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An expenmental investigation has been carried out to study the pressure drop of
a nanofluid through a horizontal copper tube. The tube is heated by an electrical
heating coil wrapped around it. Also, the rheological properties of the used nanofiuid
have been studied. Nanodiamond particles which belong to carbon family have
been chosen as dispersed particles. Because of high viscosity of the chosen base
fluid (Engine oil - SAE 20 W 50), the Reynolds number is low and thus flow regime
is laminar. Pressure drop of pure engine oil and also engine oil-nanocdiameond
nanofluids flowing inside the tube has been measured by a high precision differential
pressure transmitter (PMD-75). Expernmental results showed that the pressure drop
of nanofluid substantially increases compare to pure engine oil. Furthermore, the
pressure drop increases with the increase of nanodiamond concentration in the
fluid.
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Absiraci —4n experimental investigation has been carried
out to study the pressure drop of a nanofluid through a
horizontal copper tube. The tube is heated by an elecirical
bheating coll wrapped around it. Also, the rheclogical
properties of the wused nanofluid have been studied
Nanodiamoend particles which belong to carbon family have
been chosen as dispersed particles. Because of high wiscosity
of the chosen base floid (Engine oil - SAE 20 W 50), the
Eevnolds number is low and thus flow regime is laminar.
Preszare drop of pure engine oil and alse engine oil-
nanadiamond panofluids flowing inside the tube ha: been
measured by a high precision differential pressure
tranzmitter (PMD-75). Experimental results showed that
the pressure drop of nanoflunid :ubstantially increases
compare to pure engine il Furthermore, the pressure drop
increases with the increase of nanodiamond concentration
in the fluid.

Eey words- Nanofluid, Engine oil, Laminar flow, heat
transfer enhancement, prezzure drop

I INTRODUCTION

Cooling 15 the main part of the processes which are
used for keepmg high efficiency and reliability of many
products such as electronic systems, sngmes, lasers and
high mtensive M-rays. With increasing m produced heat
fluxes from these devices, cooling is one of the abstruse
problems m facing te lhizh-tech industnes such as
microelectronie, transporfation, production and military
mdustries.

Fecenily, teclhnologies wiath single-phase and taro-
phaze cocling fluid have besn emerged for clups or
closed smfaces. However, intrinsic property of low heat
condustivity of heat fansfer flmds is the main lmiting
reason of developing effective heat transfer flumds which
are needed for gh efficiency systems. Many studiss
whether m past or present have been camied out to
meraase heat transfer rates m these davices; nancfluds
are typical results of those recent studies [1-3]. After
emergimg MNano-Science m  last decade, a new
environment of heat transfer has been imtroduced by
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suspending nanoparticles (<100 nm) of metal: or metal
oxides m prevalent heat transfer fluids (for enhancing
heat transfer coefficient). Two cutstanding characteriztics
of nanofimds (well dispersing of particles and enhanced
heat conductrnty coefficient) candidate ther as a proper
substitution for next peneration of heat transfer fluids.
Thus, meore accurate imvestigation on thess kinds of
fluids for Andmg out thewr advantages (enhanced heat
conductivity and heat transfer) and disadvantages
{mereasing pressure drop and abrasion) are mevitable.
Although, a mumber of experimental investizations have
bean performed for detecting the advantages of this kind
of heat transfer fluds [4-3]; the absence of experimental
mvestigations m lterature can be seen clearly for
studving the probability defacts.

Lee et al. [2] uzed four nanefluids with base fluds of
water and ethvlene glveol which confamed particles of
Al2Q3 and Culd as nanoparticles. They observed
enhancement of thermal conductivity abouwt 20% in
nanofluids with 4% volume fraction. In eone of
experimental mveshgations of Chet et al. [6], Mult-Wall
Carbon Nano-Tubes (MWCNT) dispersed m o1l with
volums fraction about 1%, led to extraordinary
enhancement of themmal conductivity. The reported
enhancement was about 150% compars to the thermal
conductivity of pure cil. He et al. [7] camied out an
experimental studv on the flow and heat transfer of
aquecus 1102  nanoflmds flowmg mside a straight
vertical pipe under both lamumar and turbulent flow
conditions. They found that additzon of naneopariclss to
the base hguid enhances the thermal conduetivity of the
mixture. The exhancement imcreases with the mereasing
of paricle concenfration and  decreasinz  particle
(agglomerate) size. They reported that the prezsure drop
of nanofluids 1z very close to that of the base liguid at a
given flow Fevnolds number The predictions of the
pressure drop with conventional theory fer the base
liquid agres well with the measurements at relanvaly low
Feynolds mumbers. They mentioned that the deviation
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ccours at high Feynolds numbers possibly is due to the
entrance effect. Inm gzeneral, the majority of reported
studies have not mvestigated the effects of nanoparficlas
cn the pressure drop. Ones exception 15 [7], where as
mentioned zbove, they did not observe significant
change: m pressure drep for nanefluids. Therefors,
further imvestigation should be performed on this aspeect.

