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Abstract: The study provides a complete computational fluid dynamics (CFD) analysis of a twin
straight tube counter-flow heat exchanger. The study sought to evaluate the temperature, velocity,
and pressure distributions within the heat exchanger under a variety of input circumstances for hot
and cold fluids. The key goals were to predict heat transfer and flow behavior with advanced CFD
techniques such defined boundary conditions, geometric modelling, and producing a computational
grid. The study technique used CAD software to build the heat exchanger shape and implemented
the k- turbulence model in CFD simulations. The simulation results were thoroughly tested against
experimental data to demonstrate the CFD model's reliability and accuracy. The average errors were
0.52% for the hot fluid outlet temperature, 8.15% for the cold fluid outlet temperature, and 9.73%
for the overall heat transfer rate, with the hot fluid outlet temperature being notably well-matched.
The maximum and minimum heat transfer rate obtained from the simulation is 1521.80 W and
1390.88 W respectively. The maximum hot and cold fluid temperature are 62.17°C and 18.79°C
respectively. This extensive CFD analysis of the twin straight tube counter-flow heat exchanger
gives vital insights into its performance and thermal properties, helping to optimize and enhance
this critical industrial equipment. The successful validation of numerical predictions versus actual
data emphasizes the need of combining computational and experimental approaches for designing
and analyzing heat exchangers. The combination of these techniques can lead to a better
understanding of the complicated fluid flow and heat transfer processes within the heat exchanger,
allowing for more efficient and dependable designs to be built.
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The double straight tube counter-flow heat exchanger
is characterized by the flow of hot and cold fluids in
opposite directions within straight, concentric tubes. This
counter-flow arrangement maximizes the temperature

1. Introduction

Heat exchangers are indispensable in a wide range of
industrial processes, facilitating the transfer of thermal

energy between fluids while maintaining their separation.
Among the various heat exchanger designs, the double
straight tube counter-flow configuration is particularly
notable for its versatility and efficiency. These devices
operate based on fundamental thermodynamic principles,
adhering to the second law by transferring heat from
regions of higher temperature to lower temperature without
mixing the fluids. In this design, convection and
conduction are the primary mechanisms of heat transfer,
with radiation playing a minimal role [1].

gradient between the fluids along the length of the
exchanger, thereby enhancing the overall heat transfer
efficiency. The straight tube design not only simplifies the
manufacturing and maintenance processes but also
supports  high-pressure applications and scenarios
requiring significant temperature differentials [2]. This
makes double straight tube counter-flow heat exchangers
highly suitable for a variety of industrial applications,
including chemical processing plants, steam power
generation, and household appliances such as refrigerators
and car radiators.
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In recent years, the role of computational fluid
dynamics (CFD) in the design and analysis of heat
exchangers has become increasingly important. Software
tools like FLUENT, CFX, and others enable engineers to
simulate fluid flow, heat transfer, and other critical
parameters. These simulations are crucial for optimizing
the performance and efficiency of heat exchangers.
However, the accuracy of CFD simulations is heavily
dependent on the validation of these models through
experimental testing, especially due to the complexities
associated with turbulent flow modelling [3].

Heat exchangers play a pivotal role in diverse
industrial processes, facilitating the transfer of thermal
energy between fluids while maintaining their separation.
Among the array of heat exchanger designs, the double-
pipe counter-flow configuration stands out for its
versatility and efficiency [4]. Heat exchangers operate
based on the fundamental principles of thermodynamics.
According to the second law of thermodynamics, the
energy will be transformed in a form of heat from higher
to lower temperature region without mixing the fluids [5].
While radiation plays a minimal role, convection and
conduction are the predominant heat transfer mechanisms
employed within these devices [6].

Double-pipe  counter-flow  heat  exchangers,
characterized by the flow of hot and cold fluids in opposite
directions within concentric tubes, find extensive usage
across a spectrum of industries. Their construction allows
for an efficient rate of heat transfer in high-pressure
applications and scenarios requiring a wide range of
temperature differentials. The applications of heat
exchanger at the industry include chemical processing
plants, heating, ventilation, and air-conditioning systems
(HVAC) and vehicles automotive applications such as
radiator, intercoolers, and oil coolers [7].

