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Use of Advanced Computing

AAre we still teachin

A How many courses use advanced
software?
I Excel 1 all courses
I POLYMATH 1 some courses?
i MATLAB
I CACHE software
I Chemical Process Simulation (ASPEN etc.)
I Finite Element (Comsol/Ansys etc.)



Texts on Problem Solving

Textbooks on introducing software in ChE

A Cutlip & Shacham
A Finlayson

Features
A Practical Examples in all subjects

A How many professors use in
courses?
I Adapted more readily by recent grads
I Activation barrier for other professors

Miches! B. Catfip and Mardechai Shacham

Second Eciton
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http://www.amazon.com/gp/product/images/0131482041/ref=dp_image_0?ie=UTF8&n=283155&s=books
http://www.amazon.com/gp/product/images/0471740624/sr=1-1/qid=1249047151/ref=dp_image_0?ie=UTF8&n=283155&s=books&qid=1249047151&sr=1-1

Progression of Advanced
Software Usage In Text books

A Appendix with numerical techniques

A Chapter on
advanced numerical techniques

A Textbooks with finite element/difference
examples within individual chapters

A Textbooks with examples using
commercial software (CD)

A Textbooks with web based modules



Subject Specific Texts wmm

with Adv. Software i
A Fogler: Essentials of Chemical = &

Reaction Engineering 1
POLYMATH, MATLAB & CFD [pe.

A Process Control - MATLAB Fld Mechanis for

A Fluid Mechanics =

I Wilkes: Fluid Mechanics for Chemical
Engineers

I Munson: Fluid Mechanics

I Cimbala: Essentials of
Fluid Mechanics
(free FlowLab))
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http://www.amazon.com/gp/reader/0130473944/ref=sib_dp_pt
http://www.amazon.com/gp/reader/0131482122/ref=sib_dp_pt
http://www.amazon.com/gp/product/images/0470067225/ref=dp_image_z_0?ie=UTF8&n=283155&s=books
http://www.amazon.com/gp/product/images/0130211079/sr=8-3/qid=1249659914/ref=dp_image_0?ie=UTF8&n=283155&s=books&qid=1249659914&sr=8-3

Educational Programs

A FlowLab i ANSYS/Fluent

I Sudden Expansion in a Pipe 1
compare solutions to Blasius Correlation

I Flow Around a Cylinder i
(Produce Re vs Cd plot)




Cimbala 2008 17 FlowLab in Text

A 1st Edition 7 last chapter only
A 2nd Edition Throughout book

A compare CFD with
analytical calculations

A emphasis on learning fluid
mechanics, with a secondary
emphasis on CFD

A Simple Geometries

A Homework problems progress in
difficulty & similar to example

John Cimbala, Introducing CFD in Undergraduate Fluid Mechanics,
ISTEC Meeting, Cornell University ,July 25-26, 2008, Ithaca, NY

—Stationary outer cylinder




FLUID MECHANICS J

a 0 ] 1 o CC
Manual calculation| FlowLab calculation
Gap & (m) |T| (N m) |T| (N m) %0 error
0.0002 170.3335806 171.155|[ 047992 1203
0.0015 3562]" -3.611136239
0.0075 The agreement between [422( -16.22595323
0.02 analysis and CFD 1s -34.91265548
0.04 i - -52 6851165
great for small gap sizes
j | But the agreement 1s not so good
o &\ for the larger gap sizes
h r= [: I E
T(N m) - - |
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Finite Elements at Rowan

A Junior year
i 2" Fluids Course
I Chemical Reaction Engineering
I Engineering Clinic Projects

A Senior year
I Transport Phenomena Course
I Engineering Clinic Projects



How to Introduce?
A Use Comsol Tutorials?

| Target:. professional user. =0 GG

| Excellent step by step
tutorials

T Model Mavigator

New| Model Library |I_Iser Models | Cpen | Settings

Lﬁ Model Library

. {5 COMSOL Multiphysics

El ﬁ Chernical Engineering Madule

- [ Electrochemical Engineering

l |7) Electrophoresis and Chromatography

- [#|3) Heat Transfer and Monisothermal Flow
- - Microfluidics

lii'l Mixers and Stirred Yessels

[ﬁ Multicomponent Transpork

I 7)) Multiphase Flow

& |7) Transport and Reactions

i Good for starting projects :gs;:f:::;a;b:;;m

I Too difficult for student
learning

A Need tutorials for students

and users unfamilar to
Adv. Software usage

Subdomain Settings - Incompressible Navier-5tokes (chns)

Equations

puvu = 7 [-pI + n{Vu + I:"T-"u]lT]l] +F

Yu=10



Comsol Tutorials

Flow Between Two Parallel Plates

Introduction

This example models the developing flow between two parallel plates. The purpose is to study the inlet effects in laminar
flow at moderate Reynolds numbers, in this case around 40.

Although the problem might seem academic in nature, the conditions and parameters described in the model are fairly
commaon in catalytic reactors, heat exchangers, micro reactors, and other process units.

The domain is visualized in Figure 2-15. Meglecting end effects in the z direction, you can assume symmetry throughout this
dimension and reduce the three-dimensional problem to two dimensions. This reduction means that vou assume that the
flow velocity's z-component is zero.

You model the flow just below and between two parallel plates. Fluid enters at the inlet, which is the lower horizontal
boundary, while slip/symmetry conditions describe the lower vertical boundaries just below the position of the plates. The
vertical plates, positioned 1 cm above the inlet, impose a no-slip condition on the vertical boundaries. Specify a pressure
condition at the outlet,
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Figure 2-15: The model geometry. Assuming there is no flow in the Z direction, the problem reduces to & 2D model.
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comsol Tutorials (FlIow between Parallel Plates)

Model Definition ,— | Students (And Perhaps

with constant viscosity and density:

Momentum Balance

This example uses the Navier—Stnl-c:x?éinns an( Professor) are baffled

o
F'E -
(2-15) V.ou=0

v -r||;"|.-“u+|;"|.-"u]T]+pu Yu+Vep =0

Here n denotes the dynamic viscosity (kg/(m-s)), U the velocity (m/s), p the

Boundary Conditions ??

fluid density [I-:g,-“majl, and p the pressure (Pa).
The boundary conditions according to Fiﬂ%;re:
u-n=uv, Inl=t

un=>0 Symmetry
ti—-pl+niVa+(Vu)T)in =0 Symmetry

u=0 Mo =lip

(2-16) p =0 Outlet
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Rowan Method: Fluids _ -
A Start with experiment, movie |

=%
or drawing on board B L Y

: . T wnll vass
ADiscuss velocity at

K
center and wall
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A Derive momentum balance ¢ = /A(%{) ~dx 4+ o,

A Solve by hand
A Solve using POLYMATH
A Solve using COMSOL

(Ux::




Flow in a Pipe! (Newtonian & Power Law)

n {H"’% (14)/n
el g sl ok
a2 Z,M J+N ‘

POLYMATH Report 8.2 a&b Laminar Flow of Non-Newtonian Fluids in a Horizontal Pipe

Ordinary Differential Equations

1 d(tau_r)/d(r) = delP/L*r
2 d(vx)/d(r) = if(tau>0) then ( -(tau/K)(1/n)) else (( -tau/K)*(1/n))

3 d(vavg)/d(r) = vx*r<2/R"2

cas58.2 Max: 0.242

Comparison of Numerical and Analytical Solutions
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Start with simple problems

A Pipe Flow

A Parallel Plates

A Falling Film

A Annular Flow

A Rotating Cylinder
A Rotating Cylinders

A Based on simple problems with
analytical solutions:
Geankoplis / Cutlip & Shacham



