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STIRLING ENGINE FOR SOLAR APPLICATION

Tanya Chuworachet

Wichian Suwattanapoonlap
Suthewin Pangsup

Damri Jansangsuk  Advisor

Dr.Jaruwat  Charoensuk  Advisor

Abstract

This project presents a study and development work on Stirling engine for efficiency;
improvement by modifying the heat exchanger unit and can be used with external heat source
such as combustion, or solar thermal. Using the theory such calculation suggest that the engine;
dimensions are as follow; displacer cylinder internal diameter 85mm, displacer cylinder length
88mm, displacer diameter 80mm and length 53mm. Finally, the engine was tested for its
performance; the 600W resistance wire was used as a heat source. We have made an average on
power output of the engine over entire operating condition and found that, the overall efficiency
was 0.46 percent. Compared with the previous development, the efficiency had been improved for
about 83.58 percent and it can be used with external heat source. However, the engine with
installation of electronic valve failed to operate because of a leakage take place during the
compression stroke. The measﬁring instrument in this project is made by our team which are

tachometer, thermometer, torque meter and valve controller.
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3.7 in3eaiausalia (Torque meter)
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% Generator

51 3.8 myhauveunsesiauseda
3.8 ﬁ1ﬁdﬁ1ﬂﬂﬂﬁ?gﬂgﬂ (Engine indicated work) [1]
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kpsina Y-X

we, . =n(l-t)p_V, (3.6)
Schmidt ( )pmax D Y+\/Y2 —X2 Y+X

X = J(1-7)* —2(1-7)k, cos a + k2 3.7)

Y=1+r+4kST+kP (3.8)

1+71

e msldanudumdelumsfunesmingaunhidanudugega 0n

AUNAFIUYDY Schmidt cnansofamanuaumae ldanauns

Prrean = r-Xx (3.9)
mean pmax Y+X .
unuaaums (3.9) luaums (3.6) 3 ldaunsidieaemsaiuis
kp sin
WSchmidt = ﬂ-(l - T)pmeanVD —-T' (310)
Y+4Y -X

3.8.2 West formula
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3.9 MAINUDII (Engine power output) [1]

3.9.1 Beale formula
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P, =0015p, . 1V, (3.12)
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3.9.2 Mean pressure power formula
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ANUFURUTUDY Beale Number 14gni$11l5almiTae Walker, West uaz Senft 419
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onT1aWUsVININNA k, :zi=o,6571
D
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a =102°
AnaRveIaUMs (3.13) F=03
o . A 4
ANNTITOVVDUATOWUA f=10Hz

3.10.1 Schmidt formula

NNAUMT 3.7) 1Az (3.8) 3L 1AN

X = 4/(1-0.4703)> —2(1 — 0.4703)(0.6571) + (0.6571)

X =0.9259

4x0.2x0.4703
1+0.4703

Y=1+O.4703+[ )+O.6571

Y =2.3834

) N
Taanusumaeiiy

2.3834-0.9252
2.3834+0.9252

P = 202.65kPax \/

Prean =134.49kPa

NUADTOUN 14210 Schmidt formula

0.6571x sin(102°) }

Wi = #(1—0.4703)(140x 10 s’ )(134.49kPa)[
2.3834++/2.3834> —0.9259
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3.10.2 West formula

MEUNSs G.11) 1z ldnudeseuty

(7:(1 34.49kPa)j y (140x107°m*)(92x107°m*)

2 —-6__3
W, =1 (140x10-6m3)+(2%x1§—’”j+(28x10'6m3)&

West

653.15K +307.15K

LX(653.151(— 307.15K sin(l 02°))

J

Wy,

(2

L =448J/cycle

@
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P West = WWest X f

P, =4.48x(10-sec™)

P

West

=448

3.10.3 Beale formula

=Y v

11031/ 3.9 @501 Beale number 1@ lagsinuagungluranudouuas
kY - y & d? 1KY =Y (=] A 4 d'dy Y = T Y
L’CT“L!ﬂi'I‘V‘l‘ﬂi]Zi“lf FIYUDYNUYUNHUVI DI UVDIUATIITUA 1uwu%ﬂ%mwﬂmmmmmmu

E] a

350 °C (623.15K) uaz 1d1iduns1idunata 910035 M e11A1 Beale number 1d1521194 0.005
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PBeale = O'Oospmeaan/P (3- 14)

P,... = 0.005x (134.49kPa)(10-sec” )(92x10°m’)

P, =0.61867

3.10.4 Mean pressure formula

[~ 1 ] ~ ~ o ] ] d'dy
VINAUMT (3.13) aziud maeh F auuzii I ldegluss 0.25-0.35 Tundidonld
i F =03 Tumsaum

P, =0.3x(134.49kPa)(10 -sec " )(92x10™°m?) 653.15K ~307.15K
653.15K +307.15K

P, =1337TW

3.10.5 ﬁ"lfllN"mmﬂmiaﬂﬂ'"lmﬂ Schmidt formula

H T EY
A18991UNaAA191N Schmidt formula BgALTZIIM 35% Atz 189

Preduce = (1 - 035)X PSchmidt

(3.15)
= 0.65 x (44W)

