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What is Nanofluid?

« The concept was proposed by Choi, U.S., Argonne National Lab, 1999
« Dispersion of metallic nanometer sized particles (<100nm) in liquid

Significance of Nanoparticles

.MicrOpartides settle at the bottom due to  Why Nanoparticles Are Better Than Microparticles
gravity, leading to clogging and wear

Nanoparticles
have about 20
percent of their
atoms near the
surface, allowing
them to absorb
and transfer heat
afficiently.

*Nanoparticles are permanently
suspended by Brownian motion and when
there is no flow they are distributed in
balance between buoyant weight and
thermal agitation.

Microparticles
have most of
their atoms far
beneath the
surface, where
they cannot
participate in
heat transfer.

Source: Boutin, C., 2001



Advantages of Nanofluid

Dramatic Increase in thermal

conductivity of base liquid E oy
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Conductivity of Nanofluid
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of Nanofluid

Nusselt Number Nu

Particle Peclet Number

. aminar Flow Nu

Turbulent Flow NU .,
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Heat Transfer Coefficient hy =(Nu,k;)/D
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Fig. 3. The convective heat twansfer coefficient of nan-
ofluids for the laminar flow. &, Water (experimental

2000 2400

values); W, 0.3 vol%; O, 0.5 vol%; @, 0.8 vol%®; O,

1.0 vol%: &, 1.2vol%; ¥, 1.5 vol%: ¥V, 2.0 vol%.
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Fig. 4. The convective hest ransfer coefficient of nanoflu-
ids for the turbulent fow, £, Water (experimental values);
W, 03 vol%: O, 05 vol%; @, 0.8 vol%: O, 1.0 vol%;,
1L2vol%: W, 1.5vol%, 7, 2.0 vol%.
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Viscosity of Nanofluid (CuO-PG/Water) N%SA

—e— E(0%)
—8— C(0%)
—+— E(1%)
e C(1%)
—— E(5.9%)
—— C(5.9%)
—— E(4%)
—— C(4%)

w,=Ae%  In(A) =736.9e°""  withr2=099
B=44.794 - 0.0765T with R2 =0.98

T Is temperature in Kelvin and ¢ ranging from 0 to 0.06
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Heat Transfer Enhancement

4 6% CuO
B 6% Al203
A 6% SiO2
x EG/Water




Performance Comparison

of Nanofluids

Type of Fluid 60/40 6% 6% 6%
Parameters EG/Water Copper Oxide Aluminum Oxide Silicon Dioxide
Heat Transfer Coefficient 14,400 14,400 14,400 14,400
(W/m2K)
Reynolds Number (Re) 8,000 3,600 4,500 6,290
Pressure Loss (kPa) 346 430 340 322
Viscosity (mPa.s) 11 2.27 1.41 1.17
Density (kg/m3) 1038 1366 1192 1116
Specific Heat (J/kg.K) 3120 2339 2718 2821
Velocity (m/s) 2.12 15 1.33 1.65
Volumetric Flow Rate 2.66 1.89 1.67 2.07
(10E+5 m3/s)
Reduction in Volumetric | ... 28.95 37.22 22.18
Flow Rate (%)
Power (W) 11.5 10.16 7.1 8.33
Power Advantage (W) | ... 1.34 4.4 3.17
Power Advantage (%) | ... 11.65 38.26 27.57
Mass Flow Rate (kg/s) 0.028 0.0258 0.0199 0.023
Reductionin Mass | ... 6.495 27.904 16.333

Flow Rate (%)




Nanofluids in Heat Exchangers

Heat transfer rate from a heating coil circulating Q =0 . AOAtm
nanofluid to air

Rate of heat transfer from the nanofluid to the pipe Q =h A (ty —t5;)

: ' kPAP,m (tP,i _tP,o)
Rate of heat transfer through the pipe wall Q=
XP

Rate of heat transfer from the pipe and fin to the air Q = .o (Ap, +7A:) (e, —1)

1
A, + A Xp + 1-7 + 1
Ao Aonke he (Ao TA:+1) b

Overall heat transfer coefficient U, =

c,0

Typical Data for Heat Exchanger:

Ap;=003536m2  Apm=00375m*> A —ooogasmz T =075

— 2
Ap = 0.03658 m A. =0.948 m? h, .= 57 W/m2K



Reduction in Surface Area with Nanofluids &

Component 60:40 6% Copper| 6% Aluminum | 6% Silicon
EG/Water Oxide Oxide Oxade
Eeymolds Number 4000 4000 4000 4000
Inside heat transfer coefficient, &, 3407 10,000 8,000 4,900
Inside Surface Resistance g 10E3 8.17 2.78 3475 5.67
Rz‘ =4 Ao / AP,:'hz'
Pipe Wall Resistance x 10ES 4.8 4.8 4.8 4.8
Fin Resistance ¢ 10E3 6.16 6.16 6.16 6.16
l 1-7
R .
‘ k&.o ?:“ + A‘P,a ! AF}
Outside Surface Resistance x 10E3 17.5 175 15 17.5
E, =l-f}'§p
Total Resistance x 10E3 31.88 26.48 27.175 29 37
R, = Rob Ry B bR,
Owerall Heat Transfer Coefficient 21.37 37776 36.8 34.04
U, = 17 R,
% Reduction n Area 2037 173 85




Conclusions

The CuO nanofluid showed the highest heat transfer coefficient
followed by the Al,O; nanofluid, then the SiO, nanofluid and the
lowest was the base fluid.

Use of nanofluids can reduce the volumetric flow rate, mass flow
rate and the pumping power for the same heat transfer rate.

Use of nanofluids in heat exchangers can reduce their size and the
required pumping power on the basis of equal heat transfer.

Use of nanofluids will reduce size, material volume, weight and
power consumption in heat transfer systems and is therefore
attractive for applications in space exploration.

Reduction of material volume and power will reduce
environmental pollution.
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