is notable that as the 
proportion of n-butanol additive in the fuel 
mixture increased, the density of the fuel 
samples decreased. In terms of kinematic 
viscosity, diesel fuel samples had the highest 
viscosity, measuring 2.98 mm²/s. Lower fuel 
viscosity indicates improved fuel injection, 
atomization, and combustion behaviour. Upon 
further analysis of the results in Table 6, it can be 
observed that diesel fuel samples displayed the 
highest flash point at 54°C, while the blended 
fuel samples (B100, D95, D90, D85, D80, and 
D75) progressively decreased to 37°C, 34°C, 
32°C, 31°C, 31°C, and 30°C, respectively. The 
cloud point of the analyzed fuel samples 
revealed that diesel fuel samples had the highest 
pour point at -24°C, which decreased as the 
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volumetric proportion of n-butanol increased in 
the fuel mixture. Low-temperature behaviour is 
crucial for engines during cold starts and low-
load conditions. 
 
The cetane number (CN) is a significant 
parameter that affects the behaviour of diesel 
fuel as it relates to the time elapsed between fuel 
injection and the start of combustion. A higher 
CN signifies a shorter ignition delay, causing 
combustion to commence shortly after injection 
into the combustion chamber, thereby increasing 
efficiency. The cetane number results indicated 
that diesel fuel samples exhibited the highest 
cetane number at 56.9, while the n-butanol 
blended fuel samples (D95, D90, D85, D80, and 
D75) had relatively lower values with readings of 
52.7, 49.9, 49.1, 44.1, and 41.9, respectively. 
The B100 fuel sample had the lowest cetane 
number at 17.6. 
 
In terms of the heating value of the fuel samples 
under examination, the diesel fuel samples had 
the highest value at 45,530.6 kJ, while the n-
butanol blended fuel samples (D95, D90, D85, 
D80, and D75) exhibited relatively lower heating 
values of 44,728.4 kJ, 44,728.4 kJ, 44,126.9 kJ, 
43,532.0 kJ, 43,321.5 kJ, and 42,579.7 kJ, 
respectively. The B100 fuel sample had the 
lowest calorific value at 37,025 kJ. 
 
As for the auto-ignition temperature (AIT), which 
is the lowest temperature at which the fuel ignites 
spontaneously under ambient conditions without 
an external ignition source like a spark or flame, 
it is evident that butanol has a higher AIT value 

(343°C / 649.4°F) compared to the diesel fuel 
sample (210°C / 410°F). This implies that a 
higher temperature is required to provide the 
activation energy necessary for the combustion 
of butanol and its blends compared to diesel fuel. 
Consequently, a more rapid compression is 
necessary to elevate the temperature of butanol 
and its blends to initiate self-combustion of the 
fuel samples. As a result, butanol and its blended 
samples are considered safer for storage and 
transportation due to their higher AIT. 
 

3.2 Comparison of Experimental and 
Simulated Performance Results 

 

For the purpose of analysis, the D95 fuel mixture 
was chosen for experimental performance and 
emissions evaluation, as it outperformed other n-
butanol blended fuel samples under study. 
Therefore, a comparison between the 
experimental and simulated engine performance 
and emission characteristics, obtained from the 
GT-Power model, is presented in Tables 7 to 9 
and Figs. 2 to 9. 
 

3.2.1 Effect on engine torque 
 

The comparison between the experimental and 
simulated torque results for the D95 fuel sample 
is presented in Fig. 2. At loads of 500g, 1000g, 
1500g, 2000g, 2500g, 3000g, and a constant 
speed of 1500 rpm, the simulated torque is 
11.4%, 5.12%, 9.47%, 3.47%, 5.88%, and 1.55% 
higher than the experimental torque, 
respectively. This trend is consistent with the 
increasing torque values as the engine load 
rises. 

 
Table 6. Fuel properties of n-butanol and diesel fuel blends 

 

Fuel Property D100 B100 D95 D90 D85 D80 D75 

Density at 40oC 
(kg/m3)            

835.6 813 833.79 832.78 831.03 829.62 828.70 

Specific gravity 0.8367 0.813 0.8337 0.8327 0.8310 0.8296 0.8287 
Kinematic viscosity 
at 400C (mm2/s) 

2.980 2.22 2.895 2.817 2.798 2.776 2.762 

Flash Point (C) 54 37 34 32 31 31 30 
Cloud Point (oC) -24 - -34 -35 -36 -37 -37 
Derived Cetane 
Number 

56.70 17.6 52.70 49.90 47.10 44.10 41.90 

Calorific value 
(KJ/Kg) 

45530.6 37025 44728.4 44126.9 43532.0 43321.5 42579.7 

Autoignition 
temperature (oC/oF) 

