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ECHE 460 20 Questions

Centrifugal Pumps

Sketch a typical pump curve including units, anehtlexplain how this curve would change
if two identical pumps are operating in series anplarallel.

Sketch a typical pump curve and then overlay agl@ystem curve on this pump curve
and explain what this means in terms of the opsgatonditions.

Sketch a typical pump curve and a typical systeraesiand then explain how the system
curve would change if more valves, fittings, tetes kave been added to compensate for a
design change. What if anything does this suggeshe operation of the pump?

Define cavitation and describe any effects thishih@ause. What can be done to the pump
or system to minimize the chance that cavitatiohagcur. How can you tell cavitation is
indeed occurring?

What is Net Positive Suction Head (NPSH)? Compacecontrast NPSH available versus
that required. How does a change in temperatupeessure affect the NPSH available?
How does a centrifugal pump change electrical gneng pressure energy or head?
Describe how to convert the units of pressuredngkample, psi differential into units of
feet of water column or head.

How are the values ofnd K related for the 1” glove valve, V-5? Areith units
associated with these constants? Explain.

Describe and explain the physical meaning behiit &2rm in the Bernoulli’'s mechanical
energy balance?

Describe each of the types of valves being usetti®@pump test stand?

How do you determine a system curve for this expenit?

How do you experimentally determine a system opegatoint for this system? Then,
explain where this point should lie on a measuredpcurve and a calculated system
curve.

What are the following terms: Reynolds number tiic factor and Roughness factor?
What can you find on a Moody Chart? How is it Used

List the different efficiencies measured on thisteyn? What are they a ratio of? Which
one cannot be measured with this system?

Besides centrifugal pumps, name two other typgsiafps and give examples of what
kinds of fluids and or materials they are capalbleumping.

What is a swing check valve? What is the purpdtkeoswing check valve on the suction
line of pump #2?

How do the suction and discharge pressure gaugggegump experiment work?

Name the key internal components of a centrifugahjp and describe their function.

Using a typical pump curve identify and explain wisameant by the “shut off head” of a
pump and the “run out” of a pump.
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Heat Conduction in Solids

Explain how a thermocouple works in the measurerokteémperature. What kind of
thermocouple is used in the experiment?

Describe cold junction compensation and why impartant to the use of thermocouples.
Explain Fourier’s law of heat conduction.

Explain Newton’s law of cooling with respect to heanvection.

Explain the differences between conduction, corivardnd radiation heat transfer.
Define the thermal conductivity of a solid andutsts in the cgs system.

Define the heat capacity of a solid and its umtthie cgs system.

Define the thermal boundary layer that may formuarba solid.

What is a heat transfer coefficient, how is it usedhemical engineering analyses, and
how is it determined in this experiment? Be vergcsfic.

What does a typical heat transfer coefficient dep@min terms of system and material
properties.

How would this experiment change if oil was usestead of water as the heat transfer
medium?

How would this experiment change if there was madd circulation, i.e., no circulation in
the water bath?

Explain the difference between steady-state antbadg-state or transient heat transfer.
Under what conditions is it appropriate to ignomnel effects in the mathematical modeling
of a cylinder?

Name the two different geometries and seven diftemeaterials used in this experiment.
Compare and contrast the unsteady-state heat domapecoperties associated with the
same material but for the two different geometaed with the same geometry but for the
different types of materials.

Explain the lumped capacitance method, its asswmgtiwhen it is applicable, and what it
can be used for in this experiment.

Explain the spatial gradient method, its assumgpti@rhen it is applicable, and what it can
be used for in this experiment.

Define the Biot number and explain how it is usethis experiment.

Define the Fourier number and explain how it isdusethis experiment.

Define thermal diffusivity and explain its similgrito mass and momentum transfer
phenomena.
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Voltammetry

What is a background scan and why is it performed?

What does the teriilectrode Sensitivity mean, as it pertains to this potentiostat?

What is a SCE reference electrode and why is il'’iis®lame the active materials of the
working and counter electrodes?

Describe the reactions (if any) that are taking@lat the anode in this experiment.
Describe the reactions (if any) that are taking@lat the cathode in this experiment.
Name the three electrochemical methods that arel usedetermine the diffusion
coefficient of an ion in solution. Which one ok#ie techniques yields the most reliable
result? Why?

For the Cyclic Voltammetry (CV) experiment, sketchypical cyclic voltammogram that
exhibits a reversible reaction and explain whajamg on physically and chemically as the
current changes.

For a cyclic voltammogram, state two relationstupeeversibility?

For the Rotating Disk Electrode (RDE) experimekgtsh a typical current versus voltage
curve and explain what is going on physically ahdmically.

For the chronoamperometry (CA) experiment, sketyghical current and voltage versus
time curves and explain what is going on physicatig chemically.

The Cottrell (CA) equation has two unknowns: thdkbooncentration and diffusion
coefficient. Explain how the experiment is carreaat according to this model to find the
diffusion coefficient for a known bulk concentratiand vice versa.

