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and Flow of Nano Fluids in Horizontal Circular
Tube

Abdulhassan Abd. K, Sattar Al-Jabair, Khalid Sultan

Abstract—We have measured the pressure drop and convectiVgpical thermal conductivity enhancement is in thage of
heat transfer coefficient of water — based AL(25mh)O5(30nm) 15 — 40 % over the base fluid and heat transfefficmat
and CUO(SOnm) Nanofluids fIOWIng through a uniforneated enhancement have been found up to 40% [l] Incsease

circular tube in the fully developed laminar flovegime. The narmal con ivi f th Nan rticl r
experimental results show that the data for Naimsldriction factor thermal conductivity o t. € addec! anopartic esq ahe. c
must be other mechanisms attributed to the incrdase

show a good agreement with analytical predictimmfrthe Darcy's : . . A
equation for single-phase flow. After reducing teeperimental Performance. Conventional fluids, such as wategiren oil
results to the form of Reynolds, Rayleigh and Niissembers. The and ethylene glycol are normally used as heat fiearilsiids.
results show the local Nusselt number and temperatave Although various techniques are applied to enhdheeheat
distribution with the non-dimensional axial distanfrom the tube transfer, the low heat transfer performance of eahes
entry. Study decided that thenNanofluid as Newtoffiiaids through conventional fluids obstructs the performance eobarent

the design of the linear relationship between skiass and the rate
of stress has been the study of three chains oN#refluid with and compactness of heat exchangers. The past deaadeen

different concentrations and where the AL,»8 and CuO — water many resggrch acti\{ities in the (?Xperimental heansfer
ranging from (0.25 - 2.5 vol %). In addition to reeeing the four characteristics of various Nano fluidSor forced convective

properties of the Nanofluid in practice so as teuea the validity of heat transfer [2]. Studied the heat transfer befawi parallel
equations of properties developed by the reseadhethis area and channels using an unspecified Nano fluid and oleskerv
these properties is viscosity, specific heat, agmsidy and found that reduction in thermal resistance by a factor o3 Performed

the difference does not exceed 3.5% for the experial equations . .
between them and the practical. The study also dstraied that the experiments on convective heat transfer of two sypeNano

amount of the increase in heat transfer coefficfenthree types of fluids i.e.y.A.I 203 and TiQ dispersed in water, under turbulent
Nano fluid is AL, ALO;, and CuO — Water and these ratios arélow conditions. Even though the Nusselt number )(Mas
respectively (45%, 32%, 25%) with insulation andhwit insulation found to increase with the particle volume fractiand the
(36%, 23%, 19%), and the statement of any of treesdhe best Reynolds number, the heat transfer coefficient dbjually
increase in heat transfer has been proven thag ussulation is decreased by 3 — 12 %.The experimental results4bf [

better than not using it. | have been using thygees of Nano . . L
particles and one metallic Nanoparticle and twmexXNanoparticle illustrated that the convective heat transfer doeffit of

and a statement, whichever gives the best incindseat transfer. Cu/water based Nano fluids varied significantlyhntibe flow
velocity and the volumetric loading of particlesrexample,
Keywords—Newtonian, NUR factor, Brownian motion for 2 vol% of Cu Nanoparticles in water, the Nusselmber

increased by about 60%. [5] Investigation convectheat
transfer of Cuo and AD,/ water — based Nano fluids under

UIDS fluids are engineering colloids made of a biasied  |aminar flow condition through an annular coppebeu In

and nanoparticles. Nanoparticles are particles #1et their study, the heat transfer coefficient was thtm increase

between 1 and 100 nm in diameter. with increasing particle volume fraction as well Bsclet
Nano fluids typically employ metal or metal oxidenumber. AJOy water — based Nano fluids showed higher

Nanoparticles, such as copper and alumina, ancasigetiuid enhancement of heat transfer coefficient compaoe@uo /

is usually a conductive fluid such as water or kethy glycol. water — based Nano fluids. [6] Studied,®4(20nm)/ DIW —

Nano fluids are studied because of their heat teanspased Nano fluids flowing through 1mm sized staislsteel

properties: they enhance the thermal conductivityd a test tube and subject to constant wall heat flud dow

convective properties over the properties of theelfauid. Reynolds number (Re < 270).Compared to the bag# the
Nusselt number of this Nano fluid had a maximum

enhancement of 8 % for 1 vol% Nanoparticle at R€=27]

Conducted convective heat transfer experimentsAigO-/
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proposed a new convective heat transfer correlddomNano
fluids in micro channels.

