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Abstract: - A CFD package (ANSYS FLUENT 15.0) was used for the numerical study of heat transfer characteristics of a
helical coiled double pipe heat exchanger for counter flow. The CFD results when compared with the results from different
studies were well within the error limits. The study showed that the effective configuration of heat transfer performances of
the counter-flow. The simulation was carried out for fluid to fluid heat transfer characteristics for different fluids, solids and
different inlet temperatures were studied. Effectiveness of Helical Tube Heat Exchanger is calculated on different fluids and
solid configurations. Among different fluids and solid configurations copper-water combination gives more effectiveness
16.33% than other combinations. From the velocity vector plot it was found that the fluid particles were undergoing an
oscillatory motion inside both the pipes. From the pressure and velocity contours it was found that along the outer side of the

pipes the velocity and pressure values were higher in comparison to the inner values.
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1. INTRODUCTION

Heat exchanger is a device, such as an automobile radiator,
used to transfer heat from a fluid on one side of a barrier to
a fluid on the other side without bringing the fluid into
direct contact (Fogiel, 1999). Usually, this barrier is made
from metal which has good thermal conductivity in order
to transfer heat effectively from one fluid to another fluid.
Besides that, heat exchanger can be defined as any of
several devices that transfer heat from a hot to a cold fluid.
In engineering practical, generally, the hot fluid is needed
to cool by the cold fluid. For example, the hot vapor is
needed to be cool by water in condenser practical.
Moreover, heat exchanger is defined as a device used to
exchange heat from one medium to another often through
metal walls, usually to extract heat from a medium
flowing between two surfaces. In automotive practice,
radiator is used as heat exchanger to cool hot water from
engine by air surrounding same like intercooler which
used as heat exchanger to cool hot air for engine intake

manifold by air surrounding. Usually, this device is made
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from aluminum since it is lightweight and good thermal

conductivity.
FUNCTION OF HEAT EXCHANGER

Heat exchanger is a special equipment type because when
heat exchanger is directly fired by a combustion process,
it becomes furnace, boiler, heater, tube-still heater and
engine. Vice versa, when heat exchanger make a change
in phase in one of flowing fluid such as condensation of
steam to water, it becomes a chiller, evaporator, sublimate,
distillation-column reboiler, still, condenser or cooler-
Heat

chemical reactions or energy-generation processes which

condenser. exchanger may be designed for
become an integral part of reaction system such as a
nuclear reactor, catalytic reactor or polymer (Fogiel,
1999). Normally, heat exchanger is used only for the
transfer and useful elimination or recovery of heat

without changed in phase. The fluids
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Heat exchangers
Recuperators Regenerators
l Fixed-matrix Rotary
regenerator regenerator
Direct contact type In direct contact type
(e.g., spray and
tray condensers)
Drum type Disk type
Tubular Plate Extended surface
. Shell and Tube Plate fin Tube
Double pipe B
Spiral tube (spirally wounded l l
tubes in a shell used in co axia Gasketed-plate Lamella
condenser and evaporators of (Ramen)
refrigerators)
Spiral plate

2. MODELLING OF HEAT EXCHANGER
THROUGH CATIA
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3. MESHING OF MODEL
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Materials

The create/edit option is clicked to add appropriate
fluid and solid to the list of fluid and solid
respectively from the fluent database. The taken fluid
and solid are tabulated below

S.No Solid Fluid
1. Copper Water
2. Copper Benzene
3. Copper Kerosene
4. Aluminum Water
5} Aluminum Benzene
6. Aluminum Kerosene

Table3 List of Materials
Boundary Conditions

Boundary conditions are used according to the need
of the model. The inlet and outlet conditions are
defined as velocity inlet and pressure outlet. As this
is a counter-flow with two tubes so there are two
inlets and two outlets. The walls are separately
specified with respective boundary conditions. No
slip condition is considered for each wall. Except
the tube walls each wall is set to zero heat flux
condition. The details about all boundary conditions
can be seen in the table 3 as given below.
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Boundary | Velocity | Turbuleny Turbulent
ConditionTy| Magnitude| Kimetic | Dissipatior] Tempery
Energy | Rate e

Velocity Inlq 0.9942ms{ (1A 01l | 348K

Preszure Cut] - - - .
Velocity Inld  1.8842m's 0.0Imzi's O.Imzr'sg’ 183K
Presmure Cut] - - - -
I Bt || O ||| e Tl | Gt | ot | st
Calculation 4. RESULT AND DISCUSSION

