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1. ABSTRACT: 

 
To solve complex problems of petroleum engineering a multiphysics approach with modern computer 

simulations is necessary, yet most students find such computer skills challenging. To modernize 

petroleum engineering curriculum to enhance students learning, COMSOL Multiphysics is proposed as 

an asset for educational development in petroleum engineering. This software has several advantages 

and applications: First, in contrast to the black-box approach in many industry packages, this software 

provides an environment to follow the theoretical background of problem. Second, the software is 

advanced yet user-friendly. It provides applicable working examples to undergraduate students, graduate 

students and teaching assistants to conduct quality projects in a timely manner. Third, this is a 

Multiphysics software meaning that it provides the tools to integrate several physics such as fluid 

dynamics, heat transfer, chemical reaction, etc. Usually, all these different components are covered in 

different courses in the undergraduate level. To improve the integration of disciplines required for 

current industry environment, this software can be very helpful and it can be used in variety of courses. 

In particular, there are solid plans to implement this software for petrophysics, computer applications, 

well control, well completion and reservoir engineering and simulation courses. Forth, COMSOL “app”, 

“brings simulation to everyone”, meaning that the “app” design is so exiting and interactive that it can 

attract a large body of students traditionally less interested in computer simulations.  

 

2. PURPOSE OF GRANT:   

 
Funding this proposal to purchase COMSOL Multiphysics software not only improves the quality of 

petroleum engineering program but also “connects” the petroleum engineering, for example, to 

computer science and engineering, geoscience, other engineering disciplines throughout the University. 

The purpose of this grant is two folds: one is to “advance the integrated approach to solve complex 

problems using the Multiphysics nature of COMSOL”, and the second is “to make learning environment 

of computer knowledge interactive, integrated, exciting, meaningful and useful by applying this user-

friendly and transparent software and its apps to solve the real world industrial problems”. These apps 

can produce visual videos that can facilitate student learning. We believe that the addition of this tool to 

our educational package would favorably leverage the skill of our graduates in the job market and in 



their future career development. Equipped with this type of knowledge and skill, our engineers would be 

able to satisfy the demands of their employers on the spot.  

 

The need for advanced computer skills is essential for many current energy work environments. Indeed, 

such qualification would be even more necessary in the future. Moreover, the energy industry is facing 

many complex problems. We are continuously advised by industry experts that the key to solve such 

pressing industry problems, the future job market and the success of problem solving-on-the-spot is part 

and parcel of the integrated approach meaning that the multiphysics nature of such complex problems 

should be emphasized. For instance, oil and gas industry recently established a major conference called 

“Unconventional Resources Technology Conference or URTeC” organized by Society of Petroleum 

Engineers (SPE), Society of Exploration Geophysicists (SEG), and American Association of Petroleum 

Geologists (AAPG) and the theme of this major energy conference was “Integration” of all earth 

sciences and engineering. In short, in petroleum engineering department, we do not have any software 

license which could connect us to other engineering disciplines. Should this software become available 

to us, it would be the first in the history of petroleum engineering department at UL Lafayette that 

connects petroleum engineering to the university community and public at large.  

 

 

3. IMPACT TO STUDENT BODY AS A WHOLE 

 
If this grant is awarded, it can be helpful to almost any engineering and science discipline. This software 

has variety of modules that can be useful in simulating different problems and more importantly to 

integrated different physics. We are requesting the following modules to address the integrated and 

multi-disciplinary approach: AC/DC, Heat Transfer, Structural Mechanics, Nonlinear Structural 

Materials, Geomechanics, Acoustics, Computational Fluid Dynamics (CFD), Subsurface Flow of Fluids, 

Pipe Flow, and Electrochemistry. 

 

We are requesting the Class Kit License which can be installed on 30 computers in the petroleum 

engineering computer laboratory. 30 students or instructors can use the software concurrently. By 

installing the class kit license on a windows computer, the user will automatically have access to 

Application Builder (AB) to build apps. If students want to run apps, they can physically sit in front of a 

computer with the class kit license or they can remotely log into a particular computer from home with 

appropriate university approval. In particular, petroleum engineering department with more than 800 

students will benefit from this grant. For instance, the following courses will be immediately improved 

by this grant: “petrophysics and well logging” course with more than 140 students, production 

engineering course with more than 100 students, and computer applications course with about 20 

students by Dr. Mokhtari.  

 

Once, the students have access to COMSOL in classrooms the use of the software will be required as 

part of the students training. Moreover, COMSOL can be added to the educational curriculum of 

“petrophysics” and “computer applications” courses taught by Dr. Mokhtari to teach the emerging 

technology of digital rock physics. Using CT scanning or Scanning Electron Microscopy techniques, the 

digital image of rock samples can be obtained and processed. Then, the digitized images can be used to 

simulate rock properties such as permeability and porosity. This example provides a good insight to 

students about the fluid flow in porous media and how a computer simulation or an app can help us in 

the characterization of rocks and how this knowledge can help in decision making toward enhanced 



production of Louisiana or US natural resources. Moreover, the “app” design can be used for every class 

in petroleum engineering.  

     

Finally, it is possible to offer multi-disciplinary courses by several professors in petroleum engineering, 

geology, chemical engineering, electrical engineering, civil engineering, geology, etc. There is a deep 

interest for such multi-disciplinary course and this grant facilitates such team effort.  

  

4. PROJECTED LIFETIME OF ENHANCEMENT 
 

The software is perpetual, however, the updates will not be applied this way. Therefore, updating the 

software after 5 years is recommended.   

 

5. PERSON RESPONSIBLE FOR IMPLEMENTATION, INSTALLATION, 

MAINTENANCE, OPERATION AND TRAINING (WITH 

QUALIFICATIONS) 

 
Dr. Mehdi Mokhtari takes the responsibility to implement, install, maintain, operate and train the 

students with COMSOL. He has worked with this software in the past 7 years and has published several 

papers using this software. He has also developed several examples about the application of this 

software in teaching petroleum engineering problems. In Fall 2015 and Spring 2016, a half-day 

COMSOL complimentary training were held at UL Lafayette campus and this event will be organized 

each semester with the support of COMSOL. Dr. Mokhtari will conduct the training sessions as well as 

organizing training events offered by COMSOL. He will provide the platform for the benefit of all the 

faculty in petroleum engineering department, college of engineering and sciences.      

 

6. DISCUSS ALL PREVIOUS FUNDED STEP PROJECTS: 

 
There is no previous STEP project.  

 

 

 

ONE ELECTRONIC COPY (Microsoft Word or Adobe PDF) OF 

PROPOSAL SHOULD BE EMAILED TO 

stepproposal@louisiana.edu 

BY DEADLINE DATE. 

 

 

For additional submission instructions and deadlines, 

please visit http://cio.louisiana.edu/step-process 
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NO HARD COPY SUBMISSIONS WILL BE 

ACCEPTED! 
 

 

Budget Proposal 
 

 

1. Equipment    0$ 

 

 
 

2. Software (Modules: AC/DC, Heat Transfer, Structural Mechanics, Nonlinear 

Structural Mechanics, Geomechanics, Acoustic, CFD, Subsurface Flow, Electrochemistry, Pipe 

Flow): $16,450.00 

 
 

3. Supplies  0$ 

 

 
 

4. Maintenance  0$ 

 

 
 

5. Personnel  0$ 

 

 
 

6. Other   0$ 

 

 
 

 

TOTAL:   $16,450.00 

 

Please see the price list of all the modules in the attachment to this proposal.   

 

 

 

 

 

 

 



 

 

 
 



 

 

 

 


