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Domains of | Objectives
Knowledge Instrumentation
i b i Modeling
Cognitive | Experimenting
I1. HISTORICAL ROLE OF ENGINEERING Intended ‘ |
INSTRUCTIONAL LABORATORIES I.earning Data Analysis
: Y - T . . Design/Optimizati
Engineering is a practical discipline. It is a hands-on profession QOutcomes Esien/Ontimization
where doing is key. Consequently, prior to the creation of engineer- Trial & Error
ing schools, engineering was taught in an apprenticeship program y

modeled in part after the British apprenticeship system. These early

| |
| |
| |
| |
| |
| |
|- Thinking out of the box |
|' '|
| |
| |
| |
| |
| |

engineers had to design, analyze, and build their own creations— " )
| gt : gh, anal SAELE — Active and | Health & Safety
earning by doing. Engineering education, even today, occurs as o
much in the laboratory as through lecture [3]. However, from the Cognitive | Communication
onset of formal engineering education, a tension between theory

. . Team Work
and practice evolved. During these early years the focus was clearly
on practice. Ethics in the Lab

Feiseland Rosa). Eng. Ed®4, 2005 | Pevchomot
Psychomotor | sychomotor
Sensory Awareness

ABET: Accreditation Board for Engineering and Technology Supported by the
Sloan Foundatior2002 from Feiseland Rosa)]. Eng. Ed®@4, 2005
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Laboratory Delivery Modes
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Adaptation of the Chemical Engineering Laboratory 3 to online
and hybrid teaching
In this post, Dani Orejon walks us through the process of turning a practical

course entirely into online delivery, tackling the conundrum on how to
properly teach in-situ demonstrations through on...
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Adaptation of the Chemical Engineering Laboratory 3 to online
and hybrid teaching

In this post, Dani Orejon walks us through the process of turning a practical
course entirely into online delivery, tackling the conundrum on how to
properly teach in-situ demonstrations through on...

https://www.teachingmatters-blog.ed.ac.uk/adaptatiofof-the-chemicalengineeringlaboratory-
3-to-online-and-hybrid-teachind
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Interactive Environment

Online Prep |

Engagingvirtual
learningenvironment
within Learn
capabilities
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2022/2023

LABORATORY MANUAL
Chemical Engineering Laboratory 3 VRI
CHEE09016 il

Course Information

Course Enhancement
Questionnaires (CEQs)

Announcements

Course Materials
Library Resources
Assessment

Course Conversations

A ANES School of Engineering

University of Edinburgh

Chemical Engineering

Chemical Engineering Laboratory 3 (2020-2021)[YR]

Chemical Engineering
Laboratory 3 (2020-2021)

My Learn Self-Enrol

Welcome

;Schc;él o1E Engineeringﬁ e

s/ -

Welcome

’ﬂ

D? Hybrid Seminar Information

Hybrid Seminars

The hybrid seminars in this course combine students who are attending in-person with students who are attending digitally in the same learning environment.
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Chemical Engineering

HMT1 - Two-Phase Heat Transfer

Assessments Tools Partner Content

01. HMT1 - Introduction video with Quiz

Enabled: Statistics Tracking
Watch the following video which is an introduction to the experiment. At the end of the video, there is a quiz to test your
understanding of the content in the video and related subjects. Make use of the video, lab manual and any related
readings to answer your questions.

Introduction

Practical cooling technologies are presently needed for dissipating ultra-high heat fluxes in many industrial and everyday
applications. For example heat loads in nuclear reactor components require cooling schemes that could dissipate heat
fluxes of the order of 1 MW/m2 [1]. The need to handle high heat fluxes in industry and various engineering fields
(refrigeration applications, food processing) has led to the development of specific heat transfer equipment. Boiling heat
transfer is used as an efficient method of handling the high heat fluxes in numerous technological fields and engineering
applications such as compact heat exchangers, X-ray medical devices, high-power lasers, and fusion reactors [2]. The
critical heat flux (CHF) represents the maximum heat flux which can be achieved in boiling heat transfer. At fluxes above
the CHF, film boiling prevails, where a film of an insulating layer of vapour inhibits any efficient transfer. This is certainly the
case for heat transfer in boiling liquids where the presence of vapour can cause catastrophic failure of heaters. In this
experiment, you will study boiling heat transfer to develop an understanding of transitions in boiling regimes.

