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Novelty statement

Performance of an emoard ORC exhaust heat recovery system using water or air cooling method was evaluated.
Relation of benefit angenaltyof the ORC system with cooling system was analyzed.

Performance evaluation of the engine with ORC systedifferent engine operating conditions and ambient

temperatures was presented.
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Summary

Energy saving and emission reduction of enginer® taken seriously, especially for vehicular diesel engines
Exhaust heat recovellyased on organic Rankine cy¢l®RC) systemhas been considered as an effective
approach foimproving engine fuel economyhis article presentthe investigationof water or air cooling
methodfor an ORC exhaust heat recovery systama heavy duty tructhrough simulationsThe models of
the truck engine and the ORC system were developed isud, and the integration system model was
developed in the Simulink environmerithe validity of the models &s verified experimentally.The
performance of thgehicularengine with ORC system using water or air cooling methodogagparatively
analyzedThe simulation results indicated thaater cooling method is more suitable for the vehicular ORC
system than air cooling methothe relation beteenbenefit and penaltyf the ORC systerand cooling system
was discussed. The operating conditiddrthe cooling systenwas confirmed having significant effects dret
combined system performanespecially the fan speetihe performancenprovemeniof theenginewith the
use of ORGystenmwasfurtherevaluateduinder different engineperatingconditionsand ambient temperatures
Lower ambient temperature had positive impaxct theenginefuel economyThe mass flow rate of exhaust
gas for heat recovery should be reguldtedetter performance under high ambient temperature.
Key words: Heavyduty truck,Diesel engineDRC, Cooling methodOperatng condtion, Ambient
temperatureBSFC
1. Introduction

Theenergysavingand emission reduction die internal combustioengineshave receivednoreattention.
New vehicular emission regulations has been introduced in[2DXhd the regulations halzeen implemented
for light duty diesel vehicles at ambient temperature ofZ®3 [2]. Thethermalefficiencyof enginess about

40%[3]. Approximately30% of theenergy input from fueils contained in the exhaugas[4], andthe rest of



heatenergy isreleasedhrough intake aimtercoolingand engine coolanRecovemg the exhausheatis an
effective methodor achievingthereduction infuel consumption and emiss®fb]. Thermoelectriaevice[6,
7] andturbo-compounding8, 9] have been applied to recover exhaust freat enginesThe ORC systenmas
beenconsideredisan efficient methodfor waste heat recovery. Various ORC systems theemninvestigated
by manyresearches. Simple ORGystem[10], regenerative ORC systaifill, 12, preheated ORC system
[13, 14] and double ORC systesfil5, 16] have been presented in previous publicati®@aseralscholas have
researchetheexpandefl17, 18] andthepump[19, 20] in ORC systemdeat exchangd21, 22] and working
fluid [23, 24] which havesignificanteffects orperformancef ORC systems hav@sobeenstuded. Moreover,
the system cooling probledimit the development of the applications of ORC system on vehicles.

A few scholars havealiscussedthe cooling demand of ORC systen®hang et al.[25] analyzed the
performance of an ORC exhaust gas heat recovery system which used an air cooled cbladerteal]26]
discussed two water cooling typesan ORC system for waste heat recovery fromreeggliyang et al[27]
optimized and analyzed the performance of an ORC for recovering cylinder jacket water heat from a marine
engine, and discussed the effects of the inlet temperature of the cylinder jacket water and the cooling water on
the system performanc@e et al]28] adopted an air cooled condenser for cooling the ORC system which was
utilized to recover low grade waste he@arcasci et a[29] alsoanalyzed the performance of an ORC system
with an air cooled condenstar recoveringexhaust heat from gas turbirghi et al.[30] designed an exhaust
gas mixturerecirculation loop to stabilize the exhaust gas heat source. The working fluid in the condenser was
directly cooled by airGreletet al.[31] assessed thgerformance of the ORC system which was cooled by the
enginecoolant system or a separate cooling system under different driving ¢yolest al.[32] also presented
the two water cooling method fan ORC systenwhich was used to recoveraste heat from a commeaci

agricultural tractor engineéAir and water cooling method for ORC systems were exploHedvever, the



difference of the two cooling mode ftire orroad exhaust heat recovery systemquires further analysis.

