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Abstract

Numerical investigation has been done for single pass ahdlltube heat exchanger with
segmental baffles. Heat transfer and flow pattern are nuallgrgtudied by varying number
of baffles. Standard k-model is used for solving the above problem. Numerical satioh
has been done for three different cases of baffle spacingsgithre bundle of tubes. Nu-
merical solutions are obtained by solving 3D continuitymamtum, energy and turbulence
(k-€) equations using commercial solver CFD. To analyze the @imemon, number of baf-
fles is taken as varying parameter; other parameters likewgltemperature, pressure and
baffle cut are kept constant. Results obtained from numes@dation are analyzed exten-
sively to get the effect of number of baffles on heat transftx and pressure drop on shell
side.

Index Terms— shell and tube heat exchanger, segmental bafftepkdel.



CHAPTER 1

INTRODUCTION

1.1 Heat Exchanger

Heat exchangers are the apparatus which is widely usediougandustries. Heat exchang-
ers are used to transmit heat among two or more fluid streams.c&n comprehend their
application that any course of action which involve coolihgating, condensation, boiling
or evaporation will need a heat exchanger for this purposeids$; usually are heated or
cooled before the procedure or undergo a phase changeu¥émat exchanger have taken
the name according to the work they performed i.e. HE useailalie fluid is called as
boiler, HE used to evaporate the fluid is known as evaporgirywhich is used for con-
densing any fluid is known as condenser. Heat transfer asdyre drop are the measuring
parameter for performance and efficiency calculation. hldter to calculate overall heat
transfer coefficient, pressure drop and heat transfer anegptesent the efficiency. It helps
in calculation of size of HE required and its running cost generally, there is plenty of
literature, theories and papers to design a heat exchaogerding to the necessities.

1.2 Types of Heat Exchanger

On the basis of nature of heat exchange procedure:
1. Direct contact heat exchanger: In this HE, fluids are mixgd each other and heat
transfer will take place.
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2. Indirect contact heat exchanger: In this HE, fluids areasspd by a thin wall and
heat transfer takes place by convection and conduction.

Indirect contact HE has two types:

(a) Regenerator type: In this HE, hot and cold fluid pass ratiety through a space
which contains solid matrix. When hot fluid pass through irdtren it heats the matrix
and after that cold fluid pass through it then hot matrix tfaniseat to the cold fluid.

(b) Recuperator type: It is most useful HE in which two or mthued pass simultane-
ously but they are not allowed to be mixed. in this type of H&atltransfer takes place in
both side of dividing wall(pipes or tubes).

On the basis of relative direction of fluid motion:

i) Parallel flow heat exchanger: In this HE, both fluid flowimghe same direction.

if) Counter flow heat exchanger: In this HE, both fluid flowiig topposite direction.

iii) Cross flow heat exchanger: In this HE, one fluid flows at saangle to the other
fluid.

1.3 Applications of Heat Exchanger

1. IC engines and Automobile radiators.

2. Open hearth and glass melting furnaces.

3. Air heater and blast furnaces.

4. Oil coolers, Intercoolers, Air preheaters, Economiz8igper heaters, Condensers,
and surface feed heaters of steam power plants.

5. Milk chiller and Pasteurizing Plant.

6. Evaporator of Ice plant etc.

1.4 Shell and Tube Heat Exchanger

For high pressure application, there is a heat exchandedcsiell and tube heat exchanger
is used. It is an indirect contact type heat exchanger umgesubdivision of recuperator.
It is a most versatile heat exchanger. By some modificatiooam be act as a parallel
flow, counter flow and cross flow as well. Shell and tube heah@&xger consists of a shell,
tubes and headers. Tubes are generally made of cylindnapkswith circular cross section
whereas shell has a wide variety according to the requiren@are fluid flows through the
tubes and the other fluid pass through the shell. Heat exelsamgfween these two fluids
are by convection-conduction- convection mode. Shell aibé theat exchanger has high
value of log mean temperature difference correction factor
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A simple shell and tube heat exchanger can work as a paralelghd counter flow
heat exchanger but to make it a cross flow heat exchanger, madiécation is to be done.
Introducing baffles in the shell side is one of the modificatio