Il. EXPERIMENTAL SYSTEM

The experimental loop was designed for convectigat h
transfer in laminar flow domain. The horizontalttegction
was Pyrex tube with an inner diameter (ID) of 4mmd &ngth
of 2.5m. The tube surface is electrically heateccby made
from tungsten matter connecting to an AC power Bupm
generate heat flux. To measure the wall temperatfirthe
Pyrex tube and the bulk mean temperature of thd<flat the
inlet and out let of the tube ten thermocouples-(ypes) are
soldered at place along the test section and teorthcouple
(T — types) are inserted at the inlet and out fethe test
section. The pressure drop is measured by two garggsure.
The range pressure operates over range of [0 —mt0] at
beginning of the test section and other end thgagressure
operates over range [0 — 150 mbar]. To preservenatant
temperature at the inlet of the test section thatdtk fluid
returns to reservoir tank passing spiral Pyrex bgahanger to
a cooler fluid. The flow meter was positioned jaster the
pump discharge. The Fig. 1.,2 represent picturehef test
section for the two cases with and without insolati

There are two cases will be taken in to experinieasa
follows:

a. The first test section without insulation
b. The second test section with insulation

The second test section was thermally isolated ¥ifter
glass to minimize the heat loss from the tube ®admbient.
The Fig.3 show experimental apparatus for investigaof
heat transfer and flow of Nano fluids in horizontilcular
tube in fully developed laminar flow regime withifonm heat
flux.

Fig. 1 Test section with insulation

TABLE |
UNITS FOR NANOFLUIDS PROPERTIES

Symbol Quantity units
7 Heat flux Winm?

AP Pressure drop pa
f Friction factor
dp Particle diameter nm
Ver Thermophoretic velocity mé/s
Ds Brownian diffusion coefficient mls
Kg Boltzman's constant J/k
Vee Nanoparticle settling velocity m/s
Kn Thermal conductivity of Nano fluid Wi
PHi Nanoparticle volume fraction -
lin Dynamic viscosity Nano fluid N.s/n?

—

Fig‘.'3' Epérimental apparatus
Ill.  PROPERTIESOF NANO FLUID

All physical properties of the water — based AL, 8%,
CuO Nano fluids needed to calculate the presswp dnd
the convective heat transfer are measured .the ndgna
viscosity (1) is measured using Brook Field Digital
Viscometer Model Dv-E. In this study, measuremeft o
viscosity in practice where he found that thera difference
very little between the practical and empiricalateins used
by researchers such as [8], [9], [10], [11]. [19the closest to
practical difference does not exceed 1.72%. Figsédshows
the dynamic viscosity of water — based AL, 585, CuO are
increased about 2.1% for 0.25vo0l% at 25@mpared with
that of pure water. The thermal conductivity, sfiedieat and
density are measured. In addition, measured vaddethe
density agrees well with the values calculated Froming
theory [12] as shown in Fig.7 and Fig.8 shows thesity of
water — based AL, AJO;, CuO are increased about 3.2%
compared with that of pure water.
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Fig. 4 Viscosity ratio water based - AL
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The experimental result for thermal conductivitglicated
at comparison with the equations or models of tlarm
conductivity developed by researchers such as [13], [15],
[16].

