
ChE 306 Group Heat Exchanger Project 
Fall 2010 

11-03 (WEDNESDAY): Select team of 1 or 2 or 3  
11-05 (FRIDAY): Teams will be e-mailed process fluid information by 5:00 pm 

11-08 (MONDAY): We will discuss this hand-out in class 
11-15 & 11-19 (Mon & Fri): Project Q&A during class 

11-22 (MONDAY): Reports due in class (or electronic submission is OK) 
(score is 10 % of course grade) 

 
For each TEAM:  
(1) Design 4 heat exchangers for the Bama Chemical Company using the Heat Exchanger software 
distributed in class, with your team's given fluids (software and fluid info will be sent by e-mail), &  
(2) Retrofit these 4 heat exchangers to minimize the use of utility fluids for heating and cooling in 
the plant. {This will entail using the hot and cold process streams to exchange heat with each other, 
and using minimal utility fluids}. 
 
SOFTWARE: HEAT EXCHANGER is a very simple package for estimating heat transfer and fluid 
outlet temperatures based on heat exchanger design, fluid properties and flow rates. An older 
version is available on computers in Houser. I will send copies of the latest version via e-mail. The 
software is compatible with recent versions of Windows (I am uncertain if it runs on Macs). You’ll 
need to unzip the file, then click set-up to install the software (it’s a fairly small file). A sample 
print-out from the software package is included in this handout. 
 
For heating and cooling purposes, you have unlimited supplies of the following utility fluids: 

Sea Water at 200 oF 
Mobiltherm 600 at 302 oF 

Freon 12 at - 40 oF 
Sea Water at 40 oF 

 

Use appropriate fouling factors for the seawater or refrigerating liquids (Freon), or assume clean 
pipes for the oil. (Table 11.1, p. 674) 
 

Constraints: 
UTILITY FLUID COSTS (OPERATING COSTS):  
Heating Fluids: Mobiltherm 600 heat transfer fluid at 302 oF is $0.52/2000-lb and hot water at 200 
oF is $0.30/2000-lb. 
Cooling Fluids: Seawater at 40 oF costs $0.23/2000-lb and Freon-12 at -40 oF costs $0.65/2000-lb. 
 

EQUIPMENT COSTS (CAPITAL COSTS) 
Shell & Tube Heat Exchangers: $6500 per 100 square feet of effective surface area 
Concentric Tube (Double Pipe) Heat Exchangers: $2200 per 100 square feet effective surface area 
 
PRESSURE DROP & TYPES OF HEAT EXCHANGERS: All fluids are at 100 psi entering. 
Max. allowable pressure drop across any shell and tube heat exchanger (shell or tube side) is 25 psi.  
At least one heat exchanger must be concentric tube (max. allowable pressure drop = 75 psi). 
 

Fluid properties: 
Fluid properties are for every fluid that may be assigned as part of this assignment are included in 
this handout (at the back). Please note that some properties are in SI units and others are English. 
You can also use any data table of physical properties (e.g. Appendices A5-A6 in the 306 textbook). 



Part (1): Design 
The objective is to maximize heat transfer while trying to minimize the total cost to Bama 
Chemical. Here, you may play with any of the variables in constructing the 4 heat exchangers that 
will (hopefully) minimize the operating costs (use of utility fluids). One of the exchangers must be a 
concentric tube heat exchanger. 
 
Include a print-out of the software results for the 4 heat exchangers (or submit the electronic file), 
and find the total usage rate for each utility fluid, and total cost for capital and utility costs for 10 
years. Report your cost as 10-year cost, which will be the total of the heat exchanger purchase price 
plus the cost of utility fluids for running the exchanger 24 hours a day for 10 years.  
 

 
Part (2): Retrofit, use the same 4 heat exchangers that you designed in part (1), but use the 
process fluids themselves as the heating and cooling sources. You can split streams as needed to get 
the mass flow rates needed in the heat exchangers, and calculate a new temperature for the streams 
after they are re-mixed (see HW 7, problem 8 for an example). (using m1 cp1 (T3-T1) = m2 cp2 (T2-T3) 
to get m3 = m1 + m2 exiting at temperature T3). You may be able to reduce the total number of 
exchangers to as little as 2, but you will probably still need the other heat exchangers, as well as 
SOME heating and cooling using the sea water/oil/Freon to reach the desired outlet temperatures. 