210 °C  
(410 °F) 

343 °C 
(649.4 
°F) 

- - - - - 
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Table 7. Experimental engine performance results of D95 fuel sample 
 

S/N Properties Load (g) 

  500 1000 1500 2000 2500 3000 

1 Speed (rev/min) 1500 1500 1500 1500 1500 1500 
2 Torque (Nm) 3.0 4.4 6.5 8.7 10.8 11.0 
3 Time taken for 8ml(s) 85.11 86.00 88.00 89.18 90.00 89.28 
4 Brake power (kW) 0.47 0.69 1.02 1.37 1.69 1.72 
5 Fuel mass flow rate (kg/hr) 0.282 0.279 0.272 0.269 0.266 0.268 
6 Brake specific fuel consumption 

(g/kwhr) 
2184.58 1154.58 837.53 721.03 677.31 652.84 

7 Air /Fuel ratio 85.06 85.95 87.95 89.03 89.95 89.23 
8 Brake specific energy 

consumption (MJ/kwhr) 
97.71 51.64 37.46 32.25 30.29 29.20 

9 Exhaust temp. (°C) 430 440 450 460 475 485 
10 Brake thermal efficiency (%) 3.62 6.91 9.61 11.12 11.89 12.13 

 

 
 

Fig. 2. Variation of engine torque with load increase for D95 fuel sample 
 
3.2.2 Effect on brake power 
 
Fig. 3 illustrates the relationship between brake 
power and load increase for both diesel and its 
blends with n-butanol. As the load increased to 
its maximum, an overall increase in brake power 
was observed for both diesel and its blends. The 
higher brake power delivered by the engine 
running on diesel fuel can be attributed to its 
higher calorific value, as indicated in Table 6. 
The brake power performance of D95 was found 
to be comparable to that of diesel fuel. However, 
at a load of 2500g the brake power for D95 
decreased by 69.7% Furthermore, it declined to 
72.8%, still lower than the brake power of the 
diesel fuel sample at the 3000g load. This 
reduction can be attributed to the improved 
calorific value of n-butanol when blended with 
diesel. On the other hand, the D85, D80, and 
D75 blends exhibited decreased brake power 
due to the decrease in heat release resulting 
from their lower calorific values. This reduction 
can also be attributed to the higher heat of 
vaporization of n-butanol, which leads to a 
decrease in power and torque [41]. 

Fig. 3 illustrates the behaviour of the 
experimental and simulated brake power for the 
D95 sample. At a 500g load, it was observed that 
the simulated brake power is 9.22% lower than 
the experimental brake power. However, at 
1000g, 1500g, 2000g, 2500g, and 3000g loads,  
along with a constant speed of 1500 rpm, the 
simulated brake power is 4.33%, 8.30%, 16.32%, 
7.33%, and 16.88% higher than the experimental 
brake power, respectively. 
 
3.2.3 Effect on fuel economy 
 
Fig. 4 demonstrates that as the engine load 
increased, the brake-specific fuel consumption 
(BSFC) decreased, reaching its minimum value 
at the 3000g engine load. The BSFC of the 
blended samples closely resembled that of diesel 
fuel at the 2000g, 2500g, and 3000g engine 
loads. At a load of 1000g, the BSFC for D95 
decreased by 11.17% and further dropped to 
0.024% at 3000g, which was lower than the 
diesel fuel sample. This improvement in BSFC 
can be attributed to efficient combustion resulting 
from the additional oxygen molecules present in 
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Fig. 3. Variation of BP with load increase for D95 fuel samples 
 

 
 

Fig. 4. Variation of BSEC with load increase for D95 fuel samples 
 
the n-butanol within the blended fuel samples 
under investigation [42]. 
 
It was also observed from Table 7 that the BSFC 
values of diesel fuel were lower compared to the 
blended samples. In other words, as the 
percentage of n-butanol increased in the blends, 
the BSFC increased. The increased BSFC in 
blends with a higher n-butanol percentage can 
be attributed to the combined effects of lower 
calorific values, densities, and viscosities, which 
lead to a lower fuel flow rate (refer to Table 4). 
However, Kuszewski [43] suggested that a slight 
decrease in the density of n-butanol-diesel 
blends with an increase in the n-butanol fraction 
could pose a marginal issue in modern diesel 
engines. Nonetheless, this challenge can be 
overcome by modifying the control system to 
increase the mass fuel delivery at lower fuel 
density. 
 
