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Project Description:

The Federal Highway Administration established an Inter-Agency Agreement (IAA) with the Department of Energy’s (DOE)
Argonne National Laboratory (ANL) Transportation Analysis Research Computing Center (TRACC) to get access and
support for High Performance Computational Fluid Dynamics (CFD) modeling for highway hydraulics research conducted
at the Turner-Fairbank Highway Research Center (TFHRC) Hydraulics Laboratory. TRACC was established in October
2006 to serve as a high-performance computing center for use by U.S. Department of Transportation (USDOT) research
teams, including those from Argonne and their university partners. The objective of this cooperative project is to:

Provide research and analysis for a variety of highway hydraulics projects managed or coordinated by State DOTSs.
Provide and maintain a high-performance Computational Fluid Dynamics (CFD) computing environment for
application to highway hydraulics infrastructure and related projects.

e Support and seek to broaden the use of CFD among State Department of Transportation employees.

The work includes:

¢ Computational Mechanics Research on a Variety of Projects: The TRACC scientific staff in the computational
mechanics focus area will perform research, analysis, and parametric computations as required for projects
managed or coordinated by State DOTSs.

¢ Computational Mechanics Research Support: The TRACC support team consisting of highly qualified engineers
in the CFD focus areas will provide guidance to users of CFD software on an as needed or periodic basis
determined by the State DOTSs.

e Computing Support: The TRACC team will use the TRACC clusters for work done on projects; The TRACC system
administrator will maintain the clusters and work closely with the Argonne system administrator’'s community; The
TRACC system administrator will also install the latest versions of the STAR-CCM+ and OpenFOAM CFD software
and other software that may be required for accomplishing projects.

Progress this Quarter:
(Includes meetings, work plan status, contract status, significant progress, etc.)

1: Computational Mechanics Research on a Variety of Projects
1.1.CFD Modeling for DI 36x36, DI 112, DI 125, CB 9, and CB 18 Roadway Drainage Inlets

The state DOTs have been reviewing their catch basin inlet spacing design approaches to assess if the hydraulic efficiency
of the system meets the stormwater runoff requirements. Computational Fluid Dynamics (CFD) has been used for many
years for various applications and, with advances in the computational power available to researchers, it has become a
useful computational tool that can successfully supplement physical testing of existing and new designs of roadway
drainage.

South Carolina DOT has expressed interest in modeling multiple inlets used for sump application. These are: grated drop
inlets: DI 24x36, DI 112, DI 125, curb opening inlet CB 18, and CB 9, which has curb openings on all 4 sides. Table 1
presents the inlet types and their applications.

Table 1. Inlet types and their application

Inlet type Application

CB type 9 MH Ditch sections outside of the clear zone, low area behind curb and gutter sections,
and yard drains where debris is not an issue

CB type 18 Primary CB for sags in curb and gutter sections

DI type 112 Ditch sections, grassed medians, and low areas located on controlled access and
divided highways

DI type 125 Ditch sections, grassed medians, and low areas located on controlled access and
divided highways near traffic, and where traffic is possible

DI 24” x 36” Low areas within clear zones, yard drains where debris is not an issue, and low area
with pedestrian traffic
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In the ditch applications, the front slope of 6:1 and 4:1 and back slope of 2:1 were used. For the ditch-type flow on the
back side of afill, the front slopes were 2:1 and back slopes were 2:1, 6:1, 10:1, and 20:1. It was assumed that the modeled
section of a ditch has no longitudinal slope. In this case, all water accumulated in the modeled section drains only through
the catch basin. The geometry of the DIs and CBs is symmetric with respect to a plane perpendicular to the roadway, and
therefore the flow into the drains is symmetric. For this reason, only half of the model was simulated. Figure 1 presents a
sketch of an example cross section of a ditch and roadway. Table 2 summarizes the front and back slope combinations
analyzed in ditch sections.
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Figure 1 Sketch of a roadway and ditch cross-section.

