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Abstract 

 

HELICAL coil tube are used to enhanced the heat transfer coefficient and also accommodate a large heat exchange surface in a 

given volume. Higher performance and compactness are primary requirements of heat and mass transfer devices hence researchers 

are trying towards heat enhancement techniques with reduction in size of heat exchanger.  Recently, developments of helical coil 

type heat exchangers are being used because the helical coil configuration has the advantages of more heat transfer area and better 

flow. This is due to the curvature effect of the helical coil.  Nano particles have been a topic of interest to many researchers. The 

wide range applications and advantages of these materials give them a superior edge over conventional materials. Nano particles 

have higher heat transfer rates which makes them an optimum choice where a higher heat transfer rate is required for smooth 

functioning. Nano particles such as TiO2 and SiO2 have been studied.   From several studies of previous authors it has been 

observed that curvature ratio is most predominant factor in helically coiled tube that affect heat transfer characteristics, hence main 

objective behind present study is to investigate experimentally the effect different curvature ratio of helical tubes with working 

fluid as  water with nano particles. From experimental analysis it is found that compactness i.e. surface area density increases with 

different curvature ratio. It is also found that heat transfer coefficient increases with increase in curvature ratio but at the expense 

of pressure drop in helical tube. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

The heat is a form of energy that transfers from the hot object to the cold object, and it transferred through the conduction, the 

convection and the radiation. The heat energy has many usages in the industry as making metals, chemicals, refining oil and 

processing the food. The shortage of heat energy leads to conserve or to make best use of it. In several industrial processes there 

is waste of energy or a heat stream that being exhausted in atmosphere. The heat exchangers plays important role to recover this 

heat and place it to use by heating a different stream within the process. This practice saves a lot of money in industry, as the heat 

supplied to other streams from the heat exchangers would otherwise come from an external source that is more expensive and more 

harmful to the environment. The purpose of constructing a heat exchanger is to get an efficient technique of heat transfer from one 

fluid to another, by direct contact or by indirect contact. In a heat exchanger the heat transfer through radiation is negligible in 

comparison to conduction and convection. But convection plays the major role in the performance of a heat exchanger. There are 

numerous applications of heat exchangers such as heat recovery systems, refrigeration, waste water treatment plants, 

pharmaceuticals, oil and gas industries, HVAC, food & beverage processing industries. In addition to these applications heat 

exchangers are also used in large scale chemical and process industries for transferring the heat between two fluids which are at a 

single or two states [1]. In general, the heat transfer techniques can be divided into two groups: active and passive. The active 

techniques need external forces like fluid vibration, electric field and surface vibration whereas passive techniques requires special 

surface geometries like varied tube inserts. The straight tube heat exchanger has been the oldest type of heat exchanger that has 

been in use. The research work has been performed by various investigators on enhancing the performance of straight tube heat 

exchanger by changing geometric such as baffle arrangement [2], types of tube arrangement, length of the pipe etc. The main 
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challenge in heat exchanger design is to make it compact and to get maximum heat transfer in minimum space. However, it was 

found that straight tube heat exchangers have restriction in terms of sizing and space which are significant parameters while 

designing industrial heat exchangers. In 1970 Charles Boardman and John Germer introduced helical coil tube heat exchanger as 

one of the best passive heat transfer enhancement techniques. The various experimental research work have indicated that helical 

coil tube heat exchangers are the most useful because of its spiral coil configuration which provides more heat transfer area and 

better flow in minimum space [3]. This configuration leads higher heat transfer coefficient as compared to straight tube heat 

exchanger under the same experimental conditions. Natural convection is a phenomenon that governs the exchange of heat between 

medium in heat exchanger is considered here. Since a complex flow pattern exist inside helically tube, as fluid flow through helical 

tube due curvature nature centrifugal force of fluid causes development the secondary flow pattern inside tube this led to 

improvement in heat transfer rate [6]. Instead of Reynolds number Dean Number used in analysis as it take into account effect of 

curvature of helical pipe. [4]. the heat is a form of energy that transfers from the hot object to the cold object, and it transferred 

through the conduction, the convection and the radiation. The heat energy has many usages in the industry as making metals, 

chemicals, refining oil and processing the food. The shortage of heat energy leads to conserve or to make best use of it. In several 

industrial processes there is waste of energy or a heat stream that being exhausted in atmosphere. The heat exchangers plays 

important role to recover this heat and place it to use by heating a different stream within the process. This practice saves a lot of 

money in industry, as the heat supplied to other streams from the heat exchangers would otherwise come from an external source 

that is more expensive and more harmful to the environment. The purpose of constructing a heat exchanger is to get an efficient 

technique of heat transfer from one fluid to another, by direct contact or by indirect contact. In a heat exchanger the heat transfer 

through radiation is negligible in comparison to conduction and convection. But convection plays the major role in the performance 

