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Measurement, Compilation and Evaluation of Thermophysical
Property Data — Their Role in Technological Developments

Akira Nagashima

In the newly developed technologies, various new materials and working fluids are used
or proposed. Moreover, the ranges of temperature and pressure for conventional substances
have been extended. One of the key informations for new technologies is that of thermo-
physical properties for these substances. The situation around the thermophysical property
research has changed mainly due to new demands and also innovations in measuring technique.
These innovations include applications of new sensors, computers and laser.

Recent aspects of thermophysical property research have briefly been reviewed.
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Table 1  Examples of substances used in new technologies

Applications

Substances

Space & aeronautics
Energy
Electronics

Ocean technology
Medical engineering
Living

Others

Liquid and solid fuels, insulators,
composite materials

LNG, geothermal fluids, COM. organic
working fluids

Liquid crystals, semi-conductors,
superconducting materials,

Sea water and brines

Biotic fluids, materials for artificial
organs

Foods, fabrics, insulation materials

Ceramics, industrial disposals

Netsu Sokutei 12(3} 1985

—129—



®ox

DO, T, BT -2 20 b0AMT S
V7 MEREGE BT, BROBEANDIDAL MY
WHN T b,

Ko obea 2l b L 5787~ 218,
WICHIE AL BRI IS B C s TS, VdED
DB BIVET — £ DRE LRI LTI DI
FHOEHEN T L T CEAROERLTOC
ErEfgIN A,

FNTIR, =— XOEBICR LT, BT — 2 O
FIREATHE L TNFIEZNTEE D b XD ET B
E D 1O FRE Ok A duLE LR, b B0
BFEHOBETHNS DT EM B &0 - KR TH
L, A3 =—XF Y TrT o VIS, $78b b,
MG E XN BPVEFIZ DL B HECL - TTHE D
BERDBEDHEDHPEETHS S, bBHA,
Aﬁbﬁ*éﬂﬁ%g%ﬂtﬂé&wﬁtTmH%%ﬁ
FADHOTRELC, Aifiifi 235 45 10 Gk ic 8
ETBETHALHIT— 4% BEAWHTEENHTET
Hbo COTKTIE, ADVEMEPHRIOMAERR, HR

ML P A iR O BRI T8 < TIZTES 10,

MIRZD I

4. MEHEM O

AV O AT L TR, B e vt o BiE R
DSREENNCHEES LT, @I Ny — 2 O, mﬁ%
B ESICRIICH R SN, RERRO &R 5 Bic
m%wﬁw%®%§MMthc&§&ém,thﬁ
THERELCHHLTOADIE, BlicaryLa—42—-0
EHEEN, F2ICH L0y —HOSE, Flicy
—H = & ZIUHE IR ORBEIANZ D, TSI

o THIBEE 78 5 o K E R A URNTH B,

BIZ L, SUR DRI RO RS B PR T By P s s —
o@ﬁwmwm&fﬁéw,%@%%mm%%ﬁmié
D BOEIHIEREE UTHO ST, Kestin-
Newell ¥ D & 575 8 TlI & - T H I ICEERL, L
D BEEBOREEE SN OB L DI - edida v
Ea— 4~ DEFICL D, BITHRORKE - THOIHART
b, BlimAER L THIEICHZ 2L DI »7, F
HFEREH O ) Tov & A4 LHEEDSTREIC TS » fotoodic, 3E

EHREEN LR OSND LD -, EKOE R
HEEMED 7 T 22 B R 7 7 EIC X 2 411D,
& P AR O BULSEAEPE O JEE BRI EOREE LY 1r &
1FCOREAZTT T b,

W2100, U vy KO BBIIIE, Kb, R,
W57 S @ iy, #RUMmONEH 50 EFimic
BOTEBMYGRE 6720 LT, &3 —o/NEYIZH
SEROINRGIC DI A8, pulials KEEREE T TR

— 130 —

Al

E

BT AL U, ZIBBPEDM L U rctodic,
DT EIMELTHEIC T » T2 BIZIE, MIREIE 4
—m%@%<msttm,ummwm@m%@@%&
Ik BREYDESIC, T YBEBEOIEA, 2 0Eh
R DIHNCITE AR A 5 T E ST & 5o