The Hamilton and Crosser is the closest to prdctica
difference does not exceed 3. 27%. Figs. 9, 1Ghhilwvs the
thermal conductivity of water — based AL, Az and CuO
are enhanced about 1.03% for 0.25vol% at 26@mpared
with that of pure water andFig. 12 shown thermaldractivity
ratio for three types of the Nano fluidd., AL ,O0; and CuO +
water. The experimental result for specific heas wampared
with two models of specific heat are user in adle@ch in this
area where he was the second model is the closest t
practical and a difference of 2.25% and Fig. 1®wah
comparison with two models [17,18].
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Fig. 9 Thermal conductivity ratio of water based= A
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Fig. 11 Thermal conductivity of ratio of water bdseCuO
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e can assume the fully developed laminar flow regifig.14
Experimental Thermal Conductivity .
showst hat pressure drop data for water and aoalyti
AL203 +Water xK H H H -
108 -~ N predictions using Eq.(4) have a good agreement leith than
@ * & 1.5% error.
i * L
g x / Ap =325 )
=} - P tube
c =
[} K —
c 1.00 - > &
p4 *> ‘ 1200
oo ./. F - Eq:tg:etlcal Results ;:///:,’/
06 o oo o3 1100 - 1.5% Erroraa;/////////
Volume Fraction (%) 1000 e

Fig. 12Thermal conductivity ratio of water based — AL, A and
CuO
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§ cosl _ The heat transfer coefficients calculated by Egsagd (2)
& | u are compared with the following Shah equation [P the

oser = n local Nusselt number in circular tube for a constagat flux

6 goos 6bT ol 602 ooz 063 condition according to the Reynolds number of 40Big.15.
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Fig. 13 Comparison of specific heat correlationtWWito models K
o Water Test
IV. DATA ANALYSIS AND VALIDATION & ST B e G
. . . [ Shah Equation (R e=200)
It is necessary to know the heat transfer coefiiciesed in sk N SNanENiaion (Resio0)
this study clearly before making any calculatiofbke local =t \ Fj"‘;’ . . and
- . 5 uly developed R egion
heat transfer coefficient of the equation as fodow °r A
— ‘7 E e T
he = Gn, @) T

Where (AT), have been taken as the difference between the

temperature of the surface localize@)(Zand the temperature Fig. 15 Comparison between Shah Equation and expatal data

of the fluid (Ty) z at length Z from the entrance of the tube.

Also, with the energy balance in a tube the mearpé&zature 1302275 —1 Z, < 0.00005

of fluid can be given by: Nu, = 1302275 - 0.5 0.00005 < Z, < 0.0015 ®)
4364 + 8.68(1032,)705% exp(—412,)Z, = 0.001

P

(Ty)z =T, +-——2z @
c

mcp Where:Nu, = 222 7, = 2Z/D

k Re Pr

Where: T, pji and Cp are the fluid temperature at the inlet of For fully;
test section, the surface perimeter, the mass ffide and the Developed laminar flow regimes, the experimentalada
heat capacity, respectively. compared with Shah Equation [19, 20] have goodeagesat
Thus the local heat transfer coefficient becomes within 2% error and are constant. To show the effe¢ the
hy - Gw (3)Nano fluids on heat transfer Ratewe introduce dalbe
(Ts)z ~(Tp)z called Nusselt number Ratio (NUR) with its defiaitigiven
q as

Therefore, the local heat transfer coefficient barobtaine . .
with Egs. (3) and (2). In order to verify the acmy and the NUR = Nu(®)|with nanofluid
reliability of this experimental system, the pressdrop and Nu(® = 0)| pure fluid
the local heat transfer coefficient are experimgntaeasured o
using water before obtaining those of water — badéd If the value of NUR greater than 1 indicated tha heat

AL ,0; and CuO Nano fluids. The experiments on the pressJranSfer rate _is _en_hanced on that f"%‘d' wheredsiaton of
drop are conducted within the Reynolds number df, Ghd heat transfer is indicated when NUR is less thdihd Nusselt

number is used as an indicator of heat transfeamrgment

entry length is within 2% of total tube length. Téf@re, we
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where an increase in Nusselt number corresponds toThis implies that the friction factor correlatioarfsingle —
phase flow can be extended to water — based ALQOAland
CuO Nano fluid. The Nusselt number of water-basdd A
AL,0; and CuO Nano fluids flowing through a circular éub
for a constant heat flux is experimentallymeasured
understand convective heat transfer characteristiosmater-
based AL, ALO; and CuO Nano fluids. Figs. 19-24 with
insulation and Figs. 25-30 without insulation shotie
Nusselt number for three types of Nano fluids ascfion of
non-dimensional axial distance at different Reysadimber

enhancement in heat transfer.

