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H I G H L I G H T S

• Effect of conical ring on thermal performance of an air to water heat exchanger is studied.
• The flow in the inner and outer pipe is turbulent.
• η is an increasing function of λ and PR.
• DCR array has higher performance than RCR array.
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A B S T R A C T

Effect of typical and perforated conical ring turbulators on hydrothermal behavior of air to water double
pipe heat exchanger is investigated. Two arrays (Direct conical ring (DCR) array and Reverse conical ring
(RCR) array) are considered. Experimental analysis is examined for different values of open area ratio
(0–0.0833), Reynolds number (6000–12,000), conical angle (0°–30°) and pitch ratio (1.83–5.83). Corre-
lations for friction factor, Nusselt number and thermal performance factor are presented. To reach the
optimal design, Non Sorting Genetic Algorithm II is applied. Pareto front of optimized solution is pre-
sented. Also the finite volume method (commercial code) is utilized for numerical section in order to
show physical phenomena. Results indicate that friction factor reduces with augment of open area ratio,
pitch ratio and Reynolds number. Nusselt number reduces with increase of open area ratio and pitch
ratio while it augments with enhance of Reynolds number. Also it can be concluded that thermal per-
formance rises with augment of conical angle for direct conical ring array.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Heat exchangers have different types with various applica-
tions. One of the applicable kinds of them is water to air heat
exchanger which can be used for air conditioning and residential
heating. There are few publications about water to air heat ex-
changer due to its expensive equipment. Sheikholeslami et al. [1]
studied the turbulent hydrothermal treatment in an air to water
double pipe heat exchanger. Experimental investigation has been
applied by Sheikholeslami et al. [2] to find the effect of circular ring
on heat and fluid flow in an air to water heat exchanger. They found
that opening area ratio has the maximum sensitivity on thermal
performance.

Due to significance of thermal performance, various methods for
improving this parameter have been presented. Utilizing them cause
heat transfer rate to augment while at the cost of augment in pres-
sure loss. One of the most popular ways due to its low cost is swirl
flow device. New inclined horseshoe-baffle turbulator was intro-
duced for heat transfer enhancement by Promvonge et al. [3]. Their
results revealed that the tube fitted with inclined horseshoes baffles
provides significant enhancement of the heat transfer rate over the
plain tube around 92–208% while the friction factor is increased at
about 1.76–6.37 times. Fan et al. [4] used conical strip insert for tur-
bulent heat transfer enhancement. They showed that the Nusselt
number of the enhanced tube is augmented by around 5 times.
Anvari et al. [5] studied the role of the conical rings for the heat
transfer enhancement and pressure drop change in a pipe with con-
stant heat flux boundary condition. Vibration behavior of conical
ring was utilized by Yakut and Sahin [6] for increasing thermal per-
formance. They concluded that maximum heat transfer occurs at
the smallest pitch ratio. Anvari et al. [7] investigated forced con-
vective heat transfer of water in horizontal tubes with conical tube
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inserts. They found that the insertion of turbulators has enhanced
the Nusselt number for the direct arrangement up to 521%. Andreozzi
et al. [8] studied the turbulent forced convection in channels with
transversal ribs and nanofluids. They showed that triangular ribs
have the highest thermal performances. Rivier et al. [9] studied the
heat transfer enhancement of a circular tube heat exchanger fitted
with an elliptic shaped turbulator. They found that surface-based
dispersion was found to have the most impact on exchanger per-
formance. Influence of rib height and inlet temperature of fluid on
thermal performance was presented by Ma et al. [9]. They showed
that the style of flow has no variation with changing of inlet
temperature.

Vermahmoudi et al. [10] investigated Al2O3- water nanofluid heat
transfer improvement in a radiator. They concluded that rate of heat
transfer improves with enhance of air flow Reynolds number and
nanofluid volume fraction. Heat transfer improvement in a trian-
gular duct using mixed nanofluids and turbulators has been
investigated by Ahmed et al. [11]. They found that high reduction
in the heated wall temperature is obtained using nanofluid and
vortex generator. To improve heat transfer, combined swirl gener-
ator and conical-nozzle inserts was used by Promvonge and Eiamsa-
ard [12]. They showed that this technique can improve rate of heat
transfer up to 316%. Promvonge et al. [13] studied the thermal per-
formance enhancement in a heat exchanger tube fitted with inclined
vortex rings. Their experimental results showed that a significant
effect of the existence of the vortex rings on the heat transfer and
pressure loss over the smooth tube. Recently, different methods have
been used to obtain high heat transfer rate but paying attention of
the enhance pressure loss [14–23].