$134c, v-%~@ﬂ%iﬁ%%ﬁtf€k%@§k
A 705 Ui, JEMIIEHEMIIE T AN S & ih
BATESINI DT, ﬂ@%&mtw%imiﬁ
MTH B, MENOEEHRESEZNCOTHICL > TH
BIL TR AR 571 & ANTEOREIC L BT
B EOHDH B T, L—F— K& AL T scanning
I & - CEES D8 — v OESHOAEEFTE0, Hi
BURB AR A R E S, v — = LIANCIEENIC
REBETH - T2

PR KA HERINO £ T, BEEYE SN
TERMEEEFNSICEEF— 2 BBEDEDES -
TLE -7 flid, 1970 4ELIE O Big B o
Rotbd,

5. BMET —5 DK L5

AP 7 — 2 IO THFED 7 — 2 OIE R ERYICK
MHLLTETHY, WOWEF —ZNRN/ IRF =L
F—DEOMESN TG, £ o0ducid, KO
OHEDWEA S CINDASY DL oD MS, 4
EOYME 1T ERSRRET -2 €2 -V DL
DEEH b, CNODF— LTIV Ea— 42—~ ICLD R
TNEBRICRRTERIC IS » T 508, FIRHOMNAR
BB EICEk T}, Fig LIKRULEEDICHEDICR
Lo, ULhbHEOIC—H LIS F - 28R Eh T3
CETHB, Fi, IC—BEG LT — 20354805
1B ThH, TNPHE—DFT— ZhEDIMHEERL TN
&, %bff—ﬁ@ﬁﬂﬁﬁbﬂ%mmc&fﬁéo

Wo-T, BUEELESSEMIE, WEIN/I T 40D
GRS ANME T T 5C & TH B, Lonl, Mo
WCDNTIEDSGE DAL DT v v 25T
VWOOT, HaNANE SR, B LICEMAABOEE
Frise, BEATED L O, B 21T NICHE - TIEM,
FNHIT BT OHEEMICH - SN BEEAED 5
T, ZLTHIK, ZNOOEE[ATINTHHELD
FETUENIFLLETH A,

T FEOMETH B985, K@t b7 —
2 HHHELODICLTED I DEEAFE L, 74
OIFFEOZRMA O R S LN, HEMLFE
LT3, IUPAC® Thermodynamic Tables Project
Centre (BifF{3 Imperial College Thermophysical
Properties Date Centre &%FDicH T, Dr. S.

Netsu Sokutei 12(3) 1985



T — 2 DRIE, IUE,

Angus ZHULNC LAR, BRI EEL ESED B MIZD
WTRESSTEENT &, T, umf+1m2¢;
D1981 4R FTEHIEN 7 — 2 2 & — RICHIABSYE(E
@ﬁﬂééﬁﬁﬁwbh,gﬁr—ﬁ%ﬁm%m&u
L CEEMAIE 2 O OO skE T S 'V,
BT E R EABOMETFTAHA LD, FT,
BODDF— 2ERE LT, ZASH8—HL 5085,
ZOBEOORKAHEE LIS Ui 5750, BINE LT
Bbns o iy -icid, (2) MEHEoED, (b))
EHEOBAAL, (o) BEFER0ED, (DHEMNRDE
V, FEe B OBENBBT NG, FIZEIEE RS
Al Ty, MAOLEDPMY FHFT, WiEEE
BOREBEOMENC L 28565 0145, Fig 312 20T,
latm TOKOEPER OB LB A58, 1950 427
AFTRHOHEBEENTH I S b 53, 19524
@ Swindels 5D RITLIHRIL, OO ED B,
Swindels SDICIINT — 213 O BSREIN TS
ZOFNTIE S50 D3, RERL S S AR LD i f%E
HOF - apREErnsE, iMoo, £ & %l
55— AT FD D BICE, REETEZ DAL
STDTRROMEBBEIN S, WEERIC L L:800C
DT, 2O E U THEES O ES O D

