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Abstract

Shell side design and analysis of a small shell and tube heat exchanger with
baffles and two tube passes is reported. The effect of different baffle spacing on
parameters such as heat transfer, Number of Transfer units (NTU) and pressure
drops was studied using numerical and experimental techniques to identify the
inter baffle spacing for optimal thermohydraulic performance. Contrary to earlier
studies in this area, both the shell and tube fluids along with channels were
modeled for multiple tube passes; besides conduction effects along the baffle were
also considered. Segmented baffles with a baffle cut of 20% were simulated in
ANSYS for multiple inlet temperatures. Turbulence was modeled using the
realizable k-¢ scheme while the Bell-Delaware method was employed for pressure
drops. Increase in heat transfer was observed when the number of baffles was
increased, but an inter baffle spacing ratio of 0.41 was identified to be the optimal
for thermohydraulic performance. Experimental investigation conducted to gauge
the reliability of the results displayed a close match showing that the current
numerical methodology can be used to design and assess industrial heat
exchangers with segmented baffles and multiple tube passes.

Keywords: Multiple tube passes, Segmented baffles, Heat exchangers, Baffle
Spacing, Computational

Introduction

Heat exchangers (HXs) are devices that facilitate exchange of heat
between two fluids which are at different temperatures without mixing
(Cengel, 2003). They help regulate the fluid temperatures for different
applications besides working as heat recovery devices, leading to energy
conservation. Various types of HXs are in use commercially with the shell
and tube (ST) type the most and commonly used basic HX. These are in
wide use in the manufacturing industry, thermal power plants and energy
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conservation systems. Due to their simplistic structure, more than 35% of
HXs are ST type (Master, Chunangad, & Pushpanathan, 2003). Baffles are
one of the key components of HXs which provide structural support to the
tubes and increase the HX effectiveness (Kakac & Hongtan, 2000). The
complex circulation of the fluid makes the design of HXs complex.
Traditionally, the HX design has been an iterative process with a
standardized design tested and improved if performance was not found up
to the mark. This was a costly process; with the advent of high speed
computers and development of CFD methodologies, the prototypes are
made virtually (Sunden, 2007).

Different approaches towards numerical modeling of HXs have
been reported in the literature such as the porous concept, periodic model
and unit channel model (Yang, Ma, Bock, Jacobi, & Liu, 2014; Prithiviraj
& Andrews, 1998). However, the full model approach is recommended
since it gives the best results (Ozden & Tari, 2010; Wang, Chen, Chen, &
Zing, Numerical Investlgation on Combine Multiple Shell-Pass Shell and
Tube Heat Exchanger wih Continuous Helical Baffles, 2009). Bell
Delaware (Cao, 2010) and Kern (Cao, 2010) are empirical methods which
serve as a good design reference for STHXs.

Different baffle geometries such as double segmental baffles
(Williams & Knudsen, 1963), rod baffle (Xianhe & Songjiu, 1998), ring
baffles (You, Fan, Liu, & Huang, 2012), etc. have been proposed as a
replacement to segmented baffles. However, segmented baffles, which
have a cut that allows the fluid to pass through are the most widely used
baffle type (Kottke, 1999) due to their flexible assembly (Liu, 2015).

Performance of the HX is affected by the baffle cut, measured as
a percent of the baffle diameter, and the distance between successive
baffles. Computational analysis is the most popular research tool used for
optimizing the design parameters of segmented baffle. Ozden and Tari
(Ozden & Tari, 2010) carried out numerical simulations of only the shell
side of a small HX with a single pass to compare the predictions of 3
different turbulence models (Spalart-Allmaras, standard and realizable k-
¢ models). Segmental baffles with cuts of 25% and 36% were simulated,
and the effect of baffle spacing was studied. Predictions from the
realizable k-¢ model were found to be in good agreement with the Bell-
Delaware method. Similar to Mukherjee (Mukherjee, 1998), the optimum
value for the baffle spacing to shell diameter ratio was proposed to be in
the range of 0.3 to 0.6. A drawback of this investigation was that flow
inside the tubes was not considered, and tubes were treated as isothermal
walls. Wang (Wang, Chen, Chen, & Zing, Numerical Investigation on
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Combine Multiple Shell-Pass Shell and Tube Heat Exchanger wih
Continuous Helical Baffles, 2009) modeled a two tube pass HX employing
the realizable k- model using different baffle types in the shells. The study
was a continuation to Andrews (Andrews & Master, 2005) who analyzed
a HX with continuous helical baffles, concluding those to be better than
segmental baffles at enhancing the heat transfer rate.