The Randles-Sevcik (CV) equation has two unknowth& bulk concentration and
diffusion coefficient. Explain how the experimesitcarried out according to this model to
find the diffusion coefficient for a known bulk cogntration and vice versa.

The Levich (RDE) equation has two unknowns: thekbctdncentration and diffusion
coefficient. Explain how the experiment is carreaat according to this model to find the
diffusion coefficient for a known bulk concentratiand vice versa.

During an RDE experiment, at the lowest sweep thte formal potentialE, for the
ferricynate/ferrocyanide redox couple was deterghin&/hy is the lowest sweep rate used
for this determination and how does the formal ptiéd compare to a standard hydrogen
electrode?

For an RDE experiment, explain what happens irdifiasion layer immediately adjacent
to the electrode surface that causes a fasternawghtrate to give rise to a higher peak
current.

For a CV experiment, explain what happens in tiieiglon layer immediately adjacent to
the electrode surface that causes faster sweeptoaggve higher peak currents.

During the RDE experiment you reach a “limitingreunt”. Define this condition.

The initial and final potentials for the CA expeant are chosen so that they bracket the
formal potential for the analyte. Why?

In each of these experiments, why are 100 ml oM.KC| added to the solution?

The CV potential sweep voltage ranged from +800tanv100 mv, and that for the RDE
ranged from +500 mv to -100 mv Why were these ranged? What would happen if the
potential sweep voltage ranged from +3000 mv t®O16v in either case? What would
the corresponding responses look like?
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Plate and Frame Filtration

Describe in general how a plate and frame filtetesy works.

Explain what happens to the pressure during a aohsitrate flow rate experiment.

Explain what happens to the filtrate flow rate dgra constant pressure experiment.
Explain what happens to the pressure and thetélftaw rate during an experiment when
neither is controlled and all the discharge fromplaimp is sent through the filter press.
Sketch three mass of filtrate collected versus twmeves for three different constant flow
rate experiments and explain.

Sketch three pressure versus time curves for thifes¥ent constant flow rate experiments
and explain.

Sketch three mass of filtrate collected versus tcneves for three different constant
pressure experiments and explain.

Sketch three pressure versus time curves at thfleeedt constant pressure experiments
and explain.

Explain how to measure the concentration of CaibGhe water slurry in mol/cin

Describe the two resistances that are importatiténdesign and operation of a plate and
frame filter press.

Should either of these resistances be a functidmwfthe filtration experiment was carried
out, i.e., whether it was carried out at a consfeow rate or at a constant pressure?
Explain.

Describe what is meant by an incompressible omapcessible filter cake.

What specific set of experiments are used to determwhether the filter cake is
compressible or not? Explain.

If a filter cake is compressible, how does it affdne performance of the filter press?
Sketch how the porosity of a filter cake may vaithwpressure for both compressible and
incompressible filter cakes.

In many physical situations a flux is proportional a driving force and inversely
proportional to a resistance. Explain this sitwaiin terms of the plate and frame filtration
experiment.

Sketch the centrifugal pump curve associated Witk éxperiment and explain how this
curve can be used to predict the performance ofiliee press. What information also
needs to be known about the filter press?

What specific set of experiments are used to giyaatid validate the mathematical model
developed of the plate and frame filtration systétrlain.

State all the system parameters that are need#gte imathematical model to carry out a
parametric study with the plate and frame filtratgystem.

Is it possible to use this model to scale-up aepkmd frame filtration system for an
industrial application?
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Rheology

Explain the difference between a Newtonian and a-Newtonian fluid.

Non-Newtonian fluids may be broadly classified ithicee types of fluids. Compare and
contrast the rheological properties of these tdiferent types of fluids.

Describe the following: time-independent flow, thdependent flow, and viscoelastic
flow.

Explain the different types of time-independento

Define thixotropic and rheopectic fluids and giwetcommon examples of each.

“Silly Putty” is an example of a material that eit$ both solid and liquid like properties
depending of the rate of shear. Classify the dgioal behavior of this type of material
and explain how this dual mode behavior occurs feomolecular point of view.

Define apparent viscosity and viscosity, and expthe difference.

Describe “Newton’s law of viscosity” in terms ofesdr stress and shear rate relations.
Give a detailed molecular picture of the meaninthefviscosity of a liquid.

Sketch typical apparent viscosity versus shearaatees for Newtonian, sheer thinning
and shear thickening fluids. Discuss any diffeesnc

Sketch typical sheer stress versus shear ratesctov®lewtonian, sheer thinning and shear
thickening fluids. Discuss any differences.

Explain the “no slip” wall boundary condition, agive three examples of fluids that
exhibit wall-slip.

Explain the physics behind the cone and plate wister and how it is used to determine
the apparent viscosity of a fluid.

Explain in detail how the cone and plate viscometas calibrated.

Name three other types of viscometers besidesahe and plate set-up. Explain how they
work, and then explain the advantages and disadgastof each for different types of
fluids.

Explain the difference between kinematic and dymrarnscosity and provide CGS units for
each. What type of viscometer directly providaseknatic viscosity?

