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1.1.

(1) PVT

100 MPa

PVT
PVT

773 K,

373 K, 100 MPa PVT

K, 100 MPa PVT

323

@

773K (500°C)

99MPa

100 MPa

99MPa 773K(500°C)

400K(127 )

REFPROP 2%

NIST

®)

500

100MPa -100 500

2

99MPa

(4)

H22

H22

H22

H23

H23

H24

NMR

H2

D2
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H24

NMR

©)

H22 21

H22 XML

H22
PVT

H22

0, 1)

H22

H22

H23

DB

H23
Ar

H23

50kPa 1MPa
2

H23

H24

H2

H24

H24

PVT

NIST Thermo ML

PVT

0.83%

CD-ROM

Wooly
0.11%

0.25% 0.01%

30 mm

usB
USB

0.022%

60 90
0.058%

201

2013

2012
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2
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(6)

-100 1 MPa

50 MPa

MPa 5 55ppm

15 MPa

70 MPa

@
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@

SUS316L
0.0015Hz

10

1000 MPa

1000 MPa
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) 120 MPa
SSRT
100 MPa TDS
TDA
SIMS
EBSD
©)
2011 6 200
KHK 80 JPEC
5 HySUT 110
35 MPa
35MPa
( )
O
0.6MPa
0.6MPa
10MPa 26Hz
10MPa
10%
10MPa
A K,
HV280
0.00056Hz
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1800s

JIS HV280
(5) SUS316L
SUS304
FCC SUS316L SUS304
®)
0.05 masshC
0.25 mass% 0.27 massl
0.4 5massl 833K
95% lpym

TiC VC NbC lym
Q)
®
®
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Cu

EBSD
Fe-Cr-Al
Sn-Ag-Cu

G
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1.3

O
@
(H25 2 )
(2
3)
4)
NOK
o)
5,500
0
®)
7
(@]
>
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1.4

@

40MPa 373K
@) PTFE
40MPa, 100
PTFE
40MPa PTFE
EPDM EPDM

G
DLC TiN TiC,TiAIN

220 370K
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TiN

DLC

4)

PTFE

MD

MD

®)
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1.5

PCT
H18FY 1 0 0
H19FY 3 6 0
H20FY 3 18 0
H21FY 2 6 0
H22FY 0 3 1
H23FY 0 0 0
Patent Cooperation Treaty :
H18FY 2 14
H19FY 9 86
H20FY 31 136
H21FY 77 147
H22FY 54 119
H23FY 42 122
H18FY 0
H19FY 7
H20FY 6
H21FY 4
H22FY 12
H23FY 2
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H18FY 0
H19FY 2
H20FY 4
H21FY 4
H22FY 3
H23FY 3

24

1.-14




2.1
PVT 100MPa
773K(500° C)
All in 1 CD
Excel
(1) PVT
773 K, 1 MPa PVT 773
K, 100 MPa 773 K,
100 MPa PVT
523 K
PVT
PVT
773 K, 100 MPa PVT
2.1.(1).1(a),(b) 250 cc
625 773 K
2500
cc SUS316
(1) A
Pn = A%+pé\\;—i+(p'o—pa)\\;—z (1)
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773 K
o W
(1)
Ny (= Vo / V) 373 K, 20 MPa
773 K
0.0183
Ny (= Vo / V) 10 MPa 473 K
10.134
343 K 1)
sampleinlet V10
(low pressure)
sample inlet 2 Y4 |
(high pressure)
sample outlet RV5 V7
. K
i E ve
| [S5hoooo =7 | e =) | 2 sampleoutlet (P < 100 MPa) (P <10 MPa)
b - V9 —-toPC 7
O mam L ! !
i ya— D} H[ !
i | ’
i s A = i -- 2500 cc
[ — - ZR (T<373K,
F; | H | § ' p<10MPa)
IF Gl ! : :
! | 250 cc :
=i ﬁ | (T<773K, ~_{
3 M P <100 MPaN
L 6L s TR (T<373K)
(T <773K)
A:samplecell  B:expansioncell  C: standard platinum resistance thermometer \

