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ABSTRACT: Spiral flow heat exchangers are known as excellent heat exchanger because of far compact and high heat 
transfer efficiency. SFHE is a unique design where it consists of single fluid as working fluid for heat exchange. Here 
heat transfer takes place between solid and fluid, and hence can be called as conjugate heat transfer. Heat transfer 
characteristics of SFHE are observed at various Reynolds number and base temperature. SFHE is designed and 
fabricated with new arrangement for measuring the heat transfer is employed for obtaining the experimental results. 
The concept of thermoelectric effect is used which is direct conversion of temperature difference to electric voltage, to 
measure temperature at various points in the heat exchanger.  CAD model is developed and computations are 
performed using commercially available CFD package ANSYS-CFX for the same boundary conditions, input 
conditions as that considered for experimental purpose.   Obtained CFD results are compared with that of experimental 
results for validation.  It is observed that there is a good agreement between experimental and computational results.  
Optimization of the heat exchanger can be carried out using computational methods developed in this work for better 
performance. 
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I. INTRODUCTION 
Spiral tube heat exchanger has excellent heat exchanger because of far compact and high heat transfer efficiency. 
Spiral-tube heat exchangers consist of one or more spirally wound coils which are, in circular pattern, connected to 
header from which fluid is flowed. This spiral coil is installed in a shell another fluid is circulated around outside of the 
tube, leads to transfer the heat between the two fluids [1]. Heat transfer rate associated with a spiral tube is higher than 
that for a straight tube. In addition, a considerable amount of surface can be accommodating in a given space by 
spiralling. In spiral tube heat exchanger, problem of thermal expansion is not probably occurring and self cleaning is 
also possible. A spiral tube heat exchanger is a coil assembly fitted in a compact shell that to optimizes heat transfer 
efficiency and space. Every spiral coil assembly has welded tube to manifold joints and uses stainless steel as a 
minimum material requirement for durability and strength. Spiral tube heat exchanger uses multiple parallel tubes 
connected to pipe or header to create a tube side flow [2]. The spaces or gaps between the coils of the spiral tube bundle 
become the shell side flow path when the bundle is placed in the shell. Tube side and shell side connections on the 
bottom or top of the assembly allow for different flow path configurations. The spiral shape of the flow for the tube 
side and shell side fluids create centrifugal force and secondary circulating flow that enhances the heat transfer on both 
sides in a true counter flow arrangement. Since there are no baffles are provided in to the system, therefore to lower 
velocities and heat transfer-coefficients. Performance is optimized [3]. Additionally, since there are a variety of 
multiple parallel tube configurations are not compromised by limited shell diameter sizes as it is in shell and tube 
designs. The profile of a spiral is very compact and fits in a smaller path than a shell and tube design. Since the tube 
bundle is coiled, space requirements for tube bundle removal are almost eliminated [4]. When exotic material is 
required, a spiral tube heat exchanger minimizes the material used since manifolds replace the channels, heads and tube 
sheets of a conventional shell and tube design. Spiral tube heat exchanger uses single channel technology, which means 
that both fluids occupy a single channel, which allows fully counter-current flow. One fluid (hot fluid) enters the centre 
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of the unit and flows towards the periphery. The other fluid (cold fluid) enters the unit at the periphery and moves 
towards the centre. The channels are curved and have a uniform cross section, which creates “spiralling” motion within 
the fluid [5]. The fluid is fully turbulent at much lower velocity than straight tube heat exchangers, and fluid travels at 
constant velocity throughout the whole unit. Spiral tube heat exchanger consists of number of spirals attached to the 
header. 
 

II. METHODOLOGY 

 
Figure 1: Flowchart of the methodology 

DESIGN OF EXPERIMENTAL SETUP 
 

 
Figure 2: Design of the spiral flow heat exchanger 

 
A spiral strip is used as a passage for the fluid flow and is constructed on the target plate having cross section area of 
145 mm X 150 mm and thickness 3 mm, here we have used the spiral strip for our convenience, which is of thickness 3 
mm, height 12 mm and passage 12 mm as shown in Fig 2. In this way, a square passage of flow of 12 X 12 sq. mm is 
obtained. 
 The material used for fabrication of SFHE is Copper (Cu). Copper has many desirable thermal properties that 
make it appropriate for fabrication of a heat exchanger. Copper is an excellent conductor of heat. The thermal 
conductivity of copper is 401 W/m-K which means heat passes quickly through it. Copper also offers high resistance to 
corrosion. The only other metal offering this property is Stainless Steel. But the thermal conductivity of stainless steel 
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is 1/30th that of copper. Also the melting point is 1357.77 K and the maximum temperature to be carried out during the 
experiment is 373K. 
 
