INFLUENCE OF HEXANOL-DIESEL BLENDS ON CONSTANT SPEED DIESEL ENGINE

Chockalingam SUNDAR RAJ*, Ganapathy SARAVANAN®

X mayam College of Engineering, Thuraiyur, India
Annamalai University, India

ABSTRACT

As an attempt to suggest an alternate fuel for diesel with less emission, the
effects of Diesel-hexanol blends, blended in different percentage ranging
from 10%-50% by volume were experimentally investigated on a single-
cylinder, water-cooled, direct injection diesel engine developing a power
output of 5.2 kW at 1500 rev/imin and the results show improved
performance with blends compared to neat fuel with substantial reductions
in smoke and increase of NOx emissions. Combustion analysis show peak
pressure and rate of pressure rise were increased with increase in hexanol.
For this reason it is examined the use of hot exhaust gas recirculation
(EGR) to control NOx emissions. From the analysis of experimental
findingsit is revealed the use of EGR causes a sharp reduction of NOx with
a dlight reduction of engine efficiency which in any case does not alter the
benefits obtained from the oxygenated fuel.

Key words:blended fuel; hexanol; exhaust gas recirculation; performance,
emission characteristics

1. Introduction

A method to curtail emissions of smoke and othdlutamts from diesel engines is to enhance the
oxygen supply to their combustion chamber. Thislwa accomplished by enriching either the intake
air stream or the fuel stream with oxygen. Expernital studies concerning the oxygen-enrichment of
intake air, have revealed large decrease of igndielay, drastic decrease of soot emissions asawell
reduction of CO and HC emissions while, brake dpmeduel consumption (BSFC) remained
unaffected and increasing of power output is féagih However, this technique was accompanied
by considerable increase of NOx emissions. Alsequires minor modifications in the intake system
like carburetor or separate fuel injector for inghacfuel. Zaidi et al conducted an experimentadigtu
of a DI diesel engine to observe the influence artipl premixing fumigation of the intake air with
diesel fuel on the exhaust emissions and repattedjegree of premixing of fuel in the form of full
vaporized superheated fuel vapor in comparisohdodf fine spray with the intake air reduced NOx
by 45%, UHC by 50%, TPM by 40%, SOF by 50% and Garby 40% [2]. C. Sundar Raj used a
microprocessor controlled electronic fuel injedmrfumigating methanol in the air intake systerh [3
He also compared the results with methyl ethyl ketfMEK) and found a fumigation rate of 0.4
gm/min of methanol and 0.6 gm/min of MEK gave immd results in terms of efficiency and
emission [4]. The use of oxygenates to produear@r burning diesel fuels was initially considered
over fifty years ago. Since that time, the additmdmumerous oxygenated compounds to diesel fuel
has been reported. Low molecular weight alcohothsas ethanol and t-butyl alcohol have been
reported to reduce emissions [1]. However, bothldeflash points and high water partitioning of
these alcohols make them unacceptable. Also, witeanel content in the blends reaches 20-40%,
high concentration of additives are needed to enthe mixture homogeneity in the presence of high
water contents, and to attain the required cetangber for suitable ignition [5],[6].

Carbonates, including dimethyl carbonate, diettgribonate, and dimethyl dicarbonate, have been

successfully demonstrated to reduce particulateithethyl carbonate suffers from having a low

flash point. Diglyme is one oxygenate that has beeluded in several studies [8]. While diglyme has

acceptable fuel blending properties, its high ocaskes its use prohibitive. Other oxygenates the¢ ha
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been investigated include various ethers, glycbértcetates, and ketones [9]. The effect of 1, 4
dioxane on ethanol diesel blends were investigatetl reported that even though 10% dioxane is
capable to stabilize 30% ethanol with 60% dies#hwignificant reductions in emissions, 70% diesel-
20% ethanol with 10% dioxane is the optimum mixt{t@]. Kitamura et al reported that the
potential of oxygenated fuels to suppress sootypsec formation is dominated by molecular
structure as well as fuel oxygen contents [11]. &ipto et al found when oxygen content in the fuel
reaches approximately 30% by mass, smokeless cdimirs diesel engines could be realized [12].
Hexanol is an organic alcohol with a six carbonichand a condensed structural formula of
CH3(CH,)sOH. 1t is produced industrially by the oligomeripat of ethylalcohol which can be
produced from crops, corns, vegetables and otleeisteck such as wastes from agricultural food and
beverage processing and hence, a renewable oxggehgtirocarbon is investigated in this study.
Aloko et al characterized the effect of hexanoliesel blends and reported that many properties like
density, flash point, viscosity of the blends amlvabove the requirement than that of the Standard
ASTM norms for a diesel engine. He also indicabed 5% Hexanol with diesel by volume is having
the required diesel properties and increases aenioint (responsible for particle emission), hence
the fuel can perform well with less emission [1@lupta and Agarwal studied the effect of ethanol
diesel emulsion by using hexanol as surfactant r@parted that the fuel is capable of increase
efficiency with significant improvements in emissifil4]. Previous studies reveal that hexanol has
not been addressed as alternate for diesel fueicdigo validate the favorable properties of the
hexanol as alternate for diesel fuel this invesibgawas made.

