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Abstract— Now a day the important of heat exchangers is 

increasing in many areas. Heat exchangers are the important 

equipments with a variety of industrial applications including 

power plants, chemical, refrigeration and air conditioning 

industries. Especially Helically coiled heat exchangers are 

used in order to obtain a large heat transfer area per unit 

volume. In this study the heat transfer coefficients of shell 

and helically coiled tube heat exchangers are investigated 

experimentally. Three heat exchangers with different coil 

pitches are selected as test section for both parallel-flow and 

counter-flow configurations. All the required parameters like 

inlet and outlet temperatures of tube-side and shell-side 

fluids, flow rate of fluids, etc. Is to be measured using 

appropriate instruments. 
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I. INTRODUCTION 

A heat exchanger is a device used to transfer heat between 

two or more fluids with different temperatures for various 

application including power plants, nuclear reactors, 

refrigeration & air condition system, automotive industries, 

heat recovery system, chemical processing and food 

industries. Common examples of heat exchangers in 

everyday use are air pre-heaters and conditioners, 

automobile radiators, condensers, evaporators, and coolers. 

SwapnilAhire et al.[1]Heat recovery is the capture of energy 

contained in fluids otherwise that would be lost from a 

facility. Heat sources may include heat pumps, chillers, 

steam condensate lines, hot flue gases from boiler, hot air 

associated with kitchen and laundry facilities, exhaust gases 

of the engines, power-generation equipment. Helical coil 

Heat exchanger is one of the devices which are used for the 

heat recovery system. Besides the performance of the heat 

exchanger being improved, the heat transfer enhancement 

enables the size of the heat exchanger to be considerably 

decreased. Helical coil heat exchangers are one of the most 

common equipment found in many industrial applications. 

Several studies have indicated that helically coiled tubes are 

superior to straight tubes when employed in heat transfer 

applications. The centrifugal force due to the curvature of 

the tube results in the secondary flow development which 

enhances the heat transfer rate. This phenomenon can be 

beneficial especially in laminar flow regime. The majority 

of the studies related to helically coiled tubes and heat 

exchangers have dealt with two major boundary conditions, 

i.e. constant heat flux and constant wall temperature. 

However, these boundary conditions are not encountered in 

most single-phase heat exchangers. 

A. Types of Heat Exchangers 

1) Shell and Tube Heat Exchanger 

This exchanger, shown in Fig.1 generally built of a bundle 

of round tubes mounted in a cylindrical shell with the tube 

axis parallel to that of the shell. One fluid flows inside the 

tubes, the other flows across and along the tubes. The major 

components of this exchanger are tubes (or tube bundle), 

shell, frontend head, rear-end head, baffles, and tube sheets, 

and are described briefly later in this subsection.  

 
Fig. 1: Shell-and-Tube Exchanger [6] 

A variety of different internal constructions are 

used in shell-and-tube exchangers, depending on the desired 

heat transfer and pressure drop performance and the 

methods employed to reduce thermal stresses, to prevent 

leakages, to provide for ease of cleaning, to contain 

operating pressures and temperatures, to control corrosion, 

to accommodate highly asymmetric flows, and so on. Shell-

and-tube exchangers are classified and constructed in 

accordance with the widely used TEMA (Tubular 

Exchanger Manufacturers Association) standards (TEMA, 

1999), DIN and other standards in Europe and elsewhere, 

and ASME (American Society of Mechanical Engineers) 

boiler and pressure vessel codes. TEMA has developed a 

notation system to designate major types of shell-and-tube 

exchangers. In this system, each exchanger is designated by 

a three-letter combination, the first letter indicating the 

front-end head type, the second the shell type, and the third 

the rear-end head type. These are identified in Fig.1Some 

common shell-and-tube exchangers are AES, BEM, AEP, 

CFU, AKT, and AJW. It should be emphasized that there 

are other special types of shell-and-tube exchangers 

commercially available that have front- and rear-end heads 

different from those in Fig.1.Those exchangers may not be 

identifiable by the TEMA letter designation. 

2) Plate Heat Exchanger 

Another type of heat exchanger is the plate heat exchanger. 