1.5 Need of Baffles

Baffles are provided in the shell side.
1. To give structural rigidity.
2. To prevent vibration.
3. To prevent the tubes from sagging.
4. To divert the flow of shell side fluid.
5. Baffles are used to obtain higher coefficient of heat teansf

1.6 Types of Baffles

There are various types of Baffles used in the industries

1.Plate Baffle

2. Helical Baffle

3. Segmental Baffle

4. Ladder type fold Baffle etc.

Spacing between the baffles affecting the heat transfeficieet and heat transfer rate
also. Baffle spacing the distance between two adjacent ®a8legmental and plate Baffles
are provided with cut called baffle cut to passing the fluid.ribgithe fluid flow in shell
side, recirculation and eddies are formed near the baffldser@affles are expensive and
difficult in manufacturing. Now a day researchers are tryiogptimize the segmental
baffles for better heat transfer and effectiveness.

1.7 Aims and Objective

The main objectives of this project are: Design and simaihatf shell and tube heat ex-
changer with segmental baffle. Study the effect of baffle isgamn heat transfer and pres-
sure drop.
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1.8 Importance of the present work

Shell and tube heat exchanger with segmental baffles areteasynufacture and less
expensive as compare to other baffles but it has less e#eet®s among its category. After
knowing the effect of baffle spacing on heat transfer andspresdrop, it is helpful to
optimize the heat exchanger and get higher effectivenesbeat transfer at low cost.

1.9 Outline of present work

Chapter 1 postulates the brief introduction of Heat exckaagd its types, need of baffles
and objective of the present work.

Chapter 2 describes the previous work done in the field ofldpugent of shell and tube
heat exchanger.

Chapter 3 shows the identification of problem and its formairewith boundary condi-
tion.

Chapter 4 deals with introduction of CFD and its elementgiviés over view of fluent
package and knowledge of CFD procedures and solve the pnohlenerically.

Chapter 5 deals with the results obtained from the CFD sal\arg with some discus-
sion about it.

Chapter 6 gives the conclusion of the entire project andéusaope for further work.

Chapter 7 gives the details of references used for this grojerk.



CHAPTER 2

LITERATURE SURVEY

A considerable amount of work has been done by G.V. SriniRegaet al [2]in the field
of analysis of shell and tube heat exchanger. They evalubhtdda shell and tube heat
exchanger with square pitch bundle arrangement. They lakes the temperature as input
parameter and observed the behavior of heat transfer degfficoefficient of friction and
pressure drop for different combination of fluids by the us€ coding. They got to know
that Nu is increasing with increase in Re in tube side. For S&&am combination, curve
is steeper as compared to CO2 - Steam combination. Theyasal that friction factor
decreases with increase in Re in tube side. The decrementtiori factor for both fluid
combination i.e. (CO2 - steam and SO2 - steam) are almost same

A research has been done by Yonghua You et al [3] in the fieldedbpmance im-
provement of shell and tube heat exchanger. They usedlthelei baffles to make the heat
exchanger cross flow type. By introducing baffles, heat temrasea increased so heat trans-
fer also increases. The effect of baffle distance is alscstigated by them. They validated
their numerical solution with experimental data. They u&@dB mm internal diameter
stainless steel tubes, low carbon steel baffles aligne@ggsted manner. They found that
pressure loss in shell side increases with increase insdelReynolds number. They also
found that heat transfer per unit area initially decreas#sincrease in shell side Reynolds
number but after some value it starts increasing with irezéa Reynolds number. Convec-
tive heat transfer coefficient increases with increase @il side Reynolds number. With
decrease in number of baffles, heat transfer coefficient aatiflux decreases. They got to
know that when number of baffles is decreased from 6 to 3 thesspre loss is decreased
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by 35%. They found that overall thermo hydraulic perfornmeaiscdecreasing with increase
in number of baffles.

