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Abstract— In the heat exchanger, heat will be transferred 

from hot fluid to cold fluid through a metal pipe. In these, 

fluids will pass on the metallic surface of pipe but with the 

application of fins more area will be available for heat as well 

as motion of fluid also interrupted to support more heat 

transfer. The helical fins on tube of heat exchangers will 

transfer more heat as it will create a swirl motion along the 

periphery of the pipe as fluid moves towards the exit. As 

helical fins provide pathways for the swirl motion, the path 

governs the movement of the fluid; hence, change in path of 

the fluid by changing the pitch of the helical fins also have 

impact on the heat transfer. Hence, in this study effect of 

helical fins and varying pitch of the fins on the heat transfer 

in heat exchanger will be studied. 
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I. INTRODUCTION 

Heat transfer describes the exchange of thermal energy, 

between physical systems depending on the temperature and 

pressure, by dissipating heat. The fundamental modes of heat 

transfer are conduction or diffusion, convection and radiation. 

Heat transfer always occurs from a region of high temperature 

to another region of lower temperature. Heat transfer changes 

the internal energy of both systems involved according to the 

First Law of Thermodynamics. The Second law of 

Thermodynamics defines the concept of thermodynamic 

entropy, by measurable heat transfer. Thermal equilibrium is 

reached when all involved bodies and the surroundings reach 

the same temperature. 

Thermal expansion is the tendency of matter to 

change in volume in response to a change in temperature. 

Heat transfer is a process path function, as opposed to 

functions of state; therefore, the amount of heat transferred in 

a thermodynamic process that changes the state of a system 

depends on how that process occurs, not only the net 

difference between the initial and final states of the process. 

Thermodynamic and mechanical heat transfer is calculated 

with the heat transfer coefficient, the proportionality between 

the heat flux and the thermodynamic driving force for the 

flow of heat. Heat flux is a quantitative representation of the 

heat flow through a surface. 

II. DESIGN & DEVELOPMENT OF SYSTEM 

Heat transfer enhancement under forced convection 

conditions can be achieved by wounding the helical fins over 

the inner tube of double pipe (tube-in tube type) heat 

exchanger. The inner tube is inserted into the shell (outer 

tube) by using coupling system at its both ends. Hence, it is 

decided to carry out an experimental work to find the 

enhancement in heat transfer with the use of different fins 

arrangement. The major point of discussion will be to find the 

best possible pitch of helical fin over the plane tube. 

 
Fig. 1: Schematic diagram of experimental setup 

 
Fig. 2: Photographic view of experimental setup 

The various components of experimental setup are 

discussed below: 

A. Inner Tubes with & without Helical Fins 

The inner tube used for the experimentation work is made up 

of stainless steel-304 material with dimensions (L=700 mm; 

I.D. =19 mm; O.D. =22 mm). Hot water enters at left side and 

leaves the tubes at right end. Two thermocouples (K-type) 
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have inserted just before and after the entrance and exit of 

tubes respectively. These thermocouples measure the 

temperature of hot water at inlet and outlet portion of tubes. 

These temperatures are displayed on digital temperature 

indicator as shown in fig. 5. There are total four tubes in 

which one is plane and remaining three have helical fins with 

pitches 10 mm, 15 mm and 20 mm as shown in fig. 4. 

 
Fig. 3: Schematic diagram of helical fins arrangement 

 
Fig. 4: Inner tubes with & without helical fins 

B. Digital Temperature Indicator 

 
Fig. 5: Temperature Indicator 

This digital temperature indicator shows following four 

temperatures with an accuracy of 0.1℃: 

 Inlet hot water temperature (𝑇1) 

 Outlet hot water temperature (𝑇2) 

 Inlet cold water temperature (𝑇3) 

 Outlet cold water temperature (𝑇4) 

C. Digital Differential Pressure Sensor 

 
Fig. 6: Differential Pressure Sensor 

 Mfg. Company: ALVI Automation India Pvt. Ltd. 

 Brand Name: Fischer Germany 

 Model Number: DE 39 

Differential pressure sensor is used to measure a 

pressure drop between inlet and outlet flow of shell side 

water. Two pressure tapings are made at inlet and outlet 

sections of outer tube. A narrow tube is extruded through each 

taping and connected to two manifolds of the pressure sensor 

as shown in fig 6. 

