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ABSTRACT

One of the many kinds of heat exchangers that are used in industry is the Shell and Tube Heat
Exchangers (STHE). According to estimates, more than 35 to 40 percent from heat exchangers are
shell and tube systems and mostly constructed with segmental baffle and without baffle. Design of
STHEs basically determines the heat transfer rate, and check for pressure drops of both shell and
tube side fluid stream. For efficient heat transfer rate the pressure drop must be below allowable
pressure drop which guarantee turbulence. One of the factors which causes pressure drop is baffle
arrangement. Baffle is the component of STHE that used to support and prevent vibration of the
tubes. However, it causes a turbulence in shell side fluid flow and increases the heat transfer
coefficient. The main purpose of this study was to analysis the effect of helical baffle on the
performance of STHE using CFD for Dashen Brewery Industry. In Modeling and simulation
analysis of STHE constructed with segmental baffle, helical baffle and without baffle was
developed using ANSYS 19.2 and comparative and validation analysis have been carried out. The
result of simulation revels the heat transfer rate and pressure drop in both segmental, helical and
without baffle STHE. In the comparative analysis, the performance of STHE constructed with
helical baffle was 12.43 % higher than segmental baffle and 20.08 % without baffle. To increase
the performance helical baffle STHE optimization analysis also investigated by orientation of
baffle with helix angle of 8°, 10°and 12° and 8° have 1.13 % effective than 10°. Also, from the
validation analysis the current study analysis have been valid and the previous study have supports
to the current study analysis. As a final conclusion, the capacity of STHE developed with helical
baffles have 90.5 % higher than the existing STHE in Dashen Brewery Industry. And the current
study of STHE constructed with continuous helical baffle have better performance than the
previous study of dis continuous helical baffle STHE by Asghar Ali Ghoto et.al. Furthermore, the
industry have gotten much profitable with a simultaneous decreasing of heat exchanger area, inlet

flow rates and pressure drop.

Key words: shell and tube heat exchanger, baffles, rate of heat transfer and pressure drop.

Page ii



Modeling the effect of helical baffles on the performance of shell and tube heat exchanger using

CFD in the case of Dashen Brewery Industry

ACKNOWLEDGEMENT
First of all, I would like to thank the ‘Almighty GOD’, who helped me begin and finish this

research work successfully.

| am grateful to Balewgize A. Zeru (Asst. Professor) and Amanuel Tesfaye (MSc) for their
positive attitude, continuous support, encouragement and excellent supervision. They have been

source of inspiration and it was great experience to work regarding with them.

Also, | am interested to acknowledge Jimma Institute of Technology and Faculty of Mechanical
Engineering for giving the chance to conduct the MSc program plus for providing the computer
lab facilities.

Finally, I would like to forward my special thanks to my friends who gave me the necessary

resources for literature review.

Page iii



Modeling the effect of helical baffles on the performance of shell and tube heat exchanger using

CFD in the case of Dashen Brewery Industry

TABLE OF CONTENT

ABSTRA CT ettt i
ACKNOWLEDGEMENT ... ii
TABLE OF CONTENT ...ttt sttt et e sin e e b e e nnee s iv
LIST OF TABLES ...ttt st b et et e et e e s be e e be e saeeenes viil
LIST OF FIGURES ...ttt nnne s IX
NOMENCLATURE ...t r et r e e s Xi
CHAPTER ONE ... .ottt b et b e s e e b e s ab e e s be e s st e e be e e nbeenneeanee 1
INTRODUGCTION ..ttt bbbttt h et e e b et e e sbe e e beesbbeenbeeneeeenes 1
1.1 Background of the StUY .........ooveiiiie e 1
1.2 Statement of the ProDIEM ..o s 4
1.3 ObjJectiVes OF the STUAY .......ccviiiiiieiee s 5
1.3.1 General ODBJECLIVE ......ocuiiiiiiiiicee bbb 5
1.3.2 SPECITIC ODJECHIVES ....oovieeieieiccie ettt ettt e e e e steenee e 5

1.4 RESEAICN QUESTIONS .....ecuvieiiieitie ettt ettt ettt et e st e et e st e e ebeesateesbaesnbeesbeesnreesseeanbeearees 5
1.5 Significance 0f the StUAY ..........coveiiie e 5
1.6 SCOPE OF ThE STUAY ..ottt 6
CHAPTER TWO ...ttt ettt b et b et e ettt e e be e enb e et e e ant e e nnee e 7
LITERATURE REVIEW ...ttt sttt 7
2.1 INEFOUUCTION ...t bbbt b e ab et 7
2.2 Design components of shell and tube heat eXChanger ... 7
0 N | o SRS SSS 8
2.2.2 SNBIL .. bbb b b re e 8




Modeling the effect of helical baffles on the performance of shell and tube heat exchanger using

CFD in the case of Dashen Brewery Industry

2.2.3 TUDE SNEEL ...t 8
2.2.4 TUDE DUNGIE ...t b e 8
2.2.5 Heads 0oF ChanNel COVETS .........ooiiiiiiie e 8
2.2.8 BaFFIE.....eeeee e 9
2.3 Design consideration of shell and tube heat eXChangers ...........cccevvveevieeie e 9
2.3. 1. FIUID @HHOCAEION ..ottt 9
2.3.2 Tube arrangement laYOUL ...........coiiieiiiieieiiree e 10
2.3.3 NUMDET OF tUDE PASS ..eeveeeiceie ittt 11
2.3.4 Shell and tube heat eXChanQer tYPE........coviie i 12
2.3.5 FIUI FIOW TYPR .ttt 14
2.4 REIALEA WOTKS. ...ttt bbb 15
PR R (= (o 1 o SR 20
CHAPTER THREE ...t et ne e 21
RESEARCH METHOD AND MATERIALS ...t 21
3.1 Research design and @pPPrOACH .........ccviiiiiieieiee e 21
3.2 Research method and @NalYSIS .........coveiuiiieiiee e 22
3.3 Material SEIECLIONS ........eveieiiitcee bbb 22
3.4 MathematiCal @NalYSIS..........ooiiiiiiiiiee s 22
3.4.3 Determining shell and tube heat exchanger capacity without baffle configuration..... 24
3.4.4 Thermal analysis of heat exchanger with segmental baffle configuration .................. 38
3.4.5 Thermal analysis of heat exchanger with helical baffle configuration....................... 40
3.5 Modeling (SIMUulation) ANAIYSIS .......cviiiiiieieiesier s 42
3.5.1 GEOMELIY CONSIIUCTION ...ttt bbbt 45




Modeling the effect of helical baffles on the performance of shell and tube heat exchanger using

CFD in the case of Dashen Brewery Industry

3.5.2 MESH CFILEIIA ..ttt ettt b b 47
3.5.3 SELUP CONAITION ...iieieete bbb 52
3.5.4 SOIULION SELUP. ...ttt bbbttt nb e 53
CHAPTER FOUR ...ttt b et e e e ne e e e ene e 55
RESULT AND DISCUSSION ...ttt 55
4.1 Comparison of Segmental and Helical baffle shell and tube heat exchanger..................... 55
4.1.1 Shell and tube heat exchanger without baffle.............ccocoiiiiiii 55
4.1.2 Shell and tube heat exchanger with segmental baffle...............cccocoviiiiiciee, 57
4.1.3 Shell and tube heat exchanger with helical baffle ...............ccooiiiii i, 59

4.2 Optimization of Helical baffle shell and tube heat exchanger...........ccccoovviieniiiicienen 64
4.3 Sizing shell and tube heat exchanger for Dashen Brewery INduStry ..........cccoceeeiininennnnn. 66
4.4 Validation ANGIYSIS......ccvoiiiieieee e 67
4.4.1 CFD Validation @nalySiS ..........cceiiiiioiiiiecie et 67
4.4.2 Cross validation @nalySIS..........ccooiiiiiiiiiiiiee e 69
CHAPTER FIVE ...ttt ettt ettt b et e et e e e nte e saeeenbeesbeeentaen 71
CONCLUSION AND RECOMMENDATION ...ttt 71
5.1 CONCIUSION ...ttt bbbttt et 71
5.2 RECOMMENUALIONS ...ttt bbbttt sb b enes 72
REFERENGCES ... oottt ettt sttt et b e st e et e s st e e sbe e e nbe e beeeneeenneeanes 73
F 2N o o B AN B ) G PSP PROTPPR 77
Appendix A: Tabulated result for design analysiS.........cccovviiiiiiieiiiiii e 77
Appendix B: Shell-bundle clearance [L3]......cccooeiiriiiiiiirieee e 79

Page vi



Modeling the effect of helical baffles on the performance of shell and tube heat exchanger using

CFD in the case of Dashen Brewery Industry

Appendix C: Temperature correction factor: one shell pass; two or more even tube ‘passes [40]

................................................................................................................................................... 79
Appendix D: Overall heat transfer coefficient for different combination [8]..............c.ccoenee. 80
Appendix E: Tube side friction factors [8] ........ccevvveiiiiiiiiiesie s 81
Appendix F: Shell side friction factors with segmental baffles[8] ...........ccccoovvveviiiiiiiiienns 82
Appendix G: Sectional views of helical shell and tube heat exchanger ...........ccccccocniniinnnnn. 82
Appendix H: Isometric views of helical tube bundle in STHE ...........ccocooiiiiiiiiiicee 83

Page vii



Modeling the effect of helical baffles on the performance of shell and tube heat exchanger using

CFD in the case of Dashen Brewery Industry

LIST OF TABLES

Table 3. 1 Design input parameters (Dashen Brewery Industry) 23
Table 3. 2: Thermophysical properties fluids (steam and heavy fuel oil) ------------------- 24
Table 3. 3: constant values of K1and n1 [13] ------==-======mmmmmmmmmemem oo 29

Table 3. 4 Modeling specification of segmental and helical baffle shell and tube heat

exchanger [5] 45
Table 3. 5 Number of nodes and elements 50
Table 3. 6 Result on mesh independent test 50
Table 3. 7 Boundary condition for simulation ---------=-==-=-===-m-mmmmmmm oo 53

Table 4. 1 CFD Result of segmental and helical baffle shell and tube heat exchanger with

different mass flow rate ------------------------ s 61

Table 4. 2 CFD Result of helical, segmental and without baffle STHE at a given input

parameters 64
Table 4. 3 Result of optimized parameters 65
Table 4. 4 specification of hot inlet temperature at constant flow rate 66
Table 4. 5 Boundary conditions for CFD validation analysis -68
Table 4. 6 Validation analysis of present work with Asghar Ali Ghoto et.al [5] ---------- 69

Page viii



Modeling the effect of helical baffles on the performance of shell and tube heat exchanger using

CFD in the case of Dashen Brewery Industry

LIST OF FIGURES

Figure 1.1 A): Classifications of heat exchanger based on fluid flow [2]-------------------- 1

Figure 1.1 B): Classifications of heat exchanger based on applications and constructions

[2] = 2
Figure 1.2 Existing shell and tube heat exchanger in Dashen Brewery Industry ----------- 4
Figure 2. 1: Components of shell and tube heat exchanger [8] 7
Figure 2. 2: Parallel flow heat exchanger [15] --------=====mmmmmmm e 14
Figure 2. 3: Counter flow heat exchanger [15]------------=-==---=-m-mmmmmmm oo 14
Figure 3.1 General work flow of methodology ----------=-=-========m s mrm oo 21
Figure 3.2 Thermal resistance of shell and tube heat exchanger 35
Figure 3.3 General procedures of CFD simulation WOrk ----=-=-======mmmmmmmmmmmeeeeee 44
Figure 3.4 3-D Model of helical baffle shell and tube heat exchanger 46

Figure 3.4 A) Simulation model of segmental baffle shell and tube heat exchanger------ 47

Figure 3.4 B) Simulation model of helical baffle shell and tube heat exchanger ---------- 47
Figure 3.5: A) Fine mesh for segmental baffle shell and tube heat exchanger ------------- 48
Figure 3.5: B) Fine mesh for helical baffle shell and tube heat exchanger ----------------- 49
Figure 3.5 C) Mesh independence test 51
Figure 3.5: D) Mesh metrics quality of shell and tube heat exchanger 51

Figure 4.1 A) temperature contour of without baffle shell and tube heat exchanger ------ 55

Page ix



Modeling the effect of helical baffles on the performance of shell and tube heat exchanger using

CFD in the case of Dashen Brewery Industry

Figure 4.1 B) Pressure contour of without baffle shell and tube heat exchanger ---------- 56
Figure 4.1 C) Velocity stream line of shell and tube heat exchanger without baffles-----56
Figure 4.2 A) Temperature contour of segmental baffle shell and tube heat exchanger--57
Figure 4.2 B) Pressure contour of segmental baffle shell and tube heat exchanger ------- 58

Figure 4.2 C) Velocity stream line of shell and tube heat exchanger with segmental baffles

--------- 58
Figure 4.3 A) Temperature contour of helical baffle shell and tube heat exchanger ------ 59
Figure 4.3 B) Pressure contour of helical baffle shell and tube heat exchanger ----------- 60

Figure 4.3 C) Velocity stream line of shell and tube heat exchanger with helical baffles 60

Figure 4.4 A) Flow rate versus shell outlet temperature--------------==-=-==-m-emcmmmmmeee- 62
Figure 4.4 B) Flow rate versus Heat transfer Effectiveness ---63
Figure 4.4 C) Flow rate versus Pressure drop ----=-==-=======mmmmmmmmm oo oo 63
Figure 4.5 Helix angle versus heat transfer effectiveness ---------------------=-=-o-moeeeeeo-- 65
Figure 4.6 Hot inlet temperatures versus shell side outlet temperature 67

Figure 4.7 CFD validation analysis of present work with Asghar Ali Ghoto et.al [5] ----68

Figure 4.8 Cross validation analysis of present work with Asghar Ali Ghoto et.al [5] ---70

Page x



Modeling the effect of helical baffles on the performance of shell and tube heat exchanger using

CFD in the case of Dashen Brewery Industry

List of Acronyms

CAD

CFD

CSDB

DB

DB-TR

FEM

SB

STHE

PB

FB

CR

TR

AB

DCH

LMTD

E—-NTU

EES

HB

DBI

TEMA

NOMENCLATURE

Computer Aided Design
Computational Fluid Dynamics
Combined Segmental-Disk Baffle
Disk Baffle

Disk Baffle

Finite Element Method

Segmental Baffle

Shell and Tube Heat Exchangers
Plane Baffle

Fold Baffle

Circular Ribbed

Triangular Ribbed

Align Baffle

Dis - Continuous Helical baffle
Log Mean Temperature Difference
Effective Number of Transverse Unit
Engineering Equation Solver
Helical Baffle

Dashen Brewery Industry

Tabular engineering Manufacturing Association

Page xi



Modeling the effect of helical baffles on the performance of shell and tube heat exchanger using

CFD in the case of Dashen Brewery Industry

List of Symbols

Q

m

Heat load (KW)

Mass flow rate ( kg/s)

Heat transfer surface area (m? )

Length of tube (m)

Number of tube

Tube pitch (m )

Outside diameter of tube (m)

Inside diameter of tube (m)

Bundle diameter ( m )

Shell diameter (m)

Shell side mass velocity ( kg/s m?)

