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   Abstract  

 

Heat Exchangers are one of the most important engineering systems with various applications like power plants, nuclear reactors, 

refrigeration and air conditioning, heat recovery systems, chemical processing and food industries. Basic advantage of helical Coil 

heat exchanger is its higher heat transfer with compact size, due to secondary flow generation in coil. One of the passive methods 

of heat transfer enhancement is used here, by changing the design of helical coil. Few investigators have introduced Critical 

Reynolds number to identify the transition from laminar to turbulent flow in helical coils which is given by Schmidts Co-relation. 

An attempt is made to change the curvature ratio continuously throughout the coil by using a conical shaped coil in order to 

decrease the critical Reynolds number. Then fabrication of both straight and conical coil heat exchangers is done for 

experimentation work. The mass flow rate range through coil is taken 0.01 kg/s,0.02 kg/s, 0.05 kg/s,0.07 kg/s,0.09 kg/s, 0.1 kg/s 

keeping mass flow rate through shell 0.05 kg/s constant also tube inlet and shell inlet temperatures maintained same 42ºC and 27 

ºC respectively for all mass flow rate. This experimentation is done in parallel as well as in counter flow arrangement. Experimental 

results of conical coil are compared with straight helical coil. As mass flow rate through coil increases there is increment in shell 

outlet temperature by enhancement of heat transfer by 2.78%, average heat transfer and LMTD by 12%, heat transfer coefficient 

by 4%, overall heat transfer coefficient by 11% and decrement in friction factor and pressure drop by 40% in conical coil heat 

exchanger counter arrangement as compare to straight coil heat exchanger. 
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I. INTRODUCTION 

Heat transfer between flowing fluids is one among the foremost necessary physical processes of concern, and a variety of heat 

exchangers are utilized in totally different kind of installations, like process industries, atomic power plant, HVACs, food 

processing, refrigeration, etc.In Helical coil heat exchanger, it is seen that Curved shape of the tube in heat exchangers is one of 

the passive methods of heat transfer enhancement. Curved coil causes the flowing fluid to experience centrifugal force. The extent 

of centrifugal force experienced depends on the local axial velocity of the fluid particle and the radius of curvature of the coil. The 

fluid particles flowing at the core of the pipe have higher velocities than those flowing near to the pipe wall. Thus, the fluid particles 

flowing close to the tube wall experience a lower centrifugal force than the fluid particles flowing in the tube core. This causes the 

fluid from the core region to be pushed towards the outer wall (away from the coil axis). This stream bifurcates at the wall and 

drives the fluid towards the inner wall along the tube periphery, causing generation of counter-rotating vortices called secondary 

flows. The secondary flows produce additional transport of the fluid over the cross section of the pipe. This additional convective 

transport can affect the heat transfer across the heat exchanger by considering a coil with continuously changing curvature ratio 

i.e. changing the geometry of the coil. 

II. LITERATURE SURVEY 

N. Ghorbani et.al [1]: In this study the mixed convection heat transfers in a coil-in-shell heat exchanger for various Reynolds 

numbers, various tube-to-coil diameter ratios and different dimensionless coil pitch was experimentally investigated. Effects of 

coil pitch and tube diameters on heat transfer coefficient of the heat exchanger were studied 

Abhinav Gupta et.al [2]: This article presents an experimental investigation of heat transfer and pressure drop 

characteristics of R-134a condensing inside a horizontal helical coil tube with the cooling water flowing in the shell in counter 

flow direction. Developed to predict two-phase Nusselt number and frictional pressure drop multiplier during condensation of R-

134a inside horizontal helical coil tube. 
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S.S. Pawar et.al [3]: Experimental studies on isothermal steady state and non-isothermal unsteady state conditions were 

carried out in helical coils for Newtonian and non-Newtonian fluids. It was also observed from experimental results that as helix 

diameter increases, overall heat transfer coefficient and Nusselt numbers of both fluids decreases for the same flow rates. 

