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Abstract— In present research work the effect of process and design parameters of the horizontal spirally coiled flow tube, are investigated 
using CFD simulation and DOE techniques. In this research work total, six parameters are selected which are mass flow rate of water flow 
in the tube, water inlet temperature, heating surface temperature which is made of copper tube, tube inner diameter having 3 mm thickness, 
curvature ratio of tube and pitch of tube. The experiment table is made by using a mixed Taguchi method which generates a total of 36 cases 
for this research study. Experimental validation is also performed with previously published research work [01] to show a good agreement 
among CFD simulation and experiment results. The error among the simulation and experiment results are in a range of 3% to 12% max, 
which is acceptable for further research work. The results are then analyzed by using the signal to noise ratio which shows the rank among 
all parameters and as well as the best optimal solution for a selective response. In the present study, the research work is focused on Nusselt 
Number analysis.   

Index Terms— CFD, Spiral flow, Taguchi Method, S/N ratio, validation, Curvature Ratio, Experiment Validation 

——————————      —————————— 

1 Introduction                                                                     
Spiral coil tubes are used in various engineering areas of heat 
transfer and fluid flow some areas are refrigeration devices, 
chemical Reactors and boilers, single-phase heat exchangers and 
custom heat transfer devices. In spiral tubes the heat transfer and 
flow conditions are more complicated than straight tube and that 
is the reason the spiral tube is more thermally efficient than a 
straight tube one another reason to use spiral tube is the low 
space used during installation in any device rather than straight 
tube which uses more space than you spiral tube.  turbulent flow 
conditions in the spiral tube are more complicated than the 
straight tube so higher-pressure drop can occur in a spiral tube 
when compared with straight tube show proper designing is re-
quired in spiral tube flow study. In curved tubes helical and spi-
ral tubes are most widely used but helical tubes are much wider 
tubes used in heat transfer and fluid flow areas. 

2 The objective of the study  
The objective of this study is to investigate the thermal perfor-
mance of the spiral coiled tube in horizontal fluid flow conditions 
using CFD simulation and DOE techniques. Taguchi method is 
used to find the relation among input and output parameters us-
ing signal to noise ratio formula development. 

3 CFD Theory 
In CFD the governing equations for Newtonian fluid can be ex-
pressed in its most popular forms.  

Mass conservation Equation 
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The equations are in their general form although in this research 
work the steady-state form of equations is used for getting simu-
lation results so proper assumptions are created in Ansys Fluent 
(Version 14.5) software. The turbulence model equation is se-
lected for a two-equation format which is widely used for a sin-
gle-phase flow CFD simulation study. In the present study K-ω 
(SST) turbulence model is used. 

4.CFD Modeling and Grid Independence Test 
Steady-state pressure-based CFD simulation is adopted for 

this research work and all cases are solved by using Ansys Flu-
ent (Version 14.5). The important modeling steps are present in 
table 1. 

Table 1  
CFD Modeling Steps 

Step Description Image/Detailing 

I 
CFD Domain 

Formulation 

 

II 
Discretization 

of CAD File 

 

III 

Boundary 

Named Selec-

tion 

 

IV 

Setup of 

Boundary 

Conditions 

Steady State, Pressure Based, k-ω 

(SST model), Energy Equation  

V Setup for So- First and Second-Order Upwind 

Step Description Image/Detailing 

lution Meth-

ods 

Schemes for field variables 

VI Solution Steady State 

VII Results 

 

 

All required important information regarding CFD simulation 
is present in table 1, now the grid independence test required to 
final the mesh size and its elements. The grid-independent test 
present in table 2 for spiral flow CFD simulation cases which 
have selective boundary condition. 

Table 2  
Grid Independence Test 

Element 

Size 
Elements Nu-Ex Nu-S 

Constant Pa-

rameter 

1.5 836172 83.13 82.07 Tw, in = 20C 

Twall = 35 C 

CR-0.02 

MFR 0.10 

kg/s 

2.0 740350 83.13 82.94 

2.5 657841 83.13 84.67 

3.0 512840 83.13 87.64 

 

Some important assumptions are carried out in this research 
work which is the following: 

I.CFD domain is only the fluid part of the spiral coil tube, all 
other structural parts are not considered in this CFD simulation 

II> Steady State pressure-based solver is selected because of the 
experiment is also set on steady-state [01] boundary condition.  

III. Fluid properties are also set on room temperature and treat 
as constant fluid properties. 

IV. Two equation turbulence model is adopted for this research 
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work based on literature review. 

V. The tube inner part is assumed fully polished in nature, so 
roughness of the inner tube is set to be zero for the CFD simu-
lation. 

