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On the Charistaristic of Sand-Liftng Ejector-Pump

Teruaki MORIGUCHF
Kiichiro FuJir

Synpsis

Hydraulic transportation of sand and soil through dischage pipes are carried out in the dredging
department of port and harbour constructions, This method is ususlly formed of the combination of
pump-dredgers and discharged pipes,

In recent years with the enlargement of construction scale and necessity of great depth dredging,
pump-dredgers tend to become large and maximum dredging depth becomes more than gom below
the water level.

These large size pump-dredgers are usually equippped with ejector-pumps used for the addtion
of the pressure in the suction pipes for the purpose of prevenjion of cavitation in dredging pumps
whish occurs at great depth dredging,

Many researches have been made on the flow, pressure charistaristics of ejector-pumps, But sand
and soil are not contained in the water lifted by these ejector-pumps,

Model ejector is “side attached nozzle type” one with no diffuser pipe in it, and its diameter of
suction and discharged pipe are both 80.7mm, and four kind of nozzles are used in it,

Operation pressure of ejector pump is 0 ~ 6 kg/em?, and discharged velocity of sand mixed water
is 2 ~4mfsec, and apparent discharged soil concen—tration percent is about 30%, and diameter of
sands used in this experiment is 0,5 2 mm,

Through this research, following points on the state of sand-mixed water flow, and pressure and
flux charistaristic of model ejector-pump were confirmed.

(1) When water which contain sand and soil—the diameters of which are compararbly smaill—are
transported through vertical pipes, sedimentation velocity of particle groups are extremently slow.
Accordingly, the welocity difference of water and sand graing are so small jhat the fluid which
contain sand and soil may be regarded approximately as homogeneous fluid which has bigger specific
gravity than water,

(2) The hoad of ejector-pump when lifting sand can be determined applicating momentum theory
between tip of nozzle and discharge pipes considering only the increace of specific gravity of the
fluid. These caluculated values agreed well with the messured data by the sand lifting experiment
by the model ejector-pump.

* Research Staff of Dredger and Construction Equipment Laboratory,
#  Member of Machinery Section, Machinery Division,
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#-7-1

SEE WL L LAREDL (Vm=2m/s)

B £ Vso Vso a’e
{mm) (nn/s) Vm | C=0.05 0.1 0.15 0.2 0.25 0.3
0.02 0.3 0.0002 1.000 1.000 1.000 1.000 1.000 1.000
0.03 0.7 0.0004 1.000 1.000 1.000 1.000 1.000 1.000
0.04 1.2 0.0006 1.001 1.001 1.601 1.000 1.000 1.000
0.05 1.9 0.0009 1.001 1.001 1.001 1.001 1,001 1.001
.06 2.7 0.0013 1,001 1.001 1.001 1.001 1.001 1.001
0.07 3.6 0.0018 1.002 1.002 1.002 1.001 1.001 1,001
0.08 4.6 0.0023 | 1.002 1.002 1.002 1.002 1.002 1.002
0.09 5.8 0.0029 | 1.003 1.003 1.002 1.002 1.002 1.002
0.10 7.0 0.0035 1.003 1.003 1.003 1.003 1.003 1.002
0.2 21 0.011 1.010 1.010 1.609 1.009 1.008 1.007
0.3 33 0.017 1.016 1.015 1.014 1.013 1.013 1.012
0.4 45 0.022 1.022 1.021 1.019 1.018 1.017 1.016
0.5 56 0.028 1.027 1.026 1.024 1.023 1.021 1.020
0.6 66 0.033 1.032 1.030 1.029 1.027 1.025 1.023
0.7 75 0.038 1.037 1.035 1.033 1.031 1.029 1.026
0.8 84 0.042 1.042 1.039 1.037 1.034 1.032 1.030
0.9 82 0.046 1.046 1.043 1.040 1.038 1.035 1.032
1.0 100 | 0.050 1.050 1.047 1.044 1.041 1.038 1.035
2 147 | 0.074 1.675 1.070 1.066 1.061 1.056 1.052
3 180 0.090 1.093 1.087 1.081 1.075 1.069 1.063
4 208 0.104 1.109 1.102 1.094 1.087 1.080 1.073
5 233 0.116 1.123 1.115 1.106 1.098 1.089 1.081
6 255 0.127 1.136 1.127 1.117 1.108 1.098 1.088
7 275 0.138 1.149 1.138 1.127 1.117 1.106 1.095
8 294 0.147 1.161 1.149 1.137 1.125 1.113 1.101
9 312 0.156 1.172 1.159 1.146 1.133 1.120 1.107
10 329 0.164 1.183 1.169 1.155 1.140 1.126 1.112
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®e—7-2 EEERBECHHIRBEOL (V= 3mn/s)