The goal of this paper is to investigate the influences of conical
ring turbulators on heat transfer improvement and pressure drop
in an air to water double pipe heat exchanger. Experimental set up
and formulas for measuring of Nu and f are presented. The impacts
of open area ratio, conical angle, pitch ratio and Reynolds number
on friction factor and Nusselt number rate are examined. Also Non
Sorting Genetic Algorithm II is applied to find the optimal designs
of high efficiency heat exchanger for direct array. Moreover the com-
mercial code ANSYS 14 is used in order to show physical phenomena.

2. Experimental technique

Experimental set up has been shown in Fig. 1. In this set up:
D cm D cm d cm d cmi o i o= = = =2 8 3 5 6. , , , . The length of the pipe is
ℓ = 2 m and the length of test section is L = 1.2 m. Hot water and cold
air are passed through the inner and outer pipes, respectively. Three
heaters are used in the upper tank with the capacity of 2 kw, 2 kw
and 3 kw. The inner tube is made from copper k kcal mh C= °( )( )300 ,
while the outer tube is made from Plexiglas k kcal mh C= × °( )( )−5 10 4 .
T T T Tair air1 2 1 2, , , , T Tw w1 6, ,… and T Ta a1 4, ,… were measured with
Sheathe type thermocouples (element C.A; class 0.75). An ST-
8920 differential pressure is used to obtain the pressure drop in air
side. It can measure the pressures in ±5000 Pa with 1 Pa resolu-
tion. In order to transfer the water from the lower tank to upper
tank, a pump with the head of 5.5 m is used. The 0.75 kW blower
directed the air with Tair1 = 28°C to orifice meter. SV008iG5A-2 in-
verter is utilized to adjust air flow rate by changing the motor speed.
Water flow rates are controlled with valves and measured with ro-
tameter. The experimental work is done for counter flow state. The
temperature dependent physical properties of air and water are il-
lustrated in Tables 1 and 2. In the test section, typical and perforated
conical rings are used in order to heat transfer enhancement (Fig. 2).
Schultz and Cole method [17] is utilized for uncertainty analysis:
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where UR is the total error, UVi is the error of each independent pa-
rameter and n is the number of total parameters. The uncertainty
analysis showed that the measuring errors were less than 10% for
all the experiments presented in this study.

3. Measurement of coefficients of pressure loss and
heat transfer rate

The method for determination Nusselt number and friction factor
is summarized as follows:

Table 1
Temperature-dependent properties of air.

Coefficient A A T A T A T A T1 2 3
2

4
3

5
4+ × + × + × + ×

Properties of air

ρ kg m3( ) C J kg Kp ( )( ) μ kg ms( )( ) k W mK( )( )

A1 4.5399557047065677 1.0540764984602797E+3 9.4680032779877928E-5 1.8028147194179223E-2
A2 −2.3244292640615217E-2 −3.5067618164922393E-1 −1.0222587861878098E-6 −1.6851766935888901E-4
A3 5.6404522707476041E-5 5.8416753365658986E-4 4.7054455296163551E-9 1.3838388187738584E-6
A4 −6.2803748539876179E-8 3.0329858178609656E-7 −9.1119064881185846E-12 −3.2630462746304979E-9
A5 2.3678170919661321E-11 −5.2479296621138882E-10 6.5461225665736524E-15 2.7514584927209003E-12

Table 2
Temperature-dependent properties of water.

Coefficient A A T A T A T A T1 2 3
2

4
3

5
4+ × + × + × + ×

Properties of water

ρ kg m3( ) C J kg Kp ( )( ) μ kg ms( )( ) k W mK( )( )

A1 −1.6622104933785317E+002 1.2201774895976883E+004 4.5563422230298373E-1 2.1117772306964272E-1
A2 1.2256322983468429E+001 −9.2961742884825355E+001 −5.266709499675417E-3 −4.0615080360954991E-3
A3 −4.6535103004960353E-002 4.0724280562804471E-001 2.293722836497707E-5 4.0530952053441623E-5
A4 7.7101273744096163E-005 −8.033901613887863E-004 −4.45178676075212E-8 −9.5665206133793231E-8
A5 −5.0319235543371908E-008 6.0554273200519027E-007 3.2451565252286636E-11 6.7722130490045319E-11
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