5.Taguchi Method 
The aim to develop the Taguchi method to design a robust ex-
periment table for any kind of engineering research. This 
method can reduce the involvement of time and money during 
the engineering research work. The analysis part of the Taguchi 
method is based on Signal to Noise formulation which is pre-
sent for “smaller is better” and “larger is Better” options. 

Lower the better (for making the system response as small as 
possible): 

𝑆𝑆/𝑁𝑁 = −10 𝑙𝑙𝑙𝑙𝑔𝑔10 �∑
𝑦𝑦2

𝑛𝑛
�  

6.Factor and Levels 
In present research work, six factors are selected and each factor 
has some levels as per the literature requirement and the final 
factors and levels are present in table 3 for this research study. 

Table 3 

Factor and Levels for spiral flow coil 

Factors Description Level-I Level-II Level-III Unit 

Inner Diameter ID 8 9 NA mm 

Mass Flow Rate MFR 0.1 0.12 0.14 Kg/sec 

Heat Flux (Twall) HF 30 33 36 oC 

Fluid Tempera-
ture FT 15 17 19 oC 

Pitch Pitch 25 30 35 mm 

Curvature Ratio CR 0.018 0.020 0.024 NA 

7.Orthogonal Array 
As seen in Table 3, the first factor which is the inner diameter of 
the tube have two levels and all other factors have three levels, 
so the mixed Taguchi method is applied for this research work 
and the final experiment table for this study is present in table 
4.   

 

Table 4 Mixed Orthogonal Array for Spiral Flow 

Run ID MFR HS FT PITCH CR Nu 

1 8 0.1 25 15 25 0.018 98.04  

2 8 0.12 28 17 30 0.020 112.09  

Run ID MFR HS FT PITCH CR Nu 

3 8 0.14 31 19 35 0.024 110.20  

4 8 0.1 25 15 25 0.020 102.24  

5 8 0.12 28 17 30 0.024 105.36  

6 8 0.14 31 19 35 0.018 118.93  

7 8 0.1 25 17 35 0.018 93.14  

8 8 0.12 28 19 25 0.020 119.80  

9 8 0.14 31 15 30 0.024 116.21  

10 8 0.1 25 19 30 0.018 93.81  

11 8 0.12 28 15 35 0.020 101.46  

12 8 0.14 31 17 25 0.024 126.83  

13 8 0.1 28 19 25 0.024 101.79  

14 8 0.12 31 15 30 0.018 112.49  

15 8 0.14 25 17 35 0.020 118.13  

16 8 0.1 28 19 30 0.018 93.78  

17 8 0.12 31 15 35 0.020 105.51  

18 8 0.14 25 17 25 0.024 126.87  

19 9 0.1 28 15 35 0.024 84.86  

20 9 0.12 31 17 25 0.018 147.16  

21 9 0.14 25 19 30 0.020 125.54  

22 9 0.1 28 17 35 0.024 84.67  

23 9 0.12 31 19 25 0.018 109.65  

24 9 0.14 25 15 30 0.020 116.30  

25 9 0.1 31 17 25 0.020 91.10  

26 9 0.12 25 19 30 0.024 106.83  

27 9 0.14 28 15 35 0.018 117.96  

28 9 0.1 31 17 30 0.020 94.32  

29 9 0.12 25 19 35 0.024 99.58  

30 9 0.14 28 15 25 0.018 127.75  

31 9 0.1 31 19 35 0.020 85.56  

32 9 0.12 25 15 25 0.024 112.46  

33 9 0.14 28 17 30 0.018 117.42  
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Run ID MFR HS FT PITCH CR Nu 

34 9 0.1 31 15 30 0.024 89.47  

35 9 0.12 25 17 35 0.018 103.48  

36 9 0.14 28 19 25 0.020 126.11  

 

Nusselt number is selected as a response parameter for this 
study and the formulas used for calculation of Nu is present 
here: 

Step I Heat Transfer Calculation 

Q = m*Cp*(Twater out - Tair in) 

m = Mass flow rate 

Cp = Specific heat at a constant pressure of air 

Tair out = Temperature of air at the outlet section  

Tair in = Temperature of air at the inlet section  

Q = 0.14*4190*(299.8-288) 

Q = 6921.88 J/s 

Step II Convective Heat Transfer 

 h = Q
A∗(TPlate−TBulk)

  

h = 6921.88
0.078∗(304−293.818)

  

h = 8715.582 W/m2K  

Step III Nu Number Calculation 

 Nu = h∗Dh
k

  

Nu = 8715.582∗8∗0.001
0.6

  

Nu = 116.21  

Where k=Thermal Conductivity of water 

8.Experiment Validation 
Experiment validation is an important part of the CFD simula-
tion-based study because it verifies the CFD simulation for re-
search work. In the present study, Naphon and Suwagrai [01, 
02] based experimental research is used for the CFD validation 
study. All required boundary conditions are adopted form 
these research work and the same design is reconstructed for 
CFD validation and then the compare among experiment and 
CFD simulation is performed and present in table 5 and figure 
1 for selective CR and mass flow rate boundary conditions. Wa-

ter inlet temperature and wall temperature of the heating sur-
face is set constant for this experiment validation study.  

