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Abstract:

The convective heal transfer coefficient for a uniform heat flux tube is improved experimentally by
using a single twisted vanes turbulator. The effect of the twisted vane inserts on the heat transfer rate
are studied experimentaily. During this study, the operating parameters are Reynolds number (2747-
6390), and local posiion of the swirl element (S/L=0.0, 0.25, 0.5, 0.75, 1.0). The results
demenstrated that the use of twisted vane swirl element inserts leads to a higher heat transfer
cuefticient rather than that of plain tube and the swirl element position of 0.25 from tested tube inlet
yields a better heat transfer characteristics. The results are also correlated in the form of Nusselt
number as & function of Reynolds number and turbulator position ratio. An augmentation of heat
transfer coefficient up 10 277% is obtained.
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1. Introduction: exaimple, mechanical aids, surface vibration,
mjection and suction of Fuid from the
boundary layers, jel impingement and use of
electrostatic fluid. The swirl flow devices
can be classified inte two kinds: the first is
the continuous swirl flow and the other is the
decaying swirl flow. The use of decaying
swirl flow is one of the promising techniques
for augmentation of convective heat transfer.
Many researches has been directed to study
the different mechanisms for heat transfer
enhancement. A lot of studies on full-tength
twisied tape [2-6] have been carried out, and
it is found that the use of iwisted tapes
improve the thermal performance associated
with increasing the pressure drop. Leonard
et. al [7], investigated experimentally the
effect of internal {ins with a star-shape cross-
section on heat iransfer and pressure drop in
a counter flow heat exchanger using air as a
working fluid. They found that heat transfer

In the past decade, heat transfer enhancement
technology has been developed and widely
applied to the heat exchanger applications.
For example, refrigeration, automotives,
industrial process, solar walter heating...... ,
etc. There has been a great attempt to reduce
the size and cost of the heat exchanger, and
energy conpsumption. The most significant
variable in reducing the size and cost of the
heat exchanger is the heat transfer coefficient
and pressure drop which generally leads to
less capital cost. In general, enhancing heat
transfer can be classified into iwo groups.
One is the passive miethod, such as a surface
coating, rough surfaces, extended surfaces,
swirl flow devices, the twisted tubes, twisted
tap inserts, and additives for liquid and
gases. The other is the active method, which
requires exira external power sources, for
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is increased by about 12-51 % over plain
tube value. Watcharin et al. [8], investigated
experimentally the influence of twisted tape
inserts on heat transfer, Nusselt number, and
friction factor in a double pipe heat
exchanger. They found that the maximum
Nusselt number for using these enhancement
devices is 188% higher than that of plain
tube. Noathong et al., [9] studied the effect
of V-shape nozzle turbulators on the heat
transfer and friction factor in a circular tube.
They found that the nozzle turbulators have a
significant effect on the heat transfer.
Promvonge and Eiamsa-ard[10], investigated
experimentally the heat transfer, and friction
factor in a circular tube at constant heat flux
filled with conical rings turbulators and a
twisted tape swirl generator. They found that
the average heat transfer rales when using
both the conical rings and twisted tape of
different twist ratio of 3.75 to 7.5 are found
to be 367% and 350%, respectively over the
plain tube. Paisarn [11], presented the heat
transfer characteristics and pressure drop in
the corrugated channel under constant heat
flux. He found that the average Nusselt
number increased with  both Reynolds
number, heat flux and wavy angle. Mehmet
et al. [12], studied the effect of geometry of
the dellecting element in the radial guide
vane swirl generator on the heat {ransfer and
fluid friction 0 decaying swirl flow which
has three different configurations: swirl
generator with conical deflecting element,
with spherical deflecting element and with
no deflecting element. They found that the
average Nusselt number is increased up to
08% , 119%, and 148%, for the first, second
and third type swirl generator, respectively.
Smith et al. [13], reporied through an
experimental work the pressure drop and
heat transfer characteristics of flow through
circular tube with twisted tape inserts at free
spacing of s=2p, 3p, and 4p, respectively and
Reynolds number varied from 2300 to 7500,

