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Abstract: The thermophysical properties of hydrogen have an impact on its production, storage, and utilization. A
literature survey from 1900 has been conducted on the viscosity and thermal conductivity of hydrogen,
encompassing the primary measurement method, experimental research status and model development progress. The
results show several challenges in current research, including immature early experimental techniques, incomplete
experimental information, and an underestimation of measurement uncertainties. The results of different studies in
low—temperature regions vary significantly. The actual differences between parahydrogen and normal hydrogen are
difficult to distinguish from measurement errors within specific temperature ranges. Constrained by the state of
experimental research, the predictive performance of existing models generally decreases in low—temperature
regions. Although novel experimental and modelling studies have been reported recently, research on the
thermophysical properties of hydrogen at low temperatures remains inadequate. The present work analyzes the key
issues in current research on hydrogen viscosity and thermal conductivity, providing a reference for future

experimental measurements and model development.
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Table 1 Temperature and pressure involved in the

hydrogen industry chain’
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Fig.1 The experimental setup of torsional quartz—crystal
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Fig.2 The experimental setup of capillary viscometer
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Fig.3 The experimental setup of oscillating disk viscometer
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Table 2 Experimental study of hydrogen viscosity”

1E& A B A ST TR E/K JE J1/MPa aifE%  ERAEE %
Diller” 1965 327 FHHE AR 14~100 0.65~34.5 NA 0.5
FRifEE
Breitenbach®! 1901 5 BEE 253~575 0.1 NA NA
Markowski®! 1904 3 BUNEE 288~457 0.1 NA NA
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=4 EfG Bl ST MK J& J1/MPa LiEEI%  ERRBIANEE B %
Schmitt™! 1909 10 B VS 78~458 0.1 NA NA
Dorsman® 1913 17 BUEE 20~294 0.03~0.06 NA 2
Vogel ™ 1914 7 I EREN 21~273 0.02~0.1 NA NA
Nicaise and Verschaffelt®* 1917 1 A 20 0.1 NA 1
Yen™! 1919 1 e 295 0.1 NA NA
Ishida"" 1920 1 RRES 296 0.1 NA 0.3
Klemenc"" 1924 1 KB 273 0.1 NA NA
Trautz and Baumann®*? 1929 12 L 195~523 0.1 NA NA
Trautz and Ludewigs™ 1929 20 F NS 287~524 0.1 NA NA
Trautz and Stauf*" 1929 15 21 192~525 0.1 NA NA
Trautz and Binkele”®' 1930 6 751 298~523 0.1 NA NA
Trautz and Melster™ 1930 8 Bk 293~523 0.1 NA NA
Trautz and Zink"" 1930 8 Bk 290~1099 0.1 NA NA
Boyd™! 1930 56 Bk 303~343 7.2~19.4 NA NA
Trautz and Kurz™' 1931 12 e 300~551 0.1 NA NA
Trautz and Heberling*”! 1931 12 ZEIE 295~523 0.1 NA NA
Trautz and Sorg""! 1931 12 ZEIE 293~523 0.1 NA NA
Sutherland and Maass™*” 1932 11 IS FETE 75~294 0.1 NA 0.4
Trautz and Husseini” 1934 4 B VS 293~523 0.1 NA NA
Trautz and Zimmermann'™ 1935 1 WL 90 0.1 NA NA