of a heat exchanger. There are numerous applications of heat exchangers such as heat recovery systems, refrigeration, waste water 

treatment plants, pharmaceuticals, oil and gas industries, HVAC, food & beverage processing industries. In addition to these 

applications heat exchangers are also used in large scale chemical and process industries for transferring the heat between two 

fluids which are at a single or two states [1]. In general, the heat transfer techniques can be divided into two groups: active and 

passive. The active techniques need external forces like fluid vibration, electric field and surface vibration whereas passive 

techniques requires special surface geometries like varied tube inserts. The straight tube heat exchanger has been the oldest type 

of heat exchanger that has been in use. The research work has been performed by various investigators on enhancing the 

performance of straight tube heat exchanger by changing geometric such as baffle arrangement [2], types of tube arrangement, 

length of the pipe etc. The main challenge in heat exchanger design is to make it compact and to get maximum heat transfer in 

minimum space. However, it was found that straight tube heat exchangers have restriction in terms of sizing and space which are 

significant parameters while designing industrial heat exchangers. In 1970 Charles Boardman and John Germer introduced helical 

coil tube heat exchanger as one of the best passive heat transfer enhancement techniques. The various experimental research work 

have indicated that helical coil tube heat exchangers are the most useful because of its spiral coil configuration which provides 

more heat transfer area and better flow in minimum space [3]. This configuration leads higher heat transfer coefficient as compared 

to straight tube heat exchanger under the same experimental conditions. Natural convection is a phenomenon that governs the 

exchange of heat between medium in heat exchanger is considered here. Since a complex flow pattern exist inside helically tube, 

as fluid flow through helical tube due curvature nature centrifugal force of fluid causes development the secondary flow pattern 

inside tube this led to improvement in heat transfer rate [6]. Instead of Reynolds number Dean Number used in analysis as it take 

into account effect of curvature of helical pipe. [4]. 

II. LITERATURE REVIEW 

P.J. Fule et. al. [1] the present work deals with the study of heat transfer enhancement using water based CuO nanofluids in the 

helical coil heat exchanger. Nanofluids were prepared using two-step method by using wet chemical method. Nanofluids with 

various volume percentage between 0 and 0.5 of CuO nanoparticles and their flow rate between 30 and 80 LPH (Reynolds number 

ranging from 812 to 1895, Laminar flow regime) were considered in the present study. The setup consists of a test section (helical 

coil), cooler, reservoir, pump, flow meter, thermocouples and flow controlling system. The temperature measurements were carried 

out with the help of thermocouples. The investigation was carried out to study the effect of particle loading and flow rate on heat 

transfer coefficient and Nusselt number. It has been found that the increase in the loading of CuO nanoparticles in base fluid shows 

a significant enhancement in the heat transfer coefficient of nanofluid. In the present study, at 0.1 vol% concentration of CuO 

nanoparticles in nanofluid, enhancement in heat transfer coefficient was 37.3% as compared to base fluid while at 0.5 vol%, it is 

as high as 77.7%. Also with the increase in the flow rate of the CuO nanofluid, significant increase in heat transfer coefficient was 

observed. 

 M.H. Buschmann et. al. [2] Engineers and scientist have a long tradition in trying to improve the thermophysical properties of 

convective heat carriers such as water and transformer oil. Technological developments of the last decades allow the dispersion of 

particle of sizes ranging between 10 and 100 nm in these liquids. In a large number of recent studies the resulting nanofluids have 

been reported to display anomalously high increase of convective heat transfer. The present study compiles experiments from five 

independent research teams investigating convective heat transfer in nanofluid flow in pipes, pipe with inserted twisted tape, 

annular counter flow heat exchanger, and coil and plate heat exchangers. The results of all these experiments unequivocally confirm 

that Newtonian nanofluid flow can be consistently characterized by employing Nusselt number correlations obtained for single-

phase heat transfer liquids such as water when the correct thermophysical properties of the nanofluid are utilized. It is also shown 



Heat Transfer Analysis of Helical Tube by Varying Cross Section using Nano Particles  
(J4R/ Volume 04 / Issue 04 / 003) 

 

 All rights reserved by www.journal4research.org 
 

12 

that the heat transfer enhancement provided by nanofluids equals the increase in the thermal conductivity of the nanofluid as 

compared to the base fluid independent of the nanoparticle concentration or material. These results demonstrate that no anomalous 

phenomena are involved in thermal conduction and forced convection based heat transfer of nanofluids. The experiments are 

theoretically supported by a fundamental similarity analysis of nanoparticle motion in nanofluid flow. 