In computational fluid dynamics (CFD), software
tools such as FLUENT and CFX have become
indispensable for the design and simulation analysis of
heat exchangers. These software tools enable engineers to
predict the fluid flow, heat transfer rate, and other critical
parameters, aiding in optimizing heat exchanger
performance and efficiency [8]. However, the accuracy of
CFD simulations necessitates validation through
experimental testing, particularly due to the complexities
of turbulent flow modelling.

The primary objective of the study outlined in the
referenced article is to validate CFD simulations of double-
pipe counter-flow heat exchangers through comparison
with experimental data by using K-Omega standard
viscous simulation model. This involves generating lab
models using CAD software, conducting simulation fluid
flow analysis using CFD Ansys fluent software, and
comparing numerical results with measured temperatures
of hot and cold fluids at the outlets and inlets of the double
pipe heat exchanger.

2. Literature Review and Related Theory

Heat exchangers play a critical role in various industrial
processes by facilitating the transfer of thermal energy
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between fluids without allowing them to mix. The double
straight tube counter-flow heat exchanger, a prominent
design among various heat exchanger configurations, is
renowned for its versatility and efficiency. This review
explores the theoretical foundations, design principles,
applications, recent advancements in the computational
modelling of double straight tube counter-flow heat
exchangers, and the specific equations used in CFD
simulations, particularly those performed using ANSYS
software [9].

The operation of double straight tube counter-flow
heat exchangers is grounded in fundamental
thermodynamic principles. According to the second law of
thermodynamics, heat flows from regions of higher
temperature to regions of lower temperature. In these
exchangers, convection and conduction are the primary
mechanisms facilitating this energy transfer, while
radiation plays a minimal role due to the enclosed nature
of the system [10].

Double straight tube counter-flow heat exchangers are
designed with hot and cold fluids flowing in opposite
directions within concentric straight tubes. This counter-
flow arrangement maximizes the temperature gradient
along the length of the exchanger, thereby enhancing the
overall heat transfer efficiency [11]. Compared to parallel
flow designs, counter-flow heat exchangers achieve higher
heat transfer rates and can handle greater temperature
differentials, making them suitable for high-pressure
applications.

The straight tube design simplifies manufacturing and
maintenance while offering robustness under high-
pressure conditions. This makes such heat exchangers
particularly advantageous for applications in chemical
processing plants, steam power generation, and household
appliances such as refrigerators and car radiators [12]. In
recent years, Computational Fluid Dynamics (CFD) has
become an indispensable tool in the design and analysis of
heat exchangers. CFD software like ANSYS enables
engineers to simulate fluid flow and heat transfer
processes, providing insights into  performance
optimization that are otherwise challenging to obtain
through experimental means alone [13].

CFD simulations help predict temperature
distributions, pressure drops, and heat transfer coefficients
within heat exchangers. However, the accuracy of these
simulation hinges on their validation against experimental
data. This is especially critical when modelling turbulent
flows, which introduce significant complexity [14]. These
equations account for the effects of turbulence on the flow
field, enabling more accurate predictions of heat and
momentum transfer in turbulent regimes.

The reliability of CFD models is contingent upon
rigorous validation through experimental testing.
Validating these models ensures that simulations
accurately reflect real-world performance, thus enhancing
the credibility and utility of CFD in the design process. The
k- turbulence model is frequently employed in these
simulations to address the challenges associated with
turbulent flow modelling [15].
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Experimental validation typically involves creating
lab-scale  models using CAD  software like
SOLIDWORKS, followed by detailed flow analysis using
ANSYS CFD tools. By comparing the numerical results
with measured outlet temperatures of hot and cold fluids,
researchers can refine their models to ensure precise and
dependable outcomes [16]. Double straight tube counter-
flow heat exchangers are integral to various industrial
applications due to their efficient heat transfer capabilities
and robust performance. Their applications span from
chemical processing and steam power generation to
everyday household devices, highlighting their versatility
and importance [17].

