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Abstract— Heat exchangers are the important engineering 

equipment’s used for transferring heat from one fluid to 

another.  Heat exchangers are widely used in various kinds of 

application such as power plants, nuclear reactors, and 

refrigeration and air-conditioning systems, mechanical 

industries. Helical coil configuration is very effective for heat 

exchangers because they can accommodate a large heat 

transfer area in a small space, with high heat transfer 

coefficients compared to straight tube heat exchanger. The 

increased heat transfer coefficients are due to the curvature of 

the coil, which induces centrifugal forces to act on the moving 

fluid, resulting in the development of secondary flow.  This 

paper focuses on the designing of shell and helical coil heat 

exchanger and its analysis is carried out considering the 

various parameters such as flow rate of cold water, flow rate 

of hot water, temperature, effectiveness and overall heat 

transfer coefficient in both parallel and counter flow. 
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I. INTRODUCTION 

A heat exchanger is a device that is used to transfer thermal 

energy (enthalpy) between two or more fluids, between a 

solid surface and a fluid, or between solid particulates and a 

fluid, at different temperatures and in thermal contact. 

Besides the performance of the heat exchanger being 

improved, the heat transfer enhancement enables the size of 

the heat exchanger to be considerably decreased. Helical coil 

heat exchangers are one of the most common equipment 

found in many industrial applications. The helically coiled 

tubes are superior to straight tubes when employed in heat 

transfer applications. In the coiled tube, the flow modification 

is due to centrifugal forces. The centrifugal forces are acting 

on the moving fluid due to the curvature of the tube results in 

the development of Secondary flow which is enhances the 

heat transfer rate. The extent of the centrifugal force depends 

upon axial velocity of flowing fluid and radius of curvature 

of the coil. 

II. GEOMETRY OF HELICAL COIL 

The schematic diagram shows the different parameters of the 

helical coil. 

 
Fig. 1: Schematic of helical coil with shell 

Where, d= diameter of tube, 

D= diameter of shell, 

Rc=radius of coil, 

b=pitch. 

 
Fig. 2: Actual helical coil 

The helical coil is made with soft copper tube. The 

actual designed helical coil is shown as below: 

III. PARAMETERS OF HEAT EXCHANGERS 

The different parameters required for heat exchanger are 

tabulated below: 

Sr. 

No. 
Dimensional parameters 

Dimensions 

(mm) 

1 
Outer diameter of shell 

(Do) 
100 

2 Inner diameter of shell (Di) 96 

3 Thickness of shell 2 

4 Outer diameter of tube (do) 9.8 

5 Inner diameter of tube (di) 9 

6 Thickness of tube 0.4 

IV. EXPERIMENTAL PROCEDURE & FABRICATION 

A. Experimental Set-up 

 
Fig. 3: Actual Experimental Setup 
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Fig. shows actual Setup diagram of helical coil and straight 

coil heat exchanger. The set-up is heat exchanging system in 

which a hot water stream flowing inside the tube-side is 

cooled by a cold water stream flowing in the outside tube. The 

main parts of the cycle are coiled tube heat exchanger, pump, 

storage tank, and heater. The heat exchangers include a 

copper coiled tube and an insulated shell. The dimensions of 

the heat exchangers are given in Table. The water in storage 

tank is heated using an electric heater. The hot water is 

allowed to pass through copper tubes by using pump.  

Reaching to a prescribed temperature, circulate the cold water 

in the cycle. A valve is used to control the flow rate of coolant 

water and hot water respectively. The inlet and outlet 

temperatures of hot and cold water were recorded using 

thermostat by using thermocouples in the inlet and outlet 

tubes. Also, all the pipes and connections between the 

temperature measuring stations and heat exchanger are duly 

insulated. 

B. Components 

The different components required for Setup are listed below 

with their specification: 

1) Helical coil: 

Material used – Copper tube. 

Length of copper tube – 2 m 

Quantity – 1 no. 

2) Electrical heater Specifications: 

Power-2000 watt 

Voltage-230 V AC/50 Hz 

3) Pump: 

Pump Specification 

Power - 18watt 

Head -  1.5 m 

Speed - 1000 rpm 

Discharge -  LPH 

Volt -   220V 

4) Thermocouples:  

For temperature measurement of inlet and outlet of straight 

tube and helical coil we thermocouples of range 0 to 1200 

degree Celsius. For quick response and ease of reading we 

used this thermometer. 

