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ABSTRACT

Enhancing the heat transfer by the use of helical coils has been studied and

researched by many researchers, because the fluid dynamics inside the pipes of a
helical coil heat exchanger offer certain advantages over the straight tubes, shell and
tube type heat exchanger, in terms of better heat transfer and mass transfer
coefficients. Various configurations of coil structure are possible, and the
configuration in which there is a series of vertically stacked helically coiled tubes is
the most common type. The end of the tubes act as the inlet and outlet manifolds,
which serve the purpose for the entry and exit of hot as well as cold fluid. This
configuration offers a high compact structure and a high overall heat transfer
coefficient, hence helical coil heat exchangers are widely used in industrial
applications such as power sector, nuclear power generation, food processing plants,
heat recovery systems, refrigeration, food industry, industrial HVACs etc. Convective
heat transfer between a surface and the surrounding fluid in a heat exchanger has been
a major issue and a topic of study in the recent years. In this particular study, an
attempt has been made to analyze the effect of two different flows (parallel and
counter-flow) on the total heat transfer from a helical tube, where the cold fluid flows
in the outer pipe and the hot fluid flowing in the inner pipes of the tube in tube helical
coiled heat exchanger. Different dimensions of the pipes, helix are taken into
consideration while running the analysis. The surface Nusselt number, the contours of
temperature and energy, velocity vectors and the total heat transfer rate from the wall
of the tube were calculated and plotted using ANSYS FLUENT 13.0 where the
governing equations of mass, momentum and heat transfer were solved
simultaneously, using the k-e two equations turbulence model. Copper was chosen as
the as metal for the construction of the helical tube. The fluid flowing through the tube

was taken as water.
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CHAPTER 1

INTRODUCTION ABOUT THE PROJECT
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Heat exchange between flowing fluids is one of the most important physical process
of concern, and a variety of heat exchangers are used in different type of installations, as in
process industries, compact heat exchangers nuclear power plant, HVACSs, food processing,
refrigeration, etc. The purpose of constructing a heat exchanger is to get an efficient method
of heat transfer from one fluid to another, by direct contact or by indirect contact. The heat
transfer occurs by three principles: conduction, convection and radiation. In a heat exchanger
the heat transfer through radiation is not taken into account as it is negligible in comparison
to conduction and convection. Conduction takes place when the heat from the high
temperature fluid flows through the surrounding solid wall. The conductive heat transfer can
be maximised by selecting a minimum thickness of wall of a highly conductive material. But

convection is plays the major role in the performance of a heat exchanger.

Forced convection in a heat exchanger transfers the heat from one moving stream to
another stream through the wall of the pipe. The cooler fluid removes heat from the hotter

fluid as it flows along or across it.

Heat exchangers
Fecuperators Rﬁﬂf:ﬂﬁfifors
l i Fixed-matrix Rotary
regenerator regenerator
Direct contact type In direct contact type |
{e.g.., spray and L i
tray condensers) I l
Drum type Disk type
1 l l
Tubular Plate Extended surface
|
1 . Shell and Tube Plate fin Tube
Double pipe fin
T h 4
Spiral tube (spirally wounded ! }
tubes in a shell used in co axia Gasketed-plate Lamella
condenser and evaporators of (Ramen)
refrigerators)
Spiral plate

Classification of Heat Exchanger
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Tubular Heat Exchangers:

Tubular heat exchangers are built of mainly of circular tubes although some other
geometry has also been used in different applications. This type of construction offers a large
amount of flexibility in design as the designing parameters like the diameter, length and the
arrangement can be easily modified. This type is used for liquid-to-liquid (phase changing
like condensing or evaporation) heat transfer. Again this type is classified into shell and tube,

double pipe and spiral tube heat exchangers.

