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ABSTRACT

In this study an experimental results of a small scale Shell and Tube Heat Exchanger (STHX) were compared with
Computational Fluid Dynamics (CFD) simulation results. STHX is a widely used heat exchanger in industries hence
it is essential to study and improve its performance. This heat exchanger is of Liquid-Liquid category with cold water
flowing through the shell-side and hot water is through the tube-side of this heat exchanger. The cold water at 30° C
flows through the shell-side while the hot water at 70°C flows on the tube-side. The cold water flow rate is
maintained constant while the hot water flow rate on the tube was varied to study the heat exchange characteristics .
The CAD model of STHX is designed according to TEMA (Tubular Exchanger Manufacturers Association)
standards and the CFD simulation is done for the same in ANSYS ICEM. The heat transfer calculations were
achieved by using Logarithmic Mean Temperature Difference (LMTD) method. We also employed the Kern and
Bell-Delaware method which can be used accurately for shell and tube heat exchangers. The calculations and
simulations are done for counter flow of the heat exchanger.
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INTRODUCTION

In an indirect contact type of heat exchanger the heat is exchanged in between two fluids, Shell and Tube
heat exchanger is an indirect contact type of heat exchanger in which one fluid flows through the shell side and other
flows through tube side. STHX is mainly consisting of shell, tubes and baffles. Baffles play a very important role, it
disturbs the shell side flow and increase the contact time with tube side fluid hence heat transfer rate increases.
Baffles have different types such as segmental, helical, slotted etc. Segmental baffles are the most commonly used
baffle type hence the segmental baffles with 25% cut is used in this study. [10]
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While obtaining the solution for any component designs such as Heat Exchangers, the experimental methods are
always preferred as compared to the analytical and numerical (CFD or FEA) approaches. This was mainly due to the
reason that the component undergoes actual operating conditions as per the specifications. With the application of the
actual working conditions, the performance of the components shall be investigated in detail. However, the
experiments must conducted by adhering to the relevant standards, data reduction techniques etc to be considered for
producing quality results from such a study. This experimental study for the shell and tube heat exchanger was
conducted and the measurements such as inlet, outlet temperatures were noted during the expe riments. It was critical
to record these temperature values after obtaining the steady-state conditions.

Experimental Procedure

In this study cold water flow rate (Shell side) was maintained at constant (4 liter/min) at an inlet temperature of 30
°C while the hot water flow rate (Tube side) was varied as 2, 4, 6 and 8 liter/min with an inlet temperature of 70°C.
In order to calculate the heat exchanger performance parameters such as log-mean temperature difference, heat
exchanger effectiveness, the outlet temperatures need to evaluate from experiment study. The procedure includes
First, Started the cold water supply to the tank and subsequently to the shell side of the heat exchanger
simultaneously, water supply to the hot water tank was also imitated. Here, the heater was turned to supply the
thermal energy to the water and hence increasing the water temperature. Then the flow rate was controlled with the
help of flow control valves. So that the required water flows rates were maintained. The cold water flow rate was
kept at 4 I/min while the hot water flow rate was maintained at 2 I/min. Hence, steady condition for the water flow
rate was established. At the beginning, the heat exchanger was filled with atmospheric air. As the water starts filling,
the air will be removed from the heat exchanger. However, it was ensured that there were no bubbles in the water
flow lines by supplying the water continuously. After satisfying this condition the temperature reading has been
recorded. With the electrical energy supply, the temperature of the water was increasing. Heat supply was controlled
such that the hot water inlet temperature was maintained at 70°C to ensure steady thermal operating conditions were
in place. At this stage, with the steady conditions for the flow and thermal operating conditions have been met (time
= 0 s), the inlet and outlet temperature of cold as well as hot water were monitored and were noted on the
observation table. In order to prevent any errors, this was continued for a certain time period and the temperature
measurements were observed for the pre-determined time intervals.
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Figure 2. Schematic representation of the experimental setup

CFD (Computational Fluid Dynamics)
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Computer based simulations had been gaining popularity in developing engineering components such as Aircraft, IC
Engines, Heat Exchangers etc. These computer based simulation methods such as FEA (Finite Element Analysis),
CFD (Computational Fluid Dynamics) help in reducing time required for product development as well as cost.
Another benefit from these methods is the ability to a detailed results analysis with the advanced post-processing
tools that are available in these software’s.

Computational Fluid Dynamics (CFD) method employs the concept of solving the discretized flow governing
equations (Navier Stokes Equations) in finite shaped cells to obtain the local flow and thermal field. In order to solve
these discretized governing equations, advanced computer algorithms had been developed such as Multi-grid
schemes etc. In general, CFD approach is based on the three discretization methods such as 1) Finite Difference
Methods (FDM) 2) Finite Element Methods (FEM) 3) Finite \Wblume Methods (FVM).

The modern day CFD software systems are based on the finite volume methods as this approach enables
conservation principles by default. There have been many CFD software systems available like ANSYS FLUENT,
ANSYS CFX, STAR CCM+, Open FOAM etc. Each of this software has their unique advantages over others for
particular applications.

CFD simulation approach provide the following advantage over the traditional experimental approach 1) Cost
reduction 2) Faster to obtain the solutions 3) Ability to conduct Parametric Analysis in short time 4) Detailed post-
processing. However, the results from the CFD simulations still need to be validated using the experimental methods
during the product development.

