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Abstract – The  purpose of the this review summarizes the recent 

published on the heat transfer and pressure drop in shell and 

helical coiled tube heat exchanger using nanoflids as working 

fluid. The naofluid is the colloidal suspension of nano sized 

particles like metal and metal oxides in some base fluid as 

convectional fluid like water, ethylene glycol. The forced 

convection heat transfer nanofluid is investigated by more 

researches. This paper reviews the paper published on 

experimental studies of forced convection heat transfer and 

pressure drop of nanofluids. Most of the researchers have 

identify a little rise in pressure drop with use of nanofluids in 

helical coiled tube. In order to the nanofluid are able to 

enhancement of heat transfer at low particle concentration. A 

large difference in Nusselt number was observed for more 

studies under laminar and turbulent flow region  

Keywords – Nanofluids, helical coil, turbulent flow, pressure 

drop, heat transfer enhancement. 

I. INTRODUCTION 

he heat transfer enhancement technology has been 

developed and widely applied in heat exchangers, in 

general the classification of enhancement of heat transfer 

technique can be divide in three types, like active, passive and 

compound technique. Active technique require an external 

forces like fluid vibration, electric field , surface vibration, 

injection and suction. Passive technique require special 

surface geometries like varies tube inserts, coiled tube and 

additives for liquids. Compound techniques are combination 

of any two or more techniques simultaneously to obtain 

enhancement heat transfer. 

The helical coiled tube have a wide range of application in 

engineering system such as power generation , nuclear 

reactor, process plant, heat recovery system, refrigeration, 

food industry. A helical coil tube is characterized by the coil 

diameter (D), coiled curvature radius (R), and coil pitch (b). in 

the case of curvature radius is constant. Helical coiled tube are 

efficient het transfer equipments due to their compact size and  

high heat transfer performance in comparison with straight 

tube heat exchanger. Several researches studies have been 

conducted to analyze the heat transfer and pressure drop of 

helical coiled tube heat exchanger in laminar and turbulent 

flow. The mostly characteristics of flow in helical coiled tube 

is the secondary flow induced by centrifugal force due to 

perpendicular to the axial fluid direction, which results in an 

improved fluid mixing, thus reducing the thickness of the 

thermal boundary layer.    

A. Thermo physical properties of nanoflids  

 Heat transfer conventional fluids such as water, 

lubricating oil, ethylene glycol have very poor thermal 

conductivity compared to metal and metal oxides. The heat 

transfer coefficient can be improved due to the thermal 

conductivity solid particle to the liquid coolant. The use of 

solid particle as an additive suspended in to the base fluid is a 

technique for the heat transfer enhancement.  Improve the 

thermal conductivity is a key idea to improve the heat transfer 

characteristics of convectional fluids. The enhancement of 

thermal conductivity of convectional fluid by the suspension 

of solid particles, such as 1-100nm size nano particles but 

large particles cause some trouble some problem such as 

agglomeration , clogging, erosion in the flow path. 

1. Thermal conductivity  

 The thermal conductivity is the most studied property 

of nanofluids. Li and Peterson [1] experimentally studies the 

thermal conductivity of Al2O3 and CuO nanoparticles in water 

at volume fractions of 2, 4, 6, and 10 %. The result observed 

high thermal conductivity for both fluids. At 6 vol% , an 

increment of about 52 % in thermal conductivity was reported 

for CuO / water nanofluid. With Al2O3  the enhancement in 

thermal conductivity was 30% at 10 vol %. Murshed et al. [2] 

investigated TiO2 nanoparticle of rod shape and spherical 

shape dispersed in deionized water . They observed nearly 

33% and 30% enhancements of the effective thermal 

conductivity for TiO2 particle of rod shape and spherical 

shape nanoparticles  respectively. Both particle size and shape 

influenced the thermal conductivity of nanofluids. Patel et al. 

[3] studied gold and silver (Ag) nanoparticle with thoriate and 

citrate  as coating in water and toluene based fluids. The 

T 
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nanofluids were prepared to check thermal conductivity 

enhancement effect at low concentration. They found 5 % - 

21% enhancement of thermal conductivity of nanofluids for 

water with citrate in the temperature range 30
o
C – 60

o
C at a 

very low loading of 0.00026 vol% of Ag particles. For a 

loading of 0.11% of Au particles, improvement of thermal 

conductivity was around 7% - 14%. Choi et al. [4] investigate 

the MWCNT / olefin mixture to measure the effective thermal 

conductivity. Result show that the measure thermal 

conductivity was anomalously greater than the theoretical 

predictions and was nonlinear with nanotube loding.  

2. Viscosity 

 Wang et al. [5] measured the relative viscosity of 

Al2O3  / water and Al2O3 / ethylene glycol nanofluids. Result 

show that a similar trend of increase viscosity with increasing 

solid volume fraction for the two nanofluids. The means that 

the desirable heat transfer increase may be offset by the 

undesirable increase in pressure drop. Li et al. [6] measured 

the viscosity of water with CuO nanoparticle suspensions 

using a capillary viscometer. Result show that the apparent 

viscosity of nanofluid decreased with increasing temperature. 

However , as they pointed out, the capillary tube diameter 

may influence the apparent viscosity for higher nanoparticle 

mass fractions, especially at lower temperature. He et al. [7] 

compared the viscosity of nanofluids measure experimentally 

with that of predictions of Einsteins model and observed that 

Einsteins model is unable to predict the viscosity of TiO2 / 

water nanofluids. The predicted value were very low 

compared to the values obtained experimentally in the particle 

concentration range of 0.24 – 1.10 vol%. Ding et al. [8] 

observed the viscosity of  CNT/water nanofluids as function 

of shear rate. Result show that the viscosity increase with 

increasing CNT concentration and decreasing temperature. 

That means the nanofluids can provide better fluid flow 

performance due to the higher shear rate at the wall, which 

results in low viscosity there. 

B. Forced convection heat transfer and pressure drop of 

nanofluids – review analysis 

Now days all industries , forced convection plays a significant 

role. Even a small amount of nanoparticles are able to enhance 

the heat transfer appreciably. Low concentration of 

nanoparticles is preferred choice for industrial application 

because it costs less and almost no pressure drop penalty. The 

heat transfer performance of nanofluids is analysed by finding 

the convective heat transfer coefficient and Nusselt number of 

the naofluid.     

