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ABSTRACT: 

Gasoline contains Ethyl Territory Butyl Ether (ETBE), an oxygenate, as an octane booster. Isobutylene and ethanol are 

combined with a catalyst to form ETBE. Since cars and trucks provide the majority of greenhouse gas emissions, there 

is perpetual promise in employing alternating fuels to lower CO2 and other emissions involving gases that cause 
warming from these sources. Since they can be generated sustainably, minimize pollution and require fewer oil imports 

than fossil fuels, alternative fuels are the best choice currently available to replace depleted fossil fuels. This study 

examines the heat flow of a single-cylinder, 4-stroke RCCI diesel engine that runs on blends of diesel and ETBE under 

varying packing conditions. The engine has a constant compression ratio, constant speed and variable loads. Practical 

work, HCW, HEG and unfamiliar losses were all taken into account during the heat flow study. According to the 

results, the RCCI engine's heat flow analysis is operating on HCW value increases when load increases and HUA is 

also followed by the same, which happened when loads ranged from 0kg to 20kg. It has been discovered that HEG 

values are less than B0. 
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NOMENCLATURE: 

AFR Air Fuel Ratio 

ETBE Ethyl Territory Butyl Ether 
RCCI Reactivity Controlled Compression Ignition 

HBP Heat Dissipation via Brake Power 

HCW Heat Distortion via Cool Water 

HEG Heat waste via Evaporating Gases 

HUA Heat Loss as a result of Unaccounted 

TDC Top Dead Centre 

SIE Spark Ignition Engine 

1. Introduction 

Fears about global warming, increase in tandem with the 

growing need for energy driven by growing energy use 

in developing Asian nations. Since alternative fuels can 

be produced responsibly and reduce pollution and oil 
imports, in terms of replacing conventional fossil fuels, 

they are the best choice. Worldwide, the use of 

alternative fuels is growing in favour because of their 

advantages, including sustainability, outstanding energy 

quality, environmental friendliness and economy. In this 

work, diesel is employed as the base fuel and ETBE, 

which comes in different compositions ranging from 0% 

to 30%, is considered as a substitute fuel. Exhaust gas 

recirculation (EGR) was used to limit the amount of 

uneven burning and its effect on important combustion 

parameters was carefully studied. Increasing EGR 

resulted in a postponement of the initial and secondary 

stages of combustion and an extension of the overall 

combustion time [1].  

Pursuant to the experimental study, adding ETBE 

can significantly reduce emissions of particulate matter 

(PM). For instance, the fact that 10% of ETBE can lower 

the emissions of fine particulates by 36% must have 
been mentioned [2]. Three distinct relative air-fuel ratios 

were tested in order to examine the combustion behavior 

(k = 3.70, 2.56 and 4.95). The enhancement of fuel-air 

mixture improves the rate of heat release and the 

location of peak of in-cylinder pressure change to BTDC 

side due to earlier start of combustion [3-6]. Given the 

focus on fuel restoration to fulfil the requirements of 

SIE, the use of primary alcohol in these engines has been 

acknowledged as a viable option. The fundamental 

procedures for regulating specified endurance work 

pickup and calibrating SIE acts must be finished by 

diverse investigators [7-9]. 

2. Methodology 

Choosing a test configuration for a RCCI engine in 

research. The idea is to use the following RCCI research 

engine to investigate the heat flow analysis in ETBE by 

varying the blend ratio with loads ranging from (0%, 

25%, 50%, 75% and 100%), starting at B0 and ending at 
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B 30 and determining the heat flow against mix and load 

in each scenario is the aim of the study. The whole count 

of observations where, compression ratio × speed, blend 

as well as load =(1×1×4×5)=20 observations. Production 

of ETBE: Isobutylene is acid-etherified with ethanol to 

produce ETBE (n-hexanol) in an industrial setting. The 

method made possible by mixing butane and ETOH with 

an acid ion exchanger. The melting state technique has 
proven beneficial effects from CO2 contamination. Figs. 

1 and 2 depict the experimental configuration. To raise 

the octane values in gasoline, ETBE, an oxygenate, is 

employed as a blend stock. Isobutylene and ethanol are 

heated together over a catalyst to make ETBE [14]. 
 

 

Fig. 1: Schematic engine configuration diagram 

 

Fig. 2: Engine configuration for testing 

The primary materials utilized in this experiment are 
ETBE as a mix and RCCI utilizes in-cylinder fuel 

mixing with several injections and at least two fuels with 

varying reactivity to optimize the phasing, duration and 

amplitude of combustion. To create a thoroughly 

blended charge of low reactivity fuel, air and 

recirculated exhaust gases, a low reactivity fuel is 

injected into the cylinder. Diesel was utilized as the 

primary fuel and different compositions of ETBE, 

ranging from 0% to 30%, were evaluated as a substitute 

fuel. In this experiment, the engine operates at 1500 rpm 

with loads varying from 0-18kg. Soft engine 

performance as well as emissions data have been 

computed and modeled with internal combustion engines 

[15-17]. The configuration is also made to abide by 

standards for air fuel, fuel flow, temperature and burden 

assessment. The real configuration includes a clear, 

unattended board box with the following components: an 

air box; a fuel tank; a basic manometer; a fuel measuring 

unit; transmitters for the air fuel; fuel circulations; 

evaluations; a process gauge; and fuel injection. 
Rotameters are ready for the assessment of cooling 

water. A warmth calibrating apparatus that resided on a 

panel on whichever automated warmth instruments were 

installed was used to calibrate the lubricating oil warmth, 

the entry and exit water warmth and the RCCI engine 

warmth at many plaudits [10-12].  