Stehlik et al. (Stehlik, Nemcansky, Kral, & Swanson, 1994) also
performed CFD comparison of helical baffles and segmental baffles; heat
transfer and pressure drops showed a considerable advantage on the shell
side with helical baffles. Although the helical baffles were better at
increasing the heat transfer rate in (Andrews & Master, 2005; Stehlik,
Nemcansky, Kral, & Swanson, 1994) segmental baffles have the inherent
advantage of being simple in manufacturing and design; hence they are
more feasible. Another baffle type that has found some interest recently is
the use of plate baffles. Plate baffles have slots around tubes, which allow
parallel flow over tubes resulting in lesser vibrations and reduced fouling.
Yang and Liu (Yang & Liu, Numerical investigation on a novel shell and
tube heat exchanger with plate baffles and experimental validation, 2015)
compared the performance of plate and rod baffles in a STHX, and
reported Nusselt number for plate baffles to be higher than that of rod
baffles, resulting in heat transfer increase of up to 15%, albeit with a higher
pressure drop. Instead of using continuous slots, Yonghua et al. (Yonghua,
etal., 2015) investigated the effect of trefoil holes around tubes ina STHX.
These holes induced jets resulting in increased turbulence, hence an
increase in heat transfer. Comparison of the predictions made using the
standard k-g¢ model with analytical solutions showed reasonable
agreement. Significant local pressure drops were observed as the fluid
passed through the trefoil holes.

Insertion of trefoil holes over inclined segmental baffles by Sun et
al. (Sun Y, 2019) although reduced the pressure drop but also resulted in
a decrease in the heat transfer coefficient. Jozaei et al. (Jozaei, Baheri,
Hafshejani, Arad, & Falavan, 2012) worked on the optimization of baffle
spacing on heat transfer, pressure drop and overall cost of the HX.
Reduction in pressure drop and heat transfer was reported with an increase
of baffle spacing. However, the pressure drop was not affected beyond
certain baffle spacing, although heat transfer continued to be affected with
further increase in baffle spacing.

The discussion above has summarized various baffle types that are
being investigated currently. The objective of testing the different devices
was to identify the optimum balance between enhanced heat transfer, drop
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in pressure and ease of usage. Although much work has been done on
segmented baffles in single pass HXs, numerical modeling of multiple
pass HXs has been scarce. It is therefore important to investigate the effect
of baffle spacing and baffle cut, which are critical parameters affecting the
effectiveness of segmental baffles in multiple pass HXs. In this study,
effects of baffle spacing on heat transfer and pressure drop are analyzed at
a fixed baffle cut of 20% for a small STHX with two tube passes. A
simplification adopted in most of the available literature is the use of
isothermal tube walls. This reduces the need to simulate the tube flow but
has the inherent flaw of over predicting the heat transfer rates since the
tube flow is treated as a source (temperature changes in the tube fluid are
not considered). In the work reported here, both the tube and shell fluids
were modeled to improve the quality of simulations along with conduction
across the baffles and tube sheets.

In addition to the numerical investigation, an experimental study
on a small STHX is also reported here. Details of the numerical
methodology adopted are presented next.

Methodology

3D model of the HX consisting of a single shell with five tubes,
each undergoing two tube passes created using PTC Creo 3.0 is shown in
Fig. 1. To reduce the computational overhead, use of symmetry was made
and only 180° sector of the HX was modeled. The shell, which was
assumed adiabatic had an inner diameter of 304.8mm, while the inlet dia
of tubes was 16.05mm. Complete details of the HX investigated are given
in Table-I.

