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PREQUEL
• Because of instant, electronic communication, writing is more important 

that it had been previously	


• particularly the ability to craft a good message in just a few words, in a 
short amount of time.	


• Also, everyone is “busier” than in previous generations (at least we think 
we are -- I suppose we are keeping up with our instant communication!) 
so they will read only the minimal amount of everything	


• This is an opportunity for those of you who are good at it	


• Thus, even at 3AM, you could think of report writing as a chance to be 
getting better at an essential skill!	


• (mjm anecdotes!)



A PROPOSAL

• I don’t do research in Materials!	


• But if your writing matches your audience...	


• This is where a first impression can really matter... 
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INITIAL TEXT
Introduction 

It is difficult to overstate the extent to which our lives have been changed by modern, 
synthetic materials.  With the exception of the “bones” of large structures (e.g., steel 
beams, concrete* blocks, wood trusses) and the natural fibers that are still used in clothing 
(e.g., cotton and wool), very few items that we use are made of naturally occurring or 
pre-modern materials.  High purity silicon enabled the invention of the integrated circuit. 
Various light emitting, charge carrying, touch sensitive, and extremely tough and hard 
materials enabled devices such as the iPhone®.  The future of computing and next 
generation micro- and nanoelectronics will almost certainly involve highly engineered 
materials such as graphene, nanoscale magnets, or III-V semiconductors or tunneling 
field effect transistors.  All of the chemical reactions of the modern chemical industry are 
accomplished with catalysts, that have greatly increased the speed and efficiency of 
processes, and use up to 20% less energy than a couple of decades ago.  While the 
promise of limitless electricity from the sun has not yet been realized, the efficiencies of 
photovoltaics have continually increased with gallium arsenide surpassing silicon and 
various multilayer polymeric and inorganic oxide formulations likely to beat both of 
these in terms of cost and efficiency.  While the first household LED lamps for area 
illumination still cost more than $25 (even at Home Depot®) these will eventually 
revolutionize commercial and home lighting and reduce energy use for lighting to only 
about ¼ of the requirements of incandescent bulbs.  Boeing’s new 787 uses only about 
30% of the fuel of its first generation jet, the 707, which came into use in 1958.  Some of 
the improvements are aerodynamic, but the majority arise from the use of lighter 
(composite) materials, more efficient flight and engine control made possible with 
microprocessors and improvements in the turbine blades that allow a higher combustion 
temperature and larger mechanical stresses. 

Materials advancement is recognized by the federal government as being so crucial to the 
future of the country that the White House recently created a new initiative entitled 
“Materials Genome Initiative” (http://www.whitehouse.gov/mgi) (funded at $63M in 
2012 and $100M in 2013), which is intended to shorten the time between invention and 
commercial implementation of new materials.  Across the federal government, materials 
research easily exceeds more than $10 billion per year in cumulative expenditures.  

While Notre Dame does not have a Materials Science and Engineering Department, there 
are pockets of recognized excellence in materials research in several programs including 
chemical engineering (McGinn, Schneider, Maginn, Hicks), electrical engineering (Jena, 
Xing, Merz), Civil and Environmental Engineering and Earth Sciences (Burns) and 
chemistry (Lieberman, Kuno, Henderson, Kamat).  Consistent with the emphasis in 
materials research in the federal agencies, these are some of the most well-funded 
researchers on campus.  Despite these bright spots, the continuing successes of major 
Notre Dame SRI initiatives, such as cSEND, ND NANO, AD&T, and departments such 
as Chemical and Biomolecular Engineering (CBE) and Aerospace and Mechanical 
Engineering (AME) are dependent on an infusion of new hires who have fundamental 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
*!Even!these!materials!benefit!from!modern!chemical!analysis!to!verify!their!soundness!and!consistency!and!to!
tweak!their!properties!



OUTLINE
• First you need content (good data) and sound understanding	


• General thoughts and principles of technical writing	


• Be clear and efficient	


• Correct grammar is important 	


• Writing an abstract	


• The idea is write 2/3 of page that communicates the most important results 
quantitatively and allows the reader to envision what your device looked like and how 
the experiment proceeded	


• The rest of the report	


• Follow the guidelines in the lab manual -- Discussion is important	


• References and what you can and can’t do as far as using the work of others.



WATER COOLING TOWER



SCHEMATIC OF EXPERIMENT
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Experimental 
Apparatus 

The main idea for this system is to simulate a cooling/humidification system in the form 

of a cooling tower. Figure 3 provides a schematic of the apparatus for this experiment. 

 

Figure 3. Computer-Linked Bench Top Cooling Tower Schematic 
 

The main component of the experimental apparatus is a computer linked bench top cooling tower 

(Serial No. HC891/01537 by P.A. Hilton Ltd.). A valve controls distilled water flow through the 

cooling tower. As water flows through the tower, the rate of mass transfer and evaporation rate 

change due to water and air flow rate. Water flow rate ranges from 19.8-36.5g/s. A centrifugal 

fan (Airflow Developments LTD. Type 52 BTXL) provides a maximum air flow of 0.06kg/s. Air 

flow rates range from 10-60.2g/s. The water to air mass flow rate ratio is maintained between 0.2 

and 2.7. A tank with heaters in the system allows for heating voltage loads of 0.5, 1.0 and 1.5 



FUNDAMENTAL PRINCIPLES
• A gas absorption or desorption process can be described with a 

concentration driving force (limit might be Henry’s law) and we can 
commonly use an activity coefficient to correct a vapor pressure to 
get fugacity and write the expression for phase equilibria in vapor-
liquid binary mixtures.	


