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Heat exchanger is a device which is utilized to exchange heat between two fluids which
might be in direct contact or may flow independently in two tubes or channels. We discover
various uses of heat exchangers in day today life. In warm power plant heat exchangers
are utilized in boilers, condensers, air coolers and chilling towers and so on. Heat
exchangers are likewise utilized in substantial scale in synthetic and process industries for
exchanging the heat between two fluids which are at a solitary or two states. Enhanced
heat exchange efficiency prompts decline in energy utilization which at that point results in
lower equipment operational cost, reduced emissions, and therefore additionally bring
down ecological effect. Since heat exchange rate depends likewise on flow field attributes,
fluid distribution, and fouling which would all be able to be incredibly affected by the real
states of flow framework segments, a few improved models for quick and sufficiently
precise expectation of fluid distribution and in addition applications for shape streamlining
dependent on these models were produced. The primary aim of this thesis is to define the
concept of structured surface of the heat exchangers and also to find ways through which

we can increase the efficiency of heat exchanger.

1. Introduction

The advancement of high performance thermal systems
has stimulated interest in techniques to enhance heat transfer.
The investigation of enhanced heat transfer performance is
alluded to as heat transfer enhancement, augmentation or
intensification. Heat transfer enhancement is the way toward
enhancing the performance of a heat transfer system. It is a
subject of significant interest to scientist's as it prompts saving
in energy and cost. In view of the quick increment in energy
request in everywhere throughout the world, both lessening
energy utilization related with inadequate utilize and
enhancement of energy with regards to heat have turned into
an inexorably huge undertaking for structure and task

engineers for some systems. In the previous couple of
decades various researches have been performed on heat
transfer enhancement. These specialists concentrated on
finding a procedure expanding heat transfer as well as
accomplishing high efficiency. Accomplishing higher heat
transfer rates through different enhancement systems can
result in considerable energy savings, improvement of more
minimal and more affordable equipment with higher thermal
efficiency.

Because of the worldwide energy emergency, which is a
standout amongst the most critical issues because of the huge
and persistent increment in the utilization and the addition lack
of energy assets and also the high cost, numerous scientists
have performed to build the efficiency of thermal systems and
decrease of the size and accordingly energy utilization rates.

A heat exchanger is equipment worked for effective heat

transfer starting with one medium then onto the next. The
media are isolated by a solid divider to avert mixing. They are
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generally utlized in chemical and petrochemical plants,
refineries and sewage treatment. An essential heat exchanger
includes a divider isolating the flow ways of a hot fluid and a
cold fluid. The measure of heat transferred relies on different
elements like kind of fluid flow, zone of heat transfer, thermal
conductivity of the isolating divider and so on. There are three
essential groupings of heat exchangers as per their flow
course of action. Co-current or parallel flow heat exchangers
heat exchangers, the two fluids flow in a similar direction.
Countercurrent or counter-flow heat exchangers the two fluids
flow in inverse directions. Cross-current or cross-flow heat
exchanger such heat exchangers, the two fluids flow generally
opposite to each other.

Heat exchangers are used in different methods running
from transformation, use and recovery of thermal energy in
various mechanical, commercial and residential applications.
Some fundamental models fuse steam age and development
in power and cogeneration plants; sensible heating and cooling
in thermal preparing of chemical, pharmaceutical and rural
things; liquid heating in manufacturing and waste heat
recovery, etc. Augmentation in Heat exchanger's execution can
incite increasingly proficient arrangement of heat exchanger
which can make energy, material and cost hold supports
related to a heat exchange process.

2. Concept of heat exchanger

Heat exchanger is a gadget in which energy is transferred
starting with one fluid then onto the next over a solid surface.
Minimized heat exchangers are described with its expansive
measure of surface zone in a given volume contrasted with
customary heat exchangers, specifically the shell-and-cylinder
type. The advancement and examination of reduced heat
exchangers, has turned into a vital prerequisite amid the most
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recent couple of years. Conservative heat exchangers are of
two sorts, winding and plate type heat exchangers. Winding
heat exchanger is self cleaning equipment with low fouling
inclinations, effortlessly open for Inspection or mechanical
cleaning and with minimum space necessities.

In any nuclear, chemical, process, or mechanical
framework, heat must be transferred starting with one place
then onto the next or starting with one fluid then onto the next.
Heat exchangers are utilized to transfer heat starting with one
fluid then onto the next fluid.