Double Pipe Heat Exchanger:

The double pipe or the tube in tube type heat exchanger consists of one pipe placed
concentrically inside another pipe having a greater diameter. The flow in this configuration
cane be of two types: parallel flow and counter-flow. It can be arranged in a lot of series and
parallel configurations to meet the different heat transfer requirements. Of this the helically
arranged stands out as it has found its place in different industrial applications. As this
configuration is widely used, knowledge about the heat transfer coefficient, pressure drop,
and different flow patterns has been of much importance. The curvature in the tubes creates a
secondary flow, which is normal to the primary axial direction of flow. This secondary flow
increases the heat transfer between the wall and the flowing fluid. And they offer a greater
heat transfer area within a small space, with greater heat transfer coefficients. Study has been
done on the types of flows in the curved pipes, and the effect of Prandtl and Reynolds number
on the flow patterns and on Nusselt numbers. The two basic boundary conditions that are

faced in the applications are constant temperature and the constant heat flux of the wall.

Fig.1(a) Double pipe helical coil Fig.1(b) Close-up of double pipe coil
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Heat Transfer Coefficient:

convective heat transfer, is the transfer of heat from one place to another by the
movement of fluids due to the difference in density across a film of the surrounding fluid
over the hot surface. Through this film heat transfer takes place by thermal conduction and as

thermal conductivity of most fluids is low, the main resistance lies there. Heat transfer

through the film can be enhanced by increasing the velocity of | l Metal
the fluid flowing over the surface which results in reduction in Temp | A b
Crradicnt l I . .
thickness of film. The equation for rate of heat transfer by . L
1 I
convection under steady state is given by, | 1
Hot | I
Fluid I Cald
Q=hA (Tw- Tatm) | 1 Fluid
| i
#
Where, h-is the film coefficient or surface coefficient : :
2 Hot Fluid [
(W/m*.K). Film ) I
| 1
A iis the area of the wall, : :
| I
Tw is the wall temperature, !
Tatm IS surrounding temperature. Figure 2 Wall Convection

The value of ‘h” depends upon the properties of fluid within the film region; hence it
is called ‘Heat Transfer Coefficient’. It depends on the different properties of fluid,

dimensions of the surface and velocity of the fluid flow (i.e. nature of flow).

The overall heat transfer coefficient is the overall transfer rate of a series or parallel
combination of convective and conductive walls. The ‘overall Heat Transfer Coefficient’ is
expressed in terms of thermal resistances of each fluid stream. The summation of individual
resistances is the total thermal resistance and its inverse is the overall heat transfer

coefficient, U.

e

E

4o

A;

+ +Rpo +—>Rs; + Ry,

Sl
x

1 1
h i hi
Where, U = overall heat transfer coefficient based on outside area of tube all

A = area of tube wall

h = convective heat transfer coefficient
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R = thermal resistance due to fouling

Rw= thermal resistance due to wall conduction and suffixes ‘O’ and ‘I’ refer to the

outer and inner tubes, respectively.

Due to existence of the secondary flow, the heat transfer rates (& the fluid pressure

drop) are greater in the case of a curved tube than in a corresponding straight tube at the same

flow rate and the same temperature and same boundary conditions.

Advantages & Disadvantages:

Advantages of coils:

1)

2)

3)

4)

5)

Helical coils give better heat transfer characteristics, since they have lower wall
resistance & higher process side coefficient.

The whole surface area of the curved pipe is exposed to the moving fluid, which
eliminates the dead-zones that are a common drawback in the shell and tube type heat
exchanger.

A helical coil offers a larger surface area in a relatively smaller reactor volume and a
lesser floor area.

The spring-like coil of the helical coil heat exchanger eliminates thermal expansion
and thermal shock problems, which helps in high pressure operations.

Fouling is comparatively less in helical coil type than shell and tube type because of

greater turbulence created inside the curved pipes.

Disadvantages of coils:

1)

2)
3)

4)

For highly reactive fluids or highly corrosive fluid coils cannot be used, instead
jackets are used.

Cleaning of vessels with coils is more difficult than the cleaning of shells and jackets.

Coils play a major role in selection of agitation system. Sometimes the densely
packed coils can create unmixed regions by interfering with fluid flow.

