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Abstract: There are mainly two methods to enhance the performance of heat exchanger namely active and passive. In this study
the wire coil inserts having three different cross sections namely circular, triangular and square with three different pitches(10,
20, 30mm) with 2mm wire diameter were used. The performance is investigated under constant wall heat flux condition and
laminar regime in the Reynolds number ranging from 500 to 2200. Here distilled water is used as working fluid. The Nusselt
number enhancement for circular, triangular, and square is from 3.73 to 15.26%, 5.54 to 17.24% and 6.08 to 21.26%
respectively. Result shows that square cross section spring with pitch 10mm shows better performance among all the springs.
Keywords: Heat exchanger, Wire coil insert, laminar regime, Reynolds number, Nusselt number.

I.  INTRODUCTION

A heat exchanger is a device which is constructed to facilitate the heat transfer between one medium to another medium efficiently.
If the heat exchange efficiency of the heat exchanger is low then it became prime aspect to increase the effectiveness of heat
exchanger to recover the energy. Recovery of energy is of prime importance to optimize the energy consumption in industry. To
achieve maximum utilization of thermal energy, several heat transfer enhancement techniques have been used in many thermal
engineering applications such as nuclear reactor, chemical reactor, chemical process, automotive cooling, refrigeration, and heat
exchanger, etc. Heat transfer enhancement techniques are powerful tools to increase heat transfer rate and thermal performance of
heat exchangers. The objective behind the increase is to reduce the size of the heat exchanger required for a specific thermal service,
to improve the capacity of an existing heat exchanger or to reduce the pumping power. Another advantage is the reduction of the
driving force of the temperature, which reduces the generation of entropy and increases the efficiency of the second law.

There are two methods by which the performance of heat exchanger can be increased namely active and passive. In active methods
external power source is required where as in passive methods augmentation is achieved by turbulent promoters. There are many
turbulent promoters which can be used like twisted tape, wire coils, axial and radial guide vane, spiral fin etc, in this present work
different cross section of wire coils having three different pitches is used and the performance is compared with the plain tube with
constant wall heat flux condition and in laminar regime having Reynolds number ranging from 500 t02200. The working fluid used
is distilled water,

Il.  LITERATURE REVIEW

Sibel Gunes et al. [1] has experimentally investigated heat transfer and pressure drop in a tube inserted with wire in turbulent flow
regime. The result shows that the wires having low diameter and high pitches are not thermodynamically advantages. Promvonge
[2] has studied the effect of circular and square cross section wire coil and he shows that square cross section wire coil shows better
performance. Pengxiao Li et al. [6] studied a new tube insertion, called centrally hollow narrow twisted tape and its effect on the
improvement of heat transfer in conditions of laminar flow that is simulated numerically. Compared to conventional twisted tape,
the optimum heat transfer performance of the new type of tape increases to 28%. The results indicate that, under laminar flow
conditions, the transverse hollow twisted tape is a very promising high-performance tube insert.

Khwanchit Wongchareea et al. [4] investigated the effects of braided tapes in the form of wings and alternate axes. In this study he
studied braided ribbons with a constant torsion ratio (y/W) of 4.0 and three different wing-rope ratios (d / W) of 0.1, 0.2and 0.3 in a
range of Reynolds numbers from 5500 to 20200. The Nusselt number, the friction factor and the thermal efficiency factor provided
by the belt with the alternating axes and the trapezoidal wings are higher than those given by the other. A. E. Zohir and M.A. Habib
[5] experimentally investigated The effects of insulating wires (acting as turbulators only), with circular cross section of 2mm
diameter, forming a coil of different pitches on the heat transfer rates. Three different spring coiled wire pitch values are used. The
experimental results reveal that the use of coiled circular wire turbulators leads to a considerable increase in heat transfer over those
of a smooth wall tube. The mean Nusselt number increases with the rise of Reynolds number and the increasing of pitch for both
parallel and counter flows. Jaypal Mali [8] experimentally investigated the centrally hollow twisted tape in laminar flow regime
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Reynolds number ranging from 600 to 1600. According to his study the heat transfer enhancement for centrally hollowed twisted
tape near about 22.4 % than that of the conventional twisted tape. The results shows that centrally hollowed twisted tape are good
high performance tube inserts and also friction factor increment is less as compared with the heat transfer enhancement.

