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Heat Transfer of Oscillating Flow in a Cylinder with Regenerator
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Abstract

The heat transfer of oscillating flow in a cylinder with regenerator was investigated by the
moving boundary technique. The flow in regenerator was modeled by means of Brinkman-
Forchheimer-Extended-Darcy equation. Results showed that when piston moved toward right,
velocity vectors near cylinder wall at left piston and right side of regenerator inclined to
symmetric axis and velocity vectors near cylinder wall at right piston and left side of regenerator
inclined to cylinder wall. And the time averaged Nusselt number was increased by 46.73% when
the oscillatory frequency became twice and decreased by 31.46% when the oscillatory frequency
became half. The time averaged Nusselt number was incréased by 18.09% when thickness of the
regenerator became twice and decreased by 7.53% when thickness of the regenerator became half.
But mesh size of regenerator hardly affected the Nusselt number. And efficiency of regernerator
was larger as the oscillatory frequency was smaller, thickness and mesh size of regenerator was

larger.
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Fig. 1 Schematic diagram of stirling engine
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Fig. 2 Schematic diagram of present model
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Table 1 Physical dimensions and properties of

present model at reference condition
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x=(a/2)(1.0-cos wt)

x=30a+{a/2)(1.0-cos wt)

Fig. 4 Schematic diagram of model for comparison
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Table 2 Properties of regenerator for various mesh size
. . ' . . Conductivity Heat capacity Darcy

Mesh size Porosity(e) Wire diameter ratio(R,) ratio(R.) number(Da)

50 0.645 0.23 mm 20.28 3759 2.5%x1077

100 0.711 0.1 mm 16.69 2776 9.56x10"8

150* 0.754 0.06 mm 14.36 2228 5.67x10°8

200 0.729 0.05 mm 15.71 2539 2.93x10°8

* . Reference condition
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Table 3 Efficiency of regenerator for various

condition
Condition Efficiency of
Value
regenerator
3Hz 0.931
A
ngular 6 Hz* 0.869
velocity
12 Hz 0.791
25cm 0.628
Thick
ickness of [T 0.869
regenerator
10 cm 0.967
50 0.595
Mesh size of 100 0.838
regenerator 150* 0.869
200 0.967

*; Reference condition

Phrell wheh WERAS SESL Zobalo] A A7
A AEGASL dADE B 4 Qe A7kl goh
A7) wEolet Agdeh A FA7 F72
of wet AAAY Egel FAEE ¥ 4 i
ol A7 Aol Frheko] NI-FAH A7
Apole} Qe sl Fobalyl wlgoleln An
o w3 A4S 42zl Fohgel w4
(28)2 4919 A47e Ego] 2L £ 4
£l ol 4 A7 W] FELYD WA ol
AHstgizl A Relzt Alzde) ahAlgt Fig. 1004
sisel AT Hws QAN HY A5 HA Aol
bol Hl%q Aoz wlFo] Mol A7)
&3} Aue) Welel AAPY Aol 24
A7} goel Az,

o 32

o0
[
o

AQLe wxHoz FHAg Az Gz e A
2 2

1) J&ge] #AZA $2o2 o|F3he 44,
3 Aaf W A7 3 A g A4
9 £x¥EE FAS o2 HEgsHT, = g~
€ 2 A7 #HE Ay Hud ZANA S S5
BHE Aav ¥ Z2oz HeHL £ £ gl

<] Ag - 7Hg et

(2) & F7] Tk 15 Ay Aol 4]
HE Nusseltd: Nuwt FE5%5 Z44Es1 7]

S
A}

P ool M

£ 7Sl 31.46% 7Fadich

157 s7} 2.5cmellA] 5ecmz 2u) =

4% A7EE Nusseltd Nuawt 18.09%3
ubwdofl 1.25cmE 1/2u) 7HAE 3ol

& Xt ok o by
2
o
N

21 ol
TR
N
P
e
I

=

(4) & ATolM e
A27)5 WHAAAE A0HF Nusselts: Nugts
a7 #H3hskA ek

(5) A4719) EEe BEHE A5} BT
42, A4S FA} 2HE4S 22 A4

\

o 4275} 34T Fohee

of AFe ARE VIR Y B 5
AA AFAEY Ao sysged, DA
Sl gn 7 =aloh,

y [ =]
Ang

ek

(1) Urieli, I. and Berchowitz, D. M., 1984, Stirling
Cycle Engine Analysis, Adam Hilger Ltd., Bris-
tol.

(2) Uchida, S., 1956, “The Pulsating Viscous Flow
Superposed on the Steady Laminar Motion of
Incompressible Fluid in a Circular Pipe,” ZAMP,
pp. 403~421.

(3) Kurzweg, U. H., 1985, “Enhanced Heat Con-
duction in Oscillating Viscous Flows Within
Parallel-Plate Channels,” J. Fluid Mech., Vol.
150, pp. 291~ 300.

(4) Simon, T. W. and Seume, J. R., 1988, A Survey
of Oscillating Flow in Stirling Engine Heat
Exchangers, NASA Contractor Report 182108.

(5) Kurzweg, U. H. and Zhao, L., 1984, “Heat
Transfer by High-Frequency Oscillations,” Phys.
Fluid, Vol. 27, No. 11, pp. 2624~2627.

(6) oleN<d, 1994, Y FHAFEFTo o o
Ao, A5, Agcidm YAarebe] e L,

(7) Kim, S. Y., Kang, B. H. and Hyun, J. M., 1993,



AA7E AbR Aeicuje) 9y

“Heat Transfer in the Thermally Developing
Region of a Pulsating Channel Flow,” Int. J.
Heat Mass Transfer, Vol. 36, No. 17, pp. 4257
~4266.

(8) Kim, S. Y., Kang, B. H. and Hyun, J. M., 1994,
“Heat Transfer from Pulsating Flow in a Chan-
nel Filled with Porous Media,” Int. J. Heat Mass
Transfer, Vol. 37, No. 14, pp. 2025~2033.

(9) Zhao, A. X. and Kurzweg, U. H., 1990, “Exten-
sion of the SIMPLE Algorithm to Heat Transfer
in Time-Periodic Flows with Moving Bound-
aries,” Numer. Heat Transfer, Part B, Vol. 18,
pp. 189~203.

(10) Kaviany, M., 1991, Principles of Heat Trans-
fer in Povous Media, Springer-Verlag, Hong
Kong.

(11) Ludgren, T. S., 1972, “Slow Flow Through
Stationary Random Beds and Suspension of

F5ol B A4

1769

Spheres,” J. Fluid Mech., Vol. 51, pp. 273 ~299.

(12) Beckermann, C.,, Ramadhyani, S. and Vis-
kanta, R., 1987, “Natural Convection Flow and
Heat Transfer Between a Fluid Layer and a
Porous Layer Inside a Rectangular Enclosure,”
ASME Journal of Heat Transfer, Vol. 109, pp.
363~ 370.

(13) Kim, C. J. and Kaviany, M., 1992, “A Numeri-
cal Method for Phase Change Problems with
Convection and Diffusion,” Int. J. Heat Mass
Transfer, Vol 35, No. 2, pp. 457~467.

(14) Patankar, S. V., 1980, Numerical Heat Trans-
Sfer and Fluid Flow, McGraw-Hill, New York.
(15) Patankar, S. V. and Spalding, D. B., 1978,
“Computational Analysis of the Three Dimen-
sional Flow and Heat Transfer in a Steam

Generator,” Forsch. Ingenieurwes, Vol. 44, pp. 47.