The typical experimental setup with constant wall temperature 

condition is shown Fig. 1. It consists of flow loop including a 

pump, a flow measure device, a test section with constant wall 

temperature, a cooling unit and a nanofluid reservoir. The 

constant wall temperature condition at outer periphery of the 

test helical coil is achieved by flowing hot water in the shell 

side of shell and colied tube heat exchancger. To measure the 

temperature, thermocouple are installed at various location. 

The test section is insulated to reduce the heat loss to the 

surrounding. Test section is in general selected as high 

thermal conductivity pipe to increase the heat transfer rate e.g. 

copper (Cu) and stainless steel (SS). If thickness of pipe is 

very small, then there is very small difference between inner 

wall and outer wall temperature at any location. 

The heat transfer for water and nanofluid are estimated 

equations (1) and (2). 

Qw = mw cpw (Tin – Tout) w     (1) 

Qnf = mnf cpnf (Tin – Tout) nf    (2) 

The overall heat transfer coefficient and inner heat 

transfer heat transfer coefficient of coiled tube are estimated 

equation (3) and (4). The experimental tube side Nusselt 

number is calculate form equation (5). 

Q = Uo Ao (∆T)    (3) 

Q = hi Ai ( Twall – Tbulk)   (4) 

Nui = hi di / Keff    (5) 

 The experimental friction factor is obtained from 

equation.(6). It involves the pressure drop ΔP across the 

working length of tube  and velocity of flowing medium (V). 

 

          (6) 

 

 

 

Figure 1. Helically coiled tube 

Mukesh kumar et al. [9] observed the experimental inner 

Nusselt number to be increase with increasing particle 

concentaration as well as Dean number, it was reported that 

better mixing of nanoparticle and higher thermal conductivity 

of nanofluid. The Nusselt number increasing with dean 

number ,as the formation of secondary flow is getting stronger 

and thinning of the boundary layer take place. The increasing 

nanofluid conductivity and decreasing thermal boundary 

thickness are the reason for  heat transfer coefficient in a shell 

and tube heat exchanger when a nanofluid is passing through 

the coiled tube.  The pressure drop was observed to be 

increase with increase particle concentration as well as dean 

number. In this due to the increased density and viscosity at 

higher particle volume concentration.  
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Srinivas et al. [10] presented the maximum enhancement in 

the heat transfer can be obtained in shell and helical tube heat 

exchanger when nanofluid used, it has more effect compared 

to stirrer speed and shell side temperature. Khairul et al. [11] 

Studied the effect of volume flow rate, nanoparticles volume 

fraction, mass flow rate, density, thermal conductivity, 

Reynolds number and Nusselt number heat transfer coefficient 

and entropy generation rate of the helically coiled heat 

exchangers. The increase volume fraction of nanoparticle and 

volume flow rate of nanofluid could enhance heat transfer 

coefficient and reduce the entropy generation. They found that 

CuO/water nanofluid increase heat transfer coefficient and 

decrease the entropy generation about 7.14% and 6.14 

respectively. Kahani  et al. [12] investigated heat transfer 

enhancement is  higher at high Reynolds number with the 

increase in Reynolds number the rate of increase in heat 

transfer coefficient. The maximum pressure drop was 

obtained with higher volume concentration. This steady  rise 

of axial pressure drop in the tube returns to increase of 

viscosity due to the presence of particle.  

Mukesh kumar  et al. [13] proposed the increase heat 

transfer coefficient while increase particle volume 

concentration due to the chaining the parallel flow 

configuration into counter  flow configuration under laminar 

regime. It found that overall heat transfer coefficient of 

counter flow higher than that of parallel flow on higher 

concentration of nanofluids. In helically coiled tube flow and 

shell flow are perpendicular direction both in parallel and 

counter flow configuration. Mukesh kumar et al. [14] 

suggested enhancement of the overall heat transfer coefficient 

with increase tube side Reynolds number and particle volume 

concentration. The enhancement of overall heat transfer 

coefficient obtain at higher particle volume concentration and 

high Reynolds number. The tube side heat transfer coefficient 

increase over tube side Reynolds number. The friction factor 

increase over the particle volume concentration. In the 

presence of nanoparticle increase friction factor ,which is truth 

the increase pressure drop. Mukesh kumar et al. [15] showed 

the Fig .2 Schematic of experimental setup typically used for 

force convection (Helically coiled test section) increase in 

nanoparticle volume concentration the heat transfer increase 

for helical coil tube maximum heat transfer coefficient 

enhancement under turbulent flow.  

 

Figure 2.Schematic view of  Experimental model 

The pressure drop increase while increasing particle volume 

concentration due to increase of viscosity when particle 

volume concentration is increased. Mukesh kumar et al. [16] 

investigated heat transfer coefficient and pressure drop of 

helical coiled tube heat exchanger by using CFD analysis. The 

CFD Nusselt number and pressure drop result have been 

compared with experimental and theoretical result. It found 

that the CFD approach gives good prediction for heat transfer 

coefficient and pressure drop in helically coiled tube heat 

exchanger using nanofluids. 

 Hashemiand Akhavan – Behabdi et al. [17] performed an 

empirical study on heat transfer and pressure drop 

characteristics of Cuo – base oil nanofluid flow in horizontal 

helically coiled tube. Nanofluid showed better heat transfer 

characteristics when flowing in helical tube rather than 

straight tube . Milad Rakhsha et al. [18] investigate  

experimental and numerical under  turbulent forced 

convection flow of nanofluid in helical coiled tube at constant 

surface temperature. Increase in the heat transfer coefficient 

with increase Reynolds at different tube geometries. It consist 

the pressure drop increase and heat transfer coefficient 

increase as the curvature ratio and Reynolds number increase. 

The maximum velocity   and circumfential Nusselt number 

tend to reach the outer wall due to geometry of helical pipes 

and existence of centrifugal force. 