[1] J. G. Leidenfrost, De Aquae Communis Nonnullis Qualitatibus Tractatus, 1756; Int. J. Heat Mass Transfer 1966, 9
1153. (translated by C. Wares).

[2] E.A. Farber, E.L. Scorah, Heat transfer to water boiling under pressure, Transactions of the ASME, 1948, 70, 369-384.

02. Experimental Apparatus HMT1

Enabled: Review, Statistics Tracking

HMT1-02. ExpApp.mp4 (02:13)

Two-phae Heat Transfer
=

Chemical Engineering Laboratory 3

Two-phae Heat Transfer

1. Introduction
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Engagingvirtual Videos with Questen ot _
: : . What is the most efficient way of heat transfer amongst the options below?
learningenvironment Quizzedo test _ . —
. ) Cormrect, twc»phase heat 1rlan.=:l-fer is one of ﬂ?e mustl gﬁimen_t ways of transferrln_g heat as it takes advantage
WI th I n L e ar n Stu d e ntS g:] Lra?cliiﬁgtmhzIa_ltscgnu:glcénﬁ:gfg:r;ggin;ﬁgzg:. which provides orders of magnitude higher heat transfer
capabilities knowledge

Forced convection heat transfer

Natural convection heat transfer

Unititled )
Question 1 of 4 Single-phase heat transfer

What is the most efficient way of heat transfer amongst the options below?

© Two-phase heat transfer

Question 2 of 4 Incomect Hide m

What are the heat transfer regimes ensuing on a surface as the heating or power of
the surface increases?

 Forced convection heat transfer
 Matural convection heat transfer

O Single-phase heat transfer

Incorrect. The heat transfer regimes ensuing as the temperature increases are: free convection, forced
O Two-phase heat transfer convection, nucleate boiling, unstable film boiling, stable film boiling. Where convection takes place in single
N phase, then phase change with nucleate boiling occurs and last film boiling.

Forced convection, free convection, nucleate boiling, stable film boiling and
unstable film boiling

Free convection, forced convection, nucleate boiling, unstable film boiling,
stable film boiling

Free convection, forced convection, unstable film boiling, stable film boiling,

nucleate boiling
THE UNIVERSITY of EDINBURGH
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Engagingvirtual Videos with
learningenvironment Quizzedo test

within Learn students
capabilities knowledge

Question 1 100 points  Save Answer

Fill in the blanks with the following words |copy exactly the word/s separated by a coma and paste them in the blanks as the corrections are case sensitivefinlet, water,
thermometer T3, pressure, power, outlet, fRermocouple T1, pressure gauge, pentaflourobutane, electric neater, thermometer 12, condenser, vave V1

The experiment consists of a glass cylindrical pressure vessel filled with . An where the is
controlled and known is used as the heating surface. The temperature of the heater is measured using , that of the liquid by
and that of the vapour by A is utilised additionally to condense the pentaflourobutane

vapour so to be able to control the inside the system, which is measured with a . The and
temperatures of the cooling water running through the condenser are measured via the thermometer T5 and thermometer T4, respectively, while the

flow of cooling QUESTION 1 R T T A P S TR SR T

Match up the following hazards with their respective control measures.

-~ Over pressurisation of the chamber A.Not harmful. Contained in low pressure cylinder for refilling and inside the sealed

 /i\ Click Submit to complete thisa - ~ Overheating of the copper heater chamber

B. Pressure relieve valve

C.Make sure and check periodically that there are no leaks around the glass
cylindrical pressure vessel

D. Safety controller switches ON at T > 160 °C

E. Make sure and check periodically that there are no leaks around the glass
cylindrical pressure vessel and that is the case shut down all the electric
components promptly

F. The boiling temperature of pentaflourobutane is 40.2 °C and an insulating glass
cylindrical pressure vessel ensures that temperature around the vessel is near
that of the ambient temperature

