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Works on construction of a piston internal combustion engine with heat
regeneration modeled on Stirling engine are carried out in Marine Power Plant Department
of Polish Naval Academy. The essence of the project is that the engine will have
characteristics of both diesel and Stirling engines. This engine is structurally similar to -
type Stirling engine that implements the open cycle. This engine is characterized in that the
compression and heat delivery from the regenerator performs as in the Stirling cycle, while
providing heat from the combustion and expansion as it pursues in diesel cycle. The
exhaust gases dissipate heat to the regenerator before they are removed from the cylinder
and replaced with cold air. Heat stored in the regenerator is used to the compressed air in
the next cycle. The main advantage of the proposed solution is that: heat delivery occurs in
an internal combustion process without losses of exchange and allows for a short pulse of
higher temperature than in the Stirling engine. High temperature working medium, as in
diesel engine and heat recovery as in Stirling engine provides high engine performance that
is the subject of the project. Current research is limited to the engine construction model
studies. Theoretical cycle of the engine actually shows the efficiency close to Carnot cycle
efficiency at the same temperatures. In practice there are deviations from the theoretical
cycle, hence to implement the necessary studies, were modeled the processes taking place
inside the cylinder. Both the existing models of internal combustion engines and Stirling
engines fired models allow direct modeling of the proposed workflow engine. A model
which is a combination of typical elements in the modeling process in the engines of both
types is presented in the paper.

Diesel engine, Stirling engine, heat recovery.

Introduction

Currently, heat engines with higher thermal efficiency are very large units
of low-speed compression ignition engines, commonly known as diesels. Along
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with the dimensions reduction the slot-wall effect is dominated and negative
relation of heat exchange surface to volume ratio impact on efficiency of diesel
engines. Therefore, engine efficiency drops dramatically. The air near the wall
cools the combustion chamber so that the flame is extinguished in the immediate
vicinity of the cold parts of the combustion chambers and cold cracks, and this not
only results in engine performance reduction but also in emission of unburned
hydrocarbons into the atmosphere. Because of this there is justified that the
construction of a diesel engine with volume less than 350cm® is not advisable. In
addition, to ensure the required strength needed to move large gas forces resulting
from high compression pressure needed to create the conditions for the self-
ignition robust engine design is required and with a much greater mass than in
spark-ignition engines. Engines, where the wall effect exerted beneficial effects on
the combustion process, were so-called semi engines.

An engine having two hot and cold chambers is a Stirling engine, in which
the chamber is cold during compression stroke to the extent possible, cooler, and
hot during expansion stroke. The gas (which is the working medium) parameters
during pumping between the chambers are dependent on the direction of heating or
cooling in heat exchangers. In this type of engine heat recovery is possible and the
efficiency of the engine is close to theoretically achieve efficiency in Carnot cycle.
However, providing heat through the heat exchanger reduces the temperature of the
upper heat source to the allowable operating temperature by structural material. For
example for heat-resistant steel H25N2052 it is reduced to 1425K. These results in
lower efficiency compared to internal combustion engines, which in the impetus
could reach a temperature of 2500K. So far, Stirling engines have been used as
engines utilizing the heat from engine combustion chamber where permitted
burning of any fuels including solid fuels have occurred. Currently, they mainly
use waste heat or solar energy. The main feature of the Stirling engine is that it
pursues a closed cycle without changing the working medium, which is usually an
inert gas, mainly helium or nitrogen.

The essence of the internal combustion engine with heat regeneration is to
create a cylinder head complex of the hot part of the cylinder and the cylinder
embedded in a refrigerated cold body of the cylinder, inside which move
synchronously two pistons, one sealed in the cylinder, the second called displacer,
unsealed. The space above a displacer crown creates a hot cell, which occurs at
burning, and between its lower part and a crown of the piston, cold chamber, in
which compression occurs. Displacer outer diameter is at least one millimeter
smaller than the inner diameter of the cylindrical part of the head, which creates
circumferential flow channel for air flow from the cold chamber to a hot cell,
which is accompanied by heat downloads from walls elements which crating the
channel. As directed flow continues until they reach the minimum volume of cold
chamber, at which point the fuel is injected and as a result spontaneous combustion
occurs. Flow direction changes from that point to the opposite, resulting in exhaust
gas pressure on the piston crown and at the same time, during the flow through the
peripheral channel, heat transfer to the walls of it. Cylinder head with a hot
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cylindrical portion and the upper and side displacer walls are made of steel, while
its lower part and the piston are made of aluminum alloy in such a way as to
increase their surface area to maintain a constant low temperature during
compression. In addition, the head of the outside cylindrical cylinder head part is
thermally insulated from the environment. The upper central part of the head
contains a cooled seat in which injector is mounted, also thermally insulated in the
ceramic insulating sleeve channel. The engine working chamber is shown in Figure
1.
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Fig. 1. The working chamber of the internal combustion Stirling engine: 1 -
injector, 2 — injector cooling slot, 3 — insulating sleeve, 4- head of the cylindrical
part, 5 — hot combustion chamber, 6 - displacer, 7 —cooled cylinder part, 8 — cold
compression chamber, 9 —charge exchange channels, 10 - piston