P, =28.6W
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1 381.00671 322 348.8067114 0.028 0.027468 310 32.46309667 0.891696339 0.148616057
2 383.50166 33.1 350.4016591 0.028 0.027468 317 33.19613433 0.911831418 0.151971903
3 383.00267 345 348.5026696 0.027 0.026487 322 33.71973267 0.893134559 0.14885576
4 382.50368 33 349.50368 0.027 0.026487 328 3434805067 0.909776818 0.15162947
5 384.25014 338 350.4501435 0.027 0.026487 334 34.97636867 0.926419077 0.154403179
6 383.50166 324 351.1016591 0.026 0.025506 339 35.499967 0.905462158 0.15091036
7 387.74307 325 355.2430703 0.026 0.025506 345 36.128285 0.921488037 0.15358134
8 384.49964 315 352.9996382 0.026 0.025506 359 37.59436033 0.958881755 0.159813626
9 385.99661 325 353.4966069 0.026 0.025506 365 38.22267833 0.974907634 0.162484606
10 | 38674509 | 318 354.9450912 | 0.025 0.024525 371 38.85099633 0952820685 | 0.158803448
Fhm?;ﬂ 384.27509 3273 352.0303199 0.02625 0.02575125 345.375 36.16755488 0.93036134 0.154106975
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Py QUNYY timiin TEAIT anudisey | anuSuFayw A szansan
AsIf
dudeou | daudu WA (nA.) (du-was) | (seudew®) | (SReudaIUIi) (ind) (%)
1 377.0148 332 343.814795 0.06 0.0588 390 40.84067 2.401431396 0.400238566
2 371.52591 334 338.12591 0.058 0.05684 412 43.14450267 2452333532 0.408722255
3 378.26227 34.6 343.6622689 0.056 0.05488 450 47.12385 2.586156888 0.431026148
4 379.50974 | 341 | 345.4097428 0.054 0.05292 487 50.99847767 2698839438 | 0.449806573
5 3717754 | 351 | 336.6754048 0.053 0.05194 504 52.778712 2741326301 | 0.456887717
6 373.02288 | 359 | 337.1228787 0.052 0.05096 511 53.51174967 2726958763 | 0.454493127
7 378.51176 34.9 343.6117637 0.05 0.049 559 58.53829367 2.86837639 0.478062732
8 376.01682 32.4 343.6168159 0.048 0.04704 587 61.47044433 2.891569701 0.481928284
9 373.27237 | 315 | 341.7723734 0.046 0.04508 622 65.13563267 2936314321 | 0.48938572
10 374.76934 31.2 343.5693421 0.045 0.0441 636 66.601708 2.937135323 0.489522554
11 378.76126 32.8 345.9612585 0.043 0.04214 681 71.314093 3.005175879 0.500862647
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dasrduilsnes AnuE150U anuEuBagw useiia AU sedninm
adedt lanlsg Tomi (soUADI) (5P sunIUIN) (HIAU-LNT) (Tod) (%)

1 0.42 510 53.42857143 0.02909 1.55423714 0.07064714
2 0.44 517 54.16190476 0.02909 1.57556981 0.07161681
3 0.43 520 54.47619048 0.02909 1.58471238 0.07203238
4 0.41 552 57.82857143 0.02909 1.68223314 0.07646514

5 0.33 560 58.66666667 0.02601 1.52592 0.06936
6 0.39 563 58.98095238 0.02795 1.64851761 0.07493261
7 0.28 564 59.08571429 0.02795 1.65144571 0.07506571
8 0.29 565 59.19047619 0.02795 1.65437381 0.07519881

9 0.26 567 59.4 0.02795 1.66023 0.075465
10 0.3 568 59.5047619 0.02609 1.55247923 0.07056723
11 0.38 583 61.07619048 0.02909 1.77670638 0.08075938
12 0.37 587 61.4952381 0.02909 1.78889647 0.08131347
13 0.35 592 62.01904762 0.02909 1.80413409 0.08200609
14 0.34 600 62.85714286 0.02909 1.82851428 0.08311428
15 0.32 605 63.38095238 0.02609 1.65360904 0.07516404
?hmﬁ‘ﬂ 572.33333 59.95873016 0.02802 1.68068860 0.07639493
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Abstract

This project presents a study and development work on Stirling engine for efficiency; improvement by modifying the heat exchanger
unit and can be used with external heat source such as combustion, or solar thermal. Using the theory such calculation suggest that the
engine; dimensions are as follow; displacer cylinder internal diameter 85mm, displacer cylinder length 88mm, displacer diameter 80mm and
length 53mm. Finally, the engine was tested for its performance; the 600W resistance wire was used as a heat source. We have made an
average on power output of the engine over entire operating condition and found that, the overall efficiency was 0.46 percent. Compared
with the previous development, the efficiency had been improved for about 83.58 percent and it can be used with external heat source.
However, the engine with installation of electronic valve failed to operate because of a leakage take place during the compression stroke.
The measuring instrument in this project is made by our team which are tachometer, thermometer, torque meter and valve controller.
© 2008 Department of Mechanical Engineering, KMITL. All rights reserved.
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