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Session Goals

Describe the research undertaken as part of a CCLI
Phase | grant.

Help participants identify student engagement
challenges for their courses.

Share student focus group findings.
Demonstrate the Engaged in Thermodynamics material.

Questions and Answers




Research Rationale

Greater student impact, understanding, and
retention can only be achieved with greater
student engagement.

Supported by NSF grant DUE-0536299
through the Course, Curriculum, and
Laboratory Improvement (CCLI) Program.



Background on courses

Introductory thermodynamics course
Aoffered each Fall semester

Atypically two sections of 20 students each
Amajority are Mechanical (occasional Civil)
Amostly Junior students

Applied thermodynamic course

Aoffered each Spring semester

Aone section of approximately 30 students
Atypically all are Junior Mechanical students



Engaged in Thermodynamics

ACombines real world scenarios, problems,
and solutions.

ATakes lessons from case history and case
study formats.

AAims to supplement, not replace, existing
course materials and lesson plans.



Question

What are some pedagogical challenges in
engaging students in your courses?
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Thermodynamics Challenges

AProne to elicit a negative impression
AOften viewed as too abstract

ASt udents have |little
real world equipment

AOften taught with traditional teaching
methods and textbooks
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Cold region To=0°C =273 K

Three centrifugal chillers for campus cooling



py =0.1 bar
x = 0.9 (90%)
V,=30m/s




What is the most engaging
material format?

Four different textbook formats were examined
through student surveys and a focus group.

A. Traditional format, average real world

B. Traditional format, greater use of real world
C. Graphical format, greater use of real world
D. Heavy use of online format



What engaged the students?

NActual systems, probl e
real | 1 fe applications.
nNReal | 1 fe 1T ndustry exa
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What engaged the students?

némore on the actual ma
recogni ze components wh
newe | ive I n a real wor
Nl think real worl d proc

can relate them to myself and be more
nterested. 0O

| f the problems donot
ould actually use then there is no point in
oilng them.
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What do the students want in a text?

AA high number of quality homework problems

A Color photos of actual equipment (but not at
the expense of other things)

AA solidly constructed paper textbook; online
material was not well appreciated.

AProperly formatted tables and appendices




Perception of a textbook

NThe textbook 1 s borir
encourage one to r

Reading the textbook is a last resort. For
most it is a reference.
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The Use of Focus Groups

AUseful way to get qualitative feedback
ADone in small groups of 4-5 students
AGuided questions led to student reflection

AMuch richer information than written
feedback



Engaged in Thermodynamics - Textbook Supplement

Background Information

« Facility Overview « Centrifugal Chillers
Advanced

« Water Tube Boilers

« Diesel Generators
« Cogeneration Unit

« Engineers in the Plant
« Cooling Towers

« Centrifugal Chillers

Assignments

A. Definitions and Basic H. Vapor Power Cycles
Concepts

I. Power Cycles
B. First Law of
Thermodynamics J. Heat Pump and
Refrigeration Cycles
C. Control Volume
Analysis K. Thermodynamic
Relations
D. Evaluating Properties
L. Gas Mixtures and
E. Second Law of Psychrometric
Thermodynamics Applications

F. Entropy M. Chemical Reactions
and Combustion

G. Exergy
N. Plant Assignments

Site Map I Document Archive I Photographs I Glossary
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€] Co-Generation Unit - Microsoft Internet Explorer
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Engaged in Thermodynamics -

_Co-Generation Unit |

Cogeneration is
the production ofi
electrical power'™
and thermal energy =
simultaneously .
using a common
source of primary]
energy, or fuel. The
first power plant
built was a cogeneration cycle by Thomas
Edison in New York in 1882. Possible fuels for a
cogeneration cycle include natural gas, oil,
diesel, propane, coal, wood, wood-waste, and
bio-mass. Throughout the world, facilities have
been implementing successful cogeneration
units into universities, industry, hospitals, and
various other  applications.  Princeton
University, University of California Los
Angeles, The University of lowa, and the
University of Montana-Missoula are just a few
universities with  thriving cogeneration
systems.

é’] http:/fdevweb2-cset.its.mnsu.edufengagethermofbackaround_information/Co-Generation_Unit_1.html

Textbook Supplement

it was believed a cogeneraon unit installed at
Minnesota State University Mankato was a

great idea. Research on the benefits of
installing a
cogeneration

unit was done
by an outside
engineering firm
and a report
was filed which
included the
amount to be
spent on the unit, mstallatlon additional fuel,
and the amount of money that was estlmated
would be saved. After there was approval from
the University, a bid data sheet was created by
the engineering firm stating the plant
specifications for the unit. A bid was accepted
from Trigeneration Technologies contalmng a
Coppus model RLHB24
single stage turbine and a
Reliance Frame E5010S
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Engaged in Thermodynamics - Textbook Supplement

Entropy

1) Liquid water enters a boiler at 282°F and exats as saturated steam at 164.7 psi. What is the change in
entropy? Explain what the sign convention indicates. (Full Paze Version)

2) INDECK, a boiler manufacturer which Minnesota State University Mankato has purchased equipment
from, guarantees a steam quality of 99.5%0 out of their boilers. If liquid water enters the boiler at 282°F and
exits at 164.7 psi and 99.5% quality, what is the change in entropy for the water? Draw the heating process on
a temperature vs. entropy (T-s) diagram. Assume that it is a constant pressure process. (Full Page Version)

3) An economizer preheats the feedwater entering a boiler with hot exhaust gases. The exhaust gas enters the

economizer at 472°F and exits at 330°F. Determine the change in entropy of the exhaust gas using 1) the ideal

gas tables and 2) an assumption of constant specific heat. Assume it is a constant pressure process (1 atm) and
the exhaust gas can he modeled as air. (Full Page Version)

4) Water in a boiler has a heat input of 66.92 MMBTTUH when running at 75% load and buwrning #2 fuel oil.
The steam exiting the boiler is saturated. INDECK, the manufacturer of the boiler states that the smface
temperature of the outside casing will not exceed S0°F above the ambient temperature. Calculate the rate of
entropy production of the steam. Assume the boiler is well insulated. (Full Page Version)

5) Liquid water enters a constant pressure economizer at 164.7 psi. The temperature entering is 240°F and
exits at 281.1°F with a flow rate of 92,700 lb/hr. Flue gas enters the shell side of the economizer and has a total
heat transfer rate between the two fhuds of 3,923,813 Btwhr. What is the rate of entropy production? Assume
the economizer is well msulated and the heat transfer accurs at 330°F. (Full Page Version)
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