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K répresents the Darcy permeability tensor &ndepresents the Forchheimer inertial co-
HI¢FLHQW WHQVRU ZKLFK DUH IUHTXHQWO\ UHIHUUHG WR D
closure parameters are needed for CFD-assisted optimization of the regenerator design.

7KHUH DUH FXUUHQWO\ WZR PDLQ PHWXKR®GVDIRE IGAHNMUHNLPD.Q
IRU D SDUWLFXODU PHGLXP ZKLFK DUH SRUH OHYHO &)' VLP
approach microscopic or pore-level CFD models of the regenerator are developed to determine
the pressure drop characteristics by comparing the results to the macroscopic volume-averaged
equations to determine the closure parameters. This technique has been employed successfully by
PXOWLSOH UHVHDUFKHUVY LQFOXGLQJ > @ &)' VLPXODWLRQ\
DQG WKHUPDO GLVSHUVLRQ LQ SRURXV PHGLD > @ 7KLV LC
FRQ¢(JIJXUDWLRQ RI D SRURXV PHGLXP LV RIWHQ TXLWH FRPS
UHIJHQHUDWRU WHVWLQJ KDV EHHQ XWLOL]JHG H[WHQVLYHO\

8VLQJ H[SHULPHQWY DQG D RQH GLPHQVLRQDO SRURXV P
WKH K\GURG\QDPLF UHVLVWDQFH SDUDPHWHUV IRU PHWDO |
SHUIRU DW H & K®L ¥ @ GHWHUPLQHG WKH VWHDG\ DQG RVF
WKH UDGLDO DQG D[LDO GLUHFWLRQV IRU D YDULHW\ RI SRU
LWHUDWLYHO\ GHWHUPLQH WKH FORVXUH SDUDPHWHUV & K
FORVXUH SDUDPHWHUV FDQ EH GLIIHUHQW 7KLV PHWKRG ZD
> @ 2WKHU DVSHFWV RI SXOVH WXEH FU\RFRROHUM 37&V
> @ DQG OXOFDKH\ > @

5DUH HDUWK DOOR\ UHJHQHUDWRU (¢OOHUV VXLWDEOH IR
UHJHQHUDWRU RI WKH ¢QDO VWDJH PD\ RSHUDWH DW WHPSF
(U3U HUELXP SUDVHRG\PLXP DOOR\ ZKLFK KDV DNLJK KHD\V

@ SHUIRUPHG H[SHUWHBHENGY ALWIR DYSHO¥FDJH GLDPHWHU (U

(UDQG 3U VSKHUHV LQ D SURWRW\SLFDO UHJHQHUDWR
at room temperature for a range of frequencies, charge pressures, and gas velocities. The Darcy
SHUPHDELOLW\ ZKLFK LQ JHQHUDO GHSHQGV RQO\ RQ WKH
JRUFKKHLPHU FRHI{(FLHQW YDULHG ZLWK WKH PDVV ARZ UD\
EDVHG 5H\QROGV QXPEHU

$NH\ VKRUWFRPLQJ RI WKHVH DQG P D)W RWKKHU SWBONY KHHGE
at room temperature. In theory, hydrodynamic resistance parameters should not be affected by the
RSHUDWLQJ WHPSHUDRMRQUH XU DWKIHR QHRIPWWH LSRURXV- PHGL X
SHULPHQWDO YHUL¢{FDWLRQ RI WKH IRUJRLQJ DNNVWXPRSRNKMRT R
GHWHUPLQH WKH 'DUF\ SHUPHDELOLW\ DQG J)RUFKKHLPHU LQ
cryogenic temperatures for a range of pressure and velocity amplitudes and compare the results to
those obtained at ambient temperature conditions.

