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Thermodynamic analysis and optimization of the power piston Stirling
engine beta can be used to increase the output power and efficiency
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Abstract

The purpose of this article is to develop a thermodynamic model appropriate to be piston Stirling engine beta-type deformation is to increase
efficiency and output power l. For this purpose, thermodynamic modeling is done in two parts, the first part was isothermal modeling and
then using the results of numerical modeling to model the geometry of adiabatic method is performed. In fact, the results of the first part
(modeling isothermal), as initial values of the second part (modeling adiabatic), is used. Modeling was performed using MATLAB software
and by changing the diameter of the piston, the heat input, heat output and engine efficiency. The results obtained were compared with
published values, compared.

Keyword: Stirling engine; Numerical simulation; Adiabatic model; Power Piston
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me +M = mc + mk + mr + mh )
m=pV/RT M)
M=p(Vc/Tk+Vk/Tk+Vr/Tr+Vh/Th+Ve/Th)/R ()
Tr=(Th-Tk) /In(Th / Tk) )
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dmc=(pdVe+Vedp /v) /(RTek) )
Mc + Mk + Mr + Mp + Me = M *)
Me=M- (mc+ mic+ mnp+ Nir) )
mk = pVk /(RTk) \)
mn = pVh /(RT) )
dmk=mx dp/p (QRD)
Mrh=Mir-dmr (QRD)
Mhe=Mrh-dMh Y
Mck =-dmc QAp!
Mir=Mck ~dMk QA9
dmr=mrdp/p o)
mr=pV; /(RT;) %
dmy=my dp/p QD)
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Te =pVe /(Rmc) QR

5o ol ools sle S g IS polie (gl o Juol> SVoles Colys o 4

50 ol dobe 5lo )8 Culed 10 g S SS j0 ol a3 T gle)S g S5
ol oo s 4 5 Ly, sleolanl b 3,1, bk

VAT Sl oF oyl o 090 wnliles)| 5 SilSe sovkigeo alee

drwg dylge cpl Ho 1) Kd il o jgige ) eolaiwl a5 wis (go,8

el 00ls

Seobadgey il Juo Y

S5l 5 03,5 (Sealidge s dn P S 50 Sl g0
b Bl 4 Sed 2l ygige S (o0 Jood (Sl 25 > 0l (ol )5
e ) g w3l 53 oS Canl (Lol gl 5 gy Jald (S0 50
@ peiie o> b Lad 9o 0gh g0 85 S )0 SRS e Sy D jgeny
4ol o b (Sl Jaee a5 o515 slad 5 blul slad slagls
25133975 5850 30 Sl g (S SIS (S p 5 slagls

S S Job o a5 cunl 1l 03l S Il e gise
S5 ) oy b oslie &S > 5 00,8 7S |y e DS
b S il 59 calidea elgsl S oo Jiis 4 12x0 9500 4 (slaygly <5 >
S Ll 4 lay] aes wish e aislis LS 5 by T glopl
Sl slapsilSe g5 55 ol slacslis g Wlalive Sealiyoge
Sl (Fovn oy (Seeladge i Lally) Jlacl byl Godow ;5 5l
52559, n Lattia g8 35 Sl a3lisal b olsF (pgiany o ool 5 g8
9V JS8) p gl (Saalodge s Joo jloslitul b (giludends Gidu cnl 5
1) gl b ool oy gl il o b anly sl oY JS3) Sl
Jrz &850 g oad aidle j9ise )0 Ol8 Gy poga> ;0 00l

do o ol S¢>g0 Ql (5.>)SLQ.C 9 (gwid Olaseie 45 (GPU3) 990

VeFd Jgdo 045 o0

Heater b Expansion
Space e

Compression  cpgler

pace © k_Regenerator
T

4
Ideal Isothermal Model Th
E
= T’
e. - . “ . &
Sl yg59e gl Joe ) S
--— W We
- vkmkTk P Nrmerr Vhmh Tl;“hal v
ToOTET oo TR™ MY oon otEs
P
Compression,  Cooler Regeuerator | Heater Expansion
4Space ¢ I T T Space €
2 E Th TeI
€ T
E
) 0] ]
Tc Tk

Sl 530 ST Joa ¥ S

J> oy g Sl Yol Y
9 el Lhey A e (Seeluosey (gileae i ol o
S pdy oo plodl Ssbbal

P A9l Al 53 Sl sl 59790 LT 1Y
=\>):> L..Lvu 5o« M’ )......:‘ )535.;: (5‘)'-’ aA.aT Candds L.J:u SEgvenT >
Cawd 4« Jlognl 5IUT 5 Baa asb e Sod il Jloign! Jlew!
Shoolitul b Jole 518 slos g jlad @l s 310 ool plol LIS 00,41

