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Abstract – In present day shell and coil heat exchangers is the most common type heat exchangers widely used in oil refineries and 
other large chemical process, because it suits high pressure application. Enhancement in heat transfer due to helical coils has been 
reported by many researchers. While the heat transfer characteristics of double pipe heat exchangers are available in the 
literature, there exists no published experimental or theoretical analysis of a helically coiled heat exchanger using CFD package 
ANSYS 15.0. The objectives of the project is design of shell and coil heat exchanger with change in pitch and study the flow and 
temperature field inside the shell using ANSYS software tools. The experimental results are compared with the CFD calculation 
results using the CFD package. The CFD predictions match reasonably well with the experimental results within experimental error 
limits. Based on the confidence gained in the CFD predictions, the results generated under different conditions may be used further 
to obtain a generalized correlation, applicable to various coil configurations.     
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1.1 BRIEF DESCRIPTION ABOUT0SHELLyAND TUBE HEAT EXCHANGER 

Heat0exchangers are0device that0facilitate heat transfer between two fluids at different temperatures.yIn the majority0of the 
heat0exchangers, ya solid wall separates the two fluids so that they0are not in direct contact withyeachxother.   

A shellxand tube heat0exchanger is a0class of heat0exchangerydesigns.0As its nameyimplies, thisytype of heatyexchanger 
consistsyof a shell (a large pressure vessel) with0a bundle0of tubes0inside thexshell. 

A shellyand tube heatxexchangers areyprobably most commonxtype of heatyexchangers applicableyfor wide range 
ofyoperatingxtemperature andypressure.xThey have largeryratio of heat0transfer0surface toyvolume thanydouble 
pipexheat0exchanger and0they areyeasy to manufacture0in largeyvariety ofxsizes and flowyconfiguration.0Shell 
and0tube0heat exchangersxfindywidespread use inxrefrigeration, powerygeneration,0heating and0air conditioning,0chemical 
processes,xpetroleum,ymedical0applications.   

Use of0helical coils addsyefficiency to thexheat exchangerxperformance.xShell-and-coilyheat exchangersxhave been 
usedymainly in solarxdomestic hotywater (SDHW) systemsxbecause of theiryhigh heat0transfer and0smaller 
spaceyrequirement,ytheir use inyheat recovery systemsxfor spaceyheating also has been0reported [1].0Therefore, it is 
worthy0toystudy heat transfer,0pressure drop and0thermal0performancexof the shellyside ofxhelical oryspiralycoil used in 
heatoexchangers.0In spite of0numerical andxexperimental0studies which0havexbeen carriedyout in relationxto tube-side heat 
transfer0coefficient,ythere areynot0many investigationsxon theyshell-side mixed0convection0heat transferycoefficient 
of0shell-and-coil0heat0exchangers. 

1.2 Background of study 

correlationxbased1approaches0can be0used for1sizingxand can0also be0used iteratively0to 
obtain0general1performance0parameter (rating and pressure drop) of axheat exchanger.xAt a givenxiteration, if 
the0performance of the0consideredxdesign isycalculated to be0unsatisfactory,0a better0performing design0can be 
obtained1by changing the1design parametersxin the right0direction.xAn experienceyheat0exchanger designer0knows0what 
change1in which1direction. as the1simplest0example: if the1tube0side heat1transfer coefficient1comes out0smaller 
thanxexpected,xone can guess thatxthe velocitiesyare lowxand try a0configuration with a0smaller crossysectional flow area0in 
the nextxiteration.0Although it is0simple toxadjust the tubexside parameters,0it is very0hard toxget theyright0combination for 
the0shell side.xIf possible,xan ability toyvisualizeythe flowxand temperature0field on0the shell side0can simplifyythe 
assessment0of the weaknesses.0The estimation0for pressure0loss for thexfluids0flowing inside0tubes 
are0relativelyxsimple,1but complex in1shell side0flow.0Computational0fluid dynamics0(CFD) can 
be0veryxuseful0tool to0gain thosexabilities. 
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2. Inlet Velocity 1 m/s and Pitch 25 mm 

The velocity andxtemperature profiles at the0exit of the0helical pipe for the constant0and temperature dependent0properties 
of the coolingxmedium are given in Fig. 6.25 In0all the figures, the right side is the0outer side of the coil. It can be0readily seen 
that unlike forxflow through a straight tube high0velocity isxon the outer side of the coil0his is especially prominent in 
the0inner side of the0coil, as the velocity gradients at0this0location are0higher. 