T.A.Pimenta et.al [4]: carried out experimental work, for Newtonian and non-Newtonian fluids, to determine the friction 

factor with simultaneous heat transfer, at constant wall temperature as boundary condition, in fully developed laminar flow inside 

a vertical helical coil. 

Armand Fopah Lele et.al [5]: two different heat exchangers are studied in this paper. A plate fin and helical coil heat 

exchangers embedded in a magnesium chloride bed is modelled and solved using the software COMSOL 4.3a based on finite 

element method.  

M.R. Salimpour. et.al [6]: carried out experiment on. three heat exchangers with different coil pitches and same coil 

dimeter of with mass flow rate range 0.016 kg/s to 0.113 kg/s and temperature for tube 33.4 ˚C to 53.2 ˚C were 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. were measured using appropriate instruments. 

N. D. Shirgire1 et.al [7]: studied the relative advantage of using a helically coiled heat exchanger against a straight tube 

heat exchanger. It is found that the heat transfer in helical circular tubes is higher as compared to Straight tube due to their shape.  

Pablo Coronel et.al [8]: The experiments were conducted in helical heat exchangers, with coils of two different curvature 

ratios (d/D = 0.114 and 0.078), and in straight tubular heat exchangers at various flow rates (1.89 x 10−4 - 6.31 x 10−4 m3/s) and 

for different end-point temperatures (92 - 149 ºC). The results show that the overall heat transfer coefficient (U) in the helical heat 

exchanger is much higher than that in straight tubular heat exchangers. 

Pramod S. Purandare et.al [9]: This paper deals with the parametric analysis of the helical coiled heat exchanger with 

various correlations given by different researchers for specific conditions. The parametric analysis of these various correlations 

with specific data is presented in this paper. 

B. Chinna Ankanna et.al [10]: This paper focus on an increase in the effectiveness of a heat exchanger and analysis of 

various parameters that affect the effectiveness of a heat exchanger and also deals with the performance analysis of heat exchanger 

by varying various parameters like number of coils, flow rate and temperature. 

Harith Noori Mohammed et.al [11]: An experimental study has been conducted on steady-state natural convection heat 

transfer from helical coil tubes in vertical orientation. The data were correlated using tube diameter as the characteristic length. 

The results show that the overall heat transfer coefficient and Nusselt number increase when the flow rate of coolant and curvature 

ratio increase.  

S.D.Sancheti et.al [12]: Experimental and theoretical analysis of a helically coiled heat exchanger considering fluid-to-

fluid heat transfer is done. After validating the methodology of CFD analysis of a heat exchanger, the effect of considering the 

actual fluid properties instead of a constant value is established. It is found that the specification of a constant temperature or 

constant heat flux boundary condition for an actual heat exchanger does not yield proper modelling. 

J.S. Jayakumar et.al [13]: an experimental setup is fabricated for the estimation of the heat transfer characteristics. The 

experimental results are compared with the CFD calculation results using the CFD package FLUENT 6.2. Based on the 

experimental results a correlation is developed to calculate the inner heat transfer coefficient of the helical coil. 

It is decided to study experimentally heat transfer in straight helical coil and its comparison with conical coil. 

III. EXPERIMENTATION 

 
Fig. 1: Experimental Setup 
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1) An experimental set up consist of heat exchanger, hot water tank and cold water tank (water cooler). Heat exchanger is a 

device which consists of straight and conical helical coil made up of copper material, enclosed in a shell. 

2) Shell is made up of MS material closed from top and bottom with the same material, four openings are provided on the shell 

using 1.5` socket two for hot water and other two for cold water. 

3) Hot water tank and cold water tank is used to store the hot water and cold water at atmospheric pressure respectively. The 

level of water is kept constant in both the tank using solenoid valves. Head of water is kept constant throughout the 

experimentation. 

4) The inlet and outlet of both hot and cold water are connected using flexible PVC pipe. Thermocouples are installed on all four 

points to measure the temperature of water at respective places. 

