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Abstract: The main objective of this work is to compare
different configurations of helical baffles in the cold fluid
side of a double tube heat exchanger. For this analysis
double pipe heat exchangers are divided into three different
domains such as two fluid domains hot fluid in the inner tube
and cold fluid in the outer pipe and a solid domain as helical
baffles on inner tube of hot fluid. The hot water flows inside
the heat exchanger tube, while the cold fluid flows in the
outer side in the direction of counter flow. Mass flow rate
cold fluid was varied from 0.1 kg/s to 0.3 kg/s while the flow
rate in the inner tube i.e. hot water was kept constant at 0.1
kg/s. the inlet temperature of hot fluid taken as 40oC while
Cold fluid inlet temperature taken as 15oC. The fluent
software is used to calculate the fluid flow and heat transfer
in the computational domains. The governing equations are
iteratively solved by the finite volume formulation with the
SIMPLE algorithm. Results show that that the maximum
temperature drop of 10.9 oC for hot fluid and the maximum
temperature rise of 11.9 oC for cold fluid are observed at 0.3
kg/sec mass flow rate for double pipe heat exchanger with
double helical baffles. It has been also observed that the heat
transfer coefficient increasing with the increasing in the
mass flow rate of cold fluid. The overall heat transfer
coefficients differ significantly by 20.4 % at same mass flow
rate, because the considerable difference between heat
transfer surface area on the inner and outer side of the tube
resulting in a prominent thermal enhancement of the cold
fluid.
Keywords: CFD, helical baffle, ANSYS, heat exchanger,
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INTRODUCTION
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India

In heat exchangers, there are usually no external heat and
work interactions. Typical applications involve heating or
cooling of a fluid stream and evaporation or condensation
of single or Multi component fluid streams. In most heat
exchangers, heat transfer between fluids takes place
through a separating wall or into and out of a wall in a
transient manner. In many heat exchangers, the fluids are
separated by a heat transfer surface, and ideally they do
not mix or leak. Such exchangers are referred to as direct
transfer type, or simply recuperator. In contrast,
exchangers in which there is intermittent heat exchange
between the hot and cold fluids via thermal energy storage
and release through the exchanger surface or matrix are
referred to as indirect transfer type, or simply
regenerators. Such exchangers usually have fluid leakage
from one fluid stream to the other due to pressure
differences and matrix rotation/valve switching.
II. LITERATURE REVIEW
Qianmei Fu at el. [1] In this study, the effects of structure
ratio of the heat exchanger and the entrance velocity of SCO2 on heat transfer and flow resistance are investigated
numerically. The results show that the velocity of S-CO2
plays a major role in a small flow channel determining the
overall performance. It concludes that reducing the flow
resistance and improve the performance of heat transfer
needs to be considered first in the optimal design of a
double-pipe heat exchanger using S-CO2 as working
fluid.

A heat exchanger is a device that is used to transfer
thermal energy between two or more fluids, between a Ganesh Kumar Poongavanam at el. [2] the study is
solid surface and a fluid, or between solid particulates and extended to analyze the variations in CHTC, the pressure
a fluid, at different temperatures and in thermal contact. drop of the nan fluid (multi-walled carbon nanotubes. The
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experiments were carried out at different volume
concentrations (0.2%, 0.4%, and 0.6%) of the nan fluids.
Experimental results showed that shot peening in tube
surfaces has an appreciable effect on the performance of
flow behavior and heat transfer. The CHTC of the
nanofluid containing 0.6% of MWCNT nano materials is
improved to a maximum of ~115% at a mass flow rate of
0.04 kg/sec. Enhancement in thermal conductivity up to
30.59% was achieved with the MWCNT volume
concentration of 0.6% and a temperature range from 30 to
50°C.
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rate, or to predict the outlet temperatures of the hot and
cold fluid streams in a specified heat exchanger. In
upcoming sections, we will discuss the two methods used
in the analysis of heat exchangers. Of these, the log mean
temperature difference (or LMTD) method is best suited
for the first task and the effectiveness–NTU method for
the second task as just stated. But first we present some
general considerations. Heat exchangers usually operate
for long periods of time with no change in their operating
conditions. Therefore, they can be modeled as steadyflow devices. As such, the mass flow rate of each fluid
remains constant, and the fluid properties such as
temperature and velocity at any inlet or outlet remain the
same. Also, the fluid streams experience little or no
change in their velocities and elevations, and thus the
kinetic and potential energy changes are negligible.

Rafał Andrzejczyk, et al. [3] in this paper, the possibility
of heat transfer enhancement in the U-bend exchanger
was presented. Experimental research has been carried out
for four individual heat exchanger constructions i.e. plain
tube in tube, turbulized tube in tube, plain U-bend and UB. Mathematical relation
bend with turbulator.
Anas El Maakoul at el. [4] In this paper, the design and
thermo-hydraulic performance of a double pipe heat
exchanger with helical baffles in the annulus side are
investigated numerically. In the three dimensional
computational fluid dynamics model, using the software
FLUENT, have been performed to investigate the annulus
side fluid flow, heat transfer coefficient and pressure drop
for different configurations.
III. O BJECTIVE
There are following objective of the present work.
1.