107 Pa.s

1.02 g

1.01
o °Z4 hd o

& __ 919
————— -
1.00 1.002 o5 -l

VISCOSITY

1850 1800 1850
YEAR

Fig. 3 Chronological variation of the experimental
viscosity at 20°C and atmospheric pressure

1 Poiseuille
2 Sprung

3 Slotte

4 Noak

5 Thorpe and Rodger
6 Hosking

7 Bingham and White

8 Leroux

9 Geddes

10 Hardy and Cottington

11 Hoeppler

12 Swindells et al.

13 Roscoe and Bainbridge

14 Malyarov

15 Kawata et al.

16 Penn and Kearsley

17 White and Kearsley

18 International Critical Tables
19 IAPS recommendation

Netsu Sokutei 12(3) 1985

Bl & F O T ¥HIESR

0.16
% | Toluene 20°C
2 °
B |
= 0.5 p ‘
g e}
2 [}
o]
- ° 119
T 014 .
£ 7 o
= 0%
o PRESENT RECOMMENDATION | @ @ 4
i~ e o
2 013 i}
g
[
>
012 ;
1920 1840 1960 1980

Year of measurement

Fig. 4 Chronological variation of the experimental
thermal conductivity of toluene at 20°C
and atmospheric pressure

AT EDIE D, LU D o720 h D b
NDbdH b Fig. 413 b T v e B{LEROEL Ol
D7 — 2RI~ - B DT H 50, IS s
HLOLOZEENMAL - T A, ZHUHE 2 e
R DR LT, IRk v T P A
Rt UCHIETE AL NS TEI D TH D,
HEBMBORAD EDIWKIZ LZENTHZ, KK
HENT ORI E T2 X0 B L,
mﬂwﬂgﬁdn@” BETOEREIDOEHREEANS X
LA o, [ INIKR $ 2 B B8R EF N 77K
{78 -TK B U"C% 5o Z OMNE Z < DFHRIC DN
THEBRIZEH SN A58, duz A RIRIKIERT S, 1213
ﬁmwm¢m¢%ﬂ$%%o_niM%M DK E Y
BOBITITL, i’\hﬂi@‘%’f‘ MENDLENEHTEIN S,
— 2 OFFD OO D IRINA
NT§,&7Lf§hUm“ﬁLmDT—ﬁﬁm%%
BISZ, FRAEL L E 720N, by
SLUWMIE XS0 TRMIUT L, EE -7 ks
HAHDTTIZIODS, FEERFNUZE SO AR S victs
ﬂfw%oﬁ%a% CNTGOIN F— AR AL, &b
TBICE SAD NS, ZNSDEE EBIIETH Do
um, VI ED L B2 Fig 4 OIAD
BB Z AN, HBE 57— 2Ot fF
ST EEMSMIZHEN TR, BLEROHFI LT -4
MOESINETH L, 1217, Fig 50X H10H i
FHRIENIZED T — 2 584 LTOT, H5IMEHR
LEETOF — 2 LA L TN b iz Ty

(7\ iz, 70 L9510

— 131 —



WO B OF
« COE © WEBER BAWAE EHEZ LD, - BAICE
g ETRHDE: o SWINDELLS T H 5o
v KOROS! & ROSCOE ——— EQ. NAGASHIMA
© KORSON ® MALYAROV 6. EpET— s OEBRBEE
0.4
2 . o S o o 005 B TR L9, BEL DT —205%
5o e HEN, FOFMDHEAE B F BICITED
2 opo . b e B, EREETRALSGY, TEER
s [Peedel-m-—oF 1 pouznooRmy, EREEHICHT
a -0.2 FERHR, B ROIFRICC DB 0ED
s ® NrDIIKERIC X 28P7 7 v MCBERT
20 40 60 80 100 LERBETH b KIRE, KAREBEILEX
8/¢ D,mﬁuﬁ%ﬁ% LEIENICE-TH
Fig. 5 Deviations of experimental viscosity data . KB KGR D EEM IO TR X1,
(water, atmospheric pressure) EH T IR SR O B R R RS S S
v PO BT, SiEEHART
1 Bl ORI R M BE . BIAW, 75
™ Vb OREE, DO TIREFHEOSEIC kXS
= BOEOBELTULE S KEKOEME
- O AR 13 1928 IC TR L 7 [
= PPl - N SESH, TDBE OB EREANEIE
= / \\ - S (IAPSHEB AT T o CHETIC
= Owaczek § GrayO Correia | | © BISRICABIGEL T AHERIMORE, IE
O o Maczek s B pta FIEEPRIZ Table 200 & 501 » Ty 3117,
Toschiam g [UPAC OGS —E2e LTI, PR
i Graker T o VB L CIRH 1S BRATE B & 2 O RO) Uil
200 400 600 800 1000 1200 1400

