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ABSTRACT

Nanofluid is a new type of heat transfer fluid with superio ormance characteristics,
which is very promising for thermal engineering applicati@g§. i ect of adding copper
nanoparticles to the base fluid(water) in radiator forgthe p i the heat transfer
rate.By means of this, thermal efficiency can be i then reduction in

decrease in the pollutant emission. And the ther, i roperties of nanopa

conductivity, specific heat, density, viscosity it @8n be measured at different volume

various temperature ranges.

Key words: Nano fluids, Thermal efficiency, Radiat eat transfer en

1.1 INTRODUCTIO

fluid.In current e rge pumber of experimental investigations are being performed on the
properties of nano. lic nanofluids showed higher enhancements compared with the
oxide nanofluids.

2.1 THERMO-PHYSICAL PROPERTIES OF NANOFLUIDS

2.1.1 THERMAL CONDUCTIVITY

Since then, many investigations were carried out by a number of researchers on the thermal
conductivity of various nanofluids .Maxwell model was used to determine thermal
conductivity of the nanofluid
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2.1.2 VISCOSITY

Viscosity of nanofluids is a parameter as crucial as thermal conductivity for the thermal
performance investigation. Therefore, minimization of viscosity is also a critical factor in
addition to the augmentation of thermal conductivity.

pnf:pw(123d>2 + 730 + 1)

2.1.3 DENSITY

Density of a fluid is another important thermophysical prop ike viscosity, density of
any fluid has direct impact on the pressure drop and pum Solids have a greater
density compared to liquids; therefore, the density of i d to be increased
with the increase in concentration of nanoparticles o the Tlyi

Pnf :(Dpp +(1' @)p,,

2.1.4 SPECIFIC HEAT
Specific heat is also a very important ¢ i jds. To study the energy
performance, specific heat of nanofluid must b

(,DCp) nf :q)(pcp) » +(1- q))(pcp
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Atube =Wtube thube
Ptube =2Wtube + 2Htube

Aradiator = Hyadiator eradiator
H:
Lo = Loy + %
Af = ZVVan X LC
Ab = ZLradiator Wtube - Hfin vain Nfin
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Afin,base = Nfin X Af + Ab

Aexternal = Afin,base X Ntube
Ainternal :(ZWtube + 2Htube )Lradiator X Ntube

TABLE 1.2 RADIATOR DIMENSIONS

L(radiator)=70cm L(fin)=0.2cm

H(radiator)=40cm W(fin)=2.1cm

W(radiator)=2.5cm H(fin)=0.8cm

W(tube)=2.1cm N(tube)=38

H(tube)=0.2cm N(fin)=220

Cl:r?l%ltpm } L radiator i
_\ - - e e e e | & Wradiator

4

——— Tube Banks

H radiator

——  Fins

™=\ Coolant
Outlet

( pelow for the heat transfer rate of the
that the only two unknowns for the system are the

perature of nanofluid must be calculated to find the fluid’s material
properties. The pro will be interpolated at this temperature. The properties that are
needed are density, Pfandtl number, thermal conductivity, dynamic viscosity, and specific
heat.
4.1.2 Velocity

an
V. .=
nf Atube xNtube

4.1.3 Reynolds Number

X VprxD ;
Renf _ pnf nf x~hydralic

Mo
Check the flow whether it is laminar or turbulent.
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4.1.4 Nusselt Number
The Nusselt number was found as a constant for a rectangular cross section. The ratio
of width over height of the tube is used in this table to determine the Nusselt number.

4.1.5 Convective Heat Transfer Coeffcient

h,r =
D hydralic

5.1 EXTERNAL FLOW OF AIR

5.1.1 Mean Temperature of Air

The average temperature of air must be calcu hiod the correct material
properties for later use. These properties are specific ductivity, kinematic
viscosity, and Prandl number.

