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B poboTi HaBeneHO METOIMKY BU3HAUCHHS IIMKJIOBOI ITOAAYi MAIMBONIOJABATBHOI aapaTypy 3 €IeKTPOHHUM KepyBaHHSM,
sika 0a3yeThCsl HA BUKOPUCTAHHI CUTHATIB CHCTEMH KepyBaHHS Ta TEPMOJMHAMIYHOI Teopil BUTIKaHHS ra3iB. TOYHICTH po3paxy-
HKY IIMKJIOBO] ITOAadi, 1[0 3a0€31euyeThC BUKOPHCTAHHSIM HaBEICHOI METOAMKH He repeBuIrye 5 %.

DETERMINATION OF FLOW RATE IN GAS ENGINE WITH ELECTRONIC CONTROL
OF FUEL DELIVERY SYSTEM

A. Vrublevskiy, A. Dzyubenko, M. Lipinskiy, A. Kuzmenko, S. Podleschuk

In this paper shows a method of determining the cyclic flow of fuel equipment with electronic control based on the use of
the control system and the thermodynamic theory escape of gases. Ensures accuracy of determining the cyclic flow using the

proposed method does not exceed 5%.

V]IK 621.43.06:534.83

A. Marchenko, D. Samoilenko, Ali Adel Hamzah, Omar Adel Hamzah

WASTE HEAT RECOVERY SYSTEMS FOR INTERNAL COMBUSTION ENGINES:
CLASSIFICATION AND BENEFITS

Recent trend about the best ways of using the deployable sources of energy in to useful work in order to reduce the
rate of consumption of fossil fuel as well as pollution. Out of all the available sources, the internal combustion en-
gines are the major consumer of fossil fuel around the globe. The remaining heat is expelled to the environment
through exhaust gases and engine cooling systems, resulting in to entropy rise and serious environmental pollution,
so it is required to utilized waste heat into useful work. The recovery and utilization of waste heat not only conserves
fuel, usually fossil fuel but also reduces the amount of waste heat and greenhouse gases damped to environment. It is
imperative that serious and concrete effort should be launched for conserving this energy through exhaust heat re-
covery techniques. Such a waste heat recovery would ultimately reduce the overall energy requirement and also the

impact on global warming.

Introduction

Presently, high fuel costs and concerns about for-
eign oil dependence have resulted in increasingly com-
plex engine designs to decrease fuel consumption. For
example, engine manufacturers have implemented
techniques such as enhanced fuel-air mixing, turbo-
charging, and variable valve timing in order to increase
thermal efficiency. However, around 60-70% of the
fuel energy is still lost as waste heat through the cool-
ant or the exhaust. On the other hand, legislation of
exhaust emission levels has focused on carbon monox-
ide (CO), hydrocarbons (HC), nitrogen oxides (NOx),
and particulate matter (PM).

Energy conservation on engine is one of best
ways to deal with these problems since it can improve
the energy utilization efficiency of engine and reduces
emissions [1] . Given the importance of increasing
energy conversion efficiency for reducing both the fuel
consumption and emissions of engine, scientists and

engineers have done lots of successful research aimed
to improve engine thermal efficiency, including super-
charge, lean mixture combustion, etc.

However, in all the energy saving technologies
studied. Engine exhaust heat recovery is considered to
be one of the most effective. Many researchers recog-
nize that Waste Heat Recovery from engine exhaust
has the potential to decrease fuel consumption without
increasing emissions, and recent technological ad-
vancements have made these systems viable and cost
effective [2].

Possibility of heat recovery and availability
from I.C. Engine

Waste heat is heat, which is generated in a proc-
ess by way of fuel combustion or chemical reaction,
and then “dumped” into the environment even though
it could still be reused for some useful and economic
purpose. This heat depends in part on the temperature
of the waste heat gases and mass flow rate of exhaust
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gas. Waste heat losses arise both from equipment inef-
ficiencies and from thermodynamic limitations on
equipment and processes. For example, consider inter-
nal combustion engine approximately 30 to 40% is
converted into useful mechanical work. The remaining
heat is expelled to the environment through exhaust
gases and engine cooling systems [3]. It means ap-
proximately 60 to 70% energy losses as a waste heat
through exhaust (30% as engine cooling system and 30
to 40% as environment through exhaust gas). Total
energy distributions from internal combustion engine is
shown on Fig. 1