TEMPERATURE /K

Fig. 6 Thermal conductivity of SO, (comparison

with a correlation)

TEZORMLTLHET L, B8, EigER
EHOSAERELUIHREOE LT ARETE2H0DEN
O, MELSBEDLRLTHEREOSHIEEDT — 4
DSHHEEERINTLE >N 5TH B, H31C, Fig 6
KRG EHU0HAS, FHEE 2RZ0Mi) 5k 5
EHICHEEAHET AHTH 3, C 1d SO, (KHDD AL
BAROET — 255 HBEALSOREE LTEADL
1ebOTH B, —Hapinc ki, ERihEnT—2
MRELNZ DT, RIESHEZZITOEBER I,
HAERL TN D, THRFHTIIRLOFT - 40855
D, SR TR2~3 FILAEUEIIS N Sk b, B L
HERPSHEITHUY =4 F CELNGSHBERAE
HAHEG, BRAAOME, SRT - 2E&6EO DK
DM BENEINTLE Y, 20RO TH
FELTOAEMEDBFICEALONS L LWL, LA
WRIZGMB AD S5, H#E GEETRIMOEAS DI
Vo COEDEREEIRL, RAUEDTF — 2 & 3lE7T — 4 &

—132—

DT O TN B T & RBLICHL 7, Skt
BIC DT, TUPAC I BB O Sub-
committee bExiT S tc, BHEYPHDEMNF
=S, ML, SREEN O A2EEBE
TEHITHE A1 115> Tl b, #MEI, [TUPAC TIREHEAD
BUGERO FREHEAIRD LY R EDER $T11- T b,

TARMEICHEE LTI, KB Molten Salts Data Center
AU, [RBRRIISH 10D & & ICHER B4 R 28 s
WENT b, ERMEITNESHE R HELOT, #HE
BOELDYUET S HTT Y RIETH %, Fig TIdNaCl D
MM o HER AR Y, 1960 4ER o HERE (R &
1970 4R o #ERLAE CEAR) o fHicid, 40%ICHDIE B K
3B Do

7. BRLEROREBESE
WEE R, LERMOM TR, SEP R
DIDITHEE T L BN, IR BEFRICK ST

THHLT I IEREE L TRHELCTRLESIE, £0
TEIZ, ERMTHICE- T, MHRENTHECE- T,
HLNEA Y- 4RO LI TIHRICE - ThH &
WHIFTHL08, R B, BREOK,»S, £0h5

Netsu Sokutei 12(3) 1985



BT — 2 ORIE, DUE, 20 LENER

Table 2 Internationally agreed values of thermophysical
properties of H,O and D,0O
(Ranges of temperature and pressure)
. Temperature | Maximum pressure
Properties range/C MPa
H,O | Specific volume 0-800 100
Specific enthalpy 0-800 100
Vapor pressure 0-374 (¢o) -
Viscosity 0-800 100
Thermal conductivity 0-800 100
Critical constants 37399 22064
Surface tension 0-374 -
Static dielectric constant 0-550 500
Ton product 1-1000 1000
Refractive index 0-500 100
D,O | Specific volume 38-600 100
Vapor pressure 38-370 (o) —
Viscosity 3.8-500 100
Thermal conductivity 38-550 100
Critical constants 370.74 21671
Surface tension 38-370 —
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