D: platinum resistance thermometer  E: thermometer bridge  F: temperature
controller  G: heater  H:stirrer  I: quartz pressure transducer  J: digital
pressure indicator ~ K: vacuum pump  L: thermostatic oven  M: constant
temperature bath ~ N: cooling pipe  O: personal computer V1 V12: valves

(@) (b)
2.1.(1).1(a),(b) PVT

573 K

773 K, 100 MPa 773 K,
100 MPa 20 0.1%

773 K, 100 MPa
(Span et al.(2000)) 2.1.(1).2
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0.1 %
773 K, 100 MPa

(Leachman et al.

(2009)) 2.1.(1).3 (40 mK)
(28 kPa) (Mt 4.8 %, Mgt 0.33 %)
0.45 % ( k=2) 473 K
773 K,
100 MPa
8 1 Nitrogen
& T S RV & 1
~ 1 0 513K
2 673K
& o 773K
S
g I 510 50100
—
P/ MPa

2.1.(1).2 773 K, 100 MPa

Hydrogen 473 K
T T ]

1 T T
—
3 +
g o o sb o RO
S¥ o T LT 60—
= 1, L L ° Oolo | ]
’?8 1 5 10 50 100
& 1 673 K
! S L ]
3 o 777i7»>o:67L;LIL\\
S o}
o
— -1 | Ll A L Ll
1 5 10 50 100
1 773K
T — =+
+ * +$;% HHH |
[ NN, N
o SN
-1 P BT P IR |
1 5 10 50 100
P/ MPa

O Bartlettetal. (1928) © Wiebe and Gaddy (1938) ~+ Presnall (1969)

A 1sochoric method
- - - Virial EOS (Extrapolation)

@ Burnett method
— Virial EOS

2.1.(1).3 773 K, 100 MPa
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PVT

)
Ms - Mg
pP=oy (2)
Vs(T,P)
M S M S
VS
2.1.(1).4(a),(b) 2.1.(2). 4(a)
Tare position (TP)
M, 2.1.(1). 4(b)
Measuring position (MP)
MMO MMO /‘/lI'O
TP  MP My My
3 TP 409 g
MP 109 g
TP MP
p:(MMO_MTO)V_(MMl_MTl) )
S
CuBe2 2.1.(1).5
3.30252+ 0.00036
cc 27.552598+ 0.000038 g
353 K, 373 K 100 MPa
2.1.(1).6
0.05 % 323K 100 MPa

2.1.(1).6

0.1%

2.1.-4



Tantalum and
7 titanium weight

Ta Ti Ta 1
|

7 Electronic balance

Ferromagnetic
core

| Permanent
magnet

CuBe2
sinker

Position
sensor

(b)
f; Sample inlet

(A) Tare position (B) Measuring position

2.1.(1).5 ( v )

2.1.(1).4(a),(b)
CuBe2 ()

Nitrogen 323-373 K

0.2 . :
8 A 323K, O 373K
§ 0.1+ §
& =
S o1 -
o L
—

0.2p 5 10 50 100

P/ MPa

1%}
o)

q
-

3

g

S

S

S

=

P/ MPa
A Bartlett et al. (1928) © Wiebe and Gaddy (1938)

%/ Michels and Goudeket (1941) 1 Michels etal. (1959)

@ Burnett method, 353 K
/A Magnetic suspension densimeter, 323 K (ser. 1)
X Magnetic suspension densimeter, 323 K (ser. 2)