Recent advancements in CFD and experimental
techniques have significantly contributed to the
optimization of these heat exchangers. Enhanced
simulation capabilities allow for more accurate predictions
of performance, while experimental validations ensure
these predictions hold under practical condition [18]. The
theory underlying heat exchangers revolves around the
principles governing the exchange of heat between two
fluids with disparate temperatures. These devices are
engineered to enable this heat transfer by employing a
barrier, typically a solid wall, between the fluids. The
fundamental aim of a heat exchanger is to optimize heat
transfer efficiency while mitigating energy dissipation
[19].

Different kinds of heat exchangers exist, including
shell and tube, fin-tube, plate, to compact heat exchangers.
These variations differ in their configuration and how
fluids flow within them, encompassing arrangements like
parallel flow, counter flow, and cross flow (1QS). In this
project, the model of the heat exchanger that was used was
a double-pipe counter flow heat exchanger.

Furthermore, heat exchangers have several
thermodynamics governing heat exchangers that involve
principles such as energy conservation, the first and second
laws of thermodynamics, and entropy considerations [20].
Three main heat transfer processes occur convective heat
transfer from the fluid to the inner tube wall, conductive
heat transfer through the tube wall, and convective heat
transfer from the outer tube wall to the surrounding fluid.
Below are the thermodynamic concepts related to heat
exchangers [21].

Second Law of Thermodynamics: This law introduces
the concept of entropy, stating that in any energy transfer
or transformation, the total entropy of a closed system will
always increase over time until it reaches equilibrium. In
the context of double pipe heat exchangers, the second law
guides the direction of heat transfer and the efficiency of
the process. In these systems, heat naturally flows from the
hotter fluid in the inner pipe to the cooler fluid in the outer
pipe, and the efficiency of heat exchange depends on
minimizing entropy generation. This is achieved by
optimizing the flow rates and temperatures of the fluids to
enhance heat transfer while reducing thermal resistance
and energy dissipation [22].

In understanding the importance of the heat exchanger
applications in turbomachinery, using an accurate method
is very crucial for their computational fluid dynamics
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(CFD) simulation. Choosing the right turbulence
modelling method is important for this project since it has
a big influence on how accurate the outcomes are. The
student has decided to use the k-omega turbulence model
for this project, which is a commonly used method in the
turbomachinery and aerospace industries. A variety of
choices and sub-models of the k-omega model may be
customized to replicate certain flow phenomena found in
heat exchanger simulations. Several sub-models/options of
k—m: compressibility effects, transitional flows and shear-
flow corrections.

By carefully selecting and implementing the
appropriate k-omega turbulence model options, the project
team aims to ensure that the CFD simulations of the heat
exchangers accurately reflect the real-world behavior and
performance, serving as a valuable tool for the design,
development, and optimization of these critical
components in the turbomachinery industry [23].

3. Methodology and Simulation Setup

3.1 Governing equation

The governing equation of SIMPLE used for the
simulation. Starting with the initial guess for p*, u*, v*, ¢*,
the following discretized momentum equation will be
solved.

Qyj Ui ;= X np Uy + (Pi_1j — Pijo1)Asj + by 1)
i, Vij = X anp Vnp + (Piz1j — Pij—1)Asj + bij )

Solve pressure correction equation (u*, v*);

ro_ ’ ’ ’
QijPij = Qi-1,j Pi—1,j T Ai+1,j Piv1,j T ijj-1 Pij—1 T

1 U
@i j+1 Pij+1 T bij 3)

Correct pressure and velocities (p’);

Pij =Dpi; +pi; 4)
wj =ui;+dij(pi-; — pij) (5)
vj =vi;+dij(Pij-1 —Dij) (6)

Solve all other discretized transport equations;

Qi j bij = A_1j Pic1,j + Givr,j Pisrj + Aijo1 Dijo1 +
i j+1 Pij+1 + boij U]