FABRICATION 
 
The spiral coil is fabricated on the iso-thermal base plate. The fabrication is carried out by brazing process. Brazing is a 
metal-joining process whereby a filler metal is heated above melting point and distributed between two or more close-
fitting parts by capillary action. The filler metal is brought slightly above its melting temperature while protected by a 
suitable atmosphere, usually a flux. It then flows over the base metal and is then cooled to join the work pieces together. 
It is similar to soldering, except the temperatures used to melt the filler metal are higher for brazing. Copper is brazed 
because it cannot be welded. This is because the temperature obtained during welding is high and almost equal to the 
melting point of copper. Hence, to avoid it brazing is done. The other base plate is fitted above the spiral coil using nuts 
and bolts with a rubber pad in between. The rubber acts as a means of insulator and means to avoid leakage. Even after 
completing the entire fabrication of SFHE, leakage was found at some places. The leakage is prevented by applying M-
seal, which is combination of a resin base and hardener. Pipes of 10 mm are fitted at inlet and outlet for passage of 
water. Thermocouples are installed at following places: Three thermocouples in the central region, one at inlet, one at 
outlet and the last one immersed in the heat bath. The thermocouple wires are drawn out of the setup from the centre by 
drilling hole. The thermocouple wires are soldered at the channel-selector. Fig 3 shows a view of completely assembled 
SFHE. The base wound with asbestos and heat exchanger placed above it. 

 
Figure 3: Final setup of the spiral flow heat exchanger 

 
 

III. COMPUTATIONAL APPROACH 
        Fluid dynamics deals with the dynamic behaviour of fluids and its mathematical interpretation is called as 

Computational Fluid Dynamics. Fluid dynamics is governed by sets of partial differential equations, which in most 
cases are difficult or rather impossible to obtain analytical solution. CFD is a computational technology that enables the 
study of dynamics of things that flow. 

 
 

 
Figure 4: Points & Curves used to develop 

CAD model 
Figure 5: Base plate, Adiabatic strip & flow 

domain of the spiral flow heat exchanger 
Figure 6: Tetra-mesh of the spiral flow heat 

exchanger 
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CAD modelling 
    CAD modelling is performed using ICEM CFD application.  Tetra elements is used as it is most suitable for complex 
geometries and offers several benefits like rapid model setup, no surface mesh necessary, control over element size 
inside  a volume and mesh independent of underlying surface topology.  ANSYS-CFX package is used to perform 
analysis which uses RANS approach to solve the physical problem.  CFD-POST is used to read the results in the form 
of Vector plots, contour plots and Particle tracking. 
 

IV. RESULTS & COMPARISON 
In this section results from experiment and computations are presented and compared.  Results are obtained for base 

temperature of 100  ͦ C (373 K)  and for various mass flow rates.  Thermocouples were used to measure temperature in 
terms of milli Volts and were read in temperature using calibration graph of thermocouple wire.  Computation results 
are obtained using ANSYS – CFD Post.  Plots are plotted for parameters like temperature, pressure and velocity which 
help in evaluating the performance of the double spiral counter flow heat exchanger. 

The variation in the experimental values may be caused due to many factors. Some of them are: fabrication errors, 
leakage of water, uneven base heating etc. It can also be viewed in the profiles that the temperature of the base plate 
decreases as the mass flow rate is increased. This shows that the heat transfer has increased due to increase in mass 
flow rate. Also, in pressure profile it is seen that the pressure at inlet is more and at outlet is less comparatively. This is 
because of the increase in velocity. In velocity profile, it can be seen that the velocity increases with increase in mass 
flow rate. This is mainly due to two reasons: Due to turbulence created in the centre of the setup and other reason is due 
to centrifugal force created as the fluid circulates in circular motion. In vector plot, we can see exactly where the 
turbulence is created. Turbulence is created when the vectors of the fluid start to cross each other’s path. So it is seen in 
the central part of the SFHE. 

 
The thermocouples are placed at six places in the heat exchanger. Those are as follows: 
Junction 1 – Base plate at the centre of the heat exchanger                  Junction 4 – Inlet of the heat exchanger 
Junction 2 – Wall of the spiral passage at the centre                             Junction 5 – Outlet of the heat exchanger     
Junction 3 – Top of the spiral wall at the centre                                    Junction 6 – Hot water bath 

    
The experimental results are shown in the table below. 
 

Sr. 
No. 