Unstructured 3D tetrahedral mesh of the complete geometry
including the channels was generated using ICEM CFD. Since the
accuracy of any CFD simulation depends on the quality of mesh (Sunden,
2007), the mesh density in regions of high velocity and temperature
gradients was maximized to obtain the best balance between accurate
results and computational overhead. In addition, use of prism layers was
made to capture boundary layer flows. An investigation of mesh
independence revealed that 5 to 6 million cells were sufficient for the cases
investigated. Pal et al. (Pal, Kumar, Joshi, & Maheshwari, 2016) argued
that HX simulations are very sensitive to outlet boundary conditions and
mesh quality. Separate geometries were created for each case tested, but
great care was taken to ensure that the mesh quality remained similar for
all the cases. This level of detail was required to ensure that all results were
reliable, and there were no outliers as reported in (Ozden & Tari, 2010).
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Fig. 1. HX Mesh a) Complete HX b) hybrid mesh with prism layers c) Cross section
d) Complete HX with baffles

Table 1
Geometric Dimension and Parameters
Shell inside diameter, ds 304.8mm
Tube inside diameter, dt 16.05mm
Shell length, Is 1498mm
Tube length, It 1422mm
No. Of tubes, nt 5
No. Of tube passes, np 2
No. Of baffles, no 4,6,8,10,12, 14,16
Percentage baffle cut, bs 20

The geometry had two fluid domains, one each for tube fluid and
shell fluid. To model conduction in the solid regions, two solid domains
The Sciencetech 14 Volume 4, Issue 2, April-June 2023
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were also created for tube sheets and the baffles (thermal conductivity =
400W/mK). A single segmental baffle with a cut of 20% was used in the
study reported here. Maximum inter baffle spacing of less than one shell
diameter recommended in (Mukherjee, 1998) meant that the minimum
number of baffles required were 6. However, an additional test case with
four baffles deemed sufficient to support the tube bundles was also
simulated.

CFD predictions for the flowfield were carried out in FLUENT
using ANSYS Workbench. Hot fluid at an inlet temperature of 333K was
made to flow in the channel head and tubes while the shell inlet
temperature was 290K. To reduce the effect of application of boundary
conditions on the solution, sections of the inlet tubes were also modeled
(see Fig. 1), and constant mass flow rate of 0.1kg/s and 0.2 kg/s was
provided to the ST sides respectively. Water with constant thermophysical
properties (specific heat = 4180J/kgK, thermal conductivity = 0.64W/mK)
was used on either side, and a steady state analysis was performed. Since
the primary objective of this study was to determine the effective overall
heat transfer coefficients in the presence of baffles, another set of
simulations at a higher inlet temperature of 383K was also investigated.
The purpose of this simulation-set was to ensure that the changing trends
noted in the earlier study are due to the baffles alone, and not due to the
decreasing temperature difference between the hot and cold fluids.

Two equation realizable k-¢ model with standard wall functions
was employed for modeling turbulence. The choice of this model was
influenced by (Yang, Ma, Bock, Jacobi, & Liu, 2014; Ozden & Tari, 2010;
Jain, Jain, & Patel, 2015) which have identified this model to be most
accurate in predicting the heat transfer and pressure losses in HXs. Since
the inlet conditions were set at a distance to allow the flow to develop
‘naturally’, turbulence intensity and turbulence viscosity ratios were set
values of 5% and 10 respectively.

Table 2
Inlet and Outlet Boundary Conditions
Tube inlet temperature, thi 333k
Shell inlet temperature, tci 290k
Tube side mass flow rate, mn 0.1kg/s
Shell side mass flow rate, mc 0.2kg/s
Tube side mass flow rate (complete HX) 0.2kg/s
Shell side mass flow rate (complete HX) 0.4kg/s
Outlet Boundary condition (gage pressure) 0 bar
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Governing Equations:

Governing equations used by Fluent and employed in this study
are summarized below. Since a steady state analysis was performed, the
equations have been adapted accordingly.