 Suresh et al. [19] studied convective heat transfer  and 

friction frication the plain helically dimpled tube under 

turbulent flow condition. The thermal boundary condition are 

adopted constant heat flux. The result shows that the Nusselt 

number with dimpled tube and nanofluid higher than Nusselt 

number obtained with plain tube and water. The pressure drop 

loss of the nanofluids increase slightly compared with that of 

distilled water. Kahani et al. [20] performed a comparative 

study between metal oxide nanopowder on the thermal 

characterstics of nanofluid flow through helical coils. 

Constant het flux adopted as a thermal boundary layer. The 

results shoed that for both tested nanofluid, the convective 

heat transfer coefficient and pressure drop increase with 

increasing nanoparticle concentration as well as Reynolds 

number . But Al2O3/ water nanofluids showed more 

enhancement compared with Tio2 /water nanofluid.  

Gabriela huminic et al. [21] investigated the heat transfer and 

entropy generation analyses of nanofluid in helical coiled tube 

in tube heat exchanger. The result showed that for 2% CuO 

nanoparticle in water , the heat transfer rate of then nanofluid 

was approximately 14% grater than of pure water , but the 

enhancement begins to worsen because higher particle 

concentration leads to higher viscosity. The increase of 

nanoparticles volume concentration leads to Nusselts number 

increase and the reduction of the entropy generation due to 

heat transfer effect. Siamak Mirfendereski  et al. [22] studied 

experimental and numerical investigation of nanofluid heat 

transfer in helically coiled tubes at constant heat flux. The 

helical tube with large curvature ratio lead to higher heat 

transfer enhancement and higher pressure drop increase when 
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employing the nanofluid instead of the base fluid. However 

compared to using metal Ag nanofluids in  straight tubes, 

utilization of base fluid in helical coil with grater curvature 

increase heat transfer more effectively. Akhavan Behabadi et 

al. [23] investigated heat transfer using Multi –Wall Carbon 

Naotubes (MWCNT) dispersion in heat transfer oil flow in 

vertical helical coil. The heat transfer increase due to helical 

geometrical reducing the coil to tube diameter ratio or 

increase the coil  

Table 1 : Summary of experimental studies on forced convection heat transfer and pressure drop of nanofluids. 

Author Year 
Base 

Fluid 

Nano 

particle 

and size 

(nm) 

Volume 

fraction 

range (%) 

Position of 

heat 

exchanger 

Flow regime Observation 

Mukesh kumar 
et al. [9] 

2014 Water 

 
Al2O3 

 

45 – 50 
 

0.1 , 0.4 
,0.8. 

Horizontal Laminar 

42% the heat transfer improved for 0.8 vol % concentration 

nanofluids. 20% the pressure drop increased  for 0.8 vol % 

concentration at Dean number 2650. 

Srinivas et al. 

[10] 
2015 Water 

Cuo 
 

40 

0.3, 0.6, 1, 
1.5 , 2. wt 

% 

Vertical Laminar 

The maximum enhancement in the heat transfer was 32.7% 

at dean number 3700 and 2% wt  concentration. The 
nanofluid has more effect on het transfer compared to 

stirrer speed at 1500 rpm and shell side temperature of 

water 50oC 

Khairul et al. 

[11] 
2013 Water 

Cuo 
Al2O3 

Zno 25 

1 – 4 Horizontal Turbulent 
The heat transfer coefficient 7.14% increase with increase 
volume rate for CuO at 3%volume concentration and flow 

rate is 6 liter per minute. 

Kahani  et al. 

[12] 
2014 Water 

TiO2 

50 
0.25 – 2 Horizontal Laminar 

The maximum heat transfer coefficient is 4710 w/ m2k at 
Re = 3400 and 2%  volume concentration of nanofluid. The 

pressure drop the range of 2450 to 5570 pa with changing 

volume fraction from 0.25% to 2 % at Re = 1200 

Mukesh kumar  

et al. [13] 
2012 Water 

Al2O3 

45 - 50 

0.1 , 0.4 

,0.8. 
Horizontal Laminar 

The overall heat transfer coefficient of counter flow is 
5.9% higher than that of parallel flow at 0.8% volume 

concentration of nanofluid. 

Mukesh kumar 

et al. [14] 
2013 Water 

Al2O3 

45 - 50 

0.1 , 0.4 

,0.8. 
Horizontal Laminar 

The enhancement of overall heat transfer coefficient was 
24% at 0.8% volume concentration and Re = 8600 

The increase  friction factor was 18%  at 0.8 % volume 

concentration and Re = 8532. 

Mukesh kumar 
et al. [15] 

 
2014 

Water 
Al2O3 
45 - 50 

0.1 , 0.4 
,0.8. 

Horizontal Turbulent 

The heat transfer coefficient enhancement was observed to 
be 30% at 0.8 % volume concentration of nanofluid  and 

inner heat transfer coefficient and  Nusselt number 15% 

and 56% respectively.The pressure drop is obtain 9% at 0.8 
% volume concentration of nanofluid. 

Mukesh kumar 

et al. [16] 
2015 Water 

Al2O3 

45 - 50 

0.1 , 0.4 

,0.8. 
Horizontal Laminar 

The enhancement of nusselt number 30% at  at 0.8 % 

volume concentration of nanofluid and dean number = 
2650 

The enhancement of pressure drop 9% at  at 0.8 % volume 

concentration of nanofluid and dean number of 2650 

Hashemiand 

Akhavan – 

Behabdi et al. 
[17] 

2012 Oil 
Cuo 

50 

0.5, 1, 2 

wt% 
Horizontal Laminar 

Maximum heat transfer  enhancement of 18.7%  and 30.4% 

was obtained for nanofluid flow with 2% weight 

concentration inside the straight tube and helical coil tube 
,respectively. 

Milad Rakhsha 

et al. [18] 
2015 Water 

Cuo 

68 
0.1.  Horizontal Turbulent 

The improved heat transfer coefficient and pressure drop 

was obtain 16 -17% and 14 -16% respectively. 

Suresh et al. 
[19] 

2011 Water 
Cuo 
15. 7 

0.1 , 0.2 , 
0.3 . 

Horizontal Turbulent 

 
The Nusselt number improved 39% at 0.3% volume 

concentration nano fluid and isothermal pressure drop 2- 

10% higher than the plain tube. 
 