 
If necessary, you can design one additional heat exchanger  to get all 4 fluids to their final desired 
temperatures. You may still use the utility hot and cold fluids for heating and cooling, but the 
objective is to minimize costs due to external heating and cooling sources. 
 
Sketch the flow pattern (process flow diagram- you can use Powerpoint for a basic diagram) used in 
the retrofit process. What is the reduction in use of each utility fluid? Compare the 10-year costs of 
utility fluids for the original design vs. the retrofit. How much money could be saved? Was there 
any difference in selecting fluids for shell or tube side? 
 
 
A process flow diagram such as the one below can be done in powerpoint (or MS word), or you can 
neatly sketch the PFD by hand.
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PUTTING TOGETHER YOUR REPORT 
 

The report should have the following sections. Please staple your report when turning it in. 
 
I. Cover page with an executive summary. (1 paragraph summary of the report, including your 
 findings on design vs. retrofit cost, include team members on cover) 
II. General Heat Exchanger Design (~ 1 page) 
 Discuss the effect of design parameters on heat transfer- how would you optimize heat 
 transfer for a given situation? 
  
 Discuss how the following variables impact heat transfer: (Do any problems arise that  
  constrict the range of numbers you can choose) 

 shell & tube vs. concentric tube? baffle spacing/pitch?  
 material of construction?  which fluids are tube-side and shell-side? 

  the flow rates of utility fluids? tube pitch?   
 tube diameter?    # of tubes?  
 shell inner diameter (the software calculates this as how much bigger is the shell than 

          the tube bundle, so a shell diameter of 0 inches may be possible)? 
 
Discuss which utility fluids to would be best to use? What if you could use saturated steam 

 instead of hot engine oil or water as the heating fluid, would you expect to require higher or 
 lower mass flow rates of utility fluid?  
 
III. Project Goals/Heat Load Calculations (~ 1 paragraph) 
 Summarize the requirements your team has for heating/cooling 4 fluids. Include a table 
 listing fluid, flow rate, inlet & outlet temperature and rate of change of internal energy 
 (English units) 
 
IV. Design of your 4 Heat Exchangers (~1-2 pages, plus 4-8 pgs for diagrams/software printouts) 
 Discuss your team’s decisions on how to design the 4 heat exchangers for the 4 fluids.  
 How did you decide which fluid should be in the concentric tube exchanger? 
 What parameters did you try to optimize in the “Results” section from the software? 
 Include a diagram showing each heat exchanger and listing the flowrates of the two fluids 
 entering each exchanger and the inlet/outlet temperatures. Indicate  which fluid is shell-side 
 (annulus) or tube-side. Include software printouts from the 4 exchangers you designed. 
 
V. Retrofit Layout (~1 page, plus 5-6 pages for diagrams/software printouts). 
 Discuss how you matched process streams from the design portion to reduce your use of 
 utility fluids. Did you have to design a new heat exchanger? If so, why? 
 Include a process flow diagram to show the flow of all process and utility fluids, which heat 
 exchanger is which (i.e., Design#1), flow rates, temperatures, and shell/tube side fluids. 
 
VI. Cost Comparison (<1 page) 
 Calculate the capital costs of the equipment bought for the 4 designed heat exchangers. 
 Tabulate the operating costs (utility fluids) for all 4 heat exchangers in the design portion 
 over a 10 year period. Calculate the total 10-year operating costs for the utility fluids in the 
 retrofit portion. What are the 10-year savings that can be realized by the retrofit layout? 



GRADING SHEET FOR 306 GROUP PROJECTS 
 
1. DESIGN PORTION 
 

A. Diagram of Exchangers (10 pts) 
  

Include a schematic of the process- doesn’t have to be a formal process flow diagram, but  
draw out each exchanger to show which fluids are used as utility fluids, and which fluids are 

 shell-side and tube-side (or inner and annular flow for the concentric tube exchanger).  
Show mass flow rates and temperatures at the inlet and outlets. 

