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Bulletin Data:
CHE 495 Integrated Design Course (1-6-3) Development of general engineering skills and judgment needed in the solution of open-ended problems from a technical-economic viewpoint are the major goals of this course. Each project will be designed from conception to implementation including preliminary feasibility study, preparation of process flow diagram, process design, 
pre-construction cost estimate, equipment sizing (design), selection of materials of construction, and analysis of project. Applications will be in areas such as petroleum, petrochemical, emerging chemical industries and water desalination.  Design topics will be assigned to groups of students.

Design Problem
This year problem is to design a 250,000 m3/day desalination plant. This process includes many main chemical engineering equipment such as de-aerators, heat exchangers, flash drums (single stage distillation), pumps, tanks, etc. The problem is a one with tangible implications and of local significance. It is good for one semester design project. Water is usually desalinated using electrodialysis, reverse osmosis (RO), or multi stage flash (MSF). MSF results in a superior quality of the products, but requires substantial capital investment. For economic reasons, MSF plants are usually coupled with electricity generation plants. 


This problem is developed locally. Dr. N. AL-Baghli has recommended the initial idea. The course instructors, Drs. Al-Baghli, A. I. Fatehi and H. D Zughbi have contributed to the development of the problem statement. Staff members of Al-Khobar desalination plant, Drs. F. Butt and S. Rahman have also contributed to the work. The Chairman of the department, Dr. M. B. Amin, provided support to the project.
Prerequisite:
 CHE 425

Textbook:
Handouts are distributed to students. These include

(a) A general statement of problem

(b) Tasks, dates, a program of progress and final reports and dates.


(b) List of relevant references

(c) Other material as needed

References:
Journals:


1.
Chemical Engineering Progress

2. Chemical Engineering

3. Hydrocarbon Processing

Encyclopedias:

1. Kirk-Othmer Encyclopedia of Chemical Technology (1991)

2. Encyclopedia of Chemical Processing and Design (McKetta and Cunningham, 1976).

3. Ullman’s Encyclopedia of Industrial Chemistry

4. McGraw-Hill Encyclopedia of Science and Technology, 1987.

5. Van Nostrand Scientific Encyclopedia (Considine, 1988)

6. Encyclopedia of Fluid Mechanics (Cherminisoff, 1986).

7. Encyclopedia of Material Science and Engineering, (Bever, 1986).

Handbooks and Reference Books:

1. Perry’s Chemical Engineer’s Handbook

2. Handbook of Physics and Chemistry, Pub. By CRC

3. JANAF Thermochemical Tables (Chase, 1985)

4. Unit Operations Handbook )Mcketta, 1993).

5. Hand book of Heat Exchnagers Design, CRC Press (Spalding and Taborek)

6. Plant Design and Economics for Chemical Engineers (4th edition) by M. S .Peters and K. D.  Timmerhaus, McGraw-Hill, 1991.

7. Applied Process Design for Chemical and Petroleum Plants (2nd edition)  by Ernest E. Ludwig,  1983, Gulf Publishing Company, Book Div., vols1, 2 &3

8. Chemical Engineering by Coulson & Richardson, Pergamon Press, 1975, 2nd, edition.

9. Process Heat Transfer by D. Q. Kern, Int. Edition(1965), McGraw-Hill.

10. Equilibrium Staged Separations by Philip C. Wankat, Prentice-Hall, Englewood Cliffs, NJ 1988.

11. Elements of Chemical Reaction Engineering by H. Scott Fogler, 2nd edition, Prentice-Hall International Inc., 1992.

12. Reaction Kinetics for Chemical Engineers by Stanley M. Walas, McGraw-Hill, NY, 1959.

13. Preliminary Chemical Engineering Plant Design (2nd edition) by William D. Bassel.

14. Equipment Design Handbook for Refineries and Chemical Plants (2nd edition), Frank L. Evans, Jr., Vols. 1 & 2, Gulf Publishing Company, Book Div., 1980.

15. Engineering Data Book, by the Gas Processors Suppliers Association, Tulsa, Oklahoma, 9th Edition, 1977.

Guidelines

Formation of groups: Self formed groups are found to be most cooperative and productive. Self formation of groups will help minimize differences and problems among members. A contact person/coordinator for each group should be appointed mainly for ease of contact and communication. Every student should provide his instructor with an email address.