The pressure drop can be measured in following 

different types of units: 

 Pascal (N/m2) 

 Bar (1 bar = 105 N/m2) 

 Millimeters of water column 

 Millimeters of Hg 

D. Various Arrangements 

Following four arrangements are carried out during 

experimentation: 

 Plain tube 

 Plain tube with helical fins having pitch= 10 mm 

 Plain tube with helical fins having pitch= 15 mm 

 Plain tube with helical fins having pitch= 20 mm 

By varying mass flow rates temperature readings 

and shell side pressure drop is recorded. The mass flow rate 

of cold water (�̇�𝑐) is generally kept twice that of hot water 

(�̇�ℎ) for the purpose of better heat convection phenomena. 

E. CFD Work 

The objectives of CFD analysis are: 

 To perform the CFD analysis for heat exchanger with 

helical fins wound on outer periphery of the inner tube 

shell. 

 To study the flow and temperature patterns. 

 Following case is taken for simulation of heat exchanger: 

Case 

No. 

Hot 

Water 

Flow 

Rate ṁh 

(LPM) 

Cold 

Water 

Flow 

Rate ṁc 

(LPM) 

Hot 

water 

inlet 

temp. 

(℃) 

Cold 

water 

inlet 

temp. 

(℃) 

1. 4 8 35.3 24.9 

Table 1: Simulation Case 

F. Geometry Details 

 
Fig. 7: Geometry details 

 
Fig. 8: Spring steel fins wounded around inner tube 

G. Mesh Details 

Type of meshing elements: Tetrahedral 

 
Fig. 9: Mesh Details 
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Model 
No. of 

Nodes 

No. of 

Elements 

Quality 

(Skewness) 

Plain Plate 48141 245560 0.84 

Table 2: Details of Meshing 

 Note: Quality Criteria: Skewness (0-Good, 1-Worst) (0-

0.9 Acceptable Range) 

H. Boundary Conditions 

Following table shows applied boundary conditions: 

Mass Flow Rate 

Cases 
Hot Side Cold Side 

LPM kg/s LPM kg/s 

Case-1 4 0.068 8 0.136 

Table 3: Inlet Boundary Conditions 

Type of Model: Standard K-𝜔 Model 

Cases 

Hot Side Cold Side 

Turbulent 

Intensity 

(%) 

Hydraulic 

Diameter 

(m) 

Turbulent 

Intensity 

(%) 

Hydraulic 

Diameter 

(m) 

Case-

1 
3.26 0.019 2.76 0.0127 

Table 4: Turbulence Specifications 

Here turbulence intensity is calculated by using 

formula, 

I=  
𝑢′

𝑢𝑎𝑣𝑔
 = 0.16 [(Re)d](-1/8) 

Material Properties- Fluid 

Property 
Water @ 

26℃ 

Water @ 

35℃ 

Density (kg/m3) 996.3 994.08 

Specific Heat (J/kg-k) 4072 4178 

Viscosity (kg/m-s) 0.0008479 0.00072 

Thermal Conductivity 

 (W/m-k) 
0.6138 0.6217 

Table 5: Fluid Boundary Conditions 

Material Properties- Solid 

Property Spring Steel 

Density (kg/m3) 8000 

Specific Heat (J/kg-k) 500 

Thermal Conductivity (W/m-k) 16.2 

Table 6: Solid Boundary Conditions 

Average Velocity (m/s) 

Cases 
Hot Side Cold Side 

Inlet Outlet Inlet Outlet 

Case-1 0.243 0.243 1.096 1.09 

Table 7: Average Velocities 

Note: 

 Cold side outlet temperatures in CFD are slightly lesser 

than experimental case. (Temp. difference = 1.6℃) 

 Similarly, for hot side temperatures at outlet is slightly 

higher than experimental value. (Temp. difference = 

0.5℃) 

III. EXPERIMENTATION 

A. Experimental Procedure 

1) Insert the plane tube inside the insulated annulus (G.I. 

Tube). 

2) Before taking the actual readings, check all connections. 

3) Put 2-3 oil drops inside the pockets & then insert the 

thermocouples at their respective points. 

4) Start the tap water supply and wait till the tap water 

circulates throughout the system. 

5) Turn ON the geyser, once the tap water is circulated 

throughout the system. 

6) Now switch ON temperature indicator to take the 

temperature readings. 

7) Vary the mass flow rate to change the temperature range. 

8) Read the temperatures at different points by the digital 

temperature indicator and record at a time interval of 10 

minutes. 

9) Record the final readings when steady state is reached. 

10) Measure the pressure drop at shell side with the help of 

pressure sensor. 

11) Repeat same procedure for remaining inserts. 