They concluded that the free spacing twisted
tapes with s=2p gave a heat transfer lower

than full length twisted tape around 5-15%
while it can be decreases the pressure drop
around 90%. Ebru et al. [14] studied
experimentally the effect of swirl motion on
the hot air by placing swirl elements of
various diameters and the number of circular
holes in straight or zigzag line rows on the
entrance region of an inner pipe of a
concentric heat exchanger. They found that
the heat transfer rate increases with
decreasing diameter and number of holes of
the switl element and the maximum
enhancement was agbout 130% in a counter
current flow with swirl element having
smaller diameter five holes in 2 narrow
zigzag line. Hong et al.{15] studied the heat
transfer of a converging-diverging tube with
evenly spaced twisted-tapes and found that
the twisted-tape with twist ratio of 4.72 and
the rotation angle 180° has the best
performance. Smith et al. [16], investigated
experimentally the heat transfer and friction
factor employing louvered strips inserted in a
concentric tube. Their resuits confirmed that
the increase in average Nusselt number and
fricion loss for the inclined forward -
Jouvered strip were 284% and 413% while
those for the backward louvered strip were

263% and 233% over the nplain tube,
respeclively.
From the previous review, a lot of

researchers have been used a twisted lape,
rough surfaces, different guide vanes swirl
generalors and injection secondary stream
into the boundary layer to enhance the heat
transfer coefficient. So, the present work is
concerned through an experimental study to
detect the local position of a decaying guide
vane swirl generator inside the tube.

2. Experimental Apparatus:
The arrangement of the expenmental
apparatus and details of the test section are
shown in figures 1 and 2. The tested tube (1)
is made from brass, 45 cm long, 34 mm
inside diameter, and 2 mm thickness.
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Fig.2 Detailed of the test
1. Tested fube. 2. Air blower. 3. Flexible connection. 4. Rotamecler., 5. Plate pate.
6. Pressure tapes. 7. luclined manumeter. 8. Mica-sheet. 9. Electric heater. 10., 1.
Thermocouples, 12, Teflon junction 13, Temperature vecorder , 14, Multi-switch point selector
5. Auto-transformer L6, Voltmeter b7, Ammeter 18. Thermal insulation 19. Radial

guide vane swirl generator

L=45m & ;=3 mm & d,=38 mm

The 2.5 kW air blower (2) is used (o
willidraw air 10 the test section through a
flexible conneclion (3). The air [low rate
which is passing through the Llest section is
measured by a rotameter (4) and adjusted by
control gaie plate (5). T'wo pressure taps (6)

are focated in the vicinity of the test section,
[0 mm from inlet aud outlet of the test
seclion. The pressure drop across the test
seclion is measured by an inclined U-lube
waler inanometer (7). The outside surface of
the test seclion is eiectrically insulated with
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I nun mica sheet (8). and is wrapped wilh
the electric resistance (9 (I mm  wirg
diameter. 8 Q cleclric resistance). The
hydrodynamic entry section is long cnough
(e accomplish fully developed Mow al inlet
o the test section. The oulside wall
temperalure ol the tested tube is measured by
nine copper-constantan thermocouples {10),
50 mm apart. To reduce the back conduction
of heat from the heated to the unheated
sections in the longitudinal direction, two
Telflon connections (12), arc fixed at both
inlel and outlet of the lest section. Two
thesmocouples (11) are (ixed al inlel and af
the outel ol the (est section al the midplane
o measure the air temperature, All
(hermocouples  are  connected (0 a
temperature  recorder (13) which has an
accuracy of +0.3°C through o mulli-switch
poinls selector (14). All thermocouples are
calibrated wnd the accuracy is Jound to be
within £0.1°C. AC power supply is provided
w the heating coil (9} and controlled by a
auto-transformer (15). The volt and electric
current through the healing coil is measured
by wvoltmeler (16) and  ammeler (17),
respeclively as shown in Fig(2). The wested
twbe is covered wilh S0 mm glass wool
sukation. (18) to decrease (he heal loss (o o
negligible value. The twisted guide vane
swirl generator (19) which is shown in Fig,
3.000s made Trom copper and [lixed Dby
interference ut the specified position, (8/L=
0.0, 0.25, 0.5, and 1.0 from test section
inlet).