Kahani  et al. 

[20] 
2013 Water 

Al2O3 - 35 

TiO2 – 

50 
 

0.25 to 1.0 Horizontal Laminar 

The maximum thermal performance factor is found to be 

3.82 for 1.0 % volume  concentration of  Al2O3 /water 

nanofluid through the higher pitch of the helical at 
Reyanolds number  = 1865 

Gabriela 
huminic et al. 

[21] 

2016 Water 
Cuo 

TiO2 
0 to 2.0 Horizontal Laminar 

The maximum effectiveness was 91% for 2 %Cuo 

nanoparticle and 80% for 2% TiO2 nanoparticle. 
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Siamak 
Mirfendereski  

et al. [22] 

2015 Water 
Ag 

10 
0.03 Horizontal Laminar 

Heat transfer increase since using Ag nanofluids  foe 

helical coiled tube heat exchanger about 3.5 – 3.8%. 

Akhavan 
Behabadi et al. 

[23] 

2012 
Heat 
transfer 

oil 

MWCNT 

5 – 20 

0.1 , 0.2 , 

0.4 , wt %. 
Vertical Laminar 

Nusselt number increased upto  45% as a result of using 
nanofluid instead of the base fluid . heat transfer coefficient 

increment about 80%. 

Fakoor 

Pakdaman et al. 
[24] 

2013 

Heat 

transfer 
oil 

MWCNT 

5 – 20 

0.1 , 0.2 , 

0.4 , wt %. 
Vertical Laminar 

The pressure drop of the flow increase with Reynolds 

number as well as nanoparticle weight concentration 0.4 wt 
% increase up to 20% at Reynolds number 1800. 

Aly et al. [25] 2014 Water 
Al2O3 

40 

0.5, 1.0, 

2.0, 
Horizontal Turbulent 

The heat transfer coefficient increase by increasing the coil 

diameter and nanoparticle volume concentration. 
Moreover, the friction factor increase with increase in the 

curvature ratio and almost there is no pressure drop penalty 

with increasing the nanoparticles volume concentration up 
to 2% 

Mohammed et 

al. [26] 
2012 Water 

Cuo 

25 
4.0 Horizontal Laminar 

The heat transfer can be enhanced by reducing the helix 

radius, increasing inner tube diameter and decreasing the 
annulus diameter and  pressure drop increased as the helix 

radius was reduced and decreased as the inner tube 

diameter was increased. 

Wu Zan    et al 
.[27] 

2013 Water 
Al2O3 

40 
0.78 to 7.04 
wt % 

Horizontal 
( Double 

helical coil 

tube heat 
exchanger) 

Laminar 

and 

Turbulent 

The enhancement of the inner tube heat transfer coefficient 

will be 3.38% at 7.04 wt%. the pressure drop increase with 
increase the nanoparticles weight concentration for laminar 

and turbulent flow at same Reynolds number. 

Gabrieal 
Huminic  et al . 

[28] 

2011 Water 
Cuo 
TiO2 

24 

0.5 , 1.0 , 

2.0, 3.0 . 

Horizontal 

( Double 
helical coil 

tube heat 

exchanger) 

Laminar 

 

The maximum enhancement of the heat transfer rate of the 

water with 19% . the maximum heat transfer coefficient of 
nanofluid for CuO/water nanofluid at 2% volume 

concentration , forTiO2 /water nanofluid at 3% volume  

concentration. 

Mostafa Kahani 

et al. [29] 
2013 Water 

MWCNT 

10 - 20 

0.3, 0.         

5, 1 wt % 
Horizontal Laminar 

The maximum achieved Nusselt number ratio enhancement 

was observed at 42.9% when 0.5 wt% nanofluids is used. 

 
 

Fakoor 

Pakdaman et al. 
[30] 

 
2012 

Heat 

transfer 

oil 

 

MWCNT 

5 – 20 

 

0.1 , 0.2 , 

0.4 , wt %. 

 
Vertical 

Laminar 

The pressure drop of the 0.1% wt. nanofluid inside tested 

helical coils is almost the same as that of base fluid. 
Contract for the 0.4% wt. nanofluid increase 20% is obtain 

at high Reynolds number. 

Wu Zan et al. 

[31] 
2016 Water 

MWCNT 

9.5 

0.02,0.05,0.

1 wt% 
Horizontal Laminar 

The increase in viscosity of the nanofluid  is much higher 

than the thermal conductivity enhancement. The relative 

thermal conductivity is only 1.04 while the relative 
viscosity 9.56 for 1.0wt% MWCNT/ water nanofluid. 

Narrein  et al. 

[32] 
2013 

Water 

Eg 
Engine oil 

Al2O3 

Sio2 

Cuo 
Zno 

25 - 80 

1.0 to 4.0 Horizontal Laminar 

The Nusselt number is highest using CuO /water nanofluid 

and rotation can be used to enhance the heat transfer rate at 
2% volume concentration of nanofluids. 

Forzan 
Akbaridust et 

al. [33] 

2013 
Water 

 

Cuo 

68 
0.1, 0.2 Horizontal Laminar 

More enhanced heat transfer and pressure drop obtain for 

tube with greater curvature ratio . nanofluid with higher 
value of particle volume  concentration had higher heat 

transfer coefficient and pressure drop in different helical 

coiled tubes. 

Kannadasan et 

al. [34] 
2012 Water 

Cuo 

15 
0.1, 0.2 

Horizontal 

and Vertical 
Turbulent 

The Nusselt  number increased with increased Dean 

number at CuO/water nanofluid 0.2%  obtained 45% for 

horizontal position and 49% for vertical position of helical 

coiled heat exchanger. 

The friction factor at 0.2 % volume fraction CuO /water 

nanofluid to be 21% for horizontal and 25% for vertical 
position arrangement. 

 

Allahyar et al. 

[35] 
2016 Water 

Al2O3 / 

Ag 
(nanocomp

osite) 

80nm 

0.1, 0.2, 

0.3, 0.4. 
Horizontal Laminar 

The maximum rate of heat transfer can be obtained by 
using the composite nanofluid at a concentration of 0.4 vol 

% which is 31.58% higher than that of the distilled water. 

Kahani et al. 

