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On the Weight-Balanced Curved-Pipe Flow Meter

An area flowmeter called rotameter has often been used for measuring smaller rate of flow.

Noboru Tomita
Hiroaki Ishida

Susumu Yuasa

However,

it is rather expensive because of the difficulty of fabricating its tapered tube and, in addition, when the

flow decreases below a certain minimum point, its float cannot be supported by the fluid against the weight

of the float.

Meanwhile, we developed a curved-pipe flow meter which is characterized by the low cost and by the

capability of measuring any small rate of flow.

The curved-pipe flow meter essentially consists of a resistive body inserted into a vertical, curved pipe

having the constant configuration and area of cross section.

rests on the horizontal part of the pipe wall.

When no fluid is flowing, the resistive body

But when flow commences and the fluid flows past the

body, it begins to climb up the pipe wall. Thus, tangential component of gravity of the body to the pipe

wall continues to rise until it balances to the drag of the fluid, and then the body comes to rest in dynamic

equilibrium, its position indicating the rate of flow.

This meter is a kind of head flow meter and has been patented to our company.

This paper will report its principle, the evaluation of curved pipe giving linear scale, the scale intervals

on the circular pipe, and the compensation method for the size and density variations of the resistive body.

Some experimental results will also be reported.
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Flg. 1 Curved pipe flowmeter
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Table 1 Read value of flowrate Q

I 5000 [ 5.55 | 6.00 | 6.35 | 7.00
10 | 0.39 | 0.37 | 03¢ | 0.35 | 0.30
20 | 057 | 050 | 0.52 | 0.47 | 0.46
30 | 0.74 | 0.71 | 0.70 | 0.66 | 0.60
40 | 0.97 | 0.90 | 0.87 | 0.84 | 0.7
50 | 1.05 | 1.00 | 0.97 | 0.93 | o0.84
60 | 1.18 | 109 | 1.05 | 1.02 | 0.01
70 | 125 | 121 | 1.13 | 1.10 | o.08
80 | 1.3¢ | 1.29 | 1.24 | 1.19 | 1.04
9 | 1.40 | 1.3¢ | 1.27 | 1.22 | 1.10

100 | 1.50 | 1.39 | 1.35 | 1.32 | 1.17
10 | 154 | 1.49 | 1.41 | 1.35 | 1.93
120 | 1.59 | 1.52 | 1.47 | 1.40 | 1.26
130 | 1.65 | 1.57 | 1.51 | 1.46 | 1.29
140 | 171 | 1.67 | 162 | 1.53 | 1.36
150 | 1.75 | 1.71 | 1.65 | 1.58 | 1.41
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Table 2 Calculated value of power m

‘;““a\ii 5.00 | 555 | 6.00 | 6.35 | 7.00
10| 178 | 174 | 160 | 1.80 | 1.72
20 | 1.76 | 1.61 | 1.71 | 1.63 | 1.7
30 | 1.83 | 1.79 | 1.83 | 1.80 | 1.84
10 | 218 | 2.00 | 2.01 | 2.03 | 2.08
50 | 2.08 | 1.98 | 2.00 | 2.01 | 2.05
60 | 2.24 | 1.96 | 1.95 | 2.02 | 2.01
70 | 217 | 2.11 | 1.93 | 2.02 | 2.01
80 | 2.25 | 2.13 | 210 | 2.12 | 1.97
9 | 2.17 | 1.9 | 1.85 | 1.88 | 1.95
100 | 2.48 | 1.85 | 1.91 | 2.13 | 2.05
110 | 2.28 | 2.12 | 1.85 | 1.85 | 2.13
120 | 217 | 1.77 | 180 | 1.72 | 1.85
130 | 2.5 | 1.56 | 1.50 | 1.68 | 1.49
140 | 2.76 | 2.69 | 3.47 | 1.98 | 1.77

Table 3 Relative error (%) for m=2

;;\\\ii 5.00 | 5.55 | 6.00 | 6.35 | 7.00
10 | 406 | 471 | 574 | 3.56 | 5.07
20 | 4.68 | 8.01 | 5.73 | 7.50 | d.62
30 | 3.31 | 4.08 | 3.17 | 3.8 | 3.04
40 |-2.80 | 0.00 |-0.10 |—0.53 [-1.27
50 |—1.21 | 0.30 | 0.00 |—0.07 |-0.78
60 |=3.09 | 0.59 | 0.69 [—0.22 |—0.20
70 |—2.01 |-1.35 | 0.92 |—0.21 [—0.09
80 |—2.46 |-1.33 |-1.04 |=1.21 | 0.34
90 |-1.52 | 0.11 | 1.50 | 1.26 | 0.46
100 |~3.13 | 1.29 | 0.76 |—0.96 |—0.39
110 |-1.55 |-0.68 | 0.99 | 1.00 |—0.78
120 |—0.75 | 1.21 | 1.01 | 1.49 | 0.74
130 |-0.70 | 1.75 | 2.05 | 1.16 | 2.08
140 [~0.84 [—0.79 |—1.31 | 0.02 | 0.41
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Table 4 Mean value of kg

o
;:\x\\\ 0.500 | 0.555 | 0.600 | 0.635 | 0.700
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0.555 (—0.020 \\\ 0.005 | 0.035 | 0.101
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0.700 | 0.075| 0.101 [ 0.137 0.169\
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Table 5 Relative error for correction

RAMEBICH T2 ERE - OHMEELYELL, T
REC B NT S<20 KL TR 2 BELFCHE » Tis

DT DT D,

dy 5.00 5.55 6.00 6.35
S Qc| e Qc| a¢ [Qc| ae | Q. Qe
10 10.38/—0.6 10.36/—0.3 [0.35] 0.5 [0.34|]—1.5
20 10.58] 0.6 |0.56| 3.3 [0.53] 0.9 [0.51] 2.8
30 0.76] 1.0 [0.73] 0.9 [0.70,—0.0 |0.67| 0.7
40 10.96/—0.5 |0.92] 1.1 0.88| 0.8 [0.85 0.6
50 [1.06] 0.6 |1.02] 0.9 10.98] 0.4 [0.94] 0.6
60 |1.15/—1.7 |1.10, 0.6 |1.06] 0.5 [1.02|—0.1
70 (1.24/—0.7 (1.19/—1.3 [1.14| 0.6 |1.10|—0.2
80 |1.31}—1.5 1.26/—1.8 [1.21/—1.8 |1.16|—1.6
90 [1.39/—0.6 [1.33|—0.5 [1.28] 0.5 (1.23] 0.6
100 11.48/—1.3 [1.42| 1.5 [1.36| 0.6 |1.31/—0.6
110 |1.55( 0.7 [1.49/—0.0 |1.43| 1.2 /1.38| 1.6
120 |1.59] 0.0 [1.52| 0.2 [1.46/—0.2 |1.41] 0.6
130 |1.63{—1.2 |1.56|—0.5 [1.50|—0.5 [1.44|—1.0
140 {1.72) 0.3 [1.64|—1.4 [1.58/—2.3 |1.52/—0.5
150 |1.78] 1.6 |1.71|—0.2 |1.64|—0.5 [1.58/—0.1
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