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Background

» Obijectives » Challenges

Experimental Over 100 undergraduates

Analytical per year

Writing — = High throughput required

Creativity One week for lab

Depth and Breadth _ One day running experiment

Challenge students Teaching assistant turnover
Open-ended projects| Leads to instructor-driven

Close teacher/student assignments

interaction

Instructor Student
: —_——> :
driven Student investment driven
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» Step-by-step instructions

» Heavy reliance on
Instructor

» Go through motions
» Coveralot /e
» Efficient

_____
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Distillation Lab

» Lab Assignment I:
Adjust steam rate
Watch for signs of flooding

Visual
Pressure drop
Temperature gradient

Design: Size column diameter
» Lab Assignment 2:
Collect samples

Analyze on GC

Determine average tray
efficiency

Design: Size column height
(# of trays required)
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Student-Driven Assignment

» Make students
independent problem
solvers

» Give clear objectives
» Distinct start and end

» Leave methods to
students

» Open-ended

—
-
-
-_—
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Outcome of Student-Driven Assignment

» Assignment:

Determine optimal
column operation

Design & run
experiment

Find efficiency &
flooding point

» Student effort w/o
instructor effort

Possible death
threats

driven

Instructor investment

Instructor >

Student
driven

Student investment
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Student-Driven Assignment

Process modeling

» Develop rapport Process control

» Invest time early Hands on training

» Early exposure makes Exposure to equipment

them more independent

Lab Day |  Interim Lab Day 2

Group | | Training | Planning | Running

Group 2 | Training | Planning | Running
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Process Modeling

clCW

» Derive first principles R ondenser v,
steady-state model 1A ) -
ol ikt -~ Accumulator
» Component balances 2l -
3 | Vg Le >
» Thermodynamics LT N " >
» 32 variables I N -
. — 1% M
» 29 equations 3 -
» Run scenarios 8 v |
9
» Develop intuition for o -
Process rnSteam ( A 4
; Reboiler W B
— (Tray 11) P >

\_
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Optimization

» Model
o 90%
parameterlzatlon o * v * | gou
' ° ‘ °
Tray efficiency > 0%
4 Oo
» Column optimization ; 60% m
(o)
- 50%
Maximize revenue I
Use 3 DOFs ' o3
30% §
Feed flow rate ’ X Model 20%>
Reboiler heat duty + X Experimental 10%
L 4
Distillate flow rate ————— 0%
Constraints = = R R R R EEFEFRERF=E
Floodin § 8555555555 %
g o Tray # a)
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Process Control

#¥ DeltaV Operate (Run)

Mudule:| :' Main: |over_264 :l Username: |[<none> 1:42:30PM 2| 7
v 0| I 6 = I e
EEhE
14930 PM 10/26/2012 XYTEL DISTILLATION COLUMN OVERVIEW
10044 Column Prossure (<Pa) CHE?264 Lab - Binary Distillation
1.01 Colurnn 4 P (kPa)
e
COOLING WATER L CONDENSER
Cooling Water Flow TI-101 3225
FIC-152 6.1  l/min T1-102 3026 LIC-091 PRESSURE
Cooling Water Supply 1259 em-H20
TH52 2379 °C TI-103 3044
Cooling Water Return TI-104 28.05 (@
TI-153 2398 °C
TI-105 26.70 ;:
TI-106 27.24
FIC-100
TI-107 2492 000 lfmin
TI-108 35.54
TI-109 34.93
23.22 TI-072
T-110 3926 0.00 FI-072
FIC - 150 TI-11152.17 LIC-111 o
PV 0.00  kg/min 538 cmH20
'
\f Pump - 71 Detail
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Process Control

y |st exposure T

Main |er17
to feedback EDoE QIWM@IJI\ o, )
5 el W[
control Distillation Unit
Overhead Temperature Control
» Student
O P e rato rs Cooling Water Return m
IMAN AU%Et
» Cascade loops o I B 500 Deg.C
From Top Tray L To Accumulator PV: 23.8 Deg.. C
} Dynamic OUT: 6,1 1/min
. . FIC-152
interaction of ~woor
. . . (Y AN N
d I Stl I I atl O n Cq:ing Wateﬁply SP: 64 1/ min
PV: 64 1/ min
C O m P O n e nts - OUT: 500 %Open
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Interim (Planning) Period

» Students develop and present experimental plan
Written document (| page)
Oral quiz

» Organize themselves into roles

» Students take ownership of project

Lab Day |  Interim Lab Day 2

Group | | Training | Planning | Running

Group 2 | Training | Planning | Running
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Class Feedback

» “The distillation lab was one of the toughest but you
made it easy to understand”

» “Keep challenging the students. Good idea for an open-
ended lab! | enjoyed it.”

» “l felt like | walked out of the class with a better
understanding about the experiment than | did when |
first learned about it in my separations class. He allowed
us to figure things out for ourselves, which helped me
learn more details than | normally would have if | just
followed instructions.”
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Conclusions

» Used PSE tools to enhance
student’s understanding of
distillation

» Challenge students
Invest time
Be creative

Requires our own effort and
creativity

Instructor investment

driven

» Investing time early pays off

Develop relationship with Student investment

students

They become problem solvers
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Best student
experience

Instructor 3

Student
driven




Questions?
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