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PROJECT DESCRIPTION
PROJECT 0-5823

Hydraulic Performance Evaluation of Horizontal Inlet Type H 
PROJECT ABSTRACT

Type H Inlets are frequently used by the Texas Department of Transportation as median drains for divided highways.  Two varieties of Type H inlets are used.  One of them is the Horizontal Inlet (Type H) with grate top and the other is the Horizontal Inlet (Type H) with lid.  These are illustrated in TxDOT construction details IL-H-G and IL-H-L.  Despite frequent use, engineers do not have adequate design information to mathematically describe the hydraulic performance of these structures.   Typically, it has been assumed that IL-H-G and IL-H-L function essentially the same as roadway grates or curb inlets, but there is no basis for that assumption.  However, the placements in which the Horizontal Inlets can be used deviate substantially from those of a roadway grate or curb inlets.  The objective of this project is to evaluate the hydraulic performance of the Horizontal Inlets (Type H) through physical testing, and to synthesis the results of that testing into a series of algorithms for design use.

Background and Significance OF WORK


The TxDOT Hydraulic Design Manual (2004), Chapter 10, Section 5, provides design guidance for several inlet types used for pavement drainage.  These structures include curb inlets, grated inlets and slotted drains.  Included in that chapter are necessary formulae and charts, along with detailed computation examples.  The focus of this material is roadside drainage, primarily at the curb.  Methods presented include use of combination inlets, inlets in sag configurations and carryover design approaches.  Verification of these procedures can be found in authoritative sources such as the Transportation Research Board, “Traffic-Safe and Hydraulically Efficient Drainage Practices,” NCHRP Synthesis of Highway Practice 3, TRC, Washington, D.C., 1969.  Also, AASHTO Officials Select Committee on Highway Safety, “Highway Design and Operational Practices Related to Highway Safety,” Second Edition, Washington, D.C., 1974.  More contemporary documentation includes “Hydraulic Engineering Circular No. 22, Urban Drainage Design Manual,” Second Edition, FHWA, Washington, D.C., 2001 and “Hydraulic Design Series No. 4, Introduction to Highway Hydraulics,” FHWA, Washington, D.C., 2001.
Chapter 10, Section 5 of the TxDOT Hydraulic Design Manual also discusses the use of inlets in medians and swales.  These roadside channels are a significant component of the drainage system, providing relief to the pavement drainage.  Ensuring sufficient hydraulic capacity for these flow courses is essential to prevent the backwater of runoff onto roadways.  Permissible flow velocities must also be checked so that erosion does not deteriorate the linings of the medians and swales.  Design of these flow paths is based upon the principles of open channel hydraulics and application of the Manning’s equation.

The figure below, from Section 5 of the Hydraulic Design Manual, shows the placement of a horizontal inlet in the invert of a roadway median.  Although this is a widespread application, guidance for hydraulic rating of these structures is not specified.  Design practice for the placement of these horizontal inlets follows the same methodology presented in the references mentioned above for the rating of inlets along curbing at the edge of pavement.

[image: image1.emf]
Figure 1.  Placement of horizontal inlet in roadway median. (From TxDOT Hydraulic Design Manual)

Construction of such structures in medians and roadside drainage swales often involves significant variation in the geometry of the surrounding apron.  Consequently there is considerable ambiguity in the resulting hydraulic performance of the inlet placement.  Also, depending upon the depth of flow at the inlet, hydraulic behavior may be determined by weir flow or, alternately, orifice flow at the mouth of the pipe that discharges from the interior of the structure.  

Objectives

The objective of this research project is to test the hydraulic performance of the horizontal (Type H) inlet with grated and lid top through a range of application conditions and geometries.  Data assembled from this testing, in conjunction with information gained from synthesis of a detailed literature review, will be used to develop algorithms that can be used by design engineers to reliably estimate the performance of these structures.