Hie % Vso Vso a/c
{mm} (/s ) Vm C=0.05 0.1 0.15 0.2 0.25 0.3
0.02 0.3 0.0001 1.000 1.000 1.000 | 1.000 1.000 1.000
0.03 0.7 0.0002 1.000 | 1.000 1.000 | 1.000 1.000 1.000
0.04 1.2 0.0004 1.000 | 1.000 1.000 | 1.000 1.000 1.000
0.05 1.9 0.0006 1.001 1 1.001 1061 | 1.001 1.000 1.000
0.06 2.7 0.0009 1.001 1.001 1.001 1.001 1.001 1.001
0.07 3.6 0.0012 1.001 1.001 1.061 1.001 1.001 1.001
0.08 4.6 0.0015 1.001 1.001 1.001 1.001 1.001 1.001
0.09 -5.8 0.0019 1.002 1.002 1.002 1.002 1.001 1.001
0.10 7.0 0.0023 1.002 1.002 1.002 1.002 1.002 1.002
0.2 21 0.001 1.007 1.006 1.006 1.006 1.005 1.005
0.3 33 0.011 1.011 1.010 1.010 1.009 1.008 1.008
0.4 45 0.015 1.014 1.014 1.013 1.012 1.011 1.010
0.5 56 0.019 1.018 1.017 1.016 1.015 1.014 1.013
0.6 66 0.022 1.021 1.020 1.019 1.018 1.017 1.015
0.7 75 0.025 1.024 1.023 1.022 1.020 1.019 1.018
0.8 84 0.028 1.027 1,026 1.024 1.023 1.021 1.020
0.9 92 0.031 1.030 1.028 1.027 1.025 1.023 1.022
1.0 100 0.033 1.033 1.031 1.029 1.027 1.025 1.023
2 147 0.049 1.049 1.046 1.043 1.040 1.037 1.034
3 180 0.060 1.060 1.057 1.053 1.049 1.046 1.042
4 208 0.069 1.070 1.066 1.062 1.057 1.053 1.049
5 233 0.078 1.079 1.074 1.069 1.064 1.059 1.054
6 255 0.085 1.087 1.082 1.076 1.071 1.065 1.060
7 275 0.092 1.095 1.089 1.083 1.077 1.070 1.064
8 294 0.098 1.102 1.095 1.089 1.082 1.075 1.069
9 312 0.104 1.109 1.102 1.094 1.087 1.080 1.073
10 329 0.110 1.115 1.108 1.100 1.092 1.084 1.077
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F-7-3 EEENEE EHREDEE (Vm=4m/s)

baVA 7 Vso Vso q/c
(mm) (mm/s) Vm C=0.05 0.1 0.15 0.2 0.25 | 0.3
0.02 0.3 0.0001 | 1.000 | 1.000 | 1.000 : 1.000 | 1.000 | 1.000
0.03 0.7 0.0002 | 1.000 1.000 1.600 1.000 1.000 ; 1.000
0.04 1.2 0.0003 | 1.000 1.000 1.000 1.000 1000 1.600
0.05 1.9 0.0005 | 1.000 1.000 1.000 1.000 1.000 1.009
0.06 2.7 0.0007 | 1.001 1.001 1.001 1.001 1.001 | 1.000
0.07 3.6 0.0009 1.001 1.001 1.001 1.001 1.601 | 1.001
0.08 £.6 0.0012 1.001 1.001 1.00: | 1.001 1.000 | 1.001
0.09 5.8 0.0014 1.001 1.001 1.001 | 1.00 1.001 1.001
0.10 7.0 6.0018 1.002 1.002 1.001 ; 1.001 1.001 1.001
|
0.2 21 0.005 1.008 1.005 1.005 | 1.004 1.004 1.004
0.3 33 0.008 | 1.608 1.008 1.007 | 1.007 1.006 1,006
0.4 45 0.011 1.011 1.010 1.010 | 1,009 1.003 | 1.008
0.5 56 0.014 1.013 1.013 1.012 1.011 1.010 1.010
0.6 66 0.016 1.016 1.015 1.014 1.013 1.012 1.012
0.7 75 0.019 1.018 1.017 1.016 1.015 1.014 1.013
0.8 84 0.021 1.020 1.019 1.018 1.017 1.016 1.015
0.9 92 0.023 1.022 1.021 1.020 1.019 1.017 1.016
1.0 100 0.025 1.024 1.023 1.022 1.020 1.019 1.018
2 147 0.037 1.036 1.034 1.032 1.030 1.028 1.026
3 180 0.045 1.045 1.042 1.039 1.037 1.034 1.032
4 208 0.052 1.052 1.049 1.046 1.043 1.040 1.037
5 233 0.058 1.058 1.055 1.051 1.048 1.044 1.041
6 255 0.064 1.064 1.060 1.056 1.053 1.049 1.045
7 275 0.069 1.070 1.065 1.061 1.057 1.053 1.048
8 204 0.074 1.075 1.070 1.066 1.061 1.056 1.052
9 312 0.078 1.080 1.075 1.070 1.065 1.060 1.055
10 329 0.082 1.084 1.079 1.074 1.068 1.063 1.058
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#£-7-4 FEENBE - HEEOE (Vo= 5m/s)