Shell side velocity (m/s)

Shell side heat transfer coefficient (W/m? °C)

Tube side velocity (m/s)

Number of tube per pass

Tube side mass velocity ( kg/sm? )

Heat transfer coefficient for tube side fluid (W/m? °C)
Tube side overall heat transfer coefficient (W/m? °C)
Shell side overall heat transfer coefficient (W/m? °C)
Baffle spacing (m)

Baffle thickness (m)

Number of baffles

Page xii



Modeling the effect of helical baffles on the performance of shell and tube heat exchanger using

CFD in the case of Dashen Brewery Industry

AP
Jr

AT

Cp
Subscripts
h

c

hi

ho

Ci

co

LMTD

Pressure drop ( Pa)

Friction factor

Temperature difference ( °C)

Temperature correction factor

Prandtl number

Nusselt number

Reynolds number

Thermal conductivity (w/m k)

Specific heat capacity ( J/kg. k)

hot side fluid

cold side fluid

inlet temperature of hot fluid
outlet temperature of hot fluid
inlet temperature of cold fluid
outlet temperature of cold fluid
log mean temperature difference
mean temperature difference
wall

shell side

tube side

Page xiii



Modeling the effect of helical baffles on the performance of shell and tube heat exchanger using

CFD in the case of Dashen Brewery Industry

Greek letters

p Density ( kg/m?3)

1l Dynamic viscosity (Kg/m s)
a Helix angle

€ Heat transfer effectiveness

Page xiv



Modeling the effect of helical baffles on the performance of shell and tube heat exchanger using

CFD in the case of Dashen Brewery Industry

CHAPTER ONE
INTRODUCTION

1.1 Background of the Study

Heat is the energy transfer from a medium with a higher temperature to one with a lower
temperature. The two mediums must establish thermal equilibrium for this energy flow to occur at
a different temperature. There are three main ways in which heat can move from one place to
another. Conduction, radiation, and convection are the three methods. Conduction is the direct
transfer of heat from a hot medium to a cool medium. Convection is the movement of fluids to
transfer heat from one place to another. Radiation is the transmission of heat by electromagnetic

waves without the movement or interaction of physical objects.

Now a day, it is crucial to increase energy efficiency and practice conservation. Certain industries
release a significant amount of heat energy into the atmosphere and may need a heat source that

can be recovered. Engineers can find a heat exchanger in these situations [1].

A heat exchanger is an equipment in which heat is transferred from a hot fluid to a colder fluid
without mixing of two fluids. Most frequently, one medium is cooled while the other is heated.
They are mostly applicable in refrigeration, air conditioning, and space heating, and chemical
processing. Moreover, it may on occasion be applied to marine, aircraft, or missile applications.

The various heat exchanger types are depicted in the figure below from different perspectives [2].

Heat Exchanger

Cross flow Counter flow
Parallel flow

Figure 1.1 A): Classifications of heat exchanger based on fluid flow [2]
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Heat Exchanger

|

Recuperative

|

|

|

Fixed matrix regenerator

Regenerative

Indirect contact type

Direct contact type

Rotary regenerator

‘ |

|

Disk type Drum type

I

|

Gasketed plate

Tubular Extended Surface Plate ——
Spiral plate
Finned tube Finned plate Lamella
Spiral tube Shell and Tube Double pipe
Removable bundle Fixed tube sheet
U — Tube Floating head

Figure 1.1 B): Classifications of heat exchanger based on applications and constructions [2]
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One of the many kinds of heat exchangers that are used in industry is the shell-and-tube heat
exchanger (STHE). According to estimates, more than 35 to 40 percent from heat exchangers are
shell and tube systems. It is also the most popular kind of heat exchanger used for applications
requiring higher pressures up to 552 bar. Because of its simple construction, little need for
maintenance, and high rates of heat transmission to volume [3]. By taking into account their
operability, maintainability, adaptability, and safety, those might be specially created. As a result,
it is exceedingly durable and frequently utilized in industries [4]. However, DBI additionally
utilized a shell and tube heat exchanger type to pre-heat the fuel oil and facilitate boiler
combustion. This heavy fuel, although having a very high viscosity, is used to power the boiler's
combustion process. Thus, a pre heater was utilized to lower the viscosity of heavy fuel oil until
the temperature reached the flash point of 70 degrees.

As we can see from the graph above, shell and tube kind of heat exchanger (STHE) are a direct
type under heat exchanger, meaning that the two media are kept apart by a wall through which
heat is transferred so that they never mix. It had a variety of integrated parts, primarily shell, tube,
baffles, tube sheet, etc. Engineers learned to enhance a STHES performance in response to the need

for these heat exchangers.

The STHE design basically determines the heat transfer coefficient and checks the liquid flow
pressure drop on the shell as well as tube side. For efficient heat transfer, the pressure drop should
be less than the allowable pressure drops to ensure turbulence. One factor that causes pressure drop
is the location of the baffles [5].

Baffles are primarily used to protect the tubes from sagging and vibration and to direct the shell-
side fluid flow into the tube bundle to create turbulence [6]. There are various types of baffles such

as disc, segment and helical baffles. However, it is often used as a segment baffle.

Most shell-and-tube heat exchangers are designed with a segmented baffle configuration, and
many researchers have investigated various factors to improve the performance of shell-and-tube

heat exchangers.

This work focuses on modeling the effect of helical baffles on the performance of shell-and-tube
heat exchangers using CFD. And the CFD analysis result of arranging baffles in a helical is said
to optimize the performance of STHEs.
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1.2 Statement of the Problem

Among the different types of heat exchangers, STHE are the standard and are used 35 - 40% in
the industry[3]. Most tube and shell heat exchangers are designed with a segmented baffle

arrangement.

Figure 1.2 Existing shell and tube heat exchanger in Dashen Brewery Industry

But in Dashen Brewery Industry, STHE are designed without baffles and a large amount of steam
was needed to preheat the heavy oil to reduce the viscosity with a temperature of 70 degrees
Celsius. First steam at 180 degrees Celsius, which is generated by an electric heater. Therefore, it
requires a high amount of power and pump power, making its effectiveness low. In addition, the
pipe length was 1.83 m and caused the sag effect. Therefore, the performance of STHES can be
improved by a different arrangement of the baffle, since the effectiveness of STHEs essentially

depends on the baffle.

Ram kunwer[7] and many researchers are involved in designing new types of STHEs that use
different baffles to increase performance. For example, the effect of baffle spacing on shell and

tube heat exchanger performance has been studied experimentally and numerically. However, the

By: Workneh Asmare Page 4



Modeling the effect of helical baffles on the performance of shell and tube heat exchanger using

CFD in the case of Dashen Brewery Industry

current study was focused on by arranging baffle in a helical pattern, the effects of baffles on shell
and tube heat are analyzed using CFD simulation to minimize the above-mentioned problems.

1.3 Objectives of the Study
1.3.1 General Objective

The objective of the research is modeling the effect of helical baffles on the performance of shell

and tube heat exchanger using CFD in the Dashen Brewery Industry
1.3.2 Specific Objectives

» To collect data to set the capacity of tube and shell type heat exchanger.

» To model helical and segmental baffle shell and tube heat exchangers using CFD.

» To compare the effect of helical baffle with segmental type in shell and tube heat
exchanger.

> To validate the CFD result from the available literatures data.

1.4 Research Questions

» What is the capacity of shell and tube heat exchanger?

» How much percent was increase the performance of STHE by the factor of helical baffle?

» What is the optimum helix angle to ensure maximum performance of STHE?

» What are the desired specifications (temperature and flow rates) to achieve the required
capacity of STHE for Dashen Brewery Industry after optimization?

1.5 Significance of the Study

To perform company's operations, Dashen Beer Factory needs a sufficient amount of steam, which
is produced by a boiler. Boilers are used to produce the necessary amount of steam energy through
the combustion of fuel. High viscosity furnace oil, also known as heavy fuel, is the fuel utilized in
this boiler, however combustion requires a lot of time. Pre heater is therefore linked with the boiler
to boost efficiency. As a result, the importance of this study was to improve the pre heater heat

exchanger's efficiency as a result of boiler efficiency.
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1.6 Scope of the study

This research is focus on modeling STHE with helical and conventional segmental baffle
arrangement with CFD and analysis the comparative study of them. Then after by optimizing the
helical baffle STHE determine the design specification (Input parameters) for Dashen Brewery
Industry of heat exchanger. Finally, investigates the validation analysis of the current work with

the previous available literature work.
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CHAPTER TWO
LITERATURE REVIEW

2.1 Introduction
Around the world, energy has been the backbone of technological development. So, many resear

chers study the performance of heat exchangers to effectively utilize thermal energy.

Coulson et al., The most common kind of heat exchanger in industrial applications is the tube and
shell type heat exchanger. It has surface densities between 50 and 500 m?/m?3 and are easy to
clean. Design codes and standards are available from TEMA (1999) - Tubular Exchanger

Manufacturers Association [8].

They are commonly used in the chemical process industry, especially in petroleum refineries
where large volumes of liquids need to be processed. Tube and shell type heat exchanger come in
many variations to meet the process needs of nearly any industry or application. They provide
reliable heat transfer performance by exploiting high turbulence and countercurrent flow and

creating one or more passes [9].

Shell-and-tube heat exchangers can be designed to have a very large heat transfer area in a
relatively small volume, are made of corrosion-resistant alloy steel, and can be used to heat, cool,

and condense a wide variety of liquids.
2.2 Design components of shell and tube heat exchanger

Generally, components of tube and shell type heat exchanger are tubes, baffles, shells, front and
rear headers, tube sheets and nozzles [8,9]. The selection criteria for these heat exchangers are
operating pressure, temperature, thermal stress, liquid corrosiveness, fouling, clean ability and co
st [8].

Tube Sheeat
BafMes

Shell
Tube Shaeat Tubes

Figure 2. 1: Components of shell and tube heat exchanger [8]
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2.2.1 Tube

Tubes are the basic component of a shell-and-tube heat exchanger, forming a heat transfer surface
between one fluid flowing inside the tubes and another fluid flowing outside the tubes. Tubing can
be seamless and is mostly made of steel alloys or copper. Depending on the application, other

alloys such as nickel, titanium and aluminum will be used [10].
2.2.2 Shell

The shell is the outer cylinder that encloses the inner component, contains the outer tube flow, and
forms the outer shell of the tube bundle. The main shell should protect against heat loss to the
environment by the heat exchangers, resulting in efficient heat transfer rates through the insulation.
The jacket diameter should be chosen so that the tube bundle is tightly secured. Different types of

heat exchangers have different clearances between the tube bundle and the inner shell [9].
2.2.3 Tube sheet

A tube sheet is a plate or forging with holes for inserting heat exchanger tubes. Its main function
is to keep mixing of tube-side and shell-side fluids. As a result, the fluids on the shell side and
in the tube are effectively separated by tube sheet. In the case of a straight tube bundle heat
exchanger requires a tube sheet heat exchanger, while a single tube sheet is sufficient for a U tube
bundle. The tubes are embedded into gaps within the tube sheet and held in put by welding or
hydraulic or mechanical stretching. The tube sheet thickness should always be greater than the

tube outer diameter to achieve a perfect seal [9].
2.2.4 Tube bundle

A tube bundle is the basic component of a STHE used to join or confine tubes. There are two types
of tube bundles, designed for your application. Hard Tube Plate Hard tube heat exchangers consist
of straight tubes secured at both ends by tube plates welded to the shell. The tubes in U-tube shell

and tube heat exchangers are U-bent and U-tube heat exchangers have only one tube sheet [12].
2.2.5 Heads or channel covers

A channel cover may be a circular plate that jolts to a conduit spine and can be expelled for pipe

review without exasperating the pipe side run. For little warm exchangers, connections with
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flanged attachments or strung connections for pipe-side channeling are regularly utilized rather

than channels or channel covers.
2.2.6 Baffle

Fundamentally, the performance of STHEs is affected by the properties of the baffles and liquid.
Baffles are a component of shell-and-tube heat exchangers and are used to support tubes and keep
tube misalignment. It is also important for disturbing and swirling the flow of liquid in the shell
side of STHESs. Baffles are mainly used to induce cross-flow on the tubes, thereby improving heat

transfer performance. Increased liquid flow turbulence raises heat transfer coefficient [1].