Table 2 Slope combinations to be analyzed for ditch applications.

Case # Front slope Back slope
1 6:1 .

2 4:1 21

3 2:1

4 ) 6:1

5 21 10:1

6 20:1

The three-dimensional CFD models were built using Argonne’s High-Performance Computing cluster. The Unsteady
Reynolds Averaged Navier-Stokes Solver with k-w turbulence model combined with the Eulerian two-phase model with air
for the gas phase, and water for liquid phase, together with the Volume of Fluid physics model, were selected to model
the free surface water flow. Detailed information on the formulation and usage can be found in the Simcenter STAR-CCM+
User’s Manual.

The impact of the variation in the back slope on the hydraulic capacity of the CB-9 inlet was tested for a constant front
slope of 2:1 and back slopes 2:1, 6:1, and a flat horizontal surface. The difference in the relationship of water depth vs.
the flow rate is negligible for the tested configurations, as shown in Figure 2. If, on the other hand, the front and back
slopes are the same, for example both are equal to 2:1, 6:1, or the ditch is replaced by a flat horizontal plane, there is an
impact on the depth vs. flow rate curve, as presented in Figure 3. Additionally, the Bernoulli equation was used for the
opening to estimate the relationship for the orifice flow regime, and it can be seen that the computational result is in good
agreement.
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Figure 2 Water depth vs. flow rate through the CB-9 inlet for front slope 2:1 and varying back slope.
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Figure 3 Water depth vs. flow rate through the CB-9 inlet for front and back slopes 2:1, 6:1, horizontal plane in a
quarter model.

Next variable taken into consideration is the surface roughness. Depending on the ditch being a uniform earth channel or
is covered with vegetation, the rate of flow into the catch basin differs. The flow resistance due to the vegetation was
modeled in the CFD simulation using a cumulative drag force of grass stems, according to Sonnenvald et al. [Sonnenvald,
2019]. The grass stems are represented by vertical cylinders, 5 mm in diameter and varying height, 8, 10, 20 cm (3.15, 4,
8”) Moreover, in one case, a 3-mm surface roughness height was modeled with wall functions which corresponds to a
uniform earth channel. Lastly, the height of the inlet openings was decreased by 8 cm (3.15”) to represent a layer of
accumulated debris causing blockage of the openings. In this part of the study, the computational domain covers one
quarter of the ditch with the CB-9 inlet and catch basin.

Figure 4 shows the impact of the varying resistance of the ditch surface on the water depth as a function of flow rate
through the CB-9 inlet. For all cases, the flow over the inlet is in the weir flow regime up to approximately 1 foot of water
depth measured away from the inlet. When the depth is greater, the flow is in the orifice regime. For the models with
surface roughness and vegetation drag, the linear relationships between depth and flow rate have the same slope; the
slope for the model with partially blocked opening is distinctively steeper than for the other curves. For example, if the
ponding water depth is 3 feet, the flow rate is only 17 cfs for the partially blocked opening and 38 cfs for fully open inlet.
For the cases with the vegetation, the discharge varies from 36 cfs for 8-cm-tall cylinders, to 32 cfs for the 20-cm-tall
cylinders.

The study is ongoing and further investigation of the impacts of the slope, vegetation cover, and ponding water depth on
the remaining catch basins will be performed.
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Figure 4 Water depth vs. flow rate through the CB-9 inlet for varying resistance of the ditch surface in a ditch
with front and back slopes 2:1in a quarter model.
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Anticipated work next quarter:

1: Computational Mechanics Research on a Variety of Projects

¢ hydraulic analysis of catch basins on grade and in sump
¢ infiltration of water from roadside ditches

2: Computational Mechanics Research Support
This work will continue.
Task 3: Computing Support

This work will continue.

Circumstance affecting project or budget.
(Please describe any challenges encountered or anticipated that might affect the completion of the project within the time,
and fiscal constraints set forth in the agreement, along with recommended solutions to those problems).

None.

TPF — 5(446) Q4 2024 Report