1 pav. Vidaus degimo Stirlingo variklio darbiné kamera: 1 - purk$tuvas; 2 —
purkstuko aus§inimo anga; 3 — izoliuojanti jvoré; 4 — cilindrinés dalies galvuté; 5 —
karsta degimo kamera; 6 — sttmiklis; 7 - auSinamoji cilindro dalis; 8 — Saltoji
suspaudimo kamera; 9 - dujy apykaitos kanalai; 10 - stimoklis

This engine would be working in the two-stroke cycle. During the one

rotation due to not simultaneous movements of piston and displacer five phases, as
shown in Figure 2, can be distinguish.
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Fig. 2. The cycle of the engine: 1 — charge loading, 1-2 - compression,2-3 - heat
extract from regenerator, 3 - fuel injection, 3-4 - work, 4-5 - heat putting to
regenerator

2 pav. Variklio ciklo eiga: 1 — miSinio jsiurbimas; 1-2 — suspaudimas; 2-3 —
Silumos paémimas i§ generatoriaus; 3 — degaly jpurskimas; 3-4 — darbo eiga; 4-5 —
Silumos perdavimas j generatoriy

For hot engine in steady state condition, they would look as follows:

The charge exchange - displacer turning in an external position (TDC) and
the piston in the inner lower position (BDC). The cylinder is fed with fresh
air that cools the walls of the compression chamber.

Compression - the piston moves to TDC and compress the air. The gas
transformation will be intermediate between adiabatic and isothermal.
During compression stroke generated heat is carried away to cold walls of
the compression chamber.

Heat recovery from the regenerator - after reaching the TDC displacer
moves from TDC to the surface of the piston. Air is pumped from the cold
to hot chambers without changing the volume. Passing through the gap gas
is heated in the isochoric transformation by displacer hot wall, head and
cylinder. The increase in temperature would cause an increase in pressure.
Pumping air after the hot combustion chamber should have at or above 700
°C, so there are conditions to fuel self-ignition.

Work stroke - when displacer contacts the plunger all air will be in the hot
chamber and then fuel is injected as in diesel engine. Self-ignition occurs
and raised temperature and pressure of working medium. This moves
piston in the BDC direction. Displacer must follow the piston so that the
volume of the cold chamber in this part of the engine operation cycle is
minimal.

Regenerator heating - before piston reaching the BDC charge exchange
channels will be unveiled just before the displacer moves towards the
TDC. This will pump hot exhaust gases from combustion chamber to cold
chamber. Exhaust gases flowing through the gap between cylinder and
displacer are cooling cylinder head, displacer and hot parts of the cylinder.



6. Charge exchange - when displacer reaches TDC and piston is continuing
move toward the BDC charge exchange will occurred through open
channels. The exhaust gases of relatively low temperature and low pressure
will be removed from the engine working space to the atmosphere by the
incoming fresh air. The engine reaches its initial state and the whole cycle
will repeat.

Theoretical cycle of regenerative heat engine

The theoretical considerations for mapping of five phases of engine
operation assumes that the piston and displacer move with uniform motion so as to
reach the final position of the characteristic phases introduced in the low
temperature characteristic points of cycle. Assumed initial cycle temperature of
300K and pressure of 0.1 MPa, the maximum regenerator temperature, the head
temperature, the hottest parts of the cylinder and the outer displacer part depend on
the type of steel used in their construction. In the case of structural steel, it cannot
exceed 540°C, with alloy tool steel - 700°C, while for heat resistant steels - 1000°C,
for steel types H23N13 or H25N2052 - 1150°C. The discussion assumed the worst
way of heat isobaric delivering as in diesel combustion cycle. The amount of
supplied heat is limited to a value that causes an increase in temperature such that
at the end of the expansion to obtain a temperature not higher than the allowable
operating temperature of the material plus the possible loss of heat.
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Fig. 3 Theoretical engine cycle in coordinates of P-V. 1-2 - polytrophic
compression, 2-3 - isochoric heat providing from regenerator, 3-4 - isobaric heat
supply from combustion,4-5 - polytrophic expansion, 5-1 - isochoric heat transfer
to regenerator