A research has been -Yan Zhou et al [4] to study the flow chanatts in shell and
tube heat exchanger with trefoil hole baffle. A numericaéstgation on shell side flow and
heat transfer based on RNGknodel has been done. They used 12.2 mm internal diameter
tubes which are arranged in rotational regular triangléepat They validated their results
with experimental data. They found that fluid flow on shelles@f shell and tube heat
exchanger is periodic due to the structural charactesislibe fluid gets accelerated and jet
and swirl flow generated near the baffles because of decramarga of the flow. Gradual
decrement of velocity in radial direction takes place wHedds to decrement in average
heat transfer coefficient. They found that pressure drogaetficient of heat transfer vary
periodically along the longitudinal direction. Second#oyv is developed both sides of the
baffles which decreases the thickness of boundary layemanease the heat transfer.

A research has been done by Jie Yang et al [5] to investigatadkiel shell and tube
heat exchanger with plate baffle. They found that Nusseltiarmmcreases with increase in
Reynolds number for both shell and tube heat exchanger itk.red baffle and with plate
baffle but Nu of shell and tube heat exchanger with plate beffltaore than that of shell
and tube heat exchanger with rod baffle. They also foundllegttessure drop in shell side
increases with increase in Re but pressure drop is more &b aind tube heat exchanger
with plate baffle when comparing to shell and tube heat exgiiawith rod baffle. They
also got to know that outlet temperature and pressure gradfeshell side cold fluid is
more in shell and tube heat exchanger with plate baffle as amrtp shell and tube heat
exchanger with rod baffle.

A research has been done by Jian Wen et al [6] to compare thieasldetube heat
exchanger with two different baffles i.e. plain helical baffind ladder type fold baffle.
They studied and analyzed the performance of the shell ddhteat exchanger with these
two baffles. The operating conditions were same. They fohatih plain helical baffle
heat exchanger, there are triangular leakage zones whigleddoss of heat and reduction
in effectiveness of the heat exchanger. This leakage carirbenated by using ladder
type fold baffles. They got to know that shell side heat transbefficient and the overall
heat transfer coefficient both are increasing with incréaselume flow rate but these two
coefficients are more in case of ladder type fold baffle as esenfo plain helical baffle.
They also found that pressure drop is greater in case of ahéltube heat exchanger with
ladder type fold baffle.

Ender Ozden et al [7] investigated the dependencies of ceffiof heat transfer, pres-
sure drop on baffle spacing, baffle cut and shell diametery Peeformed the simulation
for single shell single pass shell and tube heat exchandey found that with decrease
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in baffle spacing, more cross flow and heat transfer area\azhiéVhen more spacing is

provided then after striking to baffle, flow direction chadgexd some recirculation zone
is developed so area behind the baffles are not so effectiieahtransfer process but if

baffle spacing is less then after changing the direction @f floid again strikes the back

face of previous baffles so effective heat transfer are@asmd. So they observed that with
increase in number of baffles more heat transfer occurs.

Avinash D Jadhav et al [8] numerically investigated the delemcy of heat transfer
coefficient and pressure drop on baffle spacing and baffleTti®y compared their results
with the Bell-Delaware method results. They performed $ation for two values of baffle
cut and different varying flow rate.

Chetan Namdeo Patil et al [9] numerically investigated tifiece of baffle cut on heat
transfer coefficient and pressure drop with constant bgifieiag. They found that for 30%
baffle cut pressure drop is less and heat transfer coeffisiaimost same for 30% and 25%
baffle cut.

Su Pon Chit et al[10] investigated the effect of baffle spgan heat transfer and pres-
sure drop. They postulates that pressure drop increasefastea rate than heat transfer
coefficient when baffle spacing decreases. Optimum baffleirsgpas 0.4 to 0.6 time of
shell diameter.

B. Peng et al [11] investigated the effect of different baftbe heat transfer coefficient
keeping the pressure drop constant. They have found thaafoe pressure drop, shell and
tube heat exchanger with segmental baffle has lower heaféracoefficient as compared
to shell and tube heat exchanger with helical baffles. Theg héso found the correlation
between Nusselt number and Reynolds number as well asofri€tictor and Reynolds
number.