A two-transport-equation model solves for k and w,
depending on the particular dissipation rate (¢/k) [24]. This
is the default k- model. Shows greater performance for
wall-bounded and low Reynolds number flows.
Demonstrates the ability to forecast change. Options
include transitional, free shear, and compressible flows.
Excellent performance for wall-bounded boundary layers,
free shear, and low Reynolds number flow. Suitable for
complicated boundary layer flow with an unfavourable
pressure gradient and separation. Can be utilized for
transitional flows (although tends to forecast early
transitions). Separation is often expected to be extreme and
early.
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The rate of heat transfer (Q) given as,

Q = mhcph(Thi —Tho) = mcCpC(Tca = T¢i) = AU ATy, (13)

The logarithmic mean temperature difference
(LMTD) between the hot and cold fluids,
ATy, = (AT — AT ){In(AT,) — In A(T,)} ™! (14)
Effectiveness (¢) is defined as,
& = QQrmax (15)
The maximum possible heat transfer rate,
Qmax = (mcp)min(Thi —Ta) (16)

Here, m, and m,, are the mass flow rates of cold and hot
fluids respectively; Cy,. and C,pare the specific heats of cold and
hot fluids respectively; (inCp)mm is the smaller of m;,C,, and

Cy for the hot and cold fluids; T; and Ty,are the inlet
temperatures of hot and cold fluids respectively; T, and
T., are the outlet temperatures of hot and cold fluids
respectively; AT, = Ty; — T, and AT, = Ty, —; Uy, IS
the overall heat transfer coefficient; A, = nL(D; +d,), is
the total heat transfer area; d; and d,, are the inner and outer
diameters of the inner tube respectively; D; is the inner
diameter of the outer tube; D, = (D? — dz)d , is the
equivalent diameter; D, = D; —d,, is the hydraulic
diameter;  up,y, = 4y, (Tpd?)~? and  Up,
4 {mp.(D? — d2)}~* are the average velocity of the hot
and cold fluids respectively.

For heat exchangers, the total heat transfer is the key
metric that describes the overall amount of thermal energy
transferred between the fluid streams over a period of time.
This total heat transfer depends on factors like the
temperature difference, heat transfer area, and duration of
operation. Accurately determining and maximizing the
total heat transfer is critical for ensuring the heat exchanger
meets its design objectives, such as reaching a target outlet
temperature or delivering a required thermal load.
Analyzing and optimizing total heat transfer is therefore a
crucial part of heat exchanger engineering and
performance assessment.

Referring to the heat transfer rate at the equation, the
hot side will have this equation,

Q= ch (Tin — Tout) (17
4

The cold side will have this equation,

Q= WCp (Tout - Tin) (18)

3.2 Simulation Setup

Computational fluid dynamics (CFD) is concerned with
the numerical solution of partial differential equations
regulating the transfer of mass, momentum, and energy in
fluids. The continuity equation is obtained by using the law
of mass conservation. Momentum equations are obtained
for velocity (uj) in directions x; (j = 1, 2, 3) using Newton's
second rule of motion and Stoke's Stress Laws. The energy
equation for transport temperature (T) or enthalpy (h) is
obtained using the first law of thermodynamics and

Fourier's law of heat conduction (q;cong = —k %). The
A

continuity, momentum, and energy equations for moving
fluids are [24].

9p | Apuy) _
at ' ox; 0 (19)
9(puy)  d(pujuy)  ap | @
_Bt + —ax,- = ax; + (ueff ax ) + pB + Su, (20)
a(ph) 6(pujh) a m

o T ox; { Keff ox; } +Q (21)