IV. SAMPLE CALCULATIONS 

 Plain tube with helical fins (Pitch= 0.010 m) 

 Mass flow rate of hot water (Tube side) ṁh = 4 LPM = 

0.068 kg/s 

 Mass flow rate of cold water (Shell side) ṁc = 8 LPM = 

0.136 kg/s 

 Hot water temperatures: T1= 35.3℃  T2= 33.6℃ 

 Cold water temperatures: T3= 24.9℃  T4= 27.2℃ 

A. For Outer Tube (Cold Water): 

1) Bulk Mean Temperature 

Tmean bulk = 
Tbulk inlet + Tbulk outlet

2
 = 

24.9+27.2

2
 = 26.05℃ 

At T= 26.05℃ thermodynamic & transport properties of 

water are taken as: 

 Mass density ρ = 996.3 kg/m3 

 Dynamic viscosity μ = 8.479× 10−4 kg/m-s 

 Specific heat Cp = 4072 J/kg-k 

 Thermal conductivity K = 0.6138 W/m-K 

2)   Heat rejected by hot water is 

Qh = ṁh. Cp. ( T1 − T2) = 0.068×4072×(35.3−33.6) = 

470.72 W 

3) Heat absorbed by cold water is, 

Qc = ṁc. Cp. ( T4 − T3) = 0.136×4072×(27.2−24.9) = 

1273.72 W 

4) Effectiveness (𝜀) 

The effectiveness of the counter flow heat exchanger can be 

calculated by using the expression, 

ε = 
ṁh.Cp.( T1−T2)

ṁc.Cp.( T4−T3)
 = 

470.72

1273.72
 = 0.37 

5) 𝑄𝑎𝑣𝑔 = 
𝑄ℎ+ 𝑄𝑐

2
 = 

470.72+1273.72

2
 = 872.22 W 

6) Logarithmic Mean Temperature Difference 

For counter flow heat exchanger, 

θ1= T1 − T4 = 35.3−27.2 = 8.1℃ 

θ2= T2 − T3 = 33.6−24.9 = 8.7℃ 

LMTD = 
θ1−θ2

ln(
θ1

θ2
⁄ )

 = 
8.1−8.7

ln (8.1
8.7⁄ )

 = 8.4℃ 

7) Let 𝐴𝑜 = Heat transfer area considering outer surface 

area of inner tube & total surface area of fins 

i.e. Ao= πdol + Af    (1) 

Now Af = n× Afin              (2) 

Where 𝐴𝑓𝑖𝑛 is surface area of single fin considering fin having 

circular cross-section. 

Number of fins, n = 
l

p
 = 

0.700

0.010
 = 70 

Now, Afin = A
(

c

s
)of fin

− A
o(

c

s
)
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= 
π

4
 [(2hfin) + do]2 = 

π

4
 [(2× 0.005) + 0.022]2 

Afin = 0.804× 10−3 m2                (3) 

Putting (3) into (1.2) we get, 

Af = 70×0.804× 10−3 = 0.056 m2    (4) 

Now, putting (4) into (1) we get, 

Ao= (π ×0.022×0.700) + 0.056 = 0.104 m2 

8) Overall Heat Transfer Coefficient: 

U = 
Qavg

Ao .  LMTD
 = 

872.22

0.104×8.4
 = 998.42 W/m2K 

9) Heat Transfer Coefficient at Shell Side: 

We know that, 

Qo= ho. Ao. (T1 − T3) 

By rearranging above term we get, 

ho = 
Qo

Ao.(T1−T3)
 = 

1273.72

0.104×10.4
 = 1177.63 W/m2K 

10) Nusselt Number 

Nu = 
ho.dh

Kwater
                              (5) 

Where, 𝑑ℎ is hydraulic diameter 

Now, 

dh = 
4hcp

2(hc+p)
 = 

4(hfin+c) .  p

2[(hfin+c)+p]
 

= 
4(0.005+0.003)×0.010

2[(0.005+0.003)+0.010]
 = 8.89× 10−3 m 

Putting value of ‘𝑑ℎ’ in (5) we get, 

Nu = 
1177.63×8.89×10−3

0.6138
 = 17.06 

11) Reynolds Number & Prandtl Number 

Re =  
ρ.V.dh

μ
 = 

ρ.A.V.dh

A.μ
 = 

ṁc.dh

(
π

4
.dh

2)×μ
 = 

4ṁc

πdhμ
 = 

4×0.136

π×8.89×10−3×8.479×10−4 

Re = 22972.20   (As Re ≫ 2100; Flow is turbulent) 

a) Prandtl Number 

Pr = 
μ.Cp

K
 = 

8.479×10−4×4072

0.6138
 = 5.63 

12) Pumping Power 

The pumping power required is determined by an expression, 

P = w × Q × hf                             (6) 