In the present study, the effect of wsing nancdiamend
particles with different volume fractions on pressurs drep
during heating of engine oil flowing through a pipe under
constant heat flux has been mvestigated experimentally.
Bacause of ngh visceosity of the chosen engine oil (SAE
20 W 50}, the flow regime 15 lamnar. The recorded
values have been compared with the rasults retmmed by
theoretical models. Alse, the rheological properfies of the
used nanofluid have been stdiad

II. EXPERIMENTAL SET-UP

Figura 1 shows the schematic diagram of experimental
sat-up. The flow loop consists of test section, cooler,
recelver, gear pump, flow measuring apparatus, diffsrent
thermocouples and flow controllmg system. In order to
conirol the flnd flow rate a reflux line with a valve was
used. The test section was a copper tube of 1.2 m long
and 892 pm mner diameter. The nanofiuid flowing
imside the tube was heated b an electrical heating coul
wrapped around it. The test section (tube and heater) was
completely msulated with glass wool pads. Twe K-tvpe
thetmeocouples were used to measurs the bulk
temperaturas of nanofluid flow at inlet and outlet of tast
saction. Also, six E-type thermocouplss were mounted
on the extermal surface of the test tube. In order fo
measure the total pressure drop of flow across the test
section, a high precision differential pressure transmitter
(PMD-T75) was emploved. The flud leaving the test
saction 15 entered to flow measuring apparatus, then cools
partially 1o the reservolr and after that pumps through a
heat exchanger (cooler) m which water 15 used as cocling
flnd.
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Figure 1: Schematc dingram of experimental sei-up.

III. MAMOFLUID PEERARATION

In this study, four different nanefluids by usng
nanodiamond as nanoparhcles and engme ol (SAE
20%W7 50 as base fluid were prepared and used. The black
color nanodiamond has primary erystal size of 4-6 nm
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but its averags uncrushable agsregates size was about 20-
50 nm. The purity of the powder was estimated about 52
to 85 %%. To achieve proper and stable suspensions,
nanoparticles were mrxed with pure engine oil n a flask
and then kept under ultrasonic (Starsenic medel 35,
fraquency fom 28 to 34 kHz) vibration.

The suspensions of nancdiamond were prepared in
four particle concentrations, respectively 0.2, 0.5, 1 and
2% of weight fraction which are equal to 0054, 0,134,
0.268 and 0.537% volume fraction respectively’.

IV. RESULTS AND DISCUSSION

A Rkeological measurements

The experiments ware carried out under three constant
heat fluxes varied from 3333 to 16668 (War / m) with
different Feynolds numbers up to 100, The dymapuc
viscosity of nanofluids i different weight fractions and
different temperatures wers maasured using
BEOOEKFIELD LV DV-II = Pro dvnamic viscometer and
also the kinematic viscosity of nanofluids were measured
usmg the ASTH D445 standard by Thomson kinematic
viscometer.

The behavier of nanofluids shear stress against shear
rate 15 shown in Figure 2. As can be seen in this figure,
all the prepared nanoflmds may be treated as Newtonian
fluids af nanoparticles concentration up to 2%:.
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Figure - Shear sress of nanodiamond-engine oil nanofiuid versas shear
rate at different concentrations.