Mass 
Flow 
rate 

(m3/sec) 

Temperature 
at junction 1 

( ͦ K) 

Temperature 
at junction 2 

( ͦ K ) 

Temperature 
at junction 3 

( ͦ K ) 

Temperature 
at junction 4 

( ͦ K ) 

Temperature 
at junction 5 

( ͦ K ) 

Temperature 
at junction 6 
   ( ͦ K ) 

1 1 333 323 318 303 318 373 
2 1.5 328 318 316 303 312 373 
3 1.9  318 316 312 305 308 370 
4 2 316 312 308 305 307 368 

Table 1: Experimental results for corresponding mass flow rates 
 

Mass flow 
rate 

(m3/sec) 

Junction 1 
( ͦ K) 

Junction 2 
( ͦ K) 

Junction 3 
( ͦ K) 

Junction 4 
( ͦ K) 

Junction 5 
( ͦ K) 

Junction 6 
( ͦ K) 

1 355 334 316 299 327 373 

1.5 351 329 314 300 321 373 

1.9 346 315 310 300 318 373 

2 338 310 303 300 307 373 
Table 2: Computational results for corresponding mass flow rates from ANSYS-CFX 
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The profiles obtained in ANSYS Post processor are shown below: 
The temperature on the wall gradually decreases due to convection occurring between the wall and the fluid. Finally, it 
can be observed that the temperature on the adiabatic wall is minimum. This is because of the cooling of water.   
From the pressure profiles it is seen that the pressure is high at the inlet and low at the outlet of the SFHE. Hence, the 
velocity is more at outlet. 
From the velocity profiles it is seen that velocity is maximum at the centre of the SFHE. This is because turbulence is 
created at the centre due to sudden change in direction. It can also be seen that the velocity is more towards outer wall. 
This is because; the centrifugal force created due to circular movement of the water pushes the water towards the outer 
wall. 

 
COMPARISON 
It can also be viewed in the profiles that the temperature of the base plate decreases as the mass flow rate is 
increased. This shows that the heat transfer has increased due to increase in mass flow rate.  Also, in pressure 
profile it is seen that the pressure at inlet is more and at outlet is less comparatively. This is because of the increase 
in velocity.  In velocity profile, it can be seen that the velocity increases with increase in mass flow rate. This is 

Figure 7: Temperature profile for 1m3/sec Figure 8: Velocity streamline for 1m3/sec Figure 9: Pressure profile for 1m3/sec 

   
Figure 10: Temperature profile for 1.5m3/sec Figure 11: Velocity streamline for 1.5m3/sec Figure 12: Pressure profile for 1.5m3/sec 

  

Figure 13: Temperature profile for 1.9m3/sec Figure 14: Velocity streamline for 1.9m3/sec Figure 15: Pressure profile for 1.9m3/sec 

 
Figure 16: Temperature profile for 2m3/sec Figure 17: Velocity streamline for 2m3/sec Figure 18: Pressure profile for 2m3/sec 
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mainly due to two reasons: Due to turbulence created in the centre of the setup and other reason is due to centrifugal 
force created as the fluid circulates in circular motion.  
The comparison of experimental and computational results can be viewed in the graphs below: 
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Figure 19: Comparison of experimental and computational results for 
1m3/sec 

Figure 20: Comparison of experimental and computational results for 
1.5m3/sec 
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Figure 21: Comparison of experimental and computational results for 

1.9m3/sec 
Figure 22: Comparison of experimental and computational results for 

2m3/sec 
 

V. CONCLUSION 
For steady state analysis, the pressure drop for calorimeter along the length of the flow is found to be uniform except at 
the mid length and found to be increasing with the mass flow rate. At the centre of the plate there is sharp decline in 
pressure due to change in the cross sectional area of flow. The pressure recovery takes place in a short distance. 
It is observed that temperature of water gradually increased along the flow length because it picks up heat during the 
course of the flow. There is a clear evidence of the heat transfer cross the vertical strip separating the adjacent counter 
flow hot and cold steams.  For constant inlet and base temperatures, the outlet temperature of the water decreases with 
mass flow rate.  Velocity suddenly increases at mid length due to change in cross section area of SFHE, velocity 
recovers in a short distance in the downstream and remains almost constant till the outlet.  There is no evidence of the 
influence of the base temperature on the velocity distribution. 
Also, in experimental setup, the temperature in the centre portion is more. And there is difference in voltage at different 
points of the setup. This shows that heat transfer is taking place. Also when the voltages are compared to the calibrated 
graph, the temperature obtained is approximately equal to that obtained computationally. 
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