The applications of ORC system in the transportation sectotiegreresearche@he positive and negative

effects of ORC waste heat recovery systems on performance nésrgid vehicles were explor&hmingues

et al.[33] evaluated the exhaust waste heat recovery potential of a RE&nsfgstvehicle engine. Performance

of the RC system with Water, R123 and R245fa under differepbeaaon pressure was compargiao et al.

[34] evaluated thgerformance of a diesel engine with ORC system, and discussed the efférsGRC

system on the acceleration performance of the en@imen et al[35] developed a confluent cascade expansion

ORC system to recover engines waste heat. The system performance was evaluated under different engine

operatng conditions. The results indicated that the peak thermal efficiency of the engine can be improved from

45.3% to 49.5%Horst et al.[36] predicted the performance of an ORC waste heat recovery system on a

passenger car. The results showed that the ORC system could improve fuel economy by 3.4%, but the negative

interactions reduced thHgel saving potential by 60%R0lz et al.[37] andBattistaet al.[38] also analyzed the

integration performance of engmeith ORC systerm The effects of the increased weight and exhaust

backpressure caused by the ORC system on the performance of thevesrgikiscussedJsman et al[39]

studied the effects of an ORC system on the performance of a light duty vehicle. The results showed that the

maximum power improvement is 5.82% at the vehicle velocity 0kb@h.The ORC system was not beneficial

whenthe vehicle ran with a speed lower thkm/h Moreover,Capateet al.[40] evaluated the feasibility of

an "onboard" ORC system and analyzed the performance of the ORC sygtélenthe coolingdemandfor

the onrboard ORC systems shouldforther analyzed.

Through investigationt is found thathe performancevaluatiorof ORC waste heat recovery systesmtsch

wereappliedon vehicles has beenpresentedHowever, there is no available literatures focus@mparing the

cooling methodsf the orboard exhaust heat recovery systemheavyduty truck enging In this paperboth



water aml air cooling methodbr the ORC system were discuss€decooling system for th®RC system was
separate with the engine cooling systdime performance of an ehoard ORC exhaust heat recovery system
for heavy duty truck wasvaluated through simulation8he models othe enginewith the truck the ORC
systemandthe cooling systerwere developedn GT-suite The combinedsystemmodelwas developedh the
Simulink environment The performance of the engimgth ORC systentooled byeitherwater or airwas
comparativelyanalyzed Therelation between power output apdwer consumptionf the ORC system and
the cooling systerwasanalyzed, and the benefit the systenwas discussedl he performancemprovement
of thecombined systemwas further evaluaedat different engine operating condit®iThe effects ohmbient
temperatur®nthe combined systeperformancemprovementvere alsoanalyzed
2. System configuration

An ORCsystemusingeitherair or water cooling methodas developedo recover exhaustasteheat from
adieselenginepropelling a heavy duty trucks shown irFigurel. The engine integratiwith the ORC system
by anevaporatoVa | v e s ¢ aigured arelpropaibdal extmaust bypass valves which are used to adjust
the mass flow rate of the exhaust gas entering the evapdtigtoe 1(A) shows the ORC systewith an air
cooled condenseFigure 1(B) describes th®©RC system with avatercooled condensdn a watercooling

systemwhichis isolated fronthe engine cooling system
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Figurel Schematic diagram of the combined system. (A): The ORC system using air cooling method, and (B): The ORC
system using water cooling method

2.1 Performanceof the baseengine

The baseengineis asix-cylinder four-stroketurbocharged diesel engirier heavyduty applications The

truck has a tespeed manual transmissidmble 1 presents thepecifications of the truck arahgine

Tablel Specifications of theavyduty truckengine

ltems  Parameter Value
Rated power/kW 258
Rated speed/r-mih 2100

Engine Speed under the Maximum torque condition/r-fni 1300~1600
Displacement/L 8.6
Stroke and cylindelbore/mm 112x145
Compression ratio 17.5
Vehicle mass/kg 9800
Rated load/kg 1713

Truck  Drive model 8x4
Tire number 12
Highest speed/krir! 95

Engine performance was evaluated experimenf84y. The maximum mass flow rate and temgiare of

the exhaust gas can reach to 0.417 kg/s and 754 K respediivelgnthalp and entrop of the exhaust gast

different temperature and presswvere obtained based oREFPROPThe exhaust energy and exergy were

calculated by Eq(1) and (2) respectivelyThe energyinput rate fronfuel, the energy and the exerfjpw



rateof exhaust gaat different engine operating conditican® shown ifrigure2. The exhaust energndexergy
can reach up t872 kW and74 kW whenthe ambientonditionsareT=298.15 Kandp=99.5 kPaThe exhaust
energy and exergydicatethe potential of the OR€xhausivaste heat recovesystem.
Energyflow rateof theexhaust gas
Qi = Ml (1)
Exergy oftheexhaust gas

