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Basic Study on the Regenerator of Stirling Engine (IT)
Heat transfer and flow friction loss characteristics of the regenerator with
wire screen matrix —
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ABSTRACT

The performance of stirling engine, in particular, its energy conversion efficiencics are critically influenced
by the regenerator characteristics. The regenerator characteristics are influenced by effectiveness, void fraction.
heat transfer loss and fluid friction loss in the regenerator matrix. These factors were influenced by the
surface geometry and material properties of the regenerator matrix. The regenerator design goals are good heat
transfer and low pressure drop of working gas across the regenerator. Various data for designing a wire
screen matrix have been given by Kays and London(1984). The mesh number of their experiment, however,
was confined below the No. 60, which seems rather small for the Stirling engine applications. In this paper,
in order to provide a basic data for the design of regenerator matrix. characteristics of heat transfer and flow
friction loss were investigated by a packed method of matrix in oscillating flow as the same condition of
operation in a Stirling engine.

Seven kinds of single wire screen meshes were used as the regenerator matrices. The results are
summarized as follows;

1. While the working fluid flew slowly in the regenerator, the temperature difference was great at the both
hot-blow(the working fluid flows from heater to cooler) and cold-blow(the working fluid flows from cooler
to heater). On the other hand, while the working fluid flew fast. the temperature difference was not
distinguished.

2. The No.150 wire screen used as the regenerator matrix showed excellent performance than the others.

3. Phase angle variation and filling rate affected heat transfer of regenerator matrices,

4. Temperature difference between the inlet and outlet of the regenerator is very high in degree of 120 phase
angle.
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Pk, Jbuc(1986)2 AMA7l FEAe FHE 44
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PNz
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Fig. 1 Experental apparatus of the regenerator in a stirling engine.

Fig. 2 Photo of the regenerator in a stirl-
ing engine.

Fig. 3 Cross sectional view of the packed
wire screen in the regenerator.
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Table 1 Specifications of experimental equip-

#2748 AMed 20029 12€¥

Table 3 Specific surface areas of wire scr-

ment een meshes
Engine type Two piston Mesh No. of | No. of layered |Specific surface
wire screen sheet (cm’)
Bore X stroke(mm) $35%x120
40 275 10.247.8
Phase angle 60~ 240deg.
60 393 14,628.5
Working fluid air
- 80 458 17,439.3
Stroke volume ratio 1
- 100 550 20,722.7
Regenerator size (mm) $70%x110
150 847 32,096.6
Lh ASME 9 Uy 200 1,100 41,841.7
250 1,375 52,189.0

(1) 4™ 2
2= 29AZ AL d9d EEgd Azt
vetd Aotk A F E9W uv4A3 409 Ho

flo

= A (p)7t 0.63mm, A7A(dm)o] 0.2mm, 7§7-H)
(B)7t 0466, FI(p)el 0.738, HMEEHZ(0)°]
4.34mm*mm®o| t},

B 32 3T A FFa4,
Ebd Relrt

Roﬂ*iﬂ} 7o) wWHME 40, 60, 80, 100, 150,
200, 250 5 72/ E AM2E4T. & B9 24

ZHEH 4 4089 AeE= 275w AZ:EQ

2 o] AEEHAL 10,247.8cm 0] R} h

EEAE

Table 2 Geometrical factors of wire screen
meshes

Opening|
area
ratio

Mesh
distance

Poro- |Specific

lassi| Wire | Wire
sity | surface

pitch | dia.

Mesh p dm
No. (mm) | (mm)

40 10.63010.200

BEaT

0.738 | 4.36

(mm)

0.430

0.466

60 10.420)0.140 | 0.280 | 0.444 | 0.724 | 6.64

80 [0.310|0.120 | 0.190 | 0.376 | 0.674 | 8.91

100 {0.254]0.101 ] 0.154 | 0.363 | 0.668 | 10.86

150 |0.169| 0.065 | 0.104 | 0.379 | 0.676 | 16.34

200 |0.127]0.050 | 0.077 | 0.368 | 0.668 | 21.72

250 10.102)0.040 | 0.062 | 0.369 | 0.669 | 27.04

(2) 4EYY

AEARAY F3Paz JASEmE 4F4
189 ZvAd o= 20709 QAL Hx% sAAH
< FAPAF BFsy B AM=Z siH gAE
AEse FAs90. £38 ¢HL IY 149
Zol NAZ $9A < HHAR 4PE 2EH
iAo} X4 H A A (Kyowa, DPA-0.5k)S o] &3}
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L
2
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b ML BEeAe 2EE2E

19 42 A7 SEAR 99 W 80 AT
2 4517 HEste 3 AL&E 100, 300, 600rpme
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£ 2%3% ARs dehd Aol 1M}
Zrol 71#9] FALZIL AEFHe] Heols B
Ao AB(HNEE 9, 2002)04 Hg wpe}
ol zF fKAlzt LERAA AL %i #5¢ 9
(ZEHZE)} AR L2HE FET d(ALZ
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7

ol DEHAFEF ALHAREFANY &
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Fig. 4 Temperature distribution in the mat-
rix.
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Fig. 5 Effects of varlous kinds of wire
screen on temperature difference bet-
ween the inlet and outlet of the
regenerator.

Rotating speed(rpm)

Fig. 6 Effects of the various kinds of wire
screen on pressure drop between
the inlet and outiet of the regen-
erator.
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Fig. 7 Effects of rotating speed on temper-
ature difference between the inlet
and outlet of the regenerator for the
different phase angle.
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Fig. 8 Effects of rotating speed on pre-
ssure drop between the inilet and
outlet of the regenerator for the diff-
erent phase angle.
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Fig. 9 Effects of rotating speed on temper-
ature difference between the inlet
and outlet of the regenerator for the
various filling rates.
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Fig. 10 Effects of rotating speed on pre-
ssure drop between the inlet and
outlet of the regenerator for the
various filling rates.
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