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UNIFIED THERMODYNAMICS
FALL TERM 1999

Fall Term 1999, 62 students in the class, 13 lectures, plus 5 recitation sections that |
taught

|. Top-Level Learning Objective:

To be able to use the First Law of Thermodynamics to estimate the potential for thermo-
mechanical energy conversion in aerospace power and propulsion systems.

1)

2)

3)

4)

5)

6)

M easur able outcomes (assessment method):

To be ableto state the First Law and to define heat, work, thermal efficiency and the
difference between various forms of energy. (quiz, self-assessment)

To be ableto explain at alevel understandable by a high school senior or non-
technical person how various heat engines work (e.g. arefrigerator, an IC engine, a
jet engine). (quiz, self-assessment)

To be ableto identify and describe energy exchange processes (in terms of various
forms of energy, heat and work) in aerospace systems.

To be able to apply the steady-flow energy equation or the First Law of
Thermodynamics to a system of thermodynamic components (heaters, coolers,
pumps, turbines, pistons, etc.) to estimate required balances of heat, work and energy
flow. (homework, quiz, self-assessment)

To be ableto explain at alevel understandable by a high school senior or non-
technical person the concepts of path dependence/independence and
reversibility/irreversibility of various thermodynamic processes, to represent thesein
terms of changes in thermodynamics state, and to cite examples of how these would
impact the performance of aerospace power and propulsion systems. (homework,
quiz, self-assessment)

To be ableto apply ideal cycle analysisto simple heat engine cycles to estimate
thermal efficiency and work as afunction of pressures and temperatures at various
pointsin the cycle. (homework, self-assessment)



I1. General commentson the delivery of the course material:

Thisisthe fourth timethat | have taught the thermodynamics section of Unified. | hand
out lecture notes that contain all the information | would like to studentsto learn. The
students appreciate these notes (see student feedback data). | also require that they
purchase van Wylen, Sonntag and Borgnakke which is the same book that isrequired in
the follow-on course (16.050).

This semester | applied active learning in all of the lectures (muddiest part of the lecture
cards, unannounced reading quizzes and turn-to-your-partner activitiesin every class). |
also asked the students to self-assess their learning at the end of the module. | found that
teaching the recitation sections myself (instead of relying on aTA as| have in the past),
gave me much more time to cover the material in the way | want to cover it. | believe the
overall product was better as aresult.

The active learning questions tended to take about 10 minutes each. These are sketched

into the margins of the prepared notes and written down on the hand-written lecture notes
that | prepare for each class (ACTION: | need to organize these in a better fashion.).

1. Assessment Data:

ASSESSMENT METHOD FORMATIVE SUMMATIVE
muddiest part of the lecture X
quiz X
homework X X
self-assessment X
reading quizzes X X
CEG and SGT forms other other
Mid-term student feedback other other
Time spent on homework other other

A. Key pointsfrom muddiest part of lecture cards:

1) Why Potena VS. Psysen fOr the definition of work. Thereis agood explanation of thisin
Levenspiel. ACTION: Put explanation into prepared lecture notes.

2) Physical meaning of enthalpy. ACTION: Clarify thisin the notes.




3) Isothermal vs. quasi-static, adiabatic processes. The turn-to-partner exercise on thisis
good. ACTION: Include this example in the notes next year.

4) Shaft work vs. flow work. The sketch + explanation | do in class seems good.
ACTION: Need to put thisin the prepared lecture notes.

5) Frame dependence of stagnation quantities. Thisisn’'t even discussed in the prepared
notesand it alwaysisahurdle. ACTION: Need to put in some examplesand a
discussion in the notes.

B. Reading quiz performance:

The reading quizzes were problematic for al of the Unified instructors who applied them.
We told the students that we would not test so much on comprehension but rather on
whether or not they had read the material. The students of course optimized on grades,
reading for memory instead of understanding. On the positive side, we did have strong
attendance and many in the class found the quizzes helpful (see midterm teaching
technique survey data). For all of these quizzes 3/4 of the class scored above 50% and
the average for the reading quizzes was 6.8/10 demonstrating that for the most part they
were reading and coming to lectures prepared. We ended up dropping these quizzes from
Unified, in part to increase good will with the students (we were subjecting them to many
new teaching techniques and they were pretty good sports about it), and in part because
we were having trouble writing the questions so that they were understanding-neutral
(since thisis what we promised—in the end | think this was the primary mistake).

C. Homework performance:

(Homework questions are appended at the back of the document.)

Means. 1=8.6, 2=9.2, 3=8.2, 4=6.6, 5=9.0, 6=7.5, 7=6.9, 8=7.5,9=7.7, 10=8.3, 11=7.1,
12=6.6, 13=8.0. The average reported time spent on these was about an hour each (as
designed) with the exception of problem 4 which averaged 1.5 hours (see the data below).
1) Performance on Problem 4 suggests confusion between g-s and free expansion.

