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In this research, 18 experiments were conducted to investigate the effects of
sudden constriction and expansion on frontal hydrodynamics. The flow rate
was set at 1.1 /s, with variables including concentrations of 5 and 10 gr/l,
slopes of zero, 1.5, and 3 percent, and width ratios of 0.39, 0.64, and 0.92. The
flow regime encompassed all three states: subcritical, critical, and
supercritical. In constrictions with ratios of 0.39 and 0.64, the front velocity
initially increases up to a point due to buoyancy flux but then decreases under
the influence of mixing. Increasing the constriction intensity and slope raises
the maximum velocity and delays its occurrence. Specifically, at a 3 percent
slope, the maximum velocity for the 0.39 ratio compared to 0.64 increased by
20.29 percent and 24.49 percent for concentrations of 5 and 10 gr/l,
respectively. In expansions with these two ratios, the velocity decreases with
distance due to intensified turbulent instabilities, with a more pronounced
effect at the 0.39 ratio. At the 0.92 ratio, constriction and expansion had no
significant impact, and the velocity trend resembled that of a constant-width
channel: decreasing at zero slope and increasing in sloped channels. The front
height increased with distance in both constriction and expansion regions for
all width ratios, with greater intensity at smaller ratios. The effect of
constriction is in support of flow driving force, strengthened by slope but
weakened by concentration. In expansion, mixing-induced resistance
prevailed, strengthened by concentration but weakened by slope.
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Figure 2. Schematic view of the flume and laboratory equipment, A) Side view, B) Top view, C) Cross section A-A

Figure 3. Glass plates installed in the channel
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Figure 9. Changes of the front height along the channel for Qu=1.1 I/s and Cy=5 gr/I;
A) S=0%, B) S=1.5% and C) S=3%
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Figure 10. Changes of the front height along the channel for Qo=1.1 I/s and C,=10 gr/I;
A) S=0%, B) S=1.5% and C) S=3%
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Table 1. The percentage of changes in the average values of front speed and height in different domains

Wr Co (gr/l) S (%) AUsae_C (%) AHjae C (%) AUtae_E (%) AHpae E (%)
0.39 5 0 +21.18 +14.02 -21.46 +16.82
0.64 5 0 +9.14 +4.67 -9.36 +3.74
0.92 5 0 -4.43 +2.80 -14.88 +11.22
0.39 5 15 +25.18 +18.56 -6.21 +24.74
0.64 5 15 +18.03 +12.37 +5.00 +18.56
0.92 5 15 +5.81 +5.16 +12.77 +13.40
0.39 5 3 +42.91 +24.42 -4.43 +34.88
0.64 5 3 +24.55 +12.79 +4.77 +25.58
0.92 5 3 +8.67 +9.30 +15.24 +17.83
0.39 10 0 +11.71 +22.83 -34.08 +25.00
0.64 10 0 +4.29 +13.04 -20.42 +13.04
0.92 10 0 -3.86 +4.35 -18.24 +11.96
0.39 10 15 +19.72 +23.81 -20.60 +29.76
0.64 10 15 +8.85 +13.10 -9.40 +26.19
0.92 10 15 +3.62 +2.38 +3.29 +12.70
0.39 10 3 +39.97 +32.43 -5.95 +43.24
0.64 10 3 +17.92 +18.92 +3.21 +36.49
0.92 10 3 +9.32 +1.35 +17.54 +18.92
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