Radiation
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Cooling 35%
System
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30%

Fig. I Total energy distributions from internal
combustion engine

Exhaust gases immediately leaving the engine can
have temperatures as high as 450-600°C. Conse-
quently, these gases have high heat content, carrying
away as exhaust emission. Efforts can be made to de-
sign more energy efficient reverberatory engine with
better heat transfer and lower exhaust temperatures;
however, the laws of thermodynamics place a lower
limit on the temperature of exhaust gases [4].

Benefits of ‘waste heat recovery’ can be broadly
classified in two categories

1. Direct Benefits:

Recovery of waste heat has a direct effect on the
combustion process efficiency. This is reflected by
reduction in the utility consumption and process cost.

2. Indirect Benefits:

a) Reduction in pollution: A number of toxic
combustible wastes such as carbon monoxide (CO),
hydrocarbons (HC), nitrogen oxides (NOx), and par-
ticulate matter (PM) etc, releasing to atmosphere. Re-
covering of heat reduces the environmental pollution
levels.

b) Reduction in equipment sizes: Waste heat re-
covery reduces the fuel consumption, which leads to
reduction in the flue gas produced. This results in re-
duction in equipment sizes.

¢) Reduction in auxiliary energy consumption:
Reduction in equipment sizes gives additional benefits

in the form of reduction in auxiliary energy consump-
tion [5].

Diesel engines

In general, diesel engines have an efficiency of
about 35% and thus the rest of the input energy is
wasted. Despite recent improvements of diesel engine
efficiency, a considerable amount of energy is still ex-
pelled to the ambient with the exhaust gas. In a water-
cooled engine about 35 kW and 30-40% of the input
energy is wasted in the coolant and exhaust gases re-
spectively.

The amount of such loss, recoverable at least
partly, greatly depends on the engine load [6]. The
wasted energy represents about two-thirds of the input
energy and for the sake of a better fuel economy, ex-
haust gas from Internal Combustion engines can pro-
vide an important heat source that may be used in a
number of ways to provide additional power and im-
prove overall engine efficiency. These technical possi-
bilities are currently under investigation by research
institutes and engine manufacturers. For the heavy duty
diesel engines, one of the most promising technical
solutions for exhaust gas waste heat utilization appears
to be the use of a useful work.

Availability of Waste Heat from I.C. Engine the
quantity of waste heat contained in a exhaust gas is a
function of both the temperature and the mass flow rate
of the exhaust gas:

O=mx( X AT

Where, Q is the heat loss (kJ/min); m is the ex-
haust gas mass flow rate (kg/min); Cp is the specific
heat of exhaust gas (kJ/kg°K); and AT is temperature
gradient in °K. In order to enable heat transfer and re-
covery, it is necessary that the waste heat source tem-
perature is higher than the heat sink temperature.
Moreover, the magnitude of the temperature difference
between the heat source and sink is an important de-
terminant of waste heats utility or “quality”.

The source and sink temperature difference influ-
ences the rate at which heat is transferred per unit sur-
face area of recovery system, and the maximum theo-
retical efficiency of converting thermal from the heat
source to another form of energy (i.e., mechanical or
electrical). Finally, the temperature range has impor-
tant function for the selection of waste heat recovery
system designs [7-8].

Heat recovery sytem for engine

Large quantity of hot flue gases is generated from
internal combustion engine etc. If same of this waste
heat could be recovered, a considerable amount of pri-
mary fuel could be saved. It is depends upon mass flow
rate of exhaust gas and temperature of exhaust gas. The
internal combustion engine energy lost in waste gases
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cannot be fully recovered. However, much of the heat
could be recovered and losses be minimized by adopt-
ing certain measures. There are different methods of
the exhaust gas heat recovery namely for space heat-
ing, refrigeration and power generation. The mass flow
rate of exhaust gas is the function of the engine size
and speed, hence larger the engine size and higher the
speed the exhaust gas heat is larger. So heat recovery
system will be beneficial to the large engines compara-
tively to smaller engines. The heat recovery from ex-
haust gas and conversion in to mechanical power is
possible with the help of Rankine, Stirling and Brayton
thermodynamic cycles, vapour absorption cycle.

