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Abstract- In the present paper, a model-size shell-and-
cylinder heat exchanger with level confounds is examined
numerically and contrasted with the deliberate qualities
utilizing the business programming SC-Tetra V11. Assurance
of the warmth move coefficients for the shell side relies upon
the kind of the stream and the sort of the perplexes. Without
astounds the shell side medium leaves in the most limited
manner, and no man's lands are shaped. With the utilization

of these perplexes, the stream way is falsely shaped and the
stream speed will be expanded as a result of the diminished
stream zone. These two impacts will cause a superior warmth
move yet the other hand this will build the weight of the
warmth exchanger. There are basic exploratory connections
for the portion and plate handout types perplexes. Be that as it
may, must be realized the genuine warmth move coefficient if
there should arise an occurrence of an ideal structure. This
examination explored the impact of the kind of the confounds,
the space among them and the confuse slice to the genuine
warmth move coefficient and the important material amount
and thought about the recreated warmth move coefficients
with systematically determined ones dependent on the writing.
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I. INTRODUCTION

Heat exchangers gadgets used for moving thermal
electricity among two fluids. They are extensively used with
in the petrochemical, chemical and pharmaceutical industries,
energy stations and additionally within the families for special
applications, together with heating, cooling, condensation and
evaporation method (Master et al. 2006). The most not
unusual used kind of them is the shell-and-tube warmness
exchangers. These have a whole lot of high quality homes as
compared to the others: have a excessive ratio of extent and
warmth transfer place, quite smooth to manufacture, smooth to
clean and restore, and able to switch high mass float prices.
Furthermore, clean to increase the performance of these
gadget with the use of baffles. With those additives, the glide
path should be guided, the entire heat switch vicinity is
concerned in the warmth switch and due to the decreased waft
phase, the velocities and the turbulence could be higher, and
this extended fee will cause a higher warmth transfer
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coefficient and heat performance.to decide the accuracy. Also
static as well as dynamic, both loading conditions of gear can
be easily analyzed in ANSYS which is not the case with
Analytical method.

The most critical geometric parameters are the tube
association, the sort, the orientation and the outlet of the
baffles, the distance between the baffles, the placement of the
maximum severe baffles and every other warmth transfer
improvement opportunities. Abd and Naji (2017) used the
Kern’s technique to decide the external warmness switch
coefficient, Ambekar et al. (2016) examined one-of-a-kind
segmental baffle sorts (unmarried, double, triple and flower).
Batalha et al. (2017) investigated the impact of the usage of
various turbulence model, even as Eryener (2006) used the
number of transfer unit approach with one-of-a-kind tube
layout. The other way to make artificial route to the shell facet
fluid to create scraped blades (Varga et al., 2017) or made
helical baffles (Jiang et al., 2017) for the greater favorable
drift arrangement.

On the alternative hand, these baffles will boom the
additional costs: the producing and cleansing of these
appliances greater difficult than the simple ones, and the strain
drop might be also lots higher, which calls for a more
powerful pump. Further, the analytical calculation is tougher
and suggests a better difference from the truth. The difficulty
is resulting from the one-of-a-kind values of velocity within
the distinctive course and the difficulty of the heat switch
techniques. The locations of the baffles in the shell-and-tube
HEs (Vukic et al., 2014) investigated the heat switch of a
passes tube aspect and a one pass shell facet heat exchanger
with segmental baffles. In that examine they confirmed that
the performance is strongly relying at the wide variety of
baffles, baffle length, distance between Baffles, the shape of
the baffle and the first and remaining baffle function to the
inlet and outlet nozzle of the shell aspect.

