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Abstract 
                             A Heat Exchanger is a equipment used for transferring heat from one medium to another. 

There is a wide application of coiled heat exchanger in the field of cryogenics and other industrial applications 

for its enhanced heat transfer characteristics and compact structure. Lots of researches are going on to improve 

the heat transfer rate of the heat exchanger. Here, we have fabricated the shell and tube heat exchanger with 

selecting the materials on the primary objective of enhancing the heat transfer effectiveness. We casted the tube 

in the spiral shape with the helical angle of 30˚.Then we intended to perform calculation on the heat transfer 

Effectiveness. We are intended to show the merits of spiral coiled heat exchanger to that of the conventional 

parallel type heat exchangers.  
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1.Introduction 

                                Heat Exchanger is a device which provides a flow of thermal energy between two or 
more fluids at different temperatures. Heat exchangers are used in a wide variety of engineering 
applications like power generation, waste heat recovery, manufacturing industry, air-conditioning, 
refrigeration, space applications, petrochemical industries etc. Heat exchanger may be classified 
according to the following main criteria.  
 
1. Recuperators and Regenerators.  
2. Transfer process: Direct contact and Indirect contact.  
3. Geometry of construction: tubes, plates and extended surfaces.  
4. Heat transfer mechanisms: single phase and two phase.  
5. Flow arrangements: parallel, counter and cross flows.  
 
                                  large ratio of heat transfer area to volume is provided by the shell and tube heat 
exchanger and weight and they can be easily cleaned. Great flexibility is always provided by the shell and 
tube heat excahngers to meet almost any service requirement. Shell and tube heat exchanger can be 
designed for high pressure relative to the environment and high pressure difference between the fluid 
streams. 
 

2. Objective 

                          The use of spiral tube alternative to parallel tube increases the effectiveness by 10%.The 
fluid flowing through the tube will have to pass through an helix angle of 30˚through 6 turns and 
increases the fluid flow timing inside the shell which causes the heat transfer rate to increase because the 
cold water has enough time to absorb the heat from the hot fluid. Thus the heat transfer effectiveness is 
increased.  
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3.Literature Review 

          M. Mani Bharathi, Shams Hari Prasad Mohan, Santhosh Sivan.M, Karthikeyan.S Mr. 
M.D.Rajkamal M.E, (Assistant Professor). A Heat Exchanger is a equipment used for transferring heat 
from one medium to another. There is a wide application of coiled heat exchanger in the field of 
cryogenics. 
 
           Ebieto, C.E and Eke G.B University of Port Harcourt, Port Harcourt, Nigeria. A program was 
written in MATLAB to check for the thermal and hydraulic suitability of the heat exchangers. The 
program was tested with dataof five different industrial heat exchangers from Port Harcourt Refinery.  
 
                Swati Chaugaonkar , Vishal Gehlot , Vinod Parashar. International Journal of Advanced 
Mechanical Engineering. ISSN 2250-3234 Volume 4, Number 7 (2014), pp. 829-837. This paper 
describes a new approach to Designing and fabrication a regenerative heat exchanger for Stirling engines 
with the goal of building a working prototype. 
 
           Kevin M. Lunsford-1998. Kevin M. Lunsford evaluated the increasing heat exchanger 
performance through a logical series of steps. The first step considers if the exchanger is initially 
operating correctly. The second step considers increasing pressure drop if available in exchangers with 
single-phase heat transfer. 
 

4.Spiral Tube Heat Exchanger 

                  Spiral tube heat exchangers consist of a series of tubes. One set of these tubes contains the 
fluid that must be either heated or cooled. The second fluid runs over the tubes that are being heated or 
cooled so that it can either provide the heat or absorb the heat required. A set of tubes is called the tube 
bundle and can be made up of several types of tubes: plain, longitudinally finned, etc. Spiral tube heat 
exchangers are typically used for high pressure applications (with pressures greater than 30 bar and 
temperatures greater than 260°C. This is because the shell and tube heat exchangers are robust due to 
their shape. 

 

Fig 4.1:Spiral Tube Heat Exchanger 

4.1 Tube diameter 

          Using a small tube diameter makes the heat exchanger both economical and compact. However, it 
is more likely for the heat exchanger to foul up faster and the small size makes mechanical cleaning of the 
fouling difficult. To prevail over the fouling and cleaning problems, larger tube diameters can be used. 
Thus to determine the tube diameter, the available space, cost and the fouling nature of the fluids must be 
considered. 

4.2 Tube thickness 
          The thickness of the wall of the tubes is usually determined to ensure:  
– There is enough room for corrosion 
– That flow-induced vibration has resistance 
– Axial strength 
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4.3 Tube length   
                Heat exchangers are usually cheaper when they have a smaller shell diameter and a long tube 
length. Thus, typically there is an aim to make the heat exchanger as long as physically possible whilst 
not exceeding production capabilities. However, there are many limitations for this, including the space 
available at the site where it is going to be used and the need to ensure that there are tubes available in 
lengths that are twice the required length (so that the tubes can be withdrawn and replaced). Also, it has to 
be remembered that long, thin tubes are difficult to take out and replace. 