3 pav. Teorinis variklio ciklas P-V koordinatése: 1-2 — politropinis suspaudimas;
2-3 — izochorinis Silumos tiekimas i§ generatoriaus; 3-4 — izobarinis Silumos
tiekimas degimo proceso metu; 4-5 — politropinis iSsiplétimas; 5-1 — izochorinis
Silumos perdavimas j generatoriy
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Difference between the temperature of air leaving the regenerator and the
temperature of exhaust gas fed to the regenerator is assumed as 100 K. This
difference depends on the efficiency of the regenerator and is necessary to cover
the losses of heat exchange. Theoretical cycles of the engine with compression
ratio of 8 which lighten these limitations are shown in Figure 3 in coordinates of P-
V and in Figure 4 in coordinates of T-S.
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Fig. 4 Theoretical engine cycle in coordinates of T-S (symbols as in Figure 3)
4 pav. Teorinis variklio ciklas T-S koordinatése: (Zyméjimai kaip 3 paveiksle)

Several simulations were performed. Cycle efficiency was calculated as a
function of compression ratio for several polytrophic compression exponent values
starting with isothermal compression adiabatic compression. In addition, the chart
shows the Carnot and Sabathe cycle’s efficiency under identical conditions. In the
preliminary discussion, adopted polytrophic expansion exponent equal to 1.4 and
the regenerator temperature equal to 970K. The results of this simulation are shown
in Figure 5.
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Fig. 5 Engine efficiency versus compression ratio compared to the Carnot and
Sabathe cycle efficiency with different polytrophic exponent of compression and
expansion constant polytrophic exponent equal 1.4

5 pav. Variklio efektyvumo priklausomybé nuo suspaudimo laipsnio, lyginant
duomenis su Karnot ir Sabathe cikly efektyvumu esant skirtingoms politropinio
suspaudimo proceso eksponentéms ir pastoviai i$siplétimo proceso eksponentei
lygiai 1.4
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On the basis of simulations, it was found that the efficiency of the proposed
engine is between the Carnot and Sabathe cycle efficiency. At least favorable
adiabatic compression (green) efficiency is close to 60% even at compression
ratio = 4. While in the Sabathe cycle comparable efficiency can be achieved with
compression ratio = 15. In isothermal compression efficiency value over the entire
range is much higher than in the Sabathe cycle, and even at compression ratio 6
exceeds 70%.

Although it would be most beneficial isothermal compression, another
simulation was conducted assuming polytrophic compression exponent equal to
1.1. This polytrophic exponent can be achieved with an efficient piston, cylinder
and the cold bottom of the displacer cooling. To improve heat transfer piston crown
should be performed with possibly large heat exchange surface. A relatively long
time for heat exchange should also be provided which could be achieved only in
low-speed engine. During this simulations polytrophic expansion exponent varied
in the range of 1.2 to 1.6. The calculations were repeated for different compression
ratios ranging from 2 and ending at 15.19 as the highest, in which the proposed
engine cycle converges with Carnot cycle. The discussion does not include the
initial pressure change as a result of molecular transformation.
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Fig. 6 Engine efficiency versus polytrophic expansion exponent with different
degrees of compression ratio - and constant polytrophic compression exponent 1.1
6 pav. Variklio efektyvumo priklausomybé nuo politropinio i$siplétimo
eksponentés esant skirtingiems kompresijos laipsniams — ir pastoviai politropinio
suspaudimo eksponentei 1.1

Regardless of the compression ratio the best performance could be
achieved by an adiabatic expansion (polytrophic exponent close to 1.4). To get
close to the adiabatic expansion heat exchange surface should be limited and
provide possible high temperature of combustion chamber walls, so that its
difference with respect to the average gas temperature was minimal. For
compression close isothermal cooling of the piston and the bottom of the displacer
should be applied, and their surfaces should be as large as possible. The upper part
of displacer and head should have the smallest possible space to reduce heat
transfer.
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Figure 7 shows the effect of regenerator temperature limit for the engine
efficiency versus compression ratio.
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Fig. 7 Effect of allowable operating regenerator temperature on the engine
efficiency versus compression ratio