The design of the helical tube in tube type heat exchanger is also a bit complex and

challenging.
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APPLICATIONS:

Use of helical coil heat exchangers in different heat transfer applications:

1)

2)

3)

4)

5)

6)

Helical coils are used for transferring heat in chemical reactors because the heat
transfer coefficients are greater in helical coils as compared to other configurations.
This is especially important when chemical reactions have high heats of reaction are
carried out and the heat generated (or consumed) has to be transferred rapidly to
maintain the temperature of the reaction. They are used widely in petroleum industries

for different applications.

The helical coils have a compact configuration, and because of that they can be
readily used in heat transfer application with space limitations, for example, marine
cooling systems, central cooling, cooling of lubrication oil, steam generations in

marine and industrial applications.

The helical coiled heat exchangers are used widely in food and beverage industries,
like in food processing and pre-heating, pasteurization of liquid food items, and for

storing them at desired temperatures.

Helical coil heat exchangers are often used as condensers in used in HVACs due to

their greater heat transfer rate and compact structure.

Helical coiled tubes are used extensively in cryogenic industry for the liquefaction of

gases.

Used in hydro carbon processing, recovery of CO2, cooling of liquid hydrocarbons,

also used in polymer industries for cooling purposes.

AIM OF THE PRESENT WORK:

The design of a helical coil tube in tube heat exchanger has been facing problems

because of the lack of experimental data available regarding the behavior of the fluid in

helical coils and also in case of the required data for heat transfer, unlike the Shell & Tube

Heat exchanger. So to the best of our effort, numerical analysis was carried out to determine
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the heat transfer characteristics for a double-pipe helical heat exchanger by varying the
different parameters like different temperatures and diameters of pipe and coil and also to
determine the fluid flow pattern in helical coiled heat exchanger. The objective of the project
IS to obtain a better and more quantitative insight into the heat transfer process that occurs
when a fluid flows in a helically coiled tube. The study also covered the different types of
fluid flow range extending from laminar flow through transition to turbulent flow. The
materials for the study were decided and fluid taken was water and the material for the pipe
was taken to be copper for its better conducting properties.

INTRODUCTION TO CFD:

Computational Fluid Dynamics, abbreviated as CFD, uses different numerical
methods and a number of computerized algorithms in order to solve and analyse problems
that involve the flow of fluids. The calculations required to simulate the interaction of fluids
with surfaces defined by boundary conditions, and initial conditions are done by the ANSYS
Fluent v13.0. The Navier stokes equations form the basis of all CFD problems. Two equation

models are used for the simulations, and different models are discussed below.

The continuity equation, energy equation and the Navier-Stokes momentum equation govern

the flow of the fluid in the curve tubes
Continuity Equation gives the conservation of mass and is given by

d dpU dpU apU
op P1+P2+P3=

at  0xy dx, dx3 0

U oV
T 9x  0x

And for constant density, Z—’; =0

The momentum balance, (Navier-Stokes equations) follows Newton’s 2" law. The
two forces acting on the finite element are the body and the surface forces. In CFD

programmes, the momentum equation is given as

ou av _ _6_p 6&
p(uax-l_vax)_ Py 6x+’u6x2
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The governing energy equation is given by:

oT 6T) 02T

pCp(ua+va = k@

Turbulence is created because of the unstable nature of the fluid flow. The flow
becomes turbulent for higher Reynolds number. In this model the k-g (turbulent kinetics

energy “k’ and the turbulent dissipation “&”) model is used.