Name the three models studied in this experiment,then compare and contrast their
applicability to different Newtonian and a Non-Newian fluids.

An energy (E) can be obtained from the temperdflirelependence of the viscosity) (of

a Newtonian fluid using a typical Arrhenius typeeession. What is the physically
meaning behind this energy? For a mixed fluid sagkvater-glycerol, how does the
magnitude of this energy in kJ/mol compare to odr@rgies associated with, for example,
physical adsorption of small molecules in porouglspphase change enthalpies, or
chemical reaction energies?

Provide a physical, i.e., molecular, explanationoashy the viscosity of liquid decreases
with increasing temperature, whereas the viscaditygas increases with increasing
temperature.

The Ellis model is a unique three parameter moaehbse it is simply the sum of the
Newtonian (one parameter) and power law (two patarpenodels. Show how to convert
the Ellis model in the handout into a form thatledike a combination of the other two
models.
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Vapor-Liquid Equilibria

In thermodynamic and physical terms, describe whateant by the vapor-liquid equilibria
of a binary system.

Is the VLE of a binary system a function of presSUExplain.

Sketch typical x-y diagrams for ideal, non-idealg @zeotropic binary VLE systems.
Sketch typical T-x-y diagrams for ideal, non-idesld azeotropic binary VLE systems.
Sketch typical H-x-y diagrams for ideal, non-idesaid azeotropic binary VLE systems.

Is it possible to determine the H-x-y diagram floe ethanol-water binary system from the
data measured during this experiment? Explain.

Explain how the Othmer still is used to measure VLE

Explain the physical principal behind the densiteten. In other words, how does it
measure the density of a gas or a liquid. Be gpgcific and technical.

Explain how to convert the density of a binary siolu into mole fractions.

Explain how to calculate a liquid phase activityeffizient from the experimental VLE
data.

Explain why the gas phase fugacity coefficient bameglected in these VLE experiments.
Explain the Poynting correction and why it does aygply to this VLE experiment.

Explain the physical basis (if any) behind the Wilsctivity coefficient model.

Explain the physical basis (if any) behind the aar activity coefficient model.

Explain the physical basis (if any) behind the Magg activity coefficient model.

Of the three activity coefficient models, which osteould provide the best representation
of non-ideal VLE. Explain.

Explain what is meant by the thermodynamic consctef experimental data.

Explain how to apply the thermodynamic consistecogcept to the VLE data measured
during this experiment. Be specific and state asgumptions involved in this analysis.
Explain what would happen if a soluble amount ofadt, like NaCl, was added to the
ethanol-water binary system.

Explain what would happen if an organic, like bergewas added to the ethanol-water
binary system.
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Adsor ption and Diffusion

Explain how a gas chromatograph works when usitiggamoconductivity detector (TCD).
Describe the structure of the 5A zeolite and whyatks so well as a physical adsorbent.
What role does helium serve in this experiment? pamticular, does helium become
adsorbed along with ethane in the 5A zeolite stine& Does it even enter the 5A zeolite
structure? Explain.

Name the three mass transfer resistances thamaatant to the adsorption and diffusion
of ethane in 5A zeolite.

Describe film diffusion, macropore diffusion, mipare (or crystal) diffusion, and their
relevance to this experiment.

Define the Henry’'s law constant for the physicab@gption of a gaseous species in
microporous zeolite or adsorbent.

Define the heat of adsorption or energy of adsorpfor the physical adsorption of a
gaseous species in microporous zeolite or adsarbent

Provide a range of physical adsorption energidslimol, and compare this range to other
energies associated with, for example, chemisargirachemical reaction.

Define the activation energy for diffusion for thhysical adsorption of a gaseous species
in microporous zeolite or adsorbent.

Explain the implications (if any) if the heat ofsaption is less than, equal to or greater
than the activation energy for diffusion.

Describe the basis behind and the information ¢hatbe obtained from the first moment
analysis of a chromatographic peak.

Describe the basis behind and the information tteat be obtained from the second
moment analysis of a chromatographic peak.

Define the three different porosities associatetth Wie packed bed of zeolite particles (i.e.,
the bed, the particle and the total porosities).

Define the two different velocities associated vilie packed bed of zeolite particles (i.e.,
the superficial and the interstitial velocities).

Define the three different densities associateth Wie packed bed of zeolite particles (i.e.,
the absolute or skeletal, the particle and the @adled or column densities).

Describe gas phase dispersion as it pertains & pgacked bed experiment. How is it
measured in this experiment? Explain its importarglative to the other three mass
transfer resistances.

Describe why the experiments need to be carriechbatore than two and preferably four
different interstitial velocities (use mathematiocshsoning related to the analysis).

Explain why the retention time;) of a peak decreases with increasing temperatude a
interstitial velocity.

Explain why and how the peak area changes witheaging temperature and interstitial
velocity.

How would the equilibrium capacity, heat of adsmpt micropore diffusion coefficient
and activation energy for diffusion change if mehavas used instead of ethane, and then
if propane was used instead of ethane. What ibgéin was used with ethane instead of
helium?