5.1.2 Velocity
Qair

radiator —(Ntube xHtupe XLyadiator )

V. =
air =

5.1.3 Reynolds Number
VairXWfin

Reg; =
air
Vair

5.1.4 Nusselt Num
e tubes, assumed that the flow of air is similar
the flow never reaches the critical Reynolds number
jmar for the entire process.

5.1.6 Fin Dimensiong’and Efficiency
The geometry of the fins on the radiator is sinusoidal.
tanh(mL,)
mlL,
m= (2hgir )"0.5
(Kaluminum ><Hfin)AO-S

Nfin =
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5.1.7 Overall Surface Efficiency
The overall surface efficiency is needed for the external flow of air because the

imperfections of the flow around the fins must be considered.
_ NfinAf
Mo =1 =71~ Nin)
fin,base

5.1.8 Effectiveness-NTU Method

The Effectiveness-NTU method is used to find the effectiveness of the system. The
overall heat transfer coefficient is needed. The surface efficiency ig#geded for the external
flow of air because the imperfections of the flow around the fins t be Considered.

5.1.9 Overall Heat Transfer Coefficient

UA= . ! ,

noh gir Aexternal hnf Ainternal

5.1.10 Number of Transfer Units

UA
NTU =

Cmin

5.1.11 Effectiveness

The radiator utilj i n where both fluids remain
* i te effectiveness. However, this

at transfer r

in (Twater Jin

predicated =

5.1.14 Temperature

_ qpredicated
Twater out — Twater Jn T
Cwater

Qpredicated
Tair,out = Tair,in +
Cwater
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Water

T(°C) water inlet
=50°C

TCC) air
=30°C

inlet

T(°C)
outlet =48°C

water

T(°C)
outlet=33°C

air

Copper/water for
5 grams of nano

TCC) nanofluid
inlet =50°C

TCC) air inlet

=30°C

T(°C)
outlet =46°C

water

T(°C)
outlet=35°C

air

Copper/water for
10 grams of nano

T(C) nanofluid
inlet =50°C

TCC) air inlet

=30°C

T(°C)
outlet =44°C

water

T(°C)
outlet=37°C

air

6.1 NANOFLUID PREPARATION AND STABILIZATAON

Preparation of a stabilized nanofluid is of great importance ig
nanofluids. Poorly prepared nanofluids will render biphasic a8

eat transfer applications of
psfer (i.e. solideliquid).

the air flow channel and consequently air and water have
re is heat exchange between hot water flowing in the tube-

by appropriate adjuspiig of a globe valve on the recycle line. The working fluid fills 35% of
the reservoir tank whose total volume is approximately 20:1 (height of 30 cm and diameter of
30 cm). The total volume of the circulating liquid is constant in all the experiments. Five
layer insulated tubes (Isopipe 0.75 in diameter) have been used as connecting lines and
covered with glass wool to reduce heat loss to the surrounding.

A flow meter (Technical Group LZM-15Z Type) was used to control and manipulate the
liquid flow rate with the precision of 0.006 m*/h. For heating the working fluid, two electrical
heaters (6000 W) and a temperature controller were used to vary the temperature between 40

108
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and 80 C. Four RTDs (Pt-100U) were implemented on the flow line to record air flow and
radiator fluid inlet and outlet temperatures. The temperatures from the thermocouples were
measured by four digital multimeters, SU-105PRR, SAMWON ENG, with an accuracy of 0.1

C.

Temp. Indicator

Temp. C
& Indicator

AC.

Temp. Indicator

Water
inlet
temp=5
0°C

Recycle Line

Nanofl
uid

inlet
temp=5
0°C for
5
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grams

Nanofl | 47° | 45°C |43°C | 41°C | 39°C 36° |36.3%C | 36.8°]37°C | 38°C
uid C C C
inlet
temp=5
0°C for
10

grams

CONCLUSION

nanofluids, theoretical

id preparation and

coefficient of

nanofluid is greater than that of conventional therefore the tota sfer area
of the radiator can be reduced.
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