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High-precision liquid-phase speed of sound and density measurement for
optimizing the equation of state of next-generation refrigerants

Nishiyama, Takashi
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In addition to the high-precision liquid-phase speed of sound measurement
based on the equation of state of the low-GWP refrigerant R-1336mzz(Z) that the applicants have
established, the research aimed to measure the liquid-phase density as well as a wider temperature
range speed of sound measurement, because it is desirable to obtain multiple thermophysical property

information for the same sample. As a result, we were able to achieve high accuracy up to 125° C,
which is the upper limit of speed of sound sensor measurement, by correcting the effect of sound
wave absorption in the range above 100° C, which was initially difficult to achieve. Furthermore,
the accuracy of the liquid-phase density measurement was also improved by adding the value obtained
when the vibrating tube of the densimeter was evacuated as a calibration standard, in addition to
the reference material used for the conventional calibration.

GWP



EOS PV Helmholtz
=nRT a=a(T,p)¥
vander Waals  (1873) FeEs TR
Virial I>HILE—
(Onnes, 1901) ECS (Leland and PVTEW* I>hoE-
Chappelear, 1968) GibbsTA)L+—
BWR (Jacobsen and Stewart, 1973) p THSY T THS
Helmholtz (1991-) a =
Helmholtz n
PVT Helmholtz .
Fig.1 Helmholtz
PVT
Fig.1  Helmholtz
PVT EOS PVT
EOS EOS
PVT
PVT o= @ —
O
Fig.2 l:l N
1§
N
1
® ®
5
+ 0.1
(Lauda CD-20, )
(Anton Paar L-SONIC 6100)
(Paroscientific 42K-101)
Pt100 (CHINO NRHS1)
Fig.2
Wexp
Al +a-T)
Wexp =

t—B(1+B,-T+B,-T?)

1)



1)

EOS
Fig.3
E
D B
A
Pt100 C
J
F G
DMA-HPM
R1336mzz(2)
(¢)) HFO
HFO
70°C
R1336mzz(2)
R1336mzz(2)
_ 2m?
ATE 3"
(2) R1336mzz(2)
Fig.4(b)
R1336mzz(2)

i

80
oo

—i

W >

“H=TEOTMMO @)

BEREFv >/ \—
REBRNZEET
(Anton Paar DMA HPM)
Pt100ARIEI TR
(CHINO NRHS1)
TS5 v—RoT
RIS
F—A0OH—
BEE_—SY—
J>Eax1—4—
EHE=F—
KesiRBEEHT> Y —
(Paroscientific MODEL 46K-101)

Fig.3

0 kg/cms3
HFO-1336mzz(Z)

R1336mzz(2) 30-

R1336mzz(2)

a

()

Fig.4(a)
0.1m?1

Weomp = Wexp + Wexp(7.9 X 107*P + 5.2 x 1073a — 1.0 x 1073) 3



1 . . 2
(@) o50°c  x80C (b) o70°C  as0c
4100 °C 15 b oxy x110 °C
T 05 E L 4, ok x
= ) o a
0.5 n°°n 8 |:1o ‘b%g Og g C>° e o
o BR %x) G Gy 0%, # | # " .
0 2 4 6 8 10 12 0 2 4 6 8 10 12
p/MPa p/MPa
Fig.4 () (b)R1336mzz(Z)
3) R1336mzz(2) EOS
Fig.5
R1336mzz(2) +0.1 %
0.5
04 AR1336mzz(2)
2 03
>:~_ 0.2 OWater
g8 A
3
¥ .
g
o 2 4 & 8 1w
p/MPa
Fig.5 R1336mzz(Z) EOS
3 R1233zd(E) Fig.6 Fig.6(a)
EOS Fig.6(b)
EOS 20-50 °C
EOS 0.15%
R1224yd(Z) Fig.7
R1224yd(Z) EOS 0.03% 30°C 40°C
60 °C 0.06 %
EOS
1 1
- (a) | 020 °C Aa30°C 040 °C ©50°C (b) 020 °C Aa30°C 040 °C ©50°C
S os £ oos
3 )
3 8
‘8 o XQ Q i 0
E Bas gé’s go N
S .05+ lf%l»% g ¥ e 05 |
™ ° > 4 OCP S
1 hd 1 .
0 2 4 6 8 10 12 0 2 4 6 8 10 12
p/MPa p/MPa
Fig.6 R1233zd(E) ) (b) @)
1 1 .
. (a) I 030 °C 440 °C nso’cl ® (b) | 030 ' 440 C 1060 C
= 05 f ! >§ 05 |
3 0 S 0|8 £ 2
2 e s
g‘o.s & § 05 k
o
-1 L L L " | 1
0 2 4 6 8 10 12 0 2 4 6 8 10 12
p/MPa p/MPa

Fig.7 R1224yd(Z)

(b) ©)



(2) HFO

P=Ci+Cy t+C3 p+Cyt?+Cs5 p?+(Co+Crt+Cqg-p+Cot>+Cyg-p*) 72 +Cyy T

P: T

C1-Cui:

HFO-1336mzz(2)

HFO-1336mzz(2)

3

Table 1 , HFO-1336mzz(z) 2
C, - 3. 46E+01 Cs 7.51E- 06
C, -6. 10E-03 C, 2. 00E-10
C, 8. 61E- 05 Cs -1.38E-11
C, -2.94E- 06 C, 2.18E-13
Cs -2.69E-06 Co 3. 78E-13
Cu - 3. 49E- 13
Table 2 , HFO-1336mzz(2), 3
C, -1. 66E+01 Cs 2. 45E- 06
C, 7. 48E- 04 C, -7.53E- 10
C, 4. 80E- 04 Csg -6. 88E- 11
C, -1. 88E- 06 C, 1. 52E-13
Cs -2.94E- 06 Cuo 4. 14E- 13
C 4. 45E- 15
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