V. DESIGN PROCEDURE OF HELICAL COIL 

The analysis of the helical coil heat exchanger is carried out 

through following procedure: 

1) Step 1:  

Length of coil needed (L) =π×DC×N 

Dc= 0.095 m 

N=6.7 

On Substituting, L = 2 m 

2) Step 2: 

Calculating Curvature Ratio 

δ=di/Dc =0.0947 

3) Step 3: 

Calculating Pitch Ratio 

γ=b/(πDc) 

= 0.1507 

4) Step 4: 

Heat transfer rate: 

Q = mcp (∆T) 

Where, 

Q = Heat transfer rate   (kJ⁄s) 

m = mass flow rate of water (kg⁄s) 

cp=Specific heat of water ( J⁄kgk) 

∆𝑇 = Temp. Difference (℃) 

5) Step 5: 

Logarithmic mean temp difference: 

𝜃𝑚 =  
𝜃1−𝜃2

𝑙𝑛(𝜃1 𝜃2)⁄
= 

𝜃1−𝜃2

𝑙𝑜𝑔𝑒(𝜃1 𝜃2)⁄
 

Where, 

For parallel flow: 

𝜃1 = 𝑇ℎ𝑖 − 𝑇𝑐𝑖  

𝜃2 = 𝑇ℎ𝑜 −Tco 

For counter flow: 

𝜃1 = 𝑇ℎ𝑖 − 𝑇𝑐𝑜 

𝜃2 = 𝑇ℎ𝑜 − 𝑇𝑐𝑖  

𝜃1&𝜃2 Are temp differences 

𝑇ℎ𝑖  = Hot water inlet temp 

𝑇ℎ𝑜 = Hot water outlet temp 

𝑇𝑐𝑖  = cold water inlet temp 

𝑇𝑐𝑜= cold water outlet temp 

6) Step 6: 

Overall heat transfer coefficient: 

U = 
𝑄

𝐹×𝐴×𝜃𝑚
 

Where, 

U = Overall heat transfer coefficient (W/m2℃) 

Q = Heat transfer rate (𝑘𝑗 𝑠⁄ ) 

F = friction factor (1) 

A = Area of helical coil (𝑚2) 

𝜃𝑚 = LMTD (℃) 

7) Step 7: 

Effectiveness: 

𝜀 =  
𝑇ℎ𝑖 − 𝑇ℎ𝑜

𝑇ℎ𝑖 − 𝑇𝑐𝑖

 

Where, 

𝜀 =Effectiveness 

VI. RESULT  TABLE 

For the helical coil and straight coil heat exchanger three sets 

of observations are taken and the result table is drawn as 

follows: 

A. Result Tables for Helical coil heat exchanger in constant 

flow rate 

1) Helical coil heat exchanger (For constant mass flow rate 

in parallel flow): 

Sr. 

No 

Temp

(℃) 

�̇�ℎ(k

g/s) 

Q  

(KJ/S) 

U  

(W/m2℃) 
𝜀 

1. 65 
0.01

67 
0.9035 357.8 0.37 

2. 60 
0.01

67 
0.7045 321.18 0.35 

3. 55 
0.01

67 
0.5560 255.44 0.32 

2) Helical coil heat exchanger (For constant mass flow rate 

in counter flow): 

Sr. 

No. 
Temp(℃) �̇�ℎ(kg/s) 

Q 

(KJ/S) 

U 

(W/m2℃) 
𝜀 

1. 65 0.0167 0.9730 366.86 0.40 
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2. 60 0.0167 0.8645 326.52 0.36 

3. 55 0.0167 0.6255 281.18 0.36 

B. Result Tables for Straight tube heat exchanger in 

constant flow rate 

1) Straight tube heat exchanger (For constant mass flow 

rate in parallel flow) 

Sr. 

No. 