(b)
2.1.(1).6
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2

100MPa,150 ° C ,
100 MPa,500 ° C

2.1.(2).
Pout Pin
[ ] i
12 ] \ }
!
-
2.1.(2).
- Hagen-Poiseuille Flow
n 1)
Hagenbach-Poiseuille
L= ‘AP . mpQ M
128(L+n %)Q 8m(L+n %)
, P Pin-Pout ,Q
,m n
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250° C 500° C
100 MPa 500 ° C

Iexhaust

DI
' N ?flow eter

I\temperature

I | bath

Pressure regulating unit

2.1.(2).2

(a) | (250 )
2.1.(2).3(a),(b)

2.1.(2).2 2.1.(2).3(a), (b)
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O-

500 ° C QCK 2.1.(2).4 QCK

0.088+0.003 mm
1.95 mm
442.2 mm

2.1.(2).4 QCK

3.1%(k=2)

(1),(2),(3) :

— Q (7*) = exp(0.354125 - 0.427581(In 7*) + 0.149251(In 7*)?
T, = +A T, 1 n
A7) =0 {7)+ BT, P) @ - 0.037174(In T*)® + 0.003176(In 7*)*)
_ 5 A/mkT 0=029nm;7*=Tk/e ;¢/ k=35 K
1,(T) = 16 7020 (T*) (2) A(p) = exp[5.73 + log (p) + 65.00™* - 6.00 x 10 exp(135p)]
n

6 3/2 3

AD(T, p) = A)explB(0)/T] (3)  BA=T,100+8 & - o —18ep 59
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2.1.-9

3
X F E X —Present correlation o HighPand T
- oL _ = O Nabizadeh(1999)
c = A Michels(1953)
E Lo o] Sy : Gt
2 Lpsseerioge) Vo g Matland(197 1 2 Van lterbeck (1940) 3 v Teodutbenglio65)
> = ) 22 4 v Trautz (1929-1935) > )
O O—=Xe = <& Guevara(1969) o HighP or T
> L AN . | 4 Johnston(1940) = < Hongo(1978)
£ (N i O\, . © Clifford(1981) S © Gracki(1969)
8 -1 X . w \%, 7 A Rietveld(1957) = O Maltsev(2004)
8 I o va v NNE, T B Kestin(1950.1068) S @ Kestin(1959-1968)
-g oL <y ‘9)9_ ——Presen Correlation ~ © ° ggﬁua:(%%t%s)
I Mason(1954) ¥ o O Rudenko(1968)
_3 | | M | | O Diller (1965)
40 100 200 400 1000 2000
K K
(@) 40K 2130K 0.1MP (b) 100K 990K 0.1 220MPa
2.1.(2).5(a),(b)
2.1.(2).5(a),(b)
2
2
(@ 40K 2130K 0.1MPa
(b) 100K 990K 0.1 220MPa
99MPa,500K(227° C)
2.1.(2).6(a),(b) 99MPa , 500K (227 )
400K (127 )
NIST REFPROP 2%
50 (@) (b) ,
I I I I I I I I I I I IPreslent V\}orks
. 295 K
50 % 74 144 ® 207K —
2 TR p A 333K
E \ ) \\0446 S~ _,:- M 400K
L 40ROy BN oA - .
~ I| |‘\5; \\fg \\\ ) ; :{, s
-é’ AT RN @S 4 Presentworks | 1 —
@ 30k INCECARER ¥ 500K |
S VY %Q\z@f\ w5 B 400K
8 Tl et L '
< R, 7 ® 297K
> o 2
F-T & © Golubev&Petrov, 523K 10+ @ Michels. 373K —
\ BT © Ross&Brown, 298K 8 Salubevd7s, 523K
20 E; ¥ @ _Q_) _’F\Q/Ié(;:h; ggg ibson, 323K ™ — 297K —Parelszeantecérrelation 4
& T | L 1, | " TRHPROP
0O 100 200 300 400 500 600 O 10 20 30 40 50
-3 -3
. kg'm , kg'm
2.1.(2).6(a),(b)