Table 5  
Experiment Validation with CFD simulation [01] 

MFR 

Experiment (Tin=20 C 

and THS=35 C) 

Simulation (Tin=20 C and 

THS=35 C) 

Strai

ght 

CR-

0.02 

CR-

0.04 

CR-

0.05 

Straig

ht-S 

CR-

0.02-S 

CR-

0.04-S 

CR-

0.05-S 

0.050  35.04  49.23  46.90  43.09  36.87  53.24  52.43  45.07  

0.066  41.62  61.52  57.28  53.68  44.15  66.92  62.66  56.24  

0.085  47.96  71.90  67.24  60.67  51.84  79.18  69.84  66.84  

0.100  50.93  83.13  75.93  69.15  55.41  92.92  79.57  73.79  

0.117  54.95  90.33  81.22  75.72  60.70  98.65  84.40  79.43  

 

 

Fig. 1 Experiment Validation with CFD simulation results [01] 

9.Result and Discussion 
In the present research study, six factors are selected for CFD 
simulation work. A total of 36 cases are generated using the 
Taguchi method and the experiment table is present in table 4 
with response Nusselt number. Taguchi analysis is performed 
using S/N ratio analysis for Nusselt Number and the results are 
present in table 6.  

Table 6 
S/N ratio analysis for Nusselt Number 

Level ID MFR HS FT PITCH CR 

1 40.68 39.33 40.63 40.54 41.2 40.84 

2 40.54 40.89 40.57 40.72 40.54 40.62 

3  41.62 40.64 40.58 40.1 40.38 
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Delta 0.14 2.3 0.07 0.19 1.1 0.45 

Rank 5 1 6 4 2 3 

 

As seen in Table 6, the best rank for Nusselt number using S/N 
ratio under the option of "larger is better" is mass flow rate of 
fluid, the second rank is the pitch of spiral tube, third rank is 
curvature ratio, the fourth rank is fluid temperature and the last 
rank is heating surface. The same result is present in figure 2 for 
the S/N ratio of the Nusselt number of spiral coil flow condi-
tions. 

As seen in figure 2, the optimal solution for Nusselt number is 
found by selecting the maximum S/N number value for the 
Nusselt number and the optimal solution is present in table 7 
for Nusselt number. 

 

Fig. 2 S/N ratio analysis for Nusselt Number for spiral Flow 

Table 7 
Optimal Solution for Nusselt Number 

Re-

spon

se 

ID MFR HS FT 
PITC

H 
CR Nu 

Nu 8 0.14 31 17 25 0.018 
153.2

6 

 

The interaction plot for all six factors is shown in figure 3, which 
indicates relation among tow factors and one response which is 
Nusselt number. 

 

Fig. 3 Interaction Plot for Nusselt Number 

10. CFD Contours 
The best part of CFD analysis is its visual part of a solved prob-
lem. In this section, the selective cases are present to show the 
capability of CFD simulation. As seen in table 8 the effect of 
temperature in different boundary conditions are clearly shown 
for experiment number 1, 6, 11, 19, 23 and 28. 

Table 8  
Temperature Contour 

 

Run-1 

      

Run-6 

 
     

Run-11 

      

Run-19 
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Run-23 

 
     

Run- 28 

 
     

10.Conclusion 
This study finds the effect of various process and design papers 
on the thermal performance of spirally coiled flow conditions 
using CFD and DOE techniques. The main conclusion of this 
research work is present here: 

I)Taguchi method is used for developing the experiment table 
for six parameters and each has three levels but the first-factor 
inner diameter has two levels only. A total of 36 experiment 
cases are designed in this method and then solved by CFD sim-
ulation software. 

II)Signal To noise ratio analysis is performed for this experi-
ment table and it is found that the Nusselt number can be in-
creased by improving the mass flow rate of fluid, then the sec-
ond rank for improving the Nu is the pitch of spiral tube and 
least effective parameter which can help to improve the Nu is 
heating surface temperature. 

The optimal solution for the Nusselt number is to present the 
following table for the selective experiment. 

Re-

spon

se 

ID MFR HS FT 
PITC

H 
CR Nu 

Nu 8 0.14 31 17 25 0.018 
153.2

6 
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