The main objective of the present work to performed
three dimensional Computational Fluid dynamics
analysis to evaluate the velocity, temperature, overall
heat transfer coefficient for double pipe heat
exchanger under condition of counter flow.
2. To design the different model of double pipe heat
exchanger using Ansys design modular.
3. To perform CFD analysis for heat transfer in the heat
exchanger under different operation conditions.
4. To compare the simulated results for different models
of double pipe heat exchanger and propose best
solution for better heat transfer
IV. METHODOLOGY
A. Analysis of Heat Exchangers
Heat exchangers are commonly used in practice, and an
engineer often finds himself or herself in a position to
select a heat exchanger that will achieve a specified
temperature change in a fluid stream of known mass flow
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The idealizations stated above are closely approximated
in practice, and they greatly simplify the analysis of a heat
exchanger with little sacrifice of accuracy.
C. Assumption
1. Steady operating conditions exist.
2. The heat exchanger is well insulated so that hear loss
to the surrounding is negligible and thus heat transfer
from the hot fluid is equal to the heat transfer to the
cold fluid.
3. Change in kinetic and potential energies of fluid
streams are negligible.
4. There is no fouling, and
5. Fluid properties are constant.
Apart from above assumptions the first law of
thermodynamics requires that the rate of heat transfer
from the hot fluid be equal to the rate of heat transfer to
the cold one. That is,
Q̇ = ṁc Cpc (t c,out − t c,in )
And
Q̇ = ṁh Cpc (t h,out − t h,in )
Where the subscripts c and h stand for cold and hot fluids,
respectively, and
ṁc , ṁh = mass flow rates
Cpc, Cph = specific heats
t c,out , t h,out = outet temperature
t c,in , t h,in = inlet temperature
Note that the heat transfer rate Q̇is taken to be a positive
quantity, and its direction is understood to be from the hot
fluid to the cold one in accordance with the second law of
thermodynamics.
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In heat exchanger analysis, it is often convenient to
combine the product of the mass flow rate and the specific
heat of a fluid into a single quantity. This quantity is called
the heat capacity rate and is defined for the hot and cold
fluid streams as
Ch = ṁh Cph and Cc = ṁc Cph

heat transfer coefficient U and the temperature difference
∆T between the hot and cold fluids, in general, are not
constant and vary along the heat exchanger.
The average value of the overall heat transfer coefficient
can be determined as described in the preceding section
by using the average convection coefficients for each
fluid. It turns out that the appropriate form of the mean
The heat capacity rate of a fluid stream represents the rate temperature difference between the two fluids is
of heat transfer needed to change the temperature of the logarithmic in nature.
fluid stream by 1°C as it flows through a heat exchanger.
Note that in a heat exchanger, the fluid with a large heat D. Heat transfer coefficient
capacity rate will experience a small temperature change, Heat transfer coefficient is a quantitative characteristic
and the fluid with a small heat capacity rate will of convective heat transfer between a fluid medium and
experience a large temperature change. Therefore, the surface flowed over by the fluid.
doubling the mass flow rate of a fluid while leaving
𝑄̇
ℎ=
everything else unchanged will halve the temperature
𝑇𝑤 − 𝑇𝑏𝑢𝑙𝑘
change of that fluid.
Where
Q̇ = Cc (t c,out − t c,in )
∫ 𝜌𝐶𝑝 𝑣𝑓𝑙𝑢𝑖𝑑 𝑇𝑑𝐴
𝑇𝑏𝑢𝑙𝑘 =
Q̇ = Ch (t h,out − t h,in )
∫ 𝜌𝐶𝑝 𝑣𝑓𝑙𝑢𝑖𝑑 𝑑𝐴
That is, the heat transfer rate in a heat exchanger is equal T = flow weighted average temperature of the fluid
bulk
to the heat capacity rate of either fluid multiplied by the T = surface temperature near the wall
w
temperature change of that fluid. Two special types of ̇
Q= heat transfer rate
heat exchangers commonly used in practice are
h = heat transfer coefficient
condensers and boilers. One of the fluids in a condenser
or a boiler undergoes a phase-change process, and the rate a. The mean annulus side fluid velocity is defined by
of heat transfer is expressed as
Q̇ = ṁhfg
Where ṁthe rate of evaporation or condensation of the
fluid and hfg is is the enthalpy of vaporization of the fluid
at the specified temperature or pressure. An ordinary fluid
absorbs or releases a large amount of heat essentially at
constant temperature during a phase-change process. The
heat capacity rate of a fluid during a phase-change process
must approach infinity since the temperature change is
practically zero. That is,C = ṁCp → ∞ when ∆T → 0 so
that the heat transfer rate Q̇ = ṁCp ∆T is a finite quantity.

Annulus side velocity and Reynolds number
𝑚̇𝑎
𝜌𝑎 𝐴𝑐𝑟𝑜𝑠𝑠
Where 𝑚̇𝑎 is the mass flow rate 𝜌𝑎 water density in the
annulus side and 𝐴𝑐𝑟𝑜𝑠𝑠 represents the characteristic
cross-section area.
𝑢𝑎 =

b.

For a helically baffles annulus side

𝐴𝑐𝑟𝑜𝑠𝑠 = 0.5𝐵(𝐷𝑠 − 𝐷𝑜 )
Where B is the baffle spacing, Ds is the internal diameter
of the annulus side, Do the external diameter of the inner
tube side. With the mean velocity value, the Reynolds
number for the annulus side is determined by:
𝜌𝑎 𝑢𝑎 𝐷𝑜
𝑅𝑒 =
𝜇𝑎
With 𝜇𝑎 the dynamic viscosity in the annulus side.

Therefore, in heat exchanger analysis, a condensing or
boiling fluid is conveniently modeled as a fluid whose
heat capacity rate is infinity. The rate of heat transfer in a
heat exchanger can also be expressed in an analogous
manner to Newton’s law of cooling as
Q̇ = UAs ∆Tm
Where U is the overall heat transfer coefficient, as is the c. Heat transfer rate
heat transfer area, and ∆Tm is an appropriate average
Heat transfer rate of the annulus side fluid (cool fluid):
temperature difference between the two fluids. Here the
𝑄𝑎 = 𝑚̇𝑎 𝑐𝑝,𝑎 (𝑇𝑎𝑜𝑢𝑡 − 𝑇𝑎𝑖𝑛 )
surface area as can be determined precisely using the
dimensions of the heat exchanger. However, the overall Heat transfer rate of the tube side fluid (warm fluid):
𝑄𝑡 = 𝑚̇𝑡 𝑐𝑝,𝑡 (𝑇𝑡𝑜𝑢𝑡 − 𝑇𝑡𝑖𝑛 )
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𝑚̇ is the flow rate, T the temperature, cp the specific heat.
The subscript a & t refers respectively to the annulus side
and inner tube side; superscript ‘in’ and ‘out’ stand for the
values at the inlet and outlet respectively. The physical
properties are evaluated at the average temperature of the
inlet and outlet for each side of the heat exchanger.
d.