99MPa, 773K(500° C)
2.1.(2).7 2.1.(2).8

18

—VYusibani corr. 23°C
—Yusibani corr. 150°C
—Yusibani corr. 250°C
—Yusibani corr. 350°C
—Yusibani corr. 450°C
----REFPROP 24°C
----REFPROP 150°C
----REFPROP 250°C

[EEN
(2]

[N
S

RUN1 23°C(2009)

[EEN
N

RUN2 23°C(2011)
RUN2 150°C(2011)
RUN2 226°C(2011)

Viscosity [uPa s]

RUN3 150°C(2012)
RUN3 250°C(2012)
RUN3 350°C(2012)
RUN3 450°C(2012)

=
o

PPRPP 000 ©

0 10 20 30, 40 50
Density [kg/m”]

2.1.(2).7 723K(450° C)

4 T T T T T
Hydrogen 350 °C I RIEFPROP doesn't r|1ave data

oN &

X A
ok . S Gy VI
Michaels 25°C, Rudenko 26° 2 < * <<§ % A
L

-4t | 1 | Kussg5°C | . 4 . | . | \ 1 . I
0 20 40 60 80 100 0 20 40 60 80

g e T T T N (N HY S S . a A 7

Pressure [MPa]

— REPFOP ver.8 25°C —REFPROP ver.8 226°C
------------------------------------------- - ©® RUN1 23°C (2009) @ RUN2 226°C (2011)
] X RUN1 23°C (2009) A RUN3 250°C (2012)

Y ® RUNZ2 23°C (2011) @ Golubev&Petrov 200, 250°C (1959)
___?A___?____ga___@__A - T W - B S Michaels et.al. 25°C (1953) A RUNS3 350°C (2012)
Rudenko 26°C (1967) € Tsederburg 362-371°C (1965)

. . . . © Moo watoc 4 RUNSSIC 0o

0 0 ) 00 ?; RN e Ezon; < Tsederburg 539.5-542.5°C (1965)
RUNS3 150°C (2012

Pressure [Mpa] + Baruaet.al. 150 °C(1964)
® Golubev&Petrov 150 °C(1959)

~
I %
o
= 4
o
[{e)
@D
3—
N
N
(o]
o
(@]
[}
o
=
=
8
2
I
o
o
3
<
a
g
3
8
g
5
=
o
o
2
2
Y
[}
2
P

Dev. to Yusibani correlation [%]

AN OoON
T
|

2.1.2).8

623K(350° C) 2
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3

( 99MPa) ( 500 )
100MPa
500 2
. __Z dT/dz=0
Pt wire
(constant
volumetric heat L2
source)
Wire radius : r, [ Sample Vessel
wall
Terminal wire — —f— - é T=T,
radius: r; h '/////
1 - }
R

T _19 0T 9 )0 ., (1)
ot ror or 0z o0z

q=Q/m¢ (t>0,r<n) @)
=0 (r>r,z<h)

a4 = ®3)
dz |,=12+n
T 7=0 :TO’ T‘r:R _To, T|t=0 _TO (4)
2.1.(3).1 Physical model and boundary conditions
1)~(4)

AT, (1) =T, -T,

21-11

-100



2.1.3).2

PC
500°C
EbaEmIisi ) “EEMD
DC power supply l I= constant
--------------- . 24 bit A/D board

Star_]dard ;“ ------ Channel 0

Resistor 25Q E - Channel 1
TR E
i3 A X | —
. l . '. .' Personal Computer

Pt wire: diameter 10um
Length 15mm

Sample

: : Sample vessel i
TRV
Temperature controlled bath

2.1.(3).2 Diagram of thermal conductivity measurement system with the transient

short hot-wire method

2.1.3).3 2.1.(3).4

Roder[1] Mustafa[2] Clifford[3] Hamrin[4] Roder
[1] 500 °C 100MPa
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0.45

