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Numerical Analysis in Oscillating Flow Considering
Orientation of Porous Media Regenerator
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Abstract

Numerical analyses were performed to investigate the characteristics of regenerator in oscillat-
ing flow by using moving boundary method and Darcy model. In this work, periodic adiabatic
boundary condition was suggested as the boundary condition of adiabatic part so that the effects
of the thermal inertia of the wall could be considered. In carrying out numerical analyses, two
models were applied and compared. One called isotropic model has the same thermal conductivity
in radial and axial directions within a porous media. The other called aeolotropic model has
different conductivity in each directions. Isotropic model could not show the advantage of energy
reduction which needs to maintain constant wall temperature difference between heater and
cooler. But aeolotropic model could simulate the reduction of energy consumption.
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Table 1 Physical properties and dimensions of
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Table 2 Parameters of Eq. (1) within cool and

the analysis model. hot spaces.
Radius(a) 1.25cm ol A | B | ¢ r S
Displacement of piston (/) 1.5c¢cm or| 1 1 1 0
Length(L) 10cm er| L1 | u Iz —3p/ O — pe/
Adiabati o lenath erl 111 | w 7 —3p/ 3y,
diabatic region length (L,) 3.3cm or| 1 1|7 ks 0
Density (ps) 8055kg/m?
AlSI Specific Heat (Cps) 480] /kgK Table 3 Parameters in Eq. (1) within regener-
302
tor.
Conductivity (ks) 15.1W/mK aor
Density (p,) 1.16kg/m? plABle] T S
Specific Heat (Cpy) | L007kJ/kgk | 1| 1|1 0
Air T osi 1 1 | u 7 —Op/ Ox — pu/x*—
(300K) Conducitivity (k¢) 0.026 W /mk peu) K
Kinematic viscocity 15.9x 10-%m?/s or| 1 11w 7 —op/dy—pev/K
(vy) 1\rm-eje/os| T | kn/(0C) s 0
Pr 0.707
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porous | Porocity (&) 0.7 A5 HEES 9v]dioh oM Jepd &3
. A s [ A TANS FALE, me FIE
medi oh ~7rp2
edla Permeablhty(K) 50x107"m 0] EOE] ILH ‘ﬂ‘_é—_ _%_7}_‘—%1:% I/}E}-Lﬂﬂi D]——g—}l‘ /9.3}
e #AZL Aefekc
SIS PR TSP
2.2 II*jH oJ 3 ;.—xloHi/L at e km=c- kit (1—€) - ks, (pC)m=¢e - (pcC);
ARl 2] A o A dl & A [=A %)
xiZZ]:H] 3 }] ;; :H:‘)ﬂ 11 ] _'71;];1; T:}; o} T1=e - (oc)s (2a)
% & FolZ Z27A 5
e : e ° = (o¢) n/ (e(pC) 5) (2b)

-+
4.
@ dF N 52 dEH FHF5olh
@ ¥ mHe FA g}
@ EE E4AE dAsioh
@ AN F3A ERE FRd
At Ale ohZo] dutd EHolA) xulukA Al
< ARg3l e, @
(Axp¢)+ [Bxpuqﬁ xF%J
+ai[3rpv¢ xfa¢] xS (x, v) (1)
Aol v JubgEsugeoln Ny FadAA S,

St goll merd Holsle A4

spolet, fAl 9o

o Y7 el ¢, I, Sell #ddte g
Table 29} Table 3o 72+ eligdch, Fe
doae FAmE Qg

R L = LETE

rlo

xuldF Eekul

>

Mot gyd oz 45k A thee
H4ES 26

+__ X ok

r=ot, xt= yr= (3a)
U U T-T

W=y VT 05

v D —a

_ W — W - w_

Bfa v, Ba a a Bam a P

— =

r=a/ g (3c)
a=ks/(0C) s, am=kn/(e(pc) ;) (3d)

sk el



g4 A7) el

Table 4 Dimensionless parameters in Eq. (4)
within cool and hot spaces.

p+ A B ¢+ 1"+ S+
111 0 0
1] A 1 |ut A B —apt/ox*
— [w u+/x+2
1| A 1 || AB —ap*/oy”
A1 8| Mg 0
Table 5 Dimensionless parameters in Eq (4)
within regenerator.
ol A | B | ¢ r S
111 1 11 0 0
11 A 1 lut| A/B? —ap/oxt—
F+ u+/x+2
_/17'274+/182
1] A 1 {o* Al B —dp*/oyt—
/{721/+/B2
1 7"m'/1 1 %) A/ﬂtzxm 0

2 g0 28)

T Axt ) +
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=x*S*(x*, y*) (4)
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flux in Eq.(15) L, at =100 rpm and ¢=0.7.
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Fig. 13 Comparison of averaged heat flux in Eq.(15)
along with w at L,=2.25cm and ¢=0.7
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Fig. 15 Section-averaged fluid termperature and wall
temperature along with ¢ at L,=2.25 cm and
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