E = rnxh[( haxh - hama :I-am() Sexh Sar)l (2)
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Figure2 Energies of the diesel engine at different engine operating conditions

2.2 Specifications of the ORC system

In the running process of the ORC systdma, ltquid working fluid is pressurized from the reservoir into the
evaporator usingn externally poweregump.The exhaust gas flows through the vafbéinto the evaporator
and heats the liquid working fluid into high temperature vapor. The workingj ¥iagpor flows through the
expander which converts thermal energy into mechanical power. Subsequently, the working fluid is condensed
into liquid in the condenser and flows into the reservidiren, the liquid working fluid is pumped again to form

acycle

In this studyR245fawas selected athe system working fluidlue toits environmental, safety and thermo



physical featuresThewater cooledORC system condisd ofa shell and tube evaporatomplatecondenser, a
diaphragm meteringump, a scroll expander with a generator and a resefvoadditional cooling system that
cools the ORC system consistedadihned tube radiatogn electronienechanicafanand a water pum»0%
(v/v) ethylene glycolwvas used athe cooling liquidin the water cooling systeniiheair cooled ORC system
consisted of aair-cooled finned tube condensehich had the same parameters of the radidothe separate
cooling systemThe fan and the water pump consumed power which was supplied externally.

3. System modeling

3.1 Modelsdevelopment

The performance of the engine with ORC systeam evaluated through simulat®hemodel of thediesel
enginewith the truck vas built in GT-suite environment The engine model consisted all the important
components such as the intake and exhaust valves, the turbocharger and the fuel injectors. The main parameter
are described iablel1. The CherFlynn friction model and a three term Wiebe function were selected in the
engine modelThe truck model consisted the vehicle body, the clutch, the transmission an@h@gshicle
weight, thetransmission parameters and the tire paramefdtse truck the fuel injection quantity and speed
of the enginaveresetin the model The ambient pressure and temperature was set as 99.5 kPa and 298.15 K
[41].

The ORC systemmodelswere also developedh GT-suite [42]. Shell and tubeand plateheat exbanger
models were used to simulate #naporatoand thecondensem the ORC systenA tube fin heat exchange
model was used to simulate the radiator of the cooling sySiemple models ofpositive dispacement pump
and expandewere selecteth the GTsuite librariedo simulate thevorking fluid pump, hewater pump and
the expandepf the ORCsystem The displacements were 10 $r80 cn? and 106 crf) respectively. The

volumetric efficiencies and isentropic efficiencies of the psianml expander models were 1 and Q46544)].



Thefluid volumetricflow rate and the enthalpy changerosghe pumps and the expandezrecalculated with

the constandisplacementvolumetric efficiencyand isentropic efficiencin the GT-suitemodel The external

air velocity of theradiatorin the water cooled ORC system and the air condemslee air cooled ORC system

was equal to the truck speddhe cooling fan of the cooling system is a map based model, and the behavior of
the fan wasdefined based on measured performance date heat transfer areas of the evaporator, the
condenser and the radiator were 4.31 1.2 n? and 9.61 iy respectiely. Thetotal refrigerant chargef the

ORC systenwas set a85 L. In the GTsuite modelthe ORC operating condition was mainly controlley

both the expander speed and the pump sdmmbperating conditiof the added cooling systemas adjusted

by the speeds of the fan and the water pump.