. ' .
Gas: Normal hydrogen

—_ 500°C P
1 -
2 0.40 o < 4 ° 400°C @3
é d 6 e ]
= 035 5 ° o) 300°C X
E © y 20008
o Vi 50°
E 0.30% ‘ f — 1956 s
*(_JJ v N M A ° B 0°
> N [ ] . —a) 50" -
-8 025 _ Uwﬁhm _100°C
8 2D 1
T
£
(&) -
c
[ ]
. ]
80 100
Pressure [MPa]
Present work Roder1984 Mustafa Clifford Hamrin
@ T=50°C e T=-99°C + T=64°C x T=38°C 4 T=1.6°C
® T=100°C & T=-73°C e T=107°C © T=70°C e T=25°C
& T=150°C X T=-48°C & T=156°C a4 T=111°C x T=50°C
v T=200°C A T=-23°C @ T=75°C
X T=300°C + T=-1°C
® T=400°C v T=27°C
¢ T=500°C @ T=40°C

[1] H. M. Roder, Thermal Conductivity of Hydrogen for Temperatures Between 78 and 310K with Pressures to

70MPa, I. J. Thermophy., Vol.5, No.4, 1984 [2] M. Mustafa, M. Ross, R. D. Trengove, W. A. Wakeham and M.

Zalaf, Absolute Measurement of the Thermal Conductivity of Helium and Hydrogen, Physica, 141A, pp. 233-248,

1987 [3] A. A. Clifford and P. Gray, “Thermal Conductivities of Argon, Nitrogen and Hydrogen between 300 and

400 K and up to 25 MPa”, Journal of the Chemical Society. Faraday Transactions 1, Vol. 77, pp. 2679-2691, 1981.

[4] C. E. Hamrin and G. Thodos, “THE THERMAL CONDUCTIVITY OF HYDROGEN FOR PRESSURES UP TO

660 Atm AND TEMPERATURES BETWEEN 1.6 AND 74.6°C”, Physica, Vol. 32, pp. 918-932, 1966

50°C

1%

3%

400 500°C

+ 1.69%
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()\meas')\cal)/ )\cal -100 [%]

-4k . -
1 I 1 I 1 I 1 I 1
0 20 40 60 80 100
Pressure [MPa]

Presentwork  Roder 1984 Clifford 1981 Hamrin 1966
@ T=50°C °© T=-99°C X T=40°C A T=2°C
® T=100°C ¢ T=-73°C ® T=70°C © T=25°C
A T=150°C X T=-48°C A T=110°C x T=50°C
v T=200°C & T=-23°C  Mustafa 1987 © T=75°C
X T=300°C + T=1°C + T=65°C
© T=400°C v T=27°C @ T=75°C
¥ T=500°C @ T=40°C A T=107°C

2.1.(3).4 Deviation of thermal conductivity from Roder”s correlation

50~500°C,

2.1.(3).5

100MPa

Roder, Clifford

Roder
3%

2%
T=-100~500°C, P=0.1~100MPa
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()\meas')\cal)/ )\cal' 100 [%]

EEE

Present work

T=50°C

T=100°C
T=150°C
T=200°C
T=300°C
T=400°C
< T=500°C

ex<renm

Pressure [MPa]

Roder 1984 Clifford 1981 Mustafa 1987

0d+D>XSO0

=-99°C X T=40°C + T=65°C
T=-73°C @ T=70°C O T=75°C
T=-48°C A T=110°C A T=107°C
T=-23°C

T=1°C

T=27°C

T=40°C

2.1.(3).5 Deviation of measured thermal conductivities from new correlation

100MPa -100

(4)

0.7MPa

500

99MPa 500
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(PEM)

