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Convection Heat Transfer and Friction Factor of AL,O;/Water
Nanofluid Flows inside Circular Tube with Inserting Helical Tape
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Abstract
Forced convection heat transfer and friction factor for nanofluid flows inside circular
horizontal tube with and without inscrling helical tape, was experimentally studied. Electric
heater was wrapped around the outer surface of the tube to obtain a constant and uniform heat
flux at the tube wall. Experiments are conducted with adding nano-particles (Al;O;) to water
up 10,2% by volume to obtain different concentrations of nanofluids. An experimental test
loop equipped with the required measuring instruments was designed and constructed to
assess the effects of nano-particles concentration, mass flow rate, and applied heat flux on the
convection heat transfer process and pressure drop. The tested tube fitted with screw helical
tape inserts to evaluate its effects on heat transfer rate and friction factor with nanofluid as the
working fluid compared with pure water. The measurements of temperature, flow rate,
applied volt and pressure drop are recorded and manipulated to calculate the convection heat
transfer coefTicient and friction factor.

The obtained experimental results show that, wall temperature was reduced by using
nanofluid compared with pure waler. Accordingly, the convection heat transfer coefficient »
increased when using nanofluid and increased also with increasing heat flux and mass flow
rate (Reynolds number). Higher rates of heat transfer and pressure drop are obtained from the
tube fitted with screw helical tape insert compared to flow in a plainstube under similar
conditions. This improvement in the convection heat transfer coefficient characterized by a
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swirling Now as a result of the secondary flow of the fluid flow inside tube with helical tape.
The average value for the thermal-hydraulic performance (n) for be with inserting helical
tape was | 4 for water only, and 1.8 for nanofluid at concentration 0.8%. Comparison with the

previous work gave good agreement,
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1. INTRODUCTION

The conventional Muids, such as water,
engine oil and ethylene glycol are
novmally wsed as heat transfer fluids.
Although various techniques are applied 10
enhance the heat 1ransfer, the low heat
transfer performance of these conventional
fluids  obstructs  the  performance
enhancement and the compactness off heat
exchangers. The use of solid particles as an
additive suspended into the base Nuid is a
tecchnigue for  the  heat  transfer
enhancement. [mproving of the thermal
conductivity is the key idea to improve the
heat  transfer  characleristics of
conventional fluids. Since a solid metal
has a larger thermal conductivity than the
base fluid, suspending metallic solid fine
particles into the base fluid is expecied to
improve the thermal conductivity of that
fluid. The long time stability and large
efficient  thermal  conductivity; the
innovative heat transfer fluids-suspended
by nanometer-sized solid particles (its size
below 100 nm) are called ‘nanofluids’.
These suspended nano-particles  can
change the transport  and  thermal
propertics of the base fluid. Nanofluids are
suspensions of metallic or nonmetallic
nano-powders in base liquid and can be
employed 1o increase heat transfer rale in
vanous applications

Swirl flow devices form an imporani
group of passive augmentation methods.
Tubes fitted with helical screw-tape inserts
is one of the most importamt members of
this group. These tubes are the most
widely used in several heat transfer
applications: for example, heat recovery
processes, air  conditioning  and
refrigeration  Sysiems, and  chemical
reaclors.

Mirmasoumi and Behzadmehr, (2008)
studied numerically the fully developed
mixed convection of & nanolluid
{water/Al:0y). Two-phase mixlure model
has been used to investigale the effects of
nano-particles mean diameter on the flow
parameters.  The  calculated  resulls
demonsirate that the convection heat
transfer coefficient significantly increascs
with decreasing the nano-particles means
diameter. Using particles with simaller
diameier increases the uniformity of the
particles distnbution at the wbe cross
section. While, increasing nano-particles
mean diameter andfor Grashof numbers
could result non-uniform distribution for
which the single phase approach no longer
would be precise.