Edward S. Gaddis et al [12]proposed a procedure to find trespre drop. Their equa-
tion consists of correlation factor which is influenced bgkdage and bypass stream. They
have validated their equation by comparing their resulth experimental data.

H.D. Li et al [13] obtained the local heat transfer coeffitiby the use of mass transfer
measurement. Mass transfer coefficient has been transddmnthe use of an analogy be-
tween heat and mass transfer. Abdur Rahim et al investigla¢eeffect of baffle inclination
on various parameters of shell side fluid flow and heat trak&eping the baffle cut con-
stant. They found that 4% decrease in pressure drop in cab® dfaffle inclination and
26% decrease in pressure drop in case 8ft2ffle inclination.

Kiran K et al [14]simulated the shell and tube heat exchamgtr baffles and investi-
gated the effect of baffle spacing on heat transfer, presbopeand outlet temperature of
shell side. They postulated that outlet temperature doeaffext significantly with baffle
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spacing whereas it has considerably changed with mass ftewThey also found that the
pressure drop changes appreciately with mass flow rate diftel f@acing.

Prasanna J et al [15] analyzed the hydrodynamic and heafféragffect on shell and
tube heat exchanger with different baffle cut and spacingeyTound that for 25% baffle
cut, results are slightly better. As baffle spacing decigdbe heat transfer is improved.



CHAPTER 3

PROBLEM IDENTIFICATION

3.1 Introduction

A shell of diameter (D) equals to 80 mm is taken as model whiethihlet and outlet of
circular cross section of diameter (ds) equals to 20 mm. €hgth of the shell is taken
as 400 mm. There are 4 tubes having square bundle with ihdiaraeter (di) 16mm and
thickness 2mm. Shell consists of 8 segmental baffles whietequispaced. But, in the
analysis, 3 different numbers of baffles are used keepingr gtrameters and boundary
conditions constant, to observe the effect of number ofdmfih heat transfer and pressure
drop of shell. Constant fluid properties are assumed. Affteicteation of three geometric
models, each model is analyzed with constant velocity antbégature inlet condition.
The flow condition is taken as turbulent. Table 3.1 shows théndary conditions of the
problem.

3.2 Governing Differential Equation

Continuity Equation:

Table 3.1: Boundary conditions for the model
| Fluid | Inlet Velocity | Inlet Temperature Outlet |
Shell Side 1.2m/s 363 K Pressure Outle
Tube Side| 0.4 m/s 300 K Pressure Outle

—F

—
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CHAPTER 4

CFD MODELING

4.1 Introduction

The innovation of rapid computerized PCs, joined with thpriavement of exact numerical
strategies to tackle physical issues, has altered our wstyidy and practice liquid flow and
heat exchange. That methodology is termed as CFD to putiitlpland it has prepared
it conceivable to break down multifaceted stream geoneetr@sweat as that confronted
while tackling glorified issues utilizing ordinary strateg. CFD may in this way be viewed
as a region of learn joining liquid flow and numerical exanima Verifiably, the prior im-
provement of cfd in the 1960s and 1970s was driven by the niglé aviation commercial
enterprises. Current CFD, be that as it may, has appliatesr all controls — common,
mechanical, electrical, gadgets, substance, aviati@,as® biomedical building being a
couple of them. CFD substitutes testing and experimemtatiad lessens the aggregate
time of testing and outlining.