PEM ( )
PEM
PEM
PEM
PEM
(NMR)
1.0MPa
2.1.(4).1 PEM NMR 1T
RF
T
42 .6MHz RF
NMR PEM
Yok
Back Presamm
ifahr
LA —
e0s S __ .
‘Hnnnh
2.1.(4).1 NMR
RF 0.5mm 8.2mm 7
PEM Nafion® Nafion®112 117
5mm 4.0mm 6.5mm 50mm3,
150mm® 80  H,0, HCl
1 1 60
1 2
3hr
NMR 1.0MPa
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NMR

6000 S/N NMR
2.1.(4).1 RF RF
(SE )
TR TE
Iecho = Ale 1—eXp —— &Xp ——
T, T, (1)
90 TE 12ms 7R 1000~1500ms
oy A n T,
(0 1)
PEM (PGSE )
In Iecho (GI) :_nydeJGiz
I echo (G 0 ) (2)
)
C;i /echo(c;i)
a=2.5ms 0 =6.5ms
40000gause/m
2.1.(4).2
'H
PEM PEM
3 PEM
PEM 2.1.(4).2

PEM
PEM
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4; Sample Nationl 17 = Under N2
Gas : 0~1MPa, 30mL/'min
41 ‘Temperature : 24+ 27T * Under H2
, 33 | TE-12ms. TR-1s, N=6000
s
E2s
2 .
E 2!
L5
1 [ . £ = = = = "
D3
9 A A A A
02 D4 05 08 1
Pressuze / MPa
2.1.(4).2 NMR
1)
7. T, IR Hahn Echo A
NMR 25
2 (3:1)
2.1.(4).3 150mm*®  Nafion117
@

1.4x 10° mol/cm®*/MPa

3.3x 10°mol/cm*/MPa)

Nafion®112 117

]
Sample : Nafion117.,112
LE | Temperalure - 24+27C
[150mm3|
L& TE-12ms, TR—1s, N-6000
[F0mm3]
TE=12ms, TR=15, N=E{0{
with Spoil

Salubility / % 10%mal om™

o Xafionl 17 (50ma3)

= Xafionl 17 {150mm3)

+ Nafionl 12 (SDmm3)
Enrica (2010) Nafionl 17
Teffrey (1988) Nafionl L7

In[/echo(c;i) / /echo(GO)] V2025 C;i
2.1.(4).4

PGSE

1.0~2.5% 10%m?/s
1~1.5% 10m?%/s

2.1.-18
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e ¢

Sample : dry Nafion112, 117
Temperature : 242G
TE=12ms, TR=1.5s, N=8000
Spoil - 10000gauss/m
d=2.5ms &=6.5ms

-
S
llll- l- LE
o
N
NO mm
[ 5]

Naftenl 17 50mm3
Nafionl 12

= Nafieml 17 150mm3
Enrica {2010) Nafion117
Feffrey (198%) Nafionll 7

Dillusivity / % 10% om? &
* 0

=
=

0.2 04 113 03 1
Pressure / MPa

2.1.(4).4

PEM
H24

()

WEB
Microsoft

WEB OS WEB

CD-ROM
-in-1-Live CD H21
PVT

-in-1-Live CD

H21 -in-1-Live CD
oS

KANOTIX 2007
Thorhammer RC7[1]
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Knoppix[2] CD-ROM
DVD-ROM,USB 2.1.(5).1
All-in-1-CD/DVD/USB
NEDO

..... B MBIL AR WEE Tr07-0ill v-AD ~adi

& - - & R (D emmnan.o o ummmpery e htm = | K

Temparature, Dryness Fraction and Vehme

Pressure 5 MPa

Entropy $5 Kli{kgK)
roioend Result
rnM Sressors and temaerates spenihalyy  fianear Kpiky Tmperat. 170 a7ar
Tempbastorurd [ Fonth o Spdwtermal oo kpky
Fame. aaplind) Emerer
o —— - [ osnizson ke Drpuesstras i of range :
rm}'irh"w.;»ﬁi]‘-w;u'n'&a'.';.' g
Rennt

