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Research on piston dynamics of CO, by fluid near critical point

Y. Miura*', M. Ishikawa*', T. Takenouchi*', H. Kobayashi*!, M. Chnishi*?,
S. Yoshihara*2, M. Sakurai*?, K. Honda**, M. Matsumoto*?, J. Kawai*’

ABSTRACT

In order to conduct a quantitative measurement of the piston effect, the peculiar heat transportation phe-
nomena in a critical fluid, an ultrasensitive density measurement system was developed using a very thin
heater, a sensitive interf erometer and a large-capacity high-speed data acquisition system. The piston wave was
generated in pulses (5-200 us) by heating the heater. We succeeded to observe the detailed dynamics of the
piston effects as: 1) emission of the piston wave from the heater boundary, 2) propagation in the bulk fluid,
3) reflection at the opposite boundary against the heater, and 4) thermal relaxation due to side walls. The
velocity of piston wave showed the good agreement with the scale universality of sound wave in the critical
fluid of CO, above T — T, = 100 mK. However, the universality was broken below the temperature. The effi-
ciency of transported energy by the piston wave was increased as decreasing temperature of 7' — T, and showed
the maximum at 7 — T, = 100 mK. The value was estimated as 10% and comparable with the theoretical value
14% estimated by Onuki. The maximum of efficiency and the change of velocity near T — 7, = 100 mK were
discussed based on the theoretical estimation of the divergence of bulk viscosity near critical point. Numercal
calculations were executed based on the Navier-Stokes equations for compressible fluids with the equations of
states: van der Waals, Span-Wagner, and Patel-Teja. In these equations of states, the Span-Wagner was most
reliable and used in the quantitative calculations. Others were used for analytical calculation and 2 D simula-
tion, respectively. The numerical simulations including 1 D and 2 D showed the fairly well correspondence
with the experimental results. However, no results were obtained concerning the unexpected efficiency maxi-
mum near 7 — T, = 100 mK. We concluded that the unexpected behavior of the piston effects was assigned to
the new dynamics of critical fluids proposed by Onuki and it was the first time to observe the dynamics exper-
imentally. Our experiments show clear effects of gravity dependence of the new dynamics and microgravity
experiment is very promising to facilitate the preicise measurements near critical point. According to the dis-

cussion, we constructed the engineering model for sounding rocket. The interferometer using IR laser was
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newly developed and integrated into the thermostat with 2 adiabatic thermal shields and an outer jacket. The
newly developed apparatus showed the comparable precision with the on-ground experimental facility. The
flight plan for rocket experiment was documented according to the evaluation of the scientific significance of

piston dynamics near critical point and the developed flight engineering.

Keywords: Critical point, Piston effects, Carbon dioxide, Scaling universality, Microgravity, Sounding

rocket
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(critical slowing down) [ ZHIEWDME S TRELRZHHRE D D, MRICHAESIEHERNE (critical speeding
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YEVROMEAREIL, YA N VESIEE -5 - OBERBCTHBERICL o TR SN, NV SRR
BRI T AZLABALHPICLE. 2OL) BIFROERIZBVT, ROEPFVELATFTHEI L8
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SR AT, MAOERRSRNT 5. 07w, MBS L5 E2E2FEBROZRIC L > TIMARIUS TR’
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FORNIROL I BEICH .
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OFN: ;5%?&@%%%@%@% L2 &, YA VEISRCEEL S OEBEEERRE, BREET ICTOED
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FLIFThTWA,

mE (T)
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THARADAILIZRA, INAY, EAINE (critical speeding up) 7
LIFEHAEHTH S, LALEAD, T0L hEMnBRE BoRE
BEBIZEL TS HE) iE, EBRIOICRIT 22 EHFLET [32-2 YR} YEORELHETZEF L

This document is provided by JAXA.