Van Cleave and Maass'*! 1935 1 DB e 295 0.1 NA 0.2
Adzumi*® 1937 9 BUEE 293~373 0.1 NA NA
Adzumi®” 1937 1 BEE 293 0 NA NA
van Itterbeek and Claes™” 1938 4 ERTIEE RS 14~19 LN NA NA
van Itterbeek and Claes™! 1938 11 PRBhEE 14~293 0~0.01 NA NA
Keesom and Macwood™” 1938 14 ESTIEERES 15~20 0.010.1 NA 2
Johns'"! 1939 42 EME L 14~21 0.15~0.28 NA 1.1
van Ttterbeek and Van Paemel”" 1940 4 S EiRES 15~292 0.1 NA NA
van Itterbeek and Van Paemel'™ 1940 34 EiTSIE RS 15~293 0~0.1 NA NA
Keesom and Keesom"™! 1940 20 Pahiik 14~21 0.01~0.1 NA 2
Johnston and McCloskey"*! 1940 7 PRB#% 300 0.02~0.1 NA <0.3
van Itterbeek and van Paemel™' 1941 5 VEBRY: 15~20 0.1 NA NA
Wobser and Miiller™ 1941 5 B E 293~371 0.1 NA NA
Buddenberg and Wilke"™” 1951 7 B E 293~301 0.1 99.99 NA
Kuss'"” 1952 27 B E 298~348 0.1~49 NA 2
Michels'® 1953 95 B E 298~398 2.6~186 NA 0.2
Kompaneets™® 1953 7 DI E e 284~873 0.1 NA NA
Kestin and Pilarczyk™ 1954 1 P 294 0.1 99.99 0.2
Rietveld and van Ttterbeek!™ 1957 7 PeBhFRTE 14~293 0~0.01 NA NA
Kestin and Wang'®"! 1958 10 Pz 835 298 0.1~7.1 99.992 0.2
Coremans'®! 1958 14 PRBh R 20~ 78 0.1 NA 2
Rietveld®” 1959 14 PRBh#LE 14~293 0.001~0.01 NA 3
Kestin and Leidenfrost®! 1959 9 EMEE 293 0.4~8.4 99.974 0.05
Rudenk amd Konareva!"” 1963 8 EMEE 15~20 0.01~0.1 NA 1.3
Barua et al.'*”! 1964 38 ESTIEERES 223~423 0.8~15 99.96 0.2
Kestin and Nagashima'*® 1964 13 i STIEERES 293~303 0.1~0.6 99.999 0.2
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gR
E# ey B STTI R /K JE 1/MPa aifE %  ERAE %
Menabde!®” 1965 11 A SR 77~300 0.006 NA 2
Diller” 1965 13 BMEE 14~26 A NA 0.5
Tsederberg®! 1965 28 BUEE 289~990 4.4~51 NA 3
Golubev and Shepeleva™”! 1966 96 I S ARk 77~273 0.9~49.1 99.99 1
Konareva and Rudenko'® 1967 10 EIEL RS 14~32 0~1 NA 1.5
Kestin and Yata'® 1968 11 TEERTE 293~303 0~2.4 99.999 0.2
Rudenko and Sliusar'™ 1968 91 EYNE L 33~300 0.1~217 NA 1.5
Gracki'™ 1969 42 BB 173~298 0.4~17.1 99.95 0.2
Guevara'™” 1969 24 PRk 283~2152 0.1 NA 2
Kestin'™ 1971 3 7R AL R 295~308 0.1 99.9995 0.1
Carey'™ 1974 18 BANE 291~299 0.15~11 NA 0.1
Chuang®” 1976 37 sk 173~273 0.4~51 99.999 0.5
Clifford™! 1981 2 BMEL 298~308 0.1 99.9995 0.2
Lukin™ 1983 23 ETIEERES 77~293 0.1~5.8 NA 0.3
Nabizadeh and Mayinger'™ 1999 76 BANE L 296~399 0.1~5.8 NA 0.5~1
Mal tsev!””! 2004 3 BMEE 500~1100 0.3 99.9 3
May"® 2007 32 B E 214~394 0~0.1 99.9999 0.08
Yusibani®" 2010 17 PR 5% 294~400 4.6~99.3 99.999 2
Mhel™ 2010 20 Mk 20~2000 0 NA 0.08~10
Sakoda™®! 2015 20 EUNEE 296~573 0.1~0.7 99.999 1.4
Cheng®"! 2020 21 BUEE 288~923 0.5~24 99.9999 0.05
Owuna"® 2024 57 BMWEDE 213~323 1.19~21 99.995 0.27~0.65
Betken™! 2024 21 PRk 298~348 2.59~12 99.9999 0.65~2.7
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Fig.4 The distribution of parahydrogen viscosity data
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Fig.5 The distribution of normal hydrogen viscosity data
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Fig.6  Deviation of parahydrogen viscosity data from the
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Table 3 Experimental study of hydrogen thermal conductivity®