5) Further, all the thermocouple is connected with data logger which keeps the record of inlet, outlet temperature of hot and cold 

water. 

6) Parallel and Counter arrangement are by interchanging the hot water inlet and outlet PVC connections. 

7) Mass flow rate of hot and cold water are measured using rotameter. 

IV. EXPERIMENTATION 

Following is the helical Coil heat exchangers with Constant and varying Curvature Ratio considered for experimentation with 

copper tube of 0.0125m inner dia. 

 
Fig. 2: Helical Coil Heat Exchanger with constant and varying curvature 

V. HEAT TRANSFER ANALYSIS 

1) Heat transfer for coil fluid, (Qc): Qc = mcCp,c (Tc,i – Tc,o ) 

2) Heat transfer for shell fluid, (Qs): Qs = msCp,s (Ts,o – Ts,i ) 

3) Average heat transfer, (Qavg):  

Qavg =
(Qc + Qs)

2
 

4) Inside tube heat transfer coefficient, (hi): 

hi =
Qavg

Ai (Tci − Tco)
 

5) Logarithmic temperature difference for parallel flow, (ΔTLMTD) PF 

(ΔTLMTD)PF =
[(Tc, i − Ts, i) − (Tc, o − Ts, o)]

log
(Tc, i − Ts, i)

(Tc, o − Ts, o)

 

Logarithmic temperature difference for counter flow, (ΔTLMTD) CF 

(ΔTLMTD)PF =
[(Tc, i − Ts, o) − (Tc, o − Ts, i)]

log
(Tc, i − Ts, o)
(Tc, o − Ts, i)

 

If parallel flow arrangement overall heat transfer coefficients, Ui & Uo and outside shell side heat transfer coefficient, ho is 

obtained as: 

Uo =
Qavg

Ao. (ΔTLMTD)PF 
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ho =
1

[
Ao

Ui. Ai
] −

Ao. log [
do
di

]

2πKtL
− [

Ao
hi. Ai

]

 

If counter flow arrangement overall heat transfer coefficients, Ui & Uo and outside shell side heat transfer coefficient, ho is obtained 

as: 

Ui =
Qavg

Ai. (ΔTLMTD)CF 
 

Uo =
Qavg

Ao. (ΔTLMTD)CF 
 

ho =
1

[
Ao

Ui. Ai
] −

Ao. log [
do
di

]

2πKtL
− [

Ao
hi. Ai

]

 

6) Nusselts Numbers, (Nui): 

Nui =
hi. di

Kc
 

7) Effectiveness of Heat Exchanger (ϵ): 

ϵ =
Qavg

(mCp)min ( Tci – Tsi) 
 

8) Friction Factor (ƒ):  

ƒ =  
7.2

Rei0.5 [
di

Dc
]0.25 

9) Pressure Drop (ΔP): 

ΔP =  
2ƒLρVi2

di
 

VI. RESULTS AND DISCUSSION 

Experimentation was conducted on both the heat exchangers for comparing various performance parameters like: 

A. Shell Outlet Temp. (Tso) vs Mass Flow Rate (ṁc ) 

 
Fig. 1: Shell outlet temp.(Tso) vs mass flow rate (ṁc ) 

It is observed that as hot water mass flow rate (coil fluid) increases, shell fluid outlet temperature (cold fluid) increases for parallel 

and counter flow arrangement. For mass flow rate 0.01kg/s to 0.05 kg/s continuous rise in shell water outlet temperature is observed 

afterwards 0.05 kg/s to 0.09 stagnation is achieved. Maximum shell outlet temperature is observed at mass flow rate of 0.1 kg/s 

for conical coil heat exchanger with counter flow arrangement. In comparison with straight coil heat exchanger with parallel flow 

arrangement there is rise in temperature by 2.78%. 
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B. Average Heat Transfer (Qavg) vs Mass Flow Rate (ṁc ) 