For each run, il is necessary 1o record
the data of temperature, air volume flow rate,
and pressure drop al steady state conditions.
The expertmental crror estimation is made
based on the accuracies of instruments which
measure the individual quantitics. The steudy
stale condition of flow is reached aller about
90 minutes depending on the [low velocity.

The accuracies ol the thermocouples

andd rotameter are within £1°C and £0.2% ol

the full scale, respectively. The uncertainties
in calculating Reynolds number, Nusselt
number. and pressure drop are calculated 1o
be £5.2%, £8.4%. and £6%. respectively.

Fig. (3) The Photo-graph and line drawing
of the twisted vane turbulator element

3. Data Reduction

The mean air velocily u, Iriction faclor [, and
Reynolds number Re are delined as:

=V, /A4, (n
where 17, 1s Lhe air volume ow rate, und
A, 1s the cross sectional area ol the lesled
tube,

_ AP __g“ 2)
Lid 'p” " -
/
Re = 210 3)
J7]

Tie averuge wall lemperature ATy, s

delingd as;
S,
T = = (<)

Wy "

Where nis the number of thermocouples
fixed on the inside wall ol he test section.

The rate of heat generated through the
eteclric resislance is equal to the heal transfer
1o (he flowing air stream and is caleulaled
by:

Q=1Vcosg (3)

Where cos @ is the pawer lactor and is equal
o unily.

The average heat (ransfer coefficient for
the inside tube wall is given by:

—
A.S' (Tw.nt‘x - Tb)

Where:

Ty is the bulk air temperature, (T; +To)/2,

and Ay is the inside surface area ol the tube.



Mansoura Engineering Jounal, (MEJ), Vol. 33, No. I, March 2003.

The average Nusselt number s calculated by
the relation:
N = hd,
k

o

4. Results and Discussion

4.1 Plain tube

The results obtained in this study are
presented and discussed in this section.
Figure (4) and figure (5) show the variation
of Nusselt number and friction factor with
Reynolds number in case of plain tube. By
referring to these figures, as expected, as the
Reynolds number increases, Nusselt number
increases too; whereas the friction factor
decreases and has the same trend as that
obtained by Promvonge and Smith, [8]). The
present data is matched with the literature
value for plain tube with a discrepancy of
less than £9% for Nusselt number and 11%
for friction factor.

(7)

4.2 Temperature distribution

The vanation of local temperature along the
tested tube at different turbulator position
ratio (X/L) and Reynolds number are
presented and compared with that of smooth
tube are shown in Figs.(6-9). When the
turbulator element is placed at inlet to the
tested tube, the temperature increases with
local distance along the tube. The
temperature just after the iurbulator element
inserts is decreased than that of smooth tube
because of the induced turbulence and
superimposed vortex motion causing a
thinner boundary layer and consequently
decreases the wall temperature, Therefore,
this vortex begins to decay and the wali
temperature begin to increase downwards.

Figure (10) shows the variation of the
average wall temperature of the tested tube
with turbulator position ratio at constant heat
fiux and different turbulator element ratios.
As expected, the average wall temperature
of the tube decreases with increasing
Reynolds number because the heat transfer
rate depends on the cooling capacity rate of
air. It ts obvious that at Xi/L=0.25, the
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average wall temperature of the tube has the
lowest values.