In Chapter 1, researchers described several ways to achieve efficiency in tube and shell type of
heat exchangers. So, to investigate the study we should determine the design factors.

2.3 Design consideration of shell and tube heat exchangers

Initial Conditions are the basic design consideration which is specified by the researcher in order
to design the required heat exchanger. Those conditions are: fluid allocation, tube arrangement
type, fluid flow type, number of tube pass, and heat exchanger type [13].

2.3.1. Fluid allocation

This shows which liquid vapor flows through the tube and which in the shell side.
There are several factors to consider when considering tube and shell side fluid distribution. These
factors are: Viscosity, corrosively, fouling tendency, pressure, flow rate, temperature range [14].

. Viscosity of fluids; a major problem in heat exchangers is turbulence. Turbulence is characterized
by Reynolds number and mass velocity, viscosity, and flow pattern. These are important
parameters of turbulence. For a given velocity, the shell-side configuration results in much higher
turbulence than the tube-side configuration. If the Reynolds number is high enough, tube-side
mapping provides a sufficient heat transfer coefficient. Therefore, viscous liquids are better
handled in the shell side.

. Corrosiveness, classifying a fluid as corrosive requires knowing the corrosion resistance of the
tube and shell side material components. Tube side components (tubes, ducts and duct covers,
floating head covers, and tube side tube sheet surfaces) must be of good metallurgy. However,

shell-side components (tubes, shells, shell covers, floating head covers, tube seat shell sides and
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baffles) must have good metallurgical properties. Designs with corrosive jets in the shell side are
more expensive if tube numbers, tube diameter, tube thickness, tube length and shell diameter are
the same and the geometry is the same in both cases will be This is because cases, case covers and
baffles cost more than ducts and duct covers. Therefore, it is preferable to place the highly
corrosive liquid on tube side for this reason alone.

. Fouling tendency

Fouling means that a dirty stream or liquid accumulates to some extent and reduces the heat
transfer coefficient. Once dirt builds up to a certain level, it is imperative to clean the heat transfer
surfaces. Mechanical cleaning inside of the tube (by water jet, steam, or stab) is much easier than
cleaning the outside of tube. Unfortunately, as explained above, dirty streams are always viscous,
and viscous streams are better handled by the shell side. Therefore, in this situation, fouling
tendency and viscosity impose conflicting demands on the side allocation. Dirty viscous flow to
the shell side results in higher heat transfer coefficients, lowering the initial cost of heat exchanger,
but requiring more frequent (and more difficult) cleaning, reducing operational cost will be higher.
However, if the dirty and viscous flow is passed through the pipe side, the initial cost will be
higher, but the running cost will be lower. Therefore, a route with a lower overall cost (purchasing
cost plus operating cost) is a more economical alternative. Note here that the initial or fixed cost
depends not only on the viscosity of the stream, but also on other parameters currently being
discussed. According to this reasoning, the guide fluid preferably passes through the tube side.

. Pressure: Compared to the diameter and thickness of the shell and tube, the sides of the tube are
smaller than the shell, so the area is also smaller and more pressure is required. Higher pressure
flowing through the tube side minimizes fouling factors inside the tube. Steam and heavy oil are
the working fluids in this design. Heavy oil has a higher viscosity than steam, which causes fouling
and takes longer to consider cleaning. However, steam is less viscous than heavy oil, making it a
less corrosive factor and less cleaning mechanism. Therefore, it is better to assign it to the tube

side.

2.3.2 Tube arrangement layout

There are many different tube assembly patterns. These are:
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Triangle (30°), rotated triangle (60°), square (90°), rotated square (45°). A triangle or rotated
triangle pattern accommodates more tubes than a square or rotated square pattern. Additionally,
the triangular pattern creates high turbulence resulting in a high heat transfer coefficient. However,
at a typical pipe slope was 1.25 times the pipe outer diameter, mechanical pipe cleaning is not
possible because there is no access road. The triangle layout is therefore limited to clean shell-side
services. Services that require mechanical cleaning through the case side should use the square
pattern. Since dry cleaning does not require access lanes, the Triangle Array can be used for dirty
hull service where dry cleaning is appropriate and effective. As previously mentioned, the design
of fixed tube sheet is typically used for service on the clean case side. Therefore, a triangular tube
pattern preferably used for fixed tube sheet heat exchangers and a square (or rotated square) pattern
also be used for floating head heat exchangers. For U-tube heat exchangers, a triangular pattern
can be used if the shell-side flow is clean, and a square (or rotated square) pattern can be used if it
is dirty. In STHEs, the tubes are typically arranged in an equilateral, square, or rotated square
pattern. Basically, the placement of the tube pattern has a unique effect on the heat transfer
coefficient and pressure drop in the heat exchange process. Therefore, the pattern arrangement of
triangles and rotated squares provides high heat transfer coefficients. Of these patterns, the
equilateral triangular configuration has a higher pressure drop than the square pattern. A square or
twisted square arrangement is used for heavily contaminated liquids to mechanically clean the
outside of the tube. There is also straggled tube pattern, but in this arrangement tubes are positioned
at irregular manner. In triangular tube arrangement follows a specific pattern with equal spacing

between tubes. Therefore, in this design we choose a triangular tube arrangement.
2.3.3 Number of tube pass

Moreover, shell-and-tube heat exchangers are categorized based on their functions or uses. In
general, a service could be single-phase and focus on cooling or heating streams (a liquid or gas).
In a single phase, neither the state nor the phase change. Yet, in a two-phase system, a phase
transition occurs (such as condensing or vaporizing). There are several service combinations
possible because a STHE has two sides. Since the preheater's primary function is stream heating,
it depends on this phase identification. We have to choose between one shell and two tube pass

heat exchangers based on this straightforward complexity.
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2.3.4 Shell and tube heat exchanger type
According to tube sheet or tube bundle, the heat exchanger can be categorized.
A. Sheets of fixed-tube heat exchanger

Straight tubes fastened to tube sheets joined to the shell at both ends define as heat exchanger with
a fixed-tube sheet. The structure may have integral tube sheets, bonnet-style channel coverings, or

removable channel covers.

The main benefit of a fixed-tube sheet construction is that it is inexpensive and has the most
straightforward design. In fact, the fixed tube sheet was the slightest costly kind of development,
given an extension joint is not necessary. Extra benefits incorporate the capacity to mechanically
clean the tubes contribute since they are open after evacuating channel cover and overhauling.

Offers most extreme security against spillage of the shell side liquid as there are no flanged joints,

an advantage for deadly or inflammable administrations.

The drawbacks of a fixed-tube sheet development are: As the bundle is “fixed” to the shell and
cannot be expelled, the exterior tubes are not be cleaned mechanically. Since mechanical cleaning
(by rodding or jetting) is typically used, this poses a limitation in that fluid in the shell side must
be clean in order to perform the necessary cleaning of the tubes' exterior. It should be noted,
though, that chemical cleaning is a possibility. Hence, if a palatable chemical cleaning program
was determined and utilized, fixed-tube sheet development may be chosen for fouling
administrations in the shell side. Chemical cleaning is not very common because it is labor-

intensive and challenging to use.

Within the occasion of a huge differential temperature between the tubes and the shell, the tube
sheets will be incapable to assimilate the differential push, in this manner making it vital to
consolidate a development joint on the shell. This takes absent the advantage of low taken a toll to

a critical degree.

B. U-tube heat exchanger
As the name implies, the tubes of a U-tube heat exchanger are bent in the shape of a U. Evidently,
there is only one tube sheet in a U-tube heat exchanger. However, the twisting of tubes speaks to

an extra cost. Further, the minimum U-bend diameter is usually three times exterior diameter of
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tube. So that the central pass-partition lane is considerably larger in a U-tube heat exchanger than
in one having straight tubes. Hence, for a given tube numbers it will have a greater shell diameter.
Evidently, this difference in shell diameter will be larger for small shell diameters where the central
U-bend lane will represent a larger fraction of the shell cross- sectional area and thereby result in
a larger reduction in the tube numbers that can be accommodated.
The additional cost of bending the U-shaped tubes and the larger diameter of the sleeve will more
or less offset the cost savings resulting from the removal of the tube sheet. Therefore, the cost of
a U-tube heat exchanger is comparable to that of a fixed tube plate heat exchanger.
The advantage of a U-tube heat exchanger is that, being free at one end, it allows the bundle to
expand or contract depending on how differential stresses develop. Therefore, no detailed
calculations for design conditions and many other conditions (start-up, disturbance, shutdown,
etc.) are needed to determine the requirements for expansion joints in the hull. In addition, it allows
cleaning of the outside of the tube because the tube bundle can be disassembled.
The disadvantage of the U-tube construction is that the inside of the tube cannot be cleaned
effectively, as the U-bending would require a drill shaft with a flexible tip for cleaning. Therefore,
the U-tube heat exchanger should not be used for services with dirty liquid inside the tube. This
places a very serious limitation on U-tube heat exchangers for oil refining services, which often
have dirty streams on both the tube side and the shell side. This is mainly why fixed-tube or U-
tube plate heat exchangers are rare in refineries.

C. Floating-head heat exchanger
The floating head is the most versatile and expensive type of STHE. It is so named because while
one tube plate is fixed relative to the hull, the other is free to "float" inside the hull. Thus, it allows
free expansion of the tube bundle and also allows cleaning both inside and outside of the tube. It
can therefore be used for services where the shell side and tube side fluids are dirty and, therefore,
it is the standard construction type used in dirty services such as refineries.
The higher cost of a floating-head heat exchanger is due to the fact that this type of construction
has more components than fixed plate or U-tube types. In addition, the sleeve diameter in the
floating head structure is larger because it must be larger than the floating tube plate to be able to
disassemble the tube bundle. R. Mukherjee was selected from these types of fixed tube plate heat

exchangers.
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2.3.5 Fluid flow type

The operating modes and efficiency of the heat exchanger are largely determined by the direction
of the fluid flow. The most common arrangements for flow paths in heat exchangers are reverse
flow and parallel flow. The counter flow heat exchanger is the flow direction of one of the working
fluids opposite to the flow direction of the other fluid. However, in a parallel flow exchanger, the
two exchanger fluids circulate in the same direction. The figure below shows the flow direction of
liquid in parallel and counter current flow exchangers. Under comparable conditions, more heat is

transferred in the upstream arrangement than in the parallel flow heat exchanger.

—» Shell
Coldiinl\et Tube
Hot inlet - — \ r
. >
Hot outlet
—> —
Cold outlet
Figure 2. 2: Parallel flow heat exchanger [15]
Cold outlet
Hot inlet I «— «— | hot outlet
—_— >
D «—

Cold inlet
Figure 2. 3: Counter flow heat exchanger [15]

The temperature profile of the two heat exchangers has two major drawbacks in the parallel flow

plane. For starters, the widening temperature contrast at closed doors causes enormous thermal
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stress. The growth and compression of the growing materials is limited because different fluid
temperatures can lead to tissue failure. Currently, the temperature of the cold liquid leaving the
heat exchanger never exceeds the lowest temperature of the hot liquid. This relationship can be a
problem especially in cases where the reason for the plan is to increase the temperature of the

cold liquid.

A parallel flow heat exchanger design is advantageous when two fluids need to be at approximately
the same temperature. The Counter-flow heat exchanger has three main advantages over parallel-
flow designs. First, the thermal stress across the heat exchanger is minimized due to the more
uniform temperature difference between the two fluids. Second, the exit temperature of the cold
liquid can approach the maximum temperature (inlet temperature) of the hot liquid. Third, a
uniform temperature difference results in a uniform heat transfer coefficient across the heat

exchanger.

To achieve higher efficiency and higher heat transfer, it is recommended to design the heat

exchanger to counter-flow [15].
2.4 Related works

Bassel A. Abdelkader et al. [16] Studied the effects of tube layout, fluid characteristics, mass
flow rate, baffle cut, and baffle number. To anticipate the heat-transfer coefficient and pressure
drop on the shell side of a STHX, a model that solved the governing equations using the Kern,
Bell-Delaware, and flow-stream analysis (Wills Johnston) programs was created using the
Engineering Equations Solver application. According to the experiment, adding more baffles
increases the pressure drop and heat-transfer coefficient on the shell-side. While the heat transfer
coefficient rises along with the mass flow rate, the pressure drop does so more quickly. As the

number of baffles grows, the pressure drop reduces while the baffle cut remains constant.

Dr Jian Wen et al. [17] To enhance the refrigeration performance in the chillers, this study
numerically examined the heat transfer characteristics, resistance characteristics, and stress
characteristics of shell and tube heat exchangers (STHXs) with various baffles (segmental baffles
(SB), plane helical baffles (PB), and fold helical baffles (FB)). The findings indicate that

STHXsSB has the highest shell-side flow velocity and temperature differential, whereas
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STHXsPB has the lowest. With an increase in the shell-side volume flow, STHXs' heat transfer
coefficient and pressure drop steadily rise, whereas h/P gradually falls. STHXsHB h/P grows by
62.2% to 65.7% compared to STHXsSB, and STHXSFB increases by 73.9% to 76.1%. The
tensions around the baffles' perforations are greater than those in other areas. Additionally,
temperature has a significantly bigger impact on the baffle stress distribution than pressure does.
Despite the fact that STHXsFB has the highest maximum stress, it falls within the permitted stress
range for the material. Thus, due to STHXsFB great all-around performance, it is ideal for water
chillers.