-~ Pentaflourobutane
-~ Hot Surfaces

<

Water Spillage

<

Electrocution

THE UNIVERSITY of EDINBU

School of Engineering

Chemical Engineering
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100 points

________

Save Answer
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Engagingvirtual Videos with
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within Learn students
capabilities knowledge
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HE UNIVERSITY of EDINBURGH
chool of Engineering

Introduction

Y

Experimental

A
/ .
Risk
Assessment
=
Startup
A
Shutdown
&

wOverview of experiment
wlIndustrial applications
wCamtasiaQuiz (0.4%)

wVideo Walkthroughof apparatus uizzes, Learn

w Submissiorof schematicdiagram A\_\_\nde? .q.es and
wFilkin-the-blank on Learn (0.46) ACtivItie, <t bee
Assignments M* the
wSubmission of Risk Assessment submitted before © o
wVideo Hazardand control measures |aboratory session (ex)
wMatch-up task onLearn(0.4%) Exper'\men’ta‘ Data

wVideo Safe setip
wSubmission of Preparation Table
w CamtasiaQuiz 0.4%)

wVideo Safe shutdown
wSubmission of the Experimental Data
wCamtasia Quiz (0%)

Chemical Engineering Laboratory 3 Slidel2
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During I
personlab
wAssigned experiment T — ﬁCompletedata submission

wRead lab manual and relate wComplete experimenin-person assighment
to other courses wDemonstrate Lab to offine

group members

_ Alndependent learning hours
wComplete Introduction, ; .

Experimental, Risk wAcquire data to use ianalysis AC ’ o X
Assessment, Staqtip and wAnalyse andCalculations asosrinprfng?\rt]; felzjsc;rr]:tation or
Shutdown videos, quizzes wDiscuss witlgroup and with lab rgeport P
& assignments academics and demonstrators _

Preparation for wAttend the tutorials on the After In-person —/

specify assignment
In-personLab \Spectly assig / lab
(by 16:000n the second
(1 week before the lab) Monday after lab session)

Q y

1 week

. THE UNIVERSITY of EDINBURGH
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Domains of | Objectives
Knowledge | Instrumentation |
P ) \ | Modeling |
Cognitive | Experimenting
I1. HisTorICAL ROLE OF ENGINEERING Intended ‘ - | : |
INSTRUCTIONAL LABORATORIES 2 Data Analysis
Learning = |
Engineering is a practical discipline. It is a hands-on profession Outmmes | Design/Optimization |
where doing is key. Consequently, prior to the creation of engineer- | Trial & Error |
ing schools, engineering was taught in an apprenticeship program y :
modeled in part after the British apprenticeship system. These early | Thinking out of the box |
engineers had to design, analyze, and build their own creations— ( . * " Health & Safety
learning by doing. Engineering education, even today, occurs as ‘ Adlm?’: ?nd | | |
much in the laboratory / \ Cognitive | | ~ Communication |
onset of formal engin . | = |
and practice evolved. Are We e n h an Cl n g €am Wor
on practice. . . |  Ethics in the Lab |
reisend  Pr€Paration, confidence and | o |
. . : Psychomotor sl
2 \
learning via OALINne prep” | ™ Sensory Awareness |

4

ABET: Accreditation Board for Engineering and Technology Supported by the
Sloan Foundatior2002 from Feiseland Rosa)]. Eng. Ed®@4, 2005
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Online Prep Il - Survey

Orejon Online Prep Survey Chem Eng Labs 3

Interactive Learning Environment On-Line Preparation for Enhanced Confidence
and Learning in Chemical Engineering Experimental Laboratories

The objective of this survey is to inform, academics and demonstrators within the Chemical
Engineering Discipline on the effectiveness of the Online Preparation within Chemical Engineering
Laboratory 3 (CEL3), as well as to disseminate knowledge of the approach to other Disciplines within
the School of Engineering and others where practical laboratory teaching is carried out.
Traditionally students have been requested to read the laboratory manual and additional
supporting information prior to a laboratory session. Occasionally, students are asked to pre-
prepare material, such as data sheets, prior to a laboratory session, but this tends not to be
mandatory except for a Risk Assessment.