 
Fig. 2: Average heat transfer (Qavg) vs mass flow rate (ṁc ) 

It is observed that as hot water mass flow rate (coil fluid) increases, there is increase in average value of heat transfer for parallel 

and counter flow arrangement for both heat exchangers. For mass flow rate 0.01kg/s to 0.05 kg/s continuous rise in average value 

of heat transfer shell water outlet temperature is observed afterwards 0.05 kg/s to 0.09 stagnation is achieved. Maximum value for 

average heat transfer is observed at mass flow rate of 0.1 kg/s for conical coil heat exchanger with counter flow arrangement. In 

comparison to straight coil heat exchanger with counter flow arrangement there is rise in average value of heat transfer by 12%. 

C. LMTD vs Mass Flow Rate (ṁc ) 

It is observed that as hot water mass flow rate (coil fluid) increases, there is increase in LMTD value for parallel and counter flow 

arrangement for both heat exchangers. For mass flow rate 0.01 kg/s to 0.1 kg/s continuous rise in LMTD value. Maximum value 

for LMTD is observed at mass flow rate of 0.1 kg/s for conical coil heat exchanger with counter flow arrangement. In comparison 

to straight coil heat exchanger with counter flow arrangement there is rise in LMTD by 1.26 %. 

 
Fig. 3: LMTD vs mass flow rate (ṁc ) 

D. Heat Transfer Coefficient (hi) vs Mass Flow Rate (ṁc ) 

 
Fig. 4: eat transfer coefficient (hi) vs mass flow rate (ṁc ) 
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It is observed that internal heat transfer coefficient (hi) of coil with hot fluid flowing through it increases with increase in the mass 

flow of hot fluid from 0.01 kg/s to 0.1 kg/s. The effect of curvature ratio is observed at higher mass flow rate. The maximum heat 

transfer coefficient is obtained for Conical coil heat exchanger at higher mass flow rate of 0.1kg/s of hot fluid as the secondary 

flow in the curved coil tend to be more effective as compared to a constant curvature ratio coil. The value of heat transfer coefficient 

for conical coil heat exchanger is 4% more than straight helical coil counter flow arrangement. As the value of heat transfer 

coefficient is more Nusselt no. is more means more heat transfer in conical coil heat exchanger. 

E. Overall Heat Transfer Coefficient (Ui) vs Mass Flow Rate (ṁc ) 

 
Fig. 5: Overall Heat Transfer Coefficient (Ui) vs mass flow rate (ṁc ) 

It is observed that as hot water mass flow rate (coil fluid) increases, there is increase in overall heat transfer coefficient in parallel 

and counter flow arrangement for both heat exchangers. For mass flow rate 0.01kg/s to 0.05 kg/s there is continuous rise in value 

of overall heat transfer coefficient for both heat exchangers in parallel as well as in counter flow. Maximum value for overall heat 

transfer coefficient is observed at mass flow rate of 0.1 kg/s for conical coil heat exchanger with counter flow arrangement. In 

comparison to straight coil heat exchanger with counter flow arrangement there is rise in overall heat transfer coefficient value by 

11%. Overall heat transfer coefficient is directly proportional to heat transfer rate hence conical coil heat exchanger with counter 

flow arrangement is giving better heat transfer result as compare to straight coil heat exchanger with counter arrangement. 

F. Effectiveness vs Mass Flow Rate (ṁc ) 

 
Fig. 6:  Effectiveness vs mass flow rate (ṁc ) 

It is observed that as hot water mass flow rate (coil fluid) increases, there is decrease in effectiveness value in parallel and counter 

flow arrangement for both heat exchangers. For mass flow rate 0.01kg/s to 0.05 kg/s continuous decrement in value of 

effectiveness. It is observed from mass flow rates 0.05 kg/s to 0.1 kg/s their slight increment in effectiveness value for both heat 

exchangers. Maximum value for effectiveness is observed at mass flow rate of 0.1 kg/s for conical coil heat exchanger with counter 

flow arrangement. In comparison with straight coil heat exchanger with counter flow arrangement there is rise in value of 
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effectiveness by 8%. Effectiveness value for any heat exchanger should be more for better heat transfer from one fluid to another. 

