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Development of the 1W type stirling engine

FHELR T EZ
TODA Fujio, YAMASHITA Yoshiyuki

Output power is more than 10 W for the stirling engine which comes to practical use at present. It's the big
stroke volume, a water cooling type and high pressure type to get this output power. Therefore an engine will be
expansion and a decline of installation and the cost rise. These problems are obstruction of the spread of a
stirling engine. So the practical 1W type engine is developed as the way to settle these problems.

I think you can improve installation and the cost by micro engine of 1W type. The 1W type engine, more
than one, a used thing can plan for high output. So the micro stirling engine is developed. A model stirling
engine for education was used by this development.

A thing scarce in the durability was revealed for this engine as a result of the experiment. So a high
durability new-type engine using a carbon piston and a heat-resistant glass cylinder has been developed. This
engine makes output power occur 0.6 W as a result of the experiment. A simulation result showed that output

power becomes more than 1 W by setting the phase angle to 90 deg.

Key words : the micro stirling engine, biomass energy, Airpot, performance analysis
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a3y FEFVTIE, BT L ) RUR
Piston diameter [cm] 1.80 1.80
HFHAHI0.10 [J] & % 1), BURHETIIE1.66 [W] Piston stroke [cm] 120 120
Yot 70 WIEBEF VBT DT Stroke volume [em®] 3.05 3.05
Dead space cm’ 0.15 0.40
7313009701 & 2 0, BIRIETIIX 1.617[W] Heater Cooler
Lz ) &ﬁ;}@ ETIVD 7‘5753‘74%:':1&‘/‘#5%7];‘ Heat exchanger volume [cm’] 200 015
Regenerator
Bon/, a3y bETLVERBET IV 0.44
DIFFAERD 5, & D IR AT 1IW] L Phase angle [deg] 120
LEHBOLNLZ DL, RIIERIZBVTH =0 BRI
FREMZ Y =) v 7y 2T 5 Heater side | cooler side
SrELy Gas temperature [°C] 500 50
o Mean pressure [kPa] 101.3
I/, a3l METIVEMBRETILT Engine speed [rpm] 1000
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T, Airpotl = ¥ Y v L IE R, Compression ad / |
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Airpot ELJJ; v ‘:/ M @*%i%_:, % 7 L:ﬁ? Glass cylinder Carbon piston l
T 7, F4Aipot BT Y Y X7 AirpotBT >
Y OMERRE RS, RIS Z O,
PHHT Ao T v F4 ArpotBT VI VDO
) v ¥ ONEE e TR L, Expansion Compression
BAATHEET S, Airpot & H\» side side
LA MRV ERLED Piston diameter [cm] 1.60 1.60
AU E N TR nizo, Piston stroke [cm] 1.20 1.20
REBECTIIHERT > Vv X Stroke volume [cm’] 2.41 2.41
2nm/hEWVWE R b TH D IME Dead space [cm’] 0.11 0.40
16[mm] @ 2K 160 (Airpot 1 % i Heater Cooler
) REH L. Zoizo, ft \ 1.62 0.15
. - Heat exchanger volume [cm”]
Iy Y v ATREE?NED Regenerator
5. SLIWRMENHO L2 044
by BTy TOTE TR Phase angle [deg] 120
%’5 LT 27D OR% Heater Cooler
NELT B F72, MBEF v : 039 130
Flow Area [cm?]
TONERIEH S ZNZIINT S Regenerator
B 207, MBEENE S 026
LY LIS 2D Pipe Length [cm] Heater Cooler
4.08 0.10
Pipe Diameter [cm] 0.71 1.38
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5.2 AirpotB IV IV DERERFER

FBRGM 2 22502, EFARCRZMBITIR Y. ML), fIETOMREF L L H)ITKH V7 FHI L -
TR AWK S5 IV I AL T &, KB T3 2800[rpm] O & & 12§95 0.60[W] T —
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5.4 AirpotBT VIV DIEREMRITHER

Airpot \XTEE) 7 A TENAERD TH 7 2 & HEREMBATIC B W CIEBI 7 AR O W TIZERE L
Twav, F9, a3y PETIVERACWURBT 21T, TAREEZS5Z5LE ZH L. 2
T, i AR HCTOINERF v v TEERE D S SN AREE P L. 2ok 205
EESITRLEREMETH S, 72, AL IV 3EMBABEL Y V0 0ol EHRL 2
TBLY, TUVVEERPORMBALTWEEEZLNDL. 200, GHROREMNEEZRKODL L
MTERV, 22T, AR ClamHlis L IMBG OB R LR L Lz, 2ofR, SRy
AREZAST[C 123607z, T2 TR OFMEZRT. T O5MEr 5RO RO
FREHIIIRL, ETIZERAKRIRH

IR YN LIl ot e M) x£6 AirpotB T I VDTSRt
BIIEBFEROML6EOMHE 2o 72, Heater side Cooler side
SHETPHINRPREVHEE o7z Gas temperature [°C] 457 54
Z BIess ] ARWnWZ

ud, FRRFOTEL Tl Mean pressure [kPa] 101.3
LICHERHLLDEEZDND.

A=) YT Y IR,
MY ANy ORMAHAH90[deg] D & & xK7 SAMTRHEAEEREEIDOBTESR
W—FmEIPHELNE. £ TR power [W] Engine speed [rpm]
BIEOBIRTH 2730 7 7 EARSE Max indicated power 1.76 2300
JEL T W] D8l ) % 45 5 7290 127

R Max brake power 0.97 2800

A% 90[deg) i L2 AEDL Y Vv

PN I 2L —2aryw 7). 2o mechanism efficiency [%]

HREAMI0IIET. ZOFE Tl 87
SRR (N s R N SR P i mechanical efficiency [%]
JNEHBETS 5 1[W] & D) Ew il As 59
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B Airpot BIL VT U A B L7z, AMZEE L TROZ EDPHL »IZ R o7z,

() FERBNEAY =) 7Ty Y ORI LTI Y RRATLI LN TE S,

(i) T Y TIEFERLY, 2100[rpm] TO0.61[W] % & 55 DNHANEIZZ L,

(iii) MFATER L7212 Airpot Bl > 2 Y 2 FFE L7z, Airpot Bl > Y ClESEER L ), 2800[rpm] T
0.60[W]Z 5N, BEMRBEMAY —) > 7Ty Yy OFERE B LR, Aipotz HW5 2
ETHAMPIRESMET L EEZ SN F2, Aipot WA Z L2k o Ty Y VAR
PBAETHZErs, T OMRERANIZALIED 2 EBbroTz,

(iv) A B = A LREEE 72 ) O RERFAT 217 - 7245 R, Airpot Bl . > 27 > T & 2800[rpm] THY
0.97[W] & WA FERIE SN F72, 8y 7 7 [ EO_EFIHE O 250 _E§ 285 E A5 5 7.
EH1, AN AAHAZ0[deg] & LA, B IO Y I 2 L—2 a yTIHIWIRLEE S 7.
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