 B.A. Bhanvase et.al. [3] In the present study, heat transfer enhancement with the use of water based PANI (polyaniline) nanofluid 

was investigated in vertical helically coiled tube heat exchanger. Initially, PANI nanofibers were prepared with the use of 

ultrasound assisted emulsion polymerization method. Then the prepared PANI nanofibers were dispersed in base fluid in varying 

concentration (0.1–0.5 vol %) in order to get uniformly dispersed PANI nanofluid in the presence of sonication. The effect of 

PANI nanofibers concentration in nanofluid and Reynolds number on heat transfer coefficient have been investigated in helical 

coiled heat exchanger. It was found that the average heat transfer coefficient increases with an increase in the volume% of PANI 

nanofibers in nanofluid and Reynolds number. The heat transfer coefficient of base fluid i.e. distilled water was found to be 304 

W/m2 C (at xi/D = 692.3) whereas it was found to be increased to 515.8 W/m2 C (at xi/D = 692.3) for 0.5 vol % PANI concentration 

in nanofluid. The percentage enhancement in the heat transfer coefficient was found to be 10.52% at 0.1 vol % of PANI nanofibers 

in nanofluid and was found to be increased to 69.62% for 0.5 vol % of PANI nanofibers. 

 Mr. G. G. Gore et. al. [9] Continuous research is going on exchanger design and development to fulfill the demand of power 

sector, refrigeration and air conditioning, chemical industry, nuclear sectors this lead to evolution of helical coil tube heat 

exchanger. Higher performance and compactness are primary requirements of heat and mass transfer devices hence researchers 

are endeavor towards heat enhancement techniques with reduction in size of heat exchanger. An attempt is made here to elaborate 

the effect of constructional feature on these parameters by experimentally and using CFD technique. From several studies of 

previous authors it has been noted that curvature ratio is most predominant factor in helically coiled tube that affect heat transfer 

characteristics, hence main objective behind present study is to investigate the effect different curvature ratio helical tubes on single 

phase fluid flow and convective heat transfer characteristics. CFD simulation and experimental analysis indicates that compactness 

i.e. surface area density increases with curvature ratios, it is observed that heat flux increase with increase curvature ratio but at 

the expense of pressure drop in helical tube. 

 A. A. Ayare et. al. [8] the recovery of waste heat has been a topic of concern for large-scale industrial companies for several 

decades. This recovery not only makes an operation more environment friendly, but it also helps to cut costs. In addition to this, it 

can reduce the amount of resources needed to power a facility. Many industries have implemented different methods of waste heat 

recovery. One popular choice is using a heat exchanger. This paper presents the study of two types of heat exchangers: straight 

and helical coil tube. The helical coil heat exchanger has been experimented and analyzed on the basic of log-mean temperature 

difference (LMTD), heat transfer coefficient and Reynolds number. Based on the results, it is found that helical coil heat exchangers 

are efficient and its overall heat transfer coefficient increases with mass flow rate. 

III. METHODOLOGY 

 Geometric Feature of Helical Coil Tube: 

Copper tubes of 8mm internal diameter and 1370mm length are used for analysis as it has higher thermal conductivity as compare 

to steel, aluminum etc. In first attempt straight tube analysis done after that analysis for helical tube is made by changing flow rate. 

Analysis made for different no of turn’s coils but in experimental analysis pitch of coil and tube diameter made constant and 

curvature ratio varied by changing only PCD of helical pipe and correspondingly surface area density was calculated, all these 

geometric details given in below table. 
Table - 3.1 

Geometric Parameters 

Sr. No. Curvature Ratio (𝜹) Number of Turns Surface Area Density (β) 

1 0.08 5 33.33 

2 0.1 6 41.66 

3 0.1142 7 47.61 

4 0.16 8 66.66 

 Compactness 

Compactness is important factor in heat exchange it importance has been recognized in Power plant, aerospace, automobile, nuclear 

industries. Main concept behind compactness is to increase heat load with reduce size of heat exchanger. Surface area density (β) 

is measure of compactness and it given by, 

β = 
As

V
 

 Commonly accepted value of β = 300 m2/m3 for hydraulic dia. is between 8-10 mm. From the detail analysis it was noted that 

surface area density increase with increase in curvature ratios, it means as the curvature ratio increases heat exchanger become 

compact one and also heat enhancement has been noted. 

 Experimental Setup & Description 

The schematic of experimental set-up is shown in Figure 3.1 
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Fig. 3.1: Schematic Diagram of Experimental Set-up 

 
Fig. 3.2: Actual Experimental Set-up 

Fig.3.1 shows the experimental setup of helical tube heat exchanger Helical tube made of copper is completely immersed in G.I. 

sheet shell which contains cold water at constant room temperature. Water is heated in a hot water tank with the help of electric 

heater up to 353 k and then flow through PVC pipe from tank to inlet of heat exchanger, In order to measure various parameters 

various devices fitted at inlet and outlet of heat exchanger. Flow rate is control by flow control valve and measured using measuring 

jar with stop watch at outlet. Similarly temperature and pressure measure at outlet condition using devices at outlet. In proposed 

work hot water is flow through the helical coil tube from inlet to outlet of tube and then dischargers into storage tank. In shell cold 

water is entre from main source at two locations circulate continuously around tube in order to maintain constant temperature of 

helical tube and then discharge to storage tank. By varying flow rate for single tube number of readings are taken and again reading 

are taken and similar procedures repeated for four helical tube configurations. 