The effects of EGR on diesel combustion were ingattd in a single-cylinder, heavy-duty research
engine by Husberg et al and found NOx emission® weduced from over 500 ppm at 0% EGR to 5
ppm at 55% EGR, and higher levels of EGR (approteiga35% or more) reduce efficiency[15].
Kouremenos revealed from their experimental amrttical study that the use of EGR causes a
sharp reduction of NOx and an increase of sootsams[16]. Dederichs outlined the main technical
issues of EGR technology for thermal barrier codd&lengines with EGR up to 30% and more of
the exhaust gases and found the same results[if}hDIz reported in particular, it was found that s
called "hot EGR" which keeps the temperature ofréheirculated exhaust gases at a very high level,
not only helps to reduce NOx but also contributissirettly to achieve lower hydrocarbon (HC) and
PM emissions. In addition, there is no adversecafi€ EGR on the fuel economy [18]. The findings
from smoke point measurements and high-pressureowstion tests reveals that oxygenates are
effective soot suppressants in diesel combustind,naotivated to studies on oxygenates to find the
solution for simultaneous reduction in smoke andxNissions without affecting the performance
EGR is solicited.

2. Fuel properties of diesel and hexanol
General fuel properties of hexanol and diesel aesgnted in Table 1. It can be seen that, as an
oxygenated additive, hexanol has several favoatgperties for on board storage.

Table 1Chemical properties of Diesel, hexanol ghdrel
Fuel properties Diesel Hexanol Ethanol
Molecular Formula CxHy CKCH,),CH,OH | CaHsOH
Molecular weight 190-220 102.18 46
Density at 20 °C (xT0kg/n?) Check 0.829 0.8218 0.79
the units
Latent heat of evaporation (kJ/Kg) 250 486 846
Boiling point (°C) 180-360 175 - 203 78.4
Flash point (°C) 65-88 68 13
Viscosity (mPa s) 3.35 5.32 1.20
% of oxygen by weight 0 15.7 34.7
Heat Value (kJ/kg) 42000 39100 29700
Cetane number 45-50 42 8
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The tested heat values of Hexanol Diesel blentihislated in Table 2

Table 2 — Heat values of the tested fuel

Hexanol ratio Heat value KJ/Kg
0% (Neat Diesel) 42000

10% 41710

20% 41420

30% 41130

40% 40840

50% 40550

100% (Hexanol) 39100

3. Parameter tested and experimental procedure

Experiments were conducted on a, single-cylindeafewcooled, direct injection diesel engine
developing a power output of 5.2 kW at 1500 rev/midmnected with a water cooled eddy current
dynamometer. The engine was operated at a conspe®d of 1500 rpm and standard injection
pressure of 220 Kgf/cm2. The specification of thgiee is given in Table 3. The fuel flow rate was

measured on volume basis using a burette and avstimh. K-type thermocouple and a digital display
were employed to note the exhaust gas temperature.

Table 3 Engine specification

Type Vertical, Water Cooled, Four Stroke
Number of Cylinder One

Bore 87.5 mm

Stroke 110 mm

Compression Ratio 17.5:1

Maximum Power 5.2 kW

Speed 1500 Rev/min

Dynamometer Eddy Current

Injection Timing 23° Before TDC

Injection Pressure 220 kgf/cm2 , Direct Injection

Smoke level was measured using a standard AVL43Tdks meter. Exhaust emissions of unburned
hydrocarbons (HC), carbon monoxide (CO), carboxid® (CQ), oxygen (Q), oxides of nitrogen
(NOx) were measured on the dry basis. A Non Dispersifrared (NDIR- AVL-444 digas) analyzer
was used. The analyzer was periodically calibratszbrding to the instructions of the manufacturer
and the error analysis is tabulated in Table 4.rblyarbons and NOx were measured in parts per
million (ppm) and carbon monoxide, carbon dioxide @xygen emissions were measured in terms of
percentage volume. AVL Combustion analyzer with @& meter Hardware and Indwin software
version 2.2 is used to measure in cylinder presdueat release rate, IMEP etc., The schematic
experimental setup is shown in Fig.1.