Nusselt number:

The Nusselt number for the annulus side is:
ℎ𝑎 𝐷ℎ
𝑁𝑢 =
= 0.023𝑅𝑒 0.8 𝑃𝑟 0.4
𝑘
Where ha is the annulus side heat transfer coefficient, Dh
equivalent hydraulic diameter, k the thermal conductivity
of the fluid.
The expression for drop through both sides
𝐿 𝜇2
∆𝑝 = 4𝑓 𝜌
𝐷 2
Where f = friction factor depends on the roughness of the
tube material 𝑓 = 0.00014 +
e.

0.125
𝑟𝑒 0.32

The turbulence kinetic energy

Turbulence kinetic energy k is the kinetic energy per unit
mass of the turbulent fluctuations 𝑢𝑖, The SI unit of k is
𝐽/𝑘𝑔 = 𝑚2 /𝑠 2
1 , ,
1 ̅̅̅̅
3 ̅̅̅̅
,2
,2
̅̅̅̅
,2
𝐾 ≝ ̅̅̅̅̅
𝑢 𝑢 = (𝑢
+ ̅̅̅̅
𝑢 ,2 + 𝑢
)= 𝑢
2

𝑖 𝑖

2

𝑥

𝑦

𝑧

2

Nusselt number for both inner tube and annulus side
calculated using the following correlation.
𝑁𝑢 = 0.023𝑅𝑒 0.8 𝑃𝑟 1/3
The expression to calculate pressure drop through both
sides is:
𝐿 𝑢2
∆𝑝 = 4𝑓 𝜌
𝐷 2
The friction factor depends on the roughness of the tube
material, the following correlation
0.125
𝑓 = 0.0014 + 0.32
𝑅𝑒
E. Computational fluid dynamics analysis
Computational fluid dynamics is the analysis of systems
involving fluid flow, heat transfer by use of computer
based simulation. The technique is very powerful and
spans a wide range of industrial and non-industrial
application areas. In the present work computational fluid
dynamics analysis is carried out using Ansys fluent for
double pipe heat exchanger. The governing equations
such as continuity equation, momentum equation, energy
equations, K equation and ε equations are used to perform
this computational analysis. Computational fluid
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dynamics are structured around the numerical algorithms
that can deal with fluid flow problems. In order to provide
easy access to their solving power all Computational fluid
dynamics packages include sophisticated user interfaces
to input problem parameters and to examine the results.
Hence three main elements are used to solve the
Computational fluid dynamics problems.
1) Pre-processor,
2) Solver and
3) Post-processor.
1. Pre-processor
Pre-processing consists of the input of a flow problem to
a Computational fluid dynamics program by means of a
user friendly interface and the subsequent transformation
of this input into a form suitable for use by the solver. The
user activities at the pre-processing stage involve:
 Definition of the geometry of the region of interest:
the computational domain.
 Grid generation – the sub-division of the domain into
a number of smaller: a grid (or mesh) of cells (or
control volumes or elements).
 Selection of the physical and chemical phenomena
that need to be modeled.
 Definition of fluid properties.
 Specification of appropriate boundary conditions.
The solution to a flow problem (velocity, pressure,
temperature etc.) is defined at nodes inside each cell. The
accuracy of a CFD solution is governed by the number of
cells in the grid. In general the larger the numbers of cells
better the solution accuracy A substantial amount of basic
development work still needs to be done before these
techniques are robust enough to be incorporated into
commercial CFD codes.
2. Solver
There are three distinct streams of numerical solution
techniques: finite difference, finite element and spectral
methods. In Computational fluid dynamics problems a
special finite difference formulation such as
CFX/ANSYS, FLUENT, PHOENICS and STAR-CD.
In this step the numerical algorithm consists of the
following steps:
 Integration of the governing equations of fluid flow
over all the (finite) control volumes of the domain.
 Discretization – conversion of the resulting integral
equations into a system of algebraic equations.
 Solution of the algebraic equations by an iterative
method.
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The resulting statements express the (exact) conservation
of relevant properties for each finite size cell. The
conservation of a general flow variable φ, e.g. a velocity
component or enthalpy, within a finite control volume can
be expressed as a balance between the various processes
tending to increase or decrease it.
3. Post-processor
Further processing and viewing of the results in this stage
we may wish to see:
 Geometry domain
 Line and shaded contour plots
 Vector plots
 contour diagrams
More recently these facilities may also include animation
for dynamic result display and in addition to graphics all
codes produce trusty alphanumeric output and have data
export facilities for further manipulation.

VOL. 6, ISSUE 6, JUNE 2020

Where x is the axial coordinate, r is the radial
coordinate, 𝑣𝑥 is the axial velocity, and 𝑣𝑟 is the radial
velocity.
b.