Temp 

(℃) 
�̇�ℎ(kg/s) 

Q 

(KJ/S) 

U 

(W/m2℃) 
𝜀 

1. 65 0.0167 0.7632 112.65 0.33 

2. 60 0.0167 0.4857 91.14 0.25 

3. 55 0.0167 0.4132 104 0.21 

2) Straight tube heat exchanger (For constant mass flow 

rate in counter flow) 

Sr. 

No. 

Temp 

(℃) 
�̇�ℎ(kg/s) Q (KJ/S) 

U 

(W/m2℃) 
𝜀 

1. 65 0.0167 0.8326 270.71 0.363 

2. 60 0.0167 0.6255 219.38 0.321 

3. 55 0.0167 0.4894 205.25 0.304 

C. Result Tables for Helical coil heat exchanger in varying 

mass flow rate 

1) Helical coil heat exchanger: (For varying mass flow rate 

in parallel flow) 

Sr. 

No. 
Temp(℃) 𝑚ℎ(kg/s) 

Q 

(KJ/S) 

U 

(W/m2℃) 
𝜀 

1. 65 0.0167 0.695 235.89 0.285 

2. 65 0.01428 0.6576 214.13 0.314 

3. 65 0.0125 0.6803 213.19 0.371 

2) Helical coil heat exchanger: (For varying mass flow rate 

in counter flow) 

Sr. 

No. 
Temp(℃) 𝑚ℎ(kg/s) 

Q 

(KJ/S) 

U 

(W/m2℃) 
𝜀 

1. 65 0.0167 0.977 346.6 0.4 

2. 65 0.0142 0.8968 306.9 0.42 

3. 65 0.0125 0.8374 294.2 0.48 

D. Result Tables for Straight tube heat exchanger in varying 

flow rate 

1) Straight tube heat exchanger for varying mass flow rate 

in parallel flow 

Sr. 

No. 
Temp(℃) 

𝑚ℎ(kg/

s) 

Q 

(KJ/S) 

U 

(W/m2℃) 
𝜀 

1. 65 0.0167 0.5583 169.01 0.2424 

2. 65 
0.0142

8 
0.5381 157.89 0.2727 

3. 65 0.0125 0.4710 138.14 0.2727 

2) Straight tube heat exchanger for varying mass flow rate 

in counter flow 

Sr. 

No. 

Temp(℃
) 

𝑚ℎ(kg/s

) 

Q 

(KJ/S) 

U 

(W/m2℃) 
𝜀 

1. 65 0.0167 0.628 186.06 0.2772 

2. 65 0.01428 0.590 174.38 0.3030 

3. 65 0.0125 0.524 151.42 0.3030 

VII. PARAMETRIC ANALYSIS 

The effect of flow rate on effectiveness, overall heat transfer 

coefficient, heat transfer and outlet hot water temperature are 

presented as shown in the table. 

A. For varying mass flow rate: 

1) Variation of Mass flow rate vs Temp. drop 

 
2) Variation of heat transfer rate with mass flow rate 

 
3) Variation of heat transfer coefficient with mass flow rate 

 
4) Variation of effectiveness with mass flow rate 
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B. For constant mass flow rate: 

1) Temperature vs. Overall Heat Transfer 

 
2) Temperature Vs Effectiveness: 

 
3) Temperature Vs heat transfer rate 

 

VIII. CONCLUSION 

Based on the results obtained by conducting the experiments 

on helical (parallel and counter flow) and straight (parallel 

and counter flow) tube, the following are the conclusions 

drawn:  

 The helical pipe is having the greater surface area which 

allows the fluid to be in contact for greater period of time 

period so that that there is an enhanced heat transfer 

compared to that of straight pipe. 

 The effectiveness of pipes either helical or straight in 

counter flow is greater than parallel configuration.  

 When temperature increases there is a gradual rise in the 

heat transfer rate in both straight tube and helical coil but 

it is maximum in helical coil.  

 Also effectiveness increases as the temperature is 

increased and decreases when mass flow rate is 

increased. 

 It can be seen that temperature drop for helical coiled 

tube is higher than the straight tube. This is due to the 

curvature effect of the helical coil. This difference in   

 the velocity will set in a secondary flow by which heat 

transfer will be increased  

 From the above one can realize the fact that for the same 

space or volume in industry the helical heat exchangers 

are more efficient than normal straight heat exchangers. 
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