Table 4 Error Analysis

Parameters O, NOx HC CO Fuel Volumetrici, BSFC BTE
Flow rate
% of error| 1.05 0.94 1.03 0.09 +1 +1.5 +1.5
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Base data was generated with standard dieselSubkequently five fuel blends ranging from 10% to
50% of hexanol by volume were prepared and tefReddings were taken, when the engine was
operated at a constant speed of 1500 rpm for adldo Parameter like engine speed, fuel flow aad th
emission characteristic like NOx and smoke werended. The performance of the engine was
evaluated in terms of brake thermal efficiencykbrpower, brake specific fuel consumption from the
above parameters. The combustion characteriskescllinder pressure and heat release rate were
noted for different blends. The experiments wepeated for the same fuels with 25% EGR which
was found as optimum and the results were compdieel.EGR ratio is determined as the ratio of
CO, concentration of intake air to as that of the eish@as
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1. Kirloskar TV1 Engine 9. Airfilter
2. Eddy current dynamometer 10. AVL somke meter
3. Injector 11. AVL Di-gas analyser
4, Fuel pump 12. Pressure transducer
5. Fuel filter 13. TDC Encoder
6. Diesel tank 14, Charge amplifier
7. Emulsified fuel tank 15. Indimeter
8. Air stabilizing tank 16. Monitor

17. Exhaust silencer

Fig. 1. Experimental setup

4, Results and discussions

Fig. 2 shows the brake specific fuel consumptiantfie neat diesel fuel and the various percentages
of the hexanol in its blends with diesel fuel atlpdoad (maximum brake power). The lower heat
value of the hexanol makes heat value of the méxtardecrease and hence the BSFC to increase for
higher blends. Among the blends 10% hexanol shomsmam brake specific fuel consumption to
other blends. Slight increase in BSFC is obsereedEGR as some of the intake air is replaced with
hot exhaust gases as illustrated by Husberg [15].
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Fig. 2 Variation of BSFC for D:Hx blends at peakdo

The presence of oxygen due to the addition of halxemthe diesel fuel, improve the combustion,

especially diffusion combustion and hence increéheebrake thermal efficiency. Fig. 3 shows, at the
peak load, the brake thermal efficiency for thetrdiasel fuel and the various percentages of the
hexanol in its blends with diesel fuel. This candittributed to the higher premixed combustion part
possessed by the hexanol blends because of the tetgne number of hexanol, leading to higher
percentage of ‘constant volume’ combustion, anthtolower heat losses and ‘leaner’ combustion.
From the figure it is observed that the brake tledrefficiency of 10% Hexanol blends recorded a
maximum of 33.9% efficiency. However, the efficignaf higher blends decreases as the calorific
value of the mixture decreases with the increashexanol ratio. EGR slightly reduces the brake
thermal efficiency as the amount of fresh oxygenilable for combustion gets decreased due to
replacement by exhaust gas [15].
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Fig. 3 Brake thermal efficiency for D:Hx blendspatak load

Fig. 4 shows the exhaust smoke (soot) density for the neat diesel fuel and the various percentages of
the hexanol in its blends with diesel fuel. One can observe that the soot emitted by the hexanol-
diesel fuel blends is significantly lower than that for the corresponding neat diesel fuel case, with the
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reduction being higher the higher the percentage of hexanol in the blend. This may be attributed to

the engine running overall ‘leaner’, with the combustion being now assisted by the presence of the
fuel-bound oxygen of the hexanol. In other words addition of hexanol reduces smoke density
uniformly at peak load because of the decreased quenching distance and the increased lean
flammability limit due to the high combustion temperature. The presence of oxygen in the fuel
assists in permitting the oxidation reactions to proceed close to completion. It is also evident that

the heat release rate of oxygenated fuels is high due to improved injection spray quality and causes

less smoke [19]. The results reveal that the tendency to generate soot from the fuel-rich regions
inside diesel diffusion flame is decreased by hexanol in the blends. With the use of EGR, the change in
oxygen concentration causes the change in thetsteuof the flame and hence changes the duration of
combustionEGR increase the smoke density due to deterioration in diffusion combustion [16].