Implementation

The primary product from this proposed research project will be a detailed set of design information documenting the hydraulic performance of Type H inlets for placement in roadside swales and medians. Research findings will be implemented through the deliverable documents which will provide expert guidance for assessing the hydraulic behavior of these structures through a range of placement geometries and conditions.  Presentation of results will include algorithms in the form of mathematical formulae and charts developed specifically to adapt project findings to engineering applications.  For instance, a TxDOT engineer will be able to use methodology provided in the deliverable documents to definitively assess the inlet capacity of a structure having a specific placement geometry (field condition) and do so with a degree of precision not previously possible.  
WORK PLAN


The straight forward objectives of the 0-5823 project statement will be accomplished through a series of tasks described below.  For this investigation, a multi-institution research team provides a useful framework for leveraging the abilities and resources of the team in order to achieve the desired research objectives.  

Task 1 - Literature Review:


A comprehensive review of relevant professional literature will be conducted to gather available information related to the hydraulic "rating" of the horizontal inlets with grate or lid tops.  This search will include the review of pertinent literature describing the performance and governing relationships of similar structures such as culverts, drains, dam works, etc.  Publications from other state DOTs and Federal agencies will be examined.  Development of the literature review will be divided among researchers at University of Houston and Texas Tech University.  University of Houston will take the lead and will be responsible for preparation of the synthesis report, while all researchers will contribute to the final editing of that report.
At the completion of Task 1, a Technical Memorandum detailing work completed will be sent to the  Project Director, with a copy to RTI.

Task 2 - Development of Physical Model Tests:


Observation and evaluation of the performance of Type-H inlets under field conditions will be accomplished through the use of physical model testing.  This requires the fabrication of one or more test structures at a reduced scale from the full size prototype.  The scale model can then be placed in a flow field for observation and measurement.  The relationship between the scale model and the prototype flow phenomena depend upon the various forces acting, e.g. inertia, viscosity, surface tension and gravity.  When the equation of motion is written in dimensionless form, the forces of interest are seen to produce dimensionless ratios relative to the inertial force.  If the dimensionless ratios are each the same in the model as in the actual prototype flow, then the model will be dynamically similar and may be used to infer prototype performance.  In many cases, that are only two predominant forces and if the ratio of these two are identical between model and prototype, then the flow phenomena can be related by this ratio.


In a test of horizontal inlets, the two predominant forces are inertia and gravity.  Viscosity and surface tension are considered secondary and minor.  The ratio between the two forces of inertia and gravity is called the Froude Number and is simplified to the relationship:


[image: image2.wmf]gd

V

Number

Froude

F

=

=


where;



V = average velocity of flow



d = a linear dimension, in this case the depth of flow



g = gravitational constant.


Preservation of the similarity of these two forces for creation of a scale model, is referred to as a Froude model, and is the appropriate similarity model for this project.  Investigation of other phenomena using model/prototype similitude may dictate the preservation of other forces such as pressure, viscosity, or surface tension, and result in the creation of Euler, Reynolds or Weber models, respectively.


When determining the scale to be used for a hydraulic model, consideration is given to space and equipment available, materials and cost of construction and finally, assurance based upon dimensional similitude that the model will perform properly and provide reliable data for prediction of prototype results.  It is desirable to create a model with as large a Reynolds Number as possible and compatible with the criteria listed above.  Establishment of the geometric scale ratio leads to calculation of the relationships between model and prototype as shown below:
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The subscript “p” denotes prototype, subscript “m” denotes model and subscript “r” denotes ratio between model and prototype. 

The physical model tests will be conducted in the new Texas Water Research Laboratory at Texas Tech University.  Renovations of a 6,100 square foot laboratory bay have been completed, providing the space for this new hydraulics laboratory.  Construction of a new, wide aspect ratio test flume has begun, and will be completed by September 2006.  The dimensions of this recirculating flume are 40 feet long, 8 feet wide and 4 feet deep.  These dimensions have been chosen specifically to allow testing of various structures and placement geometries within the flow stream while both avoiding sidewall effects that impact the results from narrower flumes, and allowing the use of model scales that are very close to the full prototype scale.   The pumping system that has been bought for this flume is a Peerless axial flow pump with a General Electric variable speed motor and an ABB variable frequency drive.  This system is capable of delivering 14,500 gpm for circulation in the flume.  The completed flume will be supported on a tilting frame.  This frame allows adjustment of the slope of the channel bed.  Thus, tests of inlet performance on varying roadway median slopes can be tested efficiently.  One placement of the model structure can be tested repeatedly at differing bed slopes by simply adjusting the tilt of the flume.    

