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MICROCONTROLLER DIAGNOSTIC SYSTEM FOR
EVALUATION OF STIRLING ENGINE

Summary. In this paper we present the microcontroller sysfer the diagnostics and evaluation of the
Stirling engine performance. For this purpose tinalgsis model for the prototype engine has beerldped to
present the engine’s improved benchmarking restitie. functioning of this engine has been analysiéu tive
aim to find and optimize the main working parametdio obtain this goal the Stirling engine has beguipped
with different kinds of electronic sensors. A mimatroller testing circuit has been designed, whirses the
acquisition of data from the data module.
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MIKPOKOHTPOJIEPHA CUCTEMA JIATHOCTHUKMU JJIAA
OLIHIOBAHHS IBUT'YHA CTIPJIIHT' A

Pestome. I[lpeocmaeneno cucmemy 6UMIPIOBGAHHA 3 MIKPOKOHMPOIEPOM, 3d OONOMO2010 5KOI
30TUCHIOEMbCA  DlAeHOCTNUKA MA  OYiHIOEMbCs  ehekmusHicms  pobomu  odsucyna Cmipainea. B cucmemy
3aiMNIeMEeHMOB8AHO MOOelb aHANi3y npomomuny osucyna Cmipainea 01 3HAXOONCEHH ONMUMATbHUX 3HAYEHb
1020 ocHo8HUX pobouux napamempis. /leucyn Cmipninea 0CHAWEHO CeHCOpamMu GUMIPIOBANHS MeMnepamypu 3d
oonomozoro mepmonapu 3 mamepiany sanizolkoncmarnmarn muny Fe-CuNilJi dasauem mucky. Kpim yvoeo,
3anpoexmosano npucmpit mecmysanns i3 sacmocysanuam 16-6imnozo xoumponepa PICL8F ons euxonanms
akeizuyii oanux.

V 36" a3xy 3 mum, wo kpumuuno eaxciugoio yacmuroio osueyna Cmipainea € pecenepamop, po3pooieno
CKIAOHY cUucmemy eleKmpOHHO20 KepYBAHHA pe2yiIo8albHUX KIAnauie 6xody ma euxoody pezenepamopa. Lo
cucmemy CmMeOpeHO Ha OCHOBL cyuacHozo mikpokonmpoaepa muny PIC24H kopnopayii Microchip. Cucmemy
0071a0HAHO OPUSIHATILHOIO NPOSPAMOIO MOB0I0 dacembiep, sika nokpawye pobomy oseuzyna Cmipainea ma
RIOBUWYE 11020 NPOOYKMUBHICb WIISIXOM eJIeKIMPOHHO20 Kepy8aHHs kiananamu. Enekmponna cucmema suxonye
HU3KY BUMIDIOBAHb HA 20]I06HOMY 8any O8ucyHa. Taxkumu € GuUMIpIOBAHHA uacmomu o0bepmaHHs,
suxopucmosyouu oaeay Xonna. Cuenan dasaua Xoana nionsieae nepemeopeHHio 3 NOOAIbWUM 00POOIEHHAM Y
npoyecopi PIC24H. I]i imnyavcu nicis nepemeopenns 6 enemenmi LLlommxki 3acmoco8yiomscst Onsi KepySanHsi
KIAnanamu ma CUHXpoHizayii 610Ka 8unepeoicerts i pe2yito8aHHs 8iOKpUmMMms K1anauis.

Cucmema makodc cayxcums 015 nepesipku nomyosicHocmi O0gueyna Cmipninea  Ha niocmasi
BUMIPIOGAHHSL 00epMOB020 MOMeHmy Ha 20106HOMY 6any. Cucmema XapaxmepusyeEmvcs po3uUpeHUMU
DYHKYIOHANLHUMU — MONCIUBOCMAMU, NnpudoMmy Oani 3 16-6imnozo mikpokowmponrepa muny PIC24H
06po6IAEMBCA 8 MAMEMAMUYHOMY MOOYII ma, 6 nodarbuiomy, —y mikpoxkoumpoaepi muny ARM11.

