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ABSTRACT. Liquid helium is an exciting subject for the study of thermodynamic and transport
properties because of its remarkable properties. The viscosity of liquid helium exhibits the abnormal
behavior compared to other ordinary liquid. Below the A point liquid ‘He becomes superfluid, and it
is obviously quite a different phenomenon from the change of liquid 3He. The brake theory of viscosity
proposed by authors is successfully applied to liquid *He, liquid ‘He, dense gas and *He with adjustable

parameter V. The calculation results are satisfactory compared with the observed values.
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Table 1. Calculated viscosity of liquid ‘He under its saturated vapor pressure

T Ve 10%a p* 104 X p?

10°XCy

102X Cy Neaie

K cm® mol ™! K™ cmHg kJ/kg-k-mol kJ/kg-k/mol up

05 27.58 0.134 0.01634 0.2375 02375 4362X1072
0.6 27.58 0227 0.2812 0.4429 0.4430 1.093X10-2
0.7 27.58 0.343 2279 09173 0.9176 2068102
0.8 27.58 0461 1145 2.106 2.106 3506X 1072
0.9 2758 0514 4158 4.760 4.761 4.990X 1072
10 27.59 0.465 120.0 1050 1051 6.944X 1072
11 27.59 0.261 2922 17.82 19.82 7697X 10672
12 27.59 —0.137 625.0 3352 3352 9.095X% 1072
13 27.59 —0.754 1209 52.64 52.65 0.2063
14 28.58 —-161 2155 80.92 80.94 0.4467
15 2758 —2.72 3599 113.3 1134 0.9054
16 27.57 —4.03 5690 155.1 155.2 1.491
17 2755 —571 8590 218.7 218.7 2487
18 27.54 —1759 12470 292.8 2932 3621
19 27.52 -9.98 17480 386.1 3869 5.391
20 2748 —132 23770 519.0 520.4 7.990
2.1 2744 —184 31430 6643 667.7 14.32
22 27.39 117 40470 3100 316.0 21.22
2.3 2745 27.00 51010 246.0 256.0 26.68
24 2753 3230 63300 2100 225.0 30.90
25 27.63 36.90 77490 193.0 213.0 3352
26 27.34 42.00 93730 185.0 2100 35.06
2.8 28.00 52.80 133300 185.0 2220 36.99
30 28.33 64.60 182100 192.0 2420 37.23
3.2 28.73 76.90 242300 200.0 267.0 37.15
34 2021 89.10 314700 207.0 295.0 36.78
36 26.77 100.9 400500 214.0 3280 36.34
38 3042 1127 500700 221.0 368.0 35.98
40 3114 1246 616500 2280 4190 35.81
42 31.97 1373 749300 2300 4880 35.86
44 32.90 151.0 900300 2440 586.0 26.11

sref. 10, ‘ref. 11, ‘ref. 12, ref. 13.
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Fig. 1. Viscosity of liquid ‘He versus temperature
(0 : Taylor and Dash®, + : Welber®, & : Calculated).
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Table 2. Calculated viscosity of liquid *He under its saturated vapor pressure

T Ve 10° 0,° » dp/ae Cut ¥e Mok
K cm?® mol ™! K! mmHg mmHgk™! calmol k™! up
03 36.7451 —8.58 0.001877 0.066 0.714 1.000 75.20
04 36.7203 —4.73 0.02811 0.592 0.757 1.000 57.80
05 36.7113 —0.09 0.1592 2283 0.793 1.000 47.00
0.6 36.7197 4.60 0.5445 5.756 0.823 1.000 3742
0.7 36.74 8.94 1.382 11.36 110.867 1.000 28.76
08 36.78 12.89 2.892 19.23 0919 1.003 22.58
0.9 36.84 16.6 5.304 29.38 0971 1.006 19.65
1.0 36.91 20.37 8.842 41.75 1.026 1.011 19.15
11 36.99 24.53 13.73 56.26 1.085 1.018 1991
12 37.09 29.37 20.16 72.84 1.149 1.027 20.71
13 .3721 35.07 28.36 9144 1216 1.039 21.77
14 37.35 4155 3852 11.20 1.288 1.654 2299
15 37.52 4846 50.82 1344 1.366 1.073 23.86
16 37.72 55.65 65.47 158.8 1449 1.097 2448
1.7 37.93 65.60 82.64 184.9 1538 1.128 76.15
18 3820 75.10 1025 2129 1.633 1.166 26.54
19 3851 84.69 1253 242.7 1.735 1.210 26.83
2.0 38.85 94.57 151.1 2742 1843 1.263 26.95
21 39.24 1048 180.2 3075 1.960 1.325 26.84
22 39.58 116.8 212.7 3426 2.083 1.390 26.81
23 40.17 1305 2488 2794 2215 1.493 26.73
24 40.73 146.9 288.6 4180 2.356 1.601 26.73
25 41.38 167.1 3324 4585 2.505 1.739 26.66
2.6 4212 1919 3804 501.0 2.663 1.921 26.51
27 43.00 2223 432.7 545.5 2.830 2.170 26.07
238 44.05 259.3 489.5 592.2 3.020 2.560 25.05
29 45.30 3035 551.2 641.3 3220 3.250 2329
30 46.82 355.2 6179 6932 3430 4.920 20.33

oref. 14, *ref. 15, ‘ref. 15, ref. 17.
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Fig 2. Viscosity of liquid *He versus temperature

(O : Observed®, + : Calculated).
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Table 3. Comparison of viscosity of gas ‘He at the
pressure of one atmosphere

T MNeate: Nmax Nets”
K up up P
15.75 17.50 8.01 27
20.55 23.08 10.74 35
81.55 77.80 37.46 87.1
273 1720 83.32 186.0
293 1793 86.86 194.1
373 206.0 99.84 228.1
473 235.3 114.1 267.2
523 4487 1206 2853
555 256.9 124.6 299.2
580 263.1 127.6 3436
759 304.2 147.6 370.6
879 3289 159.6 408.7
949 3425 166.2 4303
1090 368.3 178.7 4713
oref, 18.
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Fig. 3. Viscosity of gas *He at one atmosphere versus
temperature (+ : Observed®, < : Calculated by Max-
well eqn., O : Calculated, Solid line; calculated value
of gas *He).

Table 4. The pressure dependence of the viscosity
of gas *He near the critical point

T Neate/ WD -

K 1pa 2pa 3pa 5pa 10 pa
6 6.896 9627 1553 4078 8425

10 1096 1227 1370 1712 2842

15 1668 1767 1867 2076 26.77

20 2244 2327 2411 2580 3036

25 2803 2828 2952 31.01 34.89
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Fig. 4. Vicosity of gas "He versus pressure near the
critical point ([7:1.0X10°Pa, + :2.0X10°Pa, A :3.0
X10°Pa, ©:5.0X10°Pa, x :10.0X10°Pa).
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