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ABSTRACT

The reduction of carbon monoxide {CO), unburmthydvocarbon (UHC) emission
and fiiel consumption on spark-ignition four-siroke engine is coptinueusly
attempled, The purposes from this research were to derermine the effect of
Hydracarbon Treating Svstem (HTS) on levels of OO, UHC ard fuel consumption.
Thix is an experimental research, It i conducted by comparing the exhaust pollutant
caoncentration such as carbon monoxide. unburnt hyvdrocarbon and also fuel
consumpiion between standovd engine setting and Hyvdrocarbon Treating Sysiem
applied. The research variable are HTS flow rate from ), = 0.cc/s (withowt HTS), O,
=15 cois, O, =2cok O, = 2.5 cols, and 0, = 3 ecls. The reseavch will be done in
three conditions which are low, medium and high vataiion. The vesult showed that
Hydrocarbon Treating System decreaxe fuel consumption up to [9.43% with flow
rate (. = 3 ecls, but on the other hand it increase CO emission up to 80.84% with
flow rate O, = 3 ecis and UHC emission level up to 124.75% with flow rate O, = 3
cods_from engine standard condition,
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corsumpiion

INTRODUCTION

The reduction of air pollution from com-
bustion devices is an inereasingly serious concem
worldwide due to the rise in fuel usage especially
for transport applications in urban arcas. Spark-
ignition {SI) and diesel engines, widely used 1o
power vanious types of vehicles, have been sho-
wn t0 be a major source of air pollution n cities
(FaizA, etal, 1996). The primary pollutants emit-
ted from modern ST engines are mainly oxides of
mitrogen, {primarily nitric oxide, NO, witha small
amount of nitrogen dioxide, MO, collectively
known as NOx), carbon monoxide (CO), or-

ganic conpounds that are mainly unbumed or
partially bumed hydrocarbons {UHC), small
amounts of oxides of sulfur and particulates
{Furuhama and Hiruma, 2004},

The liquid hydrocarban, typically gasoline,
is not itsel fexplosive; rather, only the vapor deri-
wved from the liquid s explosive. Since the vapo-
rization process is exothermic, past efforts have
been made to warm the fuel charge before it is
admitted to the combustion cylinders, in order
to hasten the vaporization.

A variety of heat exchangers which warm
the charge with the combustion exhaust products
have been proposed as well as various eleciric
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resistant heaters and from waler radiator
(Jauhari, 2005}, In most modem carburetors o
“fot spol” is provided which is heated with the
exhaust gas. Also, various forms of “atomizers”
have been proposed to subdivide the fuel into
droplet form, thereby increasing the surfice area
of s given fluid quantity to hasten iis waporzation,

Thivugh this research, the wriler wantsto
analysis theeffectof HTS installation o the emis
sion ol engine and fue] sonsumption, The result
of this research will give us explanation whether
this device works or not.

There are some ohjectives from this rese-
arch as follow: (1) How to know the effect of
using Hydrocarbon Treating System (o CO gimis-
sions of spark-ignition four-stroke engine. (2)
How to know the effect o using Hydrocurbon
Treating Svstem to UHC emissions of spark-
jgnition four-stroke engine. (3) How know
the effect of using Hydrocarbon Treating System
10 fuel consumpiion of spark-ignition four-stroke
engine.

Problem limitation on the writing of this
problem is used to adjust the tools which avai-
Iahle and also for isswes to be discussed or analy-
zed is not too widespread. Limitations are as
follows (1) The fuel which used inthe experiment
is gasoline with octane number #4.(2) Engine
that used is Honda Revo version 2008 (Stan-
dard) (3} The discussion i about the emission
and fuse] consumption before and after using of
Hydrocarbon Treating System. (4) The reseatch
will be done in three conditions which are low,

mediumand high rotation,

Review Of Literature

Hidayat(2005) hasconducted research on
the tool-lowering exhaust emissions on motar-
cviles, cars, cutbonrd mawrs and tiiernal com-
bustion engines do not move. Based on test data
that have been made to the additional equipment
is capahle of reducing CO emissions significantly,
up to the limit of the maximum, and average can
be reduced 1o above $4%, Inaddition to redu-
ch‘xgtﬂzmisam:tm! HE, also able o increese
the content of O, Additional wol does not
influence the perfirmuance of the vehicle during

aperation. One other advantage is being able o
reduce the noise level gencrated by the motor.

