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Abstract: Cooling is critical to preserve the required effectiveness and reliability in a large
range of products such as automobiles, high and medium cogeneration power plants, high
power laser systems. Part of heat load magnification and the heat fluxes induce by more
industrial products, cooling is one of the industry’s main technical troubles such as
manufacturing, transport and in microelectronics. The main concept of the paper is to study
the LMTD (logarithmic mean temperature difference), Heat transfer Coefficient and
Effectiveness (g) of combined heat exchanger using acetoacetate/water mixture as a function
of a diverse mass flow rates. This paper deals with the investigational study on the three
different heat exchangers like tube in tube, shell and tube and combined (tube in tube &
shell and tube) heat exchanger with acetoacetate/water mixture mostly to check the elevation
of convective heat transfer coefficient, LMTD, effectiveness, overall heat transfer
coefficient. These conducting tests give a synopsis of, the investigational study of the forced
convective heat transfer and flow characteristics of a 25% acetoacetate consisting of 75%
water. Acetoacetate/water mixture flow in to a parallel, counter direction in the tube in tube,
shell and tube heat exchanger and combined heat exchanger under laminar flow conditions.
A maximum increase in the coefficient of convective heat transfer of 56.3% and an
effectiveness of 49.6% is recorded. And also compare this investigation with CFD analysis.
However, combined heat exchanger provides better heat transfer characteristics than
parallel and counter flow tubular and shell and tube heat exchanger due to the multi-pass
flow of Acetoacetate/water. The overall heat transfer coefficients, Reynolds number,
logarithmic mean temperature difference, the effectiveness of the acetoacetate/water are also
considered and the results are obtainable in tabular columns and figures.

Keywords: acetoacetate /water, LMTD, Overall heat transfer coefficient, Effectiveness,
Nusselt number and Reynolds number, CFD analysis.
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1. INTRODUCTION

Heat exchangers are equipment that affects the heat exchange progression between two fluids
at distinct temperatures. These heat exchangers are usually categorized according to the method
of transferring them. Tube in tube & shell and tube Thermal exchangers are mostly used along
with all kinds of heat exchangers. Based on fluid flow, these heat exchangers are again
categorized. They are sort of parallel flow, type of counter flow and sort of cross flow. In this
experiment, we will manufacture and combine a tube in a fixed tube type tube heat exchanger
& shell and tube heat exchanger. Using thermocouples, the efficiency and heat transfer
coefficient of the fixed tube in tube Heat exchanger & shell and tube is produced at varying
temperatures. Either hot or cold fluid occupies the annular space and other fluid moves through
the internal tubes in tube & shell or tube heat exchanger. If a fluid flow in the direction of the
other fluid, the flow is said to be parallel and if the fluid flow is contrary to the direction of
another fluid flow, the flow is said to be counter flow.

2. LITERATUREREVIEW

Vijaykant Pandey et. al. [1] has done research on the effect of geometrical parameters on heat
transfer in helical coil heat exchanger at three different mass flow rate 0.005, 0.02 and 0.05
kagfs.

By bending 1000 mm of aluminium tube with a tube diameter of 6,8,10 mm, the helical coil
was manufactured and each coil diameter should be 40 mm and 15 mm at the same pitch and
at the same length. Increasing the tube diameter of 10 mm and the curvature ratio of 0.25 at
mass, he found that flow rate of 0.05 kg/s there is increase in pressure drop of about 12100 Pa
(262.275 %) and Nusselt number also increases about 2.25% in comparison to tube diameter 6
and 8 mm and at mass flow rate 0.005 and 0.02 kg/s. This can increase heat transfer in helical
coil heat exchangers.

Kumar Shiva et.al [2] on both the straight tube and helical tube heat exchanger, worked. Under
similar operating conditions, he compared the CFD results with the results obtained by
simulating a straight tubular heat exchanger of the same length. The results showed that helical
heat exchangers improved the heat transfer rate over the straight tube by 11 percent. The results
of the simulation also showed an improvement in nusselt number of 10 percent for the helical
coils whereas pressure drop in case of helical coils is higher when compared to the straight
tube.