Asghar Ali Ghoto et al. [5] Examined the influence of baffle design in shell and tube heat
exchangers. As we all know, the efficiency of the shell and tube heat exchanger is the output of
pressure drop and heat transfer. In addition, the pressure drop and heat transfer depend on the
design of the baffles. In this study, different baffles were simulated to evaluate performance and
determine which baffles are suitable for high-volume flow in shell and tube heat exchangers.
Basically, from this work single segment, double segment, spiral, and single segment plus spiral
baffle are observed modeled, and simulated using Solid Works CAD software. As a result, the

spiral single-segment baffle has less pressure drop and a higher heat transfer rate.

M. A. Zebua et al. [1] The performance of shell-and-tube heat exchangers was evaluated
experimentally and numerically in this work to determine the impact of baffle distance. It is
expected that the parameters for the heat exchanger shell length and diameter are 700 mm and 156
mm, respectively. There are eight tubes, each measuring 11.6 and 13 millimeters in diameter,
respectively. The baffle distance in this investigation ranged between 40 mm, 50 mm, and 60 mm.
Using numerical and experimental data, we then looked at the thermal efficiency and heat transfer
coefficient. The findings indicate that when baffle spacing rises, heat transfer efficiency declines.
As a result, the baffle distance is reduced while the heat transmission coefficient increases.

Swanand Gaikwad et al. [3] A segmental baffled shell and tube heat exchanger (STHX) has
undergone a three-dimensional simulation. The investigation makes use of the ANSYS CFX
commercial code, which uses modeling, meshing, and the Finite Element Method to produce
numerical findings. There is a lot of research in the literature on the effects of baffle cut and baffle
spacing when considered separately, but there is significant uncertainty when these two factors are

combined. The purpose of this study was to determine the best combination of baffle cut and baffle
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spacing for a shell and tube heat exchanger's efficient operation. The heat exchanger heat
exchanger spacing to accommodate 6, 8, or 10 baffles and the baffle cuts at 30, 35, and 40% of the
shell inner diameter are tested. In the shell and tube heat exchanger, the pressure drop and shell
side heat transfer coefficient were numerically calculated results that showed the impact of the
researched factors. According to the study, switching from 6 to 8 baffle designs results in an
increase in the shell side heat transfer coefficient of 13.13 percent, while switching from 6 to 10
baffle configurations results in an increase of 23.10 percent for a particular baffle cut. Additionally,
evidence suggests that pressure losses occur between 44 and 46.79 percent of baffle spacing, which
can be handled by regulating the baffle cut.

Badhan Saha et.al. [18] A numerical investigation was performed on a single-pass shell and
single-pass tube heat exchanger with a variable number of segmental baffles and baffle spacing
using the commercial program ANSYS FLUENT. The amount of heat that can be transmitted
while utilizing a minimum amount of electricity determines how well-optimized a shell and tube
heat exchanger is. The rate of heat transfer increases when baffle space and baffle number are
surpassed. However, the pressure loss also increases as a result of the faster heat transfer rate. This
investigation's main objective is to ascertain how pressure drop impacts power usage and heat
transfer rate in order to lower both.

Asif Ahmed et al. [19] Two tube bundle heat exchangers with standard segmented baffles and
continuous helical baffles were compared using the finite element technique (FEM). 37 tubes are
housed in a 200 mm in diameter by 500 mm long shell with a fluid mass flow range of 0.5 kg/s to
2 kg/s on the shell side. First, mathematical and physical models are developed and statistically
simulated using the finite element method (FEM). The computational model is validated using the
shell-side average Nusselt number (Nus), which is calculated from the simulation results and
compared with the available test results. Comparative studies have shown that continuous helical
baffles have 72-27% better heat transfer coefficients per unit pressure drop than traditionally
segmented baffles for the same shell side mass flow rate. Additionally, compared to conventional
segmented baffles, continuous spiral baffles have a shell-side pressure drop that is 59-63% lower.
As a result, it has been found that helical baffle shell and tube heat exchangers work better at

attaining high-efficiency heat transfer and minimal pressure loss. However, we should explain our
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decision to use a traditionally segmented baffle to confirm our findings. Researchers are also
looking at how often this spiral baffle needs to be maintained and cleaned.

Ram Kunwer et al. [7] Using numerical and experimental techniques, the authors examined
segmented and aligned baffles of shell and tube heat exchangers with 30° and 50° shear profiles.
Also included was a test comparison comparing continuous spiral baffles with segmented baffles
that had a 250 torsion angle. The number of shell and tube heat exchangers with various
configurations was studied, and the results revealed that the AB-30 structure is more effective than
others. The numerical and experimental results of AB-30 differed by 10.1%, according to Kunwer
et al.'s 2020 study.

P.S.P.Amirtharaj et al. [20] It has been done to improve heat transfer performance using
mathematical and CFD analysis. The Kern technique is used to calculate the math. Two models of
shell and tube heat exchangers, one with segmental baffles and the other with 20° inclined baffles,
were subjected to a CFD analysis. By substituting inclined baffles for segmental baffles shell and
tube heat exchanger performance in terms of heat transfer is improved and pressure drop is

decreased.

Bin Gao et al. [21] At the five helix angles of 8°, 12°, 20°, 30°, and 40°, experimental research
was done to examine the flow resistance and heat transfer of different shell-and-tube heat
exchangers with discontinuous helical baffles. The effects of the baffle helix angle on the
irreversible loss of heat exchangers are examined using thermodynamic analysis based on the
second law. The findings show that for a given shell-side volume flow rate, heat transfer
coefficient, and shell-side pressure drop are higher for heat exchangers with smaller helix angles
than for those with larger helix angles. However, the flow resistance with a greater helix angle is
lower and the heat transfer performance is better under the same shell-side Reynolds number
conditions. Among the five heat exchangers under examination, the one with helical baffles at a
40° helix angle exhibits the best overall performance. Additionally, in some instances of low shell-

side Reynolds numbers, heat exchangers with helical baffles perform better.

G.D. Chen, et al. [22] In this work, the helical baffled mixed multiple (CMH) shell pass,

continuous or combined helical baffles, and discontinuous helical baffles (DCH) are all explored.
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Numerous experimental and numerical data show that the helical baffled STHXs perform better in
terms of flow and heat transfer than the traditional segmental baffled (SB) STHXs.

Usman Salahuddin et al. [23] This report reviews the major helical baffle research that has been
conducted to improve the effectiveness of shell and tube heat exchangers. Some of the important
factors that affect how shell and tube heat exchangers work are discussed. A comparison of the
two is also given to show that helical baffles are preferable to segmental baffles. The best results
are often achieved with a mix of discontinuous, folded, sextant helical baffles, 40° baffle

inclination angle, and short baffle spacing. Also, continuous helical baffles eliminate dead zones.

Dipankar De et al. [24] Using ANSYS FLUENT software tools, a helical baffle was designed
for a shell and tube-type heat exchanger and was compared to a straight baffle. This research
examines how, when the flow velocity stays constant, different helix angles affect the pressure
drop and overall heat transfer coefficient. Due to the shape of the continuous helical baffles, the
flow pattern on the shell side of the heat exchanger with continuous helical baffles is forced to be
rotating and helical, increasing the heat transfer coefficient per unit pressure drop in the heat

exchanger.

I M Arsana et al. [25] this study conducts experimental study to determine the effect of baffle
spacing to the effectiveness of the STHE with helical baffle. The parameters that baffle spacing
are 4, 8 and 12 cm. As a result, the largest effectiveness which is 39.86% and heat transfer rate of
4867.4 Watts with 4 cm baffle spaces and the effectiveness and heat transfer rate of baffle spacing
at 8 cm are 35.23% and 3,709.12 Watts respectively. Finally, the baffle spacing of 12 cm leads to
the lowest effectiveness, 29.59% with a heat transfer rate only 3301.21 Watts.

Vivek Singh Parihar et al. [26] The aim of this study was to simulate the performance of helical
shell and tube heat exchanger trough several optimization techniques using CFD. The first
optimization technique is replacing the straight tube by helical tube in the heat exchanger and we
used 10, 12, and 14 number helical baffles with 50% baffle cut. It also found that the high heat
transfer is obtained with increased number of baffles.

Mohammad Ramin Daneshparvar et al. [27] investigates the thermal-hydraulic performance in
the shell and tube heat exchanger with helical baffles using CFD method. Basically this study

focused on the effects of baffle pitch and baffle angle on heat transfer coefficient and pressure
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drop. Finally, the optimum geometries of the investigated helical baffles were suggested using
multi-objective genetic algorithm (MOGA) optimization.

2.5 Research gap

Many researchers recently conducted studies to improve the performance of shell and tube heat
exchangers by investigating different factors that affects the heat exchangers. From those study
the comparison analysis of parallel and counter flow of fluid, material type of tube, triangular and
square tube arrangement and baffles. Specially they analysis of the effect of different baffles. Most
of the study was conducted the baffle type effect especially on segmental, disk and also few as
helical baffles. Also in helical baffle the pattern or structure of baffles helically was discontinuous
as well as joining of segmental baffle and provides an optimized output. But there was a limitation
to study the helix angle effect on the continuous helical baffle shell and tube heat exchanger. So,
researcher will propose to analysis the effect of continuous helical baffle in shell and tube heat
exchanger with optimization of angle orientation in CFD simulation in order to perform the
effectiveness of shell and tube heat exchanger.
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CHAPTER THREE
RESEARCH METHOD AND MATERIALS

3.1 Research design and approach

In this section focused on the design methodology and the techniques of the data collection
mechanisms. The general fame work of this study is designed based on the objectives or goals of
this research to address the research questions. In order to simple and clarify the work, the activities
can be classified in to three phases. The first phase concerns on the literature review, and the
second is the main or the detail works on research (data collection, design methods, comparison
as well as validation analysis and result and conclusions). In the final phase conducts the outcome

of the research (conclusions) are carried out.

Literature review

Phase -1 1

Data collection

.

Design ! Modeling analysis ~  Comparison and
Main work analysis

Phase — 11

Validation analysis

\

4

Result and discussions |e——""]

_ Optimization

analvsis

Phase — Il

Conclusions

Outcomes

Figure 3.1 General work flow of methodology
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To address the research questions, we need to collect the appropriate data using quantitative
approach. Because this approach focused on collects the numerical data through structured

SUrveys.
3.2 Research method and analysis

Research method is the systematic approach used to investigate and solve problems related to the
objectives of the research. Mostly, in this discipline experimental and analytical methods are
adopted [6,24,28]. So this study involves analytical method is conducted, because both

mathematical and simulations are carried out to analyze the study.
3.3 Material selections

In this analysis of materials for shell and tube heat exchanger design, there are liquid and solid
materials. These fluid substances are heavy oil, to which high-viscosity fluid and saturated steam
are assign on the shell or tube side. The solid materials are aluminum for the tube and baffle while
carbon steel is in the shell. These materials are the existing STHE for the Dashen brewery industry.

3.4 Mathematical analysis

Shell and tube heat exchangers are designed by using either Kern’s in other words logarithmic
mean temperature difference (LMTD), or Bell-Delaware which is the effective number of
transverse units (E-NTU) analysis method. Kern’s method is mostly used for the preliminary
design and provides conservative results whereas; the Bell- Delaware method is more accurate
method and can provide detailed results. It can predict and estimate pressure drop and heat transfer
coefficient with better accuracy [28].

The LMTD method is convenient for sizing problems where at least one of the fluid outlet tempe
ratures is a given parameter. It is less well suited for rating problems, where the task is to find the
outlet temperatures on the basis of known heat exchanger type and fluids entering the exchanger.
However, the inlet or outlet temperatures of the fluid streams are not known, a trial-and-error
procedure could be applied for using the LMTD method in the thermal analysis of heat exchangers.
The converged value of the LMTD will satisfy the requirement that the heat transferred in the heat
exchanger must be equal to the heat convected to the fluid. In these cases, to avoid a trial-and-error
procedure, the method of the number of transfer units (NTU) based on the concept of heat
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exchanger effectiveness may be used. This method is based on the fact that the inlet or exit

temperature differences of a heat exchanger are a function of UA/Cc and C c/Ch.

In this design, logarithmic mean temperature difference (LMTD) design method is used to order
thermal analysis depending on the input parameters information. to do this analysis we should

follow the design procedures or steps[13,29].

To perform the mathematical analysis of this study, input parameters and thermophysical

properties of the fluid are specified.
A. Input parameters

Input parameters are the initial data or specification that used to emphasis the design analysis. In
this study the design input parameters are taken from Dashen Brewery Industry listed in table 3.1.

Table 3. 1 Design input parameters (Dashen Brewery Industry)

Parameters Unit Hot side/ Tube side Cold side/ Shell side
Steam heavy fuel oil
Inlet temperature °C 180 25
Outlet temperature °C 90 70
Max. allowable bar 20
pressure
Operating bar 10

(allowable)pressure
Mass flow rate kg/s 0.02586

B. Thermophysical properties of fluid materials

In this study the thermophysical properties of fluid materials are known by using Engineering
Equation Solver (EES) software. Because the thermophysical properties of heavy fuel oil can vary

depending on the specific composition or formulation and grade of the oil being used. Those
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properties have determined for both tube and shell side fluids at mean temperature and operating
pressure of both fluids, tabulated in bellow the table 3.2.

Table 3. 2: Thermophysical properties fluids (steam and heavy fuel oil)

Physical properties Unit Steam Furnace Qil (heavy fuel oil)
@Tmean = 135 °C @ Tmean = 47.5°C
Density, (p) kg/m3 931 680.4
Thermal conductivity, (K)  w/mk 0.6833 0.122
Specific heat, (cp) J/kg.k 4269 2309
Dynamic viscosity, Kg/m 0.2048 0.4547
(u*10%) s
Prandtl number, p, 1.28 8.61

3.4.3 Determining shell and tube heat exchanger capacity without baffle configuration

The design analysis of shell and tube heat exchangers is essentially focused on improving the
efficiency of the heat exchanger. To improve the efficiency or capacity of the heat exchanger, we
determine the overall heat transfer coefficient U, the overall heat transfer area A, and the average
temperature difference AT. Because these terms are directly proportional to the efficiency of the

heat exchanger. Shell and tube heat exchanger capacities are expressed by heat load Q.

