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Experimental Study on Regenerator Under Cryogenic Temperature and
Pulsating Pressure Conditions
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Abstract

An experimental apparatus was prepared to investigate thermal and hydrodynamic characteristics of
regenerator at cryogenic temperature under pulsating pressure condition. The regenerator was pressurized and
depressurized by a compressor with various operating frequencies. Cold end of the regenerator was
maintained around 100 K by means of a liquid nitrogen heat exchanger. Instantaneous gas temperature and
mass flow rate were measured at both ends of the regenerator during the whole pressure cycle. Pulsating
pressure drop across the regenerator was also measured to see if it could be predicted by a friction factor at
steady flow condition. The operating frequency of pressure cycle was varied between 3 and 60 Hz, which are
typical operating frequencies of Gifford-McMahon, puise tube, and Stirling cryocoolers. First, the measured
friction factor for typical wire screen mesh regenerator was nearly same as steady flow friction factor for
maximum oscillating Reynolds number up to 100 at less than 9 Hz. For 60 Hz operations, however, the
discrepancy between oscillating flow friction factor and steady flow one was noticeable if Reynolds number
was higher than 50. Second, the ineffectiveness of regenerator was directly calculated from experimental data
when the cold-end was maintained around 100 K and the warm-end around 293 K, which simulates an actual
operating condition of cryogenic regenerator. Influence of the operating frequency on ineffectiveness was
discussed at low frequency range.

JlEMy fo Darcy wlzHA| 4=
Ay, ¢ A7 AfF ftF G¥A[=e,4,] h 79 dgs [Jkg]
L o A7 el [m]

A s AT gEE

d r ng ]’1]3]—0 A—;zl Moas A AR [ke/s]

wo A7) o) FE7 N A7) v x4 WE

[=ed, /(1-e,)] p : A7) B9 HR [=1/8]

d, : A7) B HF [m] Re, : #elE2F [=m,,d,/Au]

e, : 338 Upee © 7F29 HOE% [m/s)
e R EE e o
TAYAR, N9, B2 7)Ao B2 R

E-mail : skjeong@mail kaist.ac.kr

TEL : (042)869-3039 FAX : (042)869-3210 AP, - AU ¥ 73} [Pa]

** 319, FoUstE 742 o3




1096 RS
A A A7) 9] H)-F-& = (ineffectiveness)
u 7h=el AAAST [Par 5]
p . 7t BE [kg/m’]
T . F7](period) [s]
SHE Xt
ce o AAY A2H
g S S =
he s A7 nEF
m : AAEE

1. M E

AA  AelEE olgdE FAHL ¥V
(cryocoolen®= &F 7k27t F71HA FEFEE
a3 e, gdo] Fr1FHoz W] ", o
2 23554 AAST AFste 4L UEE FH
A3 BAL AXA o]FoY. FHL ¥FIE
FASE BF FdA YA E O3 EFZE ]
2olx gl thF wjA} FE7ts Apool WA
QAGo] Aoz, 498, FAGRH R o)
< Bag Bzt old AAVE WML
A=Y oM, ptRAS, wFEE 2,
g mjAe $& AL AFY e AE A
52 wzAl "asith oA AFE AT
AB7] T3 BRgoez Qs WA 43H
o2 AAFoet e, AAFT stelAE B
A7} FRAHJARD FERF sl SHE
At a8 B2 ¥ =23, 4445 28l
FREE HE e E ok etz HY
AR gt}

gEgE oM FYPH IS FTES,
Tanaka®7} 10 Hz ©)3t9) $E{Fo] st wp2
Axs FA5E Ay RS AAGAS
ZhaoPE 9 Hz o)5te] &5 FupolA npEATE
Zatm AoAe A A5 o™, Miyabe®7l A Al
B85 wlatASet v @eglct Helveijnstein®
& 30 Hz &} 70 Hz Atole] HSiolM, whBATE
738 o] =RdAE A7 Fde gEe
z=Rsn, Y4718 FFHste AFHFIZS 1859
ANEdzRE 3oz s 483
oz nAASFE FAYGaE B F Yok

AW, Y71 dHRGASF Sl glol, @
3} % HH(Single Blow Test Method)*"& A4
oA A7l dAGAFE FIHE i
Weold. aAY, FAL WErS) AAVE FH

[of
o

i

AN - A

o

2
T

o2 A/ HHLEESE FHs= AL Hgst
A7} &t}

gH o=z AN Tanaka?E A7) ¥ 7t
g 2xsa, ¢%7) J2EY FFAH L
B ALFHFE AMEY, v {E4EE 7 9
H]§EE-NTU #A4 S o] &3t wtF7) 5t
o] 7 FAFE AAEALE AR o] =&
A AFEE SR SNTU o AL, o]43<l
A7 dete] A& 7Hed BA A RZ o] W
W olgate] HYH FALE FIe AL HFY
32 gkt EA| Aol gl

Kashani®E AEd FAL Y719 A A%
o =Asd A7 EAE gdstuA e
g, o] We A7l Aed HHAHoR o}
BE wo By A digd AU =
.2 ot}
B =RiME AL ¥E7Y Al 2&, &
A% 27 st A7 wbRAF HlF&

2x3l7] 9% AFFANE AME, Add
ool A upEATe HFEEY 5 AHE A
Astdey. AFEHR5(3 ~9Hz) 2 LF 3460 Hz)ol
A AR Y utRASE A, 2RE BERE
o] Axs} vmaRe £, A7 ALHE7E oF
100 K 02 §29 o, A7) Fao 7t =e
AFGFL A5 A7 HFESE TN
t} 283, ol2d AAArY HHEErt FERE
9 A% Fugd uel oj@A WalstEA A}
71 95ted, Fo5E WA AN v{FEEE
Z438tt.

