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TO: The Faculty of the College of Engineering
FROM: The Faculty of Agricultural and Biological Engineering
RE: New Course ABE 30700

The faculty of the Department of Agricultural and Biological Engineering has approved the
following new course. This action is now submitted to the Engineering Faculty with a
recommendation for approval.

ABE 30700 Momentum Transfer in Food and Biological Systems
Sem. 1, Class 3. Lab 0. Cr. 3.
Requisites, Restrictions, and Attributes: ABE 20200, MA 26500, MA 26600

Description: Fluid statics, Newton’s law of viscosity, shell momentum balances, equations of
continuity and motion, one dimensional flow problems, flow through porous media, velocity
distributions with more than one independent variables, two dimensional flow through a channel,
stream function, velocity potential, dimensional analysis, boundary layer, turbulent flow,
Reynolds stress, form and skin friction, application of macroscopic momentum and mechanical
energy balances to engineering problems.

Typically offered Fall. 3 credit hours. Prerequisite: ABE 20200, MA 26500, MA 26600
Reason: This course replaces CHE 37700 in the Biological Engineering plan of study. Development
of anew laboratory course that complements this and two other courses along with increases in the

number of students in the Biological Engineering program made it desirable for the Department
faculty to teach the subject.
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Bernard A. Engel, Professor and Head
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(COURSE DESCRIPTION (INCLUDE REQUISITES/RESTRICTIONS):

Fluid statics, Newton's law of viscosity, shell momentum balances, equations of continuity and motion;, one dimensional flow problems, flow
through porous media, velocity distributions with'more than one Independent variables, two dimensional flow through a channel, stream
- function, velocity potentlal, dimensional analysis, boundary layer, turbulent flow, Reynolds stress, form and skin frictlon, application of
macroscoplc momentum and mechanical energy balances to engineering problems.
Typlcally offered Fall, 3 credit hours, Prerequisite:'ABE 20200, MA 26500, MA 26600
*COURSE LEARNING QUTCOMES

Know the principles of fluid statics.

Know the principles of dimenslonal analysis for analysls of flow problems.

Know the characteristics and analysis of the flow of foad and biological fluids.

Galn an understanding the princlples of turbulent flow.

Knaw how to apply macrascopic mass and mamentum balances to flow problems in food and biologlcal systems.
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COURSE DESCRIPTION {INCLUDE REQUISITES/RESTRICTIONS):

Fluid statics, Newton’s law of viscosity, shell momentum balances, equations of continuity and motion, one dimensional flow problems, flow
through porous media, velocity distributions with more than one independent variables, two dimensional flow through a channel, stream
function, velocity potential, dimensional analysis, boundary layer, turbulent flow, Reynolds stress, form and skin friction, application of
macroscopic momentum and mechanical energy balances to engineering problems.

Typically offered Fall. 3 credit hours, Prerequisite: ABE 20200, MA 26500, MA 26600

*COURSE LEARNING QUTCOMES

Know the principles of fluid statics.

Know the principles of dimensional analysis for analysis of flow problems.

Know the characteristics and analysis of the flow of food and biological fluids.

Gain an understanding the principles of turbulent flow.

Know how to apply macroscopic mass and momentum balances to flow problems in food and biological systems.
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ABE 30700 Momentum Transfer in Food and Biological Systems

COURSE CONTACT INFORMATION:

Name: Ganesan Narsimhan

Phone Number: (765)494-1199

E-mail Address: narsimha@purdue.edu
Campus Address: NLSN 2247

COLLEGE LEARNING OUTCOMES ADDRESSED BY THIS COURSE

X

Professional Preparation: Demonstrate proficiency in their chosen discipline that
incorporates knowledge skills, technology, and professional conduct.

Scientific Principles: Demonstrate use of the scientific method to identify problems,
formulate and test hypotheses, conduct experiments and analyze data, and derive
conclusions.

Critical Thinking: Demonstrate critical thinking by using data and reasoning to
develop sound responses to complex problems.

Communication: Demonstrate the ability to write and speak with effectiveness while
considering audience and purpose.

Teamwork: Demonstrate the ability to work effectively as part of a problem-solving
team.

Cultural Understanding: Demonstrate knowledge of a range of cultures and an
understanding of human values and points of view of other than their own.

Social Science Principles: Demonstrate ability to apply social, economic, political,
and environmental principles to living in a global community.

Civic Responsibility: Demonstrate awareness of civic responsibility to community
and society at large.

Lifelong Learning: Demonstrate skills necessary for lifelong learning.