2.1.(5).1 All-in-1-CD/DVD/USB

WEB

WEB URL http://h2db.mech.nagasaki-u.ac.jp
WEB
[3,4,5,6]

Oracle XML
NIST( )
NIST Thermo ML

Oracle

NIST Thermo ML
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Mathcad

100kHz
4939

2.1.(5).3

MathCAD

Mathcad
2.1.(5).2

@ FrOMD MR 8800 WAL Fr=TeMD FeAd SEEUROME DelOM) AT
D-Fd &R a - P ND= 0| -] ®
— =t sla =l w iy Eew
LT TR L= LT .
Speed of Sound (P [Pa], T [K]) "
w(P,T) := nh2_nist wpi(P,T)
P 100 Py 10 Pa= 100 Py Ti= 200,210..500
Ty=200  Tyi= 300 Ty 400 Ty 500 P 10°,2.10° 107
1.8 10" T 1.8 10 T
w(Py, T " w(P,T,) S
=il ) L0’ grgen | alU el E
w(Py, 1) b g w(P.Ty)
il o 2 4 .
] 1410 = ; 14210 A
w[Py.T) s w|P,T3)
f[_PJ"] !.z.eln",/ E f‘_"'r«‘} 1210k 4
e 1107 . R
" = R 1x10° 1x10° 1x10
x p
I\.;'l.l'.x FIRRLTCZS e ~—uif

2.1.(5).2 MathCAD

(8]

1,500 m/s

B&K 1/4

0.058%
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Material: Ca
Cylindsr: ¢ 100 x 100 mm

2.1.(5).4

2.1.(5).3 Picutures of Spherical Resonator and Pressure Vessel

80 3

Electric winng

anl ]

(14)

Tube
N *
D o
g
(£) (6)
(1) |—I—‘
o Qg]mll:IDol__llzi | @
0
He N2
ol o N2 H2 N2 H2
in in out out
(9) Thermostatic bath
@ e &
Rosonator and pressure vassel
2.1.(5).4 Overview of Measurement Apparatus
2.1.(5).5

Ar

(1) DSP Lock-in amplifier
(2) Conditioning ampiifier

(3) Function gener ator

(4) Degital muttimeter for PRT
(5) Pressure gauge for H2
[B) Pressure gauge for N2
(7) Driver for sarvomotor

(8) Digital muitimeter for TC

(9) Thermostatic bath
(10) Damper

(11) Flowmeter

{12) Vacuum pump for H2
(13) Vacuum pump for N2
(14) H2 tank

(15) He or Ar tank
(18) N2 tank

Dx Diaphragm valve

To
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2.1.(5).5 Measurement Results of Ar for Radius Calibration
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2.1.(5).6 Measurement Results of Sound Speed of n-Hydrogen
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2.1.(6).1

Peng-Robinson EOS + Sonntag Eq.
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2.1.(6).1
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Test cell

View port

Mirror surface
Sample gas inlet
Sample gas outlet
Low temperature liquid
circulator
Temperature sensor
Pt100 sheath

Optics for detecting
phase transition on
mirror surface

10 Pc

DU WNPE

© o~

exhaust

HLP

O
(c)

N
»!"Q @

reduced pressure path

N

standard gases

2.1.(6).2

SUS316L
SUS316

CCD

exahust

(a) Gas cylinder

(standard gases)

(b) Mass flow controller
(c) Pressure transducer
(d) Dew point sensor for

verification

(e) Dew point sensor for

monitoring water
concentration

[><] :Stop valve
34 :3-ways valve
plt’ :Flow control valve

2.1.(6).2

2.1.(6).2 (1)
@ 3.2mm
40 MPa
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analyzed images

2.1.(6).3

Read video memory of

an'aly‘zkéd data

dew drops
images and perform
real-time image 130 um
analysis for detecting
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formation/dissipation
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toring Vm, Vr low water high water
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condition condition
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files. Feedback for

image analysis software
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surface temperature

2.1.(6).3
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