Note: It is used for preheating purposes in the Dashen brewing industry and built without partitions.
The heat load was depending on the area and temperature difference of the two fluid streams. So,
according to the following mathematical analysis steps, we can determine the area A, and heat

transfer, Q of the heat exchanger[31].
Step 1: Determine the rate of heat transfer, Q

The amount or quantity of heat required to raise the temperature of cold fluid in the same manner it is the

amount of heat loss from hot fluids.

To determine the rate of heat transfer, we consider the flow condition systems which is steady flow
system. In steady flow system the mass flow rate in one inlet and one exit valve must be equal. So,

by considering the assumptions we have to apply the energy balance equation.
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Heatload = Q = rrihcph(Thi — Tho) = mccpc(Tco —Te) 3.1

Where, Q = heat load or heat transfer rate

mj;, = Mass flow rate of Steam m,. =Mass flow rate of fuel oil

cpn =Specific Heat for Steam cpc = Specific Heat for fuel oil

Thi =Inlet Temperature of Steam, T.; =Inlet Temperature of fuel oil
Tho =Outlet Temperature of Steam T., =Outlet Temperature of fuel oil

From the saturated steam at mean temperature and operating pressure we can read the
thermophysical properties. Furthermore, we can calculate values using Engineering Equation
Solver (EES), energy balance equation is stated that in steady state condition energy loss and

energy gain are equal:
Qioss = Qgain = €
iy, Cph (Thi — Tho) = McCpc(Teo — Tei)
Q = mipcpp (Thi — Tho)
Q = 0.02586 x 4269 (180 — 90)
Q =9,935.671 W = 9.935671 KW
Step 2: Mass flow rate of heavy fuel oil (cold fluid)
From the energy balance equation (3.1) heat loss and heat gain are equal. So the equation becomes:
Qgain = M Cpc(Teo — Tei)

Q

Cpc(Tco - Tci) (3.2)

mg =

. 9935671
Me = 2309 (70 — 25)

= 0.096 Kg/s

Therefore, the flow rate of shell side fluid is 0.096 Kg/s.
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Step 3: Logarithmic mean temperature difference (LMTD),

The logarithmic mean temperature difference is obtained by tracing the actual temperature profile
of the fluids along the heat exchanger and is an exact representation of the average temperature
difference between the hot and cold fluids.
Thi — Teo) — (Tho — Tei
ATLMTD — ( hi co?rhi_(Tcilo c1) (3.3)

In
Tho—Tei

(180 — 70) — (90 — 25)
= 180-70
In
90-25

= 85.54°C

The appropriate average temperature difference between the hot and cold fluids is equal to
85.54°C.

Step 4: Determine correction factor, F;

The correction factor is depending on the geometry of the heat exchanger and the inlet and outlet
temperatures of the hot and cold fluid streams. In the design of shell and tube heat exchanger, true
temperature difference is estimated from the logarithmic mean temperature by applying a

correction factor.

The correction factor (F, ) is a function of the shell and tube side fluid temperature and the number
of tube and shell passes. It is normally corrected as a function of two dimensionless temperature

ratios and also common shell-and-tube heat exchanger configurations.

For one shell pass heat exchanger, the temperature correction factor is plotted in R versus S as in

appendix 1, figure A.

(T —Th) _ (180—-90)
a (Tco - Tci) h (70 - 25) -

(3.4)

(Tco B Tci) _ (70 B 25)

5= (Mm—T.  (180-25)

0.29 (3.5)

From appendix C, temperature correction factor (F,) correspondingto R and S is 0.86.
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Step 5: Mean Temperature Difference, AT,

ATm = FtATLMTD (36)

Were,AT,,, = true temperature difference

F. =temperature correction factor

AT, = FAT mrp = 0.86 X 85.54 = 73.56°C
Step 6: Estimate the overall heat transfer coefficient U.

To estimate the overall heat transfer coefficient U, for heat exchanger design, we will consider the
fluid type in both shell and tube side, and identify the purpose. So, the fluids are steam and fuel oil

in the hot and cold side respectively used for heating purpose.

From appendix D, the estimated overall heat transfer coefficient (U - values) in steam (hot fluid)
to heavy oil (cold fluid) is 60- 450 W/m?°C.

So, in this analysis we can estimate the value of overall heat transfer coefficient U which is 71
W/m?2°C by result of some iteration. After estimating this value, we have to determine the overall

surface area of heat exchanger.
Step 7: Determine Provisional heat transfer surface Area

Provisional heat transfer surface area is area covering surface by shell side fluid which is total
outside surface area of tubes. It can be determined using the calculated value of rate of heat

transfer, Q mean temperature difference, and the estimated value of heat transfer coefficient, U,

U AT (3.7)
a m
= 9935.671/(71 X 73.56) = 1.902 m?
So, the total outside surface area of tubes is 1.902 m?.

To calculate the surface area of a single tube, we need to know the outer diameter of the tube. The

heat transfer increases with a more compact tube arrangement, which requires a smaller outer
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diameter to achieve a higher rate of heat transfer. However, the cleaning mechanism for this
arrangement is slightly difficult and involves the use of chemical cleaning. Based on this, we have
selected an outer diameter (d,) of 20 mm and an inner diameter (d;) of 16 mm for the tube.
Correspondingly, the length of the heat exchanger is 1.83 m, as provided by Dashen Brewery

Industry.
Step 8: The surface area of one tube, A,

This is the fluid flow area that covers in a single tube surface through the total length of the tube,

which is the product of tube diameter with its length.
A, = md,L (3.8)
=3.14x 20 x 1073 x 1.83 = 0.115 m?.

Step 9: determine number of tubes(N,): it refers to the number of tubes in the heat exchanger
which defined as the ratio of the total outside surface area of tubes (provisional area) to outside

surface area of one tube.

N—A 3.9

Were, N, = number of tubes,
A = Total outside surface area of tubes, and
A, = Surface area of one tube.

N, = 1'902—165—16
70115 T T

Step 10: Tube pitch, P,

Tube pitch is the center-to-center distance between two adjacent tubes and more explain in

appendix H from the side view. Tube pitch for triangular tube arrangement can be defined as:
P, =1.25%d, (3.10)

=1.25%X 20 = 25 mm = 0.025m
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Step 11: Determine bundle diameter, Dy,

Then we can obtain the estimate value of bundle diameter Dy, from the equation bellow which is an
empirical equation based on standard tube layouts. This equation is applicable for triangular and
square patterns, but in this paper, we have to select the triangular pitch in order to use triangular
tube layout patterns. Because in triangular tube layout patterns the tubes are more compact than

other arrangements as a result, it increases heat transfer rate.

N
Dy = do () /01 3.11)
Ky
Where, D, = bundle diameter in mm, d,, = outside diameter of tubes in mm
K, = Constant of specific triangular tube arrangements N.= number of tubes.

n, = Exponent to specific triangular tube arrangements

Both K; and n,; =the constant of convective heat transfer coefficient between the fluid inside the
tubes and outside of the tubes in the table 3.3.

In triangular pitch, as the shell side fluid is relatively clean, we use 1.25 triangular pitch [13].

Table 3. 3: constant values of K;and n, [13]

Triangular pitch, P, = 1.25 x d,

Number of passes 1 2 4 6 8
K; 0.319 0.249 0.175 0.0743 0.0365
n, 2.142 2.207 2.285 2.499 2.675

Square pitch, P, = 1.25 x d,

Number of passes 1 2 4 6 8

K, 0.215 0.156 0.158 0.0402 0.0331

ny 2.207 2.291 2.263 2.617 2.643

By: Workneh Asmare Page 29



Modeling the effect of helical baffles on the performance of shell and tube heat exchanger using

CFD in the case of Dashen Brewery Industry

By inserting the value of constants, K; = 0.319 and n, = 2.142 from the above table to the

equation (3.11) the value of bundle diameter becomes,

Dv. = 20 16 11/, .4
b= 20379 2
=124.4mm = 0.1244 m

Step 12: shell diameterDq: it is the basic parameter to analysis and design of shell and tube heat

exchanger which is directly proportional to the area of heat exchanger.
Ds = bundle diameter + shell bundle clearance (3.12)
Where, D; = the inner diameter of shell

From the appendix B, we can take the value of bundle diametrical clearance, using the bundle
diameter 0.1244 m m and outside packed head heat exchanger which is approximately 38 mm.

S0,D¢ = bundle diameter + shell bundle clearance = 0.1244 m + 0.038 = 0.163 mm =
0.163m.

To set the outer diameter of shell we consider the thickness of the shell. From TEMA standard the
thickness of the shell is 9.5 mm for over the 0.33m outer diameter and 11.1mm for over 0.9m outer
dimeter. And also less than the 0.33 m outer diameter, indicates that the operating pressure is high
[8]. In case of this paper the operating pressure or allowable pressure is 10 bar which is high
operating pressure and taken as a minimum thickness of 9.5mm, so the outer diameter of shell is
0.172 m.

Step 14: Area of cross flow

It is the shell side fluid covering area inside heat exchanger, which defined as:

P.—d,)xD
A = (Pt 1:) 5 (3.13)
t
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_ (0.025 - 0.02) x 0.1624

— 2
0025 = 0.03248m
Step 15: Shell side mass velocity, Gs
So, we can determine the fuel oil mass velocity:
Fuel ofl locitv(Gs) = Fuel oil flow (3.14
uel oil mass velocity(Gs) = “oss flow area 14)
_ 00% o6 ke/sm?
T 003248 0 TE/SM

Step 16: Shell side velocity(uy): it is the maximum fluid flow velocity in the shell side, which

determined as:

Fuel oil mass velocity  2.96
Fuel oil density =~ 680.4

Fuel oil velocity(ug) = = 0.0044 m/s (3.15)

Step 17: Shell equivalent diameter for a triangular pitch arrangement

1.1
de = — (P —0.907d,%) (3.16)
(0]

1.1
=502 (0.0252 — 0.907 x 0.022) = 0.0144m.

Step 18: Shell - side Reynolds number,

Gs X de
Re = T (3.17)

_ Gs x d, 296 x 0.0144

= = 93.74
m 4547 x 10~*

R, < 2300, Therefore, flow inside shell is laminar flow.

Step 19: Shell side Prandtl number,
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X C
Przuk P
f

_0.0004547 x 2309
B 0.122

= 8.61

Step 20: Shell side Nusselt number,

Nu _ ho X de — 0.36ReO.55Pr0.4(£)0_14
kf Hw

0.0004547

Ny = 0.36x 93.74%% x 8.61%* (507078

Y014 = 11,57

Step 21: Shell side Heat transfer coefficient,

Ny, X k¢
de

h, =

_ 1s7x 0122 W
- 00144 o m

Step 23: Number of tubes per pass
It is the number of tubes in each pass,

N¢

Nepp = N_p

Were, N, = Number of tubes per pass
N; = Number of tube

N, = Number of passes,

(3.18)

(3.19)

(3.20)

(3.21)

Since the flow direction of fluids inside the tubes are passes only in one direction

which means there is no back or return flow, the number of passes called single

passé (N, = 1).
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16

Step 24: Tube side mass velocity

My

Cm = ———57 3.22
™ Npp xmd?/4 (3:22)

Were, G,, = Tube side mass velocity

m, = Tube side flow rate

d; = Inner diameter of tube

0.02586
16%3.14%0.0162/4

G, = = 8.04Kg/sm?

Step 25: The average tube side velocity; it is the fluid flow velocity inside the tube and can be
determined as:

G
U = — (3.23)
p
Were, u, = Tube side velocity
p = Tube side fluid density
_ 80 0.0086 m/
ut = 031 = VU. m/s
Step 26: Tube side Prandtl number and Reynolds number
X C
P = H e (3.24)
ke
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Were, P, = tube side prandtl number
C, = Specific heat capacity of tube side fluid

k¢ = thermal conductivity of tube side fluid

u = tube side fluid viscosity

2.048Xx 107 x 4269

T 0.6833 =128
Tube side Reynolds number can be determined as
Gm X d;
Re = ——— (3.25)
1
_ 8.04x 0.016

Re= ————— = 628.
e = 048 x 10-% 02833

Since, R, < 2100 the flow becomes laminar.
Step 27: Tube side heat transfer coefficient [28]

The flow of tube side fluid is turbulent then the heat transfer coefficient is calculated as:

K dy 033
hy = 1.86 - (ReP)** (f) (Hyos (3.26)
i Hw

Were, h; = heat transfer coefficient for tube side fluid

L = Length of tube

0.6833 oo 1 oe 1033 0016, 55 00004547
0016 (0% 2877837 (Goo0zoa8

h; = 1.86 x )O014

= 168.81 W/m? °C

Step 28: Overall heat transfer coefficient

By: Workneh Asmare Page 34



Modeling the effect of helical baffles on the performance of shell and tube heat exchanger using

CFD in the case of Dashen Brewery Industry

The heat is transfer in radial direction which is flows from hot temperature (tube side) to the cold

temperature (shell side). In this process conduction and convection heat transfer mechanism is
takes place.

First heat is transferred by hot fluid (steam) to inner wall of tube by convection, then through the

wall of the tube by conduction and finally from the outer wall of tube to cold fluid (heavy fuel
oil) by convection.

Where, T,, = the tube (hot) side
temperature
T, = the shell (cold) side

temperature

13, T, = inner and outer radius

of tube respectively

Ty, T; T, T. Q = heat transfer rate
AW AN AN
R, Ry, R.