7 pav. Variklio efektyvumo kitimas, esant leidziamai generatoriaus darbinei
temperatirai, priklausomai nuo suspaudimo laipsnio

Higher regenerator temperature could provide higher temperature of the
expansion end. Then, more heat will be isochoric supplied from the regenerator
increasing cycle efficiency. However, to obtain a higher temperature at the end of
expansion the higher maximum temperature should be provided. Values of the
maximum cycle temperature for several regenerator temperatures versus
compression ratio are shown in Figure 8.
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Fig. 8. Maximum cycle temperature for different temperatures of the regenerator
Versus compression ratio

8 pav. Maksimalios ciklo temperatiros kitimas, esant skirtingai generatoriaus
darbinei temperatiirai, priklausomai nuo suspaudimo laipsnio

Crank system and deviations from the ideal cycle

To ensure optimum operating conditions for the engine operating
mechanism must satisfy the following conditions:

138



e During the charge exchange and compression, from point 5 to
point 2 displacer should remain in the TDC and the volume of hot
space should seek to 0,

e At heat recovery time from point 2 to point 3 the total volume
should be constant because the plunger should be gently moved to
the TDC to compensate the increase in volume caused by active
volume reducing by the piston rod,

e At work stroke from point 3 to point 4 the volume of the cold
space between the piston and displacer should strive to 0.

It was decided to design and implement a research engine of a cylinder
capacity equal 50 cm®. Attempt was made to calculate the typical diamond crank
system for Stirling engines [Fig. 9] but despite system optimization to achieve the
assumed motion geometry of the diamond system was impossible. In an exemplary
system the piston crank runs the road obtained as in Figure 10. Particularly
pernicious deviation from expectation is that at the end of charge exchange
displacer remains at about half-way to TDC. Additionally hot gases in the cylinder
have significant deviation from the ideal gas and theoretical cycle.
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Fig. 9. Graph of the piston and displacer position versus crank angle in the
diamond system

9 pav. Maksimalios ciklo temperattros kitimas, esant skirtingai generatoriaus
darbinei temperatiirai, priklausomai nuo suspaudimo laipsnio

Therefore it was implemented patent procedure for constructed engine
crank angle system which we could not disclose in this paper. We can only show in
the Figure 10 the graph of the piston and displacer position versus crank angle for
this new crank system.
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Fig. 10. Graph of the piston and displacer position versus crank angle

in the constructed system

10 pav. Grafikai atspindintys stimoklio ir stimiklio padéties kitima priklausomai
nuo sukonstruotos sistemos veleno postkio kampo

An attempt was made to modify the system as a result of rhomboid
supplemented by an additional element of self-aligning. We cannot publish the
scheme of created innovative system because of the ongoing patent application
procedure. This system has 13 parameters affecting the movement geometry of the
piston and displacer. These parameters are the dimensions of the elements, the
points of arms support, and offset angles between the axes. Such a number of
parameters and a specially designed program enabled the optimization of arbitrary
chosen shape displacer and piston displacement, despite the limitations imposed by
design nature. System is restricted by the minimum angle value of the connecting
rod, the minimum pins diameter and, consequently, the minimum distance between
the pivots and pins. Obtained crank system kinematics was examined in the
Autodesk Inventor program.

Conclusions

The prepared engine is similar in construction to the Stirling engine,
however, differs from the Stirling engine in way of heat delivering, which is made
by heater and charge cooling replacing by the internal combustion process. Engine
loses virtually all the features and advantages of Stirling engine, however, remains
the possibility of regeneration of heat from the working medium pumped between
the chambers. Heating and cooling elimination will reduce the harmful volume and
eliminate heat transfer losses.

Both disadvantages of Stirling engines such as outside combustion
chamber separated from working medium and the working medium separated from
the refrigerant as the main reasons for reducing the efficiency are practically solved
in the project. This will ensure that:
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1. The high thermal engine efficiency according to the calculations above
60%.

a. Higher than in Stirling engine due to: smaller harmful volume, no
heat exchange losses and ability to obtain a pulse temperature of
about 2500K as in diesel engines,

b. Higher than in diesel engine due to: lower compression work, the
possibility of heat recovery and not to receive heat during the
expansion.

2. Work on low-quality liquid fuels by high temperature combustion chamber
walls, as in the medium pressure engines with incandescent bulb Lanz
Bulldog tractor.

