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EXPERIMENTAL STUDY ON THE EFFECT OF SPIRAL
SPRING THSERRTS IN A CIRCULAR TUBE IN CASE OF
FORCED CONVECTION HEAT TRANSFER
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ABSTRACT- Results are presented from experimental investigations of cenvective
heat transfer and friction loss in a 13.9 mm Inside diameter copper tube in case of
air flew. This tube is Fitted with helical-wire- ccil inserts of varying diameter {Dc)
ranges between 1.4 and 9.4 m m,cunstant: pitch to diameter ratio (P/d=3) and censtant
wire diameter (d = 1.4mm}. The cuter surface of the test tube is heated by a little
superheated steam (2-3 °C) at one atmosphere. During this work, Reynolds number
varled between 60 and 4000 and Prandtl rumber was about 0.7. The heat transfer
enhancement for the tested tube wlth internal coils was higher than that cof the bare
one by value ranges between 25% and &5%. The pressure loss results show a guantite-
vely increase in the pumping power.

INTRODUCTION

The avallabil ty of the world's limlted material and energy rescurces
and the ever increaslng vost of energy over the past few years aceelerated the
research in the field of converslon of raw materials and reduetion in energy usage For
agiven proeess. In the field of the heat transfer, this necessitated the development of
compact and mere efficient heat transfer equipment. In the previous work of the
same authors {1], the work was taken up with the possible alm of having better heat
transfer results In a gas to gas condenser by swirling the flow inside ecpper tube.lheir

work summerized the result of the experimental investigation of convective heat
transfer and pressure loss of air flow In a horizlntal circular copper tube of diameter
13.5/22 mm.The coil wire of 1.0 mm diameter Is inserted inside the test tube and
adjacent to the inner surface. The outer surface of the tube was heated by a steam at
atmospheric pressure superheated by 2-3°C. In their study the ratio between the coil
pitch and its diameter {p/d) varylng from 1.0 to 8.D, Reyneolds number changing from
60 to 4000 and pPrandtl number was about 0.7 and the tube length 1s 980 mm,

In the present work the same authors of [1] investigate experimentally the
effect of the ccil diameter Inserted in the copper smooth tube on the heat transfer
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coefficient as well as on the pumping power used.Throughout the present experim-
ental work, the results of the heat transfer and friction characteristics of air flowing
through a horizontal tube with splral spring inserts are obtained.The air flow is heated
by a steam at atmospherle pressure superheated by 2-3°C., In this study the ratio
between the coll pitch and its dlameter {p/d) Is constant and egual 3, in which
at this value, the heat transfer coefflcient is higher than the other values of {p/d) in
{1). The coil diameter changes from Dc=1.4 mm to 2.4 mm.

In fact the use of rough surfaces is one of the several enhancement
techniques reported by Bergles [2],0ipprey and Sabersky [3] and Nikuradse [4], through
which it is possible to achieve a two fold objectlves of obtaining the maximum
heat transfer rate with a minimum frictional pressure drop. These devices can
be employed either to Increase the heat transfer rate or to reduce the pumping
power or heat transfer area. Considerable work has been alsc reported on turbulence
promoters, such as transverse rib-roughened tube [5-7], spirally corrugated tubes
[8-9] and converging diverging tubes [10-11). However, very limlted work has been
published on the thermohydraulic performance of helical wire inserted tubes,especially
for convective heat transfer appllcations.Nag and Rao [12] studied the friction
and heat transfer performance and developed suitable correlations for momentum
and heat transfer roughtness functions, based on friction and heat transfer similarily
laws, The working fluid in their study was R-12 and the test tube was heated
electrically. .

TEST RIG AND OPERATING PROCEDER:

This investigation concerns the determination of heat transfer rates and
friction lgsses in a tube with five hellcal wire coils for a wire diameter 1.4 mm and
for five coil diameters Dc = 1.4, 4.5, 6.4, 7.8 and 9.4 mm.During this work the ptich
to wire diameter ratio is constant and equal 3,

One smooth tube is used to standardlze the experimental set-up and also
to evaluate the increase in the frictlon factor and the tube side heat transfer cceffi-
cient in five helical wire coil diameters inserted in the copper tube, relative to
a smogth tube.