12 FE Az ZERBRT IR IE  JAXA-RR-04-048
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770 AThsI L FMBICCHBE L., 2020, BRAREORES A FI272%F T - 2 =7 AFRRUC
FoTRIELED ETBIEP—HIIATONTVE, L LadE, RSSO CR, BEOHBERE (&) 27851,
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7. 7741 MEERETEO®RE

7.1 BPEHEROBENES

Y2 b UREIE, 1990 FERIIT DN FHERIZL > C, BRALEBEIZBCTEEWICELAF2BHEO X =X
LELTEZDOHRAIMOTRBMEND I L L ho 7. FHERLEATLTRRELALER N Y ROIBOREIL, EA D
CVEN Y — 5 —EEOBRB AL o TIEEEN, NV IHATFEERIUEETAZ LB L. ZOK
HOHEROES I ERICL o TRE SR, B EERSEM (critical slowing down) 124 » TIFEIZELS L ADIZH LT,
HBEVICHEWA Y~ FCRREZ 2 &ML 20, BARIE (critical speeding up) RE L BIFEN L Z Ll o7, ¥
AN DRI, A, WEL BETCEREL S, BAOBMBEAT AL L TRHAEINIIIEST-DTHS.
TOEIBHREOERIIBVT, ROEAPVELRTSTHLIEPHS P E o7, QINETIDOALER N ik
DERN, S4 T FNGORBSHEE (1/30%) oFEMETH D, FE (~100m/s) 75 BED DN AETEE & BT
5k, %I&’%L:%ﬁiﬁﬂé NEBHEERP VAL HIAELAZBEBLIELZ TR, T4bh, VANV EORERLE
BRZ-EIEEZT, LI BEN LGSR LIPR T2V, QEBICERSINAHEREE~OELIE, 4T T,
~30mK THO+FoBREICTVWEEE LR\, ONEILLsBELHNERBESERICLLE, EA M VRIZHVEE
% O DRTERELR L (bulk viscosity) 1, FERBEET IR WAGEAICHECEET A, LA LD S, TRNETHER
FORBEOEBHETIE, IOk RFRICETLIENFEILHESNL TR, £2T, RUIZEE, FEROBED
AREZFERTL2IEAEHMBE LT, OFETEETLIEA N BEORARYEEBNT 2. OEFRE~OEREE, T T,
~ImK%EHT2. QYA VEOEFBIICLY, AN EOBREEEY T -T2 EHE L TEENIZENIT 4. 2
NIk - T, BINBERBEERSRY LOMPEIPEBRIET 5. ZO L) REBERAICERIGEDC & TORERILIC
i, ENVBCERATLZ P HIOONTEY, BBELEBRLAIIRE LAURENEZERTH20103, BAENR
EEMAT LI EARTXRTH L, Fi2, FHRLEBNERRGERTERT L0100, FEEOSVWT -5 2 BIET 5
TEEEIIBLEY, ENDRICLARNMOVELTYRE, RLOELTERZHERTLZLEIBOTEETH L.

72 WPNERNEBROLES
TEBALEERHCWTER LRI ERBICINEEELREY S 2 b3 vilioT, ¥A N VHROEMIATK
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FARIEEE (YA 2L CRATFEETT L. ZoFHRE, BEFERSICGES s T, #EPRTT S
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L%%ﬁkﬁ?ﬁﬁfdﬁfgﬁ¢bt. ) - otk iy
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z,@%f 1w:b%?¢%@k%azé.t#tﬁﬂ) M EEBTENMENBT ONE VLW ) HED, maﬁ
TR TAIEAARTRTHAZEDFBIIEHRELTWS., 2T TEX M RIROERIE, BINOHFIEI I 2
:74#%%L13_&ofét.$ﬁ BlE, FBRNOIERE SHLIREXET, CAMRROREIHLIARZ B
D DL BEENLBNENERYERTAIENFTENL, YA VBRI IBNERESWEOREIIKR
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7.3 EEREX

