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Process modelling Heat & mass
transfer
Numerical
* senior level course, core (CEIC3000) methods D
. .. Fluid flow
* reliant on /ots of prerequisite knowledge
maths, computing, chemical engineering
+ students should be able to ... : el ez
Linear kinetics
- build a model of a process algebra

» heat flow, material flow, chemistry

Process
analyse the model Modelling
» analytical maths with DEs
» numerical solutions of DEs Process
» qualitative analysis of system Control
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* rich text (Markdown)

N ote boo k co m p uti n g * graphics, equations, links, videos : 1

a

Jupyter notebooks: literate computing

1 (eate clruaton) mat s used 0 onto the
Y ans T, V. and

- code plus solution >
» context‘ output, analysis * rationale, approach, description
- no barrier to entry code (input) —_—

. * Python with numpy, matplotlib
» runs on cloud via web browser ]

1z

- lots of languages

» Python, Octave, R, Julia... descriptive
* “why?” not just what

gt e

(-2, 21, im0, 200)
ni
siniz. * numy.pL + € > P13

( \ cocalc.com @co_calc results (output) = =——>
* text, plots, ...
+ il il
o, Jupyter notebooks + more

COCALC freemium: free to use, US$7/mo for upgrades
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Scaffolding

Question stage [

™ — 2.

Template for the solution for each
tutorial and assignment question

‘W Tutorial 12 102.1K8 POF document
@ Tutorial 12 (Python)
@) Tutorial 12 (Octave/Matlab)

* Question details plus
» hints, partial code

* Solutions including

Solution stage

Inll:

Q3: Chemical reaction with Hopf bifurg

The sequence of five chemical reactions has produced the fol
& ki CaCx = kaCx — kaCx Cy
il —k3Cy + ksCz
kyCx = ksCz
Most of our analysis is analytical, but we want to plot some ph
demonstrate the Hopf bifurcation at Ca = (k3 + kg + ks)/i

def dxdt(x, t):

» complete code
» tips, discussion, extensions

* Sustainable

» template with metadata
+ processing scripts
= question + solution notebooks

return [ ...,
[ Q3: Chemical reaction with Hopf bifurg
W Tutarial 12 102.1k8 PDF document
o The sequence of five chemical reactions has produced the folf
@ Tutarial 12 (Python) solutions & k CACx — kyCx — kaCx Cy
@ Tutorial 12 (Octave/Matlab) solutions — = —k3Cy + ksCy
dt
‘B Tutorial 12 solutions 79618 PDF document kaCx — ksCy.
Most af our analysis is analytical, but we want to plot some ph
demonstrate the Hopf bifurcation at Ca = (k3 + kg + ks)/
in [10]: def dxdt(x, t):

return [ k1 * CA * x[0] - k4 * x[0] - k2 * x
-k3 * x[1] + ks * x[2],

4 s.prescott@unsw.edu.au | @SWPrescott |#UNSWEngEdSC17 U;N,%W
Templates for assignments
< . oL
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For the student
» template gives hints, guidance
» Jupyter: File — Download — PDF

For the marker
» compatible with Moodle PDF grader
» fully electronic workflow for grading

» easy to make verbose, insightful
comments, annotations

» faster to mark

4 Pagesott (B & =] 20 3

1.1 Question 1template

In [120): 1 Ente

@ \N0OO0 ¥#/6 L% Submission

The viewer currently anly
supports PDFs. I blank
download the submission for
marking

Submitted for grading

Released

Assignment was submitted 14 secs early
Student cannot edit this submission

111 Part @) B CEIC3000 Assignment 3 Matiab

Note that you can do this part either analytically or If you ch d Coding pt

please either delete these cells from the notebook or indicate in them your choice. I CEIC3000 Assignment 3 Worked
Answers

In [121]: % def on for u(t) (or even better, u(t, omega)) 1 pdf

omega

v = 0(t,omega) v0 + omega;

» Comments (0)

Grade

Grade autof 45 @

dldt = (t,N,omega)  [CAO+v(t,omega)/V-N(1)+v(t,omega) /V-keN

Marking warkflow state @

Released

S - ] - arm
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Evaluation: Where next?

Students say: best features of this course.

.. We saw:

* good guidance provided for computation work * more ‘aha’ moments in tutorials

in templates
* Sage Math Cloud  (now called CoCalc)
* lots of help in tutorial questions
* use of computational tools

e cooperative learning between theory, hand
solving and computer solving

* strong links between maths and applications
in practice

* developed mathematical thinking required to
apply maths to the world

* challenging but at an appropriate level

* more assignments are own work not

copied code
Next steps:

* Remove PDFs of tutorial sheets and
assignments completely

» everything via Jupyter
* Further experimentation:

» CoCalc’s “Course” tools

» notebook grading tools (nbgrader)
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