Continuity: 7.(pV) =0 1)

X-momentum: Sy 0p 0Ty 0Ty 0Ty (2)
V.(puV)——a+ 5t 3 +—

y-momentum: Sy Op 0Ty, 0Ty, 0Ty (3)
V) =5t o Yoy o

Z-momentum: L. 0p 0Ty, 0Ty, 01, (4)
V.(pWV)——£+ P 3 +—

Energy: V.(peV)=—pV.V+V.(kVT) +q + ¢ )

where the dissipation function ¢ is calculated using as

ou\®  av\® w2 u av\® ou aw\> (6)
¢ :“H(a) +(@) +(5) ]*(@*&) +(5;+ 32
o  ow\’ .2
+ (a_z+5> ]+/1(|7.V)
The set of equations were closed using the transport equations for k and ¢
(Ansys fluent theory guide, n.d.).

(pk) + 0 (pku]) 7
0 Ue\ 0k
a_x] (y+a—k)a—xj]+6k+6b— pe—TYy
+ Si
and
(ps) o (psu]) ®)
3] U\ O g2
a_x, (,u +;£)a—xj] +pClSs—pCzk e
+ ClEEC&EGb + S
where eddy viscosity is given as
k? (9)

Uy = pCu?
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All model constants have been given conventional values summarized in
Table 3.

Table 3

Constants used in transport equations for k and ¢
Cie C Ok O¢
1.44 1.9 1.0 1.2

The equations were solved using the pressure based algorithm
SIMPLEC due to its faster convergence rates and lower memory
requirement (Biswas & Eswaran, 2002) by application of second order
upwind scheme. However, to reduce the computational time, the solution
was initiated using a first order scheme. Convergence of the solution was
established by monitoring the residuals as well as comparison of the results
after a fixed number of iterations across the solution domain.

Calculation of Overall Heat Transfer Coefficient U:

The U value, which has been used as a basis of comparing the effect
of baffle on heat transfer was calculated by employing the e-NTU method
(Bergman, Lavine, Incropera, & Dewitt, 2011).

C..:
NTU = f(g,—)
- - - Cmax -, .
where ¢ is the effectiveness, while Crmin and Crax are the heat capacities of

minimum and maximum fluids respectively. Important relationships used
in this method are listed below for reference. For further details, the
readers can refer to (Bergman, Lavine, Incropera, & Dewitt, 2011)

_ Actual heat transfered _q
€= Maximum possible heat transfer  Gmax
dmax = Cmin(Thi — Tho) )
q =MmpCy (Thi — Tho) = megcy (Teo — Tei) (10)

Knowing the value of effectiveness and heat capacity rates, NTU
was calculated and overall heat transfer coefficient determined as
U - NTU. Cpin, (11)
A
Experimental Setup:

The experimental investigation was conducted using a HX with a
shell of length 800mm and an inlet diameter of 152.4mm. 6 Aluminum
tubes of 9mm internal diameter, each undergoing two tube passes carried
the hot fluid across the shell. K type thermocouples were installed to
determine temperatures of the fluids at inlet and outlet, while mass flow
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of the fluids were calculated through volume flow readings. Although the
dimensions and inlet conditions of the fluids did not replicate the modeled
HX, the results were a good indicator of the validity or otherwise of the
numerical methodology employed to study the effect of baffle spacing on
heat exchanged. Hot fluid at 346K with a variation of +1K was supplied
from a geyser, while cold fluid supply came from a storage tank at 310K.
The temperature readings were measured after attainment of steady state
within the HX. Similar to the numerical investigation, a single segmental
baffle with a cut of 20% was used, while number of baffles investigated
varied from 4 to 14 with an increment of 2.

' _Fig. 2. Iéxperimental setup used for validation of the numerical methodology

Results and discussion
Numerical Simulations

To study the effect of baffle spacing on heat transfer and shell side
pressure drops, the number of baffles across the shell was increased from
4-16 with an increment of 2, and its effect on heat transfer and pressure
drop was observed. Location of the first baffle was not altered to ensure
that the entry region is not disturbed. Thus any changes in the flow field
were due to the number of baffles alone.