liEa Eh Bl ST /K JE J1/MPa i /%  EERAE %
five
Power”™® 1954 7 PRk 15.1~21.4 0.1 NA 0.5
Dyyer”” 1966 9 B 15~22 0.02~22 99 50.0
Roder and Diller™ 1970 135 Bl 4P HA b 17~153 0.02~19 99.8 NA
Roder™ 1984 510 RS TE 99~274 0.9~13 NA 1.5
PR A
Eucken"! 1911 4 LT 273~373 0.1 NA NA
Eucken""! 1913 4 FLES RN 20.7~273.1 0.1 NA NA
Weber!'”! 1917 1 AT 273 0.1 NA NA
Gregory and Archer!"*! 1926 43 FAES 30N 275~277 0.02~0.1 NA NA
Schuster!"" 1926 10 ek 280.3~315 0.002~0.06 NA 1.0
Kannuluik and Martin"*! 1934 8 FAESES 274 0.003~0.8 NA 0.5
Dickins!""! 1934 1 ik 291.115 0.083 NA 0.4
Gregory ™™ 1935 9 Lk 295~593 0.1 NA NA
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liEa Eh Bl ST /K JE J1/MPa GEfEI%  E A %
Nothdurfi"*® 1937 1 RERTE 273 0.1 NA NA
Spencer—Gregory and Dock""” 1938 11 RERTE 95~280 0.09~0.1 NA NA
Archer” 1938 1 FRESRTS 273 0.01 NA 0.2
Ubbink and de Haas!"""! 1943 4 RS 19~273 0.003~0.1 NA NA
Johnston and Grilly"" 1946 19 AT 84.7~374 0.1 99.99 0.5
Ubbink!"™! 1948 13 R RS 15~274 0.1 NA NA
Stolyarov!'*! 1950 25 [ B B A 3 291~575 0.1~49 99 3

Lenoir"! 1951 8 MRk 316 0.1~21 99.7 1.5~3.0
Keyes'"! 1954 10 R BT 358~523 0.1~14.7 NA NA
Power™® 1954 12 RS 16.8~22.72 0.1 NA 2.0
Salceanu and Bojin!""” 1956 1 ek ik 303 0.1 NA NA
Chaikin and Markevich"" 1958 5 PSRN 293~503 0.1 NA 5.0
Srivistava and Srivistava'"! 1959 1 Lk 311.15 0.1 NA NA

Geier and Schafer”! 1961 13 ik 273~1473 0.1 NA 1.0~2.0
Golubev and Kalsina!"" 1964 195 [RIFE LG R3t 78~298 0.1~49 99.998 NA
Sherif?! 1965 8 LTk 92~280 0.1 NA NA
Hamrin and Thodos''?! 1966 58 (]2 B A 3 275~348 0.1~67 NA 2.5
Mukhopadhyay!* 1967 7 LTk 258~473 0.1 99.95 1.0
van Dael and Cauwenbergh''*! 1968 1 T ERR i vk 297 0.1 99.5 NA
Timrot and Umanskii"*" 1969 17 PRESRVS 400~2000 0.1 NA NA
Saxena and Saxenal ") 1970 32 eI 323~1273 0.02~0.05 99.95 2.0
Saxena and Gupta'*® 1970 3 ER T 313~366 0.1 99.95 2.0
Roder and Diller™ 1970 112 Bl 4P $A R 17~153 0.02~11 99.8 NA
Saxena and Tondon'"”! 1971 15 MRk 313~450 0.001~0.1 99.95 2.0
Le Neindre'™"! 1972 28 [ gl 530 A A 7 273~873 0.1~80 NA 2.5
Carey™ 1974 18 TR 295~299 0.15~11 NA 1.0
Clifford"" 1975 2 BEZS ALk 1k 78,283 0.1 99.95 2.6
Clifford"* 1980 30 PRSI T 299~301 2~36 99.995 0.2
Clifford"* 1981 41 Sk 311~385 1.9~23.5 99.999 0.2
Assael and Wakeham'™! 1981 12 S IR T 307~308 2~9 99.998 0.2
Roder™ 1984 1176 RSk 103~300.8 0.6~69.7 NA 1.5
Mustafa and Ross'”” 1987 51 RSk 307~428 2.5~10 99.999 0.5
Hemminger > 1987 6 B4 F b 313~463 0.1 99.999 0.8
Charignon!*! 2008 19 TRAr iRk 15~23 0.24~1 NA 1.8
Moroe' " 2011 198 [ 5 RN 323~772 0.2~100 99.99 2.0
Liu™" 2025 77 ALk 69~150 8~36 99.999 29
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