These cycles are proved for low temperature heat
conversion in to the useful power. Engine exhaust heat
recovery is considered to be one of the most effective
means and it has become a research hotspot recently.

For example, Doyle and Patel [9] have designed a
device for recovering exhaust gas heat based on
Rankine cycle on a truck engine. The commissioning
experiment of 450 kilometers showed that this device
could save fuel consumption by 12,5%. Cummins
Company has also done some research on waste heat
recovery on truck engines, and the results showed that
engine thermal efficiency could improve by 5,4%
through exhaust heat recovery. James C. Conklin and
James P. Szybist [10] have designed a six-stroke inter-
nal combustion engine cycle with water injection for
in-cylinder exhaust heat recovery which has the poten-
tial to significantly improve the engine efficiency and
fuel economy. R. Saidur et al [11] Rankine bottoming
cycle technique to maximize energy efficiency, reduce
fuel consumption and green house gas emissions.

Recovering engine waste heat can be achieved via
numerous methods. The heat can either be reused
within the same process or transferred to another ther-
mal, electrical, or mechanical process.

Waste heat can be utilized for some useful works
and it is reduces pollution. The diesel engine exhaust
gas waste heat recovery rate increase with increasing
diesel engine exhaust gas emission rate.

The increasing fuel costs and diminishing petro-
leum supplies are forcing governments and industries
to increase the power efficiency of engines. A cursory
look at the internal combustion engine heat balance
indicates that the input energy is divided into roughly
three equal parts: energy converted to useful work,
energy transferred to coolant and energy lost with the
exhaust gases. There are several technologies for re-
covering this energy on a internal combustion engine,
where as the dominating ones are: Waste heat can util-
ized for heating purpose, power generation purpose,
refrigeration purpose, etc.

A Using of exhaust gas. Heating Purpose

Waste heat can be utilized for the heating purpose
like space heating, Preheating intake air and fuel, dryer
etc. Typical examples of use would be preheating of
combustion air, space heating, or pre-heating boiler
feed water or process water etc. waste heat recovery
system can utilized for pre heating intake air and intake
fuel [12].

Heat energy is recovered from the exhaust gases,
which causes lower heat addition, thus improving en-
gine thermal efficiency. Low grade fuel, such as, kero-
sene can be used in diesel engine by blending with
conventional diesel fuel. Using the air preheating sys-
tem and 10% kerosene blend as fuel, the thermal effi-
ciency is improved and exhaust emissions (NOx and
CO) is reduced as compared to neat diesel fuel without
using air preheating system [13]. The general view of
heat recovery system is shown on Fig.2.

Waste heat recovery is useful for preheating al-
ternative fuel so reduce viscosity of fuel, better fuel
atomization and low volatility of fuel.

B Using of exhaust gas. Power Generation
Purpose

Waste heat can also be utilized indirectly for the
power generation using rankine cycle. Bryton cycle,
Stirling cycle and directly used for thermoelectric gen-
erator etc

Generating power from waste heat typically in-
volves waste heat utilization from internal combustion
engine to generate mechanical energy that drives an
electric generator. Electricity generation is directly
from heat source such as thermoelectric and piezoelec-
tric generator. A factor that affects on power genera-
tion is thermodynamic limitations for different tem-
perature range.. The efficiency of power generation is
heavily depended on the temperature of the waste heat
gas and mass flow rate of exhaust gas.

Thermoelectric generation

The exhaust pipe contains a block with thermo
electric materials that generates a direct current, thus
providing for at least some of the electric power re-
quirements. In which two different semiconductors are
subjected to a heat source and heat sink. A voltage is
created between two conductors. It is based on the see-
back effect. The Cooling and Heating is done by apply-
ing electricity. It is low efficiency approximately (2 to
5%) and high cost.