Due to the 8 foot width of the test area in the recirculating flume, it will be possible conduct these tests using a scale model that is reduced to only one half or one quarter the prototype size.  As discussed above, such a large ratio of model to prototype is very ideal for a Froude model.  This also allows sufficient width to build a variety of full median cross sections.  The following 2 figures show the arrangement of the flume and test area.
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Figure 2.  Cross Section of Flume Test Area.
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Figure 3.  Longitudinal Section of Flume Test Area.

The physical testing phase will span 18 months.  During that time a minimum of 36 different model tests will be conducted.  Throughout these tests the following parameters will be sequentially varied in order to sample observations representative of a full range of possible field conditions;

1. channel bed slope

2. median side slopes

3. median bottom width (greater than apron width)

4. orientation of inlet face to flow (perpendicular or rotated 45 degrees)

5. flush or raised ditch block

6. grated top or lid top


Measurements of the velocity field and flow rates that occur during each respective test will be accomplished by use of a newly purchased TSI Company, particle-image velocimetry (PIV) system.  This instrumentation system distributes trace particles into the flow stream.  The flow field is illuminated with a sheet of laser light which then registers on a laser-induced fluorescence (LIF) camera.   This measurement system is a unique, real-time diagnostic tool that allows a user to simultaneously measure one-, two- or three-dimensional components of the velocity field at an extremely high resolution.
Implementation of scale modeling in the wide-aspect recirculating flume, along with the PIV/LIF instrumentation system, represents the absolute state-of-the-art in physical modeling.  Additional details of the recirculating flume and the PIV instrumentation system are provided in the research facilities section of this proposal.

At the completion of Task 2, a Technical Memorandum detailing work completed will be sent to the  Project Director, with a copy to RTI.

Task 3 - Develop Algorithm for Design Applications:

Following the physical testing phase, the gathered data set will form the basis for a mathematical analysis.  This task will investigate the sensitivity of the variables associated with the range of test conditions (bed slope, side slopes, orientation, etc.).  Significant variables will become factors in the formulation of a mathematical relationship expressing the performance of the Type-H inlet.  Once the mathematical relationship has been calibrated, a subset of the physical data will be used for verification.  Findings will also be compared to values estimated using methods in FHWA – HEC 22 and other sources determined by the literature review.  Documentation of the mathematical work will include preparation of associated charts and tables.  Task 3 will be accomplished by team members at the University of Houston, in coordination with TTU researchers. 
At the completion of Task 3, a Technical Memorandum detailing work completed will be sent to the  Project Director, with a copy to RTI.

Task 4 - Final Project Report and Project Summary Report: 

The final technical publications will be generated, fully documenting the methods used for the research, materials generated in presentation format and the conclusions reached.  The format of the reports should be such that it may serve as a process document for inclusion in departmental manuals addressing design with Type-H inlets.  
At the completion of Task 4, a Technical Memorandum detailing work completed will be sent to the  Project Director, with a copy to RTI.

Research Team Organization

The proposed research is complex and requires significant inter-institutional coordination.  Figure 3 is a diagram that displays the individual team members’ primary responsibilities.  Each component of the research has at least two team members to assure the component has redundancy and any unusual circumstances or delays will be mitigated by such redundancy
.  


[image: image10]
Figure 4.  Research Team Organization and Primary Duties of Each Team Member
IDENTIFICATION OF INFORMATION TECHNOLOGY (IT) TO TXDOT

We do not anticipate development of new computer programs as part of the deliverables for this project. 
ASSISTANCE OR INVOLVEMENT BY TxDOT

Minimal involvement of TxDOT personnel is anticipated to complete the proposed research.  This involvement will include confirmation of selected range of test variations for physical modeling to fully reflect field conditions.  Also, participation of TxDOT personnel twice for annual progress review meetings is anticipated.  

BUDGET SUMMARY

A summary of the annual budget for each institution is shown in Table 3 for the proposed three-year duration in order to complete the work plan of the project.  Both physical modeling and mathematical modeling require significant time and effort in order to develop results that are useful for TxDOT in quantifying the hydraulic performance of horizontal Type-H inlets.

Table 1. Summary of annual budget by institution and annual total costs to TxDOT.