‘While this preliminary preparation can be useful and intrinsic to all disciplines, the case of Chemical
Engineering seems particularly appropriate as some students face difficulties with confidence
and/or even engagement during the laboratory session.

Extensive video and support material created during the Covid-19 pandemic for the delivery of the
labs fully remotely, has been shifted into preparatory work given a step-by-step online preparation
format. The online preparation consists of videos, and quizzes and assignments to reinforce the
concepts seen on the videos and/or from the laboratory manual. This material is broken down into
an Introduction (short video with an embedded Camtasia quiz), Experimental Apparatus (video with

Purpose Survey

ission), Risk Assessment (video with a follow up
), Start-up (video with quiz and blank datasheet
perimental datasheet submission). These online
at students can reflect on the information
for each of these individual online preparation
ion.

Chemical Engineering

This survey is motivated by the encouraging and insightful comments received from students during
the CEL3 Mid-Term questionnaire in Semester 1 2022/23, including comments such as:

“Pre-lab work: really detailed, helped me so much with preparation for the actual lab”

“Preparation before lab tasks are very useful”

“The systematic arrangement of the things we have to do before the lab on Learn”
‘With this Survey we would like to gather a representative set of student opinion on the effectiveness
of on-line material in preparing them for an experimentation session and the impact on students’
level of confidence towards tackling experiments.
The findings of this survey will be presented at The University of Edinburgh's Learning and Teaching
Conference, taking place on 27th and 28th June 2023 under the sub-theme Innovation and
creativity in teaching: Have you been motivated to do something different than what has been done
before to inform or improve your teaching practice? Submissions could include examples of
innovative and creative approaches, with a focus on the outcome of the inguiry (e.g., developing new
pedagogies; ways of teaching) or a focus on the process of the inquiry (e.g., new methodologies).

In addition, CEL3 academics also aim to report such findings in Education for Chemical Engineers
international peer reviewed journal and inform the Higher Education Academy. A related report on
the effectiveness of large-scale implementation of hybrid labs for experimental learning can be
found at: https://www.sciencedirect.com/science/article/pii/S1749772822000082 ?via%3Dihub

CEL— Online Prep Survey 1

Orejon Online Prep Survey «Chem Eng Labs 3

Survey on the students’ info

| agree for the results of this survey to be anonymized and to be used and shared for events O
on Learning and Teaching as well as for publications on Learning and Teaching.

1. Specify your course of study
O 2year
O 3%year
O 4% year

2. Select the modes (all those that apply) of laboratory delivery you have experienced so far:
O Fully online
O Hybrid (academic or other student in the lab and you remotely)
O Hybrid (you in the lab and other student remotely)
O In-person

3. Select the modes (all those that apply) of laboratory preparation you have experienced so far:
0O No preparation prior to the lab
O Lasboratory Manual and/or reading materials
O Online preparation material only
O Online preparation and laboratory manual and/or reading materials

Survey on the effectiveness of the different preparation modes
4. From these modes of laboratory preparation, which ones do you consider the most effective in

terms of: Preparing you on the fundamentals and concepts of the experiment?
(Evaluate each from 0 Not Effective at all to 5 Extremely Effective)
a. No preparation prior to the lab
[va [0 [1 [2 E E [s \

b. Laboratory Manual and reading materials
[ N ES N R LR ER

c. Online preparation
[ R ES EX EN CR ER

d. Online preparation and reading materials including laboratory manual
[N/ [0 [1 [2 [3 [4

5. From these modes of laboratory preparation, which ones do you consider the most effective i
terms of: Preparing you on the practicality towards applying the concepts in the lab?
(Evaluate each from 0 Not Effective at all to 5 Extremely Effective)

a. No preparation prior to the lab
[N [0 [1 [2 [3 [ [5

b. Laboratory Manual and reading materials
a0 [+ [ 3 J& s ]

. Online preparation
[wa__ o E [2 E E [s \

d. Online preparation and reading materials including laboratory manual
(va__ o [1 [2 E [4 [5 |

CEL—Online Prep Survey 2

Chemical Engineering Laboratory 3

Previous Lab Prep Experiences

Effectiveness of Preparation mode

Slidel5
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Orejon Online Prep Survey Chem Eng Labs 3 Orejon Online Prep Survey Chem Eng Labs 3