AR



O 5 Slolu ool s rage S

=95 Ol 5 ool Gl Sz Blg gtem G (5ile a5 L g8 Sl jgige (Sealinage i ST

‘a_»isg”L?W@goiﬁajm&%b&uo@@
D10 (Koy 55 05,0 pox> S g 31 agl;

o Sl g 65 Vol ¥ Jguar

dWe =p dVe

dQxk =Vidp cv/ R - cp (Tek Mek - Tier Mir’) )
dQr=Vrdpcv/R-cp (Tir Mir' - Triy M) (D)
dQn=Vhdpcv/R-cp (T M’ - The Mipe’) Y
Y
AAp)

dWe =p dVc

& a5 ol aelys has b S Syl leaily, Sabbol as > o

GPU3 )5ige swain slo ol )y BJgur

<Lt

OF

el ous 23l ob 595 2 63 b e o o 45 el JS5 gl bbb sy YAYS cms

pﬂ).?cda’.é:m(oo}a p.?o) u,JL'> 6Léé

YY/$ mm JUCIE SN eve oS5 aldiee (6350 ponm) 5 sl
YV/$ mm Jsb VYN ems o135 alaio ond gl o
£ um s k8 VY /AY om3 Ll alaioes ons gyl
-[pay il f#/mm (L) sazas JLasl ala Jsb
A yaidew 2 0 0lass Ye/Amm @35 3 To
V0 w/mk bl oyl calae oo £4/A mm dp) o)lg5 gy ka3
O+/06 cm3 bl oyl ol coype #4/ mm dd) olrl> jhd
Vo w/mk Oy Sl olaa
f#/ mm OFt S 08
oSS o5 o5
Gl g o San glaaly) 5| e gars e £ b aly) sl
Yy ks ;2 gl algd slass Y/ mm agl oo lad
££/\ mm alg) ;3 YE/OY mm ol Job
££/\ mm ao) Job  Y+/AA cm3 0350 po>
\Y/# cm3 00 yo o>
GPU3 j5ige swain sloyial ly £ Jgar
e Jole 55
Yk Th (55 £,5) o5 anie sbos
YAAk Te (S So3) 00 e oo
VY- kpa Jole 35 lavgio jLid
pSNY Jole S8 e
3,0 FAIY P90 §3,5hee 52
WWAY 50l o o)led o 0,90 «lislss,l § SLilSe (pwdige aloxe Yy



O 5 Slolu ool s oy S

: Z95 Ol 5 ooy Gl Cuz Gl gty S 5le e 5 L o8 Sl 53 (Sealuoga s 5Ll

o Sglite yhad g Jodlss b obsb Jsko Y Jguer
(mm) o lad Sl Jalss g o
M1 RN <AYY
M2 NN - IAY DR
M3 ofee¥ YO A
M4 ofeeY <IYYYY
M5 oo ¥ -15aY -
M6 ERYN 18500
M7 oA VY

teSamE -0
3l a5l G (2] gl o ykoteo

s9ge Oleaily Al o Wb (ge GBS (5 ygige gty a8 il L
Oy 8 el (0 (9 Olg Gl Glp S e ey Ll
oy G5l arkee Vo IY o 4y yieskes £3/8 luks 51 o3

e Cansygd -5

(m) S, 5lzs> ©
(kg) ;5 ¢~
(m) SJeles T

(pa) s P
(Jkg1K1) <obylad o 58 ehg sl S Cp
(kg K1) ool o 50 515 009 5oy CV

(K5 slos T

(m?) oV
()55 Jlws bawgs caplonil 5 W
o1y slas €
SSSis 5 o515 sl Ck
oSl J> glas Cle
blosl Ji glas  Cle
bluly Sp 5 J5ls he
oSS bk sl Th
ouS Lol d
Sdagly 0
Sl ol
&lpe =Y

[1] Finkellstein, T., Organ A, “Air Engines “, United Kingdom by Professional
Engineering Publishing Limited, 2001

[2] Thombare D.G, Verma S.K, “Technological development in the Stirling cycle

engines”. Renewable and sustainable Energy Reviews Vol 12, pp 1-38

,2008.

Schmidt , G."The theory of Lehmann’s Calorimetric Machine”.

Z.ver.Dtsch.ing 15, part 1, 1871

[4] Finkellstein , T. “analogue simulation of Stirling engine”. Simulation, No.2,
March 1963

[5] Urieli, I, “AComputer simulation of Stirling cyclemachinees “, ph.D thesis ,
University of Witwatersrand . Jonansburg , South A South Africa , February,
1997.

