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Fig .1. Vortex structure experimental model
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Fig. 2. Description of the vortex structure: (a) side view; (b)
inlet part plan view (c) transverse section of dissipation
chamber
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F. 10 13 16
H, /D H, /D H, /D
0 1 2 0 1 2 0 1 2

9430 9429 9268 9328 93.82 9362 9202 9512 9491
L7y 9430 9430 9269 9303 9372 _ 9362 9188 9505 _ 94.66
9429 9429 9278 93.06  93.82 _ 9362 9225 _ 9506 _ 94.75
9429 9429 9269 9303  93.82 9362 9225 9512  94.98
87.85 8945 8930 9232 9115 9223 9154 9355 _ 93.08
501 8765 8924 8930 9229 9115 9221 9140 9333 93.16
8743 8945 8947 9237 9140 9242 9156 9324 __ 93.16
8745 8930 8922 9221 9162 9162 9140 9355  92.98
8605 8847  88.03 9182  90.68 _ 90.75  90.64 9246  92.39
)18 8640 8847 8846 9183 9059  90.75 9036 9262 _ 92.39
' 8621 8837  88.26  91.34 90.7 90.74 9063 9258 92.46
8638 88.27  88.04 9136 90.67 _ 8999 9051 9246 __ 92.46
8584 8760 8717 9064  89.81 8994 8956 9158 9141
03 8593 8759  87.09 9058  89.91 8995  89.76 _ 9150 9158
' 8594 8770 8690 9060  89.88  90.14  89.66 9148 9154
86.06 8759 8698 9056  89.94  90.10 8985 9148 9144

Table 2. DoE of full-factorial method for actual values in addition to the response of experiments
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Source C(_)efficient Sum of Degree of Mean F_value p-value

estimate (a;) squares freedom square

Model - 740.46 9 82.27 124.36 <0.0001°
Intercept 153.1906 - 1 - - -

X1 F -57.9533 380.23 1 380.23 574.73 <0.0001
X,: L/D 0.4211 203.96 1 203.96 308.29 <0.0001
X5 : Hg/D -0.0986 15.13 1 15.13 22.87 <0.0001

X1X, 1.1576 48.69 1 48.69 73.57 <0.0001
X1X3 0.1972 0.16 1 0.16 0.2373 0.6270N°
X,X3 0.1041 6.24 1 6.24 9.44 0.0026
X,° 8.4998 11.62 1 11.62 17.56 <0.0001
X,* -0.0924 22.14 1 22.14 33.47 <0.0001
X5* -0.6291 12.66 1 12.66 19.14 <0.0001

Residual - 88.65 134 0.6616 - -

‘;.MQ}JJ}J.J‘;,\A&_,\::;MNS}S

Table 3. Results of ANOVA for recommended 2™ order model (basic general model)
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C.V. 0.8906 Adj — R? 0.8865
ﬁii?;itﬁ 41.1561 Pred — R? 0.8779

Table 4. Results of ANOVA for reduced 2" order model (final model)
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Abstract:
With rapid rise in development of urban districts, a ferocious demand for water-collecting urban sewer
systems is inevitable. In fact, flexible sewer collecting systems and drainage systems should be developed
for controlling sewage and runoff, respectively. In the case of underground, conducting water flow properly
through high vertical distances needs reliable criteria design for dissipating flow energy. Vortex structure is
taken into account as one of the economical infrastructures which can be used to eradicate destructive
impacts of inflow over a drop with invert elevation. In the current investigation, a physical model, made of
Plexiglas segments, was set up to study hydraulic performance of vortex drop structure in terms of flow
energy dissipation efficiency (FEDE). 144 experiments were conducted and analyzed by means of full
factorial method (FFM). Results of dimensional analysis demonstrated that Froude number (Fr), ratio of drop
total height to shaft diameter (L/D), and ratio of sump depth to shaft diameter (Hs/D) were considered
effective variables on the FEDE. Hence, a regression based equation in form of a quadratic polynomial was
proposed to estimate FEDE variable. Experiments aims were to investigate simultaneous effects of approach
flow Fr, L/D, Hs/D on the FEDE. Results of experiments indicated that FEDE variable had downward trends
with an increase in Fr variable and additionally, FEDE has gone through upward trends with an increase of
L/D and Hs/D ratios. Increase in L/D, which causes remarkable effect of wall friction on vortex flow, leads
to increase in FEDE in the structure. Moreover, observations showed that decrease in inlet discharge for
smaller Froude number results in more rotations of vortex flow in vertical shaft than flow with larger
discharges for larger Froude number. This causes reduction of FEDE due to increase in inlet discharge. In
addition, shown that in the structures with smaller L/D (L/D = 10), the reduction effect of E. on the FEDE
is more. With respect to positive effects of sump depth range (Hy / D = 1 — 1.6) on FEDE and flow patterns
observed in the entrance outlet tunnel, range (Hg / D = 1 — 1.6) can be replaced by Hg / D range (0.7-1)
proposed Zhao et al. [11]. In addition, the results showed that the interaction of F. and Hs/D on the FEDE in
the structure is not significant.
For Q between 9.7 and 27.1 I/s, formation of hydraulic jump in tangential inlet was not occurred and flow
was drained freely to drop shaft. Additionally, water surface in tangential inlet was lower than that of
approach channel. In the outlet part of vortex structure, flow hitting the baffle leads to relatively significant
increase in flow elevation top of the baffle in comparisons with other parts. Moreover, for constant values of
Q and Hs/D ratio, flow elevation over the baffle has increased with an increase in L/D ratio, while for
constant values of Q and L/D ratio, flow elevation has plummeted with an increase in Hs/D. Observations of
experiments indicated that baffle-hitting flow accelerated without existence of sump at the base of drop shaft.
Then caused to detaching flow and consequently occurrence of cavitation increased.

Keywords: Vortex structure, Energy dissipation, Experimental design, Regression analysis

210