Sivashanmugam and Suresh, (2007 a&b)
studied experimentally the heat (ronsfer
and fricion factor charactenstics of
circular tube fitted with full-length helical
screw element of different twist ratio, and
full length with different spacer length
have been studied with uniform heat Mux
under laminar  and turbulent  fow
conditions. The experimental data oblained
were compared with those oblained from
plain tube published daws. The heat transfer
coefMicient and friction factor increased
with the twist ratio. Empirical correlations
were formed for explaining data and found
to Mt experimental dala
Heris et al., {2007) siudied experimentally
forced convection heat fransfer of
AbOsywater nanofluid inside a circular
tube with constant wall temperature. Heal
transfer coefficient increases by increasing
the concentration of nano-panticles in
nanofluid. The increase in heal transfer
cocfTicient due to presence of nano-
particles is much higher than the prediction
of single phase hecal transfer correlation
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used with nanofluid properties. It is
concluded that thermal conductivity
increase is not the sole reason for heat
transfer enhancement in nanofluids. Other
factors such as dispersion and chaotic
movement of nanoparticles, and particle
migration may play role in heat transfer
augmentation due 0 nano-particles.
Particle fluctuations and interactions,
especially in high Peclet number may
cause the change in flow structure and lead
lo augmented heat transfer due to the
presence of nano-particles.

Naphon (2006) presented new heat
transfer data of the inner tube, of a double
pipe. with twisted tape insert. Effects of
relevant parameter on the heat transfer and
pressure drop are considered. The inner
and outer diameters of the inner tube are
8.1 and 9.54 mm, respectively, The twisted
lape is made from the aluminum strip with
thickness of | mm and the length of 2000
mm. The twisted lape insert has significant
effect on enhancing heat transfer rate.
However, the pressure drop also increases.
Moreover, the new proposed correlations
for the Nusselt number and friction factor
based on the experimental data were
obtained.

Naphon and Sriromruln (2006) studied
the heat transfer characteristics and the
pressure drop of the micro-fin tube coiled
wire insert. The coiled wire insert has a
significant effect on the enhancement of
heat transfer. However, the friction factor
of the tube with the coiled wire insert also
increases.

Ciamsa-ard et al. (2006), studied
experimentally, heat transfer and friction
characteristics in a circular tube fitted with
full-length twisted tapes and regularly
spaced twisted tapes. It can be found that
enhancing heal transler with passive
method using different (ypes of twisted
tape consiruction in the inner tube of a
double pipe heal exchanger can improve
the heal transfer rate e(Ticiently. However,
the friction factor of the tube with the
twisted tlape insert also increases. The
increase in heat transfer and friction can be

explained by the swirling flow as a result
of the secondary flows of the fluid.

Ding and Wen (2005) illustrated that the
nano-particles migration due to spatial
gradient in viscosily and shear rate has a
significant implication to heat transfer. The
aim of this work is to study laminar flow
convective heat transfer of Al,Oy/waler
nanofluid under constant wall temperature
and different concentrations of nano-
particles.

Maiga et al. (2005), investigated, by
numerical simulation, the hydrodynamic
and thermal characteristics of a laminar
forced convection flow of nanofluids
inside a straight heated tube and a radial
space between coaxial and heated disks.
Two  particular  nanofluids  were
considered, namely Ethylene Glycol-
Al;O; and water-Al;O;. Results have
clearly reveated that the addition of nano-
particles has produced a remarkable
increase of the heat transfer with respect to
that of the base tiquids. It has been found
that the Ethylene Glycol-Al,O5 mixture
yields, so far, a better heat transfer
enhancement than water-Al,O;. For the
case of the tube flow in particular, results
have also shown that, in general, the heat
transfer enhancement due to nano-particles
clearly becomes more pronounced with an
augmentation of the flow Reynolds
number. Correlations have been provided
for computing the Nusselt number for the
panofluids considered in terms of the
Reynolds and the Prandtl numbers and this
for both the thermal boundary conditions
considered. ,

Maiga et al. (2004) studied,
numerically, the forced convection flow of
water/Al;O3 and ethylene glycol/A1,O4
nanofluids inside a uniformly heated tube
that is submitted to a constant and uniform
heat flux at the wall. It is observed that the
inclusion of nano-particles has increased
considerably the heat transfer at the tube
wall for both the laminar and turbulent
regimes. Such improvement of heat
transfer becomes more pronounced with
the increase of the particle concentration.
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On the other hand, the presence of
particles has produced adverse effects on
the wall friction that also increases with

the particle volume concentration. Results

have also shown that the ethylene
glycol/Al;0s mixture gives a far better
heat transfer enhancement than the
water/Al,O; mixture,

Wen and Ding (2004) have studied
AlL,Oywater nanofluid heat transfer in
laminar flow under constant wall heat flux
and reported an increase in nanofluid heat
transfer coefficient with Reynolds humber
and nano-particles concentration
particularly at the entrance region. They
expressed that thermal developing length
for nanofluid was greater than pure water.
The reason for heat transfer enhancement
for nanofluids is the decreased thermal
boundary layer thickness due to non-
uniform distribution of  thermal
conductivily and viscosily resulting from
motion of nano-particles.