4.3 Heat transfer coefficient

The variation of average Nusselt number
with Reynolds number for tube fifted with
twisted vane turbulator element inseris is
shown in figures (11). The figure shows that
the average Nusselt number increases with
increasing Reynolds number. It also shows
that the average Nusselt number for a given
Reynolds number is increased with the
increase of turbulator element position ratio
and attains jts maximum value at turbulator
position ratio X/L=0.25. This increase is due
to enhanced swirl flow which tends to
decrease the boundary layer thickness of the
hot air flow and increase residence time of
hot air flowing in the tube.

4.4 Friction factor

The pressure drop due to the presence of
twisted vane turbulator is the same as its
positions are changed. The friction factor in
this case is calculated by equation (2) and
plotted against Reynolds number as shown in
figure (12). As expected, the friction factor
decreases with increasing Reynolds number

4.5 Correlation of the present data
The present experimental data are correlated
to express friction factor as a function of
Reynolds number and Nusselt number as a
function of Reynolds number and turbulator
position ratio as shown in figures (13). By
the mathematical statistical analysis (Least
Squares method), a correlation for both
friction factor and mean Nusselt number are
correlated as:

f = 2.5589 Re™¥%

Nu = 0.98932 Re™® &5/ | (9)

The equations {8, 9) are valid in the ranges
2747<Re<6390 and q = 625 W/m’. The
deviation of presenl experimental results
from these correlations are £10% for Nusselt
number and 5% for the friction factor as
shown in figures (14-15).
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4.6 Performance evaluation

Webb and Eckert [1], proposed a method of
heat transfer efficiency index which takes
into account both heat transfer and friction
factor as:

Nul Nu,
n=t——7 (10)

(res)”?

Throughout the results of the present
experimental study, it appears that swirl
element led to a higher enhancement in
efficiency as can seen in Fig.(16). It can be
seen that the enhancement efficiency
decreases as Xi/L decrease which generally
higher at high Reynolds number and the
maximum enhancement efficiency ts found
to be 270% associated with Reynolds
number of 6390 when the turbulator element
at a position of ¢.25.

S. Conclusion

The heat transfer augmentation in a circular
tube fitted with a twisted vane turbulator
inserts at different position has been studied
experimentally. [n addition, the effect of the
turbulator element position on the heat
transfer enhancement efficiency is also
investigated. It can be concluded that:

1. The secondary fluid motion which is
generated by the twisted radial vane
turbulator element inserts is resulting
twist mixing, and enhance the heat
transfer characteristics.

2. The maximum enhancement in heat
transfer is 270% (q = 625 W/m’K,
Re = 6390, Xi/L = 0.25), meanwhile
the friction loss increases by about
200%%.

3. The obtained correlations of both
friction factor and mean Nusselt
number in case of twisted radial
guide vane turbulator are a helpful
tool in this type of heat transfer
enhancement mechanisms.

6. Nomenclature
A, Tube cross-sectional area, m?
As Surface area of tube, m”

di Inside tube diameter, m

f Friction factor, -

b Heat transfer coeff,, W/m’.K

[ Electric current intensity, A

k  Air thermal conductivity, W/m.K

L Test section length, m

m  Air mass flow rate, kg/s

P Pressure, Pa

p Pitch, m

q  Heat flux, W/m?

Q Rate of heat flow, kKW

S  Local turbulator position from inlet, m
5 Free spacing, m

T  Temperature, °C

u  Average air velocity inside tube, m/s
V  Air volume flow rate, m’/s

X; Local position from inlet, m
Dimensionless Groups:

Pr Prandt! number

Re Reynolds number

Nu Nusselt number

Greek Symbols:

o Density, kg/m3

p Dynamic viscosity, kg/m.s,
Cosd Power factor, -

1 Heat transfer efficiency index, -

Sub-Scripts:

a Air

b Bulk

i Inlet

0 Qutlet
Avg Average
§ Surface
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