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Abstract. An investigation on enhancement of heat transfer is carried out for a double pipe
heat exchanger in which the outer wall of the inner pipe is provided with circumferential labyrinth
passages. Rectangular and triangular cavities with fixed labyrinth tooth thickness, height, and pitch are
considered and the effect of added labyrinth structures on the heat transfer characteristics is discussed.
A two-dimensional steady numerical simulation is carried out using ANSYS-FLUENT software. The
flow Reynolds number equals to 20 000 and 43 000 for the hot and cold fluids, respectively, while other
fluid properties are constant. From the numerical analysis carried out in this work, it is identified
that the added labyrinth passages in the heat exchange surface improve the heat transfer rate and can
reduce the length of the heat exchanger. Numerical predictions agree well with the results obtained
from the experiment conducted.
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1. Introduction
Heat exchange between hot and cold fluid plays a sig-
nificant role in many applications. Heat transfer en-
hancement techniques implemented in heat exchangers
reduce the running costs of the device by saving en-
ergy. Out of the various types of heat exchangers
available, the double pipe heat exchanger shown in
Figure 1 is a simple design with two concentric pipes,
whose performance can be substantially improved by
various enhancements. It is also suitable for high
temperature and high pressure applications due to
its small diameters. The literatures regarding these
enhancements are primarily experimental in nature,
with gases as working fluids [1, 2].

The heat transfer enhancement techniques in a dou-
ble pipe heat exchanger are classified into passive and
active techniques. Passive methods can work without
any external aids by a geometric modification such
as varying the cross section of the inner pipe [2–8].
Active methods require external stimulation such as
vortex creation by rotating the inner pipe [9]. The
helically corrugated inner pipe with alternating ridges
and grooves in a double pipe heat exchanger was inves-
tigated using steady numerical simulations [2]. The
new design improved the heat transfer by a factor of
three as compared to the smooth-walled inner pipe.

The heat transfer characteristics of blossom shaped
fins on the inner tube were investigated experimen-
tally and numerically at a constant air inlet tempera-
ture [3]. The increase in the number of fins resulted
in a more uniform distribution of the temperature
field. The reasons for the performance improvement
of the double pipe heat exchanger with helical fins

and vortex generator were found to be the increase
in heat transfer surface, reduction of hydraulic diame-
ter, secondary flow caused by the helical channel and
the vortices, destabilisation of fluid flow and intensi-
fication of turbulence induced by the vortex genera-
tors [4]. The inner twisted square duct with air as
working fluid showed a considerable enhancement in
the heat transfer in both the laminar and turbulent
regimes [5]. Experimental investigations of a double
pipe helical heat exchanger with a copper fin in the
annulus section showed an improvement in the overall
heat transfer coefficient calculated by replacing the
hydraulic diameter with an equivalent diameter [6].

In the present study, an improvement in the perfor-
mance of a double pipe heat exchanger is achieved by
incorporating a labyrinth path in the annular region,
which enhances the surface area of the inner tube
externally. Thus, the labyrinth structure increases the
surface area of heat transfer. During the flow through
this enhanced structure, the fluid is made to pass
through cavities and the corresponding land, resulting
in vortex generation in each cavity. The recirculation
caused by the vortex increases the heat transfer rate
of the hot fluid by increasing the number of restric-
tions [10]. The labyrinth structure introduced in the
outer surface of the inner pipe is shown in Figure 2.
In the conventional double pipe heat exchangers,

the annular area is kept larger to allow the cold fluid
flow to gain heat from the hot fluid flowing in the
inner pipe. The innovation in the present study is
the improvement in heat transfer by enhancing the
annular flow path with the annular flow area much
lesser than the pipe flow area and leaving the pipe
flow undisturbed. Even a small amount of increase in
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Figure 1. Schematic of the double pipe heat exchanger.

Figure 2. Heat exchanger with labyrinth.

the rate of the heat transfer by surface modification
can result in a considerable improvement in process
efficiency and economy. The dimensions of the heat
exchanger before modification are given in Figure 3.
By incorporating the enhanced structure on the

outer surface of the inner tube, the heat transfer by
the fluid flowing in the annular region is improved [11–
13]. The enhancement with a triangular geometry can
provide a stable flow recirculation in the cavity [14].
Hence, the triangular cavity can be a good option for
heat transfer studies in addition to the rectangular
cavity, which is popularly used. The details of the
rectangular and triangular cavity structures incorpo-
rated in the outer surface of the inner tube are shown
in Figure 4 and Figure 5, respectively. The surface en-
hancers efficiently augment the heat transfer rate due
to the induced turbulence intensity [15]. Heat transfer
decreases with the increase in the thickness and pitch
of the external surface enhancers to be introduced
in the heat exchangers [11]. Hence, the thickness
and pitch of the tooth surface to be machined are
fixed as 4mm and 8mm, respectively. In the present
work, water is selected as the working fluid and a two-
dimensional numerical analysis is carried out. The
investigation on the heat transfer characteristics of
the double pipe heat exchanger is carried out both nu-
merically and experimentally with Reynolds number
values up to 43 000.

