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Objective:

Equipment:

Procedure:

Anaysis:
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In part one of this experiment, students should evaluate the performance of a double-pipe
heat exchanger (i.e. amount of heat transferred, temperatures of the interacting water
streams, overall heat transfer coefficient, etc.) as afunction of flow rate and the direction
of flow. Students may choose other operating conditions to investigate in addition to
those mentioned.

In the second part of this experiment, students should evaluate the performance of the
shell-and-tube heat exchanger as a function of steam temperature and water flow rate. If
possible, compare the performance of the shell-and-tube and doubl e-pipe heat
exchangers. Again, students may choose other operating conditions to study as well.

Two double-pipe heat exchangers, Struthers-Wells shell-and-tube heat exchanger,
multipoint temperature recorder and 2 rotameters. See the diagram that follows.

Completely familiarize yourself with the experimental equipment, determine the
operating ranges of the controlled variables, and prepare a plan of your experiments.
Note any safety hazards associated with this equipment. Calibrate the rotameters and the
multipoint recorder.

Operate the lower double-pipe heat exchanger using steam at two or more temperatures
and water at two or more flow rates. If possible, use the same liquid flow rates and steam
temperatures to operate the shell-and-tube exchanger.

Operate the upper double-pipe exchanger with water-water counter-current operation at
high, medium and low flow rates for each fluid, one fluid being hot, the other cold.
Repeat for co-current operation. 'Y ou may use the lower heat exchanger (2 sections) to
generate the hot water for this study.

Be sureto validate your experimental data by repeating trials to ascertain the
reproducibility of your experimental technique and by repeating measurements (such as
steam flow rate) within asingle trial to ascertain the precision of individual
measurements.

While you operate the lower and upper exchangers simultaneously, recognize that you
are testing two separate entities and that they should be evaluated and discussed
independently.

Estimate experimental error in individual measurements, propagation of error in
calculations involving measured values, and the error between repeat runs. From your
results, determine the effect that various controllable variables have on heat transfer
coefficients, the amount of heat transferred, and the temperature rise or fall of the various



streams. Compare the heat |ost by one stream to the heat gained by the other. Compare
the two types of exchangers for the purpose of heating water with steam.

Report: Describe the design of your experiments and your results (including a discussion of their
precision and accuracy). Provide thoughtful and quantitative discussion of results,
explain trends using physical principles and relate your experimental results to predicted
values from literature or theory. Express any discrepancies between observed and
predicted resultsin terms of quantified experimental uncertainties or limitationsin
published values or theory.

PRECAUTIONS:
Always be sure that there is adequate water flowing through the heat exchangers anytime
the steam ison. Take care not to touch the hot exposed pipes or heat exchangers.
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TIPSFOR PLANNING AND ANALYZING DATA FROM HEAT EXCHANGER
EXPERIMENTS

STEADY STATE

Anayzing your datais easiest using steady state mass and energy balances. Thus you must do your
utmost to insure your experimenta data are measured under steady state conditions. To determine where
you are operating with respect to steady state, take measurements often and record them as a function of
time. Study the trend of the data by plotting the values and performing regression analysis with respect
to time. Interpret your datato decide whether you are approaching steady state, departing from a steady
state, or at a steady state. Y ou can enter data into a spreadsheet or polymath; do it while you arein the
lab and conducting the experiments, in order to learn how long you have to wait until steady stateis
reached. Do not wait until later. Y ou could find you never reached steady state and thus have no data
that can be analyzed by simple mass and energy balances.

EFFECT OF FLOW RATE

Analyze the effects of steady flow rate on steady-state heat transfer, using overall heat transfer
coefficient, U, which is based on the sum of resistances. For a double pipe exchanger: /U = Ro + Rw +
Rf + Ri where o signifies outside film resistance, w signifieswall resistance, f signifies resistance of
fouling deposits and i signifiesinside film resistance. What quantitative relationships can you find in
your textbooks about the influence of flow rate on heat transfer resistance within aflowing fluid? This
should tell you how to plot your data to test the relationships. Is there any way you can try to plot your
datato obtain astraight linein order to estimate values of parameters that describe the quantitative
relationship between flow rate and heat-transfer resistance? Compare the best values of the parameters
you find by regression analysis of your data with values of the parameters predicted by equationsin your
textbooks that apply to the particular fluid and flow geometry (e.g., inside tubes, outside tubes, single or
multiple passes). Explain any disagreement between the values of parameters you deduce from your
experiments and reasonabl e expectations based on information you find in textbooks or technical journal
articles.

GIVE COMPLETE INFORMATION

Label your diagrams, graphs and tables carefully and include full details that another person would need
to understand your graphs and tables, and to repeat your experiments. The details should be included as
part of the figure caption when it is not logical or convenient to put them on the graph or table.

STATISTICAL ANALYSIS

Repeat experiments severa times. Are the results reproducible? For an experiment done severa times
under identical conditions, how closely do values of slope and intercept agree when you plot your data
as astraight-line? Analyze the reproducibility of the experiments by testing the values of slopes and
intercept statistically. Use other suitable and appropriate analysis and plotting of your dataif you cannot
find straight-line behavior. Be sure to take sufficient steady state datato permit statistical analysis of
confidence limits and reproducibility. Raw data and computed results should be analyzed statistically.