	Institution
	FY2007
	FY2008
	FY2009

	Texas Tech University
	$165,221
	$143,520
	$114,550

$138,320

	University of Houston
	$23,770
	$23,770
	$23,770 

$0

	Project Totals
	$188,991
	$167,290
	$138,320


PROJECT DELIVERABLES
A summary of deliverables is presented in the Deliverables Table below.
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	RTI

Deliverables Table

Project No.  0-5823

	Form DelTable

(2/2006)

(GSD-EPC)

	Note: Deliverables on this Table are not considered received by TxDOT until submitted to RTI.

	Products:  Research Projects – Include a minimum of one product (e.g., specifications, guidelines, recommendations, design procedures, devices, or software resulting from the project) for implementation within TxDOT operations, delivered as either a stand-alone item, or within a report.
Implementation Projects – Minimum products will be as specified on the IPR.

	No.
	Stand-Alone

Product Description
	Due Date (normally due at or before project termination)
	Responsible

Party for Multi-Agency Agreement
	Comments

	
	 
	
	
	


	Reports:  Research Projects – Include a minimum of one Report, which documents completely the work performed, methods used, and results achieved, and one Project Summary Report of a maximum of four pages (approximately 1,200 to 1,800 words).  If the report will contain one or more of the products listed above, then state under comments which product (by product number) will be included in the report.

Implementation Projects – Minimum reports will be as specified on the IPR. 

	No.
	Report Description

(Succinctly describe intended contents of each report.)
	Due Date

(if no date shown, defaults to 60 days after project termination)
	Responsible

Party for Multi-Agency Agreement
	Comments

	R1
	Final Project Report
	
	Research Supervisor (TTU)
	

	PSR
	Project Summary Report (Summary of work performed, findings and conclusions.)
	
	Research Supervisor (TTU)
	

	Date Updated: March 1, 2005


 REFERENCES:

AASHTO Officials Select Committee on Highway Safety, “Highway Design and Operational Practices Related to Highway Safety, Second Edition.” Washington, D.C., 1974.  
Allen, J., “Scale Models in Hydraulic Engineering.” Longmans, Green and Co., New York, 1947.

Brater, E. F., H. W. King, J. E. Lindell, and C. Y. Wei,  “Handbook of Hydraulics, 7th Edition.”  McGraw-Hill Book Company, New York, 1996.

Federal Highway Administration, “Hydraulic Engineering Circular No. 22, Urban Drainage Design Manual,” Second Edition, FHWA, Washington, D.C., 2001.

Federal Highway Administration, “Hydraulic Design Series No. 4, Introduction to Highway Hydraulics,” FHWA, Washington, D.C., 2001.
Murphy, G., “Similitude in Engineering.” The Ronald Press Co., New York, 1950.

Pao, R.H., “Fluid Mechanics.” John Wiley & Sons, Inc., New York, 1961.

Robertson, J.M., “Hydrodynamics in Theory and Application.” Prentice-Hall, Inc., Englewood Cliffs, NJ, 1965.

Transportation Research Board, “Traffic-Safe and Hydraulically Efficient Drainage Practices,” NCHRP Synthesis of Highway Practice 3, TRC, Washington, D.C., 1969.  
Texas Department of Transportation, “Hydraulic Design Manual.” Austin, TX, 2004.

U.S. Army Corps of Engineers, “Proceedings from; Workshop to Assess Equipment and Facilities Needs for Hydraulics Research,” held at University of California, Davis, Jan. 3-4, 1991. 

U.S. Bureau of Reclamation, “Hydraulic Laboratory Techniques.” U.S. Department of the Interior, Denver, CO, 1980.






































































































































































































Ted Cleveland (UH)





John McEnery (TTU)





     


   John McEnery (TTU)





•





•





Literature Review, Interim


Reports, Deliverable Docs





•





•





Ted Cleveland (UH)





Sergey Smirnov (TTU) 





•





John McEnery (TTU)





Physical Modeling





•





Mathematical Modeling








� Modification 1 replaced Dr. John McEnery with Dr. Ken Rainwater as research supervisor.  Modification 2 (this modification) changes Dr. Ted Cleveland’s organization affiliation from University of Houston to Texas Tech University.


� FY 2009 University of Houston portion is transferred to Texas Tech.  
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