2. Numerical simulation
CFD software is largely used to study the fluid flow
and heat transfer by solving the mathematical equa-
tions with the help of a numerical analysis. It is
equally helpful in designing a heat exchanger system
as well as in troubleshooting by suggesting design

modifications [16]. The two-dimensional geometric
model of the double pipe heat exchanger is developed
in SOLIDWORKS designing tool and imported into
the ANSYS FLUENT in IGS format. Due to the sym-
metric nature of the heat exchanger, only the top half
of the heat exchanger is modelled, and an axisymmet-
ric condition is applied in the ANSYS FLUENT solver.
The existing problem is thus simulated by using a two-
dimensional heat transfer analysis [17–19]. Triangle
elements are applied for all the three regions. The
axisymmetric heat exchanger models for plain profile,
profile with rectangular, and triangular labyrinths,
whose meshes are shown in Figure 6, 7 and 8, respec-
tively, are developed. Region 1 represents the hot
fluid domain; Region 2 represents the copper solid
domain and Region 3 represents the cold fluid domain.
The body sizing and refinement conditions differ for
each region.
Zero heat flux boundary condition is applied to

the outer wall and solid side walls, assuming to be
perfectly insulated [10]. The solid fluid interfaces are
no-slip walls where the heat flux and the tempera-
ture are continuous across the boundary line [1, 3].
A grid independent test was conducted to check the
dependence of the solution on the quality of the mesh.
Pressure-based solver and k-epsilon turbulence model
are chosen for the study [17, 20]. The k-epsilon mod-
els are categorised in two equation models in which
both the turbulent length and the time scale are de-
termined by solving two separate transport equations.
Out of the three different k-epsilon models in AN-
SYS FLUENT, the standard k-epsilon model is the
most commonly used model for simulating a turbulent
flow [21]. The inlet temperature and mass flow rate
of the cold and hot fluids are specified. At the outlet,
the mass flow outlet condition is specified for both
the hot and cold fluids. Table 1 gives the details of
the solution methods used. An important aspect in
the numerical analysis is to arrive at a convergence of
the solution. The convergence criterion for continuity,
velocity, and k-epsilon equations are reduced to 0.001,
and for the energy equation, the value is set to 0.0001.
The differential equations constituting the mathe-

matical model for the physical problem under study
is given below.
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Figure 3. Dimensions of the plain heat exchanger.

Figure 4. Dimensions of rectangular labyrinth heat exchanger.

Figure 5. Dimensions of the triangular labyrinth heat exchanger.
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Figure 6. Mesh picture for plain heat exchanger
model.

Figure 7. Mesh picture for heat exchanger with
rectangular labyrinth.

Conservation of mass:

∂ρ

∂t
+ ∂(ρuj)

∂xj
= 0. (1)

Conservation of momentum:

∂(ρuj)
∂t

+ ∂(ρujui)
∂xj

= ρfi + ∂σji

∂xj
. (2)

Conservation of energy:

∂(ρe)
∂t

+ ∂(ρeuj)
∂xj

= −ρfiui + ∂(σjiui)
∂xj

− ∂qj

∂xj
(3)

The established mathematical model is solved by
a finite volume method where the computational do-
main is divided into small volumes, and then the
discrete algebraic equations of the above model are
solved by iteration. The residuals of the velocity, en-
ergy, and k-epsilon equations are small and a sample
residual convergence plot for the plain double pipe
heat exchanger is shown in Figure 9.

3. Equations used in theoretical
calculation

Reynolds number is given by the relation,

Re = uDh

Υ (4)

and the hydraulic diameter Dh is given by the differ-
ence between the inner diameter of the outer tube

Figure 8. Mesh picture for heat exchanger with
triangular labyrinth.

Item Condition Taken

Solution Method Pressure-Velocity Coupling
Scheme Coupled
Gradient Least squares cell based
Pressure Second order
Momentum Second order upwind
Turbulent kinetic energy First order upwind
Specific dissipation rate First order upwind
Energy Second order upwind

Table 1. Details of the solution method.

and the outer diameter of the inner tube [4]. For the
plain profile, Nusselt number is given by

Nu = hDh

k
(5)

and the heat transfer coefficient

h = Q

(A · ∆Thot)
. (6)

For the tooth profile, Nusselt number [3] is given by

Nu = 0.0405Re0.608Hf

Dh

−1.03Wf

Dh

−0.908
. (7)

The Nusselt number of the plain model is in the
range of 0.5, whereas the Nusselt number of the tooth
model is about 6 times larger. The lower Nusselt num-
ber for the plain model indicates a laminar flow with
the domination by conduction whereas the higher Nus-
selt number for the tooth model indicates a transition
zone in the flow path due to the presence of alternat-
ing teeth and cavities. Logarithmic mean (LMTD) of
the temperature difference of the inlet and outlet is
calculated both for the CFD and experimental values.
The heat transferred based on the hot and cold fluids
is calculated and the average heat transfer rate is used
for the calculation of the overall heat transfer coeffi-
cient [6, 16]. The length of the model is kept constant
for plain, rectangular, and triangular profiles. The
overall heat transfer coefficient is calculated based on
the temperature data, and flow rates based on the
following equation [22].