J.S.Jayakumar et. Al.[3] performed an experimental analysis of the conversion of fluid to fluid
heat through a helical coiled tube at various PCDs, diameter and pitch of the inside tube. Using
fluent CFD code, heat transfer features were also studied. For all operating conditions, they
found that CFD predictions correlate fairly with experimental findings. The effect of coil
curvature is to eliminate turbulent upward fluctuations in the flowing fluid. It thus boosts the
value of The number of Reynolds needed to achieve a fully turbulent flow. The effect of coil
curvature on mass flow rate decreases as the PCD increases and the centrifugal force therefore
plays a lesser role. The differentiation between the inner and outer position of the Nu increases.
The gap in Nu increases, just as the coil pitch increases. Although the diameter of the pipe is
small, the secondary flows are weaker and there is less mixing.

K. Abdul Hamid et.al. [4] Worked on the pressure drop for nanofluid-based ethylene glycol
(EG). The nanofluid is prepared at three volume concentrations of 0.5 percent, 1.0 percent and
1.5 percent by the dilution technique of TiO2in-based mixture water and EG fluid in the volume
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ratio of 60:40. The pressure drop has been observed to increase with the increase in nanofluid
volume concentration and decrease with the increase in nanofluid temperature. Compared to
EG fluid, he finds that TiO2 is not substantially elevated. Due to the decrease in nanofluid
viscosity, the working temperature of the nanofluid can minimize the pressure drop.

M.Balchandaran et.al [5] performed a helical coil heat exchanger experimental a helical Coil
heat exchanger experimental. He discovered that the flow rate of hot fluid mass increases, the
total heat transfer coefficient, the amount of Nusselt, the coefficient of cold fluid heat transfer
and thus increases efficiency. This is attributable to the coil's helical nature and the cold fluid's
increased flow distribution.

Fakoor et.al. [6] Studied the pressure drop characteristics of nano fluid flow within a vertical
helical coiled tube for laminar flow conditions. Experiments were carried out by changing the
diameters of the pitch circle and the diameters of the conduit as well. The findings revealed
that the use of helical tubes raises the pressure drop exponentially instead of straight tubes.

Tushaar A Sinha et. al. [7] has done experimental investigation into the thermal properties of
nano fluid, and he found that with the increase in sonication time, the thermal conductivity of
nano fluid increases, but with it, and the viscosity of nano fluid decreases. Thermal conductivity
also decreases and viscosity increases with the rise in settling time. The thermal conductivity
and specific heat of the Nano fluid increases and viscosity decreases with the rise in
temperature.

3. COMPUTATIONAL FLUID DYNAMICS (CFD)

Computational fluid dynamics, as the name suggests, is a topic that deals with the
computational approach to fluid dynamics with the numerical solution of the fluid dynamics
equations, even though it is also called computational fluid dynamics; it does not only deal
with the fluid flow equations, it is also sufficiently generic to be able to solve them As well as
the equations that decide the rates of chemical reaction and how the chemical reaction proceeds
and mass transfer takes place, all of these topics can be tackled in the same format together.
This description helps one to deal with a very complex flow scenario in a relatively quick time,
so that an engineer will be able to model and see how the flow takes place and what sort of
temperature is distributed for a specific set of conditions. In order to make adjustments to the
parameters under his influence, we should adjust the way these things happen. So, in that case,
CFD is an outstanding design tool for an engineer. It is also a perfect method for evaluating a
reactor or machinery that does not perform well due to traditional industrial applications.

4. METHODOLOGY

The heat exchangers are designed normally by using either Kern’s method or Bell-Delaware
method. Kern’s method is mostly used for the preliminary design and provides conservative
results whereas; the Bell-Delaware method is more accurate method and can provide detailed
results. It can predict heat transfer coefficient with better accuracy. In this paper we have
designed as fixed tube type heat exchanger to cool the water from 70 to 40 by using
Acetoacetate/water at room temperature.
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For Tube in tube Heat Exchanger, shell and tube heat exchanger and for combined

heat exchanger

Firstly the Acetoacetate/water is heated to the required temperature with an immersion
heater.