One is composed of multiple, thin, slightly separated plates 

that have very large surface areas and fluid flow passages 

for heat transfer. This stacked-plate arrangement can be 

more effective, in a given space, than the shell and tube heat 

exchanger. Advances in gasket and brazing technology have 

made the plate-type heat exchanger increasingly practical. In 

HVAC applications, large heat exchangers of this type are 

called plate-and-frame; when used in open loops, these heat 

exchangers are normally of the gasket type to allow periodic 

disassembly, cleaning, and inspection. There are many types 

of permanently bonded plate heat exchangers, such as dip-

brazed, vacuum-brazed, and welded plate varieties, and they 

are often specified for closed-loop applications such as 

refrigeration. Plate heat exchangers also differ in the types 

of plates that are used, and in the configurations of those 

plates. Some plates may be stamped with "chevron", 

dimpled, or other patterns, where others may have machined 

fins and/or groove. 
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3) Plate Fin Heat Exchanger 

This type of heat exchanger uses "sandwiched" passages 

containing fins to increase the effectiveness of the unit. The 

designs include cross flow and counter flow coupled with 

various fin configurations such as straight fins, offset fins 

and wavy fins. 

Plate and fin heat exchangers are usually made of 

aluminum alloys, which provide high heat transfer 

efficiency. The material enables the system to operate at a 

lower temperature and reduce the weight of the equipment. 

Plate and fin heat exchangers are mostly used for low 

temperature services such as natural gas, helium and oxygen 

liquefaction plants, air separation plants and transport 

industries such as motor and aircraft engines. 

 
Fig. 2: Plate Fin Heat Exchanger 

4) Fluid Heat Exchangers 

This is a heat exchanger with a gas passing upwards through 

a shower of fluid (often water), and the fluid is then taken 

elsewhere before being cooled. This is commonly used for 

cooling gases whilst also removing certain impurities, thus 

solving two problems at once. It is widely used in espresso 

machines as an energy-saving method of cooling super-

heated water to use in the extraction of express 

The various types of heat transfer enhancement 

techniques are classified into two main categories viz. active 

and passive technique. Active techniques which require 

external power for heat transfer enhancement, and passive 

techniques which not require such external power for 

enhancement. One of the passive techniques is the use of 

helically coiled tubes. Helical coiled tubes are superior to 

straight tube due to their compactness and increased heat 

transfer coefficients. Several papers study indicated that Use 

of helical coils adds efficiency to the heat exchanger 

performance because of their high heat transfer and smaller 

space requirement. Helical coils are widely used in piping 

systems, heat exchangers, storage tanks, chemical reactors 

and many other engineering applications. In the coiled tube, 

the flow modification is due to centrifugal forces. The 

centrifugal forces are acting on the moving fluid due to the 

curvature of the tube results in the development of 

secondary flow which enhances the heat transfer rate. This 

phenomenon can be beneficial especially in laminar flow. 

When a fluid flows through a straight tube, the fluid velocity 

is maximum at the tube center, zero at the tube wall & 

symmetrically distributed about the axis. However, when the 

fluid flows through a curved tube, the primary velocity 

profile is distorted by the addition of secondary flow pattern. 

Figure 3.shows the secondary flow pattern in coiled tube. 

 
Fig. 3: Secondary flow pattern in coiled tube [1] 

The secondary flow is generated by centrifugal 

action and acts in a plane perpendicular to the primary flow. 

Since the velocity is maximum at the centre, the fluid at the 

centre is subjected to the maximum centrifugal action, 

which pushes the fluid towards the outer wall. The fluid at 

the outer wall moves inward along the tube wall to replace 

the fluid ejected outwards. This results in the formation of 

two vortices symmetrical about a horizontal plane through 

the tube centre. 

 
Fig.4.Secondary flow formation [1] 

In radial direction a pressure gradient is developed 

to create an acceleration, which acts towards the centre of 

the bend. The pressure at the outside of the pipe is more than 

the pressure at the inner side. The increased pressure at the 

outside causes the velocity of the particle to decrease. This 

creates eddies. Separation takes place at the outer wall. 

