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Abstract

The shell side design of a shell and tube heatangdr; in particdr the baffle spacing, baffle cut and s
diameter dependencies the heat transfer coefficient and the pressuop @re investigated by numerici
modelling a small heat exchanger. The flow and &napire fields inside the shell are resolved using
commercial CFD package. A set of CFD simulationgagformed for a single shell and single tube [eest
exchanger with a variable number of baffles antulemt flow. The results are observed to be sensitive t
turbulence model selection. The besbulence model among the ones considered isrdited by comparir
the CFD results of heat transfer coefficient, dutemperature and pressure drop with the Eelawar
method results. For two baffle cut values, the @ffef the baffle spacing tehell diameter ratio on the h
exchanger performance is investigated by varyiog flate.

Keywords: CFD, Heat Exchanger, Shell and Tube, Baffle Cutplilence Models.

1. Introduction

Shell and tube heat exchangers are known as thehlasse of the chemical process industry whennes to
transferring heat. These devices are available wide range of configurations as defined by the ufab
Exchanger Manufacturers Association. The applioatiof single-phase shell-and-tube heat exchangers a
quite large because these are widely in chemiattofeum, power generation and process industhes.
essence, a shell and tube exchanger is a pressssel with many tubes inside of it. One procedddlfiows
through the tubes of the exchanger while the dtbers outside of the tubes within the shell. Thedside and
shell side fluids are separated by a tube she¢helse heat exchangers, one fluid flows througkguwihile the
other fluid flows in the shell across the tube Hand’he design of a heat exchanger requires a tadan
approach between the thermal design and pressape @he performance parameters include heat transfe
pressure drop, effectiveness etc.
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The determination of pressure drop along with heatsfer in a heat exchanger is essential for many
applications for at least two reasons:

(1) The fluid needs to be pumped through the exgigrwhich means that fluid pumping power is reeglir
This pumping power is proportional to the exchangessure drop.

(2) The heat transfer rate can be influenced damifly by the saturation temperature change for a
condensing/evaporating fluid in case of multiphfiew if there is a large pressure drop associatéh the
flow. Ideally most of the pressure drop availabf®wdd be utilized in the core and a small fractinrthe
manifolds, headers, or other flow distribution aed.

Figure 1. The Model with 6 Baffles

To be able to understand the causes of the skelldgsign weaknesses, the flow phenomenon inside

the shell must be well understood. For that purpneenerous analytical, experimental and numeritadies
have been performed. Most of these studies wereettrated on the certain aspects of the shell-abe-heat
exchanger design. Among others, Gay et al. [4] edrn heat transfer, while Halle et al. [5], Pekuleghal.
[6], Gaddis and Gnielinski [7] investigated pregsdrop. Some of the researchers concentrated ontgain
parts of the shell-and-tube heat exchanger. Itbeaparticularly useful in the initial design stepejucing the
number of testing of prototypes and providing adyotsight in the transport phenomena occurringhahieat
exchangers [14]. In all of these simplified apptues; the shell side pressure drop and heat trarséeresults
showed good agreement with experimental data.

2. Modédlling Details

In this study, a small heat exchanger is selectaxtder to increase the model detail and to maké so
observations about the flow inside the shell. Safnthe design parameters and the predetermined ejeom
parameters are presented here. The geometric mittieb baffles is shown in Fig. 1. Two differentfiba cut
values are selected: 25% baffle cut value is veryroon in shell-and-tube heat exchanger designsreabe
36% baffle cut value is selected to place the usttlpelow or above the central row of tubes. Theking fluid
of the shell side is water. Since the propertiesvafer are defined as constants in the Fluent da&ghto
improve the accuracy, they are redefined using epiese-linear functions of temperature by using the
“Thermo-Physical Properties of Saturated Watebl¢a available in the literature [15].

2.1 Boundary conditions

The desired mass flow rate and temperature valuesassigned to the inlet nozzle of the heat
exchanger. The shell inlet temperature is set @IB0Zero gauge pressure is assigned to the autletle, in
order to obtain the relative pressure drop betwekmt and outlet. The inlet velocity profile is assed to be
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uniform. No slip condition is assigned to all seda. The zero heat flux boundary condition is amsigo the
shell outer wall, assuming the shell is perfectisulated outside. Since the tube side flow is ¢éasgsolve,
the present study is concentrated on the shell fiide After modelling the tubes as solid cylindetbe
constant wall temperature of 450 K is assignethéattibe walls.

The pressure model is selected from the paperghealiby Kapale U C, Chand S. [16]
Design parameters and fixed geometric parameters.
Shell size ([ = 90 mm, Tube outer diameterYd 20 mm,
Tube bundle geometry and pitch = Triangular, 30 mm
Number of tubes ()= 7, Heat exchanger length (L) = 600 mm,
Shell side inlet temperature (T) = 300 K, Bafflé (B,) = 25% & 30% alternate,

Central baffle spacing (B) = 86 mm, Number of tesf(N) = 6
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Figure 3: Showing the actual flow pattern in shell-side
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Figure 4: lllustration of baffle cut angles, leakage area.
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3. Result and Discussion
3.1. Sensitivity of resultsto turbulence model and discretization order

In all of the preliminary simulations, the flow ide the shell is observed to be turbulent. Theggfor
the viscous model is selected as turbulent. Theithdty of the results to the turbulence model ahe
discretization order is investigated using the lee@hanger model with 6 baffles which is shownim E. The
first and second order discretization schemes hrektdifferent turbulence models are tried for tlifferent
mesh densities.
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Figure5: Analytical Result for baffle cut at 25%
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Figure 6: Analytical Result for baffle cut at 30%
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Sr.No. | Mass 25% 30%
flow rate ﬂPs ﬂPs % Decrease
1 keg/sec Pa Pa
2 0.01666 0.559493 0.539655 3.545710134
3 0.03333 198434 1.903972 4.05011238
4 0.05 4.303975 4.11122 4 478534378
5 0.06666 7.500554 7.165568 4. 4661501
6 0.08333 11 508868 11.008043 43516445315
7 0.1 16518 15611549 5 487655891
8 0.11666 220399 21 101822 4 25627158
9 0.13333 28 646683 27 444256 4.197438845
10 0.15 36.135445 34.566093 4342071285
11 0.16666 44 467651 42 515915 4 389114235
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Figure 7. Comparison of CFD results

Figure 8: Velocity (m/s) path lines for 6 baffles (1 kg/s sadlow rate)

3.2. Effects of baffle cut on pressure drop

Here, the simulations are repeated for the bafftevalue of 25% and effects of the baffle cut oa th
heat transfer and the pressure drop are invedtig@tee percent differences between the analytalalitations
and the CFD analysis results are presented in &igulhe analytical calculations are taken as #s=lvalues
for the percent difference calculations.

4. Conclusion

The shell side of a small shell-and-tube heat exgbais modelled with sufficient detail to resolbe flow
and temperature fields. From the CFD simulatiomltesfor fixed tube wall and shell inlet temperrais; shell
side heat transfer coefficient, pressure drop agat transfer rate values are obtained. The seibgit¥ the
shell side flow and temperature distributions te thesh density, the order of discretization anduheulence
modelling is observed. By varying baffle cut valaeé25% and 30%, for 0.5, 1 and 2 kg/s shell sides fates,
the simulation results are compared with the reduitm the Kern and Bell-Delaware methods. UsindpCF
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together with supporting experiments, may speetheshell-and-tube heat exchanger design procesman
improve the quality of the final design. In the n&gure, improvements in the computer technology wake
full CFD simulations of much larger shell-and-tuimat exchangers possible
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