Figure 3.2 Thermal resistance of shell and tube heat exchanger

Where, R;, = Thermal resistance through hot fluid,R;, = 1/h-A~
[ Al A

in("/r)
2mkL

R,, = Thermal resistance through tube thickness, R,, =
R, = Thermal resistance through hot fluid, R, = 1/h A
o“70

So, the overall heat transfer coefficient is determined as convection — conduction — convection as
follows.

1
m=;+mmmmn+di (3:27)
h; 2ky do ho
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1

Up = , (3.28)
1 4 dolndo/di) | do

ho 2Ky dj h;

Were, U; = tube side overall heat transfer coefficient
U, = Shell side overall heat transfer coefficient
d; = Inner diameter of the tube
d, = Outer diameter of the tube
k., = Thermal conductivity of the tube material
h; = Heat transfer coefficient on the tube side flow
h, = Heat transfer coefficient on the shell side flow

Substituting those values in equation 3.27 and 3.28 we can determine the overall heat transfer

coefficient of heat exchanger.

1
U = 1 diln(do/d)  _d;
h; 2Ky do ho
= ! = 71.5 W/m?°C
1 0.016 In(0.02/0.016) 0.016 '
168.81 2%x202.4 0.02x98.03
1
U, =
1 4 doIn(do/di) | do
hgy 2kw dj hj
= ! = 58.83 W/m? °C
1 0.021n(0.02/0.016) 0.02 )
98.03 2%202.4 0.016X168.81

Therefore, the tube and shell side overall heat transfer coefficient are 71.5 W/m? °Cand

58.83 W/m? °Crespectively.

The calculated value of Overall heat transfer coefficient has approximately the same and greater

value than the estimated value, so the sizing of heat exchanger is valid.
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Step 29: Tube side pressure drop [8]

In a shell and tube heat exchanger, the pressure drop in the tube side determines the loss due to
friction and reversal fluid in the side flow. From the above Reynolds number analysis, flow inside
the tube is laminar. So, pressure loss due to reversal flow is negligible and the pressure drop in the

tube side can determine as follows.

L 2y Hym
APy = 4jr () (p u) (=) 3.29
di HUw
Where, AP; = Tube side pressure drop u = the average tube side velocity
Jr = Dimensionless friction factor L = Tube length
p = Tube side fluid density d; = Inner diameter of tubes

_ {— 0.25, for laminnar flow
~ | —0.14, for turbulent flow

So, AP = 4 (DU

1.83 ,.,0.0002048
= 4x0.014(———)(931 x 0.00862)(

)—025
0.016 0.0001024

Since, j; = 0.014 from the chart in appendix E.

AP, = 0.38Pa , Smaller than operating pressure.
Step 30: Shell side pressure drop of without baffle shell and tube heat exchanger [13,14]

The total shell side pressure drops are the pressure loss due to frictional factor, change in flow
direction (return loss) and nozzles. In case of single shell pass flow the return loss becomes zero
and the pressure loss due nozzles are negligible. So, the total shell side pressure drops are only the

frictional loss and determine as follows.

L\ pu?
AP, = f(d—h> . 3.30

Where, AP = shell side pressure drop
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f = Friction factor, f = exp(0.576 — 0.19 InR,) for laminar flow

So, f =1.332

d,, = Hydraulic diameter, the same as tube inner diameter in circular flow.

u = Shell side average velocity

= 1.003 Pa.

1.83 ) y 680.4 X 0.00442
0.016 2

AP, = 1.332 x (
It is much smaller value than the allowable operating pressure.
3.4.4 Thermal analysis of heat exchanger with segmental baffle configuration
Those equations are adopted for shell and tube heat exchanger analysis [24].

Step 1: Baffle spacing; it is the distance between each baffle

B = 0.6 X Dy (3.31)
= 0.6 X 0.163 = 0.0978m
Step 2: Bundle cross flow area

_ (Ds XX By) (3.32)

A
S Pt

Where, C = tube clearance, € = P, — d, = 0.025 — 0.02 = 0.005m

_ (0.163 x 0.005 x 0.0978) _ 319 x 10-*m?
s = 0.025 - m
Step 3: Mass velocity of shell side fluid (G;)
m, 0.096
Gy, = — = 30.1kg/sm?

T A, 319x10°2

Step 4: the maximum Velocity of shell side fluid
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G 30.1
= =_—_ =0.044m/s

Us = 6804

Step 5: Reynolds number (R;)

ps X us X dp

R, "

3.33

Where,
ps = Density of shell side fluid us = Dynamic viscosity of shell side fluid stream
us = Shell side velocity
d;, = Hydraulic diameter of the shell can determine,

dv = 4 X (Ashell — Atubes)
he P

Where, A is the cross- sectional area of flow inside the tube

P is the wetted perimeter of flow inside the shell

_ psXugx dp  680.4 x 0.044 x 0.1614
- I h 0.0004547

Re = 10,626.63

Since,R, > 2300 the flow becomes turbulent flow.

Step 6: Heat transfer coefficient (h,)

h, xd
= Ok e _ 0.36Re0'55Pr0'4(i)0'14
f Hw
0.0004547

Ny = 0.36 X10,626.63 *** x 8.61°* X (505572

Y014 = 156.07

Ny X kr  156.07 x 0.122

h, = = =1,322.26 W/m? °C
o de 0.0144 /m

Step 7: Number of baffles (N},)
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- L
b~ B, +B,

(3.34)

Were, L =length of tube, B; = baffle spacing and B, = baffle thickness

= 8 _1622=16

Ny
0.0978+0.015

Step 8: Pressure drop, AP [32]

Pressure drop is an important parameter in heat exchanger design. The heat exchanger should be
design in such a way that unproductive pressure drop should be avoided to maximum extent in
area like inlet and outlet bends, nozzles and manifolds by reducing the shell side pressure drop
the pumping power can be saved, more turbulence can be maintain at shell side resulting in less

fouling and higher heat transfer coefficient.

DS L S S2 S\ —
AP, = 8, () GIFHIC ™0 (3.35)

Were, AP, = pressure drop with segmental baffle configuration heat exchanger

J = Friction factor which is 0.05 from the Moody’s chart in appendix F.

ps = Density of shell side fluid L = Length of tube or heat exchanger
d. = Equivalent diameter of shell B, = Baffle spacing

us = Dynamic viscosity of shell side fluid stream D, = Shell diameter

u; = Dynamic viscosity of tube side fluid stream u, = Shell side velocity

After substituting those value in the above equation 3.32 we can get the shell side pressure drop in

segmental baffle heat exchanger.

0.163 1.83 _ 680.4 x 0.0442_ 0.0004547 _
0.0144)(0.0978)( 2 )(0.0002048

AP, = 8 x 0.05 ( 0.14

= 68.89 Pa.
3.4.5 Thermal analysis of heat exchanger with helical baffle configuration

The following equations are determines the thermal analysis of helical baffles [24].
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Step 1: Baffle spacing

B, = m X D¢ X tan(8°) (3.36)

For optimization analysis the helix angle have specified from 8°to 12°. So we select the

inclination angle analysis with initially from this angle value.
By =3.14 X 0.163 x tan(8°) = 0.072m

Step 2: Bundle cross flow area

A = (Dg X C X By)
s Pt
_ (0163 x 0.005 x 0.072) 235 % 10-3m?
- 0.025 -4 m
Step 3: Mass velocity of shell side fluid (Gy)
m, 0.096
G, = — = 40.85

A, 235x10°3

Step 4: Maximum Velocity of shell side fluid

u :%:—4085:006m/s
ST p T 6804

Step 5: Reynolds number (R,)

_ psxugx dy 6804 x 0.06 X 0.1614

R -
e M 0.0004547

= 14,490.86

Step 6: Heat transfer coefficient (h,)

h, x d
o - e _ 0.36Reo'55Pr0'4(i)0'14
f Hw

0.0004547)0_14 _

Ny = 0.36x (14,490.86)°%° x (8.61)"* x (o=

187.81
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NyXKky  187.81x0.122

h. =
o de 0.0144

=1,591.17 W/m? °C.

Step 7: Number of baffles

- L
b~ B, +B,

(3.37)

Where, L = length of tube, B, = baffle spacing and B, = baffle thickness

1.83

N = =
b~ 0.072 +0.015

21

Step 8: pressure drop

By applying the above pressure drop formula (equation 3.35) we can also determine the shell
side pressure drop of shell and tube heat exchanger constructed with in helical baffle.

_ . DS L pSu'S2 :uS -0.14
AR, = 8jr (@G IC)

jr = 1.58 [In(R, — 3.28)] % = 1.58[ In(1293.68 — 3.28)] % = 0.017

0.163 . 1.83 _ 680.4 x 0.06%_ 0.0004547 _
0.0144)(0.072)( 2 )(0.0002048

AP, = 8 x 0.017 ( 0.14

= 59.16 Pa

As result of mathematical analysis the pressure drop with helical baffle STHE is less than
segmental baffle STHE.

NB: From the above shell side convection heat transfer coefficient analysis of STHE constructed
with segmental and helical baffle have significantly increase from the without baffle STHE. It is a
result of turbulence cases, baffles are significantly diverts the flow of fluids and makes turbulence
then, the ratio of inertia force to viscous force (R.) becomes high, crosspondly the nusselt number

was increases as a result the heat transfer coefficient ( h,) is increase.
3.5 Modeling (simulation) Analysis

This section is focus on the modeling of the study regarding with the governing equation and the

CFD analysis process flow. Governing equations are non-linear partial differential equation which
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governs the flow of the fluid inside the fluid domain. Generally the governing equation expresses
the conservation of mass, momentum and energy in a fluid of heat exchanger analysis. Which
states that the total (mass, momentum and energy) of the fluid entering in a control volume must
equal to the (mass, momentum and energy) leaving the control volume. This equation is used to
model the flow of fluid through the heat exchanger and to calculate the temperature distribution

and heat transfer rate. Those are:
Continuity equation

Ou (')v 6W
dx ay 0z

3.38

X — Momentum equation

V.ou) = — oy 2y, 3.39
B PR TP '

Y - Momentum equation

V. (ouv 0 2, 3.40
(V) = - tug t vty '

Z - Momentum equation

JdP ow ow ow
V.(puV) = —a—+ua+va—+WE 3.41

Energy equation
V.(peV) = —PVV + V(KVT) + @ 3.42
Where, u, v, and w, are the velocity components of X, y, and z direction
V is the velocity vector, V is the del operator and @ is dissipation rate.

P, T and K are pressure, temperature and thermal conductivity of the fluid of the fluid

respectively.

Modeling analysis also a mandatory check of the system, beginning with the generation of the
geometry and ending with the spatial results using a computer program [32, 33]. To model the heat

exchanger using CFD properly, we follow the appropriate CFD flow chart shown below.
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Figure 3.3 General procedures of CFD simulation work
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This typically looks at fluid flow design work to delineate shell and tube heat exchangers from
fractional baffles and create helical baffles. In the case of this fragment, it is also difficult to
reconstruct this heat exchanger with a CFD part. This shows that it takes time to capture simulation
results. So, in order to organize questioning it and cut the additional time short, we have to use
small judgments. The geometric details shown in table 3.4 below can be clear, geometrically clear
to achieve the research purpose.

3.5.1 Geometry Construction

Using the ANSYS Fluent Design Module of ANSYS 19.2, a Shell and Tube Heat Exchanger of
0.6 m length, 0.09 m shell diameter, seven tubes, and six baffles is built in this study. Additionally,
the tube's inner and outer diameters are, respectively, 0.017 and 0.02 meters. In comparison to
square or other types of tube arrangements, a shell and tube heat exchanger's tube layout with a
triangle (45°) tube arrangement pattern is preferable [35]. This configuration uses an E type heat
exchanger with a single shell and tube pass. The detailed modeling requirements are shown below
table 3.4 [36].

Table 3. 4 Modeling specification of segmental and helical baffle shell and tube heat exchanger

[5]
Specification variables Value
Shell and tube heat exchanger length, L 0.60 m
Shell diameter, D, 0.09m
Inner tube diameter, d; 0.017m
Outer tube diameter, d, 0.02m
Number of tube, N, 7
Tube pitch, P, 0.025m
Tube pattern angle Triangular, 45°
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Number of baffles, N, 6
Baffle thickness, B, 0.015m
Baffle spacing, B 0.085m
Baffle cut for segmental baffle 25%
Inlet and outlet header length 0.05
Inlet and outlet nozzle diameter of shell, dg 0.04
Inlet and outlet nozzle diameter of tube,d; 0.03
Helix angle, o 8°, 10°, 12°,

To study the simulation characteristics, like mesh independent test, mesh quality, comparison
analysis of three STHE types (without baffle, segmental baffle and helical), the geometry shall be
simple and save computational time in CFD analysis to get a better results. And after identifying
the comparison result, in order to optimize the helical baffle we select the helix angle variation

since the helix angle variation, the number of helical baffles are also changed.

The three dimensional feature of shell and tube heat exchanger in the above specifications are

shown in the figure below.

The size or dimensions of three STHES are similar except the baffles orientations and types.

