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1. Executive Summary

Our Client, Nestlé Purina, has requested the design and construction of a combustion air preheater system for their boiler system.  This preheater will provide increased efficiency of the boiler system and reduce energy costs.

The Purina Boiler Efficiency Team will design a system that will fit within the clients design requirements, along with our own team requirements.  The design of this system will be done mainly by mathematical modeling.  After the approval of the mathematical models, prototype models will be built.

All of this will be completed within the stated budget requirements and the stated schedule requirements.  This final design will meet or exceed all requirements stated in the design requirements section.

2. Design Requirements

The combustion air preheater design will be based on the following client requirements and internal team requirements.

Client design requirements:

1. The design will be have a maximum of 5-year payback due to fuel oil savings, and preferably a 3 year payback is optimal for acceptance.

2. Savings will be based on a gallon of fuel oil burned to lbm steam produced basis.

3. Mathematical modeling must be sufficient and meet client approval.

4. Project design must be practical in that it will be relatively low in cost to implement.

Team design requirements:

1. Meet all client design requirements

2. Provide timely updates on design progress to client.
3. Provide mathematical model to client for approval by February, 1 2003.
4. Design will be efficient in both implementation costs and performance.
5. Design will provide measurable improvements in performance.
6. Design will not necessitate the removal or upgrade of any existing equipment on the boiler systems.
3. Project Scope

The following project scope applies to the combustion air preheater design phase. The combustion air preheater will be designed and proven through three stages: Mathematical Modeling, Computer Aided Modeling, and Implementation.

3.1 Mathematical modeling:  

The design will be modeled using theoretical values for convection and conduction, and radiation of heat through the system. These values will determine the limiting factors of the design.  The mathematical model will be complete and to the client by January 21, 2003

3.2 CAD Model:

1. A CAD model of  the preheater design will be built to give a visual representation of the design.  

2. The CAD representation will be modeled after the client has accepted the mathematical model of the design. 

3. The CAD model will also be dictated by a number of factors including:

a. Client design requirements

b. Efficiency improvements

c. Project Cost 

d. Ease of Integration with the existing systems.

3.3 Implementation:

1. The implementation phase will be determined by the client’s satisfaction and acceptance of the design.

2. Implementation will be completed by Nestlé Purina according to the proposed design.

3. Upon implementation follow- up tests of the design will be completed by the Purina Boiler Efficiency Team at the client’s discretion.

The project scope will follow the schedule included in section 7 of the proposal.

4. Team Design Philosophy

1. All increments deliverables, as well as the final design, will be finished on time.

2. The project will be finished at or under budget

3. The client will be satisfied with the project as a whole.

4. Our team will operate with integrity and always put safety first.

5. Team Qualifications

All members of the design team have completed heat transfer, fluid mechanics, dynamics, statics, mechanics of materials, and materials science along with a number of other courses that provide the necessary technical background that will allow the team to be successful in the design of a combustion air preheater. 

The project will have a number of different focus areas that will be led by a team member with experience in that area.

Kofi Cobbinah will lead the heat transfer analysis portion of the design. 

Ryan Cook will lead the development of the CAD model. 

Matt Bishop will lead the fluid flow analysis portion of the design.

Carl Vance will lead the energy analysis and implementation estimate portions of the project.

6. Feasibility Issues

1. An analysis of our design will be conducted to verify positive interaction between our design and the existing system. The proposed design shall not interfere with the operating safety, reliability, or functionality of the existing system. The design will also provide consideration for maintenance of the system.

2. The proposed design shall be implemented as determined by Nestle Purina.

7. Project Milestones

The combustion air preheater will be designed in the following stages and completed according to the following dates:

1. Mathematical Model  will be submitted to client on January 21, 2003 for 

      approval.  The mathematical model will demonstrate the feasibility of the design   

      from a theoretical basis in order to warrant the development of a CAD model

2. Final CAD model of design will be provided to client on March 6, 2003 for    

      approval.  The CAD model will use computer software to demonstrate the design  

      visually.

3. Final design will be submitted to the client on April 20, 2003 and will include an 

      implementation estimate, bill of materials, and results from the Mathematical  

      model and CAD model.

4. Final presentation will be delivered on April 25, 2003. The team will present the 

design to an open audience at the Northern Arizona University campus. The client is encouraged to attend the presentation. Exact location and time will be provided at a future date.

5. Final report will be delivered to the client on April 30, 2003 and will provide the 

      client with detailed documentation of the design to use during implementation or 


to keep on record.

8. Funding Request

We propose that our client reimburse the design team for the cost of photocopying, prototyping, and publication costs.

We estimate the cost to be:

Photocopying ------------$100

Prototyping -------------- $200

Publication cost ---------$200

      Total ----------------------$500

Northern Arizona University will provide any phone, fax, or computer services required. All man hours are free to the client and will be in the range of 600 hours for the spring semester.

Design team will provide client with timely expense reports detailing any expenses and including receipts. Reimbursement will be provided by the client in a timely manner.
9. State of the Art Research and Design Selection

Research has revealed a number of designs that have been proven in industry and will serve as a basis for our design. The following information is directly applicable to the preheater design project:
1. As a general rule, boiler efficiency increases by 1% for every 40 degree Fahrenheit increase in incoming combustion air.1,2
2. A boiler energy balance revealed that the most energy is wasted in the exhaust gases.5
3. We found 3 different combustion air pre- heater designs that were relevant to our design project.7,10
a. A runaround system uses a liquid to transfer heat from the exhaust gases to the incoming air, much like a radiator.

b. A gas- to- gas plate heat exchanger runs exhaust gases over the plates to heat them up.  The incoming air flows on the other side of the plates and heats up.

c. A concentric duct design encircles the exhaust stack.  The incoming combustion air is drawn in around the stack and heats up before entering the boiler.  

Design selection will be determined by the before mentioned feasibility issues that include implementation costs, limiting interference with the existing system, and efficiency increase to the boiler.

From preliminary analysis of the three industry standard designs of a concentric duct, gas-to-gas heat exchanger, and the runaround design, it was found that all three have there good and bad points.  The runaround design and gas to gas heat exchanger will have a smaller overall dimension and provide high efficiency, but will have a much higher implementation cost. A concentric duct design will necessitate a larger overall dimension, but will provide high efficiency, low implementation costs and minimal impact on the existing systems.
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