2) Performance on 6 and 7 suggests that the students are having some difficulty with
work and applications of the first law.

3) Performance on Problem 8 is a good measure of Measurable Outcome #6—class ave.
=75.

4) The performance on 12 is disappointing—it asked students to explain reversibility and
irreversibility. They did very poorly. | think they had trouble with these concepts.




Time Spent On Thermodynamics

2.0

hrs

D. Student self-assessment results:

Note: | added measurable outcome #3 after the class was over so they didn’t get a chance
to self-assesson it. By their reckoning, they are the poorest at applying the first law.
This, of course, is perhaps the most important outcome of the class. | am not sure how
valuable this self-assessment activity was for me—I think it gave them an opportunity
however, to think about what they know and don’t know prior to taking the quiz. Thisis
good.

SELF-ASSESSMENT ON MEASURABLE OUTCOMES
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E. Quiz performance:

Middle B was approximately 70/100. | collected A, B, and C-level examples of their

work for reference.
histogram for total
grade

bin Frequency

46 to 55 2
56 to 65 10
66 to 75 20
76 to 85 23
86 to 95 5
More 0

STUD READI Qla Qlb Q2a Q2b Q2c Q2d Q3a Q3b Q3c Q4a Q4b TOTAL
ENT NG

QuIZ
100% 10 7 7 6 7 6 6 10 10 10 10 11 100
MEAN 6.8 56 56 59 42 3.9 3.0 6.4 8.7 9.7 7.5 6.6 73.8
STDV 22 1.7 1.6 0.7 2.1 1.7 1.7 25 2.1 0.7 2.6 2.7 9.7

1) The students did not perform well on Q2 particularly parts ¢ and d which required
some applications to a more open-ended question. Thiswas a SFEE question that |
expected them to do better on.

2) The students also did not perform particularly well on Q3awhere they were asked to
represent a cycle on athermodynamic diagram.

Below the data is sorted in terms of the measurable outcomes:

Measurable #1 #H2 #3 #H4 #5 #H6
Outcome
MEAN 80% No data 67% 68% 65% 83%

Bloom level #1 (MO#1) they did well on. Cycle analysis (MO#6) they did well on.
Steady flow energy equation they did not do well with (M O#4)—the question required
some modeling. Modeling an energy exchange process (MO#3) they aso did not do well
with. They were unable to explain path dependence (M O#5)—thisis aso true of
irreversibility and reversibility on the homework (P12).

| think that these data suggest that their understanding of the conceptsis not as deep as |
would desire. They have difficulty a) describing concepts in words, and b) applying the
concepts to anything other than plug and chug problems.




F. CEG, SGT, and mid-term survey results:

well explains black- speaks encourag | stimulate | available | overall
prepared | clearly board use of IT | well es s interest rating
lectures techniqu question

e s
6.6 6.3 6.2 55 6.6 6.4 6.3 5.6 6.5

Generally favorable reviews from the students. They like the prepared lecture notes. The
response to the various new teaching techniques that we introduced was also very
favorable (see below).

STUDENT PERCEPTIONS (Unified)

50 RESPONDENTS OUT OF 60 ENROLLED STUDENTS

- very positive comments

- positive comments

- in between, or pluses and minuses mentioned
- negative comments

- very negative comments

=N WO

NUMBER IN EACH RANKING BIN

Technique 1 2 3 4 5 AVERAGE
Hands-on activities 0 0 6 22 18

Muddiest part 0 2 5 25 17

Concept quizzes 0 2 6 29 5

Turn-to-partner 0 6 9 29 6
Self-assessments 1 5 7 19 3

Cold calling 7 10 1 19 0

Pop reading quizzes 9 13 15 6 1




STUDENT PERCEPTIONS (Unified)

50 RESPONDENTS OUT OF 60 ENROLLED STUDENTS

NUMBER IN EACH RANKING BIN

NO IN BETWEEN
Are new techniques
improving your ability to learn? 4 5
Are new techniques making
class more enjoyable? 3 14

IV.Itemstoimprove for next timethe material istaught:

1) Share this data with the students

2) Give them models for explaining concepts in words and force them to practicein
class—they are not good at this.

3) Continue to give them more open-ended problems so that they don’t fool themselves
into thinking they understand the concepts just because they can work the equations.

4) Make the modifications to the notes described in the discussion of the muddiest part of
the lecture cards.

5) Continue to teach all my own recitations

6) Move al of this onto aweb-based platform like Steve is using.

7) Continue to seek good demo’s (these are hard to find).

8) Continue to really push on the active learning.

V. Who should see thisinformation:

1) Greitzer or equivalent 16.050 instructor

2) Students from class (when they start 16.050 next year)
3) Studentsin next Unified class

4) Other folks in the propulsion division

5) Other Unified instructors



