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Abstract

Renewable energy is the most one of interesting energy source in the world. One of the
renewable energy sources is geothermal energy. In this paper investigated optimal value of parameters
of Stirling engine gamma configuration that can operate with geothermal heat source in Thailand.
Thermodynamics equation, second-order mathematical modeling was use to predict indicated power
output of engine under 80°c heat source and 34°c heat sink. Diameter of displacer, displacer stroke,
power piston stroke and displacer thickness are considered. Investigate the highest Power density
(w/m’) by changed scale factor and multiply parameters. The suitable engine operates at 4 RPM and

gives maximum power density output 2.51 w/m’
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\A3038UA (scale factor of power piston = 1) 914

19ganian esnnisiviguszurdnuesgngu

Do

[

f1&asiinarenisiUasunlasesUsuinsoinia
aeluia3esoud n1siionnialdsuanudeundn
281863 swept volume Tnunzauagyitliornad
agneaiilieulifud wn swept volume snly
Fudnainszezdniiens e1nrezvasisldnese
Uumsfidlinlnannisidesuwnunisidauain
gIMFkaT) swept volume tioe o neTivenefaf
Lalanunsalieulaegradud waziiloRansand

[

ANILSITIUT 2, 3 way 4 zld fail
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55 T T T T T T T T

4.5~

Indicated power (W)

—— scale factor of piston stroke = 1.0
351 |~ scale factor of piston stroke = 0.9
—scale factor of piston stroke = 0.8
~—scale factor of piston stroke = 0.7

3 r r r r r r r r
0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3

scale factor of displacer stroke

JUN 9 nemuanaauduiusued Indicated power

nlailowdeusyvednues displacer uargngumasi

ANUL5I59U 2 RPM

32 T T T T T T

2.8

26

24

221

Indicated power (W)

—— scale factor of piston stroke = 1.0
— scale factor of piston stroke = 0.9
16]-| —scale factor of piston stroke = 0.8 i
~—scale factor of piston stroke = 0.7

r r r ‘ r
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

scale factor of displacer stroke

SUN 10 N5 mluanianuduiusyes Indicated
power flAflotasusyvydnues displacer wag

anaunIganau3Iseu 3 RPM

Y Y

2.2 T T T T T T T T

)

Indicated power

|| — scale factor of piston stroke = 1.0
— scale factor of piston stroke = 0.9
| — scale factor of piston stroke = 0.8

~—scale factor of piston stroke = 0.7
0.8 L L L

N N ‘ ‘ ‘
0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3

scale factor of displacer stroke

SUT 11 A9 kanamNNdUNUSYe4 Indicated

Y

power NlaLiioasussszdnves displacer wag

ANAUNIAINIAIUEITOU 4 RPM

Y Y

ME=S5T
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5.2 NANTEUIDNTWAVDIAUNUIUDY regenerator

17ia§l:°lu displacer

'
a

idesanlusdeiiudraznsrviinisivariou
regenerator v3atanfifidnuadusnuduazsils
Wnnisgaideaiiudunazadnuieouly ue
regenerator Mlugunsallunsinifiuaanuiauuds
moaufoudstagliiginsivssansnmgadu lu
duindnfildnsurunveeiowus wavsvey
Fnvesgnguindeuay displacer  wa7 AzuIn
NANTENUYDIAIIUNUIVBY regenerator  TSTHAHD
fdmeneioswud Harsand 1 RPM lngldsnsndan
&Y regenerator @msﬁﬁwmmﬂﬂaLLﬁa@ﬁwﬁqﬁiﬁ

aylanagun 12

Indicated power (W)

@ @ & & N
Y = > 4 >
T T T T T
\ , , \ ,

&
T
v

14.8 c c c c c r
0.7 0.8 0.9 1 1.1 1.2 1.3

scale factor of regenerator thickness

SUN 12 nsnwanaAnudunusued Indicated

Y

power 7IlAloIUAEUAMUNUIVDY regenerator

(regenerator thickness) fiauidaseu 1 RPM

1n3UR 12 Aagiiiudn asddriunzaneyi
Sn3dIuveneae regenerator = 0.8 FaniiAay
mmmﬂﬂdwﬁﬁw%wamaqmﬁqmLﬁamméfuuazmm
%’auwgqsﬁuLLaxﬁawaslﬁﬁwé’qﬁlé’ﬁwm LAZIINAIY
nuteendn 0.8 avvilviAnuaI1salunisiniiu
ANnuTouLazUdeuAuTaugeIN1MYeY regenerator
fiamuaunsadesadluvili anudeuiildanumas
AnuSewdiosufuainudeudiléann regenerator

yilenialiausenunlatssasnsizlasuainy

msﬂs:ﬂgu?mmsm%aﬂh gaaInIINLATaINaLIUsznalng asin 30
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Soutipuad wazkilaNasiANUEITaU 2, 3 kay 4

¥
v

RPM azle fiadl

@
o

o o

o w o IS

w & » &
T T T T
' ' ' '

o
N
5]

T
'

52 1

Indicated power

5.051 1

5 L L L L L L
0.7 0.8 0.9 1 11 1.2 1.3

scale factor of regenerator thickness

JUN 13 nenuaneanud@uiusves Indicated

power 7lAoUAUAMUNUIVDY regenerator

(regenerator thickness) fiauidaseu 2 RPM

W)
>

Indicated power (
S w
w & 2
7T
Ly

~n
©
&

T
'