A bridgingmodel wasleveloped in the Simulink environment which alemidynamic data transfer between
the truck/'engine model and the ORC system modebpicted inFigure3. The exhaust temperature and mass
flow rate were calculateby the engine modelnal transferredo the ORGOmModel The exhaust gapressureat
p o i nwas caléuiateih the ORC modehnd transferred back to the diesel model as the backpreShare.
truck speedvas transferretb the ORC modeds the face velocitgf the air-cooled condenserhe bridging
model needed to be solved iteratively due to the dependencetefrtperature, n&s flow rate of the exhaust
gas and thengine backpressur€he data veretransferredwvith high level of precisiometween the models
a time step 00.01 s. This Howedthe combined model @ccurately evaluate the performance ofdbmbined

systemat differentoperating conditiomnd ambient temperature
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Figure3 Simulation model of the engine with ORC system cooled by air

The performance of the engine integrated with the ORC system cooled by different liquids was evaluated.
The backpressurehange the net power outputhange the BSFC reduction of theombinedsystemand the
ORC systenthermalefficiencywere discussed.
Backpressurehangeof the engine with ORC system is:

DP =R, R 3)

Net power outputhangeof the engine withvater cooledDRC system isalculatedas:
ViV, W, W, W W W @
Net power outputhangeof the engine withair cooledORC system is defined as:
WSV, A, W W, -

BSFC reduction of the engine with ORC system is defined as:

My M,
DBSFC = . . ()

ewo ewo n
Thermalefficiencyof the ORC system is calculated as:

_\Nexp 3 vau

hORC - T (7)
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3.2 Modelvalidation

The GTsuite moded of the engine and tH@RC systemwverevalidated against experimental resultseoify
the computationalaccuracy.The performance aher adi at or ( 6 RadFigueed withdvateaa s s h
instead of working fluids or ethylene glycol was analyzed experimentally. The validatios tdaultand water
outlet temperature fdhe radiator model in the water cooling system were presenkégiire4 (A). The results
indicated that the air cooleddiatormodel has high accuradyurthermorethe experimeral evaluation and
performance analysif a water cooled ORC system which was useecover heat from medium temperature
exhaust gakave beenintroducedin Ref.[45]. The temperature of working fluid at the condenser outlet was
measured at different operating conditioasdthe comparison results between experiments and simulations
are shown irFigure4 (B). The validation results indicate the water cooleccondensemodel built in GF
suite hassmall erros. The validation of theengine model has begresentedn Ref [34]. The resultsof
comparisorshow that the mamum error is lower than 2.5%his suggestthatthe GFsuite modelfiavehigh

accuracyandcan be used fgrerformancenvestigationof the combined system
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Figure4 Validation ofmodels (A): Air and water outlet temperatuoé the radiatarand (B): Temperature of working
fluid at the condenser outlet

4. Results anddiscussion

In this sectionthe performance of the engine with ORC system using water and air cooling method was

comparatively analyzedesides, the power benefit of tlERC system at different cooling system operating
11



conditionswas discussed. The performance of the engine with ORC system at different epgraéng
conditiors was evaluatedAt last, the effects of ambient temperature on the system performmamceement
were alsoanalyzed.
4.1 Performance evaluation of the engiwith ORGsystem usindifferentcooling method

The steadyperformance of thelieselengine with ORCsystemusing water or aircooling method was
analyzed The engine was operatedth different speeds and full loadBhe trucktransmission was set tite
highest gear. Theperating condition of the ORC system and the cooling systesateadyValve Gbwasfully
closed and the valvddéwas fully openedT he effects ofhecooling method otheperformance of the combined
systemarediscussedh thissection

Figure5 shows theespectivgperformance of theombinedsystem.The net power output increment of the
engine with ORGystemat different engine speeds was comparedrasvn inFigure5(A). The water cooled
system hd higher net power outputnprovement The improvementof power outputincreases with the
increasing of engine speéa the two ORC systemsh€ differenceof power outputmprovemenbetwee the
two systems is minimum a&ngine speed of 2100 r/min, and the maximum difference is 1.23 lahgate
speed of 1500 r/mifThe relations of power output and consumption for the two ORC sysibarsthe engine
operaes at the engine rated operating condition of 2100 r/min and 1168 N-m vatyeeain detailas shown
in Figure5(B). The output power of the water and air cooled ORC syste7d®V and 4.51 kW respectively.
Becausehe working fluid has lower condensatitamperature angressure for the water cool@RC system
according td-igure5(C). Both the expansion ratiand power outpudf the systenarehigher.Furthermore,he
power consumption of the fan for the two case is simalaryellthe water pump has low power consumption,
so the power consumption of the cooling systemsived| differencevhich is about 0.1 k\WResults show that
the power output improvement of thater and air cootksystem is 3.9 kW and 3.03 k&Y the engine power

12



output of 258 kW

Figure 5(C) preserg the condensation pressure of the worlingd. The condensation pressure of the
working fluid increases with the increasing of engine speed, due to the increasing of exhaust energy and the
limited cooling capacityf the cooling systenWater has higher specific hemtd heat transfer efficientlan
air, sothe working fluid has lower condensation pres$ar¢éhe water cooled ORC systewhile the difference
between the two systems decreases with engine dpigede5(D) showsthe ORC system thermal efficiency.