Warju (2006) has conducted resenrch on
affects of the use of copper coated manganese
catalytic converter on the exhaust pollutant kevels
four-stroke gasoline engine. The results showed
that the composition of the catalyst | 10 gr+00
gr Mn Cu s the hest compasition in the lower
levels afexhanst pollutants and increase engine
performanee. CO polhutant levels fiell 96.36% in
AJF 15 with the temperature range 275 - 340°C.
HC pollutan levels fell 94.74% inA/F 14.7 with
a range of emperatures 240-3062C, Torque s
up 38.37% at round about 9000 rpm. Power
rose 37.43% at round aboot 2000 rpm. Bmep
rose 38.37% at round about 9000 rpm, Thermal
efficicney rose 50.27% at round about QO
rpm. Cu catalyst composition 170 gr + 30 gr
Wi is the best composition of the Sound Pressure
Level (SPL), SPL rose 3.7% when compared
to standard,

Naudim(2000) has conducted emissions
teting on car engine Lsing the Multi-Fuels Pro-
cessor, In this experiment using fuel with 25%
gusaling and 75% water inside a bubbler tank.
Results showed levels of §.6%3 CO, in standard
conditions become to 0,1%. A level of nitrogen
oxide (NOx) in standard conditions was REH
ppm become to 168 ppim. A level of Unbusmed
Hydrocarbon {L/HC ) in standard conditions was
3 ppm became 1o | ppm and fuel consumption
in standard conditions was 11.7-1/100 km be-
come to 9.8 /100 km.

Fundamental Of Theory
Combustion engine is one of the activator
engines that utilize heat energy from combusion
process becomning mechanic energy in the com-
bustion chamber(¢ engel and Boles, 2006). A
chemical reaction during which a fuel is oxidized
and a large quantity is released is called com-
bustion. Combustion is initiated with a spark plug
that ignites the air-firel mixture in the immediate
vicinity of the spark plug electrodes. There is
essentiallyno pressure rise or work done at first,
and 5-10% of the air-fuel mixture is consumed
hefiore the comibustion process is fully developed.

bt
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When the lame is fully developed, it propagates
very rapidly agross the combustion chamber, ac-
celerated and spread by turbulence and mass
miotions within the cylinder, This rises the tem-
perature and pressure in the cylinder, and the
piston is forced down in the power stroke. By
the time, the lame front reaches the comens of
the combustion chamber, only a few percent of
the air-fuel mibcture remains, and the {lame iser-
minated by hent trinslfer and viscous drag with
the wall

The basic elements of combustion in the
combustion chamber are shown s fizure below:

Air Fual Spark

.-a-l&}(

Figure |. Components of Basic
Combustion (Sullivan. 20011

Actually, the compositions of fuel sub-
stances are carbon, hydrocarbon, nitrogen, sul-
fur, oxcypen, ash, and moisture, The reaghon in
the combustion chamber among aic, fuel, and
spark can be written as{ Tovota, 19955

CH,+125(0,+3.76 N)BECO, 49
H, O TN, + Energy. . cooiiviveeanninnk 1)

I. Factors Influencing the Flame Speed

The study of factors which affect the
velocity of flame propagation is Important
since the foms velociry influences the mte of
pressure nise in the cylinder and it related to
cenain types abnonmal combustion that ocom
mn spark-ignition engines. There are several
factors which affect the Aame speed, to va-
rying degree, the thost important being tur-
bulence and the fuel-air ratio. Details of va-
ricnes factors that affect the Name speed are
discussed below:

1.1 Turbulence

Turbulence which is supposed to consist
of many miniile swirls appears to increase the
rate of reaction and produce a higher flame speed
than that made up of Jarger and fewer swirls. A
suitable design of the combustion chamber which
involves the peometry of cylinder head and piston
crown inerease the turbulence during the
compression sieoke.