i % Vso Vso q/c
{mm) (wm/s ) Vim C=0.05 0.1 0.15 0.2 0.25 0.3
0.02 0.3 0.0001 1.000 1.000 1.000 1.000 1.000 1.000
0.03 0.7 0.0001 1.000 1.000 1.000 1.060 1.000 1.000
0.04 1.2 0.0002 1.000 1.000 1.000 1.000 1.000 1.000
0.05 1.9 0.0004 1.000 1.000 1.000 1.000 1.000 1.000
0.06 2.7 0.0005 1.001 1.000 1.000 1.000 1.000 1.000
0.07 3.6 0.0007 1.001 1.001 1.401 1.001 1.001 1.001
0.08 4.6 0.0009 1.001 1.9001 1.0601 1.001 1.001 1.001
0.09 5.8 0.0012 1.00% 1.001 1.001 1.001 1.001 1.001
0.10 7.0 0.0014 1.001 1.001 1.001 1.001 1.001 1.001
0.2 21 0.004 1.004 1.004 1.004 1.003 1.003 1.003
0.3 33 0.9007 1.0606 1.006 1.006 1.005 1.005 1.005
0.4 45 0.009 1.009 1.008 1.008 1.007 1.007 1.005
0.5 56 0.011 1.011 1.010 1.010 1.009 1.008 1.008
0.6 66 0.013 1.013 1.012 1.011 1.011 1.010 1.009
0.7 75 0.015 1.014 1.014 1.013 1.012 1.011 1.011
0.8 84 0.017 1.016 1.015 1.014 1.014 1.013 1.012
0.9 92 0.018 1.018 1.017 1.018 1.015 1.014 1.013
1.0 100 0.020 1.019 1.018 1.017 1.016 1.015 1.014
2 147 0.02% 1.029 1.027 1.025 1.024 1.022 1.021
3 180 0.036 1.035 1.033 1.031 1.029 1.027 1.025
4 208 0.042 1.041 1.039 1.036 1.034 1.032 1,028
5 233 0.047 1.046 1.043 1.041 1.038 1.035 1.033
6 255 0.051 1.051 1.048 1.045 1.042 1.039 1.038
7 275 0.055 1.055 1,052 1.048 1.045 1.042 1.039
8 294 0.059 1.059 1.055 1.052 1.048 1.045 1.041
g 312 0.062 1.063 1.059 1.055 1.051 1.048 1.044
10 329 0,066 1.066 1,062 1.058 1.054 1.050 1.046
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Vsg (mm/s)
fom) (R4=01 5 [ 30 [ 15 | 20 | 25 | a0
0.4 | 45| 44| 43| 42| 41| 40| 39
0.8% 84| 82| 80| 78| 77| 75! 73
1.2 113 | 111 | 108 | 106 | 103 | 101 | 98
1.6 | 132 | 130 | 127 {124 | 121 | 118 | 115
2.0 | 147 | 138 | 135 | 132 | 129 | 126 | 122
i HUREEFEILFE Y (SMOL)
Vsg (mm/s}
fom) RS0 5 L 10 | 15 | 20 | 25 | 30
0.4 45 43 41| 39| 37 35 34
0.8 84| 80| 77| 73| 70 66 63
1.2 | 113 | 108 | 103 | 99 | 94| 89| 85
1.6 | 132 | 127 | 121 | 115 | 110 | 104 | 90
2.0 | 147 | 135 | 129 | 123 | 117 | 112 | 106
- SHCREIL A 1 PR MO SMOL
i Vsg (mm/s)
tomd Rd=05 | 30 | 15 | 20 | 25 | 20
0.4 45| 42| 40| 38| 35| 33 31
0.8 84| 79| 75| 71| 67 63 59
1.2 | 113|107 | 101 | 95| 90| 84 79
1.6 1 132 | 125 | 118 | 111 | 105 | 98 | 02
2.0 | 147 | 134 | 126 | 119 | 112 | 105 | 09