4.4 Tube pitch 
          when designing the tubes, it is practical to ensure that the tube pitch (i.e., the centre-centre distance 
of adjoining tubes) is not less than 1.25 times the tubes' outside diameter. A larger tube pitch leads to a 
larger overall shell diameter which leads to a more expensive heat exchanger. 

4.5 Tube corrugation  
          This type of tubes, mainly used for the inner tubes, increases the turbulence of the fluids and the 
effect is very important in the heat transfer giving a better performance. 

4.6 Tube Layout 
          Refers to how tubes are positioned within the shell. There are four main types of tube layout, which 
are, triangular (30°), rotated triangular (60°), square (90°) and rotated square (45°). The triangular 
patterns are employed to give greater heat transfer as they force the fluid to flow in a more turbulent 
fashion around the piping. Square patterns are employed where high fouling is experienced and cleaning 
is more regular. 

4.7 Baffle Design  
           Baffles are used in shell and tube heat exchangers to direct fluid across the tube bundle. They run 
perpendicularly to the shell and hold the bundle, preventing the tubes from sagging over a long length. 
They can also prevent the tubes from vibrating. The most common type of baffle is the segmental baffle. 
The semicircular segmental baffles are oriented at 180 degrees to the adjacent baffles forcing the fluid to 
flow upward and downwards between the tube bundle. Baffle spacing is of large thermodynamic concern 
when designing shell and tube heat exchangers. Baffles must be spaced with consideration for the 
conversion of pressure drop and heat transfer. 

 

5.Components 
5.1 Gate Vales 
        A gate valve, also known as a sluice valve, is a valve which opens by lifting a round or rectangular 
gate/wedge out of the path of the fluid. The distinct feature of a gate valve is the sealing surfaces between 
the gate and seats are planar, so gate valves are often used when a straight-line flow of fluid and minimum 
restriction is desired. The gate faces can be parallel, but are most commonly wedge-shaped.  

5.2 Pump 
       A pump is a device used to move gases, liquids or slurries. A pump moves liquids or gases from 
lower pressure to higher pressure, and overcomes this difference in pressure by adding energy to the 
system such as a water system. A gas pump is generally called a compressor, except in very low pressure-
rise applications, such as in heating, ventilating, and air-conditioning, where the operative equipment 
consists of fans or blowers. 
          Pumps work by using mechanical forces to push the material, either by physically lifting, or by the 
force of compression. Hand-operated, reciprocating, positive displacement, water pump. A positive 
displacement pump causes a liquid or gas to move by trapping a fixed amount of fluid or gas and then 
forcing displacing that trapped volume into the discharge pipe. They are relatively inexpensive, and are 
used extensively for pumping water out of bunds, or pumping low volumes of reactants out of storage 
drums. Continuous energy addition.  

5.3 Coil Tube 
         In the oil and gas industries, coiled tubing refers to a very long metal pipe, normally 1 to 3.25 in (25 
to 83 mm) in diameter which is supplied spooled on a large reel. It is used for interventions in oil and gas 
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wells and sometimes as production tubing in depleted gas wells. Coiled tubing is often used to carry out 
operations similar to wirelining. The main benefits over wireline are the ability to pump chemicals 
through the coil and the ability to push it into the hole rather than relying on gravity. Pumping can be 
fairly self-contained, almost a closed system, since the tube is continuous instead of jointed pipe. A coiled 
tubing operation is normally performed through the drilling derrick on the oil platform, which is used to 
support the surface equipment, although on platforms with no drilling facilities a self-supporting tower 
can be used instead. For coiled tubing operations on sub-sea wells a mobile offshore drilling unit 
(MODU) e.g. semi-submersible, drillship etc. 
  

 
Fig 5.1:Coil Tube 

 

 

5.4 Bolt And Nuts 

Bolt 
        Bolts are often used to make a bolted joint. This is a combination of the nut applying an axial 
clamping force and also the shank of the bolt acting as a dowel, pinning the joint against sideways shear 
forces. For this reason, many bolts have a plain unthreaded shank (called the grip length) as this makes for 
a better, stronger dowel.  

 

Fig 5.2:Bolt 

Nuts 

         A nut is a type of fastener with a threaded hole. Nuts are almost always used in conjunction with a 
mating bolt to fasten multiple parts together. The two partners are kept together by a combination of their 
threads' friction (with slight elastic deformation), a slight stretching of the bolt, and compression of the 
parts to be held together.  

 

Fig 5.3:Nuts 

 

5.5 Digital Thermometer 

        A thermometer is a device that measures temperature or a temperature gradient. A thermometer has 
two important elements: (1) a temperature sensor (e.g. the bulb of a mercury-in-glass thermometer or the 
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digital sensor in an infrared thermometer) in which some change occurs with a change in temperature, and 
(2) some means of converting this change into a numerical value (e.g. the visible scale that is marked on a 
mercury-in-glass thermometer or the digital readout on an infrared model). Thermometers are widely used 
in industry to monitor processes, in meteorology, in medicine, and in scientific research.  