Effect of baffles on heat transfer and overall heat transfer coefficient
Temperature contours at the symmetry plane of the HX for all the
baffle configurations analyzed are shown in Fig. 3. With 6 baffles, the
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temperature of the tube fluid (hot, minimum fluid) remains approximately
the same throughout, due to very little thermal contact with the shell fluid.

Fig. 3. Temperature Contours at the symmetry plane for different number of baffles
a) N=6, b) N=8, c) N=10, d) N=12, e) N=14, f) Temperature legend

The cold fluid gains energy only in regions close to the baffles,
but this thermal contact vanishes before the arrival of the next baffle
hindrance. As the number of baffles is increased (Figs. 3a and 3b), heat
transfer increases, which can be gauged by looking at the temperature
changes at the tube outlet (the lower tube pass). Temperature distribution
in the shell close to the baffles looks very similar to the earlier case, but
the increase in number has made the shell fluid to come in greater contact
with the tube walls. As the number is further increased to 10 and 12 (Figs.
3c and 3d), heat transfer rates are enhanced further. Despite the fact that
changes are being made on the shell side, the effects are more pronounced
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on the tube side due to the lower heat capacity of the hot fluid. A glance
at Fig. 3 would also reveal that temperatures at the shell side start getting
uniform as the baffle number is increased. Effect of the baffle number
beyond 12 on heat transfer cannot be evaluated accurately from the
temperature contours, since the temperature contours do not change
significantly implying that the baffle spacing has reached an optimum
limit.

The enhanced heat transfer observed was due to the changes
induced in the flow patterns caused by the introduction of baffles. To
explain this, stream traces of the shell fluid at the symmetry plane are
shown in Fig. 4. Baffles influence the cross flow stream resulting in
creation of recirculation zones within the shell. With 6 baffles,
acceleration of the fluid across the baffles created large separation zones
leading to lower utilization of the space behind the baffles. The fluid in
these zones gets trapped between the solid baffle boundary on one side and
the accelerating fluid on the other; lower temperature in this region signify
lesser localized heat transfer. By increasing the number of baffles, these
recirculation zones are reduced, increasing the effective area of heat
transfer within the HX. Reduction in the inter baffle spacing also resulted
in an increase in cross flow velocity induced by the baffles, which is more
effective than the axial flow for heat transfer. Also notable in Fig. 4 is that
as the fluid moves along the shell, the region of separation decreases due
to loss of momentum of the fluid which also assists heat transfer. Further
elaboration of this phenomenon is depicted in Fig. 5, where temperature
contours along the cross section of the HX are shown midway between
two baffles. It is evident that as the number of baffles increases, they affect
a larger area of the HX, leading to uniform temperature distribution as well
as enhanced heat transfer rate.

Table 4
Effect of Inter Baffle Spacing on Heat Transfer (Channel Inlet Temperature 333K)
No. of B/Ds Channel outlet Heat exchanged % Increase in
baffles temperature (K) (kw) heat transfer
4 1.26 311 18.34 --
6 0.72 309.5 19.6 6.87
8 0.54 307.4 21.38 16.57
10 0.41 305.4 23.01 25.45
12 0.33 304.7 23.58 28.53
14 0.28 304.6 23.69 29.16
16 0.24 304.5 23.82 29.88
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Fig. 4. Stream traces of velocity at the symmetry plane for different number of
baffles a) N=6, b) N=8, c) N=10, d) N=12, e) N=14, f) Velocity legend

To identify the optimum number of baffles, a plot of heat transfer
against the number of baffles is shown in Fig. 6 and results summarized in
Table 4. Increase in heat transfer with an increase in the baffles as
discussed above is clearly visible. A significant increase can be seen up to
10 baffles, after which the enhancement in heat transfer diminishes (Table
4). Although, 12 baffles show an increase in heat transfer over 10 baffles,
the diminishing return suggests 10 baffles to be more effective. A similar
but vivid trend can also be seen in the NTU behavior shown in Fig. 9,
clearly indicating 10 baffles to be the optimal number for the baffle cut
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investigated in the present study. This corresponds to an inter baffle
spacing to shell diameter ratio (B/Ds) of 0.41. This identified optimum falls
in the B/Ds range of 0.3-0.6 quoted in (Ozden & Tari, 2010), (Mukherjee,
1998) for single pass HXs.