The aim of the present work ‘is 1o
study laminar flow convective heat
transfer and friction factor of Al,Oy/water
nanofluid under constant wall heat flux
and different concentrations of nano-
particles with and without helical tape
insert at different values of nanofluid mass
flow rates and heat fluxes.

2. EXPERIMENTAL TEST LOOP
An experimental test loop has been
designed and built to study the effect of
different operating parameters on the
convective heat transfer and friction factor
for the working fluids (nanofluid with
different concentrations and water only).
The operating parameters are heat flux,
concentration and mass flow rate of
nanofluid or water only, which flows
inside a horizontal tube with and without
inserting  helical tape. A schematic
diagram for the experimental test loop is
shown in Fig. (1). It consists of nanofluid
cooling circuit, the tested tube and its
heating unit.
The circulating pump is used to
circulate nanofluid (Al;Oy/water) through

the test loop. The specified amount of
nanofluid is controlled (0 flow inside the

‘tested tube and the remaining amount

passed to the tank. Paddle whee! is used to
stir constantly the nanofluid inside the
tank during the experiments to prevent
deposition of the nanoparticles. The
concentration of nanofluid is varied from
0 to 2% by volume. Nanofluid is heated in
the tested tube to study the convection
heat transfer and friction pressure drop at
different operating parameters. The
nanofluid is cooled when leaving the
tested tube in the heat exchanger. City
water is used in the heat exchanger to cool
the nanofluid to the initial temperature for
nanofluid inside the tank. Then the
nanofluid returned back to the tank to
complete the cycle. Mass flow rate is
varied and the corresponding values of
Reynolds number ranging from 600 to
2500.

.The tested tube is made from copper
and the inner diameter is of 25 mm and it
is of length 1000 mm with thickness 1.5
mm. Uniform heat flux condition is
achieved by heating the outer wall of the
tested tube by an electric heater coil
wrapped around it. A thin layer of electric
insulation (Mica sheet) is found between
the electric coil and the tested tube. The
supplied power to the heating coil is
changed by using step less variable output
power supply (Variac). Through out all
experiments, the resistance of heating coil
has constant value of 30 Q.

The geometrical configuration of
helical screw tape inserts is shown in Fig.
(2). The helical screw tape inserts with
specified twist ratio (equal 1o 4) is made by
winding uniformly a strip of 2 mm width
and 2 mm thickness over a 5 mm rod with
pitch 20 mm, and coated with chromium
by electroplating to prevent corrosion. The
twist ratio defined as the ratio of length of
one full twist (360 degree) to diameter.
The value of the twist ratio reported in
literature between 2 and 7 for twisted tape
inserts [2]. It is inserted inside the tested
tube at the center as shown in Fig. (2.a).
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To ensure minimum heat loss to the
surroundings, a layer of 50-mm of glass
wool thermal insulation  followed by
additional aleminum foil sheet is wrapped
on the outer surface of the i:sted wbe.

3, EXPERIMENTAL PROCEDURE
Before starting a new run, the test loop
is checked for leakage of working fluid
nanofluid (Al Oy/water), The
experimemal procedure for each run can
be described in the following steps:
1) Switch on the pump motor to circulale
nanofluid, Air is extracted from the U-
tube manometer through a vent valve.
2) Adjust the discharge valve to obtain the
desired flow rate for circutating nanofluid.
The circulating nanofluid is then heated up
through the tested tube by the heating coil.
3) The hot nanolluid is passed through the
heal exchanger (o remove the heat
absorbed by the nanofluid in the tested tube
using cooling city water,
4)  Before recording any data, each
experiment is carried out for about 30
minules lo insure sieady state condition
was reached (the flucation
temperalures was about 0.1 °C).
5) The required measurements are recorded
for each experiment.
6) Repeat the run for different values of
the operating paramelers.

4, EXPERIMENTAL MEASUREMENTS

To compule the total input heat the
applied volt to the elecircal coil was
measured by voltmeter with minimam
readable value £ 0.1 volt.