Momentum Conservation Equations

Conservation of momentum in an inertial reference
frame is described by
𝜕
(𝜌𝑣⃗) + ∇. (𝜌𝑣⃗𝑣⃗) = −∇𝑝 + ∇. (𝜏̿) + 𝜌𝑔⃗ + 𝐹⃗
𝜕𝑡

Where p= static pressure
𝜏̿ = stress tensor,
𝜌𝑔⃗ = gravitational body force and
𝐹⃗ = external body forces
The stress tensor 𝜏̿ is given by
𝜏̿ = 𝜇 [(∇𝑣⃗ + ∇𝑣⃗ T ) −

2
∇. 𝑣⃗𝐼]
3

where 𝜇 = molecular viscosity
I = unit tensor,
For 2D axisymmetric geometries, the axial and radial
F. Algorithm used for Computational fluid dynamics
momentum conservation equations are given by
analysis
𝜕
1 𝜕
1𝜕
𝜕𝑥

(𝜌𝑣𝑥 ) +

𝑟 𝜕𝑥

(𝑟𝜌𝑣𝑥 𝑣𝑥 ) +

(𝑟𝜌𝑣𝑟 𝑣𝑟 )
𝑟 𝜕𝑟
𝜕𝑝 1 𝜕
𝜕𝑣𝑥 2
= − +
− (∇. 𝑣⃗))]
[𝑟𝜇 (2
𝜕𝑥 𝑟 𝜕𝑥
𝜕𝑥 3
+

1𝜕
𝜕𝑣𝑥 𝜕𝑣𝑟
[𝑟𝜇 (
+
)] + 𝐹𝑥
𝑟 𝜕𝑟
𝜕𝑟
𝜕𝑥

And
𝜕
1 𝜕
1𝜕
(𝜌𝑣𝑟 ) +
(𝑟𝜌𝑣𝑥 𝑣𝑟 ) +
(𝑟𝜌𝑣𝑟 𝑣𝑟 )
𝜕𝑡
𝑟 𝜕𝑥
𝑟 𝜕𝑟
𝜕𝑝 1 𝜕
𝜕𝑣𝑟 𝜕𝑣𝑥
= −
+
[𝑟𝜇 (
+
)]
𝜕𝑟 𝑟 𝜕𝑥
𝜕𝑥
𝜕𝑟
1𝜕
𝜕𝑣𝑟 2
𝑣𝑟
+
− (∇. 𝑣⃗))] − 2𝜇 2
[𝑟𝜇 (2
𝑟 𝜕𝑟
𝜕𝑟 3
𝑟
+

2𝜇
𝑣𝑧2
(∇. 𝑣⃗) + 𝜌 + 𝐹𝑟
3𝑟
𝑟

Where
∇. 𝑣⃗ =
Fig. 1 Algorithm used for Computational fluid dynamics analysis

G. Governing Equations
a. Conservation of mass or continuity equation

𝜕𝑣𝑥 𝜕𝑣𝑟 𝑣𝑟
+
+
𝜕𝑥
𝜕𝑟
𝑟

Where 𝑣𝑥 = Axial velocity
𝑣𝑟 = Radial velocity
𝑣𝑧 = swirl velocity
4.7.3 Energy Equation:
The energy equation for the mixture takes the following
form:

The equation for conservation of mass, or continuity
equation, can be written as follows:
𝜕𝜌
𝑛
𝑛
𝜕
+ ∇. (𝜌 𝑣⃗) = 𝑆𝑚
)
∑(𝛼
𝜌
𝐸
+
∇.
∑(𝛼
⃗𝑘 (𝜌𝑘 𝐸𝑘 + 𝑝)) = ∇. (𝑘𝑒𝑓𝑓 ∇𝑇) + 𝑆𝐸
𝜕𝑡
𝑘 𝑘 𝑘
𝑘𝑣
𝜕𝑡
𝑘=1
𝑘=1
Where 𝑆𝑚 = mass added to the continuous phase or any
where 𝑘𝑒𝑓𝑓 = effective conductivity
user defined sources.
For 2D axisymmetric geometries, the continuity equation 𝑆𝐸 = volumetric heat sources
𝑝 𝑣𝑘2
is given by
𝐸𝑘 = ℎ𝑘 −
+
𝜌𝑘 2
𝜕𝜌 𝜕
𝜕
𝜌𝑣𝑟
Where
(𝜌𝑣𝑥 ) + (𝜌𝑣𝑟 ) +
+
= 𝑆𝑚
𝜕𝑡 𝜕𝑥
𝜕𝑟
𝑟
𝐸𝑘 = ℎ𝑘 for an incompressible phase and ℎ𝑘 = sensible
enthalpy for phase k
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𝑘−∈ 𝑚𝑜𝑑𝑒𝑙:
The turbulence kinetic energy, k, and its rate of
dissipation, ∈, are obtained from the following transport
equations:
𝜕
𝜕
𝜕
𝜇𝑡 𝜕𝑘
(𝜌𝑘) +
(𝜌𝑘𝑣𝑖 ) =
[(𝜇 + )
] + 𝐺𝑘 + 𝐺𝑏 − 𝜌
𝜕𝑡
𝜕𝑥𝑖
𝜕𝑥𝑗
𝜎𝑘 𝜕𝑥𝑗
∈ −𝑌𝑀 + 𝑆𝑘

and
𝜕
𝜕
(𝜌 ∈) +
(𝜌 ∈ 𝑣𝑖 )
𝜕𝑡
𝜕𝑥𝑖
𝜕
𝜇𝑡 𝜕 ∈
∈
[(𝜇 + )
] + 𝐶1∈ (𝐺𝑘 + 𝐶3∈ 𝐺𝑏 )
𝜕𝑥𝑗
𝜎∈ 𝜕𝑥𝑗
𝑘
∈2
− 𝐶2∈ 𝜌 + 𝑆∈
𝑘
=

In these equations, 𝐺𝑘 represents the generation of
turbulence kinetic energy due to the mean velocity
gradients,
𝐺𝑏 is the generation of turbulence kinetic energy due to
buoyancy,
𝑌𝑀 represents the contribution of the fluctuating
dilatation in compressible turbulence to the overall
dissipation rate,
𝐶1∈ , 𝐶2∈ , and 𝐶3∈ are constant.
𝜎𝑘 and 𝜎∈ are turbulent Prandtl numbers for k and∈,
𝑆𝑘 And 𝑆∈ are user-defined source terms.