The physical interpretation of the € equation is,
1. Accumulation of ¢
2. Convection of ¢ by the mean velocity
3. Production of ¢
4. Dissipation of €
5. Diffusion of ¢

The time constant for turbulence is determined from the turbulent kinetic energy and

dissipation rate of turbulent kinetic energy.

m | =
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CHAPTER 2

LITERATURE REVIEW
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Daniel Flérez-Orrego, Walter Arias, Diego Lopez and Hector Velasquez have worked
on the single phase cone shaped helical coil heat exchanger. The study showed the flow and
the heat transfer in the heat exchanger. An empirical correlation was proposed from the
experimental data for the average Nusselt number and a deviation of 23% was found. For the
cone shaped helical coils an appreciable inclination of the velocity vector components in the
secondary flow was seen, even though the contours of velocity were similar. The study
showed that some of the deviations and errors were due to the non-uniform flame radiation
and condensed combustion products which modified the conditions of the constant wall heat
flux assumptions. The correlations for the Nusselt number values were not totally reliable.
There was no proper data available for the effect of the taper in the local Nusselt number and

also the effect of curvature ratio, vertical position and the pitch of the heat exchanger. [1]

J. S. Jayakumar observed that the use of constant values for the transfer and thermal
properties of the fluid resulted in inaccurate heat transfer coefficients. Based on the CFD
analysis results a correlation was developed in order to evaluate the heat transfer coefficient
of the coil. In this study, analysis was done for both the constant wall temperature and
constant wall heat flux boundary conditions. The Nusselt numbers that were obtained were
found to be highest on the outer coil and lowest in the inner side. Various numerical analyses
were done so as to relate the coil parameters to heat transfer. The coil parameters like the
diameters of the pipes, the Pitch Circle Diameters have significant effect on the heat transfer
and the effect of the pitch is negligible. [2]

Timothy J. Rennie studied the heat transfer characteristics of a double pipe helical
heat exchanger for both counter and parallel flow. Both the boundary conditions of constant
heat flux and constant wall temperature were taken. The study showed that the results from
the simulations were within the range of the pre-obtained results. For dean numbers ranging
from 38 to 350 the overall heat transfer coefficients were determined. The results showed that
the overall heat transfer coefficients varied directly with the inner dean number but the fluid
flow conditions in the outer pipe had a major contribution on the overall heat transfer
coefficient. The study showed that during the design of a double pipe helical heat exchanger
the design of the outré pipe should get the highest priority in order to get a higher overall heat
transfer coefficient. [3]
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J. S. Jayakumar, S. M. Mahajani, J. C. Mandal, Rohidas Bhoi studied the constant
thermal and transport properties of the heat transfer medium and their effect on the prediction
of heat transfer coefficients. Arbitrary boundary conditions were not applicable for the
determination of heat transfer for a fluid-to-fluid heat exchanger. An experimental setup was
made for studying the heat transfer and also CFD was used for the simulation of the heat
transfer. The CFD simulation results were reasonably well within the range of the
experimental results. Based on both the experimental and simulation results a correlation was

established for the inner heat transfer coefficient. [4]

Usman Ur Rehman studied the heat transfer and flow distribution in a shell and tube
heat exchanger and compared them with the experimental results. The model showed an
average error of around 20% in the heat transfer and the pressure difference. The study
showed that the symmetry of the plane assumption worked well for the length of the heat
exchanger but not in the outlet and inlet regions. The model could be improved by using
Reynolds Stress models instead of k-¢ models. The heat transfer was found to be on the lower
side as there was not much interaction between the fluids. The design could be improved by

improving the cross flow regions instead of the parallel flow. [5]

Nawras H. Mostafa, Qusay R. Al-Hagag studied on the mechanical and thermal
performance of elliptical tubes used for polymer heat exchangers. The mechanical analysis
showed that the streamlined shape of the outer tube had an optimal thermal performance. A
set of design curves were generated from which a number of geometries of the tube and
different materials can be easily selected in order to meet the deformation constraints. A
finite element solution was determined for strain as a function of the material of the tube. [6]
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CHAPTER 3

CFD ANALYSIS
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Computational fluid dynamics (CFD) study of the system starts with the construction
of desired geometry and mesh for modeling the dominion. Generally, geometry is simplified
for the CFD studies. Meshing is the discretization of the domain into small volumes where
the equations are solved by the help of iterative methods. Modeling starts with the describing
of the boundary and initial conditions for the dominion and leads to modeling of the entire

system. Finally, it is followed by the analysis of the results, conclusions and discussions.

