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Measurements of viscosity in snow jam
by
Shun'ichi KOBAYASHI, Shin-ichi ABE, Tatsuo SAITO,
Toshi-ichi KOBAYASHI, Kazuhide SATO and Kaoru Izumi

(Abstract)

Measurements of viscosity of snow jam (water-snow mixed liquid) were carried out using a
unicylinder type viscometer in a room with a constant temperature, 0 °C. In these experi-
ments snow jam was made by changing the amount of snow from 10 to 1008 -in water, so that the
total volume was kept at 500m€. In the case where the speed of rotation of rotor was higher
than 12rpm, a slip occurred at a boundary between the snow and the rotor. Therefore, to deter-
mine the viscosity of snow jam, only the data of which the speed of rotation was slower than

12rpm were used.

From the experimental relationship between viscosity and shear rate, the property of snow
jam showed the non-linear relation with characteristics of a non-Newtonian fluid.
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Fig. 2 Schematic dia-
gram of uni-cylinder
type viscometer.
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| Table 1 Constant values (a, b) in for-

mula of §=a+b«Ws,

100

N a b r
60 7.49 0. 83 0. 991
30 14. 21 0. 76 0. 941
12 21. 85 0. 68 0.811
@ 50 { 6 7.19 1. 06 0.910
3 — 16.31 1. 55 0.936
1.5 — 2.88 0.97 0. 681
0.6 4. 02 0. 59 0.607
0.3 - 1177 0. 52 0. 548

O (smataE Ws 1 BRALflg)
N:[EEEEE (rpm)  r: HEBYES

Ws(g)
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HEEAEEZEL (N=6rpm®D
Be)

Fig. 6 Dial reading( 8 ) plotted
against the amounts of snow
(Ws) in the case of N=6rpm,
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Table.2 Thc values of dial reading (¢ ) and shear stress (S)against the various

speed of rotation (N) and shear speed(D).

%\ws 10 20 25 30 40 50 60 70 75 80 80 100
60 |6 12.1 (231 |27.8 |38.2 |42.6 |48.8 [56.8 | 61.4 | 73.6 | 76.8 | 77.3 | 91.8
14.64 [s| 3.61| 6.88| 8.28|11.38| 12.69 | 14.54 16.93| 18.30| 21. 93| 22.89| 23.04| 27.36
30 (6] 12.8 |21.5 [ 44.0 | 36.0 |56.7 |57.1 |59.5 |60.8 | 63.5 |82.3 |91.2 | 821
7.32 [s| 3.81| 6.41]|13.1110.73| 16.90| 17.02| 17.73| 18.12]| 18.92| 24.53| 27.18| 24.47
12 |6f14.8 130.5 [ 28.4 [42.0 [81.7 [58.3 |58.7 |76.4 |77.7 | 77.8 | 92.2 | 63.5
2.928 | s| 4.41| 9.09| 8.46| 12.52|24.35|17.37] 17.49] 22.77| 23. 15| 23.18( 27.48| 18.92
6 |f|11.2 |138 —|56.3 | 45.7 [75.1 | 66.0 | 68.3 ~] 96.3 - -
1.464 | s| 3.34| 4.11 —|16.76] 13.62 | 22.36( 19. 65| 20. 24 ~| 28.70 - -
3 |6 - - —|19.0 | 43.9 | 78.7 [ 81.0 | 95.5 —| 96.2 — -
0.732 | s - - —| 5.66]13.08|23.45( 24.14] 28. 46 —| 28.67 - -
15 |6 - - —113.7 | 27.9 [60.7 [ 70.3 |84.7 ~| 45.6 - -
0.366 | s - - —| 4.08] 8311809 20.95{ 25.24 —| 13.59 ~ -
0.6 |0 - - - —|16.6 |57.9 | 27.4 | 44.4 —| 386 [80.9 | 52.9
0.1464 s - - - ~| 4.95}17.25| 8.17]13.23 —| 11.50] 24.11| 15.76
0.3 |0 - - - —|[ 117 |28.9 —118.3 ~|11.6 | 69.4 | 37.2
0.0732] s - - - ~| 3.49| 8.61 -| 545 —| 3.46| 20.68] 11.09

EEDBLL ; Ws(9, N(rpm), D(s-D, € (sstodia) , S(Pa)
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Table. 3 The values of shear stress(S)
against the various shear speed(D) and

amount of snow(Ws).

D\Ws 40 50 70
0.0732 | 4.74| 6.87| 10.31
0.1464 | 8.46 | 13.47| 12.37
0.363 | 12.49| 16.51 21.00
0.732 | 16.99 [ 19.53| 22.10
DI ABGEIE (s-1)  Ws SR Alillg)

£—4 HAWLEE (D) ERANIGNES)EX
HIHER logS=a+b « logDDHEL (a, b)
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Table. 4 Constant values(a,b) in formula
of logS=a+b-logD.

Ws a b r

40 1. 32 0. 54 0. 986

50 1.39 0. 42 0.931

70 1. 43 0. 36 0. 968

s HAMG (Pa) D WARGERE (s-1)
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Fig. 9 The relationship between appa-
rent viscosity(7n,) to shear rate(D).
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