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SOME QUESTIONS TO HYDRAULIC SIMILITUDE FOR
UNSTEADY OPEN CHANNEL FLOWS

By Yoshiaki IWASA and Tamotsu TAKAHASHI

Synopsis

The hydraulic similitude to guarantee any scale model test for one-dimensional flows
in pipes and open channels can be derived from one-dimensional equations of continuity,
energy or linear momentum in the control volume method of hydraulic analysis.

Recently, the first author has derived the exact formulation of one-dimensional system
of equations of continuity, energy and linear momentum in the curvilinear orthogonal
coordinates from the original system in theoretical hydrodynamics, and the authors have
shown a special system of equations for the open channel flow in a rectangular channel.
The results obtained indicate that the classical dynamic equation must be supplemented
by additional terms concerning three-dimensional variations of transverse velocity and
stage in the unsteady behaviour, which suggests the classical treatment for the hydraulic
similitude of unsteady open channel flows should be modified.  This paper treats with
the order effects of additional terms to the classical equation for the unsteady open channel
flow and the derivation of new formulation for the hydraulic similitude of unsteady open
channel flows.

Preliminary experimentations made in a laboratory test flume will also verify the
theoretical results and predict careful treatments for proceeding the hydraulic scale test

with distorted dimensions.
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f Stage Controling Weir
g Gaging Tank
h Pressur Meter
i Flood Wave Generator
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HFoTWd, KEEBOEGIINL HFE LD THS, Run 1-1~1-4 (MR O KL EBHRED I D
30, Run 2-1,2-2 [DHABEOH AR, fEELD 15em ONE CHERESHELRE LI OTHS, <

Table 1 Kinds of experiments

Run | Base Flow Peak Duration .
No. Depth (cm) | Depth (em) | Time (sec) Matters for Measurements Side Wall
1—1 3.62 5.35 102
} Smooth
1—2 2.40 5.90 135 Lateral Water
1-3 2.33 6.03 135 Stage Variation
Rough

1—4 3.48 6. 46 75
2.1 2.50 6.50 150 Longitudin-al ' Water

Stage Variation, Rouch

Vertical Distribution oug
2—2 2.50 6. 60 150 of Velocity
3—1 3.68 6.13 255 Lateral Surface
3—2 2.38 6.58 200 Velocity Distribution Smooth
3—3 2.38 6.38 100

Water Stage
3—4 2.50 6.30 170

Variation
3—5 2.50 6.20 130 Rough
3—6 2.50 7.55 165
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Fig. 2 (1),(2) Stage hydrograph (Smooth wall)
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OREATHENFBIFIITH S & L dibh o fe, DEICTFHRE 5o
BRE LT, XE»S 3mm, 1.3cm, 2.3cm ORIEIITS [ J4oz
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ERBAHRIC LIS LELTIVE Edbbohiote, Licks i S b
2T, HREOFESMIAKESLD 1mm, 1. lcm, 2.1cm 2.0
DNE TORERTE SR & X FANCOKE % CER L 2o X . -0
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BAKEEBABE ORI BB TRLI D TH S, ik,

Table 2 Comparison of order in terms in the classical energy equation

Run t H i-2H | pyy/es % . %V%Z—
No. (sec) (cm) (x107%) (x107%) (x1078) (x1073)
15 2.90 2.11 1.54 0.23 —-0.16

30 3.34 2.39 1.75 0.48 —0.22

45 4.28 3.19 2.08 0.85 0.01

21 60 5.78 3.59 2.41 0.81 0.14
75 6.50 3.31 2.09 —-0.64 0.86

90 5.45 2.51 1.69 —0.55 1.08

105 4.30 2.51 1.71 ~0.49 0.97

120 3.55 1.91 1.41 —0.47 0.55

15 2.90 2.19 1.67 0.39 —-0.12

30 3.35 2.31 1.80 0.47 -0.19

45 4.20 3.63 2.18 0.77 0.21

9 9 60 5.85 4.43 2.44 0.63 0.55
75 6. 30 2.63 2.06 —0.85 1.10

90 5.18 1.99 1.51 —0.56 0.73

105 4.05 2.43 1.56 —0.41 0. 87

120 3.45 1.39 1.31 —-0.35 0.23
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Table 3 Comparison of order in terms in energy equation
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