• For water evaporation, the high heat of vaporization makes the 
energy balance for phase change just as important as the mass 
balance when describing the device.	


• So an enthalpy driving force is commonly used	


• The last time I was at the final reports, both groups missed 
this!!!



EXPERIMENTAL TECHNIQUE 
MATTERS!
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Figure 5. Ky as a function of water flow rate input for various powers. 

 

 
Figure 6. Percent Efficiency of the cooling tower as a function of L/G input.  
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IT MATTERS WHO IS DRIVING!
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GENERAL THOUGHTS

• You are not writing to fill up space	


• You should respect the time and effort of the reader	


• The reader should have exactly the conclusions that you are trying 
to convey -- 	


• if the fix to a process is a 10C decrease in temperature, you 
don’t want the reader thinking it is a 10C increase!	


• Ethanol from corn is fundamentally a bad idea and so the 
reader should not get the end and not be sure of this. 



FIRST TIME THROUGH A 
THOUGHT

Well, it happened again, another topic that I mentioned many times in classes that 
seemed to need some attention by the medical procession, has received it.  Many times 
in the mass and energy balances class I have mentioned that I could not understand 
how drug dosing was done.  That is, the dose for adults for almost all drugs that I have 
seen prescriptions for, is the same -- be it one, two, three or 4 times per day.  I could not 
help but wonder how small women and really large men could need the same dose 
when a simple mass balance tells us that if it some systemic concentration of drug is 
needed for efficacy, then dose should scale roughly as weight.  If there is partitioning of 
the compound in different types of tissue (e.g., fat tissue which would be hydrophobic), 
then perhaps a more nuanced criterion is necessary.  However, in either case, all adults 
are not equal.  

Well, as reported by the New York Times (http://www.nytimes.com/2010/01/20/health/
26regimens.html?ref=health), a new paper in Lancet (http://www.thelancet.com/journals/
lancet/article/PIIS0140-6736(09)60743-1/fulltext ), has suggested the need to tailor 
doses of antibiotics to a personʼs size.  They note issues of problems with obese 
patients not getting enough drug to clear an infection and the secondary of under dosing 
contributing to antibiotic resistance of various bacteria.  There is an accompanying 
editorial (http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(10)60073-6/
fulltext), which I can also not see (##!!) that suggests the need to study this issue.

Beyond the irresistible “duh”, this is actually a very interesting issue for chemical 
engineers.  The first is that there are good reasons to have FDA approved dosing rules.  
You would not want physicians to be “winging it” for every patient -- particularly if they 
could not solve the transient mass balance equation with simple elimination and 
reaction terms.  Further, it is critical that patients take the correct dosing.  So three small 
pills and one big pill, taken every 3 hours is probably problematic for most people 
(except engineers -- we can count and if you are a student you donʼt sleep!).  However, 
the question of will a particular condition respond better to a constant concentration or 
peaks and valleys would seem not to have a general answer.  Maybe two big doses, is 
better than 4 doses of 1/2 the size.  

Looking a bit further afield, we could consider how medicine is likely to progress and 
how chemical engineers will be involved.  Various “artificial pancreas” devices are in 
different stages of development.  Chemical engineering plays an essential role in 
glucose sensing, determination of the “control scheme” and materials necessary for 
construction.  The implantable drug delivery system, either permanent or temporary, 
idea could be extended to many more diseases with the essential advantage being 
feedback control.  Either the drug level could be controlled or the dose could be altered 
in response to levels of something that is a response to the disease such as a specific 
cytokine or a blood toxin.  

Cochlear implants have become a common and successful treatment to restore 
hearing.  Soon there will be vision devices.  This technology, which allows linking of 
electro and electromechanical devices, to nerves and other human tissue, could allow 
continuous blood pressure monitoring, heart rate analysis, or other medical measures 
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ABSTRACT
• “stand alone” document -- you do this last!	


• Succinctly state the system/process/phenomenon being studied 
with enough quantitative information for an unconnected reader 
to understand what you did.	


• Give the analytical technique if it is important	


• Give range of parameters that were covered	


• State the results quantitatively while giving context, usually in 
comparison with literature values or correlations	


• Could give one statement of significance of the results in a 
broader sense or suggest a better way to address the problem.
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• It turned out that this was either fraudulent or a really bad 
mistake!



INTRODUCTION

• What is being studied	


• Why is it relevant	


• What did you “do”





GRAPHS 

• Readability is critical	


• Data are single points with error bars	


• Never just draw a line through the data!	


• Theory and correlations are “lines”









DISCUSSION

• Explain all of the important results in light of the theory	


• to what extent is there agreement	


• Critically evaluate the experiment	


• even if it works



REST OF THE REPORT

• Follow the format	


• The discussion is particularly important	


• This is where we find out if you know anything!





WIKIPEDIA AND WEB 
SOURCES

• http://online.wsj.com/article/
SB10001424052748703837004575012952816154746.html?
mod=WSJ_hp_sInDepthCarousel	


• You can use these.  Just cite them.	


• You can only cut and paste names, single words and graphs!