Nitrogen oxides emissions are predominately tentperaphenomena, the presence of oxygen
increase the heat release rate for the oxygenagtémd hence the NOx emission will be high[5]. The
anticipated increase in NOx emissions as a funafdncreasing hexanol concentration is apparent in
Fig. 5. EGR is a useful technique for reducing N@rmnation in the combustion chamber. Exhaust
consists of CO2; N2 and water vapors mainly. Whear of this exhaust gas is re-circulated to the
cylinder, it acts as diluents to the combustingtone. This also reduces the O2 concentration in the
combustion chamber [15]. The specific heat of t&REs much higher than fresh air; hence EGR
increases the heat capacity (specific heat) ofrtteke charge, thus decreasing the temperature rise
for the same heat release in the combustion chajhber
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Fig. 4 Variation of smoke density for D:Hx blendgaak load
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Fig. 5 NOx emissions for D:Hx blends at peak load

Hexanol contain oxygen molecule that improves tbenlwustion process of the engine. Fig. 6
illustrates cylinder pressure traces of hexanahdidel diesel fuels. It is found that at the saméneng
speed and maximum load, the ignition delay fordkygenated blend is higher (the pressure rise due
to combustion starts later) than the corresponding for the neat diesel fuel case, with no
appreciable difference in the maximum pressure tduthe lower cetane number of hexanol. C.D.
Rakopoulos et al. obtained the same result for &8%nol [19].
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Fig. 6 Variation of cylinder pressure with cranigbnfor D:Hx blends at peak load

Fig.7 shows the cylinder pressure traces with m@sjpethe crank position for diesel and Hx10 fuel
with and without EGR. From the figure it is obseafhat the engine with EGR is having longer delay
period compared standard engine and hence redue@saximum pressure.
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Fig. 7 Effect of EGR on cylinder pressure with écamgle at peak load

It is observed from the Fig.8, that the ignitionlagefor the oxygenated blend is higher than the
corresponding one for the neat diesel fuel casdevils premixed combustion peak is much higher
and sharper. It is the lower cetane number of halxhat causes the increase of ignition delay and s
the increased amount of ‘prepared’ fuel (to thid evay also assist the easier evaporation of hexanol
for combustion after the start of ignition but istreflected in pressure, probably because of the
counteracting effect of later combustion in a low@mperature environment. The higher heat release
rate in diffusion combustion of the oxygenated funerease the net heat release rate, consequently
oxygenated fuel has controlled rate of pre-mixeuahtmostion.

The effect of EGR on heat release rate for the fumhtand Hx10 at maximum loading conditions is
illustrated in Fig. 9. EGR increases the delay authmany variations in the heat release rate. The
effect of EGR on heat release rate may be dudubahi caused by increasing amounts of inert gases
in the mixture, which reduces the adiabatic flagragerature.
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Fig. 8 Heat release rate with crank angle for Dhitbnds at peak load
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5. Conclusions

An extended experimental study is conducted to ustal and compare the use of hexanol as
supplement to the conventional diesel fuel at bleias (by volume) ranging from 10 to 50% in a
constant-speed, DI diesel engine located at theoesltlaboratory.

From the analysis results, it is revealed that withuse of the hexanol blends against the nesgldie
fuel,

» The ignition delay is increased; maximum cylindeegsures are hardly affected. Whereas,
EGR increases the delay and decreases the combpstissure; maximum heat release rate is
hardly affected.

» The smoke density was significantly reduced andegon is higher for the higher percentage
of hexanol in the blend. EGR increase the smokesitiedue to deterioration in diffusion
combustion.

» The NOx emissions were increased with the use ehtdxanol-diesel fuel blends. But 60%
reduction in NOx emissions was observed with EGR asts as diluents to the combusting
mixture.

» Little increase in specific fuel consumption witligkt increase of brake thermal efficiency
were also observed.

On the whole it is concluded that simultaneous c¢ddn of NOx and smoke without affecting the
performance of a diesel engine can be obtained dayguhexanol diesel blends with hot EGR
compared with neat diesel
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Acronyms
BSFC - Brake Specific Fuel Consumption
CO - Carbon Monoxide
D - Diesel
EGR - Exhaust Gas Recirculation
HC - Hydro Carbon
HSU - Hat ridge Smoke Unit
Hx - Hexanol
W EGR - With Exhaust Gas Recirculation

WO EGR - Without Exhaust Gas Recirculation
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