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Abstract

Introduction: Drop manholes are widely used in sewer and drainage systems in steep urban
catchments. Those are often employed to provide energy dissipation in order to control high
flow velocity and minimize structural damage. Under Regime R2 insufficient energy
dissipation and excessive air entrainment could lead to hydraulic problems in the downstream
system. Therefore, the plane jet-breaker device was recommended by Granata et al. (2014) to
improve drop manhole performance. It would have some positive impacts on hydraulic
features of the drop manhole if is properly designed.

Methodology: In the present study, the effects of the jet-breaker length, width, sagitta, and
angle, on drop manhole energy dissipation (as response variable) have been analysed under
various inlet pipe filling ratios. Dimensional analysis and modern statistical Design of
Experiment (DoE) have been brought together and experiments have been designed according
to the 2° full factorial design with four replications at the center point. Seventeen jet-breakers
have been examined and about 350 tests have been performed on a physical model of drop
manhole at the Hydraulic Structures Laboratory of Shahid Bahonar University of Kerman,
Kerman, Iran.

Results and discussion: Energy dissipation is closely related to the flow regimes. The variation
of Ed/Eo versus the impact number (I) showed that some jet-breakers effectively leveled Ed/Eo
at one (1) over different flow regimes, which is the optimum condition. Moreover, reduction
of the filling ratio from 80% to 40% causes obvious deviation from manhole optimum energy
dissipation operation.

Significant main and interaction effects were distinguished from the full model Analysis of
Variance (ANOVA). This analysis revealed that inlet pipe filling ratio (factor A) effect was
significant at 0.01 significance level (ot =0.01), whilst AD (inlet pipe filling ratio and jet-breaker
sagitta ratio interaction) and AE (inlet pipe filling ratio and jet-breaker angle interaction)
effects were significant at a = 0.05.

The significant effects of the full model ANOVA (i.e. A, AD, and AE), together with factors D
and E, were used to perform reduced model ANOVA and fit a regression model to the
response variable. The former factors were considered to maintain the model hierarchy. The
result shows that all considered effects are statistically significant at « =0.01, apart from factor
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E effect which is significant at a = 0.05. The statistical significance is determined by using p-
value, which shows the probability value and is associated with the test statistic FO value;
smaller p-value (or larger FO value) leads to a more significant effect. The ANOVA indicates
that there is no evidence of second-order curvature in the response over the region of
exploration at 0.01 significance level. Additionally, the lack of fit (LOF), which is defined as
the deviation of the data from the fitted model, is not significant. It means that there is a strong
indication that the regression function is linear and the model fitted to the data well. Moreover,
a regression model was intudeced regarding the result of the reduced model ANOVA.

Conclusion: The statistical analysis of the results revealed that the response variable was
significantly improved when the inlet pipe filling ratio was 80% and jet-breaker sagitta was
equal to zero, and its angle was at 70°. Jet-breaker length ratio and width ratio had neither
significant main nor significant interaction effects on the response variable. Even though with
reference to practical considerations and previous investigations, jet-breaker length equals
manhole diameter and jet-breaker width of 140% larger than inlet pipe diameter, were
suggested. Moreover, the use of DoE resulted in straightforward data analysis and unbiased
concluding.

Keywords: Drop manhole, Energy dissipation, Factorial design, Jet-breaker, Optimization.
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Table 3 Analysis of variance results of reduced model for energy dissipation in drop manhole

Source of Variation Estimate Sum of Squares Degrees of Fo P-Value
Freedom
Intercept 0.1949 - - - -
Model - 0.4134 5 915.1788 <0.0001
A -0.1128 0.4074 1 4509.3960 < 0.0001
D 0.0054 0.0009 1 10.4060 0.0031
E -0.0045 0.0007 1 7.2448 0.0117
AD 0.0083 0.0022 1 24.4280 <0.0001
AE -0.0083 0.0022 1 24.4191 <0.0001
Curvature - 0.0006 1 6.8263 0.0141
LOF" - 0.0026 26 4.7761 0.1110
PE™ - 0.0001 3 - -
Total - 0.4166 35 - -
Residual - 0.0026 29 - -
*Lack of Fit

**Pure Error
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