Cucmema, okpim eumiprosanHs nomyscnocmi oeueyna Cmipainea, eidiepac icmomuy poiib 0Jis
docniddicenns xapaxkmepucmux oeucyna. Tomy nobdyoogano eunpobysanbhuti cmeHo, OCHAWeHUll psIOOM
npoyecopig 0ist 300py OAHUX NPO Hacmomy o0bepmarnHs [ Kpymuuil momenm. Lfi dani euxopucmogyromocs 0is
nO0AIbUIO20 AHANIZY OMPUMAHUX De3VIbMamié HAYK080-00CHOHUX eKcnepumenmis. Ban deueyna Cmipninea
3’ €OHaHO 3i cheyianrbHO CKOHCMPYNUOBAHUM SUMIPIOBATLHUM NPUCMPOEM HA A3l eleKmpPUyHO20 2eHepamopd,
wo dae 3moe2y oyinrogamu OuHamiuni napamempu ogueyna Cmipainea. byoosa ma cmpykmypa unpooysaibHoco
CMeHOa pazom 3 el1eKmpOHHOIO CUCTNEMOIO MA eIeKMPULHUM 2eHepamOopoM Oyoe npeoMemom OKpemoi cimammi.
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Introduction . The Stirling engine is a multi energy-sourcedieagas it may use
solar energy, combustion energy and heat from addl aefuse heaps. They make
considerably less pollution than the traditionafjiees. The absence of explosive nature in
converting heat energy into mechanical one, conveysilent and cleaner operation. The
Stirling engine works in a closed cycle, as showhigure 1.

As the working gas here is helium, trapped in trecimme undergoes the following
transformations: from point I 2 isothermal compression, from point-2 3 isochoric
heating, from point 3— 4 isothermal expansion, from point-4 1 isochoric cooling. The
expansion volume is maintained at high temperataregd the compression volume is
maintained at low temperature. The theoreticatefficy is equivalent to the Carnot cycle.

Thermodynamic cycle of the Stirling engineln this cycle a constant mass of helium
is alternately: relaxed, cooled, compressed andnedr The processes of heating and cooling
are improved by using a regenerator. The regeneasagenerally a metal cylinder constituted
by an annular unit. Matrix for the regenerator &sdxd on 0,14 mm steel wire. It works as a
thermal sponge, which alternatively absorbs anehsads heat.

The objective of the research was to study the Alfee Stirling engine, which has
been developed in order to perform modernizatiahtarmake a benchmark of it efficiency.
The Alfa engine shown in Figure 2 consists of twpaate cylinders, and each one has its
own piston.

Figure 1. Thermodynamic cycle of the Stirling engine.

The Stirling engine with Ross Yoke linkageThe power output is produced by the
separate motions of the individual pistons. Drivechmnism poses some problems for the
Alfa type Stirling engine, since discontinuous roatis required to achieve the volumetric
changes that result in a net power output. Forrgmason, in this engine for transferring dual
piston motion into rotational motion - the Ross gokechanism has been implemented. The
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Ross yoke mechanism does not produce sinusoidainelariations and has the advantage
over the traditional system by minimizing lateraitdes acting on the pistons and leading to a
more efficient and compact design.