Also the temperatures were measurcd by
temperature recorder with "accuracy 0.1
"C. Two thermocouples of K-type are used
fo meosure inlet and outlet nanofluid
temperatures. Outer surface temperatures
for the rested wbe are measured along its
length at the lollowing locations; 0, 150
mm, 350 mm, 550 mm, 750 mm and 950
mm. Also inlet and outlet temperatures for
the cily water which flows inside the heat
exchanger are measured to control the
cooling process for nanofluid.  Also,

ambicnt and insulation temperalures were
measured.

The nanofluid flow rate was measured
by using flow meler. Also, cooling city
water which flows in heat exchanger w0
cool the nanofluid was measured by flow
meter. The accuracy of the used flow
melers was 2% of the full scale.

The pressure drop for nanoflud flows
through the tested tube was measured by
using U~lube mercury manomeler.

The experimental apparalus was
allowed to operate until the fluctuation in
temperatures was about £0.1 “C. Then,
steady state condition was reached and the
required measurements of the applicd voli,
temperature, fow rate, and pressure drop
were lnken. The root-mean-square random
error propagation analysis was carried out
in the standard fashion using the measured
experimental uncertainties of the basic
independent parameters. The error analysis
is done for the average values of the
calculating parameters. The experimental
uncertainties  associated  with  these
measurement techniques were estimated 1o
be approximately equal to 4.5% and 5.6%
for convection heat transfer coe(Ticient and
friction factor respectively.

5. DATA REDUCTION

The basic measurements were analyzed
using a computer reduction program 1o
calculate the friction factor and convection
heat transfer coeflicient for nanofluid flow
inside the lested tubes.

5.1 Pressure drop

The measured pressure drop includes
frictional, entrance and exil cormponents.
The entrance and exil components were
sinall and may be neglected. Therefore, the
measured pressare drop (AP) for nanofluid
Mlow nside the tested tube is then directly
related to the frictional pressure drop. The
friction factor () was obiained [rom the
pressure drop measuremenits through the
lested tube as;

M. 9%
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2(AP)d
. xap)

= |)
pnI’UZL (

Where d, L, U and pyrare the tested tube

inner diameter and length, mean velocity

and density for nanofluid.

The mean velocily can be calculated by
dividing the measured volume flow rate by
cross sectional area of the tested tube
without inserts. [f the blockage due to
helical tape insert was considered it is
calculated as follow;

Before assembly the test loop, the
volume of water filling the tested tube with
and without helical tape insert can be
measured experimentally. Then, the
corresponding cross section area with
blockage was obtained. The mean velocity
can be calculated by dividing the measured
volume flow rate by this obtained area.

5.2 Heat transfer

Al steady state, the total input heat from
the electric heater coil wrapped around the
tested tube (Q, ) divided into useful heat
which flows through the tube wall to
nanofluid (Q,s ) and the remaining amount
of heat transferred to the surrounding as
heat loss (Qoss ).

The total input heat can be determined
as;

Q= (V? cos @ )/R (2)

Where: V, cos ¢ and R are the applied
voltage across electric heater, power factor
and electric resistance of electric heater
respeclively.

The useful heat transfer to the nanofluid
can be calculated as;

Q!< = mnr Cpaf (Tnf,o 4 Tu!‘.iJ (3)
Where; M. Cpan Tory and Tare are mass

flow rate, specific heat, inlet and outlet
temperatures of nanofluid respectively.

The amount of heat loss from outer
surface of insulation to the surrounding air
(Qioss ) can be determined as;

Qloss ™ Q! = Qus (4)

Heat flux (q") can be calculated from
the following equation as;

Q" =Qu/A (5)

Where; A = Inside surface area for tested
tube (A= =mdl). Also, d is the inner
diameter of the tested tube and L is the
tested tube length.

To calculate the local average
temperature along the tested tube, one can
divid the tube into set of elements and
carry out the heat balance for each

. element. The outlet temperature at each

element, see in figure (2-b). can be
determined using the following relation;

——Q“—-QZJL (6)

m, Cp,,

T.. =T +

isl 1

Where; Az, T; .and T.; are element
length, inlet and outlet temperatures for
each element. The bulk temperature of
nanofluid within each element is estimated
by the following relation;

T + T,

T___iﬂ 7
> 3 (7

“The local heat transfer coefficient can be

calculated with the aid of the measured
local wall temperatures and the above
calculated bulk temperature as;

_9"(8zL)
(T, ~Ts)

h (8)

Where; T, is the local wall temperature
along the tested tube.

