
Flow Loop Experiments Using Polyalphaolefin Nanofluids

Ian C. Nelson∗ and Debjyoti Banerjee†

Texas A&M University, College Station, Texas 77843-3123

and

Rengasamy Ponnappan‡

U.S. Air Force Research Laboratory, Wright–Patterson Air Force Base, Ohio 45433-7251

DOI: 10.2514/1.31033

Experiments were performed using a flow-loop apparatus to explore the performance of nanofluids in cooling

applications. The experiments were performed using exfoliated graphite nanoparticle fibers suspended in

polyalphaolefin atmass concentrations of 0.6 and 0.3%.The experimental setup consisted of a test section containing

a plain offsetfin cooler apparatus (gap or nongap fin), whichwas connected to a flow loop consisting of a gear pump, a

shell and tube heat exchanger (that was cooled or heated by a constant temperature bath chiller/heater), and a

reservoir. Experiments were conducted using nanofluid and polyalphaolefin for two different fin strip layouts. Heat

transfer data were obtained by parametrically varying the operating conditions (heat flux and flow rates). The heat

transfer data for nanofluids were compared with the heat transfer data for neat polyalphaolefin fluid under similar

conditions. The change in surfacemorphology of the finswas investigated using scanning electronmicrography. The

nanofluid properties were measured using rheometry for the viscosity, differential scanning calorimetry for the

specific heat, and laser flash apparatus for the thermal diffusivity. It was observed that the viscosity was�10 times

higher for nanofluids compared with polyalphaolefin and increased with temperature (in contrast, the viscosity of

polyalphaolefin decreased with temperature). The specific heat of nanofluids was found to be 50% higher for

nanofluids compared with polyalphaolefin and increased with temperature. The thermal diffusivity was found to be

4 times higher for nanofluids compared with polyalphaolefin and increased with temperature. It was found that, in

general, the convective heat transfer was enhanced by�10% using nanofluids comparedwith using polyalphaolefin.

Scanning electron micrographymeasurements show that the nanofluids deposit nanoparticles on the surface, which

act as enhanced heat transfer surfaces (nanofins).

Nomenclature

A = area
Ac = area of cross section
Ah = heating area
Cp = specific heat capacity
D = hydraulic diameter
h = heat transfer coefficient
k = thermal conductivity
kfin = thermal conductivity of fin material
L = length of pipe or tube
l = liquid property
l1 = length of fin
m = mean value
Nu = Nusselt number
n = number of fins
nf = properties of nanofluid
nf, nst = number of fins in each row and column
P = perimeter
Pe = Peclet number
Pr = Prandtl number
Q, q = total heat transfer rate, heat flux

Re = Reynolds number
s = fin parameter, surface property
T = temperature
U = mass averaged velocity
� = thermal diffusivity
� = thermal conductivity
� = viscosity
� = density
� = volume fraction
� = forced convective heat transfer parameter

I. Introduction

NANOFLUIDS are colloidal solvents containing dispersed
nanometer (�10–100 nm) sized particles [1]. Nanofluids have

been discovered to enhance the conductivity of solvents at low
concentrations (<4%) as the size of the particles is decreased [2].
Large variations in thermal conductivity have been reported in the
literature for various nanofluid compositions, that is, solvent type, pH
of aqueous solvents, stabilizers (e.g., surfactants), material of the
nanoparticles, concentration of the nanoparticles, size, and aspect
ratio of the nanoparticles [3]. The enhancements in the thermal
conductivity of the nanofluids were found to be higher than predicted
by the classical theories [4,5]. These theories were proposed for
heterogeneous colloidal mixtures of micron-scale particles in
solvents. Several mechanisms have been proposed to account for the
aberrant (or anomalous) behavior of the thermal conductivity of
nanofluids [2,3].

A review of the recent literature and of the recently proposed
theories suggests that localized Brownian convection is potentially
the dominant mechanism responsible for the observed increase in
thermal conductivity [6]. A comprehensive examination of the
literature for aqueous nanofluids also shows a potential trend for
maxima in the thermal conductivity of 10–50 nm diameter spherical
nanoparticles [6,7]. This maxima is primarily governed by the
competing effects of two transport resistances: 1) convective–
conductive resistance arising from Brownian convection [6], and

Received 14 March 2007; revision received 8 September 2007; accepted
for publication 14October 2007. Copyright © 2008 by theAmerican Institute
ofAeronautics andAstronautics, Inc. TheU.S.Government has a royalty-free
license to exercise all rights under the copyright claimed herein for
Governmental purposes. All other rights are reserved by the copyright owner.
Copies of this paper may be made for personal or internal use, on condition
that the copier pay the $10.00 per-copy fee to theCopyright Clearance Center,
Inc., 222RosewoodDrive, Danvers,MA01923; include the code 0887-8722/
09 $10.00 in correspondence with the CCC.

∗Graduate Student, Department of Mechanical Engineering, Mail Stop
3123. Student Member AIAA.

†Assistant Professor, Department of Mechanical Engineering, Mail Stop
3123; dbanerjee@tamu.edu. Member AIAA.

‡Propulsion Directorate, Power Division, 1950 Fifth Street, Building B18.
Associate Fellow AIAA.

JOURNAL OF THERMOPHYSICS AND HEAT TRANSFER
Vol. 23, No. 4, October–December 2009

752

http://dx.doi.org/10.2514/1.31033