Temperature Variations (in K): S ————————

Case 1: Copper as Solid

Table5 Temperature Variations in Copper Configuration
Fluid inner inlet inner outlet outer inlet outer outlet ‘

Water 348 334.83502 283 293.61945
Benzene 348 335.71158 283 290.61935

Kerosene 348 342.86499 283 284.78473

Case 2: Aluminum as Solid

Table6 ~ Temperature  Variations in  Copper
Configuration Fluid inner inlet inner outlet outer inlet
outer outlet
Water 348 334.85919 283 291.75452
Benzene 348 335.21664 283 289.25629
Kerosene 348 341.82629 283 284.41977
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CONCLUSION

A CFD package (ANSYS FLUENT 15.0) was used for
the numerical study of heat transfer characteristics of a
helical coiled double pipe heat exchanger for counter
flow. The CFD results when compared with the results
from different studies were well within the error limits.
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The study showed that the effective configuration of
heat transfer performances of the counter-flow. The
simulation was carried out for fluid to fluid heat
transfer characteristics for different fluids, solids and
different inlet temperatures were studied.

Effectiveness of Helical Tube Heat Exchanger is
calculated on different fluids and solid configurations.
Among different fluids and solid configurations
copper-water combination gives more effectiveness 16.33%

than other combinations.

From the velocity vector plot it was found that the
fluid particles were undergoing an oscillatory motion
inside both the pipes. From the pressure and velocity
contours it was found that along the outer side of the
pipes the velocity and pressure values were higher in

comparison to the inner values.

REFERENCES

[1] B. Goll and H. Zimmermann, “A comparator with
reduced delay time in 65-nm CMOS for supply
voltages down to 0.65,” IEEE Trans. Circuits Syst. II,
Exp. Briefs, vol. 56, no. 11, pp. 810-814, Nov. 2009.
[2] S. U. Ay, “A sub-1 volt 10-bit supply boosted SAR
ADC design in standard CMOS,” Int. J. Analog Integer.
Circuits Signal Process, vol. 66, no. 2, pp. 213-221, Feb.
2011.

[3] A. Mesgarani, M. N. Alam, F. Z. Nelson, and S. U.
Ay, “Supply boosting technique for designing very
low-voltage mixed-signal circuits in standard CMOS,”
in Proc. IEEE Int. Midwest Symp. Circuits Syst. Dig.
Tech. Papers,  Aug. 2010,  pp. 893-896.
[4] B. J. Blalock, “Body-driving as a Low-Voltage
Analog Design Technique for CMOS technology,” in
Proc. IEEE Southwest Symp. Mixed-Signal Design, Feb.
2000, Pp- 113-118.
[5] M. Maymandi- Nejad and M. Sachdev, “1-bit
quantiser with rail to rail input range for sub-1V __
modulators,” IEEE Electron. Lett, vol. 39, no. 12, pp.
894-895, Jan. 2003.
[6] Y. Okaniwa, H. Tamura, M. Kibune, D. Yamazaki,
T.-S. Cheung, J. Ogawa, N. Tzartzanis, W. W. Walker,
and T. Kuroda, “A 40Gb/s CMOS clocked comparator

© 2016, IJCERT All Rights Reserved

with bandwidth modulation technique,” IEEE J. Solid-
State Circuits, vol. 40, no. 8, pp. 1680- 1687, Aug. 2005.
[7] B. Goll and H. Zimmermann, “A 0.12 pm CMOS
comparator requiring 0.5V at 600MHz and 1.5V at 6
GHz,” in Proc. IEEE Int. Solid-State Circuits Conf., Dig.
Tech. Papers, Feb. 2007, PP- 316-317.
8] B. Goll and H. Zimmermann, “A 65nm CMOS
comparator with modified latch to achieve
7GHz/1.3mW at 1.2V and 700MHz/47uW at 0.6V,” in
Proc. IEEE Int. Solid-State Circuits Conf. Dig. Tech.
Papers, Feb. 2009, pp- 328-329.
[9] B. Goll and H. Zimmermann, “Low-power 600MHz
comparator for 0.5 V supply voltage in 0.12 pm
CMOS,” IEEE Electron. Lett, vol. 43, no. 7, pp. 388-390,
Mar. 2007.
[10] D. Shinkel, E. Mensink, E. Klumperink, E. van
Tuijl, and B. Nauta, “A double-tail latch-type voltage
sense amplifier with 18ps Setup Hold time,” in Proc.
IEEE Int. Solid-State Circuits Conf., Dig. Tech. Papers,
Feb. 2007, pp. 314-315.

Page | 91