28 L L L L L L L
0.7 0.8 09 1 11 12 1.3 1.4

scale factor of regenerator thickness

SUR 14 nsanIANNAUN USRI Indicated

Y

power 7lAlfoLUAEUAMNNLIVDY regenerator

(regenerator thickness) finnansaseu 3 RPM

ME=S5T
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Indicated power (W)
&
T

1.95

185 : : : : : :
0.5 0.6 0.7 0.8 0.9 1 11 1.2

scale factor of regenerator thickness

JUN 15 nsnluansaud@uiusues Indicated

power 7IlAloIUAEUAUNUIVDY regenerator

(regenerator thickness) fianudisou 4 RPM

dieldignsdneeiimunzauitnnying
ANNAUAIMUIIATUARULUY Beagliuunas

ANS9N 4

AN 4 LEAASANAILUSNAUIL AUV AT DILUA

AMTAINALNNNITNAIUEITOUL, 2, 3 hae 4 RPM

ANFALUT
RPM U3
(ms)

eI LIAGITIRAR 0.79
seezdin displacer 0.57

1 dushugudnanaves
displacer 3.84
AUNUIVDY displacer 0.79
SUEINgNFUAIAS 0.52
seezdn displacer 0.33

2 durugudnanees
displacer 2.24
AIUNUIVDY displacer 0.46
srgrdngnguiag 0.36
seezdn displacer 0.26

3 duruAUgNanIUed
displacer 1.76

AUNUIVDY displacer 0.36
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U o w

sruednanguingg 0.29

seezdn displacer 0.21
4 uRuAudnanIYes

displacer 1.44

AINUNUIUBY displacer 0.26

nfuaviildlunised 4 Aazdiulddaau
Fuinadossudiflvunninguaraiuisoliings
soninldanniuuslumenduiufadedddinalums
fupnufouriiolfenniaveneduiudy tudawald
SoUNTTIUTBIATeIEUARIaY Bua3assudlng
FuUsumsoneazannduin i Sudeldiuseudivi
Thasossusilnalliiddldunndt sefusdddnis
\Wisuiieuain Power density iieazn1insidaiile
HuseniiU3uInseIn1Avo LA asLAS0 o U
\3nssudlnavanunsaliien Power density léfunn

Mg Peazlinawmsned 5

AT 5 LansAIfIaduLay Power density 989

LASDIUATIANNILSITOU 1, 2, 3 kA 4 RPM

Indicated Total Power
RPM power volume  density
(w) (m*)  (w/m)
1 16.16 17.17 0.94
2 5.4 3.45 1.56
3 3.23 1.67 1.94
4 2.15 0.86 251

v & oA = = = ¢ ca o
AUULL DU UNEULAT DU UAALNDTRING 4

ARVUIARIINU FIVIIUNAINLSITOUANIAUA Y

I3 4

WY AT udanasasvlawnuNminsauiian

s o

JUADLATDILUATNYINIUUUTIU 4 RPM 919 Power

density gefiged 2.51 w/m’
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6. d@3Una

Tuunaudifunismauiadindsves
wSeseudanesiwiawnuiiunzanlagauise
vhauuuuvasgamgiamdousadin 80°¢ Tasdl
PUIRTBLASEIEURGUL LU N sUSUIWR
Frednsduaena(scale factor) HiomASLUsAH
Power density qqﬁqmimaﬁmimﬁmwm%asau a4
M A0 1, 2 3 waz 4 RPM @991nNSAILIMIRAE
gun1sinesiulauniing second-order
mathematical modeling 9z l§uunvauAT0IEUHT
¥hauuuseu 4 RPM @4l Power density gafian
7251 w/m wasliitds 2.15 w Tnsflasuds
V89 WduruAudna1sves displacer, srzdnves
AnNguUMAY, szvdnues displacer uag AINUNUITDS

regenerator Ao 1.44 RS, 0.29 g, 0.21 wns

Lag 0.26 AT ANUAIAU
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s1en15agansal T T onumgilveafaiinany
A, Free flow area (m?) Ysumsaauau (K)
c, .C, Specific Heat ¥alzUUNT U Fluid velocity (m/s)
AaTiuaz AU LA 1% Corresponding volume
auanau (J/ kg. K) (m?)
d, Hydraulic diameter (m) v, Total gas volume (m?)
f. Reynolds friction v, Mean piston speed (m/s)
coefficient V.V, USUIMSUBY compression
h Heat transfer coefficient Way expansion space (m)
(W/m?*.K) V.. V.. Dead volumewas
m_.m, m, 17aufialu compression compression kag
space, expansion space, expansion space (m’)
regenerator MUa1AU (kg) V.V, Swept volume (m?)
W, m Mass flow rate (kg/s) w Work (J)
P Pressure (Pa) X,y JeeANUDY Power piston
B icated Indicated power (W) Wag displacer (m)
dQ..dQ..dQ. Heat flow rate (W) X0 Vo FL19783 Power piston
A0y aisp,  He3 loss (W) wag displacer (m)
R Gas constant (J/ kg.K) Crank angle (rad)
T.T.T. gaunniveuialy P Phase angle (rad)
compression space, Gas dynamic viscosity
expansion space, (Pa.s)
regenerator AUa1AU (K) P Gas density (kg/m®)
T, gauniivesuia (K) t 181 (s)




