‘// International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056
JET Volume: 06 Issue: 11 | Nov 2019 www.irjet.net p-ISSN: 2395-0072

EXPERIMENTAL AND CFD ESTIMATION OF HEAT TRANSFER IN
HELICALLY COILED HEAT EXCHANGERS

Satish Kumar.L?!, Dr.G.ManavendraZ?, Hariyapla Manjunatha3

'P.G Student, Department of Mechanical Engineering, BIET College of Engineering, Karnataka, India
? Associate Professor, Department of Mechanical Engineering, BIET college of Eng., Karnataka, India
3P.G Student, Department of Mechanical Engineering, University B.D.T College of Engineering, Karnataka, India

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 ABOUT SHELL AND TUBE HEAT EXCHANGER

Heat exchangersare devicethat facilitate heattransfer between two fluids at different temperatures. Inthe majority ofthe
heat exchangers, solid wall separates the two fluids so that they are not in direct contact with each other.

A shell and tube heat exchangerisa class of heat exchanger designs. As its name implies, this type of heat exchanger
consists of a shell (a large pressure vessel) with a bundle oftubes inside the shell.

A shell and tube heat exchangers are probably most common type of heat exchangers applicable for wide range
of operating temperature and pressure. They have larger ratio of heat transfer surface to volume than double
pipe heat exchanger and they are easy to manufacture in large variety of sizes and flow configuration. Shell
and tube heatexchangers find widespread usein refrigeration, power generation, heatingand air conditioning, chemical
processes, petroleum, medical applications.

Use of helical coils adds efficiency to the heat exchanger performance. Shell-and-coil heat exchangers have been
used mainly in solar domestic hot water (SDHW) systems because of their high heat transfer and smaller
space requirement, their use in heat recovery systems for space heating also has been reported [1]. Therefore, it is
worthy to study heattransfer, pressuredropand thermal performance oftheshell sideof helical or spiral coil usedin
heat exchangers. Inspiteof numericaland experimental studies which have been carried outinrelation to tube-side heat
transfer coefficient, there are not many investigations on the shell-side mixed convection heat transfer coefficient
of shell-and-coil heat exchangers.

1.2 Background of study

correlation based approaches can be used for sizing and can also be used iteratively to
obtain general performance parameter (rating and pressure drop) of a heat exchanger. At a given iteration, if
the performance of the considered design is calculated to be unsatisfactory, a better performing design can be
obtained by changingthe design parameters intheright direction. Anexperience heat exchangerdesigner knows what
change in which direction. as the simplest example: if the tube side heat transfer coefficient comes out smaller
than expected, one can guessthat thevelocities arelow andtrya configurationwitha smallercross sectional flowarea in
thenext iteration. Althoughitis simpleto adjustthetube side parameters, itisvery hardto getthe right combination for
the shell side. If possible, an ability to visualize the flow and temperature field on the shell side can simplify the
assessment of the weaknesses. The estimation for pressure loss for the fluids flowing inside tubes
are relatively simple, but complex in shell side flow. Computational fluid dynamics (CFD) can
be very useful toolto gainthose abilities.
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2. Inlet Velocity 1 m/s and Pitch 25 mm

The velocity and temperature profiles atthe exitofthe helical pipe for the constant and temperature dependent properties
ofthe cooling medium are given in Fig. 6.25 In all the figures, the right side is the outer side of the coil. It canbe readily seen
that unlike for flow through a straight tube high velocity is on the outer side of the coil his is especially prominent in
the inner side of the coil, as the velocity gradients at this location are higher.
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Figure.6. 1 Mid Sectional Pressure Contoursof Shell Region
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Figure.6. 2 Pressure Contours of Coil Region
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Figure.6. 3 Mid-Sectional Temperature Contours of Coil Region
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Temperature profile of the hot fluid forof he cases (inlet velocity = 1ms-1) is givenin Fig.6.1. The effectof cross flowin the
shell region is visible from the temperature contours. Velocity profile alonga section on the YZ planeis shown in Fig.6.27.
This is the plane passing through the shell inlet/outlet. Irregularity of the flow in shell as compared to a double
pipeheat exchanger is very dominantin this case. The velocity contours inthe XZ plane are givenin Fig. 6.8. The coil section
at top left is hot fluid inlet, where a circular velocity contours are observed. As the fluid flows down, the flow gets
developed due to the centrifugal and torsion effects induced by the helical nature of the pipe. This figure alsoOindicates the
irregular velocity profiles existing in the shell side.