®-9 HRDOEEERRE L HREOL

i fi Vso Vso ale ]
. {Vm=2m/s)
(mm) (mm/s\ Vm Ri= 5 (%L 10 15 20 925 30
0.4 45 0.022 1.022 1.022 1.021 1.021 1.020 1.020
0.8 84 0.042 1.043 1.042 1.041 1.040 1.039 1.037
1.2 113 0.057 1.0569 1.057 1.058 1.054 1.053 1.051
1.6 132 0.066 1.069 1.067 1.065 1.064 1.062 1.060
2.0 147 0.074 1.074 1.072 1.070 1.068 1.066 1.064
ko R Vso Vso e
I {(Vm=2.5m/s)
(mm} (mm/ 5} Vm Ré=5 (2% 10 15 20 25 ‘[ a0
0.4 45 0.018 1.018 1,017 1.017 1.017 1.016 1.016
0.8 84 0.034 1.034 1.033 1.032 1.031 1.031 1.03¢
1.2 113 0,045 1.046 1.045 1.044 1.043 1.042 1.040
1.6 132 0.053 1.055 1.053 1.052 1.050 1.049 1.048
2.0 147 0.058 1.058 1.057 1.055 1.054 1.052 1.051
i e Vso Vso q/c
N {Vm=3m/s}
() {mm/s ) Vm | pi=519: 10 15 20 25 30
0.4 45 0.0t5 1.015% 1.014 1.014 1.614 1.013 1.013
0.8 84 0.028 1.028 1.027 1.027 1.026 1.025 1.025
1.2 113 0,038 1.038 1.037 1.036 1.035 1.035 1.034
1.6 132 0.044 1.045 1.044 1.043 1.042 1.041 1.039
2.0 147 0.048 1.048 1.047 1.046 1.045 1.043 1.042
far F Vso Vso a/c _
e {(Vm=3.5m/s )
(mm) (nm/s) Vi Ry 5 (9 10 15 20 2 30
0.4 45 4.013 1.013 1.012 1.012 1.012 1.011 1.011
0.8 84 0.024 1.024 1.023 1.023 1.022 1.022 1.021
1.2 113 0.032 1.033 1.032 1.031 1.030 1.029 1.629
1.6 132 0,038 1.038 1.037 1.036 1.036 1.035 1.034
2.0 147 0.041 1.041 1.040 1.039 1.038 1.037 1.036
i & Vso Vso qa/c
{Vm=4m/si
(mm) 4 (efs) | Ve pegigy | g 15| 2 25 30
0.4 45 0.011 1.011 1.01t 1.011 1.610 1.018 1.010
0.8 84 0,021 1.021 1.029 1.020 1.019 1.019 1.018
1.2 113 0.028 1.028 1.028 1.027 1.026 1.026 1.025
1.6 132 9.033 1.033 1.033 1.032 1.031 1.030 1.029
2.0 147 0.038 1.036 1.035 1.034 1.033 1.032 1.031
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L7 1 N 1 2 o 2 2 o I P e S 7 S 1 A w7 N O G L B 2 1 B P S
Foodp ok s | AR EE [ (R WhoED [ ) R OJE | BRI | STEEE | SIREE | IS | Wl
