CHEN3600 Problem Solving 

Fall 2007

Step 5 – Confidence In Your Work (Getting It Right)
One of the most significant differences between your work as a student (exams, homework, programs, projects) and your work as an engineer, is that in “life” there is not value (partial credit) for a wrong answer.
When you are given the job of determining the amount of a particular catalysis which should be added to a new feedstock, and despite using the correct engineering and science principles, you arrive at the wrong answer, it’s obviously of no value.

When you are given the job of determining the amount of a chemical that should be purchased, and you have used incorrect engineering or science principles to arrive at an incorrect answer, it’s obviously of no value.

When you make a “math mistake” or a “unit conversion mistake” or “miss important assumptions” or “use incorrect data” and you arrive at the wrong answer, it’s obviously of no value.

Please review (no note-taking necessary) the following article, especially the references to problem solving and correct solutions:


http://www.personal.psu.edu/faculty/r/c/rce2/mcht111/111intro.html
See below for the highlights of this article… but especially note the following:

Verify the Solution:  After solving the equations, the process is not over.  The question "does the answer make sense?" should always be asked after the solution is complete.  Often by looking at a problem you can guess at an appropriate range for the answer.  If your solution doesn't make sense compared to your guess, then it is the first hint that something may be wrong.  The importance of getting the correct answer is often overlooked in when a lot of partial credit is given for proper set up of problems.  But consider this, if an engineer does everything right, but hits the wrong button on his calculator and is off by a factor of 10 while designing a bridge, do you want to be the first person to drive across?  Be diligent to verify your solutions. You can never be absolutely sure you are correct, but the more times you question your results, the more likely you are of having the right solution. 

Key Principle:  You will be known for the answers you provide to the problems you are asked to work!

Last semester’s students were asked to solve a problem involving the amount of water which would be evaporated daily from my koi pond given meteorological information about the humidity, wind speed and temperature. 

Summer2007 Koi Pond Assignment.doc
Here are some examples of “results” submitted (keeping in mind, I was the audience):

Example 1
Assumptions
In order to solve this problem some assumptions must be made.  First, I assume that the entire system is at atmospheric pressure (101.325 kPa).  Also, I assumed the pond could be treated as a flat plate and that the wind is blowing over it along the 8 foot side.  The mole fraction of water at the surface is 0.99 is another assumption that eases calculations (this will be discussed in the programming section).  
Results

After a substantial amount of time spent debugging, I finally got my program to yield results.  The lowest evaporation rate was 0.450076 m3/ 2 hours at 2:00 p.m. while the highest occurred at 4:00 a.m. and 6:00 a.m. and was 0.594905 m3/ 2 hours.  On average around 0.54454 m3 was lost every two hours.  The total water lost was 78.43 m3 on this day, meaning 78.43 m3 of water should be put back into the koi pond.
Conclusions

While the water lost did not relate to the variables as I thought they might, I still feel like I have developed a successful program.  I got the same answers when checking my work by hand.  Also, I feel that working on a program such as this has greatly increased my programming skills. 

Key Principle:  You will be known for the answers you provide to the problems you are asked to work!

Example 2
Results and Discussion-   In Program 1 (Attachment 1) the mass flow rate used to determine how much water must be added back to the koi pond after evaporation is calculated using the flux equation for mass transfer for a flow outside a solid surface.  These equations vary with time so excel/VBA was used to calculate the answer.  According to the VBA program 0.00002994 kg/s of water are evaporated from a koi pond on an average summer day.  Hence 0.000693 m3/s of water should be added to the koi pond at the end of the day to replenish the pond.  
Shown below is a graph of rate of evaporation verse time for the typical summer day.
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Key Principle:  You will be known for the answers you provide to the problems you are asked to work!

Example 3
Results and Discussion:
Below is an example of how the program works.  The amount evaporated and the total amount of water that should be added when max time is 12 hours and change in time is 0.01 hours is shown in Table 1.

Table 1.  The Amount Evaporated

	Amount Evaporated

	0.25973081

	0.270348392

	0.287782559

	0.211135117

	0.224993381

	0

	0.236255714

	0.322034095

	0.220564229

	0.292353765

	0.352208744

	0.366014686


Next, the program determines the sum of the amount evaporated and the total amount of water needed to be added under these conditions

Table 2.  The Sum of the Amount Evaporated and the Total Amount of Water Needed

	Amount Evaporated
	3.043421492
	Lbm

	Total
	282.0531621
	Gal


The program then displays the amount evaporated versus time. This is shown below in Fig. 1 for the example previously mentioned.
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Figure 1 Amount Evaporated in a 24 hour period

Key Principle:  You will be known for the answers you provide to the problems you are asked to work!