The water cooled ORC system has higher thermal efficiency than the air cooled ORC system. The maximum
thermal efficiency of the water cooled ORG®mM is 6.8% at engine speed of 1500 r/min. The analysis results

indicate that the engine with the water cooled ORC system has better power performance. Ttierefere,

boardORC systenused water cooling methddr the following investigations.

Net power output increment (kW)

Condensation pressure (MPa)

Figure5 Performance of the engine with the air or water cooled ORC sy§¢rRower output changéB) Relation of
power output and consumption, (C) Condensation pressure of working fluid, and (D) Thermal efficiency of the ORC
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system

4.2. Powerbenefitof the ORC systemrsing water cooling method

The increase ofgwer consumption of the cooling system wtiie increasingcondenseheat rejection has
been presentedh iRef. [36]. Evaporation pressure and condensation pre$swe significantimpacs onthe
performancef ORC systera[46]. The effects of the cooling system on performance of the ORC system were
discussed. The relatidmetweenthe benefis and penaltiesof the ORC system and the cooling system was
analyzed

The engine was operatati1200 r/minwith full engineload, and théruck speedvas 54.3 km/hAll exhaust
gas passes through the evaporatori . e . v al v e .Téearass Woavsate bfedolingyair wds measukd
atthe aircondenseoutlet. The ORC system output power and the power consumption of the cooling system at
differentoperating conditionsf the cooling systemvere presented iRigure6. Increasing thenass flow rate
of the cooling liquid and cooling aincreases thieat transfein the condenser and decreaescondensation
pressureof the working fluid Both the pessure ratio of the expander and the ORC system output power
increasd accordingly However, the power consumption of the fan and the water pump also incrEased.
cooling system power consumption is higher than the ORC system output power when the apofiass
flow rate isgreaterthan 1.88 kg/sat fan speed of 3750 r/mimat which point the ORC system produced no
benefit Therefore, the cooling system operating condition has significant effecthe system power
performance. The selection of a suitable operating condition can effectively improve the ORCpyséem

output andeducethe cooling system power consumption.

14
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Figure6 Variations of the ORC system power put and power consumption of the cooling system

The performance of the combined system with different engine speed at full load conditiciustieas
evaluatedThe effects of the fan speed on the combined systéput poweimprovementerepresented in
Figure 7. Below engine speedf 1300r/min, increasing fan speed in general had negative sftecthe net
power output This becausthe exhaust heat was relatively low therefore the cooling capacityomidr fan
speedwas adequate. As the engine speed increased, it was beneficial to provide additional cooling by the fan
and the net power output increased with increasing fan speegMdr at a certain fan speefchpproximately
3200r/min, the benefit was overcome by the power consubyedriving the fan Therefore the net power
output started to declingbove the optimal fan speedt high engine speedbove 200Gd/min, however, it
appeared that the impact of fan speed became insignifiegause the large amount of heat contained in the
exhaust gas can always meet the power consumption requested by driving the fan. In general, optimal fan speed:

exist at different engine conditisrto allow the highest power output from the ORC system.
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Figure7 Power output improvement of the combined system at different engine speed

4.3 Performance evaluation at difnt engine operating condition

Based on the abowmnalysis the operating condition of the cooling system veas. Thefan speed and the
water pump speedf the cooling systenwas 3200 r/min and 2500r/min respectively inthe following
investigation The steady performance of the combined system evadudaed when he engine was operated
from 1200r/min to 2100r/min andover 700 NmWhile the ORC system was closatlow engine speed and
torque conditions due to the low exhaust energy aandll potential for recoverings well as decrease the
negatve effects on engine performance.

The exhaust backpressure of the engine with ORC system had notable increase accord{By th&g.
exhaust resistancimcreases when the exhaust gas flows through the evaporator, and increases with the
increasing of exhaust gas mass flow rate. Therefore, the exhaust backpressure increased with both the engine
speed and torque as showrFigure8. The maximum backpressure increment is 5.13 kPa at the engine rated
operating conditiorof 2100 r/min and 1168 N-nThe raised backpressure had negative inggatthe engine
performance, which consequentifsetthe benefit of the ORC system. & bffects were consideredn this

research, and thiemprovemenbf the combined system net output power was analyzed according4d Eq.