EXPERIMENTAL SETUP

7KH WHVW VHFWLRQ LV VKRZQ VFKHPDWLFDOO\ LQ )LJIJXUL
UHJHQHUDWRU VDQGZLFKHG EHWZHHQ D KHDW H[FKDQJHU D
4 GULYH PRGHO 6 : SUHVVXUH ZDYH JHQHUDWRU 3:* XSVW
VWHHO WUDQVIHU WXEH 7KH FROG KHDW H[FKDQJHU &+; L
6 XPLWRPR PRGHO 5°'. ' *0 FUARFRRORMKHZ |, WKW \FWRB $H F EXE@ |
6XPLWRPR *0 FU\RFRROHU FDQ GHOLYHU : RI FRROLQJ DW
FRROLQJ SRZHU DW . 7KH NN HUWRKU RI MWHKVWHK &R SYHEDWFF U
SRURVLW\ 7KH URHIGH QHW RIR U BPVFYRFV S K lrhbdd Wiametey &End P

SRURVLW\ 7KH (U3U SRZGHU LV UHWDLQHG E\ 66 PHVK
DUH UHLQIRUFHG E\ WZR 66 VFUHHQV 3&% SLH]RWURQLFV
and102A10) are installed in special HVLIJIQHG SRUWYV RQ WKH sid8swoifHd HD P D C
CHXandSV 7KH H[SHULPHQWDO VHWXS DQG WKH *0 FU\RFRROHU
GHZDU ZLWK PRGXODU IHHGWKURXZIBY LHDVIXWEHDEOH RI PDLQW
vacuum of 16 torr.
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Z K HItJ Hir?) represents the viscous resistance tensorafioh?) the inertial resistance tensor

Rl SRURXV PHGLD 7KHVH HTXDWLRQV DUH RI FRXUVH WKUH
VIPPHWULF ARZ KRZHYHU DQG ' ARZ VLPXODWLRQV DUH St
QDWHV 2QH FDQ FRPSDUH WKH PRPHQWXP HTXDWLRQ (TXD

WLRQ (TXDWLRQ .l WKH SRURXV PHGLXP LV LVRWURSLF F
Rl WKH SRURXV PHGLXP WKHQ
K=e% (7
JaLS (8)
2e°

JRU WKH SDFNHG EHG RI (U3U SRZGHU LVRWURS\ LV DVVX
VWXGLHY KDYH VKRZQ WKDW YHORFLWLHV LQ WKH UDGLDO
ZLWK WKH D[LDQVKHB®RE)L WILHPY @MW VRIQ WHVIXYCHVW DHH WR UV D
LQ UDGLDO SHUPHDELOLW\ DQG )RUFKKHLPHU FRHI{FLHQWYV
parameters are studied, for CFD simulations isotropic porous media are assumed.

7KH ' D[LV\PPHWULF JHRPHWU\ XVHG LQ &)' VLPXODWLRC
R PP ZDV XVHG IRU DOO PRGHOLQJ EDVHG RQ PHVK FRQ
$ XVHU GH¢{QHG IXQFWLRQ 8') ZDV FUHDWHG WR DSSO\ WKF
WR WKH LQOHW DQG RXWOHW 7KH 66 UHWDLQLQJ PHVK F
using the values ob = x 1 PandC=120000Mm' IURP &KD > @
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Figure 7. 6LPXODWHG PDVV ARZ UDWH DW =0.2BY G 9%& 3:* LQS

K= x \ M PWIKZKLFK FRUUHVSRQGY WR D YL\
b=141x10"nf 6XEVHTXHQW SDUDPHWULF FDOFXODWLRQV FRQ¢U
2QFH WKH SURSHU ERXQGDU\ DQG RSHUDWLQJ FRQGLWLRQV
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WKH H[SHULPHQWDO YDOXH JLIXUH DQG )LIXUH VKRZ VR
H[FHOOHQW DJUHHPHQW ZLWK UHVSHFW WR ERWK WKH PDJQI

RESULTS AND DISCUSSIONS

7KH UHVXOWYV IRU DOO VLPXODWHG GDWD SRLQWYV DUH V>
LQHUWLDO UHVLYWD\Q BH FROMD L FGHIMWD IXQFWLRQ RI WKH SF
GH¢QHG LQ (TXDWLRQ 7KH GDWD LQ WKLYV NAWXES\ KL PIO V
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