In this case, conical coil heat exchanger has better value of effectiveness as compare to straight coil heat exchanger. 

G. Nusselt No. (Nui) vs Mass Flow Rate (ṁc ) 

 
Fig. 7: Nusselt No. (Nui) vs mass flow rate (ṁc) 

It is observed that as hot water mass flow rate (coil fluid) increases, there is increase in Nusselt no. value in parallel and counter 

flow arrangement for both heat exchangers. For mass flow rate 0.01 kg/s to 0.1 kg/s there is continuous increment in value of 

Nusselt. kg/s to 0.1 kg/s. Maximum value for Nusselt no. is observed at mass flow rate of 0.1 kg/s for conical coil heat exchanger 

with counter flow arrangement. In comparison with straight coil heat exchanger with counter flow arrangement there is rise in 

value of Nusselt by 8%. Effectiveness value for any heat exchanger should be more for better heat transfer from one fluid to 

another. In this case, conical coil heat exchanger has better value of effectiveness as compare to straight coil heat exchanger. 

H. Friction Factor (f) vs Mass Flow Rate (ṁc ) 

It is observed that as the mass flow rate increases from 0.01 kg/s to 0.1 kg/s there is uniform decrement in friction factor for both 

heat exchangers. For mass flow rate 0.01 kg/s friction factor is maximum for both coils in the range of 0.85 to 0.1. Friction factor 

predicts the frictional energy loss mainly based on the velocity of the fluid in the pipe. It is exclusively used to calculate head loss 

due to friction in turbulent flow. As the curvature ratio is continuously varying in conical coil heat exchanger the fluid is flowing 

smoothly with maximum velocity at the centre for almost entire length of coil. Whereas the velocity is found to be maximum in 

straight coil at the outer radius of coil. Hence friction factor for mass flow rate of 0.1 kg/s for conical coil heat exchanger is 40% 

less as compare to straight coil heat exchanger. 

 
Fig. 8: Friction Factor (f) vs mass flow rate (ṁc ) 

I. Pressure Drop vs Mass Flow Rate (ṁc ) 

It is observed that as the mass flow rate increases from 0.01 kg/s to 0.1 kg/s there is uniform decrement in friction factor for both 

heat exchangers. For mass flow rate 0.01 kg/s friction factor is maximum for both coils in the range of 0.85 to 0.1. Friction factor 
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predicts the frictional energy loss mainly based on the velocity of the fluid in the pipe. Hence friction factor for mass flow rate of 

0.1 kg/s for conical coil heat exchanger is 40% less as compare to straight coil heat exchanger. 

 
Fig. 9: Pressure Drop vs mass flow rate (ṁc ) 

It is observed that as the mass flow rate increases from 0.01 kg/s to 0.1 kg/s there is uniform increment in pressure drop 

for both heat exchangers. For mass flow rate 0.1 kg/s pressure drop is maximum for both coils. Friction factor predicts the amount 

of pumping power required. As the curvature ratio is continuously varying in conical coil heat exchanger the fluid is flowing 

smoothly with maximum velocity at the center for almost entire length of coil. Whereas the velocity is found to be maximum in 

straight coil at the outer radius of coil. Hence pressure drop for mass flow rate of 0.1 kg/s for conical coil heat exchanger is 40% 

less as compare to straight coil heat exchanger. 