6. From these modes of laboratory preparation, which ones do you consider the most effective in Additional Comments
L N :

- L Puenichi i - diagnt? 9. What did you like/went well with the online prep?
all to 5 Extremely Effective)

‘N,t‘A |o \1 |2 |3

f.  Laboratory Manual and reading materials

Effectiveness of Preparation modes | = [ I [ [ _fr

g. Online preparation
[N/A [0 [1 [2 [3 4 [5 |

h. Online preparation and reading materials including laboratory gnanual
‘ N/A 0 1 2 [2 4 [s |

Survey on the usefulness of the different online prep activitigs

(Evaluate each from 0 Not E

=1\

7. Specific questions on the online preparation (only if selected Online preparation material only
" " " Lo Lok & jals in Q3)
(Evaluate each from 0 Not Effective at all to 5 Extremely Effective) 10. What did not you like/went wrong with the online prep?
. online preparation
[n/a [o [1 [2 [3 4 [s |

b. How useful do you find the intermediate graded assignments (uch as mix and match, fill
the gap, and online quizzes).
[ /A [0 [1 [2 [3 4 B |

c. How useful do you find the intermediate submission assignmerjts (such as Apparatus
Schematics, Risk Assessment and Data sheets)
[N/A [o [1 [2 [3 4 E |

8. Specific questions on the online preparation (only if selected Online preparation material only
and/or Online preparation and laboratory manual and/or reading maferials in Q3)
(Evaluate each from 0 Strongly Disagree to 5 Strongly Agree)
o O 0 a. Enhances my preparation
Online Prep Specifics TS O E S EN EN CR—E—
b. Enhances my confidence 11. How can this be improved?
[N/A [0 [1 [2 [3 4 B |

c. Enhances my learning
[N/A [o [1 [2 [3 4 [5

d. The different short videos and activities broken down in a stepfoy-step systematic and
reflective manner benefits my preparation

[N/A [0 [1 [2 [3 4 B |
e. Enables me to interact and communicate better with academicy and demonstrators
[N/A [o [1 [2 [3 4 [5 |
f.  Online preparation is as useful as manual and additional readings
[N/A [o [1 [2 [3 4 [s |
g. Motivates me as it contributes towards my final grade
‘ N/A |D ‘ 1 | 2 |3 4 ‘ 5
h. should be optional
[nA [o [1 [2 [3 4 [5 )
CEL - Online Prep Survey 3 CEL - Online Prep Survey 4

THE UNIVERSITY of EDINBURGH

School of Engineering Chemical Engineering Laboratory 3 Slidel6
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V The two sets of data are equally representative
V Focus on righhand side data!
Effectiveness All StudentsAgreed (46/48) Effectiveness StudentsExperienceDifferent Prep Modeq17/48)
5.00 >0 447 441 447
4.28 l
T
4.00 4.00
3.00 3.00
2.00 2.00
1.00 1.00
% 0.15
0.00 = 0.00
No Prep Lab Manual Online Prep Online Prep No Prep Lab Manual Online Prep Online Prep
+ +
Lab Manual Lab Manual
B Fundamentals B Practice m Confidence B Fundamentals B Practice m Confidence
o - .
0 ¢ Not Effective at Ay 5 ¢ Extremely Effective

; School of Engineerin

Chemical Engineering Laboratory 3 Slidel7
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[V Online Prep enhances Fundamentals, Practical and Confid%nce

Fundamentals Practice Confidence

ANVANA

No Prep Lab Manual  Online Prep Online Prep + No Prep Lab Manual  Online Prep Online Prep + No Prep Lab Manual  Online Prep Online Prep +
Manual Manual Manual

100
90
80
70
60
50
40
30

20

10

No Prep: 0% 7% Effective
B Extremely Effective = Very Effective Lab Manual Prep: 1292 4%Effective
Online Prep: 46%54% Effective
Online + Lab Manual Prep: 88%984%Effective