Then supply the hot Acetoacetate/ water in inside of the tube and cold
Acetoacetate/water is supplied to outer tube.

Experiment is repeated for different mass flow rates and at each flow rate the
temperature value of hot Acetoacetate/water inlet noted down the readings of inlet and
outlet temperatures in the observation table.

After getting the values in the observation table, calculate the required parameters using
mathematical expressions in tube in tube heat exchanger.

First parallel flow observations were taken and then interchanged the pipe connections
to carry out the same procedure for counter flow arrangement.

B. Objective in selection of Acetoacetate as a fluid in heat exchanger
Acetoacetate is produced and disposed of in the human body by ordinary metabolic processes.
It typically occurs in diabetes mellitus. It is developed by people with diabetes in greater
amounts. Reproductive toxicity testing indicates that it may cause reproductive problems with
low potential. Keto genicicdiets are used to treat epileptic attacks in babies and children with
recalcitrant refractory epilepsy to improve ketone bodies in the blood (Acetoacetate, -
hydroxyl butyric acid and acetoacetic acid).

C. Preparation of Acetoacetate/Water Mixture

It is an important stage under taker while mixing both fluids by using measuring jar mix the
25% of Acetoacetate liquid and 75% of water by measuring with 2-liter jar 0.5 liters
Acetoacetate and 1.5 liters water as shown in the figure 2. The properties of the mixture
(Acetoacetate/ water) as shown in Table |

Table-1: Properties of mixture (Acetoacetate/ water) fluid

Liquid Acetone-water
S:No Property mixture fluid
1. Specific heat (c), J/kg-K 2148
Thermal Conductivity
2. (K), W/mk 0.5234
3. Density (p), kg/m? 949.6
" Tl;ermal diffusivity (a), 1.351x107
m*/s
Step-1

CFD analysis of tube in tube and shell in tube heat exchanger is done by using analysis software
i.e. Ansys 19.0
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Fig-2 geometry and meshing of tube in tube heat exchanger

5. RESULTS AND DISCUSSION

Mathematical Observation at Various Mass Flow Rates to Calibrate Heat Transfer rate
Effectiveness

Initially, the experimental setup is verified for any defects by allowing the water to flow in the
heat exchanger. Then, Acetoacetate/water is used as the fluid to exchange the heat. The inlet
and outlet temperature of the hot and cold fluid is measured using K type thermocouple and
the temperature indicator. This is like digital thermometer. Experimentation was used to
measure the hot fluid inlet temperature and the hot fluid outlet temperature, the cold fluid inlet
temperature and the cold fluid outlet temperature at distinct Mass flow rates. Based on the mass
flow rate and several parameters, the Reynolds number (Re) was calculated, several parameters
such as Overall heat transfer coefficient (U), Logarithmic mean temperature difference
(LMTD), Effectiveness (g), Convective heat transfer coefficient (h) W / m2k and was
calculated using equations.
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Table-11: Experimental Results of Acetoacetate/Water fluid of Parallel flow by varying mass

flow rate
Parallel flow heat exchanger arrangement
Mass flow Tube in tube Shell and tube Combined heat exchanger unit
ratt. | {MTD h LMTD h LMTD H
(kg/sed) | (=C) @ | wimx) ©C) @ | (wmx) ©C) @ | wmk)
0.143 934 021 144 63 11.34 0.24 149.90 14.02 0.464 155.08
0.0762 10.12 018 11635 13.69 0.22 113.67 16.07 0.443 118.34
0.0489 11.29 0.163 97.17 15.81 0.20 101.42 18.14 0.476 106.87

Table-111: Experimental Results of Acetoacetate/Water fluid of Counter flow by varying mass

flow rate
Counterflow heat exchanger
arrangement

Mass Tube in tube Shell and tube Combined 2:’1‘:: exchanger

flow rate A h A

(kg/sec) | LMTD LMTD LMTD

coy | @ | wmr)|co) @ | wmx)| co) @ | wmx)

