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status, including accomplishments and problems encountered, if any. List all tasks, even if no work was done during this
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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: Computational Study of Hydraulic Performance of Ohio DOT Catch Basin CB6 and Barrier Inlet

To handle higher volumes of traffic, modern roads are being built and old roads are being expanded with more lanes giving
a larger rainfall collection area. In addition, more frequent and extreme rain events can overwhelm existing drainage
systems and new systems need to be designed to handle the higher rates of runoff. State Departments of Transportation
are developing new designs of drainage structures including more accurate estimates of efficiency under a variety of
conditions. They are also assessing old designs to determine if they can drain higher flow rates of water from the roads.

Three-dimensional computational fluid dynamics (CFD) analysis can determine flow and efficiency through drains with
complex geometry and catch basins at field scale over a broad range of conditions. Ohio DOT approached Argonne
researchers to continue the evaluation of their drainage structures. In the previous phase of the study, inlet types CB3 and
CB3A were evaluated with the use of computational fluid dynamics on a high-performance computing cluster, and in the
current phase, the flow capacity of catch basin CB6 and a barrier inlet is analyzed.

The test case matrix includes varying cross-slopes and longitudinal slopes of the road surface, shoulder/gutter width, as
well as a range of flow rates. On-grade and sump conditions are analyzed in the study. Six-inch-high curbing with a
maximum water depth of 5 inches is used for the on-grade scenario. The computational analysis yields the hydraulic
efficiency of the inlets, the split of the flow rate between front, side, and backflow of the grate, as well as the bypass flow
with a 2-foot composite gutter at 8.33% and a pavement cross slope at 1.6% and with a 4-foot gutter at 4.0% and a
pavement cross slope at 1.6% for the following spreads: 2’, 4, 6°, 8 and 10’. The roadway longitudinal profile grades of
0.25%, 0.50%, 1%, 3%, 5%, 8% are considered. In the sump condition, the hydraulic capacity of flow relative to the depth
of ponding over the grate will be modeled with water depth of flow varying from 1 inch to 18” inches above the center of
the grate. The following scenarios will be considered: (a) the catch basin with full grate capacity, (b) catch basin with 50%
blockage of the grate. Figure 1 presents a plan view of the catch basin CB6.

TPF — 5(446) Q2 2022 Report



Edge of concrete
gpron for basins

without curb _X_

Location of grate,
elev., sfation & offset

1* Expansion
~ |_ I R [ —| Joint (Typ.}
sE | R E
at S ;| )l
{) ==y Jooommmmm] ===y R
. T ICHDEREERBRARRG - - -
oo =5 I 5=, %
N e s = e
Soresd "l |\ gutsice o

3 | s
(Typ.) (Typ.)

Figure 1: Catch basin CB6 plan view.

The geometry of the computational model used in the analysis of the on-grade condition covers a section of a road
upstream and downstream of the catch basin. The width of the road is assumed to be wider than the expected spread of
the flow. The longitudinal slope is modeled by introducing a component of gravitational acceleration in the longitudinal
direction along the travel lanes. Simulations are initialized with the computational domain filled with air. Water is introduced
to the computational domain through the vertical boundary across the road at the upstream end of the model domain,
which was assigned a velocity inlet boundary condition. The inlet velocity profile is computed in a separate CFD model
and represents fully developed velocity distribution. The flow can leave the domain through the grate, or it can bypass it.
The outlet boundary surfaces were assigned a pressure outlet boundary condition with zero-gauge pressure. A pressure
outlet boundary condition was also defined on the top of the domain and the surface representing the road median. A
perspective view of an example solution of flow in the computational domain and a close-up of the flow above the grate is

presented in Figure 2.
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Figure 2: Perspective view of the computational domain and a close-up
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Water mass flow is monitored on planes placed at the upstream front, roadside, downstream back side of the grate for the
purpose of calculating the ratios of the front and side flow to the total flow going through the grate. The collected data is
used to calculate the efficiency of the catch basin as a ratio of the flow intercepted by the grate to total flow.

Modelling results will be provided as data tables and graphs in Microsoft Excel format.

Anticipated work next quarter:

1: Computational Mechanics Research on a Variety of Projects

e hydraulic analysis of catch basins on grade and in sump
e analysis of water film thickness on pavements (hydroplaning water film thickness and speed)

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.
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