In contrast to homogeneous and premixed 

combustion ignition engines, RCCI allows for the 

dynamic accomplishment of adequate reactivity needs at 

changing loads through the adjustment of active and 

passive fuel mixes [13]. RCCI engines, according to 

Kokjohn et al, offers a 4% increase in fuel efficiency 
over conventional combustion and could aid in achieving 

the lowest NOX and smoke emissions. The guidelines 

for exhaust gas analysis specifications are shown in 

Table 1. Diesel fuel qualities are measured by diesel Fuel 

Measurement Unit (FMU) and ETBE provides multiple 

fuel characteristic displays. The comparison of the fuel 

qualities in ETBE and diesel is displayed in Table 2. 

Details of the experiment, which was carried out at Apex 

Laboratories in Kanchipuram, Tamil Nadu, India were 

published. The experimental setup's parameters are 

displayed in Table 3. The current data is documented 
based on our experiments and it is required to determine 

the oil's temperature, speed, capacity and range is 

displayed in Table 4. 

Table 1: Guidelines for exhaust gas analysis specifications 

Information Resolution 

CO → 0-15% / vol. 0.0001% by Vol 

HC → 0-20000 ppm vol. 1ppm/10ppm 

CO2 → 0-20% / vol. 0.1 %/ vol. 

O2 → 0-25% / vol. 0.01 % / vol. 

NOx → 0-6000ppm / vol. 1ppm % / vol. 

Table 2: Fuel characteristics 

Synopsis Diesel ETBE 

Molecular mass 190 - 211.7 102.18 

Density (kg/m3) 835 821.8 

KV (cSt) @ 40 2.39 3.32 

Cetane number >47 23 

LHV (MJ/kg) ≈42.5 39.1 

LHOV (kJ/kg) <300 603 

Flash point °C 46 59 

Fire point °C 54 64 

Table 3: Specifics Kirloskar TV1 single cylinder, 4-stroke engine 

Parameter Value Parameter Value 

Stroke (mm) 110 Max. power (kW) 5.2 @ 1500 rpm 

Dia. (mm) 87.5 Fuel flow transmitter DP 

Capacity (cc) 661 Sensor of load LC 

CR 17.5 Cooling Water 

PS (psi) 5000 Measurement device EC 

CAS (rpm) 5500 Thermocouple Type k 

Range (kg) 0 - 50   
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Table 4: Resolution, accuracy and range 

Details Range Retention Speed 
Temp. 
of oil 

Capacity 0 to 100% 0 to (1/10) m 
400 to 6000 

(1/min) 

0 to 

150 

Precession & 
repeatability 

±1% of full 
measuring 

range 

Better than ± 
(1/10) m 

±10 ±2 

Accuracy 0.1 % (1/1000) m ±1 ±1 

3. Results and discussion 

In addition to research, broadcasting, data access and 

data desertification, EngineSoft satisfies growing 

operational demands for engine examination. Calculating 
possible performances and heat release is done with 

EngineSoft. It is conjugable based on the requirements 

of the experiment. Several charts are recorded in a range 

of performance scenarios. Searching, obtaining and 

collaborating inside the blueprint are the steps involved 

in conducting a recurring networked engine assessment 

in expedited form. Drawn inputs, load and speed; outputs 

include HBP, HCW, HUA and HEG. Figs. 3 to 6 show 

that the results at load 0-20kg for all blends: B0 (100% 

diesel), B10 (containing 90% diesel and 10% ETBE), 

B20 (over 80% diesel and 20% ETBE) and B30 (70% 
diesel and 30% ETBE). At a load of 15kg, the maximum 

HBP was measured at B30 and the lowest at B0. The 

HCW was recorded at B10 with a zero load and at B10 

with a 5 kg load at the lowest level. The HEG was 

reported as being lowest at B0 with a 10kg weight and 

greatest at B30 with zero load. The highest HUW was 

recorded at B20 (20kg) and the lowest at B0 (0 kg). 

 

Fig. 3: HBP vs. Load 

 

Fig. 4: HCW vs. Load 

 

Fig. 5: HEG vs. rpm 

 

Fig. 6: HUA vs. rpm 

4. Conclusion 

The experiment examined how ETBE proportions affect 

the RCCI Engine's ability to assess heat flow 

characteristics. HBP grew in tandem with the load. HBP 

values are greater than B0 with loads ranging from 0-

20kg. HCW grew in tandem with the load. HCW values 

are greater than B0 for loads ranging from 0-20kg. HEG 

diminishes as the load rises. HEG values were lower 

than B0 with loads ranging from 0-20kg. HUA rises in 

tandem with the load. HUA values are greater than B0 

for loads ranging from 0-20kg. 
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