(1) E=BFEH

YA b ARt 5 FEHERIE ,&ﬂﬂ&v% A=A % ML, FHAF— Y a rERICEBRISED SN TE
7o B ERBERIREOLMICS > T oD, RERMENICERIS 220, AN—22v PVUTOBSERFET
2, BELEHEFETLIEBRIATREEZZ 20BN THE. LrLids, MADOEA M VEETIE, —HOBEE
RESTLIBRHEMEE AL D, Oy y FEBOSSHEOERREMOHE THB VRIS — BRI EERT S 2
LEAZTEND, ABILELEEEIHLTATLY, Z0LZEE,S, BVEN S mm OERET, ui v PO B L
FICEE S B EDSEI S, EBRBNENE B o 725610, ENHVORBONICBENS Lol —H2 R RTH%
ML E A BRIOBBETCTSTHAIZENHEY 32— avill o THERSN E6ESIE) . REFRTHIZ
AEIT Ay P OBUNEEBREIL, AN—AT ¥ PV ERNTLBEBELWI EEEE LT, TEXUS (Technologische EXper-
imente Unter Schwerelosigkeit) /N T v M2 BE LU CHER LA, ABlo sy NEFWRBAOENERIEINL M 5 —
7o AR RT3 7.

K731 WNENERIZERENDL A V7 —7 = — A1k

X 5 FRHIE EEHOKBLT AT
. e . WIS T AERRIC LY B L. 3ERTEE T,
NAmeE 230 kg (total) 1$%%toﬁ7m@umﬁﬁﬁ.
— 39 cm, ERCHERT A ERI L VB 3EREEET
FIE T %% 3150m 185 7 ) B 540 100 cm, #0439 cm BUI AL E.
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EERE BT B L TULEREBREEOE RN KIIRT.
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(3) H¥ts LUHEHHERE
774 PERIHCAREMOBMEERTIIIRT. 72, BERERORIIREEEOFREREIE, 01 %RE LT

5.

#733 774 FERBEHOEE

EH H B
Mo E vol.% 99.9990 Ll E
AR 4 vol.% 0.0010 BL'F
EFE S wtppm 0.03LLF
BALKFE vol.ppm 1 T
(H,, N, Oy Ar) vol.% 0.0010 LT

74 ERV-TUR

(1) BESO774

T4 NEBRTEIBOEELLVERY, FRELORELZT, +1mK, T,+3mK, 7.+ 10mKIZBRET 5. mERHE
DY =7 A, ROEZFIE THRET 5.

OWHBEREIZBNT, HEOLLORERET, + 200 ~ 500 mK IZBEHE L, SEIMERE &5 T THRE (24
EEREE) 55.
QOEFBERNEE, 4BEZZEEL, PHOELVORERET.+3mKE L, BREFELZII-FFRE 248
MRE) 75.
@24 Bl E HiglZ, 794 NEBROEKIZAY, 7555,
HE, BEEZOBTEICHLTUL, EEBOSYELICL T, REBRLLVHOBEM2EEIIEETH LT, T
T DRERE O THEYD ZREEITRENL L IAET AL ET S,

(2) METF—%
EELVEL, BRET-5, KERET -2 2RET 5.
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EEEVAOASINREIER 1 BoRIELS » €BRAEE (1 mA) 2RAWEETRMNEIC L - TRl 5. HlEeE
i, 0~02VLry, SftEElo Yy ML, I0HzM LB 7Y 7L =R, FTERS 754 VEBRTETDOT—
Z (5000 FN) ZEBEEVEIIGFTELI L,

(b) EEFAIF—4

PDPSOHIIIE T ¥ Y ANON, RBZ1T Y Y ANVEBIRTAODI6T v 20 L—HBEZET L, T 1A
POMAEBREIEEI TRI6F v AV —2BED8F v AV e BTy —¢4, WEMRIE, 0~05V LYY,
SREEEI0Y y MRAE, 100HZ M EDH 7Y b= (&EY 7 7). MBEERKELLF v v 2V ET1MHz
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25NA. LaLl, BEYIal—TarTRIOERTIE, 2<ENI 120
LBRBEFAENGE Dol b, BANRE T2 HOWER 2 EE
PEALTWAEEEZDLIENTEL, 22C, HEERTUELRTETS
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TIA SRR B E RS

v

218
214
2124

log (¥, m/s)

tog (Pulse energy, pd)

~4.5 -5 -35 -3 -25
leg (F~Te/Te)

K752 YAMyEOEE (a) BIUREEZ AL
F— (b) @Jmfhff i, I 0mmELB L
U5 us DINEDGE O EEBREE FE TR
N, LD HEEBIE T — T, ~ 100 mK %
R

