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Driven by the demand for improvement in fuel economy, the
average engine size has been progressively decreasing, and
consequently the power-density of engines has been
increasing to meet the engine power requirements. This
increase in engine power-density
has resulted in significant increases
in the thermal loads on pistons,
necessitating the use of oil jets to
cool the pistons and avoid
exceeding the pistons’ metallurgical
temperature
limits.
This
investigation aims to numerically validate the local heat
transfer coefficient on the underside of an engine piston due
to an impinging oil jet. Boundary conditions, which were
based on a previously conducted reference experiment, were
applied to a thermal finite-element piston model. A
commercial solver was used to perform a parametric study of
the piston thermal boundary conditions and the oil jet heat
transfer coefficient values. In a parallel study, a commercially
available CFD package was
also used to model the
behavior of the oil jet
striking the piston in the
presence of an air
environment, and to
numerically determine the
local
heat
transfer
coefficient.
Combined, these studies allow for the
computational prediction of the heat transfer by the
impinging oil jet and compared favorably with the
experimental data.
Project Blog: http://oiljetcooling.blogspot.com

ACKNOWLEDGMENTS
We wish to acknowledge the assistance of a
number of professionals who kindly volunteered
their time to help with the program in 2014. They
include: Ms. Meg Novacek, Ms. Nicole Waters,
Ms. Thalia Graham, Mr. Raymond Su and Mr. Jerry
Roach from Chrysler; Dr. Dean Tomaszic from FEV,
Inc, and Mr. Frank Meinert and Ms. Paula Techlin
from GM. Further assistance was provided by OU
staff and faculty, including Mr. Peter Taylor, Mr.
Matt Bruer, Mr. Eric Stevens, Ms. Jane Dietrich,
Mr. Keith Harvey, Ms. Barbara Kline, Dr. Michael
Latcha, as well as several OU students, including
Caymen Novak and Gary Liu. Last but not least,
we wish to acknowledge the invaluable help of
Ms. Brenda Bond.

Contact:
Prof. Laila Guessous
AERIM REU Program Director
Department of Mechanical Engineering
Oakland University
Rochester, MI 48309
248-370-2183
Guessous@oakland.edu
Website: http://me-reu.secs.oakland.edu

AERIM: Automotive
and Energy Research
and Industrial
Mentorship Research
Experience for Undergraduates (REU)
Program
Student Research Poster Session
July 22, 2014

REU Students at Chrysler Sterling Heights Assembly Plant

The AERIM REU program in the dept. of Mechanical
Engineering at Oakland University is supported in 20142016 by the National Science Foundation REU Site
program through NSF award No. EEC-1359137 (PI: Dr.
Laila Guessous, Co-PI: Dr. Qian Zou). Additional Funding
has been provided by the the School of Engineering and
Computer Science at Oakland University.
This REU program provides hands-on, paid 10-week
summer research experiences to undergraduate
students from across the U.S. Student participants work
in teams on automotive and energy-related research
projects and also take part in other activities such as
industrial tours, meetings with working engineers,
conferences and seminars. A total of 72 students from
51 different universities have taken part in the program
since its inception in 2006.
For more info: http://me-reu.secs.oakland.edu

EFFECT OF HARDNESS ON FRICTION AND WEAR
CHARACTERISTICS OF OIL-BASED ZNO NANOFLUIDS

INVESTIGATION OF SCUFFING RESISTANCE OF ALUMINUMSILICON ALLOYS

NUMERICAL MODELING OF TEMPERATURE RISE DURING
BALL-ON-DISK TESTING AND SCUFFING

Jaime Guajardo – University of Texas at Arlington
Sai Stephens - Georgia Institute of Technology
Advisors: Dr. J. David Schall and Dr. Qian Zou

Jazmyne Claggett – University of Maryland: College Park
Minsheng He – Oakland University
Measrainsey Meng – California State University, Los Angeles
Maria Schueller- University of Wisconsin Platteville
Advisors: Dr. Gary Barber, Dr. Qian Zou, Dr. J. David Schall

Jonathon Glover – Oakland University
Caleb Messmer - University of Evansville
Advisor: Dr. Laila Guessous

Nanofluids are fluids with a
suspension of nanoparticles in
base fluids. With a growing
demand for efficiency and
reliability, nanofluids with
significant friction reduction
and anti-wear properties have
been studied extensively. Many
different variables have been examined in order to find their
effects on friction and wear performance of nanofluids.
Those variables include: the surface roughness of a material,
the size, shape, and concentration of nanoparticles, the type
of nanoparticles, and base fluids and surfactants used.
However, the effect of the hardness of a material on friction
and wear when using nanofluids as lubricants has not been
studied. In this project, reciprocating pin on flat tests with
carbon steels of varying hardness alongside ZnO-oil based
nanofluids were carried out in order to assess the effect of
the hardness on friction and
wear
performance
of
nanofluids. The results show
that the harder carbon steel
showed a greater relative
improvement in friction
reduction when a 2% by
weight Zinc Oxide nanofluid
is used versus base oil.
Project Blog: http://ouaerimnanofluidsgroup.blogspot.com

Aluminum-silicon alloys are increasingly being used in the
automotive industry due to their light
weight and ease of manufacturability.
With their increasing usage, it is
imperative that the scuffing behavior of
aluminum-silicon alloys be studied, particularly under the hig
h-speed reciprocating contact that is very common in
automotive applications. Scuffing is one of the major failure
mechanisms for automotive mechanical components.
Understanding the causes of scuffing could assist in finding
ways to prevent it and extend the life cycles of parts. This
study examines the scuffing resistance of aluminum-silicon
alloys under reciprocating conditions. The effects of different
factors such as heat treatment,
hardness, and microstructure,
which can affect the scuffing
performance of materials, were
investigated. Materials tested
include A356, A356 with
Strontium (Sr), and 6101.
Lubricated tests on the softer 6101 resulted in similar
scuffing track characteristics as dry tests on the harder
materials. 6101 also had a lower wear resistance.
Experiments indicated that there is no direct correlation
between hardness and scuffing resistance.
Project Blog: http://alsiscuffing.blogspot.com/

Scuffing is an abrasive surface phenomenon occurring in
tribosystems that leads to failure in mechanical and
automotive components. The occurrence of scuffing is
directly related to a dramatic rise in the coefficient of friction
and in the surface temperature of contact surfaces due to
the interaction of asperities between the two surfaces. One
of the most common ways of studying
scuffing is through the use of a ball-ondisk tribometer test. In this type of
test, a load is applied to a stationary
ball which is placed in contact with
either a rotating or reciprocating
workpiece and friction and wear are
then monitored as the load is varied over time. In this study,
we focused on numerically modeling the transient
temperature rise that may occur during such a test. First,
results from experimental testing are input into an
elastohydrodynamic lubrication (EHL) model of an elastic
solid in contact with a rigid adiabatic sphere is used to
generate the pressure
distribution in the contact
area.
Then
a
computational
COMSOL
heat transfer model that
implements the reciprocating sliding motion of the test
sample is used to simulate the transient temperature rise in
the solid during ball-on-disk (BOD) experimental testing. The
effects of various thermomechanical loads on both the bulk
and flash temperatures of the solid were also investigated.
Project Blog: http://bodscuffing.blogspot.com