Thermoelectric generator and its components.
Thermoelectric devices may potentially produce twice
the efficiency as compared to other technologies in the
current market [14]. Thermo Electric Generator is used
to convert thermal energy from different temperature
gradients existing between hot and cold ends of a
semiconductor into electric energy. This phenomenon

ISSN 0419-8719

ABUIrATEJIN BHYTPEHHEIO CIrOPAHUA 2°2014 39



Pabouyue npouecco! [BC

was discovered by Thomas Johann Seebeck in1821and
called the ,,Seebeckeffect™.
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Fig. 2 Thermoelectric Generator

The device offers the conversion of thermal en-
ergy into electric current in a simple and reliable way.
Advantages of Thermo Electric Generator include free
maintenance, silent operation, high reliability and in-
volving no moving and complex mechanical parts.
Recycling and reusing waste exhaust gas can not only
enhance fuel energy use efficiency, but also reduce air
pollution [15].

Thermal power technology such as the Thermo
Electric Generator arises, therefore, significant atten-
tion worldwide. Thermo Electric Generator is a tech-
nology for directly converting thermal energy into
electrical energy. It has no moving parts, is compact,
quiet, highly reliable and environmentally friendly.
Because of these merits, it is presently becoming a
noticeable research direction. The mathematical model
of a Thermoelectric Generator device using the exhaust
gas of vehicles as heat source, and preliminary analysis
of the impact of relevant factors on the output power
and efficiency of Thermo Electric Generator

1.2 Piezoelectric Generation

It is used for low temperature range of 100 to 150
C. Piezoelectric devices convert mechanical energy in
the form of ambient vibration to electric energy. This is
thin film membrane can take advantage of oscillatory
gas expansion to create a voltage output.

Conclusion

It has been identified that there are large poten-
tials of energy savings through the use of waste heat
recovery technologies. Waste heat recovery defines
capturing and reusing the waste heat from internal
combustion engine for heating, generating mechanical
or electrical work and refrigeration system.

The waste heat recovery from exhaust gas and
conversion in to mechanical power is possible with the
help of Rankine, Stirling and Brayton thermodynamic
cycles, vapour absorption. For waste heat recovery
thermoelectric generator is use low heat, which has low
efficiency. It is helpful for the same amount of in-

creases in thermal efficiency and reduction in emis-
sion.

New regulations and standards for noise emission
increasingly make the automotive improvements about
decreasing the engine noise. Considering the cost and
the volume of the muffler in the vehicle, the aim is to
develop smaller and more compact designs without any
loss from the back pressure in muffler. Proposed new
designs should be analyzed with respect to both acous-
tics and back pressure. In this study, a new design reac-
tive perforated muffler is investigated. The present new
design muffler was analyzed to obtain minimal back
pressure affects for the engine. Back pressure values
from numerical analysis were calculated. It was estab-
lished that new design muffler has less back pressure
effect for the engine. The difference between total
pressure drops is 686 Pa which is essential. Next step
for investigation should include simulation of acoustic
effects and temperature fields in the muffler units for
new design muffler.
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CUCTEMUA YTI/IJIBA]_IIi EHEPITi BIAMNMPAIIBOBAHUX I'A3IB IBC: KIIACU®IKALISA I IIEPEBAT'A
A.Il. Mapuenxo, /I.€. Camoiinenxo, Ani Adenv Xamsa, Omap Adenv Xam3a

Cepenl CHEPreTUYHNX YCTAHOBOK, MPEJICTABICHUX Y CBITi, [IB3 € OCHOBHMM CIIOXHBa4deM BUKOITHHUX MaNWB. TeruoTa i
eHepris BiamparpoBaHux rasis JIB3, a Takoxk TeIIoTa, BigBeICHA 3 OXOJIOIKYBAJIBHOIO PIAMHOIO MPH3BOISATH 10 3POCTAHHS
eHTporii 1 3a0pyAHeHb HABKOJIMIITHHOTO CepeIoBHIA. BukoprcTaHHs ITi€l TEIIOTH I OTPUMAHHS KOPHCHOI poOOTH - OWH i3
NIUISIXIB 3HIDKCHHS HaBAaHTAXXCHHS HAa HABKOJIMIIHE CEPEIOBHINE. PO3TISHYTO OCHOBHI METOMHM YTWIi3allii BTOPHHHOI TEIUIOTH
JIB3. Bukonana ix kiacudikamis Ta omiHKa eeKTUBHOCTI.