[36] 

2014 

 
Water 

Al2O3 

35 

0.25, 0.5, 

0.75, 1.0 
Horizontal Laminar 

The Nu sselt number increase from 15.51 to 51.58% for 

small curvature ratio. Helical coil tube Reynolds number 

range 530 to 3409 at 0.75 %volume concentration of 
nanofluid. 
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The maximum pressure drop obtained 1% volume 
concentration of nanofluid range of 1650 to17254 at 

Reyanolds number 675 to 3800. 

Siamak 

Mirfendereski  
et al. [37] 

2015 Water 
Ag 

10 
0.03 Horizontal Laminar 

The nanofluid is used to helical coil heat exchanger 
increase the heat transfer about 2.5 - 3.8%.The pressure 

drop increase curvature ratio 0.04778 at 0.03% volume 

concentration of nanofluid. 

Khoshavaght-
Aliabadi et al. 

[38] 

2016 Water 
Cuo 

30 – 50 

0.1, 0.2, 

0.3. 
Horizontal Laminar 

The Nusselt number of the 0.3% volume concentration of 
nanofluid compared to the base fluid about 20.6% at lower 

helical micro tube. 

Bahremand  et 

al. [39] 
2015 Water 

Ag 

10 
0.03 Horizontal Turbulent 

Increase of mean heat transfer coefficient of nanofluid  
curvature ratio increase with compare single phase 

approach , and Two phase approach 1.89% and 4.25% 

respectively. 

Bahrehmand et 

al .[40] 
2016 Water 

Al2O3 

20 

 
0.2, 0.3. Vertical Turbulent 

The mean heat transfer rate increase with volume 

concentration of nanofluid 0.2% and 0.3% with increase 

14% and 18% respectively. Coil side increase nanofluid 
concentration ,shell side and overall heat transfer 

coefficient enhancement. 

The pressure drop increase with increase Dean number 

with higher volume concentration of nanofluid. 

 

Mohammed et 

al. [41] 
2012 Water 

CuO 

25 
 

4 Horizontal Laminar 

The heat transfer can be enhanced by reducing the helix 

radius, increasing the inner tube diameter and decreasing 
the annulus diameter. And pressure drop increased as helix 

radius was reduced and decreased as the inner tube 

diameter was increased. 
 

 

pitch to tube diameter ratio leads to augmenting the heat 

transfer rate of base fluid as well as nanofluid. The Nusselt 

number acquired for the base fluid inside tested helical coil 

were 3 to 7 time higher than the value examined for this the 

base fluid inside straight tube with similar higher of the coil. It 

has nanofluid Nusselt number of in helical coil up to 10 times 

higher than the base fluid in straight tubes. 

 Fakoor Pakdaman et al. [24] studied flow characteristics and 

pressure drop inside vertical coiled tube heat exchanger in 

isothermal boundary condition under the laminar flow. 

Pressure drop of the flows increase with Reynolds number as 

well as nanoparticle weight concentration , as far as the tested 

straight tube is concerned, pressure drop of the 0.4 wt% 

nanofluid is up to 31% higher than that of the base fluid at the 

Reynolds number at 1800. Aly et al. [25] investigated 

numerically on turbulent heat transfer and pressure drop of 

nanofluid in coiled tube in tube heat exchanger. The effect of 

nanoparticle concentration and curvature ratio of helical 

coiled tube in tube heat exchanger. It was concluded that the 

heat transfer coefficient increases by increasing the coil 

diameter and nanoparticles volume concentration. Also , the 

result showed that the friction factor increase with the increase 

on curvature ratio and pressure drop penalty was negligible. 

With increasing then a naoparticles volume concentration. 

Mohammed et al. [26] studied the effect of the geometrical 

parameters of helically coiled heat exchanger like the helix 

radius, helix pitch, annulus diameter and inner tube diameter.  

it was conclude that the heat transfer can be enhanced by 

reducing the helix radius, increasing inner tube diameter and 

decreasing the annulus diameter. The presented results 

showed ,also that the pressure drop increased as the helix 

radius was reduced and decreased as the inner tube diameter 

was increased. 

 Wu Zan et al .[27] investigated pressure drop and convective 

heat transfer of water and nanofluids in a double pipe helical 

coil heat exchanger. The turbulent forced convective heat 

transfer and floe characteristics in a helical coiled tube with 

uniform wall temperature. The effect of various flow and 

geometric parameters on the circumferential average frication 

factor and Nusselt number were are studied. They found that 

effect of secondary flow caused by the centrifugal force on the 

developments and distribution of temperature and flow in 

turbulent flow is not as prominent as that in laminar flow, also 

the result indicated that enhancement of  Nusselt number in 

helical coiled tube was of 1.35 – 2.2 times copared to the 

straight tube ,while the friction factor was 1.7 – 2.7 times. 

Gabrieal Huminic  et al . [28]  studied the heat transfer 

characteristics of double tube helical coil heat exchanger 

under laminar flow condition. The result showed that for CuO 

nanoparticle in water, the heat transfer rate of the nanofluid 

greater than of pure water , but the enhancement beings to 

worsen because higher particle concentration leads to high 

viscosity. Mostafa Kahani et al. [29] studied the effect of two 

different techniques of heat transfer enhancement using 

nanoflids and helical coiling on the convective heat transfer. 