I.
a.
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Computational fluid dynamics analysis for double
tube heat exchanger
CAD model of double tube heat exchanger without
baffle

In the present work a three dimensional CAD model of
double tube heat exchanger is created with the help of
design modular of ANSYS workbench. The inner
diameter of tube is 0.01 m, for hot fluid, inner diameter
for cold fluid is 0.016 m with 0.001 mm pipe wall
thickness. The length of heat exchanger is 0.1 m. Single
helical baffles with spacing of 33 mm pitch from top to
bottom on outside of hot fluid pipe as shown in figure no.
2.

Fig. 2 CAD model of double pipe heat exchanger without baffle; (a)
Face side (b) Baffle (c) Volume of cold flow

b.

Meshing

Meshing is a critical operation in finite element analysis
in this process CAD geometry is divided into large
To determine the temperature distribution need to on numbers of small pieces called mesh. The total no of
energy equation.
nodes generated in the present work is 3289731 and total
Turbulent model is K-epsilon realizable, scalable No. of Elements is 3021078 as shown in figure 3.
wall function is used.
Working fluid water liquid with density of 998.2
kg/m3 and heat exchanger pipe material is stainless
steel having thermal conductivity is k =15.2W/mk.
Cold inlet having mass flow rate is 0.1, 0.2 and 0.3
kg/sec, temperature 288K.
Hot inlet having mass flow rate is 0.1, 0.2 and 0.3 Fig. 3 Meshing of double pipe heat exchanger without baffle (a) Face
side (b) Baffle (c) Volume Mesh
kg/sec, temperature 313K.
For the outlet boundary condition the gauge pressure J. CAD model of double tube heat exchanger with
single baffle at pith B = 0.033 m
needs to be set as zero because the fluid flowing
inside the heat exchanger( hot & cold) is atmospheric
In the present work a three dimensional CAD model of
Rest of all surface treated as wall with no slip
double tube heat exchanger is created with the help of
conditions set for solid walls where the heat flux is
design modular of ANSYS workbench. The inner
set as zero for the outer side wall to make adiabatic
diameter of tube is 0.01 m, for hot fluid, inner diameter
condition, while the inner tube walls and baffles is
for cold fluid is 0.016 m with 0.001 mm pipe wall
coupled.
thickness. The length of heat exchanger is 0.1 m. Single
The second order upwind scheme is used for the
helical baffles with spacing of 0.033 m pitch from top to
momentum energy turbulence and its dissipation rate.
bottom on outside of hot fluid pipe as shown in figure no.
The Fluent solver is used for CFD analysis.
4.

H. Boundary conditions
1.
2.
3.

4.
5.
6.

7.

8.
9.
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nodes generated in the present work is 1108028 and total
No. of Elements is 3184242 as shown in figure 7.

Fig. 4 CAD model of double pipe heat exchanger with single baffle at
B = 0.033 m; (a) Face side (b) Baffle (c) Volume of cold flow
Fig. 7 meshing of double pipe heat exchanger (a) Face side (b) Baffle
a. Meshing
(c) Volume Mesh
Meshing is a critical operation in finite element analysis
L. CAD geometry of double tube heat exchanger with
in this process CAD geometry is divided into large
double helical baffles at pith B = 0.025 m
numbers of small pieces called mesh. The total no of
nodes generated in the present work is 2879962 and total In the present work a three dimensional CAD model of
No. of Elements is 2455782 as shown in figure 5.
double tube heat exchanger is created with the help of
design modular of ANSYS workbench. The inner
diameter of tube is 0.01 m, for hot fluid, inner diameter
for cold fluid is 0.016 m with 0.001 m pipe wall thickness.
The length of heat exchanger is 0.1 m. Single helical
baffles with spacing of 0.025 m pitch from top to bottom
on outside of hot fluid pipe as shown in figure no 8.
Fig. 5 Meshing of double pipe heat exchanger with single baffle at B =
0.033 m; (a) Face side (b) Baffle (c) Volume Mesh

K. CAD model of double tube heat exchanger with
single baffle at pith B = 0.025 m
In the present work a three dimensional CAD model of
double tube heat exchanger is created with the help of
design modular of ANSYS workbench. The inner
diameter of tube is 0.01 m, for hot fluid, inner diameter
for cold fluid is 0.016 m with 0.001 mm pipe wall
thickness. The length of heat exchanger is 0.1 m. Single
helical baffles with spacing of 0.025 m pitch from top to
bottom on outside of hot fluid pipe as shown in figure
no.6.

Fig. 8 CAD model of double pipe heat exchanger with two baffels; (a)
Face side (b) Baffle (c) Volume of cold flow

a. Meshing
Meshing is a critical operation in finite element analysis
in this process CAD geometry is divided into large
numbers of small pieces called mesh. The total no of
nodes generated in the present work is 2944774 and total
No. of Elements is 2819506 as shown in figure 9.

Fig. 6 CAD model of double pipe heat exchanger; (a) Face side (b)
Baffle (c) Volume of cold flow

a.