 
B. Heat Load Calculations (5 pts) 
  

Determine the requirements for heating/cooling for each stream and present in a table. (∆U) 
 
C. Answers to Questions & Discussion of Your Design (25 pts) 
  

Discuss each of the questions on page 2 (qualitative answers are fine). Discuss the designs 
chosen for your 4 heat exchangers. 

 
D. Exchanger Specification (10 pts) 
 

Include print-outs of the software calculations for each exchanger. 
 

  
2. RETROFIT PORTION 

A. Redesign of Process Layout (15 pts) 
 

How are the streams redistributed to minimize the use of heating and cooling utility  
fluids? Draw the new schematic/flow diagram, indicating inlet and outlet temperatures, 
tube-side/shell-side fluids, and flowrates. 
 

 B. Discussion (10 pts)  
Discuss your methodology in redesigning flow pattern in the heat exchangers. Answer the 
questions on page 2 of this handout. 
 
C. Exchanger Specification (5 pts) 
Include print-outs of the software calculations for each exchanger. 

 
 
3. COST ANALYSIS (20 pts) 

Determine the cost of purchasing the 4 heat exchangers (capital cost) and the cost of using 
utility fluids (operating cost) for 10 years. Tabulate the utility fluids with their required 
flow rates and operating cost for both the design & retrofit. Compare your total operating 

costs and determine the money saved over 10 years using the retrofit layout. 
 
4. CLARITY OF REPORT (5 pts) 

 

Make it easy to read & clear (typewritten- you can hand-draw the flow diagrams, if done 
 neatly). 



Answers to some questions RE: Heat Exchanger Project: 
 
Q1. How should the SEA WATER be treated as a utility fluid? 
 Assume that most of the salt has been filtered out by the time it reaches the heat exchanger, 
so that the properties of regular water will be adequate. (A really good thing about using water is 
that the properties are built in to the software, so you can just choose water from the drop-down 
menu.) The only important aspect of SEA WATER is that you should use a fouling factor 
appropriate for sea water. 
 
Q2. The software prints out with a bad format sometimes. 
 This shouldn’t be a problem with the software I e-mailed out, but the software on the 
campus computers is an older version. As long as most of the sheet is readable, I have no problem 
with turning in the print-outs that may be a little off. If you have serious problems printing, then you 
can submit the software heat exchanger designs electronically, by SAVING the designs you choose, 
and attaching them to an e-mail to me when you turn in the rest of the report. (It’s also OK to 
submit the entire report electronically). A sample report (1 page) is shown following these FAQs. 
 
Q3. What temperature should utility fluid streams be looked up at? Tmean? 
 While you are adjusting parameters to determine a design for the heat exchangers, choose a 
temperature somewhat above or below the inlet temperature (accounting for the fluid heating or 
cooling inside the exchanger), and stick with that (the properties of most fluids won’t change too 
much over the temperature ranges in the project). When you get to a final design, you’ll have a 
better idea of what T mean is for the utility fluids and can re-calculate the fluid properties. Of 
course, if you use water, and select it in the drop-down menu, the software will calculate properties 
for you. 
 
Q4. What pressure should be used for the inlet streams for the process & utility fluids? 
 Use 100 psia. This is high enough to see if there will be a > 25 psi or > 75 psi pressure drop 
inside the exchanger. Since all of the fluids are LIQUIDS, the pressure will have essentially no 
impact on fluid properties. If you are getting a large pressure drop, recall what you’ve learned in 
ChE 304. Try pipes with larger diameters, more tubes, shorter lengths, wider baffle or tube pitches, 
etc. Of course you are always trying to balance a reasonable pressure drop with a high Reynolds 
number, so there is some tension between ChE 306 (high velocities, high Re, high h) and ChE 304 
(high velocities, big pressure drop). 
 
Q5. What should be used for tube gauge? 
 This is part of  “playing” with the software. Tube gauge refers to the thickness metal wall of 
the tubes, and is one of the important resistance variables in the equation for UA. Does this choice 
affect heat transfer much? That’s for the write-up. 
 
