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Instructor: Dr. Menwer Attarakih
Building 15
E-mail address: attarakih@yahoo.com
Short course description:
Synthesis and analysis of chemical processes, development of a conceptual design: batch versus continuous processes; flow configuration; structure of flowsheet; computer-aided flowsheeitng; separation and heat exchanger networks; computer applications.
Course Objectives:
The objective of the design sequence is to teach the students the open-ended methodology with which they can synthesize and design a feasible chemical processes which includes:

1. To emphasize the common sense engineering by showing the students real equipment and processes at work through arranging of  plant visits by dividing the class into groups to perform equipment design relating to plant physical models. The students are introduced to heuristics, such as physical limits of equipment, sensible and logical design parameters.
2.  To emphasize the use of most modern computer tools commonly used in today’s industry such as ChemCAD,  ASPEN PLUSE, ChemSep and CAPE-OPEN tools. 
3. To teach the students how to perform design of individual equipment such as exchangers, columns, knockout drums surge tanks many of which are commonly used in chemical processes but usually not covered in design text books using rules of thumbs as well as available computer modules. 
4. To encourage the students to review and use the basic principles of plant design economics covered in details in the plant design course. 
5. The students are given the challenge to perform a plant design case study in a group project in which they not only learn the design methodology, but also how an industrial project is executed. They also learn to work as a team and to effectively communicate in a tightly integrated team environment.
Course contents:
	Subject
	Lectures 
	Note

	Topic 1: Review of chemical process diagrams:  

· Block flow, Process flow and piping & instrumentation diagrams.
	(6 lectures)
	

	Topic 2: Synthesis and analysis of chemical processes: 

· A simple case study: the hydrodealkylation of toluene (HDA).

· Written process description.
· Batch versus continuous processes
	(6 lectures)
	

	Topic 3: Flow sheeting: 
· Computer-aided flow sheeting: information flow diagrams, decomposition of chemical process flow sheet, tearing of recycle streams, structural analysis of   system of
·  algebraic equations and the split fraction method for steady state material balances.

	(6 lectures)
	

	Topic 4: Structure of chemical process flow diagram: 

· The input-output structure of flow diagram.

· The generic block flow diagram.

· Categorizing equipment into generic function blocks.


	(2 lectures)
	

	     First exam 
	
	

	Topic 5: Tracing chemicals through the process flow diagram: 

· Guidelines for tracing chemicals.

· Primary paths taken by chemicals.

· Recycle and bypass streams.

· Tracing non-reacting chemicals.


	(2 lectures)
	

	Topic 6: Utilizing Heuristics to confirm the suitability of process design: 

· Introduction to technical heuristics and short-cut methods.

· Tables of technical heuristics and guidelines.


	(7 lectures)
	

	Topic 7: Tools for evaluating system performance: 

· Key relationships.

· Thinking with equations: GENI.

· Graphical representations: Moody & T-Q diagrams.


	(3 lectures)
	

	Second exam
	
	

	Topic 8: Performance curves for individual and multiple unit operations: (4 lectures)
· Application to heat transfer, fluid flow and separation problems.


	
	

	Topic 8: Introduction to sequencing of separation processes: 
· Sequencing of simple distillation columns.

· Distillation sequencing using columns of more than two products.

· Distillation sequencing using thermal coupling


	(6 lectures)
	

	Topic 9: Introduction to heat-exchanger networks: 

· Minimizing utilities in heat integration using the TI and LP methods.

· Stream matching at minimum utilities (the pinch design method).

· Heat integration of distillation columns. 


	(8 lectures)
	

	Final exam
	
	


Learning Outcomes 

1. Knowledge and understanding
a-  Ability to synthesize a process plant using the onion diagram concept, to produce PFD and material and energy balances of a process using modern flowsheeting techniques, to use short-cut methods to preliminary size major chemical equipment appearing in specific PFDs, to carry out process heat integration network, to use heuristic rules to perform separation trains sequencing and   to assess alternate investment plans. 

2. Intellectual skills
a- Ability to apply knowledge of mathematics and science, chemical or biochemical sciences in chemical engineering design problems in an integrated manner.
b- Ability to use the techniques, skills, and modern engineering tools necessary for chemical engineering practice.
c- Ability to design a system, component, or process to meet desired needs (product specifications, social needs and environmental constraints)

3. Subject specific skills

a. The design course requires the integration of problem solving skills that have been learned throughout the undergraduate curriculum. Students must apply chemical engineering principles, knowledge of chemical and biochemical sciences, and economic analysis to the creative design of equipment and processes under a variety of design constraints.
4. Transferable skills

a. Ability to communicate effectively including both oral and written communication. Students obtain extensive experience in writing design reports and in communicating with each other and with the instructor about their design projects.

b. An understanding of professional and ethical responsibility. Both the class structure of deadlines and project management and the format requirements of the design report require a professional approach. Issues of plagiarism and cheating are addressed as ethical standards for student performance in the design process on the workplace. 
c. Ability to function on teams with development of skills necessary for multidisciplinary teams. Students work in teams on their design projects and in the preparation of their reports.
Teaching methods:
 Lectures
      Most of the material will be covered using oral presentations without 
projectors or data shows because the lecture rooms are not equipped 
presently with such devices. 

 Tutorial

Most of the solution procedures for the assignments will be introduced in 
the lecture rooms.  

 Case Study

      Due to the nature of the process design course, case studies are vital and hence a detailed case study (HAD process) is presented, developed and solved in parallel to the course. 

 Assignments, reports, and projects

      Various types of assignments are given with increasing levels of difficulties including most of the important areas in chemical engineering to encourage students to strengthen their background in these areas.

Grading policy

Exams



First exam




20 %



Second exam




20%



Final exam

                        
50%



Design project:                                                10% plus 20% bonus

Design project:                                        


15%

Presentations and open discussion:
     


5%

Text Book

Douglas, J. M. (1988). Conceptual process design of chemical processes, McGraw-Hill Book Co., New York.
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5- Smith, R. (1995). Chemical process design, McGraw-Hill, New York.
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