Meshing

Fig. 9 Meshing of double pipe heat exchanger with two baffels; (a)
Face side (b) Baffle (c) Volume Mesh

Meshing is a critical operation in finite element analysis M. Grid independent test
in this process CAD geometry is divided into large Grid independent is associated with the accuracy or even
numbers of small pieces called mesh. The total no of rationality of numerical results. Grid-independent means
calculation results change so little along with a denser or
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A series of grid independent tests were carried out to
ensure that optimized computational mesh was obtained.
There are total six sets of grids (37771, 81874, 257140,
1627641, 3021078 and 3239750 elements) are computed.
It was found that the difference in the rate of heat transfer
between 3021078 and 3239750 is almost similar that is
why the grid system 3021078 elements were adopted.
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Fig. 11 Grid independency test for temperature of cold Fluid
Grid independency test for temperature of hot & cold Fluid
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Fig. 12 Grid independency test for temperature of hot & co0ld Fluid
Grid independency test for Heat transfer by hot fluid
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Linear interpolation relation is used to find the
intermediates value of specific heat of hot and cold water.
𝑦2 − 𝑦1
𝑦 = 𝑦1 + (𝑥 − 𝑥1 )
𝑥2 − 𝑥1
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Fig. 13 Grid independency test for temperature of hot & cold Fluid
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looser grid that the truncation error can be ignored in
numerical simulation. Whether the grid is independent
directly influences the truncation error or even the
rationality of numerical results. When considering gridindependent test, a very dense grid can avoid this problem
but the calculation resource may be wasted unnecessarily.
In practice, we usually increase the grid resolution
according to a certain ratio and then compare the results
of two neighborhood results. If the results tend towards
identical the grid can be considered as grid-independent.
Such strategy can utilize computational resource most
efficiently as well as obtain reasonable results.
In the present work for three dimensional double tube heat
exchanger without baffle using temperature distribution
and heat transfer by hot and cold fluid under condition of
counter flow have been checked how numerical result
converges when refining computational grid.
Heat transfer by hot fluid:
𝑄ℎ = 𝑚̇ℎ 𝑐𝑝,ℎ (𝑇ℎ𝑖𝑛 − 𝑇ℎ𝑜𝑢𝑡 )
Heat gain by cold fluid:
𝑄𝑐 = 𝑚̇𝑐 𝑐𝑝,𝑐 (𝑇𝑐𝑜𝑢𝑡 − 𝑇𝑐𝑖𝑛 )

Heat transfer by hot fluid
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Fig. 14 Grid independency test for Heat gain by cold fluid
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After performing computational fluid dynamics analysis
of double pipe heat exchanger at different mass flow rate
of hot and cold fluid the velocity streamlines along the
heat exchanger for cold flow region as shown in below
contours diagram.

Grid independency test for Heat transfer
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Fig. 15 Grid independency test for Heat transfer

V. RESULTS
After performing computational fluid dynamics analysis
of double pipe heat exchanger at different mass flow rate
of hot and cold fluid varied from 0.1 kg/s to 0.3 kg/s while
the inlet temperature of hot and cold fluid are 40 oC, and
15oC respectively. The variation of temperature along the
heat exchanger for hot and cold flow region as shown in
below contours diagram.

Fig. 16 Temperature contours of double pipe heat exchanger from base
paper at mass flow of 0.3 kg/s heat exchanger mid plane (xy)

Fig. 17 Temperature contours of double pipe heat exchanger at mass
flow of 0.3 kg/s heat exchanger mid plane

Fig. 18 Temperature contours for outer (cold) fluid at mass flow of 0.3
kg/s

www.ijoscience.com

Fig. 19 Velocity streamlines at mass flow 0.3 kg/s from base paper

Fig. 20 Velocity streamlines at mass flow 0.3 kg/s

It has been observed that the maximal velocity of the cold
fluid flowing in annulus side is near the inlet at the
entrance region because of the sudden reduction in the
flow area.
From the above validation work it has been observed that
the compared result of temperature variation in cold fluid
is about 1.23% and variation in velocity less than 1% from
base paper which shows very good agreement with 1.23%
error. After the validation from base model some other
designs of double pipe heat exchanger have been used for
computational fluid dynamics analysis to enhance the
thermal performance of the double pipe heat exchanger.
It has been observed that the helically baffled in the
laminar flow provides a better heat transfer characteristics
then turbulent flow hence rest of all computational fluid
dynamic analysis will performed using laminar flow.
A. Computational fluid dynamics analysis for double
pipe heat exchanger without baffles at 0.1 kg/sec
mass flow rate:
After performing computational fluid dynamics analysis
of double pipe heat exchanger without baffles, cold fluid
flowing at 0.1 kg/sec while the inlet temperature of hot
and cold fluid are 40oC, and 15oC respectively. The hot
fluid temperatures drop of 4.15% & cold fluid
temperature rise of 7.5%. The variation of temperature
along the heat exchanger for hot and cold flow region as
shown in below contours diagram.
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Fig. 23 temperature distribution for mass flow rate of cold fluid at 0.3
kg/sec (a) hot fluid at outlet (b) cold fluid at outlet (c) heat exchanger
mid plane
Fig. 21 temperature distribution for mass flow rate of cold fluid at 0.1
kg/sec (a) hot fluid at outlet (b) cold fluid at outlet (c) heat exchanger
mid plane

B. Computational fluid dynamics analysis for double
pipe heat exchanger without baffles at 0.2 kg/sec
mass flow rate
After performing computational fluid dynamics analysis
of double pipe heat exchanger without baffles, cold fluid
flowing at 0.2 kg/sec while the inlet temperature of hot
and cold fluid are 40oC, and 15oC respectively. The hot
fluid temperatures drop of 4.95% & cold fluid
temperature rise of 3.4%. The variation of temperature
along the heat exchanger for hot and cold flow region as
shown in below contours diagram.

Fig. 22 temperature distribution for mass flow rate of cold fluid at 0.2
kg/sec (a) hot fluid at outlet (b) cold fluid at outlet (c) heat exchanger
mid plane

C. Computational fluid dynamics analysis for double
pipe heat exchanger without baffles at 0.3 kg/sec
mass flow rate
After performing computational fluid dynamics analysis
of double pipe heat exchanger without baffles, cold fluid
flowing at 0.3 kg/sec while the inlet temperature of hot
and cold fluid are 40oC, and 15oC respectively. The hot
fluid temperatures drop of 5.3% & cold fluid temperature
rise of 2.09%. The variation of temperature along the heat
exchanger for hot and cold flow region as shown in below
contours diagram.

www.ijoscience.com

D. Computational fluid dynamics analysis for double
pipe heat exchanger with single baffles of 25 mm
pitch length at 0.1 kg/sec mass flow rate
After performing computational fluid dynamics analysis
of double pipe heat exchanger with single baffles, cold
fluid flowing at 0.1 kg/sec while the inlet temperature of
hot and cold fluid are 40oC, and 15oC respectively. The
hot fluid temperatures drop of 4.55% & cold fluid
temperature rise of 11.5%. The variation of temperature
along the heat exchanger for hot and cold flow region as
shown in below contours diagram.