Separation and eddies also occur at point B on the inside of 

the bend, due to the inertia of the water. Moreover, the 

pressure which is very low at D increases as the point B 

approaches & adverse pressure exists. If radial section CD is 

taken across the bend, a secondary flow as shown in the 

Fig.4 is found to exist. Along the horizontal diameter CD, 

the pressure increases with the radial distance. But the 

pressure decreases as the low pressure region near the wall 

is approached. The difference in the pressure causes an 

outward motion along the wall form C to D. to satisfy the 

continuity condition, there is a flow from D to C along the 

radial direction. Thus a secondary flow is developed. This 

flow is in addition to the main flow which takes place along 

the axis of the pipe & a complex flow pattern occurs. 

II. LITERATURE SURVEY 

Helical coils are used for various processes such as heat 

exchangers because they can accommodate a large heat 

transfer area in a small space, with high heat transfer 

coefficient.  

W. Witchayanuwat et al.[2] presented a detailed 

investigation on heat transfer from exhaust particulate air of 

detergent spray drying tower to water by helical coiled heat 

exchanger. It was found that the effect of coil pitch on the 

tube side and shell side heat transfer coefficient. The 

exchanger duty, overall heat transfer coefficient are 

investigated as function of the tube surface geometry, the 

flow pattern( parallel and counter) and tube Reynolds 

number. The result shows that the increasing of the coiled 

tube pitch decreases the inside Nusselt number. 
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Salimpour [3] investigated three heat exchanger 

with different coil pitches and found that the shell-side heat 

transfer coefficient of coils with larger pitches is higher than 

those with smaller pitches for the counter-flow 

configuration. Also, two correlations were developed to 

predict the inner heat transfer coefficients and the outer heat 

transfer coefficients of the coiled tube heat exchanger. 

Jayakumar J. S., et al[4] fabricated experimental 

setup  to study fluid–fluid heat transfer in a helically coiled 

heat exchanger. Heat transfer characteristics of the heat 

exchanger with helical coil are also studied using the CFD 

code FLUENT. The CFD predictions match reasonably well 

with the experimental results within experimental error 

limits. Based on the results a correlation was developed to 

calculate the inner heat transfer coefficient of the helical 

coil. 

Ritesh Kumar et al[5]An experimental works of 

pipe-in-pipe helical coil heat exchanger was performed 

under two different sized specimens. The mass flow rates in 

the inner tubes and the annulus were both varied at two 

different flow conditions were tested. Overall heat transfer 

coefficients are slightly difference between parallel flows 

and counter flow configuration. However, the heat transfer 

rate in counter flow direction is much higher due to large 

average temperature. Comparing to small coil configuration 

is in overall heat transfer coefficient is slightly high from 

large coil configuration. The inner nusselt number in both 

coil configurations is to be in the counter flow direction is 

higher as compared to the parallel flow 

III. DISCUSSION 

Use of a helical coil heat exchangers were increase the heat 

transfer coefficient compared to a similarly dimensioned 

straight tube heat exchanger. Hot flue gases from boilers can 

provide a source of waste heat for a variety of uses. The 

most common use is for preheating boiler feed water. Heat 

exchangers used in flues must be constructed to withstand 

the highly corrosive nature of cooled flue gases. The 

refrigeration cycle of an air conditioner or heat pump 

provides an opportunity to recover heat for water heating. 

Heat exchangers can be placed on exhausts of reciprocating 

engines and gas turbines to capture heat for water heating or 

steam generation. 

Water jackets may also be placed on engines in 

order to capture heat from the engine and exhaust in series. 

Some of this equipment also acts as a silencer to replace or 

supplement noise-reduction equipment needed to meet 

noise-control requirements. Helical coils are used to recover 

the heat from the flue gases, hot air from kitchen, exhaust 

gas from the engines. Helical coils are used for transferring 

heat in chemical reactors and agitated vessels because heat 

transfer coefficients are higher in helical coils. This is 

especially important when chemical reactions have high 

heats of reaction are carried out and the heat generated (or 

consumed) has to be transferred rapidly to maintain the 

temperature of their action. Also, because helical coils have 

a compact configuration, more heat transfer surface can be 

provided per unit of space than by the use of straight tubes. 

Because of the compact configuration of helical coils, they 

can be readily used in heat transfer application with space 

limitations, for example, in steam generations in marine and 

industrial applications. 
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