i 3

2. AE FHA

Fig. 1 & S ¥%719 244 &5 27 3l
AN A7 Y EXL sy AT XY A=
ot} o] AFAXE AA Fugr, FHHEE, A
A7), 4zA71 v BREeE FAEA o
G-M 8 2F &7 == Ay IE7I(FRAA:
12.7 co)E Fig. 1 & AFFAAA AFHF R 2L
Zu9 GEFES WYPANINEE FUAH T
7}7) (aftercooler)®] ¥ T2 B(copper mesh) &=
AZHo] qln, Wzt £FHES St AL
dugy|e FBL ZY 2Foz AFEo o
AAre FVEE Gk vEHE BEg AFD
(reservoir : 300 cc)E o] Fojzl 914 2 7](phase
controllen)= A A7|NA AF F3FH g A
apolE zAE7] 943 Aotk AATIAA Tt
o Wy ouyx Hste ¢E WEFH §3Ael B



FAL B kg zAcq A7) B AUH A7

FE e Uif duA Asih 39 stre] £
E JEZx AREBZE, A7 dEEo] FASA
Hh09 Hs G AAE dsUlY 2F
2HE 2P wEbd W3tked, gAges ¢° o
WhE e et B =A% Fig 1 oA
v e At HAud g A Anws
A A&t

N7 Gl dF t29 AF FFE S
Ast7] 918te] AM(hot wire : TSI model 1260A-
TLS)S A& G4 AELS 3.8 um EA,
w2 Wit AErt2e §FE A8
A3ttt 44 e FHste 7t29 §5E FLs
A 7] fshed, AXE A ddelE D(screens)
o] AZHEE 3t EAe AX] BE =4
F 2gS ZuEA0 A FAEG A7) %
Gl Mo tAEE FA3Y] YA E AR
Al A (Resistance Temperature Detector)7} QA7 22
Ao HA=HZZE sk ALz dqe I
I #2E B2, 3 mA Y HARE TIFEA 7}
28 2EE AT £ JA Ho Ao AFHe
oA 9] t&As= x}¢A|(Validyne model DP-10)E

1097

o] 43ty A8 P, 60Hz o LFFFNME F
N9 A <2 Al(piezoelectric pressure transducer :
Kistler model 601A)7} AF&E¢th AEAA] i
B ¢82 tho]o A H (Diaphragm type) 3 Al
(Sensym model ST2000)& ©]-&3t] EA3% )

A FY AYE FEoAN AZHHA
(Bronkhorst HI-TEC model F-113AC-FA-55-V)& A}-&
8t} B4 (calibration)S 83 O.1, Fig. 2 & B
3 A A ANFzold. AErtA@E
99.999%)8} AH&FE Fol7] ¢t EF U7
gAY A dE3A start SHIEE SR
t AL dFAL 2 doddM BAL g
(heater)?t ER#A71E ALE3 S AvE 7}
29 &5 8 A3 YA AFFHA
T4 7tasE SEe FYZTd Wi £
A T} F2oM FAHEE ) AFG
ZA et slEALole] Bl (buffer) AAHL AZG
A dTelA Zt2eErt JE3e AE JAsE
qdEE et =E, SERFl old FAHF
A A7) Gl obE st Fig 29 AE #
A& AHgEt] S350

reservoir

g9as »— <4—— metering
aftercooler —lb_r valve
WAL IS, SALLIALSSS, IS A A |
m
P
AP v liquid
- LH—nitrogen
& | 9
regenerator @
cold-end

m

heat exchanger

Fig. 1 Schematic diagram of the experimental apparatus (1 : hot wire, T: RTD, P: pressure transducer, AP :

differential pressure transducer)
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Fig. 2 Schematic diagram of the calibration system: (a) for hot wire at the warm-end, (b) for hot wire at the cold-end
(MFC - Mass Flow Controller, P — pressure transducer, T — thermocouple)
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Table 1 Parameters of the sample regenerators

Regenerator  Length Diameter Number of Mesh Wire diameter Pitch
No. (m) (m) packed screens  No. (mm) (mm)
1 0.13 0.0185 1150 200 0.053 0.127
0.03 0.0045 282 200 0.053 0.127
1.90 1.2 1.90 1.2
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S lesl g 2 sl 8
7 1es; 04% 2 1655 04%
& 1.60 fuf 4 1] 1.601 @
1.55F 08> o 45l 108 =
1'58.00 0.65 0.I10 0.‘15 0.20 12 1'%(.)000 O.OIOS 0.610 0.615 12
Time (s) Time (s)
(a) (b)

Fig. 3 Example of oscillating flow data; (a) 4.6 Hz, (b) 60 Hz (P1, m!: pressure and mass flow rate at the
warm-end, P2, m2: pressure and mass flow rate at the cold-end)
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Table 2 Experimental results of the regenerator
performance with different operating
frequencies

Mean helium
Frequency temperature at H;/t  H,/t Hs/t
(Hz) the cold-end (W) (W) W)

X
39 924 3.0 2847 895
4.6 94.7 29 2844 904
5.4 98.2 27 2880 958
6.1 102.0 23 2804 934
6.9 106.0 21 2837 943
7.6 110.0 1.6 2839 916
0.015 | ; . loos
2 @
g ooz @ . Jo0s B
C - <
o g g
2 0.009 } 5 s 1003 E %
£ o G =
© 0006 o Joozuy 8
£ 2w
0.003 {001 @ £
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0.000 L— L . L 0.00
4 5 6 7 8
Frequency (Hz)

Fig. 8 Ineffectiveness and the amount of shuttled gas
for different operating frequencies
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