V. RESULT AND DISCUSSION

The pressure drop of water — based AL,,®4 and CuO
Nano fluids flowing through a circular tube is expgentally
measured to investigate flow characteristics of tano
fluids. Based on the pressure drop of water-badedAh ,0;

and CuO Nano fluids ,we can express the Darcyidrict

factor, which is dimensionless parameter defined as

__ M
f - pUM2/2 6)(
For fully developed laminar flow, it follows that
f=m Y]
Regtube

Substituting the pressure drop into Eq.(6), thecériction
factor can be calculated . Figs 16, 17, 18showstheaDarcy
friction factor of water — based AL, AD; and CuO Nano
fluids in fully developed laminar flow regime hasgaod
agreement with Eq.(7) with less than 2% error.

o.07 Friction Factor (AL+ Water )
Theoretical Results (64/Red)
+  water
“. T e
0.05+ e o ®  water ~AL (1.3volse)
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o At
= '526" -
O o.014 ,_.%
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Fig. 16 The friction factor of water + based AL Narluid in fully
developed laminar flow

0.0
Friction Factor (ALZO3 + Water)

al Results (64/Red:

-~

> ALZO3(0.25v0l96)
> Water +ALZO3(1.3vol9%6)
- Water +AL2O3(2.1vol%6)
a Water +AL2O3(2.5vol%6)

0.054

0.014

Friction Factor.

f — 0425 ®0'052R3_0'452T19'375

° 250 500 750 1000
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Fig. 18 The friction factor of water— based CuO
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with insulation, different Rayleigh number and :8B6
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with insulation, different Rayleigh Number and Ou@B6
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Fig. 30 The local Nusselt number of water based+@Ga@o fluid Fig. 31 Shear stress versus shear rate for basted WAL Nano
fluid at different concentration

without insulation, different Rayleigh Number an&d|%

o

Fig. 34 and Fig. 35 show wall temperature distituton
the internal surface of the tube and the relati@wben
temperatures and dimension less axial distanceinisar
relation for Nano fluid (AL+ water)with and without

The experimental results clearly show that Nandgest
suspended in water enhance the heat transfer andbdtal
Nusselt number of water-based AL, £b; and CuO Nano
fluids increases with volume fraction of AL,AD; and CuO

Nanoparticles as shown in Figs.( 19 — 24 )with liason and insulation.

Figs.(25 — 30 )without insulation. The study alsonnstrated 15F

that the amount of the increase in Nusselt numbetHree i2f ST W AnerwehY
types of Nano fluid is AL, AkO; and CuO+ Water and these _E e
ratios are respectively (45%, 32%, 25%) with insalaand s f ST
without insulation (36%, 23%, 19%) compared withtthure & oal g S
water and the statement of any of the cases thdruesase in 5 osf A/:{;Z:i/a’

heat transfer has been proven that using insulasidmetter orf é‘j/ﬂ

than not using it. | have been using three typesNaho osf 7 , , ,
particles and one metallic Nanoparticle and twdéde e onearrae i

Nanoparticle and a statement, whichever gives libst
increase in heat transfer and thermal losses irabisence of
insulation does not exceed 15% has been proventlieae
losses increased with the increasing concentrati@hsize of
the particles. It should be noted the enhancemérnteat :
transfer greatly depend on Nano particle type, Naauicles VP e amIas ket
F R Water+CUO (1.3 %)
size, base fluid, flow regime and specially B.C.nNé&luids Water SUOG (3.0% )
that contain metal Nanoparticles AL(25nm) + watbows

Fig. 32 Shear stress versus shear rate for based waAL,0OsNano
fluid at different concentration