Figures 3 and 4 respectively display the dymamuc
viscosity of the nanefluid verses particle concentration at
40°C and 100°C. It can be seen that the dynamic viscosity
mereases  with  the  inerease  of nanodiameond
concentration. Alse from Figures 3 and 4, it 15 noted that
the imerease rate of dynamie viscosity with nanediamend
concentration 15 higher for low particle concentrations
(fup te 0.2%) than for high particle concemirations.
Comparing Figures 2 and 4, one can find that the jump in
viscosity with increasing particle concentration is
subsided m higher temperaturss. Figures 3 and 4 alse

' Assuming namodizmond mue density 2beuat 3150 kg / nr'and engine oil
demsity about 345 kg /'



melude the pradictions of Emstemn relation (Eq. 1) for
non-mteraching dilute suspensions of particles;
par=nr (1+2.5 @) (1

Where u; and @ respectively are the base lguid
viscesity and volume fraction
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Figure 4: Trymamic viscosity of nanofhuid at 1
concentration

T wersus particle

Two addifional obssrvations can be mads from Figurss
3-4. First, the measursd viscosities of nanoflmds are
much hgher than the predicted valuss by the Einstein
model, mdicating pessible strong Inferactions between
parficlas i the nanofluids. Second, the measured
nanoflmd  viscosity relates to the particle velume
concentration n a non-linear fashion. The sxact reazen
for the non-linearity reguives further mwvestizations but
different structures of nanoflwds diffarent
concentrations may be a possible reason.

at

A Prezsure drep
The pressure drop of flow across the whole langth of

the test sechion was measured using a high precizion
differential pressure transmitter (FMD-75) with an
accuracy of =0.075%. Because of high dependency of
engine oil viscosity to temperature vanation (Figures 3
and 4) and the existence of considerable temperature
difference between the inlet and outlet of the test section,
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the viscosity of tested manoftuids abated sigmificamtly
through the test ssctiom. Therefore, the calenlation of
pressura drop and Eevnolds number wiing aquations (2
and (3} are highly dependent upon the point of tast
section which was chosen

AP = {128, 100 / (=D% @

Re = {par Vi) /Her (3

The vanatton of measured (experimentall and
calculated pressure drops with Feynelds mumber for
nanofluid of 1% particle concentration 15 shown in Fig. 5.
For better investgation of measwred data, three
calculated pressure drep curves are plotted by emploving
the viscosity at inlet, outlet and average viscosity of inlet-
cutlet of test section. As expected, from this figure, it 1s
noted that, the pressure drop increases with the increase
of Revnolds mumber. Also, it is cbserved that the
experimenial cuwrve under mposed constant heat flux 15
between and to some extent close to the theorstical
caleulation with average viscosity.
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Figure 5: Pressure drop of nanofluid 1% Wi versus Feynolds mmber

under 9000 {Fan < m*) heat flux.

Figures & to & show the effsct of nanecdiamond
concentration on pressure drop of engme oil under three
different heat fluxes. From these figures it 1z concluded
that pressure drop Increases with the mncrease of particle
concentration at a given Feynolds number On the
contrary of some experimental ressarches [7] that showad
no mgnificant changss m pressure drop due to addition of
nanoparticlss, an increase I pressure drop of engine ol
nanofluids 1= observed m the present work for all the
mposed heat fuxas.

Carefullv imvestization of Figures 6-B lead to this
conception that at 3 fixed Feynolds number and a particls
concentration, the inersase m heat flux canses less
merement of pressure drop as a consaquence of existing
nanoparticlas and 1 15 qustifiabls because the incvement
of viseosity for engine oil in higher particle concentration
subsided m lugher temperatures. Anecther tencr that one
can get noting to the figures 6-8 13, at the same particle
concentration m all imposed heat fluxes, with mereasing
Feynolds number the experimental curves diverge



comparisen with base flmd threugh the tobe. With an
mersase m Revnolds number, consequently, flow rate
mereases and whereas it multiple to the viscosity m Eq.
(2), causes to emboss the merease of viscosity due to
particle concentration.
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V. CONCLUSION

The following conclusions were obtamed from the
present ressarch work:
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* Additten of nanoparticles mto base fluid
mcreaszes the viscosity and this increment grows with
mnereasimg of nancdiamend concentration. Alse the
preparad nanofluids treated as Mewtonian fluid at
concentrations up to 2% Wt

* The measured pressure drop under all 3 impaosed
constant heat fluxes, 15 locatad between the calculated
prazsure drop curves basad on inlet, outlet or averaze
test saction temperaturas. It iz to some extent close fo
the theoratical caleulation with mean viscosity.

# The pressurs drop at a given Feynelds number
inereasas with the merease of parficle concentration.
Al=o, at a given BEeynolds numbsr and particle
concentration, the increase in heat flux causes less
merement of pressure drop 3s A consaquence of
exlsiing manoparticles.

# At the zame particle concentraton i all
imposed heat fluxes, with the inerease of FEevnelds
number, the expermmental pressure drop curves are
diversing through the tube in companison with base
fluid
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