1.2 Fuel-Air Ratio

The fuel-air ratio has a very significant
influenee on the Tame speed. The highest flame
velocities {minimum time for com-plete
combiestion ) ane oblained with sc-mewhat nicher
mixctuire (point A as shown in figure which shows
the effect of mix-ture strength on the rate of
burning as in-dicate by the tume taken for
complete bur-ning in a given engine.

When the mixture is made leaner or ncher
(see paint A in figere 2} Ganesan, 2003) the
flame speed decreases. Less thermal energy is
released in the case of lean mix-ture resulting in
lower {lame temperaiure. Very rch miiture leads
to inconplete combistion which resulis again in
the release of less thermal energy.

ooy F T T T T T

Figure 2. Effect of Mixture Strength on
the Rate of Burning (Ganesan, 2003: 395)

1.3 Fuel Consumption (m,)

Fuael consumption is the amount of Tuel that
needed to do work per hour, which can be
Tormulated us bellow:
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fusel consumption rate (kg'h)

= yolume that ised in experiment
{ec)

time nesded 1o run down the
fuel in Edenmeyer {secaond)
density of fiel (kg/-!)

1.4 Hydrocarbon Treating System (HTS)

Hydrocarbon Treating System is a sys-
tem that provides vaporized fuel charpe through
the use ofanovel ammangement by using heat from
exhaust gas, the vap-orized fuel then projected
directly to the combustion chamber. The
presence of vaporized fuel inflluences the
resctivity berween fisel and nir, Omce this vipor
charge is mixed with air, it is more ig-nitable al
air-fuel mtios below those at which conventional
fuel/air mixtures may be ignited.

1.5 How HTS Work

The hydrocarbon fuel is volatilized n a
valatilizatian chamber or bubbler tank because
the tank i in vasuum so the st-mosphere air can

enter the tank. And then it is subjected 1o a high
temperatire environment in a heated reaction
chamber or catalyst prioe to its being introdu-ced
it the intake system of the engine. The reaction
chamber provides a heated resction zone with &
reaction rod therein about which the fuel flows. It
florwes throwgsh the heated resction 2one about the
reaction rod which makes the fuel suitable for
uming in the combustion chamber,

Sinée the engine 15 runming, it will produce
high temperature exhaust gases. This high
temperature gases then make the tempe-rature
of exhaust miarifold rise. The heat from exhast
manifokd used for heating the reaction chamber
or catalyst. The hy-drocarbon vapor that Row
through the reaction chiamber s being heated by
the heat from exhauwst manifold, Cumently, it is
nol known precisely what happens to the
volatilized hydrocarbon fuel in this high
tempersiure environment although one
speculation is that the larger mole-cules are
broken down into smaller mole-cular subunits
of the heavy molecules,

1.6 Hydrocarbon Bubbler
The bubbler is a tank containing bubbles
of hydrocarbons ( gasolineg). The bubbles flow

Figure 3, HTS installation
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coming from the bubbler 1ank of the engine

RESEARCH METHODOLOGY

circulates by the outside part ofthe reactor with

asrong kinetic enery, that confributes 16 bring
up to very high temperature the siesl rod (being
used as heat nccumulator) contained in the irea-

ting chamber.

Flow Chart of Research
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Figure 4. Bubbler

Tools and Materials

Figure 5. Flow Chart of Research

Material and tools that used in this research were:

Table 1. Specification of Honda Revo Engine

Type | 4 Strokes Engine
| Type of eylinder | Single, H type
| Valve mechanism S0OHC
Fuel System Carburetor
Intercooler Air
Volume Displacement 97.1ce
Bore x Stroke S0 x49.5mm
| Compression Ratio 8.0:1
Maximum Power 7.3 PS/R000 rpm
Maximum Torgue 0.74 kgl m/&000 mpm
Clutch Automnatic centrifugal wet type and double clutches
Starter Pedal and electric starer
Plug ND UZ0FS U22 FS-U, NGK. CAHSA CTHSA
MEDIA MESIN, Vol. 15, No, I, Januar 2014, 1 -9 5
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|. The engine that would be used is Honda d. O-Clamp
Revo 2008, with specifications of the engine e. Regulator valve
attable 1. f Cableties
2. Gasoline 5. Measuring Tools
3. Emission Analysis o Thermometer
4. HTS Tools b. Measuring Class (Burret}
o Hwdrocarbon tank g, Digital Tachometes
Bubbler tank is a maker of air bubbles d. Stopwaich
resulted by the intake mamifold vacuam, c. Venurs Flow Meter
The bubbler has volume 500 m-! for f Hygrometer
filling the gasoline.
b. Camlyst Experiment Installntion
Catalyst is & reactor thal increases the Experimental installation used in the
rate of 4 chemicals reaction such a5 experiment by applying Treating Hydrocarbori-
molecules volume & temperaturc of  gystems wse a venturc-flow meter as a
w“‘ meastremen of fuel vapor flow rate from the
e. Heal-resistant hose bubbler with the following scheme:
Figure 6. Scheme of Experiment lInstallation
1. Bubblertank 8. Airmix
2. Regulatorvalve 9. Throttle
3. Venturi-Flow Meter 10, Engine
4. Reactor/catalyst 11. Inlet vapor temperature (T )
5. Intabe manifold 12, Qutlet vapor temperature (T,)
6. Airintake 13, Thermometer/thermocouple
7. Throtile cable 14, Exhaust gas analyzer
& Analysis of Hydrocarbon Trenting Sysiem 1o The Emission of Spark-Ignition
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Experiment Procedures
There are several steps that have been
done in this expetiment are:
1. Testing Engine In Standard Condition
without HTS

a. Installing the burret and then filled io |50
ce of petrol,

b. Insialling the exhaust gas analyzer equip-
ment in the muffles

€. When the machine is turned on throttle
tumn ¢lockwise and make it idle / statio-
nary condition around 1200 rpm.

d. Rotate clockwise throttle to 2000 rpm
and recording of data from fuel con-
sumption and emissions.

e. Forthe nextexperiments by raising en-
mine rotation at 2000 rpm, 2500 rpm,
000 rpm, 3500 rpm, 4000 rpm, 4500
rpm, 5000 rpm, 3500 rpm and G000
rpm and recording data of fuel con-
sumptions and emissions.,

2. Testing Engine with HTS applied

a. Installing HTS devices on Revo Engine.

b, Installing mensuring glassmeret and then
filled 1o 1 50 ec of petral.

e. Installing the exhaust gas analveer equip-
ment in the muffler

d. When the machine 1 wumed on throtle
turm clockwise and meke it idle‘stationary
condition around 1200 pm,

e. Open valve of bubbler when vispor flow
rate at Q = 1.5 co/s and rotate clockwise
thritile 10 2000 rpm and recording data
of vapor tempensture (T & T}, volume
of gasoline in bubblerank before & after
wsing, fuel consurnption and emissions,

£ Forthe next step that are similar just cha-
nge engine rotations at 2500 rpm, 3000
rprm, 3500 rpm, 4000 rpm, 4500 rpm,
5000 rpm, 5500 rpm and 6000 rpm.

£ Openvalve ofbubbler when vapor flow
rate af =2 ec/s and rotate clockwise
throttle o 2000 rpm and recording data
of vapor temperature (T & T.), volume

of gasoline in bubbler tank before & after
using, fisel consumption and emissions.

h.  Forthe next step that are similar just cha-
nge engine rotations at 2500 rpm, 3000
rpm, 3500 rpm, 4000 rpm, 4500 rpm,
5000 rpm, 5500 rpm and 6000 rpm.

i Openvalve ofbubbler when vapor flow
rateat Q= 2.5 co's and rotme clockwise
throitle to 2000 rpm and recording data
of vapor temperatore (T, & T,), volume
of gasoline in bubbler tank before & after
using, fuel consumption and emissions,

1. Forthe next step that are similar just cha-
nge engine rotations at 2500 rpm, 3000
rpm, 3500 rpm, 4000 rpm, 4500 rpm,
3000 rpm, 5500 rpm and 6000 rpm.

k. Oypenvaive of bubbler when vapor flow
rate at () = 3 cefs and rotate clockwise
throttle to 2000 rpm and recording data
of vapor temperature (T, & T.), volume
of gasoline in bubbler tank before & after
usingz, filel consumption and emissions.