Where, 

 w = Specific weight of water (N/m3) = ρ ×9.81 = 

996.3×9.81 = 9773.70 N/m3 

 Q = Mass flow rate of water (m3/s) = ṁc × (1.67× 10−5) 

= 8×(1.67× 10−5) 

 = 1.34× 10−4 m3/s 

 hf = Head loss due to friction (meter of water column) = 

∆P (Pascal)× (0.102× 10−3) 

 = 19.2× (0.102× 10−3) = 1.96× 10−3 meter of water 

column 

 Putting above values into (1.6) we get, 

 P = 9773.70×1.34× 10−4 ×1.96× 10−3 = 2.57 × 10−3 

W 

B. For Inner Tube (Hot Water) 

1) Bulk Mean Temperature 

Tmean bulk = 
Tbulk inlet + Tbulk outlet

2
 = 

35.3+33.6

2
 = 34.45℃ 

At T= 34.45℃ thermodynamic & transport properties of    

water are taken as: 

 Mass density ρ = 993.8 kg/m3 

 Dynamic viscosity μ = 7.084× 10−4 kg/m-s 

 Specific heat Cp = 4069 J/kg-k 

 Thermal conductivity K = 0.6254 W/m-K 

2) Heat rejected by hot water is 

Qh = ṁh. Cp. ( T1 − T2) = 0.068×4069×(35.3−33.6) 

 = 470.38 W 

3) Heat absorbed by cold water is 

Qc = ṁc. Cp. ( T4 − T3) = 0.136×4069×(27.2−24.9) = 

1272.78 W 

4) Effectiveness (𝜀) 

The effectiveness of the counter flow heat exchanger can be 

calculated by using the expression, 

𝛆 = 
�̇�𝐡.𝐂𝐩.( 𝐓𝟏−𝐓𝟐)

�̇�𝐜.𝐂𝐩.( 𝐓𝟒−𝐓𝟑)
 = 

470.38

1272.78
 = 0.37 

5) 𝑄𝑎𝑣𝑔 = 
𝑄ℎ+ 𝑄𝑐

2
 = 

470.38+1272.78

2
 = 871.58 W 

6) Logarithmic Mean Temperature Difference 

For counter flow heat exchanger, 

θ1= T1 − T4 = 35.3−27.2 = 8.1℃ 

θ2= T2 − T3 = 33.6−24.9 = 8.7℃ 

LMTD = 
θ1−θ2

ln(
θ1

θ2
⁄ )

 = 
8.1−8.7

ln (8.1
8.7⁄ )

 = 8.4℃ 

7) Let 𝐴𝑖 = Heat transfer area considering inner diameter 

of inner tube 

i.e. Ai = πdil = π ×0.019×0.700 = 0.042 m2 

8) Overall Heat Transfer Coefficient 

U = 
Qavg

Ai .  LMTD
 = 

871.58

0.042×8.4
 = 2470.46 W/m2K 

9) Reynolds Number & Prandtl Number 

Re =  
ρ.V.di

μ
 = 

ρ.A.V.di

A.μ
 = 

ṁh.di

(
π

4
.di

2)×μ
 = 

4ṁh

πdiμ
= 

4×0.068

π×0.019×7.084×10−4 

Re = 6432.60 (As Re ≫ 2100; Flow is turbulent) 

a) Prandtl Number 

Pr = 
μ.Cp

K
 = 

7.084×10−4×4069

0.6254
 = 4.61 

10) Nusselt Number 

Using Dittus-Boelter equation, 

Nu = 0.023 (Re) 0.8 (Pr) 0.3 (n=0.3 for cooling of fluid) 

= 0.023×(6432.60)0.8×(4.31)0.3 = 39.70 

11) Heat Transfer Coefficient at Inner Tube 

Again we have, 

Nu = 
hi.di

Kwater
 hi = 

Nu×Kwater

di
 = 

39.70×0.6254

0.019
 = 1306.76 W/m2K 

12) Pumping Power 

As the pressure drop inside the inner tube is negligible hence, 

pumping power value is also very low and can be neglected. 