The result showed that by increasing the Reylonds number or 

of the weight concentration nanofluid, the nusselt number 

increase considerably also, they conclude that the helical 

coiling techniques showed better performance than 

nanofliuds. Fakoor Pakdaman et al. [30] investigated the 

thermo physical properties, the heat transfer and the pressure 

drop of MWCNT/Oil nanofluids flow inside vertical helically 
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coiled tubes. Constant wall temperature was adopted as 

thermal boundary condition. Pressure drop of the flows 

increase with Reynolds number as well as nanoparticle weight 

concentration. The result illustrated suspending nanoparticles 

in the base fluid enhances it thermo –physical properties 

noticeably. The present results showed, also that the high 

overall performance index of  upto 6.4 was obtained for the 

simultaneous utilization of both heat transfer enhancement 

technique 

 Wu Zan et al. [31] investigated the hydraulic and thermal 

performance of aqueous Multi-wall carbon nanotubes 

(MWCNT) in double helical coil heat exchanger. The 

enchancement in thermal conductivity by MWCNT is 

beneficial for heat transfer ,where as the secondary flow 

intensity induced by centrifugal force in the helical tube. The 

MWCNT increase thermal conductivity of nanofluid delay 

and disturb the thermal boundary layer and beneficial for heat 

transfer performance. Narrein  et al. [32] studied the effect of 

different nanopaticle types, different nanoparticle diameter, 

volume concentration and different tpes of base fluids on the 

hydraulic and thermal characteristics in helically coiled tube 

heat exchanger under laminar flow condition. The results 

showed that nanofluids enhancement thermal properties the 

performance of the helically coiled tube heat exchanger but it 

is accompanied with a slight increase in pressure drop. Also 

,they found that the Nusselt number was highest using 

CuO/water nanofluid and the rotation can enhance heat 

transfer rates. 

 Forzan Akbaridust et al. [33] present the helical coiled tube at 

constant wall temperature condition under laminar flow. The 

heat transfer and pressure drop of nanofluid were compared to 

that of base fluid at a same flow condition in different helical 

coil. More enchancement heat transfer and pressure drop  was 

obtained for tube with greater curvature ratio. Nanofluid  with 

higher values of particle volume fraction had higheaer heat 

transfer coefficient and pressure drop in different helical coil 

tube. Kannadasan et al. [34] performed a comparison on heat 

transfer and pressure drop characterstics in helically coiled 

heat exchanger held in horizontal and vertical positions. The 

result showed that the Nusselt number for the nanofluid  with 

of 0.2% volume concentration was higher in horizontal 

position compared to vertical position, which means that no 

are difference between horizontal and vertical arrangements. 

Also , the friction factor increases while increasing particle 

volume concentration.  

Allahyar et al. [35] investigated on the thermal performance 

of a coiled heat exchanger using hybrid nanofluid. The 

increase in Nusselt number is accompanied by increasing 

concentration of nanoparticle and Reynolds number. The 

maximum rate of heat transfer can be obtained by using the 

composite nanofluid at a concentration of 0.4 vol % which is 

31.58% higher than that of the distilled water and pressure 

drop increased as the Reynolds number and concentration of 

particle increased. Kahani et al. [36] performed effect of 

curvature ratio and pitch spacing on heat transfer performance 

nanofluid under laminar flow in helical coiled tube heat 

exchanger. The influence of curvature ratio on heat transfer 

rate, Nusselt number versus Reynolds number for nanofluid 

flow through helical coil tube at low curvature ratio. The heat 

transfer rate marginally increase as the curvature ratio 

decrease and higher Nusselt number for flow inside coil with 

bigger pitch spacing, improvement in heat transfer rate is 

more significant in lower Reynolds number. The maximum 

pressure drop at fluid flow inside helical coil tube volume 

concentration 1% , which has been biggest pitch spacing.  

Siamak Mirfendereski  et al. [37] investigated the heat transfer 

in helical coiled tube heat exchanger at constant wall heat flux 

under laminar flow condition. The helical coil tube with large 

curvature ratio leads to higher heat transfer enhancement and 

pressure drop increase due to increase the  nanofluid volume  

concentration. Khoshavaght-Aliabadi et al. [38] investigated 

heat transfer and flow characteristics of nanofluid flowing the 

helical micro tube (HMT) in a Reynolds number range from 

700 to 2100. The helical micro tube with lower coil diameter 

has higher value of the heat transfer coefficient and helical 

micro tube with the low coil diameter has lower value of 

pressure drop. Bahremand  et al. [39] presented convective 

heat transfer and pressure drop behavior of nanofluid in 

helical coiled tube heat exchanger flow in turbulent under 

constant wall heat flux. More enhanced heat transfer was 

observed for tube with greater curvature ratio. The results 

showed that the nanoparticle did not change the axial velocity 

and turbulent kinetic energy significantly, while the 

micrometer sized particles increased mean axial velocity and 

suppressed turbulence. It was found that the utilization of the 

base fluid in helical pipe with grater curvature ratio compared 

to the use of nanofluid in straight tubes increased heat transfer 

more effectively.  

Bahrehmand et al. [40] studied heat transfer characteristics of 

nanofluid flow inside shell and helical coil heat exchanger in 

numerical methods. The thermo physical properties of the 

fluids were considered to be temperature dependent, the coil 

side Reynolds number the shell side Reynolds number and the 

Prandtl number range between 9000 – 36000, 600 – 2600 and 

2.2. – 8.3 respectively. The performance of the heat exchanger 

was evaluated and the results reveals the effectiveness 

enhance by decreasing the mass flow rate and increasing the 

particle volume concentration tube diameter, and coil 

diameter. Mohammed et al. [41] studied the effect of the 

geometrical parameters of helically coiled tube heat exchanger 

on heat transfer and fluid flow characteristics. It was 

concluded that the heat transfer can be enhanced by reducing 

the helix radius, increasing the inner tube diameter and 

decreasing the annulus diameter. The result showed ,also that 

the pressure drop increased as helix radius was reduced and 

decreased as the inner tube diameter was increased. 

C. Future directions and challenges  

Helical coil tubes and nanofluid are two different technique to 

enhance the thermal performance of the heat exchanger. The 
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performed studies in helical coil tube showed that the heat 

transfer rate is compared to the straight tubes. Despite the fact 

that the use of the nanofluid in curvature tubes is limited , the 

studies showed significant enhancement of the thermal 

performance of the heat exchanger. It observed in the 

literature that, more emphasis is given on the analysis of 

helical coiled heat exchanger. The considerable data is 

available on spiral tube analysis which prove that the heat 

transfer coefficient is the function of curvature ratio. It also 

signifies that as curvature ratio less, the heat transfer rate is 

higher due to intensity of secondary developed. It is observed 

that very less significant data is available which deals with the 

tapered coil configurations for determination of thermal 

performance in tapered coil tube heat exchanger, while using 

nanofluids.  