In this equation, p represents pressure, h = C,(T —
T,.r) represents enthalpy, Bi represents body force in x
directions (i = 1, 2, 3), and Su; represents viscous terms in

addition to those indicated by (lleff ox; ) Qnm represents

the volumetric rate of heat generatlon, Uess the effective
viscosity, and k. the effective thermal conductivity. In
laminar flows, u.rr and k., are fluid properties, whereas
in turbulent flows, they are flow properties. Turbulent
fluxes are often seen in practical applications. The unstable
laminar flow equations are turned into time-averaged
equations by assuming fast and unpredictable variations in
the mean value. Additional terminology originating from
this process include Reynold's stresses, turbulent heat flux,
and so on. A turbulent model's function is to represent
these fluxes in terms of the flow's mean characteristics. A
turbulent flow is computationally comparable to a laminar
flow with a complex effective viscosity. The popular
Launder and Spalding "two-equation models" of
turbulence use, as one of the equations, the equation for the
kinetic energy (k) of the fluctuating motion, which read

a(pk) | d(pku; a
%—}_ (gx,-) 6xl<rk6x>+G pe

In this equation, I}, represents the diffusion coefficient
for k, G is the rate of turbulence energy production, and ¢
is the kinematic rate of dissipation. The quantity (G — pe)
represents the equation's net source term. A similar
differential equation regulates the variable e.
SOLIDWORKS may be used to model the heat exchanger,
while ANSYS (FLUENT) is used for flow analysis.

(22)
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ANSYS (FLUENT) has turbulent models such as the k-¢
standard model, k-e RNG model, and k-o standard model.
Due to the absence of generally applicable turbulence
models, CFD simulations must be compared to test data,
and design validation through testing is inevitable.

3.3 Method and Boundary Condition

The process below illustrates the process of simulating a
double straight tube counter-flow heat exchanger, starting
from defining the problem and its objectives and
continuing until obtaining the result. This flow will help
ensure that the workflow runs smoothly. ANSYS software
is a powerful tool for performing CFD simulations,
allowing for detailed analysis and optimization of heat
exchangers. The use of ANSYS in this study involves
several steps:

1. CAD Model Creation: The geometry of the heat
exchanger is created using CAD software like
SOLIDWORKS, which is then imported into
ANSYS for simulation.

2. Mesh Generation: ANSYS Meshing is used to
create a high-quality computational grid that
accurately captures the geometry and flow features.

3. Setting up the Simulation: Boundary conditions,
material properties, and the k-o turbulence model
are defined within ANSY'S Fluent or CFX.

4.  Running the Simulation: The simulation is
executed, and results are obtained for temperature
distributions, pressure drops, and heat transfer
coefficients.

5. Validation: The CFD results are validated against
experimental data to ensure accuracy and
reliability[24].

The previous work investigated double-pipe (straight)
heat exchangers, testing for specified entrance
temperatures and measuring the exit temperatures of both
cold and hot fluids[24]. Their computer models closely
matched the test results. Their mathematical model
consists of a heat balance equation for both hot and cold
fluids, which includes factors like mass flow rates, intake
temperatures, and unknown output temperatures. The rate
of heat transfer (Q) was calculated using the product of
(Un), (A4), and (AT,,). They used an iterative technique to
generate and solve two nonlinear equations that
determined the output temperatures of the cold and hot
fluids. They ran two types of tests: The heat exchanger (L)
measured 750mm in length and had 1mm-thick inner and
outer tubes. The inner diameters were 10 and 20 mm,
respectively. The hot fluid's mass flow rate (m,) ranged
from 0.0380 to 0.0405kg/sec, while the cold fluid's (m,)
ranged from 0.0333 to 0.0527kg/sec. The cold fluid had an
intake temperature of 10.6°C, while the hot fluid's inlet
temperature ranged from 70.2 to 72.7°C. These settings
will serve as the simulation's boundary conditions. The
SIMPLE and Upwind Difference Schemes are utilized in
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the simulation. Table 1 shows the thermal parameters of
the fluid (water), which are required for analysis using
ANSYS (FLUENT).

Table 1: Thermal characteristics of water stated in
numerical simulations of a double-pipe heat exchanger

(straight)

Temperature p Gy 1l
0 (kg/m3)  (kg. K) (cP)
10.60 999.40 4088.70 12.458
70.40 977.12 4066.90 3.917
70.20 977.20 4066.90 3.928
70.20 977.20 4067.00 3.928
70.50 977.66 4067.00 3.911
71.10 976.71 4067.00 3.880
71.00 976.77 4067.00 3.885
71.40 976.53 4067.10 3.864
71.20 976.65 4067.10 3.875
72.00 976.18 4067.20 3.873
72.70 975.76 4067.40 3.798

Figure 1 and Figure 2 show the actual work of counter
flow heat exchanger include the cold inlet, cold outlet, hot
inlet and hot outlet.