Tkgfeme} | (s} | (U/s) 1 (Ws) | (/s | (m/s)| (m/s) [ (Qi/@Qey | (%) | (%) |(m) {m)
0 i] 15.6 0.4 15.6 3.1 3.1 0 3 3 —0.13 ¢ ~0.09
1 0.9 14.9 0.4 15.7 2.9 3.1 0.06 3 3 0,03 0.12
2 1.2 14.6 0.2 15.8 2.9 3.1 0.08 2 2 0.21 0.27
3 1.5 15.0 0.2 16.5 2.9 3.2 0.10 1 1 0.39 0.44
4 1.7 14,4 0.1 16.1 2.8 3.2 0.12 i 1 0.60 0.61
5 1.9 15.1 0 17.0 3.0 3.3 0.13 0 IO 0.77 0.78
6 2.1 14.5 0 15.6 2.8 3.3 0.14 0 0 0.99 0.94
0.
0 0 i7.0 4.7 17.0 3.3 3.3 0 28 28 -0.161 —0.11
1 0.9 16.4 5.7 17.4 3.2 3.4 0.06 35 33 -0.02 | —0.01
2 1.2 16.9 4.4 18.1 3.3 3.5 0.07 26 24 0.14 0.09
3 1.5 16.4 4.0 17.9 3.2 3.5 0.09 30 27 0.33 0.33
4 1.7 15.5 5.5 17.2 3.0 3.4 0.11 35 32 0.54 0.57
5 1.9 15.5 5.7 17.4 3.0 3.4 0.12 37 } 33 0.74 0.69
6 2.1 15.5 4.9 17.6 3.0 3.4 0.13 32 + 28 0.94 0.84
0 0 15.6 4.2 15.6 3.1 3.1 0 27 27 —0.13 | —0.16
i 0.9 14.8 4,9 15.7 2.9 3.1 0.06 33 3 0.03 0.02
2 1.2 14.9 3.6 15.1 2.8 3.2 0.08 24 22 0.29 0.13
3 1.5 14,7 3.7 16.2 2.8 3.2 0.10 25 123 (.39 0.31
4 1.7 14.3 5.7 16.0 2.8 3.1 0.12 40 36 0,59 0.60
5 1.9 14.6 5.4 16.5 2.9 3.2 0.13 37 33 0.77 0.76
6 2.1 14.4 5.9 16.5 2.8 3.2 0.15 41 36 0.97 0.83
0 0 12.8 2.9 12.8 2.5 2.5 0. ¢ 23 23 —0.081 —0.27
1 0.9 12.2 3.4 13.1 2.4 2.6 0.07 28 26 0.07 0.05
2 1.2 12,0 3.9 13.2 2.3 2.6 0.10 32 29 0.26 0.23
3 1.5 11.7 3.5 13.2 2.3 2.6 0.13 30 26 0.46 0.44
4 1.7 11.7 4,1 13.4 2.3 2.6 0.15 35 31 0.65 0.56
5 1.9 11.2 3.5 13.1 2.2 2.6 0.17 32 27 (.36 0.78
6 2.1 11.5 3.5 13.6 2.3 2.7 18 30 26 0.07 1.10
0 0 10.5 2.8 10,5 2.1 2.1 i} 27 27 —0.,06 | —0.03
1 0.9 10.0 2.7 10.8 1.9 2.1 0.0% 27 25 0.10 0.10
2 1.2 9.8 3.1 11,0 1.9 2.2 0.13 32 28 0.31 0.29
3 1.5 9.6 3.3 11.1 1.9 2.2 0.15 34 30 06.51 0.50
4 1.7 9.3 2.6 11.0 1.8 2.2 0.18 28 24 06.72 0.67
5 1.9 9.8 3.4 11.7 1.9 2.3 0.19 34 29 0.90 0.90
6 2.1 §.3 3.7 11.3 1.8 2.2 0.22 40 32 G.11 1.20
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L/ I BoA || B | e