The objectives of the test bench are mainly to attarize the performance of Stirling
engines and to evaluate different control stratedie engines, which operate with variable
heat sources. With respect to the thermal metrotmypgitions, the engine is equipped with 8
thermocouples, 4 pressure transducers and voluamsducers. The microcontroller based
system measures Torque and RPM (Revolutions peute)ion the main shaft. Using this
data volume a transducer will determine the tatat@ume trapped in the two rooms, as well
as in the regenerator. It delivers the signal aftiomous tension. Its maximum corresponds to
Vmax= 230 cmi and the minimum corresponds tg;\V=120 cmi. Voltage delivered by this
transducer is proportional to the volume of gasnshn the Stirling engine, as shown in
Figure 3.
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Figure 2. The Stirling engine with Ross Yoke linkage.
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Figure 3. Representation of working volume in the Stirlinggane

The thermocouple circuit for temperature monitoring in the Stirling engine To
reach those objectives the system has been equipifedensors, actuators and management
software that allow a flexible operation. The tgdatform is composed of different
subsystems: heating and cooling subsystem, elestiiisystem, management and control
subsystem. The platform allows testing the Stirlerggine under different filling pressures,
shaft speeds and hot heat exchanger temperatuedste® to the last one, a temperature
control loop implemented in the hot air generatontmller (independent from the engine
operating conditions) allows the hot heat exchartgemperature, fixing whatever engine
control system employed.

The management software permits running semi autortests at different operating
conditions, and with its manual version, testingvretrategies for start and stop procedures.
The temperature of the engiisesubject tahermal regime conditions.

In the conducted testing we used transducers ssitheamocouple type TTJ/KE-361
as thermoelectric sensor Fe-CuNi/J/ class 1, showhe schematic diagram on Figure 4.
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Figure 4. The thermocouple circuit for temperature monitgrim the Stirling engine.
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The thermocouple matches the characteristic of typ@ron-Constantan) and is
trimmed for type K (Chromel-Alumel) inputs. Thernoople amplifiers represent shown in
fig.2 calibration accuracies £ 1 °C, working witlbld Junction Compensation and High
Impedance Differential Input. It combines an iceinporeference with a prefabricated
amplifier to produce a high level (equal to 10m\}y/ltput directory from a thermocouple
signal.

It can be used to amplify its compensation voltadjesctly, thereby converting it to a
stand alone Celsius transducer, with a low impeelarodtage output. It includes Reference
temperature JMCP9IB00AOT digital temperature sensor. The regsttting allows for user
selectable 12-bit temperature resolution measure&an&he sensor works in industry standard
I2C. To reduce the amount of circuitry the applara monitors only four signal channels,

but any number of channels supported by the PICABG2microcontroller could be
monitored (fig.5).
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Figure 5. The Stirling engine testing facilities.
The Stirling engine testing facilities. In order to monitor the Stirling engine
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performance some temperature sensors have beertadoiMeasuring the temperature in the
Stirling engine is not a simple matter because e small volumes involved in the
exchangers and the fast changes of the temperaturthe working gas during the
thermodynamic cycle. So only the average tempezatan be measured during a single cycle.
The engine has been equipped with 5 temperatusosemside the regenerator, one inside a
tube of the hot heat exchanger, one inside a tubtheo cold one, and two inside the
compression chamber. Other temperature sensors mewated in the water circuit, in the
carter and in the exhaust gas circuit. The commesshamber pressure also has been
monitored, together with the rotational speed ef ¢hankshaft and the output electric power
generator. Figure 5 shows a measuring system éocdld energy used in the Stirling engine.
Working gas temperature and pressure are meastréte ahree points, which are: the
compression space, the expansion space, and thex bphce. Wall temperature of the cold
side heat exchanger is measured at the top arimbtteen side.

Conclusions.Through this test bench we can carry out experiat@malysis of the
Stirling engine, which allow us to investigate th@ortance of applying the correct buffer
volume pressure in order to obtain advantagesrin té the power to the shaft. Taking into
account the resulting energy dissipation leadewer® limitations on the maximum attainable

thermal efficiency, and non-dimensional power otifpuThese limitations are independent of
the regenerator conductance The maximum value of the power output P can beutsted

from the formula:
( E ) L ]2
u Tc V Th
Pmax: !
4

where: T, —denotes a hot head temperature,
T. denotes a cold head temperature.

o=

1 —
The value of the thermal efficiency equals thedwihg: ( Th] , What further equals
2

the half of the Carnot value.
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