The average heat transfer coefficient can
be calculated as;
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Based on the inner diamster of the
tested tube, Local Nusscit number, average
Nusselt number, and Reynolds number are

evaluated using the following relations,

2l == g
k., >

1 (n
xd oy

Where Ky, por And m o are the thenmal
conductivity, dynamic viscosity, and inoss
Now rate of nanofuid.

Thermal-hydravlic performance (n) is
defined by Chang et al. (2007) as follow,

n= (Nw/Nun W7l )" (12

Onc can assume that the nanoparticles
are well dispersed within the base-fluid, so
the cffective physical properties  are
described by classical formulas  which
mentioned by Mansour et al. (2007) as.

pa=(l-0kp, +Op, (13)

Py Cpu =(1-@)p,Cp, + & p,Cp, (14)

Where. @ is the nano-panicle volunc
fraction.

The cffective dymamic viscosity of
nonofluds  can  be caleulated  wsing
different existing formulas that’ have been
oblained for two-phase mintures. The
following relation 18 the well-known
Einsiein’s equavon for a viscous fuid
conlgming a diluic suspension of small.
rigid. spherical particles2,.

Por =#y (1423 @) (1%
ky =k (1 +74xd)
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The relevant thermo-physical properiies of
the solid nanoparticies (Al:Os) used in the
present study are specificd as,

Cpp =773 Ikg °C, pp <1880 kA’ .and
k=36 Wim."C.

6. RESULTS AND DISCUSSIONS

Experimental runs are performed to
siudy the effects of heat flux, Reynolds
number for nanofluid (with different
concentrations, §) flow inside lube with
inserting helical tape compared with plain
tibe on heat transfer and friction facior.

6.1 Friction fnctor

Pressure  drop  experiments  were
performed for adiabatic condition 1o obtain
the friction factor for nanofluid and water
anly flow inside tube with inserting helical
tape compared with plain tube. Figure (3)
shows the variastion of friction factor (N
versus Revmolds number (Re) for both
jubes. It 5 observed from figure that,
friction factor decreases with increasing
Reynolds number for pure waler flow
inside both tubes. Also, it is clear from
figure that, friction factor in lube with
Inserting helical tape has higher values than
that for the plain twbe The mcreasc in the
friction can be caplained by the swirling
Now as a result of the secondary Nows of
the ld. This hydraulic behavior for lube
with mserting helical tape was expected
because it more  fniction.
Comparison beiween the values of friction
factor for nanafluid with concentration=0.6
% and pure water flow inside tube wilh
inserting helical lape is shown also in Fig.
(3). It is clear from figure that, friction
factor for nanofluid was higher than that
for water only. Nano-particles suspended in
the base fluid of nanofluid changes the
ransport properties than the base Nuid and
causcs an increase for frictwon factor

compared with water only.

6.2 Heat transfer
Local surface temperatures along the
tested tube was measured at five locations
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and plotted in figures (4-6) for tube with
inserting helical tape and plain tube. Local
surface temperatures along the plain tube
were presented in Fig. (4) for different
values of heat flux and certain value of
Reynolds number (Re=1200). It is
observed thal surface temperature increases
along tube length and increases with
increasing heat flux. Local surface
temperatures along the tested tube with
inserting helical tape takes lower values
than plain tube as shown in Fig. (5). This
decrease in the surface temperature for tube
with inserting helical tape can be explained
by the swirling flow as a result of the
secondary 1lows of the fluid.

Local surface temperatures along the
tested tube with inserting helical tape and
nanofluid at concentration=0.8% flows
inside it was presented in Fig, (6). [t takes
lower values when compared with the same
tube but water only ows inside it.

Local  convection  heat  transfer
coefficient along the lested tube was
calculated al five locations and plotted in
figures (7-9) for tube with inserting helical
lape and plain (ube. The increase in
convection heat transfer coefticient for tube
with inserting helical tape compared with
plain tube can be explained by the swirling
flow as a result of the secondary tlows of
the Nuid.

Nano-particles Jeads to increase thermal
conductivity for nanofluid, therefore
convection heal transfer coefficient
increases. Also, other faclors such as
dispersion and chaolic movement of
nanoparticles, and parlicle migration,
particle fluctuations and interactions may
play role in heat transfer augmentation.

Figure (10) shows the variation of the
average heat transfer coefficient versus
Reynolds number. 1t is observed from
figure that, average heat transfer coefTicient
increases with increasing Reynolds number
and take the higher values for nanofluid
compared with water only.