Fig. 24 Temperature contours for B = 25 mm at mass flow rate 0.1 kg/s
(a) hot fluid at outlet (b) cold fluid at outlet (c) heat exchanger mid
plane

E. Computational fluid dynamics analysis for double
pipe heat exchanger with single baffles of 25 mm
pitch length at 0.2 kg/sec mass flow rate
After performing computational fluid dynamics analysis
of double pipe heat exchanger with single baffles, cold
fluid flowing at 0.2 kg/sec while the inlet temperature of
hot and cold fluid are 40oC, and 15oC respectively. The
hot fluid temperatures drop of 7.6% & cold fluid
temperature rise of 14.53%. The variation of temperature
along the heat exchanger for hot and cold flow region as
shown in below contours diagram.
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along the heat exchanger for hot and cold flow region as
shown in below contours diagram.

Fig. 25 Temperature contours for B = 25 mm at mass flow rate 0.2 kg/s
(a) hot fluid at outlet (b) cold fluid at outlet (c) heat exchanger mid
plane

F. Computational fluid dynamics analysis for double
pipe heat exchanger with single baffles of 25 mm
pitch length at 0.3 kg/sec mass flow rate
After performing computational fluid dynamics analysis
of double pipe heat exchanger with single baffles, cold
fluid flowing at 0.3 kg/sec while the inlet temperature of
hot and cold fluid are 40oC, and 15oC respectively. The
hot fluid temperatures drop of 10.075% & cold fluid
temperature rise of 20.88%. The variation of temperature
along the heat exchanger for hot and cold flow region as
shown in below contours diagram.

Fig. 26 Temperature contours for B = 25 mm at mass flow rate 0.3 kg/s
(a) hot fluid at outlet (b) cold fluid at outlet (c) heat exchanger mid
plane

G. Computational fluid dynamics analysis for double
pipe heat exchanger with double baffles of pitch
length 25 mm at 0.1 kg/sec mass flow rate
After performing computational fluid dynamics analysis
of double pipe heat exchanger with double baffles, cold
fluid flowing at 0.1 kg/sec while the inlet temperature of
hot and cold fluid are 40oC, and 15oC respectively. The
hot fluid temperatures drop of 30.25% & cold fluid
temperature rise of 45.45%. The variation of temperature

www.ijoscience.com

Fig. 27 Temperature contours for double baffle at B = 25 mm at mass
flow rate 0.1 kg/s (a) hot fluid at outlet (b) cold fluid at outlet (c) heat
exchanger mid plane

H. Computational fluid dynamics analysis for double
pipe heat exchanger with double baffles of pitch
length 25 mm at 0.2 kg/sec mass flow rate
After performing computational fluid dynamics analysis
of double pipe heat exchanger with double baffles, cold
fluid flowing at 0.2 kg/sec while the inlet temperature of
hot and cold fluid are 40oC, and 15oC respectively. The
hot fluid temperatures drop of 28.75% & cold fluid
temperature rise of 43.39%. The variation of temperature
along the heat exchanger for hot and cold flow region as
shown in below contours diagram.

Fig. 28 Temperature contours for double baffle at B = 25 mm at mass
flow rate 0.2 kg/s (a) hot fluid at outlet (b) cold fluid at outlet (c) heat
exchanger mid plane

I.

Computational fluid dynamics analysis for double
pipe heat exchanger with double baffles of pitch
length 25 mm at 0.3 kg/sec mass flow rate
After performing computational fluid dynamics analysis
of double pipe heat exchanger with double baffles, cold
fluid flowing at 0.3 kg/sec while the inlet temperature of
hot and cold fluid are 40oC, and 15oC respectively. The
hot fluid temperatures drop of 29.75% & cold fluid

25

SMART MOVES JOURNAL IJOSCIENCE

ISSN NO: 2582-4600

temperature rise of 44.23%. The variation of temperature
along the heat exchanger for hot and cold flow region as
shown in below contours diagram.
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Logarithmic mean temperature difference is use to
determine the rate of heat transfer in heat exchanger. The
temperature difference between the two fluid decrease
J. Comparative result analysis of double pipe heat from ∆𝑇1 at the inlet to ∆𝑇2 at the outlet. The logarithmic
exchanger
mean temperature difference is decreasing from 23.5oC to
13.59oC with increasing mass flow rate thus resulting
280.000
Heat transfer coefficient Vs Flow Rate
increasing in overall heat transfer coefficient.
Fig. 29 Temperature contours for double baffle at B = 25 mm at mass
flow rate 0.3 kg/s (a) hot fluid at outlet (b) cold fluid at outlet (c) heat
exchanger mid plane
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Fig. 30 Heat transfer coefficient Vs Flow Rate

Above figure represents the comparisons of the heat
transfer coefficient for cold fluid of double pipe heat
exchanger. It can be observed that the heat transfer
coefficient increasing with the increasing in the mass flow
rate of cold fluid. The overall heat transfer coefficients
differ significantly by 20.4 % at 0.3 kg/sec mass flow rate,
because the considerable difference between heat transfer
surface area on the inner and outer side of the tube
resulting in a prominent thermal enhancement of the cold
fluid.
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Fig. 32 Nusselt No. Vs Reynold's No.