Mellal et al. (2017) persevered this take a look at,
they investigated the effect of the section type baffles. They
tested baffles spacing and six baffles orientation angles and
confirmed that the reduced baffle spacing reasons ahigher
overall performance, and the most angle of one hundred
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eighty® among two adjacent baffles will reason the best overall
performance. Wen et al. (2015) investigated two exclusive sort
of baffles: the arena-formed simple baffles and the ladder-kind
fold baffles. Both baffles run the fluid a whole lot greater
tightly, than the section kind baffle, so the warmth transfer at
these cases will better. The dangers of those kind are the
accelerated pressure drop and the producing time and charges.
Applying CFD (Computational fluid dynamics) software
program turns into more and more critical to analyze the
warmness switch processes. Nowadays, the maximum
investigated baffle kind is the helical baffles. Especially at this
appliance has the greatest significance of the numerical
simulations, because of the difficulties at the production and
preservation. Due to the excessive overall performance
computer systems and the high velocity computing softwares
the heat exchanger structures may be investigated. Without the
expensive manufacturing and long research time the system
may be akin to each other. The purpose of this study to
determine the reliability of the empirical correlation

I1. MODELING AND SIMULATION
2.1Physicalmodel

Heat exchangers have been investigated on this paper
with extraordinary shell side types. In all cases, the diameter
of the shell (Ds) and the tubes (di and do) had been constants.
To check out the effect of the baffles, the preliminary
parameters of the tube side had been additionally steady. That
will occur a regular heat switch coefficient at the tube aspect.
The selected parameters for the version are showed in Table 1.

Table 1: Geometric parameter of the investigated equipment

Parameter Sign Value
Unit
mner dizmeter of shell Ds 138 mm
mner dizmeter of tibes di 16 mm
outer dismeter of tubes do 20 mm
length of the mbes L 1200 mm
number of tubes nt 37 pes

Five extraordinary creation investigated with the
preliminary parameters. Configuration of these equipment
listed in the Table 2. The version of the ID4 variant shown in
Figurel. In this figure, the relative function of the nozzles and
the baffles are seen
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Figure 1: Geometric model of the heat exchanger
Table 2: Variables of the investigated equipment
ID | Number Baffle space (mm) Baffle cut
of baffles
1 0 1.200 0%
2 6 163 RIS
i |4 232 0%
4 |6 163 20%
3|4 232 20%

In Table 2, the baffle space means the distance of the
nearest baffles, and the baffle cut means the ratio of the
opened and whole cross section area. In Figure 2, the two type
baffles can be seen.

126,48

2.2 Boundary conditions

At the shell facet, the water become designated with
an inlet temperature (Ts,in) of 30 °C and a mass glide rate
(ms) was 2 kg/s. The material of the tube aspect was also
water, its inlet temperature (Tt,in) of 60 °C and a mass float
charge (mt) changed into 3 kg/s. In each facets the hole
boundary situation changed into static strain condition. The
tool product of carbon metal. There had been partitions among
the tube aspect and tube and among tube and shell side. All of
them are desk bound walls. The cloth residences of the water
determined on the temperature of 20 °C, and the impact of
gravity changed into overlooked. The model changed into
simulated with SC-Tetra CFD software program. The used
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turbulence version turned into the realizable ok-EPS version,
and within the solver settings, the stress correction method
was the modified SIMPLEC method.

2.3 Used mesh

The equal meshing parameters used in all instances.
The first simulation (ID1) showed a superb correlation with
the measurement, and really excessive mesh factors have been
used, consequently the mesh independence test did now not
execute. The variations between the entire element numbers
resulting from the dimensions of the baffle. During the
meshing, there was an important parameter, that in the tube
wall there will be enough mesh layer. This mesh confirmed in
Figure 3., even as the used element number confirmed inside
the Table three. In case of the investigation of the warmness
transfer the fabric of the shell and the baffles have no longer
impact to the consequences, so these components no longer
modeled. At these surfaces adiabatic wall conditions used.