Figure (11) shows the variation of the
average Nusselt number versus Reynolds
number. It is clear from figure that, average

Hesham M. Mostafa and M. G. Mousa

Nusselt number 1akes the same behaviour
like average convection heat transfer
coefficient and increases with increasing
Reynolds number and the higher values
were obtained for nanofluid compared with
water only.

Figure (12) shows the variation of the
average Nusselt number versus nanofluid
concentrations. Average Nusselt number
increases with increasing the concentration
of nano-particles in nanofluid and take the
highest value at 0.8%, then it decreases
with increasing concentration.

In the present study the thermal-
hydraulic  performance (n) of the
fabricated helical tape insert, was
estimated for nanofiuid flow inside it and
compared with water only. The thermal
hydraulic performance is defined using the
Nusselt numbers and friction factors for a
plain tube and a tube fitted with an insert
as follows; n= (Nu/Nup_ Y(7fy ™. The
calculated thermal hydraulic performances
versus Reynolds number, for different
setups are compared in Fig. (13). The
figure shows that the highest values were
obtained for nanofluid compared with
water. The average value for the thermal
hydraulic performance was |.4 and 1.8 for
water only and nanofluid at concentration
0.8% respectively.

The present experimental values of the
obtained average heat transfer coefficient
versus Reynolds number for 0.6% and
0.8% concentrations are presented and
compared with the previous work by Maiga

et al. (2005) at 0.7% concentration, as

shown in Fig. (14). [t is observed that, there
is a good agreement between the present
experimental results and previous results,

CONCLUSIONS

Forced convection heat transfer and
friction factor for nanofluid flows inside
circular horizontal tube with and without
inserting  helical tape, was studied
experimentally. Experiments are
conducted with adding nano-particles
(A1;,03) to water up to 2% by volume to
study the effect of nanofluid concentration.
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The obtained experimental resulls show
thal convection heat Iransfer coefTicient
and [riction factor for tube with imserting
helical tape take higher values compared
with plain tube. This [ncrease can be
explained by the swirling Mlow as a resolt
of the secondary flows of the fluid
Thermal hydraulic performance for tube
wﬂh]nmn;h:hcll tapc was .4 when
using waier only, and |.§ when using
nanouid a1 concentration 0.8%.

Appendix
Nanofluid preparation

Preparation  of  nanoparticles
suspension is the first step in applying
ranofluid for beat iransler enhancement. In
the present study AlOy/water nanofluid
was employed.  AlLD, nanoparticles with
an average diameter of 20 nm  wore
dispersed in waler. In our study no
dispersant or stabilizer was used. This is
because of the fact that addition of any
agent may change the Muid properties. The
nanofluids  with  six  different ALy,
nanoparticle concentrations (0.2%, 0 4%,
06%. 08% 1.0% 1.5% and 2.0%
volume fraction) were prepared and used
1o sudy cnnanced hest wansfer.  The
wolume fraction and the density of the
nanoparticies i suspension are defined as
follows:

=L

[ 4
Nl
p’“r‘_
Then (he requwed mass of
nanoparicles for 1 liter i nanofluid
suspensien determined as follows:

m, =1x10" xdxp,

Afler preparing required volume of the
powder, using the equivalent weight of the
solid, nanoparticles were mixed  with
distilled water in 8 flask and then vibraled
for 816 h in mixer system. No

scdimentation was observed for (0.2 w
2.0% volumc) suspension after 24h.
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NOMENCLATURE

A :Surface area, m?

Cp  : Specific heat, J/kg. °C

d . Inner diameter of the tested tube, m
f : Friction factor

h  :Heat transfer coefficient, W/m?.°C

k  :Thermal conductivity, W/m. °C
L :Length of the tested tube, m
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Fig. (7) Local convection heat transfer coefficient along plain tube tested on
waler only for different values of heat flux.
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Fig. (8) Local convection heat transfer coefficient along tube with inserting
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Fig. (10) Average convection heat transfer coefficient for nunofluid
(concentration= 0.8 %) and water only flow inside tube with inserting helical

tape compared with plaio tube.
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Fig. (13) Coefficient of enhancement versus Revnolds number for nanofuid
(concentration=0.8%) and water flow inside tube with inserting helical tape.
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Fig, (14) Comparison with the previous work.