Temperature
i i A —

L)

Temperature
WILROOE CORa NOt whsaow

354 02
240 22
342863

a%a 8

331 24

325 54

316 Be

S1415
(L)

Figure.6. 4Temperature Contours of Coil Region
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Figure.6. 5 Stream Line Contours of Shell Region
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Figure.6. 6 Stream Line Contours of Coil Region
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Figure.6. 7 Stream Line Contours of Shell & Coil Region
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Figure.6. 8 Mid Sectional Velocity Contours of Tube and Shell Region

The results of the analysis of the CFD simulation are used to estimate the overall heat transfer coefficient. Fig.6.33 gives
a comparison ofthe overall heattransfer coefficients obtained from the experimentandthose calculated usingthe CFD
code. Itisfound thatthevaluesare well within5%.Duringthe experiments, carewastakento obtain non-oscillatory flow
rates. For this, stabilised power supply was used for the experimental setup, which maintains speed of the pumps ata
constant rpm. Proper thermal insulation was provided for the heating tank and the pipes. No insulation need to
be provided to the test section as the cold water at ambient temperature was flowing on the shell side. Thus, enough
care was taken to minimise uncertainties in the experiments. An error of 0.2 °C is expected in temperature

measurements due the accuracy of the temperature sensors and indicators. Error due to accuracy ofthe rota meters was
3%.

The figure also shows overall heat transfer coefficient predicted by the CFD code when constant values are used for fluid
properties.Thefigure also shows the overall heat transfer coefficient calculated from its components, viz.,, inside heat
transfer coefficient, wall conductance and outside heat transfer coefficient. This value is found to be very close to the
overall heat transfer coefficients calculated from overall energy balance. The inside Nusselt numbersreported by FLUENT

for the case of helical pipe heat exchanger assembly are compared with those obtained fora helical pipe. The results are
shown in Fig. 6.34.
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Figure.6.9Comparison of overall heat transfer coefficient.
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Figure.6. 11Comparison of overall heat transfer coefficient for different pitch
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Figure.6. 12Comparison of Nusselt number for different pitch
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The methodology for estimation of heat transfer for a helically coiled heat exchanger has been successfully
validatedagainst experiments. As mentioned earlier, CFD analysis was carried out using Realizable k-¢ model with standard
wall functions. Applicability of this model with strong centrifugal and torsional effects predominantin the case of flow
through helical coil needs to be furtherinvestigated. In addition, usage ofa fixed setofmodel constants without considering
the temperature effectsonthem,can resultinuncertaintiesin the CFD predictions In future analysis, these factors need to
be taken into account.

3. CONCLUSION

Itis observed thatthe use of constant values for the thermal and transport properties of the heattransport medium results
in prediction of inaccurate heat transfer coefficients Also for prediction of heat transfer in a situation of fluid-to fluid
heat transfer, as it occurs in the case in a heat exchanger arbitrary boundary conditions such as constant wall
temperature constantheat flux, etc., are not applicable. In this situation, itis essential to model the equipment considering
conjugate heat transfer. An experimental setup is fabricated to study fluid-fluid heat transfer in a helically coiled heat
exchanger. Heat transfer characteristics of the heat exchanger with helical coil are also studied using the CFD code FLUENT.
The CFD predictions match reasonably well with the experimental results within experimental error limits. Based onthe
results a correlation was developed to calculate the inner heat transfer coefficient of the helical coil. Based on
the confidence gainedin the CFD predictions, the results generated under different conditions may used furtherto obtaina
generalised correlation, applicable to various coil configurations.
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