Figure 1: Schematic diagram of double-pipe counter flow
heat exchanger.

Figure 2: Schematic diagram of internal flow from the
section view of double-pipe counter flow heat exchanger.

Figure 3 shows the double-pipe heat exchanger
(straight tube) model generated using SOLIDWORKS.
The geometry of the model is included in the figure below.

Figure 3: Design and dimension of double-pipe heat
exchanger (straight tube)
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The meshing of the three-dimensional model,
performed using the ANSYS FLUENT R2 software
package, is depicted in Figure 3. The steel pipe's
parameters are density (p) = 8030 kg/m3, specific heat (c,)
= 502.48 J/kg-K, and thermal conductivity (k) = 16.27
W/m-K. The mass flow rates at the inlets of the double-
pipe heat exchanger's inner and annulus tubes are
characterized as velocity, while the outputs are defined as
pressure. The tube walls are treated with a non-slip coating.
Table 1 shows the thermal characteristics of both cold and
hot water. To allow the counter-flow configuration, the
annulus tube's inlet and outlet conditions are reversed from
those of the inner tube.

The meshing technique employs a cut-cell approach, with
rectangular cells for the tube wall and fluid domain. The 3D
model consists of 367,086 components and 376,830 nodes. To
optimize quality, set goal skewness to 0.9, smoothing to high,
mesh metric to skewness, and min, max, average, and standard
deviation to 2.133e72, 0.87598, 0.3524, and 0.25992,
respectively. ANSYS FLUENT R2 formulates the governing
flow equations using a finite volume model. The momentum,
turbulent dissipation rate, and temperature components are
modelled via a second-order upwind technique. The SIMPLE
algorithm is used for the pressure-velocity coupling system. At
ensure convergence, the relative residual is set at 10°¢ for all
variables. Based on the previous comparison of the turbulent
model used k — w standard model shows the nearest result as the
test data [24]. Thus, the k — w standard turbulent model will be
used for this simulation [25].

Figure 4: Meshing of the model.

The computational grid or mesh in Figure 4 is crucial for
accurately capturing the flow and thermal characteristics. The
grid was refined near the walls where gradients are expected to
be high, ensuring accurate boundary layer resolution. The exact
details of the mesh parameters (e.g., number of cells, grid
independence studies) but a converged solution of residual scales
is presented, indicating a well-resolved computational domain.

4. Results and Discussion

The validation of this study is done using k-o standard
turbulence models with the experimental study model by
[21]. The validation of the experiment and simulation test
for the outlet hot and cold temperatures and total heat
transfer rate are shown in Figure 5, Figure 6 and Figure 7,
respectively.
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Figure 5: The graph validation of the output temperature
hot fluid between experimental data and simulation.

Figure 5 shows the graph of the output hot fluid
temperature of k-o standard turbulence models and
experimental test models with different input temperatures
along the straight double-pipe heat exchanger. The result
of output hot fluid temperature can be determined by
computing the value of temperature from the solution setup
in ANSY'S software by using surface integral. Based on the
graph above, the trend shows that the output hot fluid
temperature from the simulation is almost like the
experiment test result. It also shows that the input
temperature is directly proportional to the output hot fluid
temperature. As the input temperature increases, the output
hot fluid temperature also increases.
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Figure 6: The graph validation of the output temperature
cold fluid between experimental data and simulation.