Allocation of tasks: The students are encouraged to work as a team; however, clear separate tasks are assigned to each member of each group. Each student should submit a separate report on literature review and another one on his part of the Equipment design. Also, each student will have a clear topic for his presentation. Each team should submit one report on Mass and Energy balances and one Final report.

Report format: A common report format must be followed by all students. The report format is included in this hand out. 

Deadlines: Deadlines for progress reports and final presentation are set out in this handout and will be announced during the first meeting with students. Deadlines should be strictly followed. 

Assessment:    Student progress is assessed through regular meetings, reports and an oral presentation. The oral presentation will be attended by a minimum of one faculty who teaches the course besides the instructor. The final presentation grade should be divided equally between the two faculty members. The oral presentation will improve the students presentation skills and will allow better assignment of grades.

Grading: 

Attendance, participation and activity



5%

Progress reports (details later)




40%

First oral presentation (following second report)


10%

Final report 







25%

Final oral presentation





20%

_________________  



                      _______  

Total








100%

Award Program: There are two major prizes for the best design projects:

1. The local AIChE section design awards. Three awards (first 1500 SR) second (1000SR) and third (500 SR). These prizes are exclusively for KFUPM students

2. SABIC design awards: These are for the best design projects Kingdom wide. First prize 20,000 SR, second prize 15,000 SR and third prize 10,000 SR.

These awards should serve as an incentive for students to do their best not only for their financial values but also for the recognition and prestige associated with them.

IMPORTANT Deadlines:

Report #              Type                  Subject


          Due Date


First
 
Individual     
 Literature Review

Wed. October 1, 2003

Second 
Group 
 Mass & Energy Balances
Wed. October 29, 2003


First oral
Individual




First week of Nov., 2003
presentation
Third

Individual
 Equipment Design               Wed. December 17, 2003

Final
  
Group

comprehensive

Wed. December 31, 2003

Oral 

individual




June 3-7, 2004
Presentations 

First report on Literature Review: Due Wed. October 1, 2003
This should be done individually and handed in by everybody. It should include:

i. A two page summary of the project (to be refined and updated at a later stage). This is mainly a summary of the problem statement that shows a good understanding of the task at hand.

ii. Information about desalination processes. This information can be obtained from some of the handouts, references mentioned in this hand out as well as the web.

iii. Information about molecular weights and boiling points of all components in the feed and products, water and water with dissolved solids. This information will help us later on in discussing boiling points in various stages. This information can possibly be obtained from Perry, HYSYS database, using thermodynamic correlations or other reference books.

iv. An initial block diagram. There is one given in the problem statement.

v. Literature review on desalination.
This progress report should be handed in INDIVIDUALLY, i.e. every student should work INDEPENDENTLY.

Second Report on Mass and Energy Balances: 

Due Wed. October 29, 2003

This should be done as TEAM work and one report should be handed in by each group. The report should cover overall mass and energy balances (mass flow rates, enthalpies, and temperatures) of all streams. Hand calculations as well as HYSYS should be used.


STATE CLEARLY ALL ASSUMPTIONS THAT YOU NEED TO MAKE. 

Third Report on Equipment Design: Due Wed. October 29, 2003

This is an individual report that includes the specific equipment design assigned to each student. This report should include detailed calculations of the equipment size, design details, material of construction, cost, etc.

Final Comprehensive Report: Due Wed. December 17, 2003

This is a comprehensive report of all that has been done in the design project. The report should include an abstract, introduction, literature review, mass and energy balances, detailed equipment design for the whole plant, an overall economical analysis, conclusions and recommendations. The cost analysis should act as a quick guide regarding the feasibility of this whole project. Some optimization may be included – i.e. how does the cost of production of water vary with (i) number of stages and (ii) operating parameters?

Oral Presentations: Nov. 1-5, 2003 and January 3-7, 2004
The instructors will assign well defined tasks and topics that each student will be include in his first and final oral presentations. Each student will be given 20 to 30 minutes and each group will present its design independently of the other groups. Oral presentations will be conducted during the period of November 1-4, 2003 and January 3-7, 2004. ALL the course instructors will attend all the presentations.
FINAL REPORT FORMAT

The format of the final report should be as follows:

1. Title Page

2. Table of Contents

3. Executive Summary Two page maximum condensation of the report

4. Introduction

5. Literature Review

6. Mass and Energy Balances

7. Detailed Equipment and Plant Design

8. Sensitivity Analysis +

9. Economic Analysis
10. Conclusions and Recommendations

Note: For consistency, clarity and understandability, all reports must be done in SI units.
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