Fig. 4 provides a comparison between the 
experimental and simulated BSFC at a constant 
speed and variable engine loads. At the 500g 
load, the simulated BSFC is 0.34% higher than 

the experimental BSFC. At 1000g and 1500g 
loads, the simulated BSFC is 9.49% and 1.90% 
lower than the experimental BSFC, respectively. 
However, at loads of 2000g, 2500g, and 3000g, 
the simulated BSFC is 0.31%, 0.15%, and 0.41% 
higher than the experimental BSFC, respectively 
 
3.2.4 Effect on fuel combustion 
 
Fig. 5 illustrates that brake thermal efficiency 
(BTE) increases as the load increases for all 
tested fuel samples. This can be attributed to the 
corresponding increase in brake power resulting 
from improved combustion behaviour at higher 
engine loads, up to a maximum of 3000 g. The 
presence of oxygen in the blends may have 
enhanced the combustion of fuel samples at low 
engine loads. However, at high-loading 
conditions, the transition from molecular oxygen 
to atomic oxygen could potentially lead to a 
decrease in BTE [44]. BTE represents the 
engine's output in relation to the heat supplied by 
the fuel. Diesel fuel demonstrated higher BTE 
compared to the other tested blends under 
varying load conditions (refer to Fig. 5). This can 
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be ascribed to the higher calorific value of diesel 
fuel (refer to Table 4). 
 

At a load of 2500g, the BTE for D95 decreased 
significantly by 1.67% and further dropped to 
0.11% lower than the diesel fuel sample at an 
engine load of 3000g. The fact that the BTE 
values for D95 at loads of 2000g, 2500g, and 
3000g closely resemble those of diesel fuel 
suggests improved stoichiometric mixture and 
enhanced combustion behaviour of the fuel 
samples in the combustion chamber, likely due to 
the additional oxygenation effect of n-butanol in 
the fuel blends.  
 

Additionally, the lower BTE obtained for D80 and 
D75 blends can be attributed to a combination of 
factors, such as the decrease in calorific values 
(refer to Table 4) and the increase in fuel 
consumption. The higher latent heat of 
vaporization of n-butanol may also hinder proper 
air-fuel mixing, resulting in inferior fuel 
combustion and lower BTE values [45]. The 
experimental and simulated BTE behaviour of 
the D95 sample is presented in Fig. 5. At 500g, 
1000g, 1500g, 2000g, 2500g, 3000g, and a 
constant speed of 1500 rpm, the simulated BTE 
is 3.37%, 14.62%, 5.73%, 3.39%, 3.27%, and 
3.32% higher than the experimental BTE, 
respectively. 
 

3.2.5 Effect on gaseous emissions 
 

While diesel engines offer numerous benefits, 
their use also brings about specific challenges. 
The combustion of diesel fuel leads to the 
release of CO2, NOx, and particulate matter, 
contributing to air pollution and a decline in air 
quality. Apart from these adverse environmental 
impacts, there are additional challenges related 

to the depletion of diesel resources and the 
uncertainty surrounding diesel prices [46]. 
However, this section presents the results of 
tailpipe emissions for the tested fuel samples, 
including CO2, CO, unburned HC, and NOx 
gases. These results are displayed in Tables 8 
and 9 and visualized in Figs. 6 to 9. It can be 
observed from Tables 8 and 9 that CO2 
emissions for D100 and D95 increase with 
engine speed, but the level is significantly lower 
for D95 across all engine speeds. Fig. 6 presents 
the comparative experimental and simulated 
results for CO2 emissions of the D95 sample. At 
500g, 1000g, 1500g, 2000g, 2500g, 3000g, and 
a constant speed of 1500 rpm, the simulated 
CO2 emissions are 11.67%, 6.82%, 5.84%, 
5.48%, 2.15%, and 3.03% higher than the 
experimental CO2 emissions, respectively. 
 
It does suggest that the use of shorter-chain 
butanol, which has lower calorific values and 
cetane numbers, played a significant role in 
reducing CO2 emissions, improving combustion, 
and achieving stoichiometric ratios across all 
engine loads. Likewise, in Tables 8 and 9, it's 
evident that CO2 emissions decrease with 
engine speed for both D100 and D95, but D95 
consistently exhibits significantly lower emissions 
across all engine speeds. This trend can be 
largely attributed to the shorter chain length of 
butanol in the fuel mixture and its oxygenation 
effect. Fig. 7 displays the comparison of 
experimental and simulated CO emissions for the 
D95 sample. At 500g, 1000g, 1500g, 2000g, 
2500g, 3000g, and a constant speed of 1500 
rpm, the simulated CO emissions are 13.64%, 
9.09%, 15%, 15.79%, 16.67%, and 17.64% 
higher than the experimental CO emissions, 
respectively. 