Migure (1) shows a schematic dlagram of the experimental test rig. The
actual test section consistcd of a 380 mm long double pipe heat exchanger, the inner
tube of which was cither the smooth tube or the same with one of the inserted
helical- wire ~ coils under test. The outer tube of the test rig was 50 mm inside
diameter galvanized iron pipe fittcd with a tube of an insulated material and
insulated with a glass wool of 50 mm thickness, having two ports one of which the
superhecated steam goes in and the secand one for the outlet of the condensate as
well as the uncondensing steam.

The experimental test rig Fig- (1) was an open loop in which air from
the laboratery room was drawn through the system by a downstream blower (7).
Theflow rate was controlled by a valve (15) and measured by a standard rotameter
(21). The pressure dlfference between the inlet and outlet of the tested tube (12) was
measured by an Inclined water manometer {19), to an accuracy of 5%. Slightly
superheated steam at atmospherlc pressure was used as a heating medium,The steam
was generated in an electric boiler {26) and superheated by means of an electric
heater {9). The steam flowed from the boiler to the heat exchanger (4), through
the steam lne (18} which was thermally insulated by glass wool (3) of 50 mm
thlckness. The condensate was discharged in the drain {28). The temperature of the
air flow at the test section inlet and outlet was measured by copper constantan
thermocouples {(0.15 mm diameter) {12} and (13). The temperature of the inner
surface of the test tube was measured by thermocouples at four points {5). AH
the thermocouples used were connected to a 12-point self switching temperature
rocorder (20), having a full scale of 200°C,
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Fig.(1). Experimental test Rig.

\- Air Flow gate, 2,5 and 13 - Copper-Constantan Thermo-

couples , 3-Thermal insulation, # - Heat exchanger, 6 -
Tephlon Flange, 7 -~ Air Fan, 8 - Fan Connection, 9 -
Electric Reheater, 10 - Augmentation Coil, 1l - Test

section, |2 - Tested tube, 14 - Electric motor, [5 control
Valves, 16 - Outlet Stabilizing tube, }7 - Inlet 3Stabilizing
tube, 18 - Steam Pipe, 1?2 - Micro - manometer, 20 -
Temperaturn  Recorder, 2l - Rotameter, 22 - Tressure
gauge, 23 - Thermometer, 24 -~ Table, 25 - Water level
indicator, 26 - Electric boiler, 27 - Main heater, 28 - Drain
and 29 - Inlet collector.
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For measuring pressure and temperature in the boiler {76}, a callbrated pressure gauge
(22} and a mercury thermometer (23) with scale divisions of 0.1 °C, were used. Tﬁe
test tube (12) has inside it an augmentatlon coil {10) as shown in Fig, (1). The augmen-
tation coils have pltch to wire dlameter ratio (P/d) equal 3, corresponding to helix
angle P equal 12.59° .

There were two unheated straight tubes {17} and (16), each of length 750 mm.
These tubes were located before and after the test section (8), in order to stabllize
the fluid flow. The two stabilizing tubes were connected with the test tube by two
teflon pieces {4}, in order to avold the back conduction effect.

The air flow velocity in the test tube was calculated on the basis of the bare
tube diameter. The physical properties of air were taken at the mean flow stream
temperature, which was ealculated as the difference bctween the average surface
temperature of the tube wall and the logarithmic mean temperature difference,

The heat gained by the working fluid was calculated from the change of
enthalpy of the air.

RESULTS, DISCUSSION AND CONCLUSIONS:

The discussion will start with the heat transfer results to be followed by
the hydrodynamic resistance results,

The test rig performance first checked by studying the heat transfer in the
test tube without the augmentation coil. The test tube has outer dlameter 22 mm
and inner diameter 13.5 mm. Fig. (2} shows that the plotted results agreed within
7 percent with the results in Sukhatme [13}, for the case of fully developed turbulent
alr flow. The well known correlation used for comparlson was

0.8 Pr 0.43

Pre 0.25
f‘

(F_)_ L0

rw

Nu = 0.021 Re

In Fig. {2} Husselt numbers are plotted as a funcHon of Reynolds number
for the trippiny wire coils have diameters equal 1.4, 4.6, &.4, 7.8 and 9.4 mm in the
case of air flow through the test tube.