U = q

(A · LMTD) (8)
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Figure 9. Convergence plot for plain heat exchanger.

S.No. Specifications Dimension [mm]

1 Inner diameter of the inner tube (d) 23.5
2 Thickness of the inner tube (ti) 4
3 Inner diameter of the outer tube (D) 33.5
4 Thickness of the outer tube (to) 2
5 Length of the heat exchanger (L) 160

Table 2. Dimensions of the heat exchanger tubes.

LMTD = (∆T2 − ∆T1)
ln

(
∆T2
∆T1

) (9)

4. Experiment details
Experiments are conducted for the parallel flow ar-
rangement maintaining the mass flow rate of hot wa-
ter at 0.4 kg s−1 in the annular region and the mass
flow rate of cold water at 0.8 kg s−1 in the inner pipe.
This corresponds to a Reynolds number of 20 000 and
43 000, respectively, when calculated based on the in-
let velocity and the tube diameter [1]. The experiment
setup consists of an inner tube made of copper where
cold water is pumped from a storage tank. The outer
tube is made of galvanized iron (GI) which has provi-
sion for hot water entry and exit. The hot water flows
through the narrow annular gap between the inner
copper pipe and the outer GI pipe. The dimensions
of the heat exchanger tubes are stated in Table 2.
Temperatures are measured at the entry and exit

points of hot and cold fluids with the help of sensors
and their output signals are fed to the system through
Arduino. The flow rates of the hot and cold fluids
are measured by water flow sensors and their output
signals are also logged by Arduino codes. The inlet
temperature of the hot fluid is maintained at 350K and
the inlet temperature of the cold fluid is maintained
at 295K. The final assembly of the double pipe heat
exchanger is shown in Figure 10.

Figure 10. Assembly of the inner and outer pipe.

Applications with low mass flow rates give rise to
a mixed condition in which the effect of forced con-
vection and free convection are of an equal impor-
tance [23]. The flow rate in the annular region is
kept small in order to initiate the mixed convection
to achieve a better heat transfer. As the rectangular
cavities show a better performance in the numerical
analysis, the annular flow path in the heat exchanger
is modified by machining rectangular grooves in the
inner copper tube to investigate the improvement in
the heat transfer coefficient [6]. The outer surface
of the inner tube becomes geometrically unique with
alternating ridges and grooves. The experiments are
repeated with the same conditions for the plain profile
and the rectangular cavity profile, which are shown
in Figure 11 and Figure 12, respectively.
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Figure 11. Outer surface of the inner pipe with plain
profile.

Figure 12. Outer surface of the inner pipe with
rectangular profile.

5. Results and discussion
The heat exchanger performance can be improved
by making the surface area larger, which is possible
by increasing the diameter or the length of the heat
exchanger. In this work, the heat exchanger length is
increased and the effect on heat transfer characteristics
is analysed. The initial condition considered is the
hot fluid in the annulus at 0.4 kg s−1 and cold fluid in
the inner pipe at 0.8 kg s−1. At the reduced length of
0.16m, the temperature drop of the hot fluid is equal
to the temperature rise of the cold fluid (Figure 13).
The length is increased to 0.5m and then to 1.5m.
When the length of the heat exchanger increases, the
temperature drop of the hot fluid is higher than the
temperature rise of the cold fluid though the flow rate
of the cold fluid is higher.
The annular fluid is now changed to cold at

0.8 kg s−1 flow rate and pipe fluid to hot at 0.4 kg s−1

(Figure 14). Even now, the temperature drop of the
hot fluid is higher than the temperature rise of the
cold fluid, and the difference further increases with
increased length.
When the flow rate of the hot and cold fluids is

interchanged, the temperature rise of the cold fluid
is higher than the temperature drop of the hot fluid
(Figure 15).