3.1 Geometry:

Heat exchanger is built in the ANSYS workbench design module. It is a counter-flow
heat exchanger. First, the fluid flow (fluent) module from the workbench is selected. The

design modeler opens as a new window as the geometry is double clicked.
3.1.1 Sketching

Out of 3 planes, viz, XY-plane, YZ-plane and ZX-plane, the YZ-plane is selected for
the first sketch. A 4 inch line for the height of the helical structure is made. A new plane is
created in reference with the YZ-plane which is termed as plane 4. 4 new sketchers are added
under the new plane, i.e. plane 4. In sketch 2, a circle of diameter 0.545 inch at a distance of 3
inch from origin. In sketch 3, two circles of diameters 0.545 inch and 0.625 inch are made
concentric to previous circle. In sketch 4, two circles of diameters 0.625 inch and 0.785 inch
are made concentric to previous circles. In sketch 5, two circles of diameters 0.785 inch and

0.875 inch are made concentric to previous circles.
3.1.2 Sweep

Sketch 2, 3,4 & 5 are swept along the line made in sketch made in sketch 1 using the”
add frozen” operation to construct the 3D model with different parts. The helical sweep is of

2 turns because the twist specification is defined in number of turns.
3.1.3 Merging

After sweep operation, it will show the model as 4 parts and 4 bodies. For merge
operation, all the 4 parts are selected using control and merged as 1 part. At the end it will
show as 1 part and 4 bodies. The 4 bodies within 1 part are named as follows:
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Table 1 Naming of various parts of the body with state type

Part number Part Of The Model State Type
1 Inner_Fluid Fluid
2 Inner_Pipe Solid
3 Outer_Fluid Fluid
4 Outer_Pipe Solid

T ANSYS

Noncommercial use only

‘5,02
0.000 0.040 0.080 (m) X

[ a—— [ ESS—
0.020 0.060

Figure 3 Original Geometry

T FANSYS

Noncommercial use only

0.750 2250

Figure 4 Geometry for Meshing
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Save the project at this point and close the window. Refresh and update the project on the
workbench.

3.2 Mesh:

Initially a relatively coarser mesh is generated. This mesh contains mixed cells (Tetra
and Hexahedral cells) having both triangular and quadrilateral faces at the boundaries. Care is
taken to use structured hexahedral cells as much as possible. It is meant to reduce numerical
diffusion as much as possible by structuring the mesh in a well manner, particularly near the
wall region. Later on, a fine mesh is generated. For this fine mesh, the edges and regions of

high temperature and pressure gradients are finely meshed.
3.2.1y* Values

y " values play a significant role in turbulence modeling for the near wall treatment.
y* is a non-dimensional distance. It is frequently used to describe how coarse or fine a mesh
is for a particular flow pattern. It determines the proper size of the cells near domain walls.
The turbulence model wall laws have limitations on the y* value at the wall. For instance, the
standard K-epsilon model requires a wall y* value between approximately 300 and 100. A
faster flow near the wall will produce higher values of y*, so the grid size near the wall must

be decreased. y* values for different wall treatments are given in table 2

Table 2 y+ Values for Different Wall Treatments

Wall treatment method Recommended y* values Used y+ values at tube walls
Standard wall functions 30 <y*" <400 y" <5
Non-equilibrium wall functions 30<y*"<100 y'<5
Low Reynolds number model y =1 y'<1

The mesh details view gave us the following information:

¢ Relevance centre: fine meshing

e Smoothing: high

e Size: 4.033e-005m to 8.066e-005m
e Pinch tolerance: 3.6297e-005m

e Nodes: 586300

e Elements: 53170
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Figure 5 Mesh

T ANSYS

Noncommercial use only
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Figure 6 Close View of the Meshed Parts

3.2.2 Named Selection

The different surfaces of the solid are named as per required inlets and outlets for

inner and outer fluids. The outer wall is named as insulation surface.
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= TANSYS:

Noncommercial use only

} :
0.000 0.045 0.090 (m) X
| EEEaa— [ ESS—

0.022 0.068

Figure 7 Named Selection

Save project again at this point and close the window. Refresh and update project on
the workbench. Now open the setup. The ANSYS Fluent Launcher will open in a window.
Set dimension as 3D, option as Double Precision, processing as Serial type and hit OK. The

Fluent window will open.
3.3 Solution:
3.3.1 Problem Setup

The mesh is checked and quality is obtained. The analysis type is changed to Pressure
Based type. The velocity formulation is changed to absolute and time to steady state. Gravity
is defined as y = -9.81 m/s?

3.3.2 Models

Energy is set to ON position. Viscous model is selected as “k-¢ model (2 equation).

Radiation model is changed to Discrete Ordinates.
3.3.3 Materials

The create/edit option is clicked to add water-liquid and copper to the list of fluid and

solid respectively from the fluent database.
3.3.4 Cell zone conditions

The parts are assigned as water and copper as per fluid/solid parts.
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3.3.5 Boundary Conditions

Boundary conditions are used according to the need of the model. The inlet and outlet

conditions are defined as velocity inlet and pressure outlet. As this is a counter-flow with two

tubes so there are two inlets and two outlets. The walls are separately specified with

respective boundary conditions. No slip condition is considered for each wall. Except the

tube walls each wall is set to zero heat flux condition. The details about all boundary

conditions can be seen in the table 3 as given below.

Table 3 Boundary Conditions

Boundary ) Turbulent
- Velocity Turbulent o
- Condition ) o Dissipation Temperature
Magnitude Kinetic Energy

Type Rate
Inner Inlet Velocity Inlet | 0.9942 m/s 0.01 m?/%2 0.1 m?/s3 348 K
Inner Outlet | Pressure Outlet | - - - -
Outer Inlet | Velocity Inlet | 0.8842 m/s 0.01 m?/s? 0.1 m%/s® 283 K
Outer Outlet | Pressure Outlet | - - - -

3.3.6 Reference Values

The inner inlet is selected from the drop down list of “compute from”. The values are:

e Area=1m?
e Density = 998.2 kg/m®

e Length =39.37008 inch

e Temperature = 348 K
e Velocity =0.9942 m/s
e Viscosity = 0.001003 kg/m-s

e Ratio of specific heats = 1.4

3.3.7 Solution Methods

The solution methods are specified as follows:

e Scheme = Simple
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e Gradient = Least Square Cell Based

e Pressure = Standard

e Momentum = Second Order Upwind

e Turbulent Kinetic Energy = Second Order Upwind

e Turbulent Dissipation Rate = Second Order Upwind
3.3.8 Solution Control and Initialization
Under relaxation factors the parameters are

e Pressure = 0.3 Pascal

e Density =1 kg/m®

e Body forces = 1 kg/m?s?
e Momentum = 0.7 kg-m/s

e Turbulent kinetic energy = 0.8 m?/s?

Then the solution initialization method is set to Standard Initialization whereas the

reference frame is set to Relative cell zone. The inner inlet is selected from the compute from

drop down list and the solution is initialized.

3.3.9 Measure of Convergence

It is tried to have a nice convergence throughout the simulation and hence criteria is

made strict so as to get an accurate result. For this reason residuals are given as per the table 4

that follows.
Table 4 Residuals
_ Residual

Variable

x-velocity 10°
y-velocity 10
z-velocity 10°
Continuity 10
Specific dissipation energy/ dissipation energy 10°
Turbulent kinetic energy 10°
Energy 10°
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3.3.10 Run Calculation

The number of iteration is set to 500 and the solution is calculated and various contours,

vectors and plots are obtained.
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CHAPTER 4

RESULTS AND DISCUSSION
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4.1 Mass Flow Rate and Total Heat Transfer Rate

The mass flow rate and total heat transfer rate are given in the tables below.

