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a b s t r a c t

Heat transfer and friction loss characteristics of a plain tube fitted with double spiral spring (DSS) are
investigated by a three dimensional numerical simulation. The outer diameters of the DSS are 9 mm,
12 mm, 15 mm, and 18 mm, respectively. The simulation results indicate that the fluid in the tube
inserted with DSS shows three-dimensional helical flow, and that the circumferential and the radial
velocity of fluid near the tube wall are improved. At the same Reynolds number, the average radial and
tangential velocities of the DSS tube are significantly higher than those of the plain tube. The Nusselt
number increases and the friction factor decreases in tube with DSS insert as the Reynolds number
increases. With the increase of the ds/D of DSS, the friction factor becomes higher. The field synergy
principle (FSP) and entransy dissipation extremum principle (EDEP) analysis provide a reliable criterion
for exploring the mechanism of heat transfer enhancement. The field synergy number of the tube
inserted with DSS is much higher than that of plain tube, which indicates effective improvement of flow
and heat transfer by inserted DSS. Meanwhile, the value of performance evaluation criterion (PEC) could
be up to 1.5.

© 2015 Elsevier Masson SAS. All rights reserved.

1. Introduction

Shell-and-tube heat exchanger is indispensable equipment for
heat transfer. It is extensively applied in numerous fields such as
power generation, chemical industry, petrochemical industry,
refrigeration, air-conditioning et al. [1-8]. In the heat exchanger,
heat is transferred from thewarm fluid to the cold fluid via the solid
walls. An increase in the heat transfer coefficient often leads to a
higher flow resistance, thereby reducing energy efficiency. The
main challenges of heat exchanger design are to minimize the flow
resistance as well as enhance the heat transfer performance.

The heat transfer enhancement in the tube side is usually
prominent for the improvement of overall performance of heat
exchangers. A variety of tube inserts have been applied for the tube
side enhancement [9-12]. Recent research [13-15] on heat transfer
enhancement in heat exchanger with tube inserts has been
extensively reported. In the past years, the spiral spring inserts are
widely used in heat exchangers to enhance the heat transfer. This

could be attributed to the stable performance of the spiral spring. In
addition, its manufacturing process is simple and low-cost and it is
easy to install and disassemble.

Table 1 summarizes some previous studies in forced convection
heat transfer in spiral spring insert heat exchangers. Although the
structure of helical spring was proposed several decades ago, many
researchers still employ this structure in their studies on heat
transfer augmentation. The key geometrical properties of the spiral
spring and the data are selectively reported. Naphon [16] experi-
mentally studied the heat transfer characteristics and the pressure
drop of a horizontal double tube with coil wire insert, the results
indicated that the coil wire insert has significant effects on the
enhancement of heat transfer especially in laminar flow region.
Eren et al. [17] experimentally proposed a tube with inclined coil
springs inserted. It was found that the incline angle has a major
effect on heat transfer and friction loss while spring number has the
minor effect. Gunes et al. [18] experimentally investigated the heat
transfer and pressure drop in a coiled wire inserted tube. The result
showed that the Nusselt number increases with the increase of
Reynolds number and wire thickness and the decrease of pitch
ratio. Jafari et al. [19] experimentally investigated the effects of four
types of wire coil inserts on heat transfer enhancement and pres-
sure drop by using artificial neural network analysis. It was found
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that the mean relative errors between the predicted result and
experimental data are less than 1.79% for Nusselt numbers and less
than 3.27% for friction factor. Promvonge [20] experimentally
studied the heat transfer and turbulent flow friction characteristics
of the tube fittedwith coiled squarewires. The experimental results
revealed that the Nusselt number increases with the rise of Rey-
nolds number and with the reduction of pitch for both circular and
square wire coils.

Following the pervious researches, Gunes et al. [21] further
experimentally studied the heat transfer and pressure drop in a
tube with coiled wire inserts placed separately from the tube wall.
The results showed that the Nusselt number and friction factor
increase with decreasing pitch ratio and distance for coiled wire
inserts. Xing et al. [22] investigated the heat transfer, flow resis-
tance and rotating characteristics of the inserted spring rotors in
circular tube. The results indicated that the heat transfer increases
by 30% and the friction resistance increases fivefold compared to
those of plain tubes. Wu [23] investigated the rotation and overall
performance of heat exchanger tube with rotary spring inserted.
The results showed that the increasing ratio of the total heat
transfer coefficient is between 3.17% and 42.05% and the friction
factor is a multiple of l.52e4.46 compared with plain tube,
respectively. It was found that the rotary spring has much lower
friction factor compared with the stationary spring.

In addition, in the aspect of numerical simulation, Munoz-
Esparza and Sanmiguel-Rojas [24] studied the laminar flow in
pipes with wire coil inserts. It showed that the friction factor de-
creases with the increase of the non-dimensional p/D. Solano et al.
[25] investigated the flow pattern and heat transfer enhancement
in oscillatory baffled reactors with helical coil inserts. The results
showed that the heat transfer for the helical baffled tube could be
enhanced by a factor of four compared to the plain tube in the
tested range of oscillation conditions.

As mentioned above, the thermal improvements are always
coupled with an increased pressure drop. To optimize the overall
thermal hydraulic performance of the tube fitted with spiral
spring, a large amount of researchers have made improvements or
modifications on the conventional spiral spring to achieve an
anticipated heat transfer rate in an existing heat exchanger at an
economic pumping power. However, to the best of the authors'
knowledge, the heat transfer characteristics and pressure drop in
the tube with double spiral spring (hereafter referred to as DSS)
insert have rarely been reported. In the present study, the main
focus is the numerical study on the heat transfer characteristics
and pressure drop of the tube with DSS insert. The effects of
various relevant parameters and outer diameter of DSS are also
investigated. Additionally, the results obtained from the tube with
DSS insert are compared to the plain tube and the tube with single
spiral spring (hereafter referred to as SSS). In order to compre-
hensively evaluate the overall thermal hydrodynamic performance
of different enhancement techniques, the performance evaluation
criteria (hereafter referred to as PEC) are employed. In summary,
the main objective of the present work is to explain the mecha-
nism of heat transfer enhancement for tubes fitted with DSS in-
serts from the angle of field synergy principle (hereafter referred
to as FSP) and entransy dissipation extremum principle (hereafter
referred to as EDEP).

2. Numerical simulation

2.1. Physical model

The physical model of a plain tube with DSS is shown in Fig. 1.
The calculation parameters are listed in Table 2. Ta
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