[3]

VAT Sl oF oyl o 090 wnliles)| 5 SilSe sovkigeo alee

W gy g -F
Syl Ol 0l sty 8 Gl b o] ey @l ol
oleadly &Sl 0wl (o0 MIB (0% OlF 9 295 Ol 0959
Oleadly 5 g yroses Yo )8 b (ol cnl o 05 (oo oy 05 9590
s Oledly raglee Yo k8 5las Sy wisly (oo SR lesen 500
0l (@Yl Gloaily fresles Yo gty ShB L jgige iS00 b (Jo3
Tl IS0 .05 oo adgi (o5 55 oS5

14000 67
13200.49

€85 66.7 66.5
12000
66
65.9 10388.03
10000 655
— 8821.48
65.2
‘E‘ 8768.67 &
S 8000 s
5
9 64
5 6000
2 5203.28 63.5
o
4000 320485 631 63
62.5
2000
986.56 622 62
0 61.5
10 20 30 40 50 60 7) 80 90 100 110
Piston bore (mm)
Ol g 8 et 5 (SBU H5350 (79,5 Ol 5 Lol Sl sy WSS
Energy vs crank angle
1500 T T T T T T T
—8—20mm
—&—30mm
=40 mm
joon H =80 mm 4
- —%—60mm
o ——E9.9 mm
g ——702 mm
= <
& SDD ......
g
el :
e - 4
500 i 1 i ] 1 i |
] 50 100 150 200 250 300 350
Crank angle (degrees)

O gy 8 5ot 51 (580 Ll (8L ) (631 Dl FUSS

Yy

Efficeincy[%)]



OhlSer 5 (Slolo ool G (ot S 9> OlF 5 oledily aliEl Sz OlgF g (R 65le i 5 L g5 S il 50 (Senliage 5 LT

VAT Sl oF oyl o 090 wnliles)| 5 SilSe sovkigeo alee

[6] Martini , WR , “A simple method of calculating Stirling engines for
optimization”, IECEC Record . pp 1753 -1762,1978.

[7] Gedeon, D.R, “ Optimization of Stitring cycle machines “, IECEC Record .pp
1748-1790,1978.

[8] ,A. “Nodal analysis of Stirling cycle devices “, Preliminary Draft, 1978

[9] Kaushik SC., Kumar S.: “Finite time thermodynamic analysis ofendoreversible
heat engine with regenerative losses “ Journal of Energy , No .25, pp989 -
1003,2000

[10] Cun -quan Z, Yi - nong W.,and Guo -lin J.: “Dynamec simulation of one stage
Oxford spilt - Stirling cryocooler and comparison with experiment “
Cryogenics, No.42, pp377 - 586, 2002

[11] Wu F.Chen L., Wu C ., Sun F.; “Optimum performace of irreversible Stirling
imperrect regeneration” Energy Conversion Manage , No.39, PP727 -32,1998.

[12] Timoumi, Y., Nasrallah, S.B., Tlili,I “Numerical Simulation andLossesAnalysis
in a Stirling Engine “, Heat and Thechnology, Vol 24, No .1,2006

[13] Timoumi , Y., Nasrallah , S.B, “Reduction of Energy Losses in a Stirling
Engine” Heat and Thechnology, Vol 25, No.1, 2007 .

[14] Timoumi, Y., Nasrallah, S.B., Tlili, I."Thermodynamic Analysis of The Stirling
Heat Engine with Regenerative Losses and Internal Irreversibilities  Int
.J.Engine Res.Vol .9, 2007 .

[15] stirling engine cycle image

[16] Timoumi, Y., Nasrallah, S.B., Tlili, I."Thermodynamic Analysis of The Stirling
Heat Engine with Regenerative Losses and Internal Irreversibilities *’ Int
.J.Engine Res.Vol .9, 2007 .

[17] Timoumi, Y., Nasrallah, S.B., “Design and performance Optimiazation of GPU-
3 Stirling Engines, Energy, Vol 33, pp.1100 -1114, 2008.

[18] Kongragool B, Wongwises S., “A review of solar powered Stirling engines and
low temperature differential Stirling engines , Renewable and sustainable
Energy Reviews, Vol 7, pp 131 -154, 2003 .

[19] Kongtragool B., Wongwisew S., “Thermodynamic analysis of a Stirling engine
including dead volumes of hot space , cold space and regenerator “ ,
Renewable Energy, Vol 31, pp 345-359, 2006.

AR