" -
more enhancement compared to oxide Nano fluids £ F //::Zj‘ﬁ
AL ,04(30nm) + water and CuO(50nm) + Water . CuO+ water B ool ,v/:jgjii/z
Nano fluid presents fewer enhancements in local sblus “ sk V/:ﬁg;':éiz"
number at same Nanoparticle concentration. It iated to Egé‘:’ﬂ
large particle size and high viscosity of CuO+ wated high L \ . .
thermal conductivity of AL+ water. The thermal lessin the m ™ shearrate (1) .

absence of insulation does not exceed 15% has fresen
that these losses increased with the increasingecration
and size of the particles. Moreover to NUR facter ased to

Fig. 33 Shear stress versus shear rate for baged w@uO Nano
fluid at different concentration

present the corresponding flow and heat transfeidénthe i . R;‘:{‘gfﬁ"f;‘e‘:',;;o‘ff;;”;’z_s%
tube. Figs.(31 — 33)represents shear stress veheas rate for i CoET Raci0n Resd00,PRIL 3.5 %
three series of Nano fluid in various concentratioit can be ssf Ra=10%3.Re=200Phi=25 % _

. . . o P o
found that there is almost linear relation betwshear stress wk S
and shear rate for all concentrations of Nano fuwhich g =T P
confirm a Newtonian behavior for AL, AD; and CuO in L F H/B’A,Af*’*’ e

- -~ - T
volume fraction 0.25 — 2.5%. e L g:ﬁ,_{y»—*
50|
5.02 0.04 006 o.'os o

2+
Fig. 34 Wall temperature for AL+water at differeRia,Re and
PHi=2.5vol% with insulation
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Nanofluid (AL + Water )

- Ra=10"6,Re=800,Phi= 2.5 %

- Ra=10"5,Re=600,Phi=2.5 %

- Ra=10"4,Re=400,P| .5 %

Ra=10"3,Re=200,Phi= 2.5 %

48
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40

38
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0.08 0.1

)
e
o
]

2
Fig. 35 Wall temperature for AL+water at differétd,Re and
PHi=2.5vo0l% without insulation

VI. CONCLUSION
The present study was carried out to investigatutathe

convective heat transfer characteristics of thezges of Nano
fluids containing metallic and metal oxide nanojgtes in
water through a circular tube under a laminar flegime
with a uniform heat flux boundary condition. Coresiitig the
experimental results, the following conclusions bardrawn:

The Nano fluid has larger heat transfer (Nussefhioer )
than pure water under the same Reynolds number

The type of Nano fluid is a key factor for heatnster
enhancement. The high values are obtained wheg édin
AL ,0; and CuO Nanopatrticles respectively.

NUR factor increase generally with Ra at constatit &d
increases with PHI at constant Ra.

The statement of any of the cases the best incindseat
transfer has been proven that using insulatioreteebthan
not using it for Nano fluids.

thermal

conductivity for AL-water greater

CuO,AL,Oz-water .

e The Nano fluid will not cause a penalty drop inqaure
and there is no need for pump power. This may lause
the small additional Nano particles in the baseitigdo not
cause the change in the flow behavior of the fluid.

(1]

(2]

(5]

(6]

(7]

(8]
(9]
(10]
[11]

[12]

Heat transfer enhances with increasing Nanopasticlém

concentration.
Nano fluids that contain metal Nanoparticles (Alow

more enhancements compared to oxide Nano fluidgOAL
— water and CuO —water. Also, CuO — water Nanadfui

less enhancement in heat transfer at the same saiubg
concentration. it related to

[14]

[15]

The increase in Nusselt number due to presence of
Nanoparticles is much higher than prediction ofgkin [16]
phase heat transfer correlation used with Nanod flui

properties.
There is an optimum concentration for each Nani fio
which more enhancement are available.
viscosity increasing by particle concentration.

It is found that the Nano fluids Nusselt

conductivity but also other factors such as Nanadfl
viscosity, dispersion, chaotic movement of Nanadplag,
Brownian motion, particle migration,
interaction between particles.

Increasing Nano fluid conductivity with increasinglume
fraction but according to the model thermal conubityt

when the particle size is decrease the random madso

larger and the convection like effect become domtirzand

It is reldted

fluctuation dan

[17]

(18]

numbef19]
enhancement is not only due to the increase ofrialer

[20]
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