J. Heat Transfer Coefficient (hi) vs Reynolds No.(Re) 

 
Fig. 10: Heat transfer coefficient (hi) vs Reynolds No.(Re) 

It is observed that as Reynolds no. increases, there is increase in heat transfer coefficient value in parallel and counter flow 

arrangement for both heat exchangers. For mass flow rate 0.01 kg/s to 0.1 kg/s there is continuous increment in value of heat 

transfer coefficient. Maximum value for heat transfer coefficient is observed at mass flow rate of 0.1 kg/s for conical coil heat 

exchanger with counter flow arrangement. In comparison with straight coil heat exchanger with counter flow arrangement there is 

rise in value of heat transfer coefficient from 4000 to 4200. Heat transfer coefficient value for any heat exchanger should be more 

for better heat transfer from one fluid to another. Heat transfer coefficient of internal surface of the coil increases linearly with 

increase in Reynolds number. It is found that heat transfer coefficient is more for conical coil heat exchanger as compare to straight 

coil heat exchanger. Generally, heat transfer coefficient decreases with decrease in curvature ratio over the optimum ratio because 

the flow behaviour inside the helical coil with lower curvature ratio shows the same behaviour as that of flow inside straight tube. 

The flow becomes disabled to form secondary flow that has the ability to destroy the thermal boundary layer. 
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K. Nusselt No.(Nui) vs Reynolds No.(Re) 

 
Fig. 11: Nusselt No.(Nui) vs Reynolds No.(Re) 

It is observed that as Reynolds no. increases, there is increase in Nusselt no. value in parallel and counter flow arrangement for 

both heat exchangers. For mass flow rate 0.01 kg/s to 0.1 kg/s there is continuous increment in value of heat transfer coefficient. 

Maximum value for heat transfer coefficient is observed at mass flow rate of 0.1 kg/s for conical coil heat exchanger with counter 

flow arrangement. In comparison with straight coil heat exchanger with counter flow arrangement there is rise in value of Nusselt 

no.by 4%. Because the Nusselt number depends directly on the heat removal capacity of the heat exchanger which is higher for 

conical coil heat exchanger. In addition, the lower curvature ratio gives higher values of Nusselt number than the higher curvature 

ratio. 

L. Effectiveness Vs Reynolds No.(Re) 

 
Fig. 12: Effectiveness Vs Reynolds No.(Re) 

It is observed that as Reynolds no. increases there is decrease in effectiveness value in parallel and counter flow arrangement for 

both heat exchangers. Maximum value for effectiveness is observed at mass flow rate of 0.01 kg/s for conical coil heat exchanger 

with counter flow arrangement. In comparison with straight coil heat exchanger with counter flow arrangement there is rise in 

value of effectiveness by 8%. Effectiveness value for any heat exchanger should be more for better heat transfer from one fluid to 

another. In this case, conical coil heat exchanger has better value of effectiveness as compare to straight coil heat exchanger. 

Effectiveness of heat exchanger decreases as the Reynold no. increases from above figure it is observed that decrement in 

effectiveness of conical coil in counter flow arrangement is less as compare to other arrangement. 
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M. Pumping Power vs Mass Flow Rate (ṁc ) 

 
Fig. 13: Pumping power vs Mass flow rate (ṁc ) 

VII. CONCLUSIONS 

 Work is carried out to compare straight and conical coil heat exchanger by varying mass flow rates through coil 0.01 kg/s to 

0.1 kg/s. 

 As the mass flow rate through coil side increases from 0.01 kg/s to 0.1 kg/s there is continuous increment in shell water outlet 

temperature and it is 2.78% more, there is also increment in average heat transfer and LMTD by 12%, heat transfer coefficient 

by 4%, overall heat transfer coefficient by 11% in conical coil heat exchanger as compare to straight coil heat exchanger. 

 As the mass flow rate through coil side increases from 0.01 kg/s to 0.1 kg/s there is continuous increment in Nusselt no. value. 

It is 8% more for heat exchanger with conical coil as compare to straight coil heat exchanger. 

 As the mass flow rate through coil side increases from 0.01 kg/s to 0.1 kg/s there is continuous decrement in friction factor as 

well as in pressure drop value by 40% for conical coil heat exchanger as compare to straight coil heat exchanger. 

 Effectiveness for conical coil heat exchanger 8% more compare to straight coil heat exchanger 
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