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BPE 335: Transport Phenomena


DEPARTMENT OF PAPER AND BIOPROCESS ENGINEERING

Spring 2009
Lecture: MW 5:00 – 6:20 pm
	Instructor: 
Dr. Shijie Liu

Office: 
Walters Hall 302
Phone: 
470-6885
E-mail: 
sliu@esf.edu

	TA:
Alan Shupe
Office: 
Walters Hall 410
Phone: 

E-mail: 
amshupe@syr.edu



	Course Description:

This course will cover both first-principles and empirical modeling of heat and mass transfer analyses. The course covers Fourier’s law; conductive, convective and radiation heat transfer; heat transfer coefficient; heat exchanger calculations; molecular diffusion (Fick’s law), convective mass transfer, mass transfer coefficient, interface mass transfer and mass transfer operations.
The analyses of heat and mass transfer operations frequently require solution of non-linear algebraic and differential equations. The ability to use numerical methods to solve such equations is essential in this course. For most cases, Excel spreadsheet will be sufficient for the course.

Course Objectives:

Upon completion of this course, each student will be able to perform the following:

(to identify the causes of heat transfer,

(to perform heat transfer analysis based on heat transfer coefficient,

(to know heat transfer efficiency,

(to identify the cause of mass transfer,

(to perform fundamental mass transfer analysis,

(to perform mass transfer analysis based on mass transfer coefficient,

(to design mass transfer towers.



	Pre-requisites: PSE 371 ==> Fluid Mechanics


	Recommended Text / Course Material:

C. J. Geankoplis: Transport Processes and Unit Operations, 4rd Ed.
Other References:

J.P. Holman: Heat Transfer, 9th Ed.
E.L. Cussler, Diffusion, Mass Transfer in Fluid Systems, 2nd Ed.

R.E. Trebal: Mass Transfer Operations 

Perry and Green: Perry's Chemical Engineers Handbook


	


Pre-requisite Materials
Mathematics:

Linear and non-linear algebraic equations, Quadratic Equations

Differentiation, Integration

Solution of Differential Equations: separation of variables and integration

Numerical Integration: Trapezoidal Rule, Simpson’s Rule

Physics:

Electrical resistance, current, potential

Forces, balance

Light, reflection, scatter

Chemistry:

Stoichiometry: mole and mass balance

Chemical reactions

Thermodynamics:

Ideal Gas law

Henry’s Law: concentration relation between gas and liquid, gas and solid, liquid and liquid, and so on

First law of Thermodynamics: general energy balance equations for open and closed systems

Enthalpy, Free Energy, Chemical Potential, Entropy

Partial pressure, total pressure, Dalton’s law, mole fraction, density
Mass and Energy Balance:

Control volume, Key component, material balance

First Law of Thermodynamics: Energy Balance
Concentration, humidity

Fluid Mechanics:

Reynolds number

Laminar Flow, Turbulent flow

Friction factor, pressure drop

Navier-Stokes Equation

Course Content

Module #1: Review of Mass and Energy Balances and Modes of Heat Transfer

• Material balances: Conservation of mass, with and without chemical reactions
• Energy balance: First law of thermodynamics, with and without chemical reactions

• Modes of heat transfer: Conduction, convection/interface contact transfer, radiation

Module #2: Steady Conduction

• Fourier’s Law

• Thermal conductivity in gases, liquids and solids

• 1-D conduction

• Thermal resistances, networks

• Convective heat transfer and overall heat transfer coefficient

Module #3: Forced and Free Convection

• Dimensionless numbers

• Fluid flows inside a pipe

• Cause of natural convection

• Correlations for different geometries

Module #4: Heat Exchanger Design

• Types of Heat Exchangers

• Log Mean temperature difference correction factor

• Heat Exchanger Effectiveness

• Fouling Factors and Typical Overall U Values

Module #5: Radiation

• Blackbody radiation, Stefan-Boltzmann Law

• Surface radiative properties

• View factors

• Radiation between surfaces

• Radiation networks
Module #6: Molecular Diffusion

• Fick’s Law

• General Diffusion Equation

• Diffusion in gases, liquids, and solids

• Diffusion Coefficients

Module #7: Mass Transfer Coefficient

• Mass Transfer Flux and Mass transfer coefficient

• Convective mass transfer

• Interface mass transfer

Module #8: Mass Transfer Operations

• Continuous / Differential Mass Transfer Tower Analysis
• Graphical and analytical Methods

• Equilibrium Stage Analysis

• Brownstock Washing

	Teaching Approach & Expectations:

I believe that each student is ultimately responsible for learning the material in a course. On the other hand, each instructor is responsible for presenting the course material in a manner that facilitates learning as much as possible for the class as a whole. I think that these two statements capture the essence of the implicit contract that exists between each student and instructor.

