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Optimum Measurement Distance of Water Flow Velocity over
Frozen Slopes with Pulse Boundary Model Method

Dong Yuequn Zhuang Xiaohui Lei Tingwu Ma Yuying Yin Zhe
(College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China)

Abstract; The water flow velocity over hillslope is an important hydraulic parameter. A series of
comparative flume experiments were conducted to study the flow velocity with pulse boundary model
method and dye tracer method, along both the frozen slopes and non-frozen slopes. The flume used in the
experiments was 3. 8 m long, 0. 2 m wide, and 0. 08 m high, with soil taken from Koxkar Glacier basin in
Akesu, Xinjiang Automous Region. The experimental soil was packed evenly into the flume to a bulk
density of 1.0 g/cm’ and a thickness of 5 ¢cm. The packed soil was saturated before frozen prior to each
experiment. The experiments involved three flow rates (12, 24 and 48 L/min) and three slope gradients
(5°, 10° and 15°). The velocities measured by pulse boundary model method increased exponentially
with distance from the solution injection location, before becoming steady. The distances for measuring
flow velocity with pulse boundary model method on the frozen slope were calculated from the relationship
of velocity and distance. The calculated results showed that the minimum distances for measured velocity
with an error less than 5% were 1.7 ~2.7 m and those for an error less than 10% were 1.4 ~2. 1 m from
the injector under the given flow rates and slope gradients. The velocities, over frozen slopes, measured

by the pulse boundary model method under the given experimental conditions ranged from 0.45 m/s to
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0.98 m/s, increased with slope gradients and flow rates, which were 1. 43 times of those over non-frozen

slopes. The velocities over frozen slopes, as measured by the dye tracer method were 3% ~20% higher

than those measured by the pulse boundary model method under different slope gradients and flow rates.

Those over non-frozen slopes measured by the dye tracer method were 6% ~ 35% higher than those

measured by the pulse boundary model method. The result is useful and important to understand the

hydraulic dynamic process of frozen soil erosion.

Key words: Frozen slope
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Tab.1 Coefficients of determination of fitting the solute transport processes along the frozen and non-frozen slope
. ikt 0 W44k FE 2 /m
0.3 0.6 0.9 1.2 1.5
/(°)  /(Lemin~')
#t & #t 2R i ERYS #t K i ERS
12 0. 964 0. 962 0.960 0.965 0.962 0.974 0.962 0.972 0.969 0.978
5 24 0.932 0.944 0.951 0.952 0.950 0.953 0.949 0.957 0.978 0.959
48 0.914 0.929 0.916 0.936 0.920 0.939 0.932 0. 947 0.931 0.952
12 0.952 0.943 0.951 0.954 0.955 0. 966 0.962 0.972 0.965 0.980
10 24 0. 941 0.936 0.937 0.947 0.943 0.952 0.951 0.962 0. 946 0. 966
48 0.933 0.921 0.928 0.933 0.952 0.926 0.945 0.937 0.932 0.942
12 0.920 0.944 0.930 0.954 0.954 0. 960 0.944 0.967 0.956 0.973
15 24 0.928 0.954 0.930 0.962 0.95 0.969 0.948 0.970 0.967 0.972
48 0.923 0.921 0.92 0.929 0.938 0.928 0. 940 0.932 0.936 0.933
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Tab.2 Relative error in the flow velocity measured by

pulse boundary model method %
358 Wik Q BB «/m
/(°) /(Lemin™') 0.3 0.6 0.9 1.2 1.5
12 55.23 28.47 12. 65 -0.73 0
5 24 52.49 29. 46 10. 17 -3.73 0
48 59.58 37.20 19.97 8.70 0
12 61.55 36.93 20. 08 12. 50 0
10 24 61.39 35.37 19.05 8.50 0
48 63. 47 37.78 22.22 10. 83 0
12 60. 47 37.80  25.51 7.87 0
15 24 62.61 40.00 22.90 9.28 0
48 65.34  40.34  26.21 14. 86 0
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Tab.3 Calculated results of steady velocity measured by

pulse boundary model method and optimum distance

jﬂijtxﬁ ?}%Ei Q 5 d(). 05 dl’).l
A B R?

/(°) /(Lemin~') /m /m
12 0.45  1.77 0.997 1.72 1.35

5 24 0.59  1.37 0.998  2.22 1.75
48 0.74 1.26 0.995 2.42 1.90

12 0.54 1.81 0.992 1.68 1.32

10 24 0.67 1.39 0.999 2.19 1.72
48 0.83 1.18 0.999  2.58 2.03

12 0.65 1.63 0.996 1.87 1.47

15 24 0.80 1.35 0.999 2.26 1.77
48 0.98 1.12  0.996 2.72 2. 14
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Tab.4 Comparison of flow velocity measured by pulse boundary model method and dye tracer method

o) Wikt 0 R T g
/(Lemin~") A/(m-s™") w,/(mes™") HAXT R 2/ % A/(m-s™") w,/(mes™") X IR FE/ %
12 0.45 0.52 13.00 0.35 0. 46 23.76
5 24 0.59 0. 61 3.16 0. 42 0. 50 15. 87
48 0.74 0.78 5.84 0. 49 0.52 5.75
12 0.54 0. 67 19. 57 0.33 0. 50 34.72
10 24 0. 67 0.76 12.14 0. 46 0. 60 23.33
48 0. 83 0.91 9.12 0. 62 0. 64 3.45
12 0. 65 0.78 16. 81 0.39 0.54 26. 49
15 24 0. 80 0.92 13.04 0.58 0. 69 15.36
48 0.98 1.13 13.27 0.69 0.95 27.52
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