16
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The net power outputimprovementof the combined systerat different engine spes@nd torque was
analyzedIntegration of the ORC system increased the power output of the engine as sliigund®. The
maximumtotal power gains 3.56 kWwhenthe enginevasoperated a2000r/min and 1052 Nm. Thetotal
power gain wa negative when the engine opedatlow speeds and loadsheenergycontained in the exhaust
gas wadow at these conditiontherefore the power generatedtbg ORC systemwas insufficient to cover the
power consumptioof the cooling systerand compensafer engine power loss due to the raised backpressure
Thenetpower outpuimprovemenincreased with the increasing of engine torquéen the engine was operated
at low engine speedwhile it firstly increasel and then decreagdeas the engine torque increasesen the
enginewas operatedt high engine speedBhereason is thahe exhaust energgcreasedvith both the engine
speed and torque accordingRigure 2, while the cooling capacity of the cooling systevaslimited at the
constant operating condition, so the expansion ratio and output power of the expanderdiestiednd then

decreaseds the engine power increased.

17
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Figure9 Net power output improvement of the engine with ORC system

The BSFC contours of the engine with or without ORC system at different engine operating conditions are
shown inFigure10. The maximum BSFC of the engine without ORC system 1s32(kW-h) at the speed of
2100 r/min and the torque of ¥8Im, and with ORC systeme figure becam216.8 g/(kW-h) when the engine
operated a2100 r/minand1168 N-m.The engine BSF@nproved considerablgy equippinghe engine with
the ORC systerandthe maximum BSF@vasredue@d by3.6 g/(kW-h)when the engine vgaoperated at 2100
r/min and 872 N-mWith the ORC system, the engine can operate with therlB&FC in a notably larger area,

indicating thaintegration of the ORC system can effectively imprthaenginefuel economy.
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Figure10 Variations of BSFC of the engine. (A): The engine without ORC system, and (B): The engine with ORC
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system

4.4 Performance evaluation with differeamnbient temperature

The performance of the combined sysegrifferent engine spes@nd torquewasfurtherevaluatedinder
theambient tempetare of 293 K and303 K. The performance of the combined system over this temperature
was compared tthe case 00298 K.

The net power output improvement for the combined system operating under different ambient temperature
is shown inFigure11 The maximummprovemenof the combined system output povean reach t8.94kwW
and 3.18kW at ambient temperatuseof 293 K and 303 KrespectivelyFigure 11, together withFigure 9,
clearly suggest that increasing ambient temperature has a negative effect on the ORC system performance, ant
as a result, duces the combined system performandait at the same ambient temperature, the figures are
similar. The figures also suggest that the system performance varied more withsggegde and torquesder
higher ambient temperaturéhe reason is that thmoling capacity of the cooling system decreases at higher
ambient temperaturéoth he expansion ratio and the output power of the ORC system dedReasgering
largemass flow rate of the exhaust gasigh enginspeed and load conditionan increaethe negative effects
of the exhaust backpressure on the engine performanceglsmdecreaséhe ORC system power output.
Therefore,the mass flow rate of the exhaust gas enteringQR&E systemhad to be restrictethrough
controlling the openings of a | ade sabdad high engine speed and torque condgi@specially under high

ambient temperatuse
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Figurel11 Variations of net power output improvement. (A): At the ambient temperature of 293 K, and (B): At the
ambient tenperature of 303 K

Figurel2describes the BSFC reduction of the combined system at difeardmiént temperaturehe BSFC
reduction of the combined system was calculég&q(6). The maximum BSFC reduction of the combined
systemwas 3.98 g/(kwW-h) and 3.3 g/(kW-&t ambient temperature of 293 K and 303r&spectively.The
combined system has higher BSFC reduction attdrideiel economatlower ambient temperatur€herefore,

the decrease of ambient temperature has positive effects on the system performance.

Figure12 Variations of BSFC reduction. (A): At the ambient temperature of 293 K, and (B): At the ambient temperature
of 303 K

5. Conclusiors
In this paperan onboard ORC system was used to recover exhaust gas heat from a diesel engine for a heavy
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