Table 5 Mass Flow Rate

Mass Flow Rate (kg/s)
inner inlet 0.14690745
inner outlet -0.14690745
interior-part-inner fluid 60.470463
interior-part-outer fluid 42.245649
outer inlet 0. 10020115
outer outlet -0.10020132
Net 0.2471086

Table 6 Total Heat Transfer Rate

Total Heat Transfer Rate (w)
inner inlet 30626.679
inner outlet -25410.167
outer inlet - 6348.8835
outer outlet 1132.4379
Net 0.0061695112
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4.2 Contours

The temperature, pressure and velocity distribution along the heat exchanger can be
seen through the contours.
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Figure 8 Contours of Dynamic Pressure in Pascal
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Figure 9 Contours of Total Pressure in Pascal
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Figure 11 Contours of Turbulent Dissipation Rate (Epsilon) (m?/s®)
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Figure 12 Contours of Turbulent Kinetic Energy k (m?/s?)

AN

Noncommercial use only

1.46e+02
1.26e+02
1.06e+02
8.65e+01
6.66e+01
4.67e+01

Contours of Effective Thermal Conductivity (w/im-k) May 05, 2013
ANSYS FLUENT 13.0 (3d, dp, pbns, ske)

Figure 13 Contours of Effective Thermal Conductivity (w/m-K)
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Figure 14 Contours of Total Surface Heat Flux (w/m?)
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Figure 15 Contours of Cell Reynolds Number
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Figure 16 Contours of Effective Prandtl Number
4.3 Vectors

The plots give an idea of flow separation at several parts of the heat exchanger.
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Figure 17 Velocity Vectors Colored by Velocity Magnitude (m/s)
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Figure 18 Close View of Velocity Vectors Colored by Velocity Magnitude (m/s)
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Figure 20 Scaled Residuals
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Figure 21 Wall Shear Stress Plot for Inner-wall And Outer-wall

0.00e+00
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

Position (m)

Total Pressure May 05, 2013
ANSYS FLUENT 13.0 (axi, dp, pbns, ske) |

Figure 22 Total Pressure Plot for Innerwall And Outerwall
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Figure 23 Surface Nusselt Number Plot for Inner-wall
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CONCLUSIONS

A CFD package (ANSYS FLUENT 13.0) was used for the numerical study of heat transfer
characteristics of a helical coiled double pipe heat exchanger for parallel flow and the results
were then compared with that of the counter-flow. The CFD results when compared with the
experimental results from different studies and were well within the error limits. The study
showed that there is not much difference in the heat transfer performances of the parallel-
flow configuration and the counter-flow configuration. Nusselt number at different points
along the pipe length was determined from the numerical data. The simulation was carried
out for water to water heat transfer characteristics and different inlet temperatures were

studied. Nusselt number for the pipes was found to be varying from 340-360.

Characteristics of the fluid flow were also studied for the constant temperature and constant
wall heat flux conditions. From the velocity vector plot it was found that the fluid particles

were undergoing an oscillatory motion inside both the pipes.

From the pressure and temperature contours it was found that along the outer side of the pipes

the velocity and pressure values were higher in comparison to the inner values.
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NOMENCLATURE

A = area of heat transfer (m2)

De= Dean Number

H = heat transfer coefficient (Wm-2 K—1)
H = tube pitch (m)

K = thermal conductivity (Wm-1 K—1)
L= length of the pipe (m)

Nu= Nusselt number

Pr = Prandtl number

Q = heat transferred (W)

. R=inner radius of the tube (m)

. R =resistance the flow of thermal energy (W—1m2 K)
. Rc = pitch circle radius of the pipe (m)

. Re= Reynolds number

. U =velocity (m s—1)

. U = overall heat transfer coefficient (Wm—-2 K-1)

. V=volume (m3)

. A = helix angle (rad)

. & = curvature ratio

. A = (temperature) difference (K)

. 1 = viscosity (kgm—1 s—1)

. p = density (kgm—3)

. av = average

.1 =linternal

. LM =log mean

. 0 = external

26.

ov = overall

27.w =wall
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