The dala obtained are plotted, for each coil diameter, in Fig. (2} along with

the corresponding data symbol. Each HNusselt number shown, has been corrected to
0.43 Pry _0.25
i)
w

in general, shows that the results obtained at the coil diameters 1.4, 4.6, 6.4, 7.8 and
9.4 mm are higher than those obtained for the straight tube. One may observe that
the results plotted in the Figure corresponding to the Reynolds number values between
50 and 700 have not a specified tend. However, the results obtained within the region
of Reynolds number varies between 1000 and 4000 have, to some extend, a specified
tend, For example, the results of the coil diameter 9.4 mm shows the highest value
of the heat transfer rate. The Figure alsa, shows that the results plotted for the
coil diameter equal 4.6 mm come below the results of 9.4 mm coil diameter and
then followed by those obtained for the coil diameters 6.4, 7.8 and 1.4 mm. respectivily,

its set-reference Prandtl number, by a Pr_ dependance. The Figure,

in fact one may also observe that, as the coil diameter is small enough by
comparison to the test tube diameter, there is no remarkable effect on the heat
transfer rates. Dn the other hand, when the coll surface becomes so close Lo the
inner surface of the test tube, the heat trarsfer rate increases. This increase
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In the heat transfer results may be occured due to the discontineuity of the boundary
layer. It is alsc observed as that the , coil diameter decrease the heat transfer rate
indicate a little decrease. This decrease in the heat transfer results may be occure
due to the rundom generation of eddies beside the Inner surface of the test tube.
Fig. (2} also indicates that the heat ansfer enhancement ranges between 25% and
45%, The figure also shows that the present set of results occupied the zoon between the
solid line of the bare tube and the dashed line represents the results obtained in [1].

Fig. (3) shows the relation between friction losses coefficient and Reynolds
number for a horizontal tube with dlfferent tripping wire. The tripping wires have
coil diameters ranges between 1.4 and 9.4 mm. As expected the friction factor, in
general, decreases wlth the increase of Reynolds number. On the other hand the friction
factor for the tubes with Inserted tripping wires shows a remarkable increase than
those obtained by the smooth tube.Obviousl y, it is seen that the frictlon factor
increases with the coil diameter. One may abserve that the slope of the frictlon
coefficient lines decrease as the Reynolds number Increases. This also indicates that
the friction power has a remarkable increase with Reynolds number by comparison
to the data cbtained for the bare tube.

CONCL USION

The research work described here constitutes a comprehensive study of the
fully developed turbulent heat transfer of a group of tripping wires. The tripping
wires used as heat transfer augmentative devlce In the heating of air flow is carried
out. The Following conclusions can be drawn fram the date obtained:

1- The tripping wires used in this experimental work, in general, increase the heat
transfer coefficient with respect to the data obtained for the bare tube.

2- The results obtained show that the heat transfer enhancement has the hlgher values
as the tripping coll diameter becomes so close to the inmer surface of the test
tube

3- The data obtained alse shows that as the coil diameter decreases the variation
of the heat transfer coefficlent changes without a specified trend.

4- The friction coefficlent decreases in general, with the Reynolds number increase
in case of air flow

5- The cocfficient of friction Increases wlth the coil dlameter.

6- The results obtained, also indicate that the slope of the fricton coefficlent curves
decreases as the Reynolds number increases.

7- The operating conditions affect the pumping power more than the heat transfe
coefficient.

NOMENCLATURE

Cp Specific heat of the fluid flow at constant pressure, [KJ/Kg. °C]
Dc Coil outer diameter, [m].

Dj_ Inslde diameter of the bare tubc, [m]

d” Coil wire dlameter, [m]

f  Fricton factor >

h  convective heat transfer coefficient, {W/ m“. *C]

k thermal conductivity of tube, [¥/m. °C]

L tube length, [m]

Hu HNusselt number based on the inside diameter of the bare tubc, (h Difk).
P. Prandtl number, ()u cp/k)

P Pitch of the tripping wire coil, [m]
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Fig. (2) Relatlon between Nusselt number and Free Streem
Reynolds number with different coil diameters.
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Re
.

f)

vl
Reynolds number based on the inside dlameter of the bare tube ( {(—)}—)-l 1

temperature, [°C)
absclute viscosity of fluid, [P a.s]

density of fluid, [kg}mB]

Subseripts

F based on fluid

w based on wall

i inside
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