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Abstract

Influence of combined square nozzle with helical tape inserted in a constant heat flux tube on heat transfer
enhancement for turbulent airflow for Reynolds number ranging from 7000 to 14500 were investigated experimentally.
Three different pitch ratios for square nozzle (PR = 5.8, 7.7 and 11.6) according to three different numbers of square
nozzle (N = 3, 4 and 5) and constant pitch ratios for helical tape were used. The results observed that the Nusselt
number and friction factor for combination with winglets were found to be up to 33.8 % and 21.4 %, respectively higher
than nozzle alone for pitch ratio PR=5.8. The maximum value of thermal performance for using combination with
winglets was about 1.351 for pitch ratio= 5.8. Nusselt number and friction factor correlations from experimental data

were developed for turbulent flow.
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1. Introduction

Thermal performance improvements needed in
many industrial applications such as heat
exchangers, solar air heater, thermal power
generation etc.  Therefore, heat transfer
enhancement methods are often used in a heat
exchanger to improve heat transfer coefficient [1-
6]. Internal inserts in tubes is one of the most
effective  approaches  for  heat transfer
enhancement without external power. These
techniques lead to the generation of swirling flow
which increases the turbulence that is responsible
for enhancement heat transfer [7]. Numerous
investigations using insertion of  various
turbulators configurations on the improvement of
heat transfer were performed. Eimsa-ard et al. [8]
studied the thermal characteristics through tube by
using twisted tape elements. The results reveals
that Nusselt number was significantly increased

with twist ratio. Bhuiya et al. [9] studied
experimentally the effect of triple helical tapes
with different helix angles inserted in tube on heat
transfer enhancement. The results showed that the
heat transfer increased at the expense of increased
blower power. the influence of circular cross
sectional rings inserted in tube on the
enhancement of heat transfer was studied a
numerically by Ozceyhan et al. [10]. The results
showed that the reduction of the spacing of the
rings resulted in an increase in both Nusselt
number and the friction factor. The effect of triple
and quadruple twisted tapes on the improvement
of heat transfer through tube was investigated by
Zhang et al. [11]. The results show that the heat
transfer rates and the friction factors in the tubes
triple twisted tapes was higher than that of the
plain tube. Influence of twin twisted tapes inserted
through a helical-ribbed tube on heat transfer
characteristics for turbulent flow with Reynolds
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number ranging from 6000 to 60,000 was studied
experimentally by Pongjet P. et. al [12]. The
results showed that the twin twisted produces
better thermal performance than the plain tube.
This work is aimed to study the Influence of
combined square nozzle and winglet with helical
tape on thermal characteristics in tube heat
exchanger.

2. Experimental Set up and Procedure
2.1. Experimental Set

The experimental rig of this work is consists of
the heat transfer test section, high pressure
blower, measurement device, augmentation
turbulators. as shown in Fig. 1. The test section is
made of an aluminum tube of length, inner
diameter and thickness are 1350 mm, 45mm and
2.5 mm respectively. Flexible electrical wire was
attached around the tube as an electric heater to
heat the test tube at uniform heat flux condition.
The variac transformer was used to control
electrical power. The outer surface of the test
section and heater coil were insulated by three
layers of gypsum, glass fiber tape and asbestos
tape to prevent heat transfer to surrounding.
Eighteen thermocouples type-K with 0.1 0C
accuracy connected to measure surface
temperatures. To measure air inlet and outlet
temperatures two type-K thermocouples with
+0.1C accuracy were positioned at the entrance
and exit of the test section the inlet air
temperature was set to (20£1C), all thermocouples
connected with selector switch and a digital
reader. The orifice meter and inclined manometer
were used to measure the air flow rate. six values
of air flow rates were conducted to cover
Reynolds number range from 7000-14500.
Pressure drop through tube was measured using
U-tube manometer.

2.2. Heat Transfer Augmentation Devices

In this work two types of inserts were used
first square nozzle without winglets and with
winglets. square nozzle inserts were made of
aluminum with dimensions as shown in figure (3).
Second type of inserts was helical tape having one
types of configurations as shown in fig.3. The
helical tape made of copper sheet was 1350 mm
long, 3 mm tape width (w) and 1.2 mm thick (t) as
shown in fig. (3) . all of the combination of square
nozzle and helical tape inserts were located in
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converging square nozzle arrangements with three
different pitch lengths as shown in fig (3).

2.3. Experimental Procedure

The electric heater was first switched on and
allowed to heat the test tube wall at uniform heat
flux condition and the blower was then switched
on. Firstly the experiment was carried out on the
plain tube and then on different insertion
turbulators. The air flow rate through the tube was
set to a desired value. After reaching the stability
condition, the inlet and outlet temperatures of air,
pressure drop and the temperature variations along
the wall of test section were recorded.

2.4. Data Reduction

The friction factor (f) is given by

AP
f= T (D
(%)

Heat absorbed by the air (Qair) is less by 5 %
than the heat provided by the electrical heater (VI)
due to the loss of heat to the surrounding
Quir=Qcov = me (To - Ti)=VI' Qross (2)

The heat transfer by convection from the test tube
section can b_e evaluated as follows:
Qcov = hA(TW - Tb) ...(3)

The average coefficient of heat transfer can be
written as

_ mcp(To_Ti)
h = TATT) ...(4)
Where: bulk mean temperature (Ty,) is defined as:
To+T;

T, = TeT0 ..(5)
The average wall temperature is given by
T,=X)T,/18 ...(6)
Nusselt number can be obtained by

Nu = ’;—D )

The thermal performance (n) is defined as the
Nusselt number ratio to friction factor ratio of

insert to that of a plain tube [13]:
Nut
Nip

ey

..(8)

=
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Fig. 2. photo of experimental set up .
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Fig. 3. Test tube with square nozzle and winglet alone and with helical tape.