0.143 10.03]0.275 148.32 12.08 0.311 | 153.06 13.03 0.391 | 158.53

0.0762 11.89|0.187 119.97 13.37 0.242 | 122.68 14.89 0.305 | 126.37

0.0489 13.4510.152 103.36 15.18 0.187 | 108.92 16.82 0.264 | 110.83

The LMTD of Acetoacetate and water mixed fluid in a tube in tube, Shell and tube &combined
Heat exchanger concerning the Mass flow rate (m) which varies from 0.0489 to 0.143 kg/sec
in the counter flow heat exchanger as shown in Figure 4. The increase in LMTD of mass flow
rate0.142 kg/sec is observed to be 23.34% in Combined Heat Exchanger, when comparing with
tube in tube Heat Exchanger. The combined heat exchanger is 9.13 % increment than shell and

tube heat exchanger by using an Acetoacetate and water mixture fluid.

A. Temperature Distribution in Shell and Tube, Acetoacetate /Water as a Fluid by using CFD
analysis
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Fig-3 Distribution of Temperature in Shell and Tube, Acetoacetate /Water as a Fluid.

CFD analysis has been carried out for shell and tube and tube in tube heat exchanger which is
subjected for different boundary conditions. The numerical study considers the effect of natural
fluid that is, Acetoacetate /Water on the flow and heat transfer characteristics of tube.

B. Temperature Distribution in Tube in Tube, Acetoacetate /Water as a Fluid by using
CFD analysis
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Fig-4 Distribution of Temperature in Tube in Tube, Acetoacetate /Water as a Fluid.
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C. Velocity flow in Shell and Tube, Acetoacetate /Water as a Fluid by using CFD analysis
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Fig-5 velocity flow in Shell and Tube, Acetoacetate /Water as a Fluid.

D. Velocity flow in Tube in Tube, Acetoacetate /Water as a Fluid by using CFD analysis
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Fig-6 velocity flow in Tube in Tube, Acetoacetate /Water as a Fluid

From above it is clear that when we used the Acetoacetate /Water as a Fluid then pressure and
velocity increase in shell and tube in tube heat exchangers. From that of the CFD observation
the turbulence of fluid increases cause of these increases its heat transfer rate. The numerical
study considers the effect of Acetoacetate /Water as a fluid that is lower than the CFD analysis
on the flow and heat transfer characteristics of tube. The thermal properties of fluid are lesser
as compared to Acetoacetate /Water. Acetoacetate /Water fluid particles, which increase the
thermal conductivity and effectiveness of heat exchangers because of the thermal properties of
this Acetoacetate /Water fluid, better than fluid water.

Table-4 CFD Analysis Results

Velocity(m/sec) | Cold water out (k) | Hot water out (k) 2\_,5]/?;2;?' conductivity
0.01 319.14 334.61 112.87
0.02 314.23 340.20 124.06
0.03 311.83 339.71 158.20
Velocity(m/sec) | Cold water out (k) | Hot water out (k) g/\t‘ﬁ;g?gl conductivity
0.01 309.24 339.51 163.40
0.02 306.40 339.17 128.27
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0.03

305.44 338.55 115.83

6. CONCLUSION

In this paper, analytical investigations are done on the shell and tube, tube in tube heat
exchanger, to determine velocity flow and temperature distribution of Acetoacetate /Water
flowing under turbulent flow conditions. By observing the CFD analysis results, we know that

the fl

uid which has high thermal conductivity that fluid will give high effectiveness. The

temperature difference between the mathematical and CFD analysis give some difference but
in these cases of investigation the thermal conductivity of the heat exchanger very effective
because of the Acetoacetate /Water fluid. A maximum enhancement in Convective Heat
Transfer coefficient is 163.40 W/m2K of 56.3% and effectiveness of 49.6% at combined heat
exchanger.
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