 

 
 

Fig. 5. Variation of BTE with load increase for D95 fuel sample 
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Table 8. Experimental engine emissions result from the D100 fuel sample 
 

Emissions (ppm) Load (g) 

 500 1000 1500 2000 2500 3000 

CO2 0.7 1.1 1.39 1.72 2.2     2.5 
CO 0.24 0.23 0.22 0.21 0.2 0.21 
HC 200 194 184 183 180 177 
NOx 129 131 142 150 158 165 

 
Table 9. Experimental engine emissions result from the D95 fuel sample 

 

Emissions (ppm) Load (g) 

 500 1000 1500 2000 2500 3000 

CO2 0.6 0.6 1.37 1.64 1.86 1.98 
CO 0.22 0.22 0.2 0.19 0.18 0.19 
HC 196 196 182 179 176 174 
NOx 125 125 140 148 155 163 

 

 
 

Fig. 6. Variation of carbon dioxide with load increase for D95 fuel samples 
 

 
 

Fig. 7. Variation of carbon monoxide with load increase for D95 fuel samples 
 
In Tables 8 -9, and Fig 8, unburnt HC emissions 
decrease with engine speed for both D100 and 
D95, but the decrease is more pronounced for 
the D95 fuel sample across all engine speeds. 
This trend can also be explained by the shorter 
chain length of butanol in the fuel mixture. The 
comparative analysis of experimental and 

simulated HC emissions for the D95 fuel sample 
suggests that at 500g, 1000g, 1500g, 2000g, 
2500g, 3000g, and a constant speed of 1500 
rpm, the simulated HC emissions are higher by 
2.04%, 1.57%, 4.4%, 5.03%, 5.68%, and 5.75% 
than the experimental HC emissions results, 
respectively.
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Fig. 8. Variation of unburnt HC emission with load increase for D95 fuel samples 
 

 
 

Fig. 9. Variation of NOx emission with load increase for D95 fuel samples 
 

Lastly, Tables 8 and 9 that NOx emission levels 
for D100 and D95 increase with engine speed, 
but the level is lower for the D95 fuel sample 
across all engine speeds. In addition, Fig. 9 
exhibited a comparative trend for experimental 
and simulated NOx emissions of the D95 sample 
at 500g, 1000g, 1500g, 2000g, 2500g, 3000g, at 
a constant engine speed of 1500 rpm, presented 
the simulated NOx emissions in a manner that is 
0%, 17.32%, 17.86%, 18.91%, 18.95%, and 
12.88% higher than the experimental NOx 
emissions levels. 
 

Higher levels of NOx emissions in CI engines are 
primarily attributed to the combustion process 
and fuel characteristics. Factors such as 
elevated combustion temperature, lean fuel-air 
mixture, longer ignition delay, higher oxygen 
concentration, and fuel properties, including 
cetane numbers and sulfur content, contribute to 
increased NOx formation and this is implied by 
the relatively higher cetane number, longer 
ignition delay and oxygenation tendencies of 
butanol in the fuel mixtures [47-51]. 
 

The differences between the experimental and 
simulated outcomes, ranging from 0.12% to 

12.88% across different engine loading 
conditions, can be attributed to various factors. 
These factors include limitations in the simulation 
model, such as its inability to fully replicate real-
world engine behaviour, uncertainties in the input 
parameters, the impact of measurement 
inaccuracies or variations in the experimental 
setup, and variables like engine wear and 
manufacturing inconsistencies. 
 

4. CONCLUSION 
 

The experimental and simulation results provide 
insights into the effects of n-butanol-diesel fuel 
blends on engine performance, fuel economy, 
combustion characteristics, and emissions, and 
the following inference can be made from the 
study:  
 

i. As engine load increases, simulated 
torque consistently surpasses 
experimental torque, suggesting the 
potential for enhanced power output 
and efficiency when using n-butanol 
blends. 

ii. The D95 blend exhibits brake power 
comparable to that of traditional diesel 
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fuel, positioning it as a promising 
alternative for replacing conventional 
fossil fuels. 

iii. Lower n-butanol blends display 
reduced engine performance, 
underscoring the importance of 
carefully considering the blend ratio for 
optimal outcomes. 

iv. Blended fuels, particularly D95, 
contribute to improved fuel efficiency, 
resulting in reduced overall fuel 
consumption. 

v. The addition of n-butanol to the fuel 
mixture enhances combustion 
behaviour and decreases the emission 
of harmful pollutants such as CO2, 
CO, unburnt HC, and NOx. 

vi. These findings underscore the 
potential of n-butanol-diesel blends as 
sustainable and environmentally 
friendly options for transportation fuels. 

vii. This research provides essential 
insights for policymakers, researchers, 
and industries striving for a cleaner 
and more sustainable future in the 
automotive sector. 
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