3. Results and Discussion

The experimental results of Nusselt
number and friction factor for plain tube
were validated by comparing with those
obtained from Dittuse Boelter correlations
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and Blasius correlation [14].as shown in fig
(4) and (5). The comparison shows a
reasonable agreement deviation of (5.5 %)
and (4.3%) for Nusselt number and friction
factor.
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Fig. 4. Nusselt number versus Reynolds number for
plain tube
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Fig. 5. Friction versus Reynolds number for plain
tube

Fig (6) shows the variation of Nusselt number
versus Reynolds number for square nozzle alone
with three different pitch ratios inserted in tube.
The results show that the reducing of pitch ratios
yield a significant increase in heat transfer due to
higher turbulence of the flow between the square
nozzles. For PR = 5.8, the increase in Nusselt
number was in the range of 25.18-35.4 % more
than the plain tube for the range of Reynolds
numbers from 7000 to 14500.
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Fig. 6. Nusselt number versus Reynolds number for
nozzel alone
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Fig. 7. Nusselt number versus Reynolds number for
all cases

The variations of Nusselt number with
Reynolds number for combination of square
nozzles and helical tape inserted with and without
winglets are depicted in Fig (7). The results show
considerable increase of heat transfer for the
combination without winglets compared to
nozzles alone for all pitch ratio due to turbulence
of the flow as well as thin boundary layer which
induce by the shape of nozzle and helical tape.
The tube fitted with the combination without
winglets leading to higher heat transfer than the
tube with nozzle alone by around 17.6%, 12.8%
and 9.5% for PR = 5.8, 7.7 and 11.6, respectively.
Also the combination with winglets was more
effect on heat transfer than that from combination
without winglets. This is because fluid flow
through winglets leads to the strengthening of
vortices, which makes the flow more turbulent
and in turn leads to improved heat transfer. The
average Nusselt numbers for using the
combination with winglets are found to be 17.5%,
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10.2% and 7.3% more than for the tube with the
combination without winglets or to be about 22.8
%, 17.7 % and 11.6 % more than for the tube with
square nozzles alone for PR = 5.8, 7.7 and 11.6
respectively.

The relations of friction factor with Reynolds
number value for nozzle alone and all turbulators
are depicted in fig. (8) and fig. (9). In the fig. (8) it
is observed that the increasing in friction factor
values at PR 5.8, 7.7 and 11.6 are about 4.1, 3.9
and 3.5 times above the plain tube respectively.
This is because the turbulators increase the
surface area and creating more obstruction of the
flow.

From the fig. (9) it can be observed that the
friction factor increases with decreasing pitch
ratio. Reducing the pitch ratio means increasing
the number of nozzle and this leads to increase the
blockage against flow stream and thus increasing
in the friction factor. The results also showed the
combination with winglets gives increase in
friction factor at about 23.5%, 16.2% and 10.3 %
higher than the combination without winglets and
at about 29.4 %, 21.9 % and 16.5 % higher than

the nozzle alone for PR 5.8, 7.7 and 11.6
respectively.
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Fig. 8. Friction versus Reynolds number for nozzel
alone.
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Fig. 9. Friction versus Reynolds number for all
cases

The  variation between the  thermal
performance factor and the Reynolds number for
all turbulators used is shown in Fig.(10). It is
observed that n, shows a slight decrease with the
increase of Reynolds number values but increase
with reducing pitch ratio. From this figure, the
thermal performance factor of combination is
considerably higher than that of the nozzle alone.
This indicates that the flow through combination
leading to swirls intensity and make the mixing
between both boundary and core regions more
effective in turn leads to enhanced heat transfer.
For the combination without winglets thermal
performance factor are found to be 5.54 %, 4.1 %
and 3.9 % higher than for the tube with nozzle
alone for PR = 5.8, 7.7 and 11.6 respectively. The
maximum 1m of aboutl.35 is achieved for
combination with winglets for PR 5.8 and is
higher than the combination without winglets
around 10.5% while higher than the nozzle alone
at around 15.5%.
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friction factor and Nusselt number
correlations by equations (9), (10), were
compared with experimental data as shown in
figure (11) and (12). The results showed that
the maximum deviation is 8% for
experimental friction factor data and 10% for
experimental Nusselt number data.
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4.

Conclusion

The following can be concluded as:

The values of both Nusselt number and friction
factor in tube with combination of nozzle and
helical tape with and without winglets were
higher than the values in the plain tube.

The value of the Nusselt number of the tube
inserted in the nozzle alone for pitch ratio 5.8
is increased by approximately 5.6 % compare
with its value for pitch ratio 11.6.

. The Nusselt number for the tube in which the

combination with winglets inserted for pitch
ratio 5.88 is 17.5 % higher than the
combination without winglets and 33.8%
higher than the nozzle alone for the same pitch
ratio.

The maximum thermal performance is about
1.351 for pitch ratio 5.8 in the case of the
combination with winglets and this value
is10.5 % higher than the combination without
winglets and 15.5% higher than the case of the
nozzle alone for the same pitch ratio.

Notation

TEEARCTTO0>

Surface area, m?

Specific heat j/kg K

Test tube inner diameter, m
coefficient of heat transfer w/(m? K)
current, A

Tube length, m

Thermal conductivity, (W/m K)
mass flow rate

pressure drop, Pa

pitch ratio
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Pr Prandtl number Pr= (u cp)/k
Q heat transfer rate, W
Re Reynolds number Re= (p v d)/u
T Temperature, K
u working fluid velocity m/s
Vv voltage, V
Greek Symbols
P Density, (kg/m?)
n thermal performance
Subscripts
i inlet
o outlet
p plain
t Turbulators
w wall
a air
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