3. Reducing emissions of harmful substances into the atmosphere. CO and
HC - because of better combustion in the hot combustion chamber and
burning in the gap between displacer and hot cylinder at a temperature
above the ignition temperature. NOx - due to lower pressures and
temperatures than in diesel engine. CO, - due to better heat utilization.

4. The deposits generation through high entire combustion chamber wall
temperature and significant excess of air.

5. Reduced oil consumption because the oil lubricates only the cold chamber
and do not enters the combustion chamber so there is no oil combustion in
the engine like in a diesel.

6. Limited thermal field. Engine parts, head, part of the cylinder and displacer
heat up to a temperature of the "white heat" and shall be thermally
insulated from the environment. Gases prior to exhaust while giving heat to
the regenerator reaches a temperature much lower than in diesel engine.

7. Limited acoustic emission due to less energy - cooled exhaust and lower
engine speed.

8. A smaller mass of the engine due to lower compression ratio and lower
maximum pressure than in diesel engines.

High efficiency would be ransomed significant complication of the engine
crankshaft system. Nevertheless, even with the loss of performance due to
deviations from theoretical cycle can be expected that this engine project will be
economically justified in many applications.
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Tomac JIyc, Mapek Jlyrouy, Jlomunnka Kymnep

MOJIEJIMPOBAHUE TTPOIIECCOB B IIMJIMH/IPE
PETEHEPALIMOHHOI'O IBUTATEJISI BHYTPEHHEI'O CTOPAHUSI

AHHoranus

B otnene Mopckoro anektpoobopynoBanus [1oiabckoli BOGHHON MOPCKOH
aKaJeMHUH  BBIMOJHEHBl KOHCTPYKIIMOHHBIE pa0OThl 1O  MOJCITHPOBAHHIO
KOHCTPYKITUH TTOPITHEBOTO PETEHEPAIMOHHOTO JIBUTATENS] BHYTPEHHETO CTOPaHUS
B cooTBeTcTBHE ¢ mportotunioMm nBurarens Crupnuara. CyIIHOCTh MPOEKTa
COCTaBJISICT JKCJIAaHWE WMETh CIPOCKTUPOBAHHBIN JIBHTATellb, XapaKTCPUCTHKU
KOTOpOro OyayT OTpakaTh MOJOKUTENbHBIE KadecTBa OOOWX MTU3EIBHOTO M
CrupnuHra nBurateneil. OTOT [BHTATeNh CTPYKTYPHO TIOXOXKHHA Ha [-THma
neurarenb CTUPIWHTA, KOTOPBIM paboTaeT IO OTKPHITOMY IMKIY. Takoit
JIBUTATENh OTJINYACTCS TEM, YTO MPOILECCHI CXKATHS U MOJBOJAA PEreHEPANMOHHON
TEIUIOTHl BBIMIONHSIOTCS TakuM JKe oOpa3om, kak u B 1ukie CrupnuHra, a
BEIETICHHE TEIUIOTHI B TIPOIECCE CrOpPaHHWS W CaM IMPOLECC PACIINpPEHUS
MIPOUCXOANT KaK B JU3EJIBLHOM IHMKIIC. TeroTa oTpaboTaBIIKMX ra30B, MPEKIC YeM
YCTpaHUTh WX W3 IWIMHAPAa W 3aMEHUTh CBEKHUM BO3JAYXOM, OTBOIUTCS B
pereneparop. B pereneparope HakOIUIEHHAs TEIUIOTA MCIIONB3YETCS B CIETYIOIIEM
IUKJIC BMECTEC C C)KAaTbIM BO3AYXOM. OCHOBHBIM MPEUMYIICCTBOM TAKOI'O PCIICHUA
ABJISICTCA TO, YTO IMOJABOA TCIUIOTBI B MNPOHECCE BHYTPCHHETO CropaHus
MPOUCXOANT O€3 MOTeph B MPOIECCe ra3000MeHa U B TE€YEHHE KOPOTKOTO TaKTa
MO3BOJISIET TOCTUYb OonbIlel, yeM B apurarene CTHpIMHTA, TEMIEpaTypy Ta3oB.
Bricokas Temmeparypa pabouell cpembl Kak B JM3CIBHOM JIBHTaTele |
pereHepanus TEIUIOTH Kak B japuratene CTHPIWHTA TapaHTUPYIOT 3((EKTUBHYIO
paboTy aBWTATENs, YTO M COCTaBJISET CYIIHOCTh JTOrO MpoekTa. B Hacrosiee
BpEMs BBIIIOJHACTCA CTyAusd MOACIMPOBAHUA KOHCTPYKIIMM TAaKOro ABUIATCIIA.
TeopeTnueckuii UK ABUTATENss HA CaMOM Jelie MoKa3biBaeT 3()(PeKTHBHOCTH
Omuskyro 1Ky KapHo mipm  onuMHaKOBBIX Temmeparypax. lIpaktudecku
OTMECUAIOTCA OTKJIIOHCHHUSA OT TEOPCTHYCCKOro MNHKJa, I[MO03TOMY B HEIAX
BBIINIOJTHEHUA HaAMCYCHHBIX CTy,[[PIfI, MMpOLCCChl MOJACIIMPOBAHNA BBIIIOJHAIOTCA B
mwmHape neurarens. O0a, CyIIeCTBYIONIME MOJENN IBUTATENed BHYTPEHHETO
CrOpaHds W MOJEIU Ppabouyux mporeccoB apurateneli CTUpPIMHra MO3BOJISIOT
BBHITIOJIHUTh TPSIMOE  MOJICTTMPOBAaHUE MPEUIOKEHHOTO paboyero mpoiecca
nBurarens. MoJien, KOTOpPBI ONMCHIBAET TUITUYHYI0 KOMOWHAIMIO 3JEMEHTOB
Mpolecca MOJEIMPOBAHUS JIIsi 00OMX THUIIOB JIBUTATeNeil, NPEJCTaBleH B ITOH
cTaThe.