4.2 CFD Programs

All established CFD software contain three elements (ieagpcessor, (ii) the main solver,
and (iii) a post-processor

4.2.1 The preprocessor

Pre-processing is the first step of CFD analysis in which g& u

11
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Pre-Processing

Solid Modeler 5§ Nesh
N Generator ‘
|
Solver Setlings |
A |
Wiain Solver
Ay
* Plvzical Models
o Trbulence
* Transport Equations o Combustion
o hass — o Radiztion
o Momentum o Multiphaze
o Encrgy o Phaze Change
+ Equation of State o Moving Zones
» Supporting Phvsical chdoving Mesh
Models
- = hiaterial Propertiss
* Boumdarv
Conditions

» Inzhial Condizons

Post-Processing

Figure 4.1: Overview of CFD[1]
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(a) characterizes the displaying targets,
(b) Distinguishes the computational area, and
(c) Outlines and makes the framework

4.2.2 The main solver

The main solver does following functions: Selection of ghgsmodel.
(a) Definition of material properties
(b) Define boundary conditions
(c) Solution initialization
(d) Setting of relaxation factor
(e) Setting of convergence criteria
() Run calculation
(f) Saving results

4.2.3 The post processor

The post-processor is the last some portion of CFD programgmit helps the client to
investigate the outcomes and get valuable information. diteomes might be shown as
vector plots of vector amounts like speed, form plots ofacahriables, for instance weight
and temperature, streamlines and liveliness if there shange an occurrence of insecure
reproduction. Worldwide parameters like skin grindingfGoent, lift coefficient, Nusselt
number and Colburn variable and so on might be registeredigifir suitable recipes. This
information from a CFD post-processor can likewise be sehtaperception programming
for better show and to programming for better diagram pigtti

4.3 CFD Procedure

There are five steps are used to solve the problem in CFD.

They are:

(a) Geometry Development

(b) Mesh Generation

(c) Specification of flow condition

(d) Calculation and numerical solution

(e) Results

A 3-D analysis of Shell and tube heat exchanger has been doAN$YS FLUENT
15.0 [16]. The above 5 steps have been done using CFD tools.
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4.3.1 Geometry Development

Geometries are made on ANSYS WORKBENCH 15.0. There are tfifflszent geome-
tries, having different number of baffles. They are as shawfigures 4.2b, 4.2c and 4.2d.

4.3.2 Mesh Generation

Meshing has been done using ANSYS meshing tool. Meshingeofélometry is as shown
in figures 4.3a and 4.3b.

4.3.3 Specification of flow condition
Assumptions

(a) Flow is incompressible i.e. density of the fluid does ratrge.
(b) Leakage from the gap between tube and baffle is neglected.
(c) Heat transfer to the baffles is neglected.
(d) Water is taken as working fluid and its properties are ictamed to be constant.
(e) Header effect is neglected
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ANSYS

R15.0

Academic

0.00 50.00 100,00 fmm)
[~ a——— S
2500 76,00

(a) Overall geometry of shell and tube heat exchanger withftds

ANSYS

R15.0

Academic

0.00 50.00 10000 (rmm)
2500 76.00

(b) Front view of geometry with 8 baffles

ANSYS

R15.0

Academic

000 50.00 100.00 (mrm)
S e
25.00 75,00

(c) Front view of geometry with 6 baffles

ANSYS

R15.0
Academic

0.00 50.00 100,00 (mm)
2500 75.00

(d) Front view of geometry with 4 baffles

Figure 4.2: Geometry
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(a) Overall meshing
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(b) Magnified view of meshing

Figure 4.3: Meshing
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Table 4.1: Details of Solver, Model and Materials
| Solver |  Model | Material |
| Pressure Based, steady statandard ke | Fluid-water, solid- coppef

Table 4.2: Properties of water

| Density | 998.2kg/mt |
Specific Heat 4182 J/kg-K
Thermal conductivity 0.6 W/m-K
Viscosity 0.001003 kg/m-s

Table 4.3: Properties of copper
| Density | 8978 kg/nt |

Specific Heat 381 J/kg-K
Thermal conductivity, 387.6 W/m-K

Table 4.4: Solution methods
| Pressure-velocity coupling ~ SIMPLE scheme

Gradient Green-Gauss Node Based
Pressure Second order
Momentum Second order upwind

Turbulent kinetic energy First order upwind
Turbulent dissipation rate First order upwind
Energy Second order upwind




CHAPTER b

RESULT AND DISCUSSION

5.1 CASE1

5.1.1 Velocity contour

Velocity contour, streamline and velocity vector plotssimg that when hot fluid enters
the shell and passing through the baffles, there is a formafioecirculation zone in the
back face of the baffles. In that region, flow is less as showigures 5.1a5.1b and 5.1c
respectively.