Example 4
Results and Discussion:
The column “amount evaporated” is summed and placed in cell C29.  The total amount of water evaporated for this example is 396.72 lbm. To take the water level back to its initial level at 40401.52 gallons can be added.  The volume also appears in liters (152969.44) and cups (646478.32). These values appear in cells C30-C32.  Figure 1 shows the relationship between the amount of water evaporated and time.

Key Principle:  You will be known for the answers you provide to the problems you are asked to work!

Web Article Highlights

Dimensional Homogeneity:  It is important for all units in an equation to be compatible in order to obtain the correct solution.  

Significant Figures:  Rules abound for rounding off engineering calculations.  The accuracy of any calculation depends on many factors.  Obviously, the accuracy of the calculation method itself plays a large role in the final result.  The accuracy of the initial data is also very important. 

Idealizations:   It is common practice to simplify systems for computational purposes.  The simpler the model of the system becomes, the greater the chance for variations between the model results and the real life results.  

Problem Solving Technique: It is important to develop a good problem solving technique early, which will carry through into other similar courses, and beyond.  Many procedures and techniques are given in textbooks, and each appears to be a little different than the others, but each has the same goal in mind.  To develop a procedure for an orderly approach to solving problems, which will result in fewer errors, a better understanding of the problem, neat and organized solutions, and easier troubleshooting to find errors that may exist.  The method outlined here is an example of such a systematic approach.  There are no claims that it is the best, or the only method, but the important thing is to get into the habit of following a technique such as this.

1.) Define the problem
2.) Collect information
3.) Generate a "plan of attack"
4.) Apply the appropriate principles and equations
5.) Solve
6.) Verify the solution 

Define the Problem:  Defining the problem may involve several steps.  The first is to read the problem carefully. Make sure you understand what it is the problem is asking for.  Whenever possible, write down your understanding of the problem, but as a minimum, have a clear problem definition in mind before attacking the solution.  Identify what result is requested. 

Collect Information: Here is where you start writing down information.  Make all appropriate sketches, neatly and clearly.  Make sure all given information is either shown on the sketches, or is listed separately.  ALL given information should be written down.  Do not just rely on reading from the book.  Make a list of all of the unknowns. This will help direct your thinking towards an efficient solution to the problem.  Make a list of any assumptions as appropriate. 

Generate a "Plan of Attack": Study the problem, and determine what theories are required for solution. Consider all of the relevant formulas, and the constraints and limitations of those formulas.  Decide if the best approach is to proceed with a hand calculation, or to use a computer assisted approach.  Factors such as how often the calculation must be done, complexity of the calculation, required accuracy, and software available to you should be considered.  Most problems in this course will be done using hand calculations, so that decision will be made for you, but once that is decided, it is still important to have a clear view of where you are headed with the calculation.  This becomes more important as the complexity of the problems increase. It is often worth the time to make an informed decision on the theory or approach to use.  A bad decision can cost you a great deal of time as you get into the solution itself. 

Apply the Appropriate Principles and Equations:  Write down the equations to be used in symbol form.  Make substitutions into the equations only after you are confident that all of the correct equations have been selected. 

Solve:  This is obviously a very important step in the process.  It is very important to have the proper mathematical background to be able to correctly implement the solution.  A strong ability in algebra, trigonometry, and geometry will be required to finally arrive at the correct solution.  It is very surprising how often this step causes the most problems.  Solving of the equations must be done carefully, systematically, and checked thoroughly. 

Verify the Solution:  After solving the equations, the process is not over.  The question "does the answer make sense?" should always be asked after the solution is complete.  Often by looking at a problem you can guess at an appropriate range for the answer.  If your solution doesn't make sense compared to your guess, then it is the first hint that something may be wrong.  The importance of getting the correct answer is often overlooked in when a lot of partial credit is given for proper set up of problems.  But consider this, if an engineer does everything right, but hits the wrong button on his calculator and is off by a factor of 10 while designing a bridge, do you want to be the first person to drive across?  Be diligent to verify your solutions. You can never be absolutely sure you are correct, but the more times you question your results, the more likely you are of having the right solution. 

Following these steps, or a similar procedure, will not only increase your chances of arriving at the correct solution, but will also make it much easier to go back and find errors.  If steps are skipped, and things are not written down, then it is much more difficult for you or someone else to follow your calculations in the future.        