H
o 0090 (m) B ° 000 (m) o 0000 (m) 1. o 0080 (m) t.

N=12 N=16

Fig. 5. Cross Sectional view of the HX for different baffle numbers
25 -~
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Fig. 6. Effect of number of baffles on heat transfer rate within the HX (channel inlet
temperature = 333K)
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Since heat transfer in a HX is due to temperature difference
between the fluids, the inability of the baffles at enhancing the heat transfer
could have been due to the decreasing temperature difference between
cold and hot side i.e. the difference has reduced to a level that does not
allow further enhancement in heat transfer. To investigate this, another set
of simulations was also performed with the same parameters except a
higher inlet temperature of the hot fluid (383K). A comparison of the %
increase in heat transfer relative to the 4 baffle case at the two different
temperatures with varying baffles is presented in Fig. 7. It is evident from
the graph that introduction of baffles had the same effect on heat transfer
at both the inlet temperatures, signifying that selection of the relatively
lower inlet temperature of 333K for the simulations to be adequate for the
investigation reported here, and a B/Ds of 0.41 was the optimal value from
heat transfer perspective. Hence the overall heat transfer coefficient
patterns shown in Fig. 6 are a direct indicator of the effect of baffles on
the convection heat transfer on shell side of the HX.

35
30
£2>
&0
[
15
o
10

X
5

0
0 15 20

Fig. 7. Percent increase in heat transfer with baffles at different channel inlet
temperatures (datum: 4 baffles)

Effects of baffles on pressure drops on shell sides

Two methods, namely the Kern Method (Kern, 1997) and Bell-
Delaware Method (Bell, 1963) are generally accepted for determining the
heat transfer and pressure drop in STHXs. The Kern method assumes a
baffle cut of 25% which is different from the 20% cut used in the current
investigation, therefore, the Bell-Delaware method has been employed in
the present study to evaluate the thermohydraulic performance of the HX
with varying baffles. The shell side pressure drop is the sum of pressure
drops for the internal cross-flow sections, the window sections, and the
inlet and outlet sections. As expected, an increase in pressure drop with
the increasing number of baffles was observed, with the drops more

notable beyond 10 baffles.
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To gauge the thermohydraulic performance, the ratio of change in
pressure drop and increase in heat transfer relative to the 4 baffles case is
shown in Fig. 6. An increase in the values exhibits reduced performance.
Since the pressure continues to drop parabolically with an increase in
number of baffles with little increase in the heat transfer rates beyond 10
baffles, the graph confirms the use of 10 baffles for optimal
thermohydraulic performance. With fewer number of baffles, most of
distance from shell inlet to outlet is covered longitudinally i.e. parallel to
the tube bundle, with very little cross flow component (Fig. 4). As the
number is increased, a significant component of the fluid undergoes a
direction change across the baffles, which results in pressure drop. These
sudden directional changes across the baffles increase the effective length
of the HX, which although increases the heat transfer rate but cause a drop
in pressure. Hence, the increase in pressure drops is caused by both, an
increase in the cross flow velocity and increase in length of the flow path.

B R, NN W
v O U1 O U1 O

Changein pr./ Changein Q

0 Number of Baffles
4 8 12 16 20
g. 8. Effect of Number of baffles on Thermohydraulic performance (Datum: 4

baffles)

F

Experimental Validation

Summary of the different number of baffles along with the B/Ds
ratio tested experimentally is given in Table 5. The purpose of presenting
the comparison here is to establish if the methodology adopted for the
numerical investigation was able to predict the effect of changing baffles
on the heat transfer rate. Although the HX used in the experiments was
different from the one numerically modeled, the comparison is presented
in non-dimensional terms through B/Ds ratio (Fig. 9). The trends of change
in the heat transfer coefficient with the different baffle spacing observed
in the experiments are very similar to the predictions.