5.1.2 Temperature contour

Temperature contour as shown in figure 5.2 shows how temyperaarying in different
zones. From velocity contour it is known that in back faceaifles flow is very less so the
temperature in the back face of the baffles are also less gsazerto their front face.

5.1.3 Pressure Contour

Figure 5.3 shows that pressure is gradually decreasing idsflidws through the shell as
well as pipe. This pressure drop is the deciding parametehépumping requirement. If
pressure drop is more then more pumping power is required.

18
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Figure 5.6: Nusselt number vs length

5.1.4 Variation of properties along length

Graph 5.4 demonstrate that the area of the pipe which is acktdide of baffles have mini-
mum temperature. In this case four minimum points are thecalise alternate baffles (not
all baffles) are in contact with the selected pipe. Minimumperature at each backside
of baffle is more as compared to the previous one because bktitdransfer. At the end
portion of the shell, temperature of the surface of pipess leecause hot fluid temperature
is low as compared to other portion and heat is transferredltbfluid from the pipe.

Graph 5.5 gives the variation of surface heat transfer coeffi in axial direction. We
know that heat transfer coefficient is dependent on velafithe fluid and geometry. The
graph shows that heat transfer coefficient continue fluctnat This is due to the high
turbulence of fluid. At the back face of the baffle there is ldsisl flow so there is less
heat transfer also, so the heat transfer coefficient at tieat ia less as compared to the
other areas. After that area, heat transfer coefficientisstareasing. In last portion of heat
exchanger, there is less heat transfer so the heat tra&ficent is also less.

The graph 5.6 demonstrates the variation of surface Nusseiber in axial direction
in the inner surface of the pipe. This curve is same as heafacoefficient versus length
because Nusselt number is directly proportional to heastex coefficient.
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5.2 CASE?2

5.2.1 \Velocity contour

Velocity contour, streamline and velocity vector plot pdates that as the spacing between
baffles increasing or in other words, number of baffles ares@desing the recirculation zone
became wider. Since recirculation zone is more, the cob&teteen hot fluid and tubes are
less as shown in figures 5.7a, 5.7b and 5.7c respectively.

5.2.2 Temperature contour

As previously discussed, in this case 5.8 recirculatiorezenvider so the contact between
hot fluid and the tube is less as compared to the previous &see contact is less, heat
transfer is also less. Due to less heat transfer the temperat the hot fluid decreasing at
slower rate as compared to the previous case.

5.2.3 Pressure Contour

The contour 5.9 shows that as the both fluid flow forward, press decreasing continu-
ously. But the pressure drop in this case is less as compathd previous case. Since the
shell pressure drop is less so the pumping power requiredtanaing the flow is also less.

5.2.4 Variation of properties along length

As discussed in case 1, temperature is less at the back faedflef. In this case5.10 tube
which is selected for observation has three contacts betweses and baffles. As fluid
flows in forward direction, heat is transferred to the colddfliDue to this heat transfer the
temperature at each back face region is greater than theetatape of the previous baffle’s
back face region.

As previously discussed in case 1, heat transfer coeffigetependent on velocity of
fluid and nature of the surface. In the back face of the baffeshawn in figure 5.11, there
is a recirculating region so the fluid is less in that regioincg the fluid flow is less in that
region, heat transfer as well as heat transfer coefficieaissless in that region.

Nusselt number varies linearly with heat transfer coeffic{®lu= h*Dh/K) as shown in
figure 5.12. So the pattern of the curve is same as heat trayzsd#ficient but the value has
been changed by a factor Dh/K.
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Figure 5.12: Nusselt number vs length

5.3 CASES3

5.3.1 Velocity contour

Velocity contour, streamline and vector plot shows thathiis tase recirculation zone is
more as compared to previous cases. Since recirculatiom isamore so the contact be-
tween hot fluid and tubes are lesser than previous two casé®as in figures 5.13a, 5.13b
and 5.13c respectively.