II. CONCLUSION 

The literature review on experimental studies of forced 

convection show that significantly improve the heat transfer 

characteristics of forced convection in helical coiled tube heat 

, exchanger. Nano fluid used as working fluid were Al2O3/ 

water , Cuo /water, TiO2 /water, Ag/water, MWCNT/water 

and heat transfer oil, Sio2/water, Zno/water. Experiment were 

performed in both laminar and turbulent flow region with 

constant heat flux and constant wall  temperature thermal 

boundary condition and position of helical coiled tube heat 

exchanger as horizontal and vertical arrangement. The result 

showed the heat transfer coefficient and pressure drop 

increase with increase the nanoparticle volume concentration 

as well as Dean number. And few researches studies reported  

that the heat transfer rate increase with increase of pitch of the 

coil and decrease the curvature ratio.   

REFERENCES 

[1]. C. H. Li, G. P. Peterson, Experimental investigation of 
temperature and volume fraction variation on the effective thermal 

conductivity of nanoparticle suspensions (nanofluids), J. Applied 

Physics., 99 : 084314 (2006) 1-8. 
[2]. S. M. S. Murshed, K. C. Leong, C. Yang, Enhanced thermal 

conductivity of TiO2 – water based nanofluid, Int. Journal of 

Thermal Sci., 04 (2005) 367 -373. 
[3]. H. E. Patel, S. K. Das, T. Sundararagan, A. S. Nair, B. Geoge, T. 

Pradeep, Thermal conductivities of naked and monolayer 

protected metal nanoparticle based nanofluids : Manifestation of 
anomalous enhancement and chemical effects, Applied physics 

Letters., 83 (2003) 2931-2933.  

[4]. S. U. S. Choi, Z. G. Zhang, W. Yu, F. E. Lockwood, E. A. Grulke, 

Anomalous thermal conductivity enhancement in nano-tube 

suspensions, Applied physics Letters., 79 (2001) 2252-2254.  

[5]. X. Wang, X. Xu, S. U. S. Choi, Thermal conductivity of 
nanoparticle –fluid mixture, Journal of Thermophysics and Heat 

Transfer., 13 (1999) 474-480. 

[6]. J. M. Li, Z. L. Li, B. X. Wang, Experimental viscosity 
measurement for copper oxide nanoparticle suspensions, Tsinghua 

Sci. Tech., 7 (2002) 198 – 201. 

[7]. Y. He, Y. Jin, H. Chen, Y. Ding, D. Cang, H. Lu, Heat transfer 
and flow behavior of aqueous suspensions of TiO2 nanoparticle 

(nanofluids) flowing upward through a vertical pipe, Int. Journal 

of Heat and Mass Transfer,.50 (2007) 2272-2281. 
[8]. Y. Ding, H. Alias, D. Wen, R. A. Williams, Heat transfer of 

aqueous suspensions of carbon nanotubes (CNT nanofluid), Int. 

Journal of Heat and Mass Transfer,.49 (2005) 240 - 250. 

[9]. P. C. Mukesh kumar, J. Kumar, S. Sendhilnathan, R. Tamilarasan, 

S. Suresh, Heat transfer and pressure drop Al2O3 nanofluid as 

coolant in shell and helically coiled tube heat exchanger, 
Bulgarian Chemical Comm., 46 (4)  (2014) 743-749. 

[10]. T.Srinivas, A.Venu Vindo,  Heat transfer enchancement using 

CuO/water nanofluid in shell and helical coil heat 
exchanger,International conference on computational heat and 

mass transfer.,127 (2015) 1271 – 1277. 

[11]. M. A. Khairul, R. Saidu, M. M. Rahman, M. A. Alim, A. Hossain, 
Z. Abdin,  Heat transfer thermodynamic analyses of helically 

coiled heat exchanger using different types of nanofluids, Int. 

Journal of Heat and Mass Transfer,.67 (2013) 398-403. 
[12]. M. Kahani, S.Zeinali Heris, M.Mousavi, Experimental 

investigation of TiO2 / water nanofluid laminar forced convective 

heat transfer through helical coliled tube, Heat and Mass 
Transfer,.50 (2014) 1563-1573. 

[13]. P. C. Mukesh kumar, J. Kumar, S. Suresh, K. Praveen babu,  

Experimental study on parallel and counter flow configuration of a 
shell and helically coiled tube heat exchnanger using Al2O3 / water 

nanoflid,  J. Mater. Environ.Sci.,  3 (4) (2012) 766-755. 

[14]. P. C. Mukesh kumar, J. Kumar, S. Suresh, Experimental 
investigation on convective heat transfer and friction factor in a 

helically coiled with Al2O3 / water nanoflid, J. Mechanical  Sci. 

and Tech., 27 (1) (2013) 239-245.  
[15]. P. C. Mukesh kumar, J. Kumar, R. Tamilarasan, S. Sendhilnathan, 

S. Suresh, Heat transfer enchancement and pressure drop analysis 

in helically coiled tube using Al2O3 / water nanoflid, J. 
Mechanical  Sci. and Tech., 28 (5) (2014) 1841-1847. 

[16]. P. C. Mukesh kumar, K.Palanisamy,  J. Kumar, R. Tamilarasan, S. 

Sendhilnathan, CFD analysis of heat transfer and pressure drop in 
helically coiled heat exchangers using Al2O3 / water nanoflid, J. 

Mechanical  Sci. and  Tech., 29 (2) (2015) 1-9. 

[17]. S. M. Hashemi, M. A. Akhavan behabadi, An empirical study on 
heat transfer and pressure drop characteristics of CuO – base oil 

nanofluid flowing in a horizontal helically coiled tube under 

constant heat flux, Int. Journal Heat and Mass Transfer,.39 (2012) 
144 -151 

[18]. Mild Raksha, Farzan Akbaridoust, Abbas abbassi, Saffar-avval 

majid, Experimental and numerical investigation of turbulent 

forced convection flow of nano-fluid in helical coiled tubes at 

constant surface temperature, Powder Technology., 283 (2015) 
178-189. 

[19]. S. Suresh, M.Chandrasekar, S.Chandra Sekhar, Experimental 

studies on heat transfer and friction factor characteristics of CuO / 
water nanofluid under flow in a helically dimpled tube, 

Exp.Thermal and Fluid  Sci., 35 (2011) 542-549.  