Figure 3. Meshing for the STHX geometry

Rating of shell and Tube Heat Exchanger

A heat exchanger can be designed by the LMTD when inlet and out let conditions are specified. When the problemis
to determine the inlet and outlet temperatures for a particular heat exchanger, the analysis is performed more easily
by using a method based on effectiveness of the heat exchanger and number of transfer units (NTU). The heat
exchanger effectiveness is defined as the ratio of actual heat transfer to the maximum possible heat transfer.

Effectiveness of heat exchanger

€ = actual heat transfer/ maximum possible heattransfer=Q /Qmax _ ___ [02]
Actual heat transfer Q can be determined by energy balance
Q =mh Cph (th1-th2) = mc Cpc (tc2-tcy) [02]

Fluid capacity rate C:
mh Cph =Ch = hot fluid capacity rate

mc Cpc = Cc = cold fluid capacity rate
Cmin = minimum fluid capacity rate (Ch or Cc)

17606 ijariie.com 5328



Vol-8 Issue-3 2022

The effectiveness €= Ch (thi -tho) / Crin (thi —tci) = Ce (tco —tci) / Crin (thi —tei

Cmax =maximum fluid capacity rate (Ch or Cc)

Tube side heat transfer coefficient by

At=mndi2/4

Where di = tube inner diameter
Atp = Nt At/ No of passes
Where Nt =no. of tubes

Gt =mt /Atp
Where Gt = mass velocity of tube
Atp = heat transfer area based on tube surface

Ut=Gt/p
Where p = density of fluid at average temperature

Ret=Utpdi/p0________
Where di = tube inner diameter

L = viscosity

p = density of fluid at average temperature

Using the petukhov and Kirillov coorelation
Nu = (f/2)RePr/ 1.07+12.7(f/2)0.5(Pr2/3-1)
Where f = friction factor

Re= Reynolds no.

Pr = prandtl no.

Where f = (1.58 In Re -3.28)-2_
The tube side heat transfer coefficient is then found as
h= Nu*k / di

RESULTS AND DISCUSSION

IJARIIE-1SSN(0O)-2395-4396

For the fixed cold water flow rate (4 I/min), the temperature rise increases as the hot water flow rate was
increased. This is due to the high energy that was available with the increase in hot water flow rate. In the pressure
drop image Figure 5, the pressure drop across the cold side (shell-side of the heat exchanger) remained constant
because the cold water flow rate is constant. On the other hand, the pressure drop for the hot side (Tube side of the
heat exchanger) is increasing with the increase in the hot water flow rate. A similar observation table for the
remaining three configurations — hot water flow rate of 4 I/min, 6 I/min and 8 I/min — were prepared and details and
did further calculations — Refer Table 1. The results of experimental study and CFD Simulations are compared and
shown in Figure 6.
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Figure 5. Pressure drop for the STHX
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0 30 30 70 70
120 30 31.8 70 67
240 30 34 70 64.1
360 30 35.4 70 61.2
480 30 36 70 58.3
600 30 36.6 70 56.4
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Table 1. Results from the experimental studies
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Figure 6. Heat transfer rate vs flow rate
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Figure 6. Average Heat transfer rate vs flow rate
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Figure 6. Overall heat transfer coefficient vs flow rate

CONCLUSION

Shell and tube heat exchanger is most widely used heat exchanger in the industries now days. In this
comparative experimental study we focused on important factors like Heat transfer rate, average heat transfer and
overall heat transfer coefficient and it is found that experimental result are coming within 14% variation with CFD
result. The small scale heat exchangers showed numerous flow re-circulation zones as well as un-utilization zones
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near the segmental baffles. The Conventional methods used for the design and development of Heat Exchangers are
expensive. CFD provide alternative to cost effectiveness speedy solution to heat exchanger design. With this small
variation one can do the development in the STHX first in the CFD simulation, if results are good then it can be
manufactured for the experimental study.

FUTURE SCOPE

As the Conventional methods used for the design and development of Heat Exchangers is expensive one can do
the further study in CFD simulation. One may consider the factors for the future study in CFD simulation is like
using fins on the tubes, helical baffle with different inclination instead of Segmental baffle etc.

NOMENCLATURE

B baffle spacing (mm)

B. baffle cut (%)

C, Specific heat capacity (J/kg K)

m mass flow rate (kg/s)

N number of tubes

Ny number of baffles

Ds internal shell diameter (mm)

D, external tube diameter (mm)

P; tube pitch (mm)

Tin inlet temperature

Tout OUtlet temperature

A, heat exchanger area based on external diameter of tube (mm?)
u average velocity(nm/s)

L tube total effective length (mm)

AP pressure drop (pa)

ATy, logarithmic mean temperature difference
Re Reynolds number

U overall heat transfer coefficient

Qavg average heat transfer rate (W)

y" diamensional wall distance

Greek Symbols

K Dynamic viscosity

p density (kg/mg)

¢ Turbulent kinetic energy dissipation rate
I generalized diffusion coefficient

v kinematic viscosity

o thermal diffusivity (m?/s)

LIST OF ABBREVIATIONS

STHX - Shell and tube heat exchanger

CFD- Computational Fluid Dynamics

TEMA -Tubular Exchanger Manufacturers Association
LMTD-Logarithmic Mean Temperature Difference
FEA-Finite element analysis
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