Huzenvroui 0gueamens, ogueamens Cmupiaunea, peceHepayus Meniomol.
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SILUMA REGENERUOJ ANCIO VIDAUS DEGIMO VARIKLIO CILINDRE
VYKSTANCIU PROCESU MODELIAVIMAS

Reziumé

Lenkijos karinio jury laivyno akademijos Jury elektros jrengimy skyriuje atlikti
stimoklinio regeneratorinio vidaus degimo variklio konstravimo darbai modeliuojant pagal
Sirlingo variklio prototipa. Projekto esme¢ sudaro tai, kad suprojektuotas variklis turés
abiem dyzelinio ir Stirlingo varikliams badingy charakteristiky. Sis variklis struktiiriskai
yra pana$us ] B-tipo Stirlingo variklj, kuris veikia pagal atvirg ciklg. Toks variklis pasiZymi
tuo, kad suspaudimo ir regeneruotos Silumos tiekimo procesai atlieckami tokiu pat biidu kaip
Stirlingo cikle, tuo tarpu Silumos i$siskyrimas degimo procese ir i$siplétimo procesai vyksta
kaip dyzeliniame cikle. Siluma i¥metamy deginiy, prie§ paSalinant juos i§ cilindro ir
pakeiciant $vieziu oru, nuvedama j regeneratoriy. Regeneratoriuje sukaupta Siluma kartu su
suspaustu oru yra panaudojama sekancio ciklo metu. Pagrindinis tokio sprendimo
privalumas yra tas, kad Silumos tiekimas vidaus degimo procese vyksta be dujy apykaitos
nuostoliy ir per trumpa takta leidzia pasiekti aukstesng negu Stirlingo variklio temperatiira.
Aukstos temperatiiros darbiné aplinka kaip dyzeliniame variklyje ir $ilumos regeneravimas
kaip Stirlingo variklyje uztikrina efektyvy variklio darba, kas ir sudaro $io projekto esme.
Dabartiniu metu atliekama tokio variklio konstrukcijos modeliavimo studija. Teorinis
variklio ciklas i§ tikryjy rodo efektyvuma artimg Karno ciklui, esant toms pacioms
temperatiroms. PraktiSkai yra pastebimi nukrypimai nuo teorinio ciklo, taigi siekiant
igyvendinti reikiamas studijas, modeliavimo procesai atlieckami cilindro viduje. Abu, esami
vidaus degimo varikliy modeliai ir Stirlingo varikliy darbo proceso modeliai leidzia atlikti
tiesioginj pasitlyto variklio darbinio proceso modeliavimg. Modelis, kuris apraSo tipine
modeliavimo proceso elementy kombinacija abiejy tipy varikliuose, yra pateikiamas Siame
straipsnyje.

Dyzelinis variklis, Stirlingo variklis, $ilumos regeneracija.
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