[20]. M. Kahani, S. Zeinali Heris, S. M. Mousavi, Comparative study 
between metal oxide nanopowders on thermal characteristics of 

nanofluid flow through helical coils, Powder Technology., 246 

(2013) 82-92. 
[21]. Gabriela Huminic,  Angel Huminic, Heat transfer and entropy 

generation analyses of nanofluids in helically coiled tube – in-tube 

heat exchangrs, Int. Commn. In Heat and Mass Trans., 71 (2016) 
118-125. 

[22]. Siamak mirfendereski, Abbas abbassi, Majid Saffar-avval, 

Experimental and numerical investigation of nanofluid heat 
transfer in helically coiled tubes at constant wall heat flux , 

Advanced  Powder Technology., 26  (2015) 1483-1494. 

[23]. M. A. Akhavan-Behabdi, M. Fakoor Pakdaman, M. Ghazvini, 
Experimental investigation on the convective heat transfer of 

nanofluid flow inside vertical helically coiled tubes under uniform 

wall temperature condition, Int. Commn. In Heat and Mass Trans., 
39 (2012) 556-564. 

[24]. M. Fakoor prkdaman, M. A. Akhavan-Behabdi, P. Razi, An 

empirical study on the pressure drop characteristics of nanofluid 
flow inside helically coiled tubes, Int. Journal of Thermal Sci., 65 

(2013) 206-213. 

[25]. Wale I. A. Aly, Numerical study on turbulent heat transfer and 
pressure drop of nanofluid in coiled tube-in-tube heat exchangers, 

Energy conversion and Mgt., 79 (2014) 304-316. 



International Journal of Research and Scientific Innovation (IJRSI) | Volume IV, Issue IA, January 2017 | ISSN 2321–2705 

www.rsisinternational.org Page 34 
 

[26]. H. A. Mohammed , K. Narrein, Thermal and hydraulic 

characteristics of nanofluid flow in helically coiled tube heat 

exchanger, Int. Commn. In Heat and Mass Trans., 39 (2012) 1375-
1383. 

[27]. Zan Wu, Lei Wang, Bengt Sunden, Pressure drop and convective 

heat transfer of water and nanofluids in a double pipe helical heat 
exchanger,  Applied Thermal Eng., 60 (2013) 266 – 274. 

[28]. Gabriela Huminic, Angle Huminic, Heat transfer characteristics in 

double tube helical heat exchangers using nanofluids,  Int. Journal 
of Heat and Mass Trans.,  54 (2011) 4280- 4287. 

[29]. Mostafa Kahani, Saeed Zeinali Heris, Seyed Mahmoud Mousavi, 

Multiwalled carbon nanotube / water nanofluid or Helical coiling 
Technique, Which of Them is more Effective?, Ind. Chem, Res. 

52 (2013) 13183 – 13191. 

[30]. M. Fakoor Pakdaman, M. A. Akhavan Behabadi, P. Razi, An 
experimental investigation on thermo physical properties and 

overall performance of MWCNT / heat transfer oil nanofluid flow 

inside vertical helically coiled tubes, Exp. Thermal and Fluid Sci., 
40 (2012) 103 – 111. 

[31]. Zan Wu, Lei Wang, Bengt Sunden, Lars Wadso, Aqueous carbon 

nanotube nanofluid and their thermal performance in helical heat 
exchanger, Applied Thermal Eng., 96 (2016) 364 – 371. 

[32]. K. Narrein, H. A. Mohammed, Influence of nanofluid and rotation 

on helically coiled tube heat exchanger performance, 
Thermochimica Acta., 564 (2013) 13-23. 

[33]. Frazan Akbaridoust, Milad Rakhsha, Abbas Abbassi, Majid Saffar 

avval, Experimental and numerical investigation of nanofluid heat 
transfer in helically coiled tubes at constant wall temperature using 

dispersion model, Int. Journal of Heat and Mass Transf., 58  

(2013) 480 – 491. 
[34]. N. Kannadasan, K. Ramanathan, S. Suresh, Comparison of heat 

transfer and pressure drop in horizontal and vertical helically 

coiled heat exchanger with CuO / water based nano fluids, Exp. 

Thermal and Fluid Sci., 42 (2012) 64 -70. 

[35]. H. R. Allahyar, F. Hormozi, B. ZareNezhad, Experimental 
investigation on the thermal performance of a coiled heat 

exchanger using a new hybrid nanofluid, Exp. Thermal and Fluid 

Sci., 76 (2016) 324 -329. 
[36]. M. Kahani, S. Zeinali Heris, S. M. Mousavi, Effect of curvature 

ratio and coil pitch spacing on heat transfer performance of 

Al2O3/water nanofluid laminar flow through helical coils, Journal 
of dispersion Science and Technology., 34 (2013) 1704 -1712.   

[37]. Simak Mirfendereski, Abbass Abbassi, Majid Saffar-avval, 

Experimental and numerical investigation of nanofluid heat 
transfer in helically coiled tubes at constant heat flux, Advanced 

Powder Technology., 26 (2015) 1483-1494.  

[38]. M. Khoshvaght – Aliabadi, S. Pazdar, O. Sartipzadeh, 
Experimental investigation of water based nanofluid containing 

copper nanoparticles across helical microtubes, Int. Commn. In 

Heat and Mass Trans., 70 (2016) 84 - 92.  
[39]. H. Bahremand, A. Abbassi, M. Saffar-Avval, Experimental and 

numerical investigation of turbulent nanofluid flow in helically 

coiled tubes under constant wall heat flux using Eulerian- 
Lagrangian approach, Powder Technology.,  269 (2015) 93 – 100.   

[40]. S. Bahrehmand, A. Abbassi, Heat transfer and performance 

analysis of nanofluid flow in helically coiled tube heat exchanger, 
Chemical Engineering Research and Design., 109 (2016) 628 – 

637. 

[41]. H. A. Mohammed, K. Narrein, Thermal and hydraulic 
characteristics of nanofluid flow in helically coiled tube heat 

exchanger., Int. Commn. In Heat and Mass Trans., 39 (2012) 1375 

- 83. 

 

 

 

 

 

 

 

 

 

 

 

  

 

    