o ohlik itk &/ i(Br H)} Phaknt | MM | M| Hh | sk | ek FFELAE | W s
Chgfemt) | (1/s)| (U/s) | (1/s) | (V/s) | (m/s) {m/s) | (Q/Q) | (%) {%) {m) {m)
0 0 | 16.2 0' 16.2 | 3.2 ' 3.2 0 0 0 1 —0.14| —0.08
1 1.4 | 14.9 0 1631 2.9 | 3.2 | 0.10 0 o ' o0l 0.8
2 2.0 | 14.5 ¢ 165 | 2.8 | 3.2 | 0.14 0 0 | 0.40! 0.42
3 2.4 | 14.4 0 16.8 | 2.8 | 3.3 | 0.17 0 0 . 0.70| o0.68
4 2.7 | 145 0 172 1 2.8 | 3.4 ¢ 0.19 0 0 1.00] 0.93
5 3.1 | 14.1 0 17.1 | 2.8 | 33 | 022, 0 - ¢ . 1.34| 1.2
6 | 3.3 | 14.5 0 17.9 | 2.8 | 35 ;0231 0 _ 0  1.63| 1.56
0 0 | 16.2 | 4.2 | 16.2 1 3.2 | 3.2 0| 26 | 36 ' —0.14] 0.0
1o ns p 150 44 ) 165 0 2.9 5 3.2 | 010 | 29 27, 0.100 0.09
220 15.2 | 42 172 | 3.0 3.4 ! 0.13 28 25 o.37f 0.30
124 14231 166 | 28 | 3.3 007 | 22 0 18 | 0.70] 0.54
¢ 28 M6 | 42 | 173 | 2.8 | 3.4 | 0.19 | 2 24 0.99 | 0.94
5 3.1 ! 1400 3.8 171 0 2.7 | 3.3 . 0.22 | 97 22 131 117
6 | 3.4 | 143 45 [ 7.7 | 2.8 | 35 0.3 | 31 25 ' 161 1.43

[
0 | 0 ;154 | 3.4 154 3.0 | 3.0 0| 2 22 —0.12 —0.04
1 : L5 | 146 | 44 . 161 | 2.9 | 3.2 010 | 30 . 28 0.11- 0.21
220 £13.6 0 3.7 156 | 2.7 | 31 | 015 | 27 . 2 0.41 0.43
3 2.4 | 140 | 46 | 164 | 2.7 | 3.2 | 0.17 | 33 E 28 0.70| 0.78
4 28 | 139 209 | 166 | 2.7 | 3.3 | 0.20 | 21 18 1.02] 0.9
5 0031 | 133 37 | 164 | 2.6 | 3.2 ' 0.23 | 28 |23 1.3 1,33
6 | 3.4 | 13.4 | 47 | 167 | 2.6 | 3.3 0.25 | 35 | 28 1.65, 1.66
0 | 0 @125 35 125 2.4 | 2.4 ¢ . 28 . 28 —0.08! —0.08
1t 15 | 110 | 3.5 1125 | 2.2 | 2.4 | 0.13 P31 . 28 0.19| 0.23
2, 20 | 106 | 2.6 126 | 21 | 2.5 | 0.19 | 25 21 0.50 0.39
8 2.4 00107 | 40 | 13.0 | 21 | 2.5 | 092 | 37 o 31 0.80] 0.71
4 2.8 | 1009 42 137 21 2.7 | 0.25 38 [ 30 111 1.09
5y 31 109 0 3.8 4.0 | 21 | 2.7 | 028 | 35 o 1.43] 1.29
6 133 /1.1 | 41 144 | 22 28 | 030 | 3 | 23 1.73] 1.8l
; i

0 0 | 109 | 2.6 | 109 | 2.1 | 2.1 0 2 24 —0.06| —0.04
1 1.4 94 | 3.5 | 108} 1.8 | 2.1 | 0.15 | 37 32 0.20] 0.5
2 2.0 9.5 | 2.5 | 11.4 | 1.8 2.2 | 0.21 26 22 | 0.52| 0.61
3 2.4 9.1 | 2.7 1.5 ] 1.8 | 2.2 | 0.2 @ 30 24 0.83] 0.85
4 2.7 8.6 | 3.0 | 11.3 | 1.7 | 2.2 | 0.32 | 34 2% . 1.16| 1.12
5 3.0 9.1 | 3.3 | 12.1.| 1.8 | 2.4 | 0.33 | 36 97 1.47| 1.43
8 3.3 8.8 | 3.5 ; 12.2 ] 1.7 | 2.4 | 0.38 | 40 29 1.84 | 1.75
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BCOGh ) BEOB) RS B iR | WROGA kB EE| W A ek M R | BEO