In fulfilling this contract, I expect that during the course you will actively and constructively participate in the course. This means that you will:

( ask questions whenever something is not clear,

( help each other understand the course material,

( perform all assigned reading on time.

( arrive on-time for class,

( be courteous to each other and me,

( provide me with feedback / suggestions as to how the course and my delivery can be improved,

( adhere to the Code of Student Behaviour (see Appendix A, p.28 of the ESF Student Handbook).

In return you should expect me to:

( treat each of you with courtesy and respect,

( be committed to help you master the course material,

( by being available for out of class assistance,

( by providing competent teaching assistants,

( by working to continually improve the course,

( treat each question or concern seriously and answer these to the best of my ability.

The class structure I prefer is informal. I would like to encourage class discussion and student participation as much as possible. My objective is to create “enjoyable” classes that are a combination of lectures, discussions and activities.




	Grading:

Weight

Dates / Locations

Assignments and quizzes
30%

Weekly
Midterm exam

25%

March 4, 2009
final exam

45%

TBA
Although each student is expected to hand in his/her own assignment solutions, I encourage you to collaborate. However, if you work in a group to complete a homework assignment, please indicate all the people you worked with on your assignment. (Assignment copying is considered an academic offense and will be dealt with appropriately). Legible handwriting (printing style only) is acceptable for assignments and exams. All other handwriting styles (except printing style) will not be graded. Finally, it is not acceptable to hand in “computer print-out” other than from a word processor as your solution to an assignment problem. Please summarize your results (a suggested style is provided in this handout) and append any pertinent computer output to the summary.

Due dates for assignments are Wednesdays by default if not specifically chosen ahead of time by mutual agreement. These materials must be handed-in to me prior to the class start on the chosen day. All assignments handed in late, without an acceptable excuse, will be penalized. My approach to grading late labs and assignments is as follows:

( late by 24 hours or less, the grade will be reduced by a factor of one-half.

( late by more than 24 hours, a zero grade will be assigned.

A final word about the differences you will find between my homework assignments and exams. Tests, by their very nature, are restricted to a limited time. As a result, I can only ask relatively simple questions on an exam in an attempt to discern your level of understanding of the course material. Such exam questions tend toward a textbook example style. Assignments, on the other hand, are not as time limited. This allows more “real-life” questions to be assigned for homework. With this in mind, it should not surprise you that there is a significant difference in the style of test and homework questions.




	BPE 335 – Assignment #4
	Name & ID#
	1

      9

	Q.1 Water Lost due to Evaporation
A large water storage tank is filled with water. The tank has a vent line open to the atmosphere. The vent line is 1 m long and 1" i.d. How many kg of water are lost per hour if the atmosphere is dry air at 40°C? Assume that the liquid level remains constant. The vapor pressure of water at 40°C is 55.3 kPa. Dwater_air = 2.77(10-4 m2/s.
Solution:

A schematic diagram of the problem is shown on the right-hand-side.

Total molecular flux moving upward (z direction) inside the vent line is given by:

N = NA + NB

Since the liquid level is not changing (assumption in the problem), the dry air remains stationary inside the vent line, thus

NB = 0

The general diffusion equation:
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and the Fick’s law:
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together with the ideal gas law:
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lead to


[image: image4.wmf]÷

ø

ö

ç

è

æ

-

=

-

P

p

N

dz

dp

RT

D

A

A

A

AB

1


Since DAB, R, T, P, and NA (steady state and constant vent line cross-sectional area) are constants, integrating the above equation leads to

(
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We know that (
Substituting these values, we get

NA = 8.507 ( 10-6 kmol/(m2(s)

GA = MANAA = 18.015 ( 8.507 ( 10-6 ( (/4 × (2.54 × 10-2)2 = 7.7658 × 10-8 kg/s =2.7957 × 10-4 kg/h


	Ans


Suggested solution style:
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