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Abstract: In this study, a numerical analysis was performed on a heat exchanger channel. This numerical study was done to
simulate and investigate the dynamics and heat transfer of a flow in a curved pipe heat exchanger. The main objective of this
study was to determine how the flow properties like temperature and velocity change with respect to change in the geometry of
pipe heat exchanger. Several geometrical configurations were investigated to determine the influence on heat transfer. The
software used was StarCCM+.

Later a numerical study was also done using an insert of certain thickness to check the variation in thermal and fluid flow
characteristics.
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l. INTRODUCTION
A heat exchanger is a system used to transfer heat between two or more fluids. Heat exchangers are used in both cooling and heating
processes. The fluids may be separated by a solid wall to prevent mixing or they may be in direct contact.
The flow of Newtonian and non-Newtonian fluids in curved pipes has important applications in many industries, such as heat
exchangers, turbine blade and combustion chamber cooling systems, heating systems, chemical reactors and mixing systems.
The interest on flows in curved channels comes from the centrifugal induced secondary flows which clearly improve the exchange
and transfer rates of mass, heat, momentum and mixing.
The secondary flow, in curved ducts is induced by imbalanced forces associated with centrifugal effects that create a radial pressure
gradient leading to flow from the inner wall to the outer wall regions through the central part of the channel cross-section and
balanced by a return flow from outer wall to the inner wall along the top and bottom channel walls.
In the laminar regime, the secondary flow in a curved channel is characterized by a pair of symmetrical vortices occupying the
entire crossed by a return flow from the outer section of the channel.
In this study, heat exchanger was simulated with different geometrical parameters — diameter (D), length(L), radius of curvature(Rc)
and thickness(e). Then the flow characteristics — velocity (U) and temperature (T) were compared among these geometrical
parameters. The fluid medium was water with Reynolds number Re = 300 (laminar). The velocity taken was, U = 7.6e-3 m/s. The
heat flux taken was 2500 W/m2. Later another pipe of thickness 1cm was inserted and simulated. Then the changes regarding
temperature and velocity were investigated as well.
The set of geometrical parameters were
(D: 4cm, 6cm, 8cm) (L: 20cm, 30cm, 40cm) (Rc: 22cm, 32cm, 42cm) (e: 0.3cm, 0.3cm, 0.3cm)

First study

= Water => Re=300 => U=7,6e-3

= Heat flux 2500 W/m?
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1. SIMULATION PHYSICS

Enabled Models
Segregated Fluid Enthalpy <Not required by other models>
Steady
Gradients
Segregated Flow
Constant Density
Laminar
Liquid
Three Dimensional

Water ©Aditya Rathore

Enabled Models

Constant Density

Gradients

Segregated Solid Energy <Not required by other models>
Solid

Steady

Three Dimensional

Tube © Aditya Rathore

1. THE MESH
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V. RESULTS

A.  Velocity
Maximum velocity for upstream and downstream flow was 0.012499 m/s & 0.012539 m/s

444444
AAAAAAAAAAAA

Velox Magnitude (m/s,
000 0.004: 0.0074995 0.0099993

Effect of the curve

On the velocity

B. Temperature
Maximum temperature for upstream and downstream flow was observed closer to the outer layer. The values were 312.02 K &
314.92 K for upstream and downstream respectively.

Te perature (K)
Temperature (K 20414 209.53 Sl LE G 325 7]
-l s 209.68 312.02 304.14 309,53 314.9. 320.32 325.71

300.34 3(7.73 305.0 - 307.35 309.68 312.02 s 31 ~.3 331.10
UPSTREAM (Ref model) DOWNSTREAM (Ref model)

Effect of the curve

On the temperature
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V. VARIATIONS
After the primary simulations were completed and the effects of the curve on velocity and temperature were observed, both for the
upstream and downstream flow respectively, some geometrical variations were done namely: diameter, length, radius of curvature
and thickness.
The variations were
1) Length —20cm, 30cm, 40cm
2) Radius of curvature — 22cm, 32cm, 42cm
3) Diameter — 4cm, 6cm, 8cm
4) Wall thickness via insertion of a coaxial pipe of wall thickness 1cm.