L For the next step that are similar just
change engine rotations at 2500 rpm,
3000 vpm, 3500 rpm, 4000 rpm, 4500
rpm, 5000 rpm, 5500 rpm and 6000
.

RESULT AND DISCUSSION

Experiment result analysis of Carbon
Monoexide (C0)
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Figure 7, Chart of CO vy, rpm
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Based on experiments that have been da-
e, can make chart the refationship betwesn CO
and the engine rotation as follows:

Based on the figure above we can look
that the lowest level of OO emission is in the
standard condition or we may say when the HTS

= Oeels. The lowest CO decline
the number of 2.1 3% when engine rotation ol
5,500 rpime. On the other hand, the highest level
of CO 15 obtained when the cngine is selling in
Q, = 3eels, CO points the nmber of 6.19% at
2000 rpm. Somehow, all the result almost shows
the same trendlines, With increasing of engine
rotation the degree of CO on emission for all
flow rotes was degradation,

Experiment result analysis of Unburned
Hydrocarbon {(UHC)

Based on experiments thatl have been
done, can make chart the relationship between
LHC and the engine rotation as follows:

i . — | ot |
L {=F R K P
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Enging hitatioa [rpm)

Figure 8. Chart of UHC vs.rpm

From the figure above we can anabyze that
the lowest emission of UHC on the standard set-
ting or fn the HTS flow rate of 0, = Deefs, The
lowest emisaion of LIHC i the standard setting
% 52 ppim at 4,000 rpr. On the other hand, the
highest ermission of LIHC can be seen on the en-
gine which has the flow rate of (), =3 ce's. The
emission of UHC in this condition is 728 ppm at
2,000 rpm. It mean, addition of HTS flow rate
can make emission of UTHC incresse as signi-
ficant.

Experiment result snalysis of Fuel
consumption {m,)

The effect of Hydrocarbon Treating Sys-
1em om thee el consumption is shown in Figure
S below. It is clear]y indicates an increase of fiscl
eonsurnpiion with the engine rotation. The highest
fizel consumption reaches when the engine is set
in standard condition. It points the number of
0.705 Ke'hat 6,000 pm. Meanwhile, the lowest
fuel consumption at 6,000 rpm happens when
the engine is serin 2.5 co/s. It points the numbes
of 0,365 Kg'h.
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Figare 9. Chart of m, vs. rpm

The aversge value in every rottion, the
fired consumpiion in standeard condition is still ta-
king the highest comsumnption it shows the rum-
ber of 0381 Kg/h. For the flow rate 1.5 co/s s
lower 19.37% than consumption in standard
condition, It points in the number of 0,307 K
h, On the other hand. the fuel consumption is
voly decrease 18.67% ifthe engine is setin 2
ci/annd 17.72 % ifthe engine is setin 2.5 e
5. In fact, the highest difference happens when
the engineis set in the flow rate of 3 ce/s. This
is due to decrease of charge from fuel tank.
The decrease in change of fuel consumption is
attributed by the nerease of the amount of air in
the HTS.
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CONCLUSION level of UHC from others. For standard
engine condition the emission level of UHC

1. Theemission level of OO in standard engine 15 36 ppm. Whereas, UHC emission level
condition (3, =0 ce/s)is the lowest emission for others setting results are 81 ppm for Q,
leviel oFCO from others, For standard engine = 1.5 cc/s, 91 ppm, for Q,= 2 ce/s, 92 ppm
condition the emission level of C04s 2.13%. for Q= 2.5 cofs, and 110 ppm for Q,=3
Whereas, CO emission level for others set- cols.
ting results are 2.97% for Q. = 1.5 cefs, Hydrocarbon treating system can reduce the
3.22% for Q, =2 co’s, 3.56% for Q,= 2.5 number of fuel consumption about 19.43%
ce/s, and 3.67% for Q.= 3 cofs, from stondard engine condition.

2. Theemission level of UHC in standard engine
condition (0), =0ce/s} is the lowest emission

[*F)
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