A match of overall heat transfer coefficient between the
experiments and simulations was not expected due to the different mass
flow rates. A B/Ds ratio of 0.45 can be identified to be the optimal at
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enhancing the heat transfer, compared to 0.41 noted in the simulations;
this difference was also due to the fact that baffle number can only be
varied in whole numbers. The match not only validates the numerical
methodology employed, but also confirms CFD to be an efficient tool to
assess and design HXs with multiple tube passes provided the grid
resolution and boundary conditions are chosen properly. Besides, the
study also elucidates use of CFD models for design purposes are beneficial
since they are able to identify the source and location of the weakness in
design, making it easier for the designer to bring an improvement.

Table 5
Baffle spacing for different baffle configurations tested (Experimental)
No of baffles No of 4 6 8 10 12 14 16
baffles
Experimental Baffle 209.3 1256 89.7 698 571 483 N/A
spacing B
(mm)
B/Ds ratio 136 082 058 045 037 031 NA
Simulation Baffle 385 221 1653 127 1024 855 735
spacing B
(mm)
B/Ds ratio 126 072 054 042 034 028 0.24
Conclusions

The objective of the study was to explore the effect of changing number
of baffles on heat transfer and pressure drops for a multiple tube pass HX.

12000

. —&— Experiment
$£10000 ; i
§ ey Simulation
4 8000

5§ ¥
- §000

53
T
= 4000
o
© 2000
0
0 0.2 04 B/D, 0.6 0.8 1

Fig. 9. Comparison of Heat Transfer Coefficient in Experiments and Simulations at
different baffle spacing
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The study revealed that decrease in inter baffle spacing caused an
increase in heat transfer, but the advantage diminishes beyond 10 baffles
i.e. an increase in heat transfer of 28.53% for 12 baffles was observed
compared to 25.45% for 10 baffles, showing only a 3% further
improvement. Pressure drops calculated using the Bell-Delaware method
showed a parabolic increase with increase in the baffle number.

A baffle spacing to shell diameter ratio B/Ds of 0.41 was identified
to be the optimal for thermohydraulic performance, against an
experimentally determined value of 0.45. Thus, for optimal performance,
STHXs with B/Ds of 0.4-0.5 should be designed. A much broader range of
0.3-0.6 available in the literature is primarily due to the variance in shell
dimensions amongst the different studies, and the fact that baffle number,
which controls the B/Ds can only be varied in whole numbers. Agreement
between the experimental and numerical investigation elucidates that CFD
is an alternative and powerful method for designing better HXs. CFD only
indicates a problem in design, it also identifies the source and location of
the weakness in design, making it easier to bring improvements. The
numerical methodology adopted in this investigation can be used to design
industrial HXs for power generation, energy conservation and other
applications that incorporate multiple tube passes.

Nomenclature

A Area of Heat Exchanger, m?

B Inter Baffle Spacing, m

Bs Percentage Baffle Cut

Cmax  Heat Capacity rate of Maximum Fluid, W/K
Cmin  Heat Capacity rate of Minimum Fluid, W/K
Cp Specific heat, J/kgK

Ds Shell Inside Diameter

HXs  Heat Exchangers

k Turbulent kinetic energy, m?/s
Mh Mass flow rate of hot fluid, kg/s
me Mass flow rate of cold fluid, kg/s

N Number of Baffles

Np Number of Tube passes

NTU  Number of Transfer units

p Pressure, Pa

q Heat Transfer Rate, kW

Omax  Maximum Possible Heat Transfer Rate, kW
Thi Temperature of hot fluid at inlet, K
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Tho Temperature of hot fluid at outlet, K

Tei Temperature of cold fluid at inlet, K

Teo Temperature of cold fluid at outlet, K

U Overall Heat Transfer Coefficient, W/m?K
Greek Symbols

€ Effectiveness of Heat Exchanger
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