Figure 3.4 3-D Model of helical baffle shell and tube heat exchanger
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Figure 3.4 A) Simulation model of segmental baffle shell and tube heat exchanger
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Figure 3.4 B) Simulation model of helical baffle shell and tube heat exchanger

3.5.2 Mesh Criteria

Meshing is the process of discretization a model or geometry in to elements to perform an accurate

simulation result.
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3.5.2.1 Mesh type

Tetrahedral element meshing is used in this model's meshing in order to have a complex geometry,
particularly in the helical baffle arrangement. Tetrahedral and hexahedral mesh element types are

employed in shell and tube heat exchanger design study, but tetrahedral element meshing type is
the most common [35].
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Figure 3.5: A) Fine mesh for segmental baffle shell and tube heat exchanger
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Figure 3.5: B) Fine mesh for helical baffle shell and tube heat exchanger

3.5.2.2 Mesh independence test

It is the process of determining the characteristics of a result on the dependence of the mesh
density. Mesh density means the mesh quality of an object with different element sizes. The quality
of the mesh increases with decreasing the element size .so the mesh independence test identifies
the element size, and the result becomes constant or independent of the element size. For this study
to check the grid independence we have to select the element size from the default (coarse) to
1/8"th of the default size (very fine). As shown in the figure, approximately we have similar
results in different element sizes. But for a better result achievement and minimizing

computational time, we select the finer mesh size.

The mesh independent have also consider the number of nodes and elements in each element size.

So in this analysis the number of nodes and elements are recorded in the table 3.5 bellow.
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Table 3. 5 Number of nodes and elements

Element size Number of nodes Number of elements Mesh quality
0.6089725 289 966 1214937 Coarse
0.017945 289998 1215 456 Medium
0.0044625 300 644 1265872 Finer

0.00223125 636 767 2881873 Finest

Table 3. 6 Result on mesh independent test

Shell side outlet temperature (K)

Flow rate @ a given inlet hot temperature and different flow rate

(kg/s)

Coarse Medium Finer Finest

(Default size) (1> pefaylt size)  (1/4 Default size) (1/8 Default size)

0.01293 356.07 357.32 358.40 358.94
0.02586 389.04 390.26 391.84 392.06
0.05172 458.23 459.31 460.00 460.62

As we observe from the table above 3.6 and figure 3.5 C the mesh quality of coarse medium finer
and also finest have an approach value. If the mesh quality increases the solution becomes
convergence. In this case the solution was significantly does not dependent on the mesh density.
But to get more accurate result we select finer mesh quality and it doesn’t also need to mesh with

finest.
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Figure 3.5: D) Mesh metrics quality of shell and tube heat exchanger
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3.5.3 Setup Condition

For CFD analysis to generate the desired or predicted result, this section is a necessary. It looks

into various setup circumstances.
3.5.3.1 General Condition

It is evident that the design analysis is based on pressure, density, and whether or not time is a
factor. The design analysis in this work is based on pressure and steady state conditions. Heat
exchanger analysis typically includes a pressure factor when it is pressure-based. Steady state

circumstances reveal that it is not impacted by the passage of time. Because it’s time independent.
3.5.3.2 Turbulence model type

This section introduces the model study of the fluid flow in the heat exchanger that is turbulent. In
CFD, there are various turbulence models, including SpalartAllmaras, k-estandard, and k-
erealisable. It is advised for turbulent viscosity since the SpalartAllmaras model is used or
specified on flow models that only solve one transport equation. It has been demonstrated to
produce good results for boundary layers subjected to adverse pressure change since wall-bounded

flows were specifically intended for aeronautical applications.

When the flow occurs under convection and diffusion conditions that affect turbulence, the k-¢
model is provided. It focuses on the system affecting the kinetic energy of turbulent flow. In
general, it only applies to continuous flows with single-phase conditions and turbulent flow
conditions. Thus, it appears that the standard and the realizable k-e model are the two most relevant
for the study of shell and tube heat exchangers. Therefore, in order to frame as a general purpose

model, we must use the standard k-e model [3, 6, 28, 37].
3.5.3.3 Materials of geometry domain

We configured the working fluid and solid domains in this part to carry out the heat exchanger
study. Heavy fuel oil, saturated steam, and aluminum are the working fluids in this study's fluid

and solid domains, respectively. These materials were chosen from the Dashen brewing industry.
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3.5.3.4 Cell zone conditions

It supports the fluid stream allocation in the heat exchanger study. Therefore, in this research,
saturated steam is in the tube side stream and heavy fuel fluid is assigned to the shell side stream.

Also labeled in the solid domain is aluminum.
3.5.3.5 Boundary conditions

Boundary conditions are an essential component of simulation setup. This is due to the fact that
boundary conditions reflect the influence of additional components or structures that were not
directly modeled in our investigation. It also incorporate the design assumptions. The basic
boundary conditions for a shell and tube heat exchanger analysis are fluid flow direction, flow
conditions, and inlet and output parameters (flow rate or velocity, temperature, and pressure of the
two fluid streams). Therefore, in this study, we conduct the counter flow direction under steady
state conditions while assuming that the shell is made of an insulated material. Additional details

about boundary conditions are included in the table below.

Table 3. 7 Boundary condition for simulation

B.C Type Tube side Shell side
Inlet Mass — flow -inlet 0.02586 kg/s 0.096 kg/s
Outlet Pressure - outlet 0 0
Temperature  Inlet Temperature 453 K 298 K

3.5.4 Solution setup

According to the turbulence models, discretization plays an important role. Here the SIMPLE
algorithm for calculating the pressure and the velocities is selected. The momentum equations must
be calculated sequentially. In the SIMPLE algorithm, an initial guess is made for the pressure and
velocity components to discretize the momentum equation. In the second step, it solves the
pressure correction equation. After correcting for the pressures and velocities, the algorithm jumps

to solve all other discretized transport equations. Otherwise, when the simulation reaches
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convergence, it stops and another iteration follows. For the heat exchanger analysis, a first as well
as a second order discretization scheme is alternatively implemented. Both first and second order
discretization are carefully chosen for kinetic energy, momentum and dissipation rate. Choosing
first order discretization offers the advantage of better convergence compared to second order,
while second order discretization reduces the discretization error. Depending on this, we chose
SIMPLE and first-order discretization in this model analysis.

The convergence condition and initialization procedure must be expressed in this section.
3.5.4.1 Initialization method

Initialization is the process of giving the flow variables their initial values and starting the solution
with those values. In ANSYS Fluent, there are two different types of initialization methods:
standard initialization methods and hybrid initialization method. Their primary differences are
Standard initialization just assigns constant values to the field characteristics, but hybrid
initialization solves a number of iterations of a reduced equation system and, as a result, typically

yields a more accurate prediction of the flow variables, particularly the pressure field.
3.5.4.2 Convergence criteria

The convergence requirement called for residuals of 0.001 in all continuity, velocities, turbulent
viscosity, and disputation rate, but 0.00001 for energy in order to converge quickly. After several
iterations, the solution converged, thus we must now interpolate the results, which is conducted
in the chapter 4 [1].
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CHAPTER FOUR
RESULT AND DISCUSSION

Different results from CFD simulation have to be configured. The study looked at the impact of
baffles, particularly helical baffles. We also need to simulate the typical segmental shell and tube
heat exchanger as we investigate the comparative study. The heat exchanger model's temperature

and pressure differences are shown in the figure and table below.
4.1 Comparison of Segmental and Helical baffle shell and tube heat exchanger

As we investigate the comparative analysis, we incorporate the result from the figure and table.

Those figures shown in terms of temperature and pressure contour as well as streamline.
4.1.1 Shell and tube heat exchanger without baffle

As we observed in the temperature contour figure the outlet temperature of shell side fluid was
heated from 298 K to 371 K. Similarly, the tube side temperature condenses from 453 K to
314.26K. As a result of this the effectiveness and heat transfer rate becomes 89.51 % and 15.763
KW respectively.

.
o 0100 0.200 tm) —]

0.050 0150

Figure 4.1 A) temperature contour of without baffle shell and tube heat exchanger
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From the pressure contour figure, there was high amount of pressure in the inlet and similar value
in out of inlet and outlet valve and the pressure drop in this heat exchanger was 7.02 Pa.

) 0.150 0.300 (m) /L‘
e 2 '

Figure 4.1 B) Pressure contour of without baffle shell and tube heat exchanger

As we observed from the velocity stream line in the figure 4.1B, there was a high velocity at the

nozzle or inlet and outlet valves is both shell and tube sides.
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Figure 4.1 C) Velocity stream line of shell and tube heat exchanger without baffles
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4.1.2 Shell and tube heat exchanger with segmental baffle

Shell fluid outlet

Tube fluid inlet

.
0 0.100 0200 {m) - ——j
E— ]

0050 0.150

Figure 4.2 A) Temperature contour of segmental baffle shell and tube heat exchanger

According to the figure and table 4.1, the segmental baffle shell and tube heat exchanger's shell
side outlet temperature is 375.37 k at a given inlet mass flow rate and temperature. As a result of
this the capacity of heat exchanger and heat transfer effectiveness have 16.835 KW and 96.54 %
respectively. In this heat exchanger the heat transfer rate was 6.8 % higher than that of the heat

exchanger without a baffle and 7.85 % of heat transfer effectiveness.

And also, in the pressure drop analysis for segmental baffle STHE, shows in the figure 4.2 B gives
the result of 7 pa. As we compared with STHE without baffle configuration they have almost
similar value. Also the outlet pressure is less than the inlet nozzle in both of shell and tubes.
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Figure 4.2 B) Pressure contour of segmental baffle shell and tube heat exchanger

The velocity stream line of segmental baffle STHE are creates up and down or zig zag movements
as we observe from the figure 4.2 C bellow. The velocity distribution through surface of the heat

exchanger are less than the inlet and the outlet of nozzles.

.
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Figure 4.2 C) Velocity stream line of shell and tube heat exchanger with segmental baffles
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4.1.3 Shell and tube heat exchanger with helical baffle

From the modelling analysis of helical baffle STHE regarding with the given input parameters

(boundary conditions) we have recorded the output results.

0 0100 0.200 (m) ‘/1\
— — ] 7

0.050 0.1580

Figure 4.3 A) Temperature contour of helical baffle shell and tube heat exchanger

From the figure 4.3 A) shows the temperature distribution through the heat exchanger is different.
The temperature in the shell side is rises to 392.06 k from 298. Whereas the tube side reduces from
453 k to 298.95 k. It shows that the heat transfer rates is different through the whole length and
have greater value at the middle of heat exchanger due to counter flow heat exchanger. In this heat
exchanger the rate of heat transfer is 18.928 KW and the heat transfer effectiveness becomes 99.28
%.

To conclude the temperature contour, as we observe in the figure 4.1 A, 4.2 A and 4.3 A at the left
side or the tube fluid inlet and shell fluid outlet region have a high temperature due to the low flow
rate of tube fluid relative to the volume of tube head cover. And also the tube sheet conducts heat
from accumulated inlet header fluid to the shell fluid.
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Figure 4.3 B) Pressure contour of helical baffle shell and tube heat exchanger

According to the contour diagram of pressure, in figure 4.3 B) we can see that the profile of
pressure. In both streams which is shell and tube side the pressure is build up at the inlet and
reduces trough the outlet fluid stream. In helical baffle STHE the pressure drop was reduces by
7% from the STHE without baffle configuration. In order to emphasis the comparison analysis of

segmental and helical baffle STHE was illustrated in the figures bellow.

.
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Figure 4.3 C) Velocity stream line of shell and tube heat exchanger with helical baffles
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As we observe from the above figure 4.3 C the velocity distribution have makes a swirl motion
through all the surfaces of the outer tube which reduces the dead zone as compared to the segmental
baffle STHE.

Table 4. 1 CFD Result of segmental and helical baffle shell and tube heat exchanger with

different mass flow rate

Segmental baffle Helical baffle

Output parameters 0.01293 0.02586 0.05192 0.01293 0.02586 0.05192

Shell side outlet 358.94 37537 45542 360.46 392.06 460.62
Temperature (T,,), K
Tube side outlet 298.15 303.36 301.12 298.03 29895 299.11

Temperature (Ty, ), K

Heat transfer 99.74 96.54 97.90 99.9 99.28 99.28

effectiveness (E), %

Shell side pressure drop , Pa 5.96 7.00 9.42 4.89 6.95 7.74

To analysis the comparison of the two heat exchanger type by the effectiveness versus flowrate,
we demonstrate the effectiveness of heat exchanger. Effectiveness of heat exchanger introduces
the efficiency of heat exchanger [38].

Q

Qmax

Where, Q = the product of C,,;, and there cross ponding temperature difference. And C,,;, is the

€ (4.1)

minimum value of product of flow rate and specific heat capacity of fluid stream. Also Q. iS the

product of C,,;, and the maximum temperature difference in the heat exchanger. So,
C = mpCpp, 01 McCp (4.2)

If my,cpp<mccpe then Cri, = mipcpp and the reverse is true.
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In this study Cp,;, is equal to mycpp, SO We can analysis the effectiveness.
Ty — T
e = ( hi ho) (4.3)
(Thi — Te1)
So, for segmental baffle shell and tube heat exchanger:

(453 — 303.36)
€= T(453 — 298)

For helical baffle shell and tube heat exchanger:

= 0.9654

(453 — 298.95)
© = T (453 - 298)

= 0.9939

Therefore, the efficiency of heat exchanger constructed with segmental baffle and helical baffle

are 96.54 % and 99.39 % respectively.
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Figure 4.4 A) Flow rate versus shell outlet temperature
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Figure 4.4 B) Flow rate versus Heat transfer Effectiveness

As we observe the above figure 4.4 B) when the flow rate increases the effectiveness of helical
baffle STHE have decreases through gradually due to the flow distribution, velocity effect,
residence time and fouling factors. Those factors are inverse relation to effectiveness of shell and
tube heat exchangers. But in segmental baffle STHE the effectiveness makes up and down at a
certain flow rate value and at that value there is maximum effectiveness value and after that the

effectiveness becomes reduces significantly as compared to helical baffle.
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Figure 4.4 C) Flow rate versus Pressure drop
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From the above figure 4.4 result shows, the SB and HB heat exchanger of different output
parameters of shell side outlet temperature, heat transfer rate and effectiveness. In figure 4.4 A and
B, the highest outlet temperature and heat transfer rate is recorded with HB shell and tube heat
exchanger. It was efficient than segmental baffle STHE by 3 % and 11.04 % efficient than STHE
without baffle.