Figure 3: The used mesh near of a baffle
2.4 Results of the analysis

The effects are converged in all instances. Figure four
indicates the temperature profile of the 4th variant. It is
certainly visible, that the two fluids float in counter
contemporary. The ends modeled as a cylinder, and the
nozzles are concentric with these. It is visible from this
temperature profile, that when the baffles a higher heat switch
coefficient may be accomplished because of the better
velocities

Figure 4: Temperature profile of ID4
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Table 3: Total element numbers and outlet temperatures

ID | Totzd Tube side | Shell side | Awverage
element outlet outlet performanes
number temperature | tempersture | (W)

tC) C)

1 | 115442281 | 3634 333 43,123.73

2 | 105404341 | 349 37.68 64.110

3| 110941.146 | 35.98 36.19 51.103.99

4 | 107.876.26% | 35.68 36.58 54.616.87

3| 114.430.746 | 36.04 36.13 50.476.69

111. COMPARISON OF THE CFD RESULTS WITH
ANALYTICAL RESULTS

3.1 Calculation of the tube side

In all instances, the heat transfer coefficient at the
tube side become the equal. The cloth houses are assumed at
the average temperature. The overall pass segment of the tube
side is:

e

d!'

T
—7,430.201mm"”

From the mass flow rate and this cross section, the velocity is

i,

— 04042

V=
P A 5

Using the Dittus-Boelter correlation for determine the Nu-
number:

Nu, =0.023-Re?®. Prf%

From these, the price of the Nu-wide variety is 44.31
(which become constant in any respect five cases) and this
decide a 1,667.03 W/(m2K) warmth transfer coefficient. This
examine was now not the goal of inspecting the tube facet
warmness transfer, and because of its higher fee than the outer
warmth switch coefficient, it has a less effect to the general
warmth switch coefficient.

3.2 Calculation of the shell side
In all cases, due to the constancy of mass waft costs,
the volume glide prices in the shell might be additionally

constant. However, because of the extraordinary pass sections,
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the velocities at the shell side depend on the form of the
baffles and the baffle spaces. The common speed could
calculate as a geometric middle of the longitudinal and the 316
transverse velocities. The longitudinal speed depends on the
baffle reduce, even as the transverse relies upon at the baffle
area. Table four consists of those velocities:

Table 4: Variables of the investigated equipment

I | Longiudi | Transver | Lengitudi | Transver | Mean
D | nal cross secross | nal 52 velocit
section section velocity velecity | ¥
(mm) (mm) (m's) (m's) (m's)
16,135.22 0.1241 0.124

1
507038 7824 0.3948 02339 0317
8
507038 11,136 0.3948 0.1798 0266
4
3.041.38 7824 0.6383 02339 0410
4
3.041.38 11,136 0.6383 0.1798 0344
0

In every cases, the specific geometry will be the outer
diameter of the tubes. The empirical correlation on the shell
side of a heat exchanger is

lir-'-d g ]
A=n,-L-z-50 =2 51

IV. OPTIMAL SIZING

The overall mass and the manufacturing price are
calculable from the geometric data for each case. All
variations have the equal shell and tube sheets, so the value of
the fabric and the manufacturing (that is proportional with the
cutting lengths) are not presented on this have a look at. The
investigated tool is tremendously small shape, however in the
industry, these data have much higher impact. Due to the extra
loads, the assisting shape might be boom, while the larger
reducing length will reason a better manufacturing time and
costs. From these considerations, the Figure five suggests
those extra prices. It is visible that even though ID4 has the
very best warmth overall performance, ID3 creation has the
best ratios in both instances.
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V. CONCLUSION

In this paper, warmth switch in segment kind baffle
shell-and-tube heat exchangers with specific baffle geometries
changed into studied numerically and analytically. The
following conclusions are acquired. (1) Usage of baffles in the
shell facet will increase the overall heat switch coefficient in
each case. (2) The empirical correlations inside the literature
can provide excellent preliminary results and can slim the
variety of the geometric parameters to achieve a creation with
a lower value. (3) The thermal gold standard point and the
whole cost most excellent factor separated through each
different, so special challenge demands one-of-a-kind
formation. From thermal engineering standpoint, the 1D2 has
the highest performance, even as the producing expenses
additionally calculated the ultimate equipment is the ID4. ID2
has 14.8 % higher overall performance than 1D4, 18.3 % much
less fabric needs and nine.7 % much less cutting charges than
ID4, so the highest quality desire for this mission is ID4.
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