E A& sk &(ReU) Bokan | i 22| 8 )] BORLe | SR 2 AR ] e

(kgfemt}| (1/s} | {I/sy | (Wsy | (/s) | (m/s) | (m/s) | (Qi/Qr) | (%) | (%) ¢ (m) | (m)
0 0 16.6 0 16.6 3.3 3.3 0 ] 0 —0.14 [ —0.11
1 2.2 14.8 0 17.0 2.6 3.3 0.15 i} 0 0.20 0.23
2 3.0 14.2 0 17.2 2.8 3.4 0.21 ¢ 1} 0.65 0.67
3 3.7 13.8 G 17.5 2.7 3.4 0.27 ¢ ¢ 1.12 1.13
4 4.2 13.9 0 18.1 2.7 3.5 0.30 0 0 1.5% 1 1.60
5 4.7 13,7 0 18.4 2.7 3.6 0.34 0 0 2.07 2.08
6 5.2 14.0 0 12.1 2.7 3.7 0.37 0 G 2.54 2.58
0 0 13.0 4.2 18.0 3.5 3.0 0 23 23 -0, 171 —0.04
1 2.3 16.3 5.5 18.6 3.2 3.6 0.14 34 30 0.161 —90.39
2 3.1 16.1 4.5 19.1 3.1 3.7 0.19 28 24 0.55 0.58
3 3.7 15.3 4.0 19.0 3.0 3.7 0.24 26 21 1.04 1.01
4 4,3 4.7 3.4 19.0 2.9 3.7 0.29 23 18 1.53| 1.42
5 4.7 14.3 3.4 19.0 2.8 3.7 0.33 24 18 2,02 2.04
6 5.2 13.7 3.7 18.9 2.7 3.7 1 0.38 27 20 2.53; 2.41
0 0 16.5 2.9 16.5 3.2 3.2 0 17 17 —0,14 | —0,12
1 2.3 14.1 3.0 16.4 2.8 3.2 0.16 21 18 0.22 D.20
2 3.1 13.8 2.9 16.9 2.7 3.3 G.22 21 17 0.67 0.68
3 3.7 13.3 4.0 17.0 2.6 3.3 0.28 30 24 1.12 1.14
4 4.2 12.8 3.8 17.0 2.5 3.3 0.33 30 22 1.69 1.49
5 4.7 12.9 2.9 17.6 2.5 3.4 0.37 23 17 2.10 2.00
6 5.2 12.7 3.5 17.9 2.5 3.5 0.41 28 20 2.57 2.44
0 0 13.0 2.0 13.0 2.5 2.5 o 16 16 —0.09 | —0.10
1 2.2 10.9 3.5 13.1 1.1 2.6 0.21 32 26 0.31 0.32
2 3.0 10.4 3.0 13.4 2.0 2.6 0.2% 29 22 0.78 0.71
3 3.7 1¢.6 2.8 14.3 2.1 2.8 0.35 26 20 1.25 1.21
4 4.2 1¢.6 3.2 14,8 2.1 2.9 0.40 31 22 1.72 1.58
5 4.7 10.2 2.2 14.9 2.0 2.9 0.47 22 i5 2.24 2. 14
6 5.2 10.3 4.1 15.5 2.0 3.0 0.50 40 26 2.70 2.62
0 0 16.9 1.5 10.9 2.1 2.1 0 14 14 —-0.06 i —90.12
1 2.2 9.2 2.6 1.3 1.8 2.2 0.24 28 23 0.34 0.52
2 3.0 8.5 2.9 11.5 1.7 2.2 0.35 35 26 0.82 0.90
3 3.7 8.3 3.1 12.0 1.6 2.3 0.44 38 26 1.30 1.29
4 4.2 8.1 3.3 12.3 i.6 2.4 0.52 4] 27 1.79 1.81
5 4.7 8.5 3.4 13.2 1.7 2.6 0.55 40 26 2.27 2.36
6 5.2 7.8 3.0 13.0 1.5 2.5 0.66 33 23 2.82 2.91




F-10 THEIZIICL DBIERER (/A 124220

B dih g BLE) ! Pochdh | g wklids W GA Pk MR R A [ uk 1| MRLe | Rle
WEdp A B R AR ORAH ) BRI | E MY B Y MIRLIC | Griest | olese | EROAN | mesin
kglom® | (1/st (/s ‘ (I/sy ¢ tlfs) | im/s) | (m/s) 1 (Qj/Qry | (%) (%) {m?} {m}
0 0 | 15.6 0 ' 15.6 | 3.1 | 3.1 0 0 0 | —0.13' —0.09
1 3.0 13.3 | 0 163 | 2.6 3.2 | 0.23 0 0 0.34§ 0.34
2 4.2 | 124 | 0 - 16.6 | 2.4 | 3.3 | 0.34 0 0 0.95) 0.88
3 5.1 1 121 0 0 0 17.1 | 2.4 | 3.4 | 0.42 0 0 1.5, 1.52
4 59 | 11.5 ¢ 0 - 173 | 2.2 | 3.4 051 ° 0 0 2,247 2.12
5 65 | 11,0 0 © 17.5 2.1 | 3.4 | 0.60 0 0 2,911 2.76
6 7.2 | 11.2 0 183 ] 22 | 36 | 064 0 0 3.54} 3.41

