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Abstract

This paper is concerned with the study of shellBe type heat exchangers along with its applicatand als
refers toseveral scholars who have given the contributiothis regard. Moreover the constructional det
design methods and the reasons for the wide adeaptaf shell and tube type heat exchangers has
described in details inside the paper.

Key words: shell & tube type heat exchangers; constructiongitse design methods and the reasons fao
wide acceptance.

1. Introduction

Heat exchanger is a mechanical device which is fmethe purpose of exchange of heats between lvidsf

at different temperatures. There are various tygfelseat exchangers available in the industry, havdke
Shell and Tube Type heat exchanger is probablyrtbst used and widespread type of the heat exchianger
classification. It is used most widely in variouslds such as oil refineries, thermal power plantgmical
industries and many more. This high degree of aacep is due to the comparatively large ratio cithe
transfer area to volume and weight, easy cleaniathods, easily replaceable parts etc. Shell and tybe
heat exchanger consists of a number of tubes thradgch one fluid flows. Another fluid flows throbghe
shell which encloses the tubes and other suppaitengs like baffles, tube header sheets, gasketdbe heat
exchange between the two fluids takes through #ileofthe tubes.
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2. Components Details'
Some of the very basic components of a shell anel type heat exchangers are as given below:
2.1. Tubes

The tubes are the basic components of a shellidr@type heat exchanger. The outer surfaces atitfes are
the boundary along which heat transfer takes placgtherefore recommended that the tubes masestaould
be highly thermal conductive otherwise proper hesisfer will not occur. The tubes of Copper, Alaiuim

and other thermally conductive materials are conmynosed in practice.

2.2. Tube shesets

The tubes are held in place by being insertedhintes in the tube sheet and there either expamiedjiooves
cut into the holes or welded to the tube sheet ®tlee tube protrudes from the surface. The tubetske
usually a single round plate of metal that has lsgtably drilled and grooved to take the tubestlim desired
pattern), the gaskets, the spacer rods and theclole where it is fastened to the shell. Howewehere
mixing between the two fluids (in the event of Ieakhere the tube is sealed into the tube sheet} bwus
avoided, a double tube sheet may be provided.

2.3. Shell

The shell is simply the container for the shellesilliid, and the nozzles are the inlet and exitgdFhe shell
normally has a circular cross section and is conynamade by rolling a metal plate of the appropriate
dimensions into a cylinder and welding the longitadi joint (“rolled shells”).

2.4. Impingement plates

When the fluid under high pressure enters the shetk are high chances that if the fluid will ditg impinge
over the tubes then their breakage or deformatiag atcur. To avoid the same the impingement plates
installed to waste the kinetic energy of fluid ustime extent so that the fluid may impact the twa#slower
velocity.

2.5. Channdl covers

The channel covers are round plates that bolt ¢éo diannel flanges and can be removed for the tube
inspection without disturbing the tube side pipihgsmaller heat exchangers, bonnets with flangextles or
threaded connections for the tube side piping #emased instead of channel and channel covers.

2.6. Baffles

Baffles serve two functions; Most importantly, theypport the tubes in the proper position durirgpasly
and operation and prevent vibration of the tubesed by flow induced eddies, and secondly, thegeaythe
shell side flow back and forth across the tubelfigicreasing the velocity and heat transfer coiedffit.

! Some contents under this heading have been ciiet\Wolverine Tube Heat Transfer Data Book.
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Figurel. Components Schematic of Shell and Tube Type Heetidhger

3. Design Methods?

Shell and tube heat exchangers are designed ngrimailsing either Kern's method or Bell-Delawaretinogl.
Kern’'s method is mostly used for the preliminargida and provides conservative results whereasBéte
Delaware method is more accurate method and cavideraletailed results. It can predict and estimate
pressure drop and heat transfer coefficient wittebaccuracy. In this paper we have described 'Kenethod

of designing in detail. The steps of designingdascribed as follows:

i. First we consider the energy balance to find oethlues of some unknown temperature values.
Certainly some inputs like hot fluid inlet and aittemperatures, cold fluid inlet temperature, mass
flow rates of the two fluids are needed to serw fthrpose. The energy balance equation may be
given as:

szi':':_:!i':(ti'::'ti'::):mfcp:(t::'t::) 1)

ii. Then we consider the LMTD expression to find itkiea

—ATT)

)

iii. Our next step is to calculate the area requirethefheat exchanger (on the basis of assuthgd
number of tubes, tube bundle diameter, diametshefl and its thickness with the help of following
expressions:

2The contents under this heading are already aatdpyté&lobal Journals Inc. for publication of pajided as
“Steady State Thermal Analysis of Shell and Tubgelideat Exchanger to Demonstrate the Heat Transfer
Capabilities of Various Thermal Materials Using #s5by the same authors in GJRE Volume 14 Issue4.
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A= ®)
No=2 (4)
Dy=dy (/™ (5)
D; = Dy + additional clearance (6)
D, =D; + 2 x thickness 7

iv. Then we calculate the proper baffle dimension itézdiameter, thickness and baffle spacing.
V. Our next step is to find out heat transfer coeffits on the inner and outer surface of the tubieg us
following correlation:

NU=0.27E.?:|: £ (B :|: EE'.?Z!V JB " 15 ®

Vi. Then by the values obtained by the above equatiercaiculate the actual value of heat transfer
coefficient and check whether the actual valuereatgr than the assumed one or not. If the actual
overall heat transfer coefficient is greater thha aissumed one then the designing is considered
correct, otherwise the steps need to be repeatessimg more accurately the value of overall heat
transfer coefficient.

4. Works Reviewed

While reviewing the works of renowned scholarsas lbeen seen that significant amount of works leas b
done in fields of shell and tube type heat exchem{@®THE). Some important works have been desciibed
detail as under:

Ahmad FakheH! in his paper shows that how to calculate the iefficy of the heat exchangers based on the
second law of thermodynamics. He says that corretipg to every heat exchanger there is an idealnced
counter flow heat exchanger which has the propeniesame UA, same AMTD and minimum entropy
generation corresponding to minimum losses andeérshility. The efficiency of the heat exchangeaynbe
calculated by comparing the heat transfer capghift actual heat exchanger with that of the ideahth
exchanger. Ahmad Fakh@in this article extends the concept of heat exchaefficiency to the networks of
heat exchangers. This paper provides a simple iequétat can be used to calculate the efficienchexdt
exchangers in networks. It also assists for calmgathe effectiveness or efficiency of individubgat
exchangers as well as the number of heat exchangguired for the purpose. Rajeev Mukhéffeexplains
the basics of exchanger thermal design, coveriicd $opics as: STHE components; classification oHES
according to construction and according to servie#a needed for thermal design; tube side deslwgill side
design, including tube layout, baffling, and shetle pressure drop; and mean temperature differérve
basic equations for tube side and shell side maasfer and pressure drop. Correlations for optirnadition
are also focused and explained with some tabulda¢al This paper gives overall idea to design cgtishell
and tube heat exchanger. The optimized thermalgdesan be done by sophisticated computer software
however a good understanding of the underlyingaiwlas of exchanger designs needed to use thiwaat
effectively. Jiangfeng Guo et'ltook some geometrical parameters of the shelltahd-heat exchanger as
the design variables and the genetic algorithmpfslied to solve the associated optimization problénis
shown that for the case that the heat duty is givwen only can the optimization design increase tbat
exchanger effectiveness significantly, but alsore@se the pumping power dramatically. A. Pighbtti his
paper established relationship between the effeioéigs of two heat exchanger configurations whidferdi
from each other in the inversion of either one wéb tfluids. This paper provides the way by whichhé
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effectiveness of one combination is known in teohbeat capacity rate ratio and NTUs then the &ffeness

of the other combination can be readily known. MB8hA® in his article presents a method of calculating the
electric power generated by a thermoelectric heahanger. The method presented in this paper is an
extension of the NTU method used to calculate beakanger’'s heat-transfer effectiveness. The éffautss

of thermoelectric power generation is expressethagatio of the actual power generated to the pdhat
would be generated if the entire heat-exchangex aege operating at the inlet fluid temperaturex.\Patel
and R.V. Rab! explore the use of a non-traditional optimizatiechnique; called particle swarm optimization
(PS0O), for design optimization of shell-and-tubathexchangers from economic view point. Minimizatiof
total annual cost is considered as an objectivetiom. Three design variables such as shell intetiaaneter,
outer tube diameter and baffle spacing are corsilésr optimization. Two tube layouts viz. triangied
square are also considered for optimization. Tresqamted PSO technique's ability is demonstratedgusi
different literature case studies and the perfogaaesults are compared with those obtained bytéeious
researchers. PSO converges to optimum value obltfective function within quite few generations ahts
feature signifies the importance of PSO for heaherger optimization. Hetal Kotwal and D.S Patécus

on the various researches on Computational Fluidabycs (CFD) analysis in the field of heat exchange
Different turbulence models available in CFD toiads Standard k-model, ke RNG model, Realizable &-k-