Q6. What about the selection of number of tubes, length of tubes, etc.? 
 This is also part of “playing” with the software, but these variables affect fluid flow (think 
Reynold’s number), as well as pressure drop, as well as what the total surface area for heat transfer 
are. So- while there’s not a “correct” answer, you can work with the program to determine what 
might be a better design than others. 
 
 



Q7. What value should be optimum for effectiveness? 
 Not 1! If a heat exchanger is 100% effective, then it is delivering qmax. While this may sound 
good, this means that a heat exchanger is over-designed, and has far too much area (and likely 
requires a large number of NTUs). This will come into play when you determine the cost of the 
exchangers (which is based on the total surface area).  
 
Q8. What should the value of U be? 
 Obviously, the higher the better. Think about what you’ve learned in class that can affect the 
variables that make up UA. How do you increase k, hi, ho, etc.? There is no set number, but typical 
ranges of U are listed in our book (water-to-water, 850-1700 W/m2-K) 
 
Q9. Some fluids don’t work as a tube-side fluid (likely glycerin or ethylene glycol). What should 
we do? 
 While in reality, these can go on the tube-side, the software package that we are using is 
fairly simple, and relies on some of the correlations that we’ve seen in our book to determine h 
values. This means that for some fluids, the correlations have a minimum or maximum viscosity or 
other fluid property that may give problems for some fluids. In these cases, use the process fluid 
(glycerin, etc.) as the shell-side fluid. 
 
Q10. The shell diameter seems to have little impact on the answers or shell-side pressure drop. 
 This is one variable that I am not sure how it is incorporated into the software. It seems to 
me that the software’s shell diameter must refer to how much bigger the shell is than the tube 
bundle. (The software works fine for the double pipe exchangers). So you can choose a shell 
diameter of 1 inch, and still get a good result.  
 
Q11. I’m uncertain what you mean about the retrofit part of the project. 
 This will be worked similar to problem 8 on Homework set #7, in that the fluids may be split 
to bypass the heat exchanger, then re-combined. The objective is to get rid of as much of the utility 
fluids as possible. I’ll discuss & answer more questions in class. 
 
Q12. Freon-12 didn’t work as a concentric tube fluid. 
 Similar to #9, some fluids fall out of the range of the correlations that are programmed into 
the software. Try it in a different exchanger, or in the annulus of the concentric tube exchanger, if it 
gives errors. 
 
Q13. What is 25% Cut Shellside Pressure Loss? 
 The 25% cut refers to how the baffles are cut. A 100 % cut would mean that there were no 
baffles (think of a disc-shaped sheet- a 50% cut would be a perfect semicircle). So 25% cut means 
that the top 25 % of the baffle is open for fluid flow. This number is not a variable in the software 
package, but 25% is a common value. The smaller the cut, the less room there is for the shell-side 
fluid to pass through. 
 
Q14. An error “Prandtl Number not in range” keeps popping up. 
 Check your fluid properties. Glycerin might be the only fluid where this might be a problem. 
Please note the units on the handout (the English units)- they are not all the same as what must be 
entered into the software. 
 



Q15. For which fluids do we need to use a fouling factor? 
You can assume all of the process fluids are “clean” and F = 0. The only fluids where you need to 
use a fouling factor for this project is the hot or cold sea water (utility fluid). 
 
Q16. The software asks for new fluid properties to be entered at a new temperature for some of the 
fluids when calculating results. 
This happens because the software is estimating what the outlet temperature of the fluid will be and 
is giving you a chance to enter a more accurate value for viscosity, etc. Since all of your process 
fluids have a known mean temperature in the design (you are given T in & T out)... you don’t need 
to change the properties- just find them at Tmean for each of your fluids. If you are using water, the 
software has those properties built-in, so it will update the properties as needed. For the other utility 
fluids (oil and freon) or when you are doing a retrofit, it may make a small difference if you enter 
new numbers based on a new mean temperature, but it will likely be small (most groups have fluids 
where dT is less than 100 oF in most cases). 
 



SAMPLE PRINT-OUT FROM HEAT EXCHANGER SOFTWARE 
Top portion: INPUT DATA 
Bottom portion: RESULTS 

 



FLUID PROPERTIES 

 



 
 



 
 

 



 
 
 

 



 

 



 