|

|
0 0 | 175 3.4 | 175 \ 3.4 | 3.4 0 i 20 20 —0.16%—0.23
1 3.2 {151 - 3.4 | 182 2.9 | 36 | 021 | 23 19 0.27! 0.19
2 £3 | 146 0 3.6 | 189 | 2.9 | 3.7 | 0.28 | 25 19 0.83| 0.72
3 5.2 [ 185 - 3.7 186 | 2.6 | 3.6 | 0.38 | 27 20 1.48°  1.31
4 5.9 | 13.3 . 4.2 | 19.2 \ 2.6 | 3.8 | 0.44 1 31 22 207 1.91
5 6.6 | 13.3 © 3.3  19.9 | 2.6 | 3.9 | 050 | 25 17 273 2.59
6 7.2 | 13.3 3.8 | 205 2% 40 | 054 29 19 3.3 3.22

! !
0 o | 16.1 3.7  16.1 © 3.1 | 3.1 0 - 23 23 | —0.13 ! —0.07
1 3.1 | 136 | 3.2 - 167 | 2.7 | 3.3 1 0.23 24 19 0.33  0.31
2 4.3 | 126 0 2.9 | 169 | 2.5 | 3.3 | 0.3¢ | 23 17 0.93  0.83
3 5.2 | 12.3 , 2.8 | 17.5 | 2.4 | 3.4 | 0.42 | 23 16 1,55  1.38
4 5.9 | 12.5 | 3.4 | 18.4 | 2.4 | 3.6 | 0.47 | 27 18 2.15¢ 1.91
5 6.6 | 11.7 | 3.2 | 18.2 | 2.3 | 3.6 | 0.5 | 27 18 2.83| 2.6
6 7.2 0119 | 3.1 | 19.1 | 2.3 | 3.7 . 0.60 i 26 16 3.45 | 3.20
0 0 | 13.2 ¢ 3.2 ! 13.2 | 2.6 | 2.6 0| 25 25 | —0.09! —0.04
1 3.1 | 1006 | 2.5 ! 13.7 0 2.1 2.7 | 0.29 | 23 18 0.441 0.46
2 4.2 | 104 | 1.8 | 1.6 | 20 | 2.9 | 0.41 17 12 1.04 | 1.00
3 5.1 9.8 | 2.3 | 14.9 | 1.9 | 2.9 | 0.52 | 23 15 1691 1.59
4 5.9 9.7 | 2.7 ' 156 { 1.8 | 3.0 | 0.61 | 28 17 2.32| 2.17
5 6.6 8.7 | 1.8 | 153 | 1.7 | 3.0 | 075 | 21 12 3.04] 2.80
6 7.2 9.2 | 2.0 | 16.4 ; 1.8 | 3.2 | 0.78 | 21 12 3.65| 3.50

1

0 o | 0.6 | 1.9 | 100 2.0 ! 2.0 0 | 19 19 | —0.05 | —0.05
1 3.1 7.6-1 1.7 0 106 | 1.5 | 2.1 | 0.40 | 22 | 16 0.581 0.51
2 4.2 7.8 | 1.3 | 12.0 | 1.5 | 2.3 | 0.54 | 16 10 1.15| 1.12
3 5.1 7.5 | 1.7 | 126 | 1.5 | 2.5 | 0.68 | 23 13 1.80 | 1.75
4 5.9 7.0 | 1.0 ! 129 | 1.4 ¢ 2.5 | c.84 | 29 16 2.49 | 2.42
5 6.5 7.2 | 1.5 137 | 1.4 1 2.7 | 6.91 | 20 11 3.13| 3.05
8 7.2 7.0 | 1.9 | 4.2 ] 1.4 | 28 | 003 | 27 13 3.821 3.64
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