Madhu kasturi [9] experimentally studied the effect circular cross section wire insert having three different pitches in the turbulent
regime. Results revels that Nusselt number and friction factor values are higher than that of the plain tube. Also the wire coil gives
good performance for Reynolds number below 10000.

The literature review revels that number of experiments carried out by using the twisted tape in laminar and turbulent flow and also
it shows that good increment. One researcher madhu studied the effect of wire coil with circular cross section in turbulent regime.
The results are quite good and also the pressure drop is less as compared with other inserts. In this study three different cross section
of the wire coil are experimentally investigated in the laminar regime Reynolds number ranging from 500 to 2200 with constant
wall heat flux condition.

111,  EXPERIMENTAL
A. Apparatus
The experimental set up is as shown in the following figure. It consists of a copper tube on which nichrome heater is mounted.
Variable displacement pump by pass valve is used to pump the water in the tube. chiller and control panel also used as shown in
figure. The springs are of steel material and extrusion process is used to manufacture the spring. The sketch of the wire coil is as
shown in the figure and the dimensions of springs are given in the following table

3\
Lk b d b L L L L L L R L L L L LA b L Ll d bbb Ll d il

>

Fig.1 Tubular Heat Exchanger set up Fig.2 Sketch of wire coil

Table 1 Dimensions Of Wire Coils

Parameters
Sr. No. Geometry of Wire Coil Pitch (P) (mm) | Diameter of wire (e) (mm) (p/d) ratio
1 10 2 0.5
2 Circular Cross Section 20 2 1
3 30 2 15
4 10 2 0.5
5 Square Cross Section 20 2 1
6 30 2 15
7 10 2 0.5
8 Triangular Cross Section 20 2 1
9 30 2 15

B. Experimental Procedure

The variable displacement pump is turn on and the flow rate is adjusted by the bypass valve and its value is measured by rotameter.
Then nichrome heater is turned on, the water while flowing through the copper tube takes the heat and then goes into the chiller
where it loses its heat and gets cooled. The inlet, outlet and surface temperatures are measured by means of thermocouple and the
experiment is carried out till the steady state is achieved.
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C. Data Reduction
Heat gained by the water is given by

Q=mC, AT 1)
The heat transfer coefficient can be calculated by
h — #
A s % (Ts - Tb)
.............................................. (2)
Nusselt number and Prandtle number can be calculated by
_hD _uG
Nu = ol PR (3) P. = e 4)
The thermal performance factor is calculated by
Nuw
Nup
(f_t>1 7oL R T T (5)
fp
The friction factor is calculated by
__ 2xD xAP 6
T VT e (6)

D. Uncertainty Analysis
Uncertainty of Nusselt number, Reynolds number and friction factor can be determined by the following expression respectively

o [EF @@ o
= \/ () + (%p)2 v () (8—;*)2 ..................................... ®)
>= \/(ZSTV)Z + (%p)2 (@) (@) (2R)T ©)

IV. RESULTSAND DISCUSSIONS

A. Validation of Experimental Results
The following co relations are used to validate the experimental results
Sider-Tate equations is used to validate the nusselt number of plain tube

1 0.14

— D\ /3 (n

Nu = 1.86 (RePr 2) (u—) ....................................... 11)
Darcy friction factor for laminar flow is given by

f=64/Re (12)

Fig.3 and fig.4 shows that the calculated values of Nusselt number from the experimental readings are close to the theoretical values
given by the Sider Tate correlation with deviation from 2.62% to 6.31% and friction factor deviation is from 9.46% to 19.09%.
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Fig.3 Validation of Nusselt number Fig.4 Validation of friction factor
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B. Effect Of Reynolds Number On Following Parameters In Circular Cross Section Spring
1) Nusselt number

2) Friction factor

3) Thermal performance factor
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Fig.5 Nusselt number vs Reynolds number Fig.6 Friction factor vs Reynolds number

As the Reynolds number increases how the Nusselt number, friction factor and the thermal performance factor behaves is shown in
the figure 5, 6 and 7 respectively. The figure 5 shows that as the Reynolds number increases Nusselt number, increases. On
comparing with the plain tube without coil Nusselt number of circular coil having p/d values 0.5, 1and 1.5 increases from 7.62% to
15.26% , 6.19% to 11.78% and 3.73% to 5.74% respectively.