 Data Reduction 

Surface Area Density,   β =
3333

PCD  
 

Reynolds No. ,   Re =
ρVdi

μ
 

Dean No. , De = Re √
d

D
 

Heat Transfer Co-efficient, h = 
Nu k

D
 

Pressure Drop, ∆P = (Phi – Pho) 

Friction Factor, 
2∆Pd

ρLV2 
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IV. EXPERIMENTAL RESULTS 

Table - 4.1 

Experimental Results 

Sr. No. 
Curvature Ratio 

(δ) 
Mass flow Rate (kg/s) Heat Transfer (W/m2k)   (h) 

Dean No. 

(De) 
Pressure Drop (Pa) 

1 0 

0.0238 6193.68 383.185 539.55 

0.0303 6881.88 487.85 669.042 

0.03571 7411.25 574.948 690.624 

2 0.08 

0.0238 6726.72 170.1056 1098.72 

0.0303 7459.76 216.0368 1131.6816 

0.03571 7977.2 255.0016 1175.6304 

3 0.1 

0.0238 8448.83 196.9692 1230.174 

0.0303 9381.48 251.0166 1297.2744 

0.03571 10039.8 295.6362 1330.8246 

4 0.1142 

0.0238 9761.4 218.3584 1387.6152 

0.0303 10846 277.9128 1445.2092 

0.03571 11611.6 328.28 1593.144 

5 0.16 

0.0238 13629 267.7774 1551.1572 

0.0303 15173.6 338.4948 1585.8846 

0.03571 16263.9 401.436 1643.7636 

Experimental analysis was done for using three different mass flow rate i.e. 0.0238kg/s, 0.0303kg/s, 0.03571 kg/s. and heat transfer 

and fluid flow characteristics of four helical tubes of different curvature ratios and one straight pipe with nano particle added in 

water as working fluid are compared using different plots as given below 

 Mass flow rate vs Dean No. With Nano Particle 

 
Fig. 4.1: Mass flow rate vs Dean No. With Nano Particle 

With the addition of Nano particles with water it was observed that as the mass flow rate increases Dean Number also increases. 

For the plain tube it is observed lower and higher for the coil having curvature ratio (δ). Because Dean No. is dependent on 

Reynolds No. 

 Mass Flow Rate vs HTC with Nano Particle 

 
Fig. 4.2: Mass Flow Rate vs HTC with Nano Particle 
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With the addition of Nano particles with water it was observed that as the mass flow rate increases Heat transfer coefficient also 

increases. For the plain tube it is observed lower and higher for the coil having curvature ratio (δ ). Because increases Heat transfer 

coefficient is dependent on Reynolds No. Heat transfer coefficient increases with increase in Reynolds Number for convective heat 

transfer. Because at higher flow rates, the dispersion effects and chaotic movement of the nano particles intensifies the mixing 

fluctuations and causes increase in heat transfer coefficient. 

 Mass Flow Rate vs Pressure Drop with Nano Particle 

 
Fig. 4.3: Mass Flow Rate vs Pressure Drop with Nano Particle 

With the addition of Nano particles with water it was observed that as the mass flow rate increases pressure drop is also increases. 

For the plain tube it is observed lower and higher for the coil having curvature ratio (δ).  This shows that pressure drop cannot be 

neglected in helical pipes as compared to plane pipe. 

V. CONCLUSION 

After experimental study it is found that the effect of different curvature ratio of helical tubes on fluid flow with nano particle 

added in water as working fluid and heat transfer characteristics the conclusions have been drawn below. 

1) From detail study of compact heat exchanger it has been observed that in surface area density factor increase from 33.33 to 

66.66 for increase in curvature ratio of helical tube from 0.08 to 0.16, it shows that compactness increases by 50%. 

2) The heat transfer rate increases more in a helical tube having curvature ratio 0.16 as compared to Plain tube with the addition 

of nano particles. The result shows that the heat transfer rate increases with increasing in mass flow rate. Because increase in 

heat transfer coefficient is dependent on Reynolds No. Because at higher flow rates, the dispersion effects and chaotic 

movement of the nano particles intensifies the mixing fluctuations and causes increase in heat transfer coefficient. 

3) It is observed that as the mass flow rate increases pressure drop is also increases. For the plain tube it is observed lower and 

higher for the coil having curvature ratio 0.16.  This shows that pressure drop cannot be neglected in helical pipes as compared 

to plane pipe. 
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