Table 4. 2 CFD Result of helical, segmental and without baffle STHE at a given input parameters

Outlet parameters Without baffle, WB  Segmental baffle, Helical baffle, HB
SB
Shell outlet temperature 371 K 375.37 K 392.06 K
Heat transfer effectiveness 89.51 % 96.54 % 99.28%
Heat transfer rate 15.763 KW 16.835 KW 18.928 KW
Shell side pressure drop 7.02 Pa 7 Pa 6.95 Pa

4.2 Optimization of Helical baffle shell and tube heat exchanger

Optimization is the increasing of the performance of heat exchanger by different parameter study
analysis [39]. The aim of optimization in this study, to re design the shell and tube heat exchanger

for Dashen Brewery Industry for developing the effectiveness of heat exchanger.

To optimize the shell and tube heat exchanger, some researchers are try to study the effect of helix
angle. Helix angle is the pitch of baffle configuration of helical baffle in shell and tube heat
exchanger. The previous work was study the helix angle effect by selecting the helix angle
parameter of 0°, 10° and 20°. As a result of this study 20° helix angle have better rather than 10°
[28]. Starting from this the current study have try to optimize the helix angle by selecting
parameters of 8°, 10°and 12°degree. After getting the optimized angle we try to determine the

design parameters for the DBI.
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Table 4. 3 Result of optimized parameters

Helix Effectiveness (%) Shell side outlet
Angle Temperature (K)
0° 89.51 371.0
8° 99.35 394.6
10° 98.24 393.34
12° 97.40 392.84

From the table 4.3 and figure 4.5 the shell side outlet temperature and effectiveness of heat

exchanger have approximately the same value. But at the helix angle of 8° baffle configuration

have better outlet temperature and effectiveness than 10°. So in order to optimize the shell and

tube heat exchanger in case of Dashen Brewery Industry, we have to select the helix angle of 8°

baffle configuration and determine the design parameters of this heat exchanger.
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Figure 4.5 Helix angle versus heat transfer effectiveness
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4.3 Sizing shell and tube heat exchanger for Dashen Brewery Industry

In this section we demonstrate the appropriate heat exchanger area (size) and input parameters. So,
as we stated before in the heat exchanger capacity of DBI is 9.93571 KW heat is generated.
Initially, to generate this het energy constructed without baffle. This amount of heat energy is
generated by STHE without baffle, which is currently used in DBI. But STHE constructed with in
HB, the capacity of heat exchanger becomes 18.928 KW that means increased by 90.5%. It is
beyond the required heat energy. So, to save or utilize the energy we need to set the amount of
flowrate and inlet temperature of steam at a given inlet temperature and flowrate respectively. In
order to specify the required input temperature and flow rate, we should to simulate the optimized
STHE with a constant flow rate by varying the value of steam temperature until to achieving the
required outlet temperature. The design required input temperature of steam is approximately 374
K at a given flowrate of 0.02586kg/s. But by reducing the given flow rate by half, the required

input temperature was 407 K illustrated below in the table 4.4 and figure 4.6.

Table 4. 4 specification of hot inlet temperature at constant flow rate

Hot inlet temperature, (K) at mi,, = 0.02586 kg/s Shell outlet

Temperature, (K)

373 341.46
378 350.00
393 359.00
423 376.88
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Figure 4.6 Hot inlet temperatures versus shell side outlet temperature

4.4 Validation Analysis

Validation analysis refers to a process of evaluating the accuracy and reliability of the research
findings or results. Different types of validations were carried out for different study analyses. In
this study, we investigate the CFD validation analysis and the cross-validation analysis.

4.4.1 CFD Validation analysis

CFD validation analysis is concerned with the identification of accuracy or the errors of the
previous work result to the current CFD results which means measuring the percentage of the

approach value. The error or the average deviation was less than 10% [6].

The study analysis of Asghar Ali Ghoto et.al [5] was similar to geometry specifications in the
present work but with different boundary conditions. Asghar Ali Ghoto et.al [5] studied the factors
of baffles and have gotten a result in terms of pressure drop. For this validation have taken the
simulation result of helical baffle analysis with a flow rate of 0.0383 to 0.08) kg/s. The boundary

conditions are listed in the table below.
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Table 4. 5 Boundary conditions for CFD validation analysis

Parameters Shell side Tube side
Fluid Cold water Hot water
Inlet temperature, K 300 340
Flow rate, Kg/s 0.0386, 0.04, 0.05, 0.06, 0.07, 0.08 0.78441
Pressure outlet Atmospheric pressure Atmospheric pressure

As we observe from the figure 4.7 below, the simulation result of the Asghar Ali Ghoto et.al [5]
work and the present work have recorded an approach value. As a result, it is valid in CFD
validation analysis because the average deviation was less than 10 % which is 5.81 %. It indicates
the present work simulation method have to be valid or acceptable, so we have to expect a true

result.
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Figure 4.7 CFD validation analysis of present work with Asghar Ali Ghoto et.al [5]
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4.4.2 Cross validation analysis

In this analysis focused on checking the result of the previous study was supports or contradict to

the current work.

The previous study investigates the effect of baffles in STHE basically on the pressure drop with
different shell mass flow rates. The modelling baffles are single segmental, double segmental
helical and a combination of single segmental and helical baffles using CAD software. Finally the
combination of single segmental and helical baffle have less pressure drop rather than others. But
the baffle models in helical and combination of two are arranging the segmental baffle shape and

size helically.

The current work focused on the effect of continuous sweep helical baffle of STHE on the pressure
drop and heat transfer coefficient. To investigate this analysis the comparison of segmental and
helical baffles have carried out by the modeling and simulating of CFD ANSYS 19.2 fluent. As a
result helical baffle have less pressure drop than segmental by reducing dead zone, fouling effect
and others. Those studies are used different modeling software, boundary conditions, and internal

geometry construction but they have similar geometry specifications.

To investigate this analysis, we have to interpolate the data from the resulting graph of flow rate
versus pressure drop of helical baffle [5] with the corresponding data of the present work. Those
data are listed in Table 4.6 below.

Table 4. 6 Validation analysis of present work with Asghar Ali Ghoto et.al [5]

Shell side pressure drop

Mass flow rate ( kg/s)

Asghar Ali Ghoto et.al [5] Present work
work
0.0386 16.24 6.98
0.04 18.65 7.35
0.05 24.31 11.60
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0.06 33.14 22.15
0.07 48.05 29.13
0.08 60.72 37.40
0.096 71.20 41.00
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Figure 4.8 Cross validation analysis of present work with Asghar Ali Ghoto et.al [5]

As we observe from Table 4.6 and Graph 4.8 the result was recorded at the same flow rate with
different input parameters and simulation methods. And the previous work study and the current
study have raises the pressure drop with increasing the flow rate of shell side fluid. It implies that
the previous work Asghar Ali Ghoto et.al [5] have supports the current study analysis. But there
is some variation on the values of results according to the parameter and boundary condition

changes.
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CHAPTER FIVE
CONCLUSION AND RECOMMENDATION

5.1 Conclusion

In this study, segmental baffle and continuous helical baffle shell and tube heat exchanger was
developed by using ANSYS 19.2 and illustrates the compression analysis in terms of heat transfer
effectiveness (¢),heat transfer rate ( Q),and pressure drop (AP;). After compression analysis, we
try to optimize the better helix angle to construct the helical baffle shell and tube heat exchanger.
Using the optimized helix angle we determine the preferable design input parameters for the case

of Dashen Brewery Industry. As a result of this investigation we have the following conclusions.

» For the comparison analysis, STHE constructed with helical baffle have better efficiency than
segmental baffle as well as without baffle. Which indicates the capacity or heat load of this
STHE was increased by 12.43 % and 20.08 % from segmental and without baffle STHE
respectively.

» From the optimization of helix angle investigation, 8°, 10°and 12° with the same initial
parameters apply 8° have better than 10° which is 1.13 % effective than 10°.

» From the design specification analysis for the case of Dashen brewery industry shell and tube
heat exchanger, mass flow rate and tube side inlet temperature with 8° helix angle
configuration of shell and tube heat exchanger to achieve the required shell side outlet
temperature of 70 °C and the required heat transfer rate was 374 K with 0.02586 kg/s or 407
K with 0.01293 kg/s.

> As validation analysis, the previous work [5] have supports the current study analysis.

» Generally in this study analysis, the performance of shell and tube heat exchanger for this
industry increased by 90.5% from the previous existing heat exchanger. And the industry have

gotten much profitable with simultaneous decreasing of heat exchanger area and pressure drop.
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5.2 Recommendations

This study has been analysis the effect of helical baffle on the shell and tube heat exchanger
performance using CFD simulation. And validate the current work result to the previous works
done by using simulation analysis. Furthermore, the recommendation for the future study in the

field of heat exchanger can be done with experimental investigation on helical baffle shell and tube
heat exchanger.
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APPENDIX’S

Appendix A: Tabulated result for design analysis

SI. Design parameters Symbol  Value Unit
No.
1 Heat load Q 9.936 Kw
2 Mass flow rate of shell side fluid m, 0.096 kg/s
3 Log mean temperature ATymtp ~ 85.54 °C
4 Mean temperature difference ATy, 73.56 °C
5 Provisional heat transfer surface area A 1.902 m?
6. Surface area of a single tube A, 0.115 m?
7 Tube length L 1.83 m
8 Number of tubes N¢ 16
9 Tube pitch P, 0.025 m
10 Bundle diameter Dy, 0.125 m
11 Inner Shell diameter Dy 0.163 m
12 Thickness of shell t 0.0095 m
13 Area of cross flow Ag 0.03248 m?
14 Shell side velocity Ug 0.0044 m/s
15 Shell equivalent diameter Dy 0.0144 m
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16 Shell side heat transfer coefficient h, 98.03 W/m? °C

17 Tube side velocity Uy 0.0086 m/s

18 Tube side heat transfer coefficient h; 168.81  W/m?°C

19 Overall heat transfer coefficient U 71.5 W/m? °C

For segmental baffle shell and tube heat exchanger

20 Baffle spacing B, 0.0978 m

21 Cross flow area Ag 0.00319 m?

23 Shell side velocity Ug 0.044 m/s

24 Heat transfer coefficient h, 1,322.26  W/m?°C

25 Number of baffles N, 16

26 Pressure drops AP; 68.89 Pa

For helical baffle configuration of shell and tube heat exchanger

27 Baffle spacing B 0.072 m

28 Cross flow area Ag 0.00235 m?

29 Shell side velocity Ug 0.06 m/s

30 Heat transfer coefficient h, 1,591.17 W/m?°C

31 Number of baffles N, 21

32 Pressure drops AP; 59.16 Pa
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Appendix B: Shell-bundle clearance [13].
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Appendix D: Overall heat transfer coefficient for different combination [8].

Shell and tube heat exchangers

Hot fluid Cold fluid U (w/m?2°C)
Heat exchangers
heaters
steam Water 1500 -4000
Steam Organic solvents 500-1000
Steam Light oils 300-900
steam Heavy oils 60- 450
steam Gases 30- 300
Dowtherm Heavy oils 50- 300
Dowtherm Gases 20— 200
Flue gases steam 30-100
Flue Hydrocarbon vapours 30-100
Coolers
Organic solvents water 250 — 750
Light oils Water 350 -900
Heavy oils Water 60 — 300
Gases water 20 —-300
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Reynoids number, Re

Organic solvent Brine 150 -500
Water Brine 600 — 1200
Gases Brine 15 - 250
Appendix E: Tube side friction factors [8]
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Friction factor, j¢
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Appendix F: Shell side friction factors with segmental baffles[8]

1 2 3 1 § 867891 2 3 1 567891 2 2 3 4 56789‘.
o= . I 7 T T —sshecr) 132 =x ; it i s 2 i P
g 30 1 2 T  Hi2S; O .}u H
7 ) I ) 12 M - - i)y
& |- (- H — L o ! — —t 1 . €
5 | 11 P H 11 ‘,[T 5
4 | } i -4 1ad 2 i L IS0 558 0 1
a ! Llils

i ) [}
i i i { | |
5 | 1] 1 ! I L5 ! . o il |1
2 i 1 1 [ ! |
} ; i P |
t { | 11 |
1 - — . 1
i s i , £ =
7 it T T 1111 M 1 T 11 - -4 7
- i i TR RIS 2 AN A 3 | 1 | i I HH e
s - —b 1 1 i - s
i i i i i
4 _— . —+ e
[IBaffle cuts, par cent T 1 |
2 X Aand O £ oo T 3
} { 15 | : | | | | i
2 -1 S 4 “25 f ¢ { | | R N
! ! £ | | NRE | B |
i [ 1] ; | s | ' bt :
! NN T 45 | | i1l
3 ‘ s ; e :
= o 3 I I ] AT B Ay o 3 =1 +
8 { — H H t g
. ; ( \ka e I 1 g I E
s - i - L UL S S R o oy ‘ 111

{ | 1 ] ] =t H— H1l
4} R e — — Ul e I
Al | | | il it 1T ~—~—t | (T ——1 | I T s
al - - SR S T A | = Tl
A R R il N T i s 5.4 S 5 =

F ! | ‘ | | | ] e

| 1 |
i L | L 13 : | | i it 4

1 2 3 4 587831 2 3 4 S & 78691 2 3 4 A B Tas - 4 & 4 L6788 3 4 56739

10! 10° 105 106

Reynolds number, Re

Appendix G: Sectional views of helical shell and tube heat exchanger
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Appendix H: Isometric views of helical tube bundle in STHE
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