Figure 6 shows that as the Reynolds number increases friction factor decreases. The increase in friction factor when compared with
the plain tube having p/d values 05., 1 and 1.5 is from 23.00% to 35.28% , 15.10% to 27.90 and 12.21% to 15.81% respectively.
Figure 7 shows that as the Reynolds number increases the thermal performance factor decreases. The values of thermal performance
factor for circular cross section having p/d values 0.5, 1 and 1.5 are 1.0044 0 1.0421, 0.989 to 1.0297 and 0.9983 to 1.0069
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Fig.7 Thermal performance factor vs Reynolds number

C. Effect Of Reynolds Number On Following Parameters In Triangular Cross Section Spring

1) Nusselt number

2) Friction factor

3) Thermal performance factor

As the Reynolds number increases how the Nusselt number, friction factor and the thermal performance factor behaves is shown in
the figure respectively. The fig.8 shows that as the Reynolds number increases Nusselt number, increases. On comparing with the
plain tube without coil Nusselt number of triangular coil having p/d values 0.5, 1 and 1.5 increases from 11.97% to 17.24% , 7.70%
to 13.54% and 5.54% to 9.78% respectively.

Fig.9 shows that as the Reynolds number increases friction factor decreases. The increase in friction factor when compared with the
plain tube having p/d values 0.5, 1 and 1.5 is from 26.84% to 35.45%, 19.69% to 28% and 14.14% to 22.42% respectively.
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Fig.8 Nusselt number vs Reynolds number Fig.9 Friction factor vs Reynolds number

Figurel0 shows that as the Reynolds number increases the thermal performance factor decreases. The values of thermal
performance factor for circular cross section having p/d values 0.5, 1 and 1.5 are 1.0344 to 1.0596, 1.0144 to 1.0457 and 0.9973 to
1.0262 respectively.
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Fig.10 Thermal performance factor vs Reynolds number

D. Effect Of Reynolds Number On Following Parameters In Square Cross Section Spring
1) Nusselt number

2) Friction factor

3) Thermal performance factor
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Fig.11 Nusselt number vs Reynolds number Fig.12 Friction factor vs Reynolds number

As the Reynolds number increases how the Nusselt number, friction factor and the thermal performance factor behaves is shown in
the figure respectively. The figure 11 shows that as the Reynolds number increases Nusselt number also increases. On comparing
with the plain tube without coil Nusselt number of a square coil having p/d values 0.5, 1 and 1.5 increases from 14.51% to 21.26%,
10.70% to 16.19% and 6.08% to 11.94% respectively.
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Figure 12 shows that as the Reynolds number increases friction factor decreases. The increase in friction factor when compared with
the plain tube having p/d values 05., 1 and 1.5 is from 30.90% to 37.27% , 24.71% to 35.59% and 16.17% to 25.21% respectively.
Figure 13 shows that as the Reynolds number increases the thermal performance factor decreases. The values of thermal
performance factor for circular cross section having p/d values 0.5, 1 and 1.5 are 1.0468 to 1.0910, 1.0285 to 1.0550 and 1.0091 to
1.0386 respectively
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Fig. 13 Thermal performance factor vs Reynolds number

V. CONCLUSIONS
For the laminar flow in circular tube having turbulent promoters of three different cross section and three different pitch to diameter
is used. The Nusselt number, friction factor and thermal performance factor is being experimentally investigated for the above
inserts. Results shows that among three cross section circular, triangular and square cross section the square cross section gives the
highest values of Nusselt number, friction factor and thermal performance factor. Especially the square cross section having p/d 0.5
gives the maximum values. So from the result square cross section is the best, triangular cross section is not as effective as square
but more effective than circular cross section wire coils.
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