CUCTEMBI YTUJIM3ALIUU DHEPTUU OTPABOTABIIUX I'A30B /IBC: KTIACCU®UKAIIUSA 1
MNPEUMYIIECTBA

A.Il. Mapuenxo, /I.E. Camoitnenxo, Anu Aoenv Xamsa, Omap Adenv Xamza

Cpe[[I/I OHEPreTUYCCKUX YCTaHOBOK, IMTPEACTABJICHHLIX B MUPE, I[BC ABJIAACTCA OCHOBHBIM l'IOfl'pe6I/ITCHCM HUCKOITa€MBIX TOII-
ymB. Teruiora u OHCPrus 0Tpa60fl'aBH_II/IX ra3oB Z[BC, a TaKKC TCIUI0Ta, OTBOAMUMAA C oxnamx[a}omeﬁ JKUAKOCTBIO IIPUBOIAT K
POCTY SHTPOINHNU U 3arps3HCHUAM Opr)KaIOHIefI Cp€abl. Hcnonp3oBanne 3TOW TEIIOTHI JUISL TIOJTYUCHUST TTOJIC3HOMN pa60rrm -
OIWH U3 Hyreﬁ CHWIKCHUS HAIrPY3KHU Ha OKPYKAIOIIYIO CpEay. PaCCMOTpeHBI OCHOBHBIC MCTO/JbI YTUIIN3allUN BTOpH‘{HOﬁ TECILIO-

161 /IBC. BrimonHeHa ux kiaccuuKanms 1 oleHKa 3P PEKTUBHOCTH.

Y]IK 621.43
. B. Meuwkos

BbIBOP UCXOIHBIX JAHHBIX ITPU PACYETE NIOI'PEHTHOCTHU
NHIANTIIUPOBAHUSA ABC
Paccmompen 6b100p u 060CHOBAHUA UCXOOHBIX OAHHBIX NPU paciene MepMOOUHAMULECKON NO2PEWHOCU NPU UHOU-

yuposaHuu ,ZZBC UCCED08AMENbCKUMU KOMNWIEKCAMU C UCNOTIb308AHUECM nve3oKepamuieckoco damuuka O0aseHusl.
ﬂaHbl pekomenc)auuu OMHOCUMENIbHO 6bl60pa 3HCI‘£€HML7, npec)ﬂomcenbz nymu coeepuieHcmeosarnus Mmemooa pacuema

mepMO()uHaMuttecmﬁ noepewHocmu.

Beenenune

IIpu muguuuposanuu JIBC coBpeMEHHBIMU HC-
CJIC/IOBATEIILCKIMH KOMIUIEKCAMH C IIhE30Kepamuye-
CKMM [JaTYMKOM [aBJICHUS HEOOXOOMMO YUUTHIBATH
TEPMOAMHAMHYECKYIO MOTPEITHOCTh. MeToanKa pac-
Yera MOTPemHOCTH NOoApoOHO paccMoTpena B [1, 2].
AHanmu3 TI0Ka3bIBaeT, YTO CYIIECTBYIOT pa3JIMYHbIC
TOYKH 3PEHHUS] HA METOJUKY y4eTa JaHHOHM IOTrpEeIHo-

CTH, KOTOpBIC OTIUYAIOTCS METOAOM BBIOOpA HCXOI-
HBIX JTAHHBIX U TIIYOWHOW YCpETHCHHS WTOTOBOH HWH-
JIMKaTOPHOM IHarpaMMel.

®opmyupoBaHue NpPodeMbl

Meronuka pacuera TEPMOAMHAMUYECKOW IIO-
TpeIrHOCTH TpezcTaBieHa B [1, 2]. B coorBercTBHU C
JIaHHOW METOJAUKON MCXOOHBIMU JAHHBIMU SBIISIOTCSA:
Piresss, Pomess — MIBMEpPEHHOE NaBJICHUE, V71,, — 00BeM
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