Mer231 — Thermodynamies [ Prof Anderscn

PEEPARATION OF HOMEWORK PROBLEMS

The followmg applies to the preparation of all problems, wnless mstructions to the confrary are grven. Each of the 5
sechions described below must be meluded m vour homework write up. You will be graded on both vour ability to
solve the techmical problems and vour ability fo commumeate that solubion.

I)

I)

4)

Problem Statement. Festate the problem m vour own words and include the following information:

» Known/Given: Briefly state the important known or given information. This requires that you read
the problem carefully and think about it

#» Find: State {:unmelgr m your own words what 13 to be determuined. (1.e. how do vou know when you
are done?)

Assumptions. State any 1dealizations or assumptions needed in performing the selution. Form a record of

how you modeled the pmblem by listing all simphfying zzsumphions and 1dealizations made to reduce the
prn:nble;m to one that iz manageable. Pu:ﬁ assumption used to simplify the analysis wall alzo limit the scope

of vahdity of the solution! Remember to discus the limits of validity -:rfwu.r sohution (caused by vour
assumptmm] in the final discussion section (described below). Typically at this point in the analysis you

should state how you mtend to determine the phy=sical properties that will be used m vour solution {e g
“azzume 1deal gas” or “use steam tables in appendix A for all properties™)

Skeiches & Property Diagrams. Draw a diagram of the system meluding zvstem boundanes (control

surfaces) and if relevant, draw a suitable process diazram. IfEII-E:IE‘. 13 Imvelved, show energy transfer across the
boundary or control surface by specifically labeled amrows. Indicate Ay energy of mass storage changes within

the system. Don't view tmmalﬂzhematcasastailc entity. Rememhertﬂ-@dﬂtertﬁaquenﬂﬁ as the
s-uluhcrupmemssesandm-:rre mfcrmation 13 learned.

# You should decide whether a closed system or comirol volume 15 appropnate for the analy=mis, and then

carefully identify the boundary and show 1t on vour figure.
» Record all property values you are given of that vou anticipate may be required for subsequent

calculations (a tabular format is often very uzeful for this, leave blanks far properties that vou think vou
will need to lock up as the solution proceeds).

#» Sketch appropnate property diagrams (P-v, T-v, T-z), locating key state points and mdicabing, if
possible, the processes executed by the system

Solotion. Decide what phy=ical laws (1.e. first law, zecond law, conzervation of mass_ etc.) will be used to sclve

the problem and what zeneral form of these 13 best smited fo the parbcular problem (1e. system or CV form).
Write down the most general form of the equation first then use vour assumptions to simplify it to the form vou

will actually selve. Note the effect of each assumption on the equat-:rns. az you simphfy them Explamn ﬁtn
terms can be 1gnored m the governing equations. Use words to describe vour solution methodology.

Some Helpful Tips:

# You should work with vanables in vour equations for as long as possible before substitufing numencal
values (this wall make your solution more penerally apphu:al:ule and hence more valuable).

#» When you have the equations in final form check that you have encugh equahions to selve for the
number of imknowns that vou are dealing with. If not, go back and see what other physical relations or

ertramfﬂrmahﬂu}mcanapph to eliminate inknowns. (Le. can you fix any system states and then
find other properties on the steam tables? Does the process followed by the svstem give vou any

addiional equations like P,V,=F,V,7) Only when vou are sure that vou have Eﬂl.'.‘ﬂlEh information
(equations, relations) fo solve for the mmiber of unknowns should Vou substitrte mumerical values mto
vour equations and perform your final calculations.

» Be sure to indicate where values used in vour calculations come from (e.z. the properties of nitrogen
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were taken from table 3.54 on page 344 of ..

»  Be careful with numencal calculztions. Make sure that consistent umits are emploved on every term in
the equation. Check units!

» The fnal answer should be clearly marked (boxed) and mmst have appropniate wits and a
reasonable mumber of significant figures.

#» Consider whether the magnitudes of the mumencal values are reasonable and the algebraic signs
aszoclated with the numencal values are correct. Make sure no physical laws are viclated (e.g. no
negzfive masses, nothing moving faster than the speed of light etc.) and that commeon sense seems
to be satisfied.

5) Discussion. Conclude the problem with a brief discussion of the sigmificance of the resultz, the sizruficance
of any 1dealizations vou made, and any conclusions you can draw. Ask vourself if the answer 15 reascnable.

»  Specify the limitz of vahdity of your calculafion (remember to refer back to vour assumphons) and an
estimate for the accuracy of the solution (e. 2 “we used empirical correlations that are cnly accurate to
withm 10%, hence our answer camnot be expected to be more accurate than this. .. ™).

» Note potential sources of ermor (e.g “we had to estimate the properties of water at —130 °C smce no
value 1z given m the steam table.. ™) and posmibly weak assumphions (e g “the above analyzis 13
founded on the assumphon of a fichonless piston, but as we all know this 13 an impossibility, hence the
work calculated should be viewed as an upper bound of what a real system would produce. . ).

» Indicate how vour solution could be mmproved (e.z. “by replacing ideal gas behavior with measured
pIOperty hd:maunrgreatﬂamuracj. 1z possible.. ) Or mclude statements about the broader
significance of vour solution (© by switching to this new cycle with ugher efficiency the US could save
100000 barrels of o1l a vear...”).

In “real hife” 1t 15 this understanding of vour solution and its rarifications that vou are being paid for ... the number
that vou produced, in and of itzelf 15 useless. Therefore the discussion 15 2 cribically important part of any solubion.
To reflect this the discussion section will be beawily weiphted in the prading of the homework

Other Comments:
* Don’t mclude obvious anthmetic on the preblem sheet but include all algebraic developments.
* The comect numencal answer may not be as important as the comrect reasomng behind 1t, and the
dizcuszion of the significance of the answer.
Al azzipnments must be neat. If T can't read them I can't prade them.
Note: Tvpical problem write-ups should be 1-2 pages. Use complete sentences!

ACADEMIC HONESTY and WORKING TOGETHER ON HOMEWORK:

1. You are allowed to work together. Thiz 13 one of the best ways to learn (both for the “tutor™ and the
“leamer”). However, you are not allowed to claim {(or accept in any way) eredit for work which you
do not understand.
If you work with or Aelp others vou MUST: 1) hst ther names 1) describe therr contnbubions to the
problem, or aid you gave to them_ (e.g. "I showed Tom my solubion”™ or “I went over section 2 of this
problem with Ursula”) Ifthere iz a part of an aszignment that vou do not understand. buf thar you need
fo contirme the prodlem, yvou may (and should) include it in vour write up Buf you HUSTEWE credit o
the source of the material (e. z. “T found this part of the solution online” or “Jane explamed thiz to me
but I ztll don’t quite get it...™).
3. A bnief dizcussion of the conimbutions of each participant (mcludmg vourself) must be meluded in the
dizcussion section.
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Sources for this Methodology: M.J. Moran and HIN. Shapiro, Fundomenials of Engineering Thermodynamics,
4" Edition, John Wiley & Sons, Inc., 2000, p. 24. Prof. Dan Haworth and Prof. Dom Santavicca and Prof Brad
Bruno.