® and RSM model in conjunction with velocity pressapupling scheme and have been adopted to catrry ou
the simulation. The steady increase in computinggrchas enable model to react for multi- phase $lan
realistic geometry with good resolution. The quatif the solution has proved that CFD is effectivgredict
the behaviour and performance of heat exchangér.kShmar Rathore and Ajeet Bergal®yworked with the
aim to identify the advantages of low-finned tubeaExchangers over Plain tube (Bare Tube) uniisuse
finned tubes to advantage in this application, sevechnical issues were to be addressed; (1) Sidel and
tube side Pressure, (2) Cost, (3) Weight and (2¢ 8f Heat Exchanger, Enhanced tubular heat exehnang
results in a much more compact design than corsestiplain tube units, obtaining not only thermal,
mechanical and economical advantages for the heltaager, but also for the associated support tsireic
piping and skid package unit, and also notably cedaost for shipping and installation of all these
components. A more realistic comparison is madéherbasis of respective cost per meter of tubinidd

by the overall heat transfer coefficient for thdimfized units, which gives a cost to performandsorar his
approach includes the entire thermal effect ofrirdband external heat transfer augmentation anénfp
factors in the evaluation. This is typically quilse to reality and easy for the thermal desigoezvaluate
himself. The results of this analysis shows that fimned tube heat exchanger is more economical tha
Conventional Bare tube Exchanger, The tube sidesspre drop and fluid velocity is higher than the
conventional bare tube exchanger, which preverirfgunside the tubes, The shell side pressure drgome
lesser but fluid velocity is higher than the coni@mal heat exchanger which saves the outer sudatgbes
from fouling creation and fluid transfer time. Tiskell diameter of finned tube Exchanger is lesbant
Conventional bare tube heat exchanger, which sslvest material and reduces the size of the shilthw
helps to easily installation in the plant. Hari biaret.dl” proposed a simplified model for the study of
thermal analysis of shell and tube type heat exgéis of water and oil type is proposed. The roimsst and
medium weighted shape of Shell and Tube heat egyeltanmake them well suited for high pressure
operations. This paper shows how to do the theanalysis by using theoretical formulae and for thisy
have chosen a practical problem of counter flowl gimal tube heat exchanger of water and oil typyeusing

the data that come from theoretical formulae thesighed a model of shell and tube heat exchangey Bso-

E and done the thermal analysis by using ANSYSwsoft and comparing the result that obtained from
ANSYS software and theoretical formulae. For sifigation of theoretical calculations they have afeme a

C code which is useful for calculating the thermadlysis of a counter flow of water-oil type shestid tube
heat exchanger. The result after comparing bothtiaatghey were getting an error of 0.0274 in éffeness.
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5. Conclusion

After the above discussion it is easy to say thatshell & tube type heat exchangers has been givgneat
respect among all the classes of heat exchangersodtheir virtues like comparatively large ratimsheat
transfer area to volume and weight and many momebler well designed as well as described methogls
available for its designing and analysis. The ditere survey also shows the importance of thissotdsheat
exchangers. It is also shown by the literature eyrthat the Computational Fluid Dynamics and other
softwares like ANSYS etc. have been successfulbdusnd implemented to secure the economy of time,
materials and efforts.

Nomenclature

m mass flow rate of flfidy/second)

G specific heat of fluidfKg-"C)

t temperature of diC)

LMTD (or AT) Logarithmic Mean Temperature Differendg) (
Q amount of heat transéking place (watts)
U (orUy) overall heat transfer coeffiti¢w/m *°c)
A area of heat exaj@min~)

[ length of heat eanlyer (m)

N number of tubes

Dy, tube bundle diametamn)

d diameter of tubesr(m

D diameter of shell ()nm

B baffle spacing (mm)

B Prandtl number

R, Reynold’s number

Nu Nusselt number

h heat transferféiont (w/m*°c)
Subscripts

t tube side parasnet

S shell side paramet

i inner surface graeter

0 outer surface jpaeger

h hot fluid paramete

c cold fluid paramet

1,2 for inlet and outtespectively

max maximum amount of tluantity
Constants

K, n constants depending orpiteh and type of pass
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