A. The Simulation Results after these Variations were Observed
The results are presented as follows.
1) Variations with length: 20cm, 30cm and 40cm

L=20 cm L=30 cm L=40 cm

Geometry 1

2) Temperature

- S
[ = = | [ = " om [ = m
Tmax=336.36K Tmax=342.52K Tmax=347.88K
L=20 cm =30 cm L=40 cm

Temperature
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B. Variations with Radius of curvature: 22cm, 32cm and 42cm

Rc=22 cm Rc=32 cm Rc=42 cm

Geometry 2

1) Velocity at the first bend

E— = —_— — E— — — s e

Vmax= 0.012539 m/s Vmax= 0.015879 m/s Vmax= 0.015924 m/s
Rc=22 cm Rc=32 cm Rec=42 cm

Velocity downstream the 1st bend

2) Temperature at the First Bend

Tmax=314.92K Tmax=318.08K Tmax=321.14K
Rc=22 cm Rc=32 cm Re=42 cm

Temperature downstream the 1st bend
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C. Variations with Diameter: 4cm, 6cm and 8cm

D=4 cm D=6 cm D=8 cm
U=7.6e-3m/s U=4.8e-3m/s U=3.5e-3m/s

Geometry 3

1) Velocity upstream at first bend

Vmax= 0.01249 m/s Vmax= 0.00783 m/s Vmax= 0.00552 m/s
D=4 cm D=6 cm D=8 cm

Velocity upstream the 1st bend

2) Velocity Downstream at first Bend

Vmax= 0.01254 m/s Vmax= 0.00805 m/s Vmax= 0.00579 m/s
D=4 cm D=6 cm D=8 cm

Velocity downstream the 1st bend
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3) Temperature Upstream at the first Bend

Tmax=312.02 K Tmax= 315.55 K Tmax=318.53 K
D=4 cm D=6 cm D=8 cm

Temperature upstream the 1st bend

4) Temperature Downstream at the first Bend

Tmax= 314.92 K Tmax= 321.79 K Tmax= 323.54 K
D=4 cm D=6 cm D=8 cm

Temperature downstream the 1st bend

VI. INSERTION
A new co-axial pipe was inserted to the initial configuration with an air-flow and a wall thickness of pipe €2 = lcm. The
temperature of the air-flow in this case was imposed as T=100 degree Celsius or 373 Kelvin and the velocity of the air, Uair = 0.5
m/s

Second Study

= Water => Re=300 => U=7.6e-3

= Air Temperature 100°C

= Air Velocity 0.5 m/s

€2 =1 cm Air thickness
e = 0.3 cm Solid thickness
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A. Effect of the Curve on Velocity

UPSTREAM (2nd model) DOWNSTREAM (2nd model)

Effect of the curve
On the velocity

B. Effect of curve on Temperature

UPSTREAM (2nd model) DOWNSTREAM (2nd model)

Effect of the curve
On the temperature

C. \Variation of Temperature along Heat Exchanger

Temperature along the heat exchanger

Temperature (K)
3.50 344

©IJRASET: All Rights are Reserved 350



International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.177
Volume 7 Issue XI1I, Dec 2019- Available at www.ijraset.com

VII. CONCLUSION
After the numerical study and investigations, it was concluded that the flow properties of the fluid in the heat exchanger change with
the change in geometrical parameters. It is evident from the simulation results that the velocity of the fluid flow decreases with the
increase in diameter of the heat exchanger for both upstream and downstream direction. Velocity of the fluid flow increases with the
increase in radius of curvature of the bend. Temperaturemax increases with the increase in the length of exchanger and radius of
curvature as well. Likewise, increase in diameter also resulted into increment of Temperaturemax.

Incremented Parameter Flow velocity Fluid temperature (Tmax )
Diameter Decreases Increases
Length No change Increases
Radius of curvature Increases Increases
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