5.6 Copper Tube 
             Copper tube is a part of this equipment copper tube is used in heat exchangers because of its 
many desirable properties, such as its conductivity of electricity and heat, its resistance to corrosion, its 
malleability and ductility, and its beauty, copper has long been used in a wide variety of applications. The 
principal uses are electrical, because of copper’s extremely high conductivity, which is second only to 
that of silver. Because copper is very ductile, it can be drawn into wires of any diameter from about 0.025 
mm (about 0.001 in) upward. The tensile strength of drawn copper wire is about 4200 kg/sq cm (about 
60,000 lb/sq. 

 

Fig 5.4:Copper Tube 

 

6.Working 

      The essential principle of a heat exchanger is that it transfers the heat without transferring the fluid 
that carries the heat. Photo: How a simple heat exchanger works. ... Heat is exchanged by the fluids: the 
hot fluid cools down and the cold fluid warms up, without them actually coming into contact and mixing. 
A heat exchanger is a device that allows heat from a fluid (a liquid or a gas) to pass to a second fluid 
(another liquid or gas) without the two fluids having to mix together or come into direct contact.  
      
      If that's not completely clear, consider this. In theory, we could get the heat from the gas jets just by 
throwing cold water onto them, but then the flames would go out! The essential principle of a heat 
exchanger is that it transfers the heat without transferring the fluid that carries the heat. 
 

Flow Diagram 

 

Fig 6.1:Flow Diagram 
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      In power plants or engines, exhaust gases often contain heat that's heading uselessly away into the 
open air. That's a waste of energy and something a heat exchanger can certainly reduce (though not 
eliminate entirely some heat is always going to be lost). The way to solve this problem is with heat 
exchangers positioned inside the exhaust tail pipes or smokestacks. As the hot exhaust gases drift upward, 
they brush past copper fins with water flowing through them. The water carries the heat away, back into 
the plant. There, it might be recycled directly, maybe warming the cold gases that feed into the engine or 
furnace, saving the energy that would otherwise be needed to heat them up. Or it could be put to some 
other good use, for example, heating an office near the smokestack. 
 

 

Fig 6.2:Working Heat Exchanger 

 

7.Calculations 

7.1 Design calculations  

Design of spiral tube 
Diameter of the inner tube di = 10mm  
Diameter of the outer tube do= 12.7mm  
Number of turns on the tube N= 6  
Pitch of the spiral tube P= 45mm  
Outside diameter of the coil D= 100mm  

 

Design of Outer shell  

Thickness of the shell t = 1.2mm  
Diameter of the shell d = 200mm  
Length of the shell L = 600mm  
Area of the shell= π(r)2= π(100)2= 31.4 mm2 Circumference of the shell = 2πr = 2*π*100 = 628mm  
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7.2 Flow calculations 
Entry temperature of hot fluid T1=85oC  
Entry temperature of hot fluid T2=55oC  
Entry temperature of cold fluid t1=25oC  
Exit temperature of cold fluid t2= 42oC  
Specific heat of hot fluid c1=4180J/kg K  
Specific heat of cold fluid c2=4180J/kg K  
Overall heat transfer coefficient U=1600W/Km2  

 

7.3 Design Calculations  
T1 = 850C  
T2 = 550C  
Heat transfer per kg of water in the shell is  
Q = mcp(T1 - T2 )  
    = (1)(4.18)(85-55)  
Q = 209 J/Kg  
We know that  
Volume of the shell = volume of the water = ( Δ/4)*d2 *L  
To find the mass of water in the shell we use the mass-density relation  
Density( Δ) = Mass(m) / Volume(V)  
               m = ρ*V  
                   = 1000*(π/4) * (.2)2 * (.6)  
                   = 1000 * 0.01884  
               m = 18.84 kg  
 

7.4 Logarithmic Mean Temperature Difference (LMTD) 

       LMTD = (ΔT1 - ΔT2) / ln(ΔT1/ΔT2)  
                   = (85-40)-(55-25)/(In((85-40)/(55-25)))a  
        (ΔTm) = 36.994 ΔC  
               Q = UA(ΔTm)  
               Q = 1600*31.4* 36.994  
               Q = 3717.157 J (considering the time as 2 seconds)  
              Q = Quantity of heat transfer (W/m2K)  

 

7.5 To find the Effectiveness 
      Δ = Q/(Cmin*(T1-t1)  
         = 3937.56/(18.84*4.18*60)  
      Δ = 0.833  
Where,  
Q-heat transfer quantity (Watts)  
ΔTm-Logarithmic Mean Temperature difference (Celsius)  
Δ-Effectiveness (no unit). 
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Difference between coil and tube heat exchanger: 

 

 

 

 
 

8.Merits 
• It is easy to operate,  

• .Dissipate the heat,  

• Used for conduction and convection process. 
 

9.Applications 

• It is applicable in air conditioning, 

• Automobile field in steam engine etc. 
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10.Conclusion 

        The project carried out by us made an impressing task in the field of automobile department. It is 
very useful for vehicle to cool the steam engine quickly. This project will reduce the cost involved in the 
concern. Project has been designed to perform the entire requirement task at the shortest time available.  
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