The above results confirm that the heat exchange
by the annular fluid is higher when the annular flow
area is reduced in the manifold as compared to the
inner pipe area. Hence, the annular fluid is fixed as
hot water with a flow rate of 0.4 kg s−1 and the pipe
fluid is fixed as cold water with a flow rate of 0.8 kg s−1

with the length of the heat exchanger fixed at 0.16m
to achieve a better heat transfer.
The calculation of the overall heat transfer coeffi-

cient is based on the inner surface of the tube, since
the calculation based on the outer tube area may pro-
vide biased results [6]. The comparison of the overall
heat transfer coefficient obtained from the numeri-
cal analysis is shown in Figure 16. The overall heat

transfer coefficient of the rectangular labyrinth profile
is twice than that of the plain profile and the value
for the triangular labyrinth profile is in between the
rectangular labyrinth and plain models. Hence, only
the plain and rectangular labyrinth profiles are consid-
ered for experimental testing. The temperature plot
for the plain and rectangular profiles is shown in the
Figures 17 and 18, respectively.

Three replicates of testing are carried out for both
the plain and rectangular cavity configurations. Tem-
perature data are recorded every 10 seconds and the
temperature used for the comparison is taken at a sta-
ble condition. Initially, the plain copper tube is placed
inside the outer GI pipe and the temperature sensors
are mounted on the inlets and outlets of the hot and
cold pipes. One flow sensor is connected for each hot
and cold pipes and the output signals of all the sensors
are connected to the Arduino module. The experiment
results support the findings from the numerical analy-
sis that the tooth with a rectangular cavity labyrinth
profile is having better heat transfer characteristics as
compared to the plain profile. Figure 19 provides the
comparison of numerical and experiment results of
the plain and rectangular labyrinth heat exchangers.

Though the overall heat transfer coefficient is under-
estimated by the CFD analysis, this approach remains
non-detrimental as the experimental testing shows
a better exchanger performance than predicted [24].
When compared to the conventional heat exchanger
with a finned inner tube, a significant reduction in
pressure drop is achieved without affecting the heat
exchanger performance. This result indicates that,
for the double pipe heat exchanger model, it is an
innovative way to provide vortex generators through
labyrinth structures for the improvement of heat trans-
fer. In other words, using the heat transfer enhance-
ment technique presented in this paper, the modified
double pipe heat exchanger can be a good choice for
a situation that requires large quantity of heat to be
removed in a limited heat exchanger volume.

6. Conclusion
Increased heat exchange can be achieved by increas-
ing the heat transfer surface area, increasing the heat
transfer coefficient, or creating turbulence in the flow
of hot fluids. The increase in the exchange surface
area by increasing the heat exchanger size directly
increases the cost of the fabrication. The increase
in the heat transfer coefficient requires increase in
the flow velocity and Reynolds number, which needs
modification in the process parameters. Hence the im-
provement is achieved by modifying the outer surface
of the inner tube by creating turbulence in the flow. In
the present work, three different lengths (0.16m, 0.5m
and 1.5m) are considered for CFD analysis in order to
understand the effect of length on the heat exchange
by annular fluid. Experiments are conducted for hot
fluid mass flow rate of 0.4 kg s−1 in the annular region,
and cold fluid mass flow rate of 0.8 kg s−1 in the inner
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Figure 13. Effect of increasing the heat exchanger length (Hot fluid in annulus at 0.4 kg s−1).

Figure 14. Effect of increasing the heat exchanger length (Hot fluid in inner pipe at 0.4 kg s−1).

Figure 15. Effect of increasing the heat exchanger length (Hot fluid in inner pipe at 0.8 kg s−1).
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Figure 16. Comparison of overall heat transfer coefficient for CFD results.

Figure 17. Temperature plot for plain heat exchanger.

Figure 18. Temperature plot for rectangular labyrinth heat exchanger.
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Figure 19. Comparison of experiment and numerical results.

pipe, with a constant length of 0.16m. It is observed
that heat transfer rate increases with reduced annular
flow area. This effect is predominant when the flow
rate of the pipe fluid is higher than the flow rate of
the annular fluid and when the length of the heat ex-
changer increases. The heat transfer further improves
when the plain annular flow path is replaced with
labyrinth structures and rectangular cavity labyrinths
are found to be better performing than the triangular
cavity labyrinth. A two-dimensional axisymmetric
model was analysed using ANSYS FLUENT software
and the results are comparable with the experiment
results.

List of symbols
značka popis značky [jednotka]
ρ density [kg m−3]
u velocity [m s−1]
Dh hydraulic diameter [m]
Υ kinematic viscosity [m2 s−1]
h heat transfer co-efficient [W m−2K−1]
k thermal conductivity [W m−1K−1]
Q heat transferred [W]
A heat exchanger area [m2]
Hf height of the tooth [m]
Wf pitch of the tooth [m]
U overall heat transfer coefficient [W m−2K−1]
T temperature [K]
Re Reynolds number (Dimensionless)
Nu Nusselt number (Dimensionless)
∆T1 difference between hot and cold fluid temperatures

at entry
∆T2 difference between hot and cold fluid temperatures

at exit
LMTD Logarithmic Mean Temperature Difference
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