Figure 6 shows the graph of the output cold fluid
temperature of k-o standard turbulence models and
experimental test models with different input temperatures
along the straight double-pipe heat exchanger. The result
of output cold fluid temperature can be determined by
computing the value of temperature from the solution setup
in ANSYS software by using surface integral. Based on the
graph above, the trend shows that the output hot fluid
temperature is inversely proportional to the input
temperature. Hence, the higher the input temperature, the
lower the output temperature.
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Table 3: The percentage error for cold fluid outlet

o Exporvmonal dala temperature.
S No. Cold outlet  Cold outlet Error
- temperature  temperature  percentage
s s from from (%)
- L experiment simulation
= v * test (°C) (°C)
% 7 1 23.00 21.39 7.00
- ¥ 2 22.40 21.09 5.85
2 d 3 24.20 20.32 16.03
L] |
B erl 4 22.00 20.06 8.81
: a 5 21.40 19.67 8.08
‘ 6 21.40 19.72 7.85
0. 70.5 no s 720 2.5 10 7 20.90 19.30 7.66
Input Temperature ('C) 8 20.90 19.36 737
Figure 7: The graph validation of the total heat transfer rate 9 20.40 19.02 6.76
between experimental data and simulation. 10 20.00 18.79 6.05
Average 21.66 19.87 8.15

Figure 7 shows the graph of the total heat transfer rate
against input temperature along the straight double-pipe
heat exchanger. The result of total heat transfer rate can be
determined by computing the value of temperature from

Table 4: The percentage error for total heat transfer rate.

the solution setup in ANSYS software by using surface No. TOt";‘(' heat — Total ?eat Error
integral. Based on the graph above, the trend shows that transfer rate transfer — percentage
i . from rate from (%)
the total heat transfer rate is directly proportional to the h : .
. . . experimental simulation
input temperature. Hence, the higher the input temperature data
value, the higher the value of total heat transfer rate. (W) W)
Table 2: The percentage error for hot fluid outlet ! 1390.88 1266.35 8.95
temperature. 2 1390.91 1302.29 6.37
No. Hot outlet Hot outlet Error 3 1412.84 1346.78 4.68
tem]Perature temfperature pert;gy)tage 4 1522.76 1372.13 9.89
rom rom 0
Experiment simulation ° 1564.37 1408.56 9.96
test (°C) (°C) 6 1606.51 1416.17 11.85
1 61.20 61.92 1.18 7 1622.77 1438.58 11.35
2 61.20 61.57 0.60 8 1639.00 1448.89 11.60
3 61.40 61.62 0.36 9 1671.50 1479.00 11.52
4 60.80 61.30 0.82 10 1713.18 1521.80 11.17
5 61.20 61.43 0.38 Average 1553.47 1400.86 9.73
6 61.20 61.62 0.69
! 6120 61.37 0.28
8 61.30 61.65 0.57 s
9 61.70 61.75 0.08 3 ieei2
10 62.30 62.17 0.21 R
Average 61.35 61.64 0.52 o302

R LR
2200.02
234002
K.J
Figure 8: The contour of the temperature from the
simulation.
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Figure 8 shows the results of the contour temperature
distribution along the double pipe heat exchanger. Based
on the result obtained from the ANSY'S fluent simulation,
it shows that the temperature of the inner pipe is higher
than the outer pipe. It is because the hot fluid flows in the
inner pipe. The maximum temperature of the hot fluid is
343 K. The low temperature is located at the outer pipe.
The cold fluid flows along the outer pipe. The heat transfer
occurs between the boundary of the inner and outer pipe.
The yellow color of the contour shows the temperature is
in the medium level since the heat exchange in the
boundary between the two pipes.
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Figure 9: The contour of the velocity from the simulation.

Figure 9 shows the results of the contour velocity
magnitude along the double straight pipe. From the result,
it shows that the inner pipe experiences a high velocity
compared to the outer pipe. It is because the viscosity of
the hot fluid decreases. The low viscosity will contribute
to less flow resistance that allows the hot fluid flow in high
speed compared to cold fluid. The maximum velocity of
the fluid flow is 0.717m/s.
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Figure 10: The contour of the pressure from the simulation.

Figure 10 shows the results contour of pressure along
the double straight pipe. From the result, it shows that the
inner pipe experiences a high pressure compared to the
outer pipe. It is because the hot fluid has low density due
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