V. RESULTS & DISCUSSIONS 

The results obtained from the experiments as well as CFD 

analysis are given in this chapter. From experimental 

observations, various parameters such as shell side heat 

transfer coefficient (ℎ𝑜), Nusselt number (𝑁𝑢), Reynolds 

number (𝑅𝑒) and Prandtl number (𝑃𝑟) are calculated. Various 

fluid properties are calculated at mean bulk temperature 

(𝑇𝑚𝑒𝑎𝑛 𝑏𝑢𝑙𝑘) and are taken from standard tables. The graphs 

are plotted to show the different variations. 

A. Experimental Results 

 
Fig. 10: Variation of Mass Flow Rate vs. Heat Transfer 

Coefficient 
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Effect of mass flow rate on shell side heat transfer coefficient 

(ℎ𝑜) is explained in following paragraphs: 

1) Note 

 Blue color graph shows heat transfer coefficient for plain 

tube 

 Maroon color graph shows heat transfer coefficient for 

plain tube with helical fins (pitch= 10mm) 

 Green color graph shows heat transfer coefficient for 

plain tube with helical fins (pitch= 15mm) 

 Purple color graph shows heat transfer coefficient for 

plain tube with helical fins (pitch= 20mm) 

Graph 1 shows the effect of variation of mass flow 

rate on the shell side heat transfer coefficient for the different 

inserts. From this graph it can be concluded that heat transfer 

coefficient is directly proportional to mass flow rate of water. 

The plain tube with helical fins (pitch=10 mm) have 

the maximum value at the mass flow rate of 8 LPM as 

compared to remaining inserts at same mass flow rate. It 

means that, this insert has best heat transferring capacity 

among the all four inserts. 

From above graph it is easy to identify that heat 

transfer coefficient at shell side (ℎ𝑜) is highest for plain tube 

with helical fins (pitch=10 mm). It is because of the reason 

that ‘ℎ𝑜’ is directly proportional to shell side mass flow rate 

(�̇�𝑐). Again, the temp. diff. (∆T=T4-T3) is directly 

proportional to mass flow rate & for fins with pitch=10 mm, 

this ‘∆T’ is more among all inserts. Hence, ‘ℎ𝑜’ is maximum 

for pitch=10 mm. 

B. CFD Results 

 
Fig. 11: Contour and Vectors of Velocity at X= 0.0 

 
Fig. 12: Contour and Vectors of Velocity at Z= 0.0 

 
Fig. 13: Contour of Temperature at X= 0.0 

 
Fig. 14: Contour of Temperature at Z= 0.0 

 
Fig. 15: Contour of Temperature over Pipe Length 

VI. CONCLUSIONS 

A. Experimental Conclusions 

1) In case of plain tube with helical fins (pitch=10 mm), the 

shell side heat transfer rate (𝑄𝑐) is in the range of 470.72 

to 1252.34 W which is the highest value of 𝑄𝑐 for any 

other configuration. This concludes that, plain tube with 

helical fins having 10 mm pitch gives better performance 

than plain tube, plain tube with helical fins (pitch=15 

mm) and plain tube with helical fins (pitch=20 mm). 

2) Nusselt number value for plain tube is in the range of 

5.98 to 28.24, which is highest as compare to other 

configurations. This concludes that, convective heat 

transfer is more than conductive heat transfer for plain 

tube if compared with other tube inserts. 

3) Reynolds number value is highest for plain tube with 

helical fins (pitch=10 mm) as it have more number of 

turns (i.e. n=70). This concludes that, more number of 

turns yields more turbulence and hence higher values for 

Reynolds number.      

4) By comparing Nusselt no. calculated by using 

experimental as well as theoretical method, gives closer 
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values for plain tube with helical fins having pitch=10 

mm. 

5) Pumping power is directly proportional to mass flow rate 

as well as number of helical fins. As the plain tube with 

helical fins (pitch=10 mm) have highest number of turns, 

the pumping power requirement is also higher as 

compared to other tubes. Plain tube has lowest pumping 

power as head loss due to friction is minimum in this 

case. Further, power requirement goes on decreasing as 

pitch increases. 

B. CFD Conclusions 

1) Experimental results and CFD results for the counter 

flow heat exchanger are comparable 

2) Pressure drop across the cold side is more as compared 

to hot side. 

3) Because of the flow restrictions, velocities are higher on 

cold side as compared to hot side of the fluid. 

4) Temperatures obtained at the outlet of each case are 

comparable with the experimental results. 

Average Temperature at Outlet (℃) 

Cases 
Hot Side Cold Side 

Experimental CFD Experimental CFD 

Case-1 33.6 34.13 27.2 25.54 

Table 8: Comparison of Temperatures 
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