5.3.2 Temperature contour

Temperature contour as shown in figure 5.14stipulates tloat of the heat transfer take
place in end portion. It is because of the less contact betwee fluid and tubes. As
discussed above that recirculation zone is more in this saske heat transfer is lesser in
this case as compared to the previous two cases.
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5.3.3 Pressure Contour

From the contour 5.15it is clear that pressure in both shed and tube side decreasing
continuously as the fluid flows in forward direction. But thegssure drop on shell side
is low as compared to the previous two cases. Since preseypaglless so the pumping
power required maintaining the flow is also less as compar#ukt previous cases.

5.3.4 Variation of properties along length

The graph 5.16 shows the variation of temperature in therigndgace of the tube. In this
case four baffles are used. The surface which is selectedb&areation has two baffles
connected with it so two back faces will appear in this casangderature of the two back
face region is less as compared to other portion as showrigrtiph. Temperature at the
back face of second baffle is more as compared to the tempeatthe back face of the
first baffle due to the heat transfer.

The graph 5.17 demonstrates the variation of surface heafer coefficient with ax-
ial length. The heat transfer coefficient is continuouslygtilating because it depends on
velocity of fluid. In the recirculating region fluid flow is leso the heat transfer as well
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Table 5.1: Heat transfer rate in various cases
| Number of baffle§ Heat transfer rate (W)

4 8043.8305154292
6 9884.910562944
8 11053.37143

as heat transfer coefficient is also less. In this case ordyback faces are there. So two
craters formed.
Graph 5.18shows the variation of Nusselt number with lengkte curve is same as heat

transfer coefficient but values has been changed because déypéndent on heat transfer
coefficient.

5.4 Heat transfer rate in various cases

The graph 5.19postulates that heat transfer increasesinetbase in number of baffles.
The heat transfer increases with increase in number of bdffleause the effective area of
heat transfer increases as the number of baffle increases.
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Figure 5.19: Heat transfer rate vs number of baffles
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Table 5.2: Shell side pressure drop in various cases
| Number of baffles Shell side pressure drop (Pp)

4 2116.44502
6 2695.90933
8 3160.72314
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Figure 5.20: Shell side pressure drop vs number of baffles

5.5 Shell side pressure drop in various cases

The graph 5.20 demonstrates the variation of pressure dreipell side with the number of
baffles. As the number of baffles increases, shell side pressap increases. If pressure
drop increases then required pumping power is also increase



CHAPTER 0

CONCLUSION AND FUTURE SCOPE

6.1 CONCLUSION

Effect of number of baffles on heat transfer

As the number of baffles increasing for same length of shedh spacing between the
baffles are decreasing. Since the spacing between the Isdtfkesiso the area of recircula-
tion is less and high turbulence is developed. In high thce region, heat transfer rate is
also high. Another point of interest is that due to increasaumber of baffles, fluid has to
cover more distance in the shell so the effective heat tesaséa increases which is results
in high heat transfer rate. Heat transfer is 37.414 % morase of 8 baffles as compared
to 4 baffles.

Effect of number of baffles on shell side pressure drop

As the number of baffles increasing, pressure drop in sludliacreases. Since increas-
ing in number of baffles means decreasing the space betwéieslso the path for fluid
flow becomes narrow. When fluid passes through narrow patipréssure decrease and
kinetic energy increase. So pressure drop increases veiteéase in number of baffles. As
the pressure drop increase pumping power required to niraithta flow is also increases.
Pressure drop is an adverse phenomenon which should beita&eronsideration while
designing the shell and tube heat exchanger. Pressurerdebll side is 49.34% in case
of 8 baffles as compared to 4 baffles.
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6.2 FUTURE SCOPE

(a) Optimization of baffle spacing, to reduce the pressusp dr shell side and increase the
heat transfer rate.
(b) Optimization for baffle cut.
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