DEPARTMENTAL/PROGRAM LEARNING OUTCOMES ADDRESSED BY THIS COURSE

X

an ability to apply knowledge of mathematics, science, and engineering
ability to design and conduct experiments, as well as to analyze and interpret data.

an ability to design a system, component, or process to meet desired needs within
realistic constraints such as economic, environmental, social, political, ethical, health
and safety, manufacturability, and sustainability

an ability to function on multidisciplinary teams i

an ability to identify, formulate, and solve engineering problems

an understanding of professional and ethical responsibility

an ability to communicate effectively
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the broad education necessary to understand the impact of engineering solutions in a
global, economic, environmental, and societal context

a recognition of the need for, and an ability to engage in life-long learning

a knowledge of contemporary issues

an ability to use the techniques, skills, and modern engineering tools necessary for
engineering practice

Course outline of Topics/Syllabus

Course Learning Objectives:

Successful completion of the course will enable the students to:

L.

2
3.
4.
5

Know the principles of fluid statics.

Know the principles of dimensional analysis for analysis of flow problems.
Know the characteristics and analysis of the flow of food and biological fluids.
Gain an understanding the principles of turbulent flow.

Know how to apply macroscopic mass and momentum balances to flow problems in
food and biological systems.

Course Topics/Practices:

1. Fluid statics

2. Shell momentum balances

3. Design equations for pipe flow

4. Equation of continuity and motion

5. Velocity profile for one dimensional flow problems

6. Velocity profile for unsteady state and two dimensional flow problems

7. Dimensionless analysis

8. Turbulent flow

9. Boundary layer

10. Form and skin friction

11. Macroscopic balances for flow problems

Reading List/Textbook

Transport Phenomena 2nd edition, by R.B. Bird, W.E. Stewart and E.N. Lightfoot, (John Wiley
and Sons).

Library Resources

Introduction to Fluid Mechanics, by Whitaker (Prentice Hall)
Transport Phenomena in Biological Systems, 2nd edition, by G.A. Trukskey, F. Yuan, and D.F.

Katz, (Pearson Prentice Hall)
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Example syllabus

ABE 30700 Momentum Transfer in Food and Biological Systems

Textbook and/or other recommended material

Transport Phenomena 2nd edition, by R.B. Bird, W.E. Stewart and E.N. Lightfoot, (John Wiley
and Sons).

Course Learning Objectives:

Successful completion of the course will enable the students to:

Know the principles of fluid statics.

Know the principles of dimensional analysis for analysis of flow problems.
Know the characteristics and analysis of the flow of food and biological fluids.
Gain an understanding the principles of turbulent flow.

RO .

Know how to apply macroscopic mass and momentum balances to flow problems in
food and biological systems.

Grading Procedure:

Grading: Homeworks 45%
Quiz 5%
Exams 50%

Tentative scale for grades is as follows:

>97.5% A+

92.5-97.5% A

90-92.5% A-

87.5-90% B+
82.5-87.5% B
80-82.5% B-
77.5-80% C+
72.5-775% C
70-72.5% C-
67.5-70% D+
62.5-67.5% D
60-62.5% D-
<60% F
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Weekly Syllabus for Lecture

Dates
Week 1
Week 2
Week 2
Week 3
Week 3

Weeks 4,5

Week 5

Week 6

Weeks 7,8

Weeks 8, 9

Week 9
Weeks 9,10

Topic
Fluid statics
Manometers, buoyancy forces
Newtons Law of Viscosity
Convective momentum transport
Shell Momentum Balances
Shell Momentum Balances

Flow through falling film, tube and
other examples

Divergence Theorem
Reynolds Transport Theorem
Equation of continuity
Equation of motion

One dimensional flow problems
using equation of continuity- flow
through pipes, couette flow,
sedimentation of a sphere

Exam [

One dimensional flow problems
using equation of continuity,
lubrication flow, pulsating flow
through an tube, viscosity of
suspensions, Darcy’s law for flow
through porous media

Dimensional analysis

Velocity distribution with more than
one independent variable

Unsteady flow near a moving plate,
unsteady flow through a pipe, flow
past a plate-boundary layer

Exam II

March 26, 2013
Page 4 of 5

Reading Assignment

2.1,22W
24,277TW
1.1,1.2 BSL
1.7 BSL
2.1 BSL
22,23 BSL

3334 W

3.1,3.2BSL

3.6 BSL

3.6 BSL
52,83 TYK

3.7 BSL
4.1 BSL



Week 11

Weeks 11,12
Week 13

Week 14
Weeks 14,15

Week 16
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Stream function and velocity 4.2,43 BSL
potential
Velocity profile in a boundary layer 4.4 BSL
Turbulent flow, Reynolds stress 5BSL
6W
Form and skin friction 6 BSL
Macroscopic balances- frictional 7 BSL

losses for pipeflow, flow of a liquid
through an orifice, sudden
expansion, liquid ejector pump

Constitutive equation for Non-
Newtonian fluids

Review