 

Figure.6. 1 Mid0Sectional PressurexContoursof ShellxRegion 

 

 

Figure.6. 2 Pressure0Contours of0CoilxRegion 

 

Figure.6. 3 Mid-Sectional0TemperatureyContours of Coil0Region 
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Temperature0profile of the hot fluid for of0the cases (inlet velocity = 1ms−1) is given in0Fig. 6.1. The effect of cross0flowin the 
shell region is visible from the0temperature0contours. Velocity profile0along a section on the YZ plane is0shown in Fig.6.27. 
This is the0plane passing through the0shell inlet/outlet.0Irregularity of the flow in shell asxcompared to a double 
pipeheat0exchanger is very dominant in this case. The velocity0contours in the XZ plane0are given in Fig. 6.8. The coil0section 
at top left is hot fluid inlet, where a circularxvelocity contours are observed. As the0fluid flows down, the flow gets 
developed0due to the centrifugal and torsion effects induced by the helical nature of the pipe. This figure also0indicates the 
irregular velocity profiles existing in the shellxside. 

 

 

Figure.6. 4TemperaturexContours of Coil0Region 

 

Figure.6. 5 Stream Line0Contours of ShellyRegion 

 

Figure.6. 6 Stream0Line Contoursxof Coil0Region 
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Figure.6. 7 Stream Line0Contours of Shell &xCoil Region 

 

 

 

Figure.6. 8 Mid Sectional0Velocity Contours ofyTube and Shell0Region 

The results of the0analysis of the CFD simulation are used toyestimate the overall0heat transfer coefficient.xFig.6.33 gives 
a0comparison of the0overallxheat transfer0coefficients obtainedxfrom  the0experiment and those0calculated using the0CFD 
code.xIt is found0that the values are0well0within 5%.During the0experiments,0care was taken to0obtain0non-oscillatory flow 
rates.xFor this, stabilised0power0supply was used for the0experimental setup,xwhich0maintains speed of the0pumps at a 
constant0rpm.0Proper thermalyinsulation was provided0for the heating tank and theypipes. No insulation need to 
be0provided to the test sectionyas the cold water at ambient0temperature was flowing on the shell side.0Thus, enough 
care0was taken to minimise uncertainties0in the experiments. An error of00.2 ◦C is expectedxin temperature 
measurementsydue the accuracy of the temperaturexsensors and indicators.0Error due to accuracy of the0rota meters0was 
3%. 

The figure also0shows overall heatytransfer coefficient predicted by the0CFD codeywhen constant values are usedxfor fluid 
properties.Thefigure0also shows the overall heat0transfer coefficient calculated0from its components, viz.,xinside heat 
transfer0coefficient,0wall conductance and outside0heat transfer coefficient. This value is0found to be very close to0the 
overall heat transfer0coefficients calculated from0overall energyxbalance. The inside Nusselt0numbers reported by0FLUENT 
for the0case of helical pipe heatxexchanger assembly are compared with those obtained0for a0helical pipe. The results0are 
shown in Fig. 6.34. 
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Experimental

CFD

 

Figure.6.9Comparison of overall heat transfer coefficient. 

Experimental

CFD

 

Figure.6. 10Comparison of Nusselt number 

 

Figure.6. 11Comparison of0overall heat transfer0coefficient for differentxpitch 

Experimental

CFD-Pitch 30mm

CFD-Pitch 25mm

 

Figure.6. 12Comparison of0Nusselt number0for different0pitch 
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The0methodology for estimation of heat transfer for axhelically coiled heat exchanger0has been0successfully 
validatedagainst0experiments. As mentioned earlier, CFD0analysis was carried out using Realizable k–ε0model with standard 
wall functions. Applicability0of thisxmodel0with strong centrifugal andxtorsional0effects predominant in theycase of0flow 
throughxhelical coil needs to be0further investigated. In addition, usage of axfixed set of model0constants without considering 
the0temperature0effects on them, can0result in uncertainties inxtheyCFD predictions In future analysis,xthese factors need to 
be0taken into0account. 

3. CONCLUSION 

It is observed0that the use of constant values for the thermal and0transport properties of0the heat transport0medium results 
in prediction of inaccurateyheat transfer coefficients0Also for prediction of heat0transfer in a situation of fluid-to fluid 
heat0transfer, as it occurs in the0case in a heat exchanger0arbitrary boundary conditions such as0constant wall 
temperatureyconstant heat flux, etc., are not applicable. In this0situation, it is essential0to model the equipment considering 
conjugate heat0transfer. An experimental setup0is fabricated to study0fluid–fluid heat transfer in a helicallyycoiled heat 
exchanger. Heat0transfer characteristics of the heat0exchanger with helical coil are also0studied using the CFD0code FLUENT. 
The CFD0predictions match reasonably well withythe0experimental results0within experimental error limits.0Based on the 
results a0correlation was developed to0calculate the inner heatxtransfer coefficient of the0helical coil. Based on 
the0confidence gained in0the CFD predictions, the results0generated under different conditions mayyused further to0obtain a 
generalised correlation, applicable to various coil0configurations. 
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