.5 @ O B B

X b URROBFEE, Straub H AT 2072 N4 Y O D1EE (19864E) @ “FHEAMOLH 12HEF L, 1990 F12/h
BN eHHTAETVERR LS E I E o TEBHEEN A Y — L2, TOMNEDETVEGVE R (B,
P2 N YRR EEMEREORGENFICE SR TR BMEE 2O PIZ LD 7 5 2 AD Beysens 5D 7 ) — 7
THholz. TP, BMEZPLICER P R RET 2 —EOFERY, MO r v b, AR-ZAT % b, FHATF
—Ya Y EHWTEIWICERS L, EX P RRE, RolUEERLZ L o7z,

Tk, NER, BRAGOBAREZERIORO 2ERNLRLED, 7T - A b—2 2AHRR % SRk hRE
KiCEDLL, BEHNZOL EFEST 28BS RR T 2 EEAEREBHE L2 (19974), ZAIZL-T, &%
DEE, AREES LURERE (GF, REEERET) ORWENE SICHT 28WERBL0HEEN S L ITED LN
%’&t&ot.77/X®ﬁn%%‘,&Eﬁ%ﬁbt%ﬁﬁﬁ@ﬂﬁﬁﬁ KWWHERCERL, YA M B olE
T U7z (1998 4F). Zid, —HICFM MBI SICm ey » TR (R UMD BSRECHL T EDS
%%@txbVﬁﬁ@ﬁﬁfi%ﬁ%@%ﬁﬁTé@#*&%f&onmlNLT INE ORISR R

BEOREI RN E LI2HE, BRAIESCER->TEA N BRIV o2 ARG, H5EFERBICLTE
O%i%ﬂ%ﬁ#%%,&wv%®f@ot.L#L&#% BRHI 7V =T 54T > TE L FHEREB TR, BRE%E75
:@;5&%%%ﬁﬁ&®ﬁ%%ﬁﬂﬁéuwt T, M EERTEDTEORFIIND LEG Z L E o7,

JAXA (CHEF, FHEEFEN) &, FEHBEENAWREOR 2400 L CHEEYH L L ORI I28 b 558 & %%
#5’&%5%&L([#ﬁ@ﬁ%tﬁﬁﬁ@ﬁ@?éﬁn<mw~mmLFﬁ%%@ﬁ%~(mﬂ&d@Lfﬁm%ﬁ

WgEs (FY 13~15) ), [EB bt sfta (FY12~15)) #El L, HEERko#yl, THERT —<OE, WEa
R22T7 4 DEREM - TE, BRSTECBITA YA N RIRICET 2 R, FICB/NEN T OS2 45

BYLHLLRERT -~ & LCHEEEN, 2001 E L0 EWFEFBEGE SNz, IROBBICHz->THL4Z, FAUBL
LTV ARRLE Lo TIT->TERLEA N VHRERIZIE, WIXRROEIIBNTATSTHLIEEFHL. 1) 2
NETIThLNIER S P8I, %&E?ﬁﬂﬁ%%<umﬂ>@ﬁﬂf%o F#R (~100m/s) PHEEDL NS
EITEE LT 2L, ERCBHSNHSERAB VAR B I0FELAZHELPEA TR, $4bL, EA L

B
CEOFAREBEER L i%i@”, RHER AR LR Tz v, 2) ERMICER SR BRRIRE~OEEER, &4
T~T~30me“§)D+ﬂ\ %ﬁﬁ WERER R, 3) MBI AHEELINEFRAZMERICLL L, YR VEICH
WEB T b ORI E Eﬁ:?@(mﬁ;’[ ITEDBIZGEIBCRERT A, L Lars, InRETOY R VR
DEERTIZ, u@ioiﬁx)ﬁ%ufﬁfféﬁ(ﬁﬂ%% IeEdHEIN TR, KFERIE, Z0L) RS ¥R N R)RE
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WICENDBIZLAREEES D& T v, MNEFRRLIHERBEOE @W%EEW IHEEY B 7O I NE IR
BEFH LTy HEFLETH L. B2, FHLEBNERASHERLELET 2720103, BEROEVWT— 7 2 Uz
THIERFIICRIET, ENNRICLIZRMOMR WY IR E, K%%&ﬂbﬁ%%ﬁfé:aw@bfﬁgf%b
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