It has been observed that the Nu increasing with
increasing Reynolds number because of higher fluid
velocities when using continuous helical baffles. Thus,
the use of the baffles in the outer fluid pipe improves heat
transfer due to turbulence. Turbulence enhancement
increases the Reynolds number and increase in Nu for the
same mass flow rate. It has been also observed that for the
same mass flow rate the heat transfer improves with
smaller baffle spacing.
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computational fluid dynamic analyses have been
performed and compared the results. There are following
conclusive points drawn from this work.
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Fig. 33 Temperature at Hot outlet

It has been observed that the temperature of hot fluid is
decreasing with increasing mass flow rate of cold fluid,
maximum the temperature difference enhance the heat
3.
transfer rate. The maximum temperature drop of 10.9 oC
(27.25%) for hot fluid is observed at .3 kg/sec mass flow
rate.
29
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Fig. 34 Temperature at Cold outlet

It has been observed that the temperature of cold fluid is 6.
increasing with increasing mass flow rate of cold fluid,
maximum the temperature difference enhance the heat
transfer rate. The maximum temperature rise of 11.9 oC
(44.23%) for cold fluid is observed at .3 kg/sec mass flow
7.
rate.
VI. CONCLUSION
In the present work computational fluid dynamics
analyses have been performed for double pipe exchanger
8.
used helical baffles with different spacing on the hot fluid
pipe. For this analysis double pipe heat exchangers are
divided into three different domains such as two fluid
domains hot fluid in the inner tube and cold fluid in the
outer pipe and a solid domain as helical baffles on inner
9.
tube of hot fluid. Mass flow rate cold fluid was varied
from 0.1 kg/s to 0.3 kg/s while the flow rate in the inner
tube i.e. hot water was kept constant at 0.1 kg/s. the inlet
temperature of hot fluid taken as 40oC while Cold fluid
inlet temperature taken as 15oC. Mathematical and
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After performing computational fluid dynamics
analysis of double pipe heat exchanger without
baffles, cold fluid flowing at 0.1 kg/sec. The hot fluid
temperatures drop of 38.34 oC & cold fluid
temperature rise of 16.22 oC.
After performing computational fluid dynamics
analysis of double pipe heat exchanger without
baffles, cold fluid flowing at 0.2 kg/sec. The hot fluid
temperatures drop of 38.02 oC & cold fluid
temperature rise of 15.53 oC.
After performing computational fluid dynamics
analysis of double pipe heat exchanger without
baffles, cold fluid flowing at 0.3 kg/sec. The hot fluid
temperatures drop of 37.88 oC & cold fluid
temperature rise of 15.32 oC.
After performing computational fluid dynamics
analysis of double pipe heat exchanger with single
baffles, cold fluid flowing at 0.1 kg/sec. The hot fluid
temperatures drop of 38.18 oC & cold fluid
temperature rise of 16.95 oC.
After performing computational fluid dynamics
analysis of double pipe heat exchanger with single
baffles, cold fluid flowing at 0.2 kg/sec. The hot fluid
temperatures drop of 36.96 oC & cold fluid
temperature rise of 17.55 oC.
After performing computational fluid dynamics
analysis of double pipe heat exchanger with single
baffles, cold fluid flowing at 0.3 kg/sec. The hot fluid
temperatures drop of 35.97 oC & cold fluid
temperature rise of 18.96 oC.
After performing computational fluid dynamics
analysis of double pipe heat exchanger with double
baffles, cold fluid flowing at 0.1 kg/sec. The hot fluid
temperatures drop of 31.9 oC & cold fluid
temperature rise of 27.5 oC.
After performing computational fluid dynamics
analysis of double pipe heat exchanger with double
baffles, cold fluid flowing at 0.2 kg/sec. The hot fluid
temperatures drop of 30.27 oC & cold fluid
temperature rise of 26.5 oC.
After performing computational fluid dynamics
analysis of double pipe heat exchanger with double
baffles, cold fluid flowing at 0.3 kg/sec. The hot fluid
temperatures drop of 29.1 oC & cold fluid
temperature rise of 26.9 oC.
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10. The logarithmic mean temperature difference is
decreasing from 23.5oC to 13.59oC with increasing
mass flow rate thus resulting increasing in overall
heat transfer coefficient.
11. The overall heat transfer coefficients differ
significantly by 20.4 % at 0.3 kg/sec mass flow rate,
because the considerable difference between heat
transfer surface area on the inner and outer side of the
tube resulting in a prominent thermal enhancement of
the cold fluid.
From the above concluding points it can be summarized
that the maximum temperature drop of 10.9 oC (27.25%)
for hot fluid and the maximum temperature rise of 11.9 oC
(44.23%) for cold fluid are observed at 0.3 kg/sec mass
flow rate for double pipe heat exchanger with double
helical baffles. It has been also observed that the heat
transfer coefficient increasing with the increasing in the
mass flow rate of cold fluid. The overall heat transfer
coefficients differ significantly by 20.4 % at same mass
flow rate, because the considerable difference between
heat transfer surface area on the inner and outer side of the
tube resulting in a prominent thermal enhancement of the
cold fluid.
VII.

FUTURE SCOPE

The main aim of present work to compare different
configurations of helical baffles in the cold fluid side of a
double tube heat exchanger. The addition of these
geometrical features changes the pressure and velocity
distribution along the cold fluid side of the heat exchanger
and thus the amounts of heat transfer rate and pressure
drop changes. The hot water flows inside the heat
exchanger tube, while the cold fluid flows in the outer side
in the direction of counter flow. Though this study is
performed with utmost sincerity then also there is scope
for further improvement. Some of the suggestions for
future study might be possible are explained.
1. In the present work CFD analysis are performed on
three different designs of double pipe heat exchanger
with helical baffles but some other designs may also
be used for future improvement.
2. Variable dimensions of the tubes may also be used to
investigate the effect on heat transfer characteristics.
3. In the present work stainless steel is used as tube
material but some other materials may also use to
study for future improvement.
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