. THE UNIVERSITY of EDINBURGH

 School of Engineering Chemical Engineering Laboratory 3 Sliaels
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V  No prep or only Lab Manual mainly not effective V  Similar perception on Fundamentals, Practic

on Fundamentals, Practice and Confidence prep and Confidence prep for online and online +
V Lab Manual Effectiveness the least for Confiden lab manual prep
100 100
90 90
60 60
40 40
30 30
20 20
w w _ _
. - 1 m _ n
No Prep Lab Manual No Prep Lab Manual No Prep Lab Manual Online Prep  Online Prep + Online Prep  Online Prep + Online Prep  Online Prep +
Manual Manual Manual
B Extremely Effective Very Effective W Extremely Effective Very Effective

HE UNIVERSITY of EDINBURGH

%) school o Engincerng Chemical Engineering Laboratory 3 Slide19
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. . L Enhancement Prep, Learning and Confidence
Effectiveness Online PrepActivities P J

- N r N\ )

90 90
80 80
70 0
60 60
50 50
40 40
30 30
20 20
w m _
0
Videos with Quizzes Assessmerfs Mix and M:stgzsirr':e?tnsm ”‘75‘3“ema;jﬁi'e?;s,'jsﬁiifn@ﬁ?; and bat Enhances Preparation Enhances Leamin\EnhanceS Confid(ye ehould be Optiog
m Extremely Effective Very Effective Moderate Low Effective
Slight Effective m Not at All

B Extremely Effective: Very Effective Moderate Low Effective Slight Effective Not at Al

THE UNIVERSITY of EDINBURGH
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OnlinePrep VI St udent so

Students Comments

100 [ \

90
80
70
60
50
40
30
20

10

What went well | What went wrong How can it be

\_ J improved

m Original Responses

Responses with no added value
Responses with no added value or technical issues

HE UNIVERSITY of EDINBURGH
chool of Engineering

Chemical Engineering

What went well:
A dit givesa good understandingof an upcominglab and | have
achanceto getfamiliarwith Y I 4 SNA | £ & ¢
A &2 I (i Odffepwid8o,we canbetter understandwhat are we

going to do in a lab. Seethe apparatusand valves/buttonswe
\ are practicallygoingto change Reallyhelpful & J

What went wrong:
A & { 2 Yg&%estions are not covered in_videos and require
researchoutsidethe material givenwhichcanbeO 2 y ¥ dza A \
A &Someof the contentin the videosseemsunnecessarg
A a5 2 yiikeigchematicsand prep sheetcreation.t

What to improve:

A &t S NRhe kedperimental theory could be presentedin online
videos This would be vey useful for when the lab manual and
additionalmaterialsfor readarenotS y 2 dz3 K €

A GEditthe videossothat the waiting aroundtime is shorted (edited

out) Incorporate true schematics/experimentsnto the mix and =

matchexercisgmoreengaging)




OnlinePrep VI St udent so Comm
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SILVER - LABS

Students Comments /
4 ) Opposite Views:

" n G ¢ K $ididvery useful in understanding the apparatus the
methodologyaswell asthe measurements$o betakend

O a 5 2 fk&havingto draw the schematicgdiagram 6 R 2 fifnddifi
usefub €

80
70
60

50
40
30

n & ¢ et a goodinsightinto what the experimentis going to be.
Thereforewe canensurethat our excelsheetis appropriate”
O & 5 2 yika §chematicsand prep sheet creation Prep sheet

20

10

What went well | What went wrong] ~ How can it be especiallybecausefrom manual we do not know exactly which
\_ y  improved variableswe are goingto changeandwhichshouldberecorded
Original Responses
Responses with no added value

Responses with no added value or technical issues
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Conclusions

Sustainability Awards

[V Online Prep enhances Fundamentals, Practical @uhfidence38%- 94% Effective }

V Lab manual & No prep provides the least Confidenc&s% Effective

LV Online Prepenhances Confidence the most65% Effective }

V Other Students and Practical Disciplines may also benefit from it

Other Comments:
A 6&Nothing bad to mentioné
A GYouare doinggreat!¢
A d think | learneda lot from doing themé
A dDifferent activities soit is more engaging
A &MViakesmedoit to the bestof my ability¢
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