Heat exchangers are gadgets that can be utilized to
transfer heat from a fluid stream (liquid or gas) to another fluid
at various temperatures. Heat exchangers are utilized in a wide
assortment of applications these incorporate power generation,
process, chemical and food ventures, gadgets, ecological
engineering, waste heat recuperation, manufacturing
businesses and air molding, refrigeration and space
applications. Models o f heat exchangers that can be found in
all homes are heating radiators, the loops on your fridge and
room air conditioner and the boiling water tank

Heat exchangers are utilized in the process, power,
petroleum, transportation, air molding, refrigeration, Cryogenic,
heat recuperation, substitute powers, and different ventures. A
heat exchanger is the process to transfer heat starting with one
fluid then onto the next fluid. Spiral plate heat exchanger has
astounding heat exchanger as a result of far minimized and
high heat transfer productivity. In single-stage applications, it is
far reaching for the hot stream to enter the exchanger through
the focal piece of the exchanger and to exit at the fringe. The
cold fluid, then again, enters the unit from the furthest piece of
the unit and circles to inevitably leave the exchanger from the
middle, hence the two fluids flow counter-currently the
channels are bended and have a uniform cross segment,
which makes spiraling movement inside the fluid. The
consistent alter in course of the fluid that is spiraling makes a
high shear pressure that dispenses with stale zones, bringing
about expanded heat transfer coefficients, and keeps up
suspended solids in movement averting sedimentation and
fouling. The spiral way pursued by every one of the fluids
prompts an auxiliary flow compelling in expanding the heat
transfer coefficient, particularly in laminar flow, and in
diminishing fouling stores. It can deal with high thick, fouling
liquids and slurries all the more promptly as a result of a
solitary entry. In spiral plate heat exchanger, issue of thermal
development isn't presumably happening and self-cleaning is
additionally conceivable

3. Structured surface of heat exchanger

a) Treated Surfaces

It comprises of an assortment of structured surfaces
(persistent or irregular vital surface harshness or changes) and
coatings. The harshness made by this treatment doesn’t cause
any huge impact in the single phase heat transfer. These are
relevant in instances of two phase heat transfer as it were.

b) Boiling
A portion of the regarded surfaces are as per the

following:
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e  Machined or notched surfaces

e Formed or modified low-fin surfaces
e  Multilayered surfaces

e Coated surfaces

In upgraded bubbling treated surfaces give an expansive
number of stable vapor traps or nucleation destinations on the
surface for bubble formation. In the event of highly wetting
fluids like refrigerants, natural liquids, cryogens and soluble
base liquid metals the typical holes present on the heated
surfaces will in general experience sub-cooled liquid flooding.
For high surface strain fluids, coatings of non-wetting material
(e.g. Teflon) on either the heated surface or its pits and
depressions were observed to be powerful in nucleate
bubbling. Treated steel surface alongside Teflon can be spread
to make spots of the no-wetting material on the heated surface
which results in three to multiple times higher heat transfer
coefficients.

c) Condensing

In condensation of vapors, treated surfaces advance drop
savvy condensation which is perfect for avoiding surface
wetting and separate the condensate film into droplets. This
procedure gives better waste and more successful vapor
evacuation at cool heat transfer interface. This technique
builds heat transfer by a factor of 10 to 100 in drop shrewd
condensation when contrasted and that in film insightful
condensation as proposed by Bergles. Non-wetting inorganic
compound or an honorable metals or an organic polymer can
be utilized viably to coat the heat transfer surfaces. Among
these, organic coatings have been utilized considerably in
steam systems.

d) Rough Surfaces

Little scale roughness or surface modification promotes
turbulence in the flow field close to the divider area by
exasperating the gooey laminar sub layer. This unsettling
influence causes higher energy and heart transfer. This little
scale roughness has little impact in laminar flows, however is
extremely viable in tempestuous single phase flows. These
days rather than regular roughness, artificial and structured
roughness is utilized in generally applications. Structured
roughness can be necessary to the surface. Wire coil type
inserts can be inserted inside the tube to give protuberances in
the surface. If there should arise an occurrence of structured
roughness very nearly an infinite number of geometric varieties
can be created by machining, casting, or welding. Ridged
tubes, a kind of 2-D roughness Rough surfaces have been
utilized to upgrade heat transfer in single phase flows both
inside tubes and outside tubes.

Outside rough surface can made by scoring the heat
transfer surface and can be utilized in twofold pipe and shell
and tube packs to upgrade annulus or shell side heat transfer.
The possibility of variable roughness which can be acquired by
utilizing a wire-coil insert made of a shape memory compound
(SMA) that adjusts its geometry because of progress in
temperature.
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Figure 1Rough surface of heat exchanger

e) Extended Surfaces

Extended or finned surfaces increase the heat transfer
area which could be very effective in case of fluids with low
heat transfer coefficients. This technique

includes finned tube for shell & tube exchangers, plate fins
for compact heat exchanger and finned heat sinks for
electronic cooling.

Finned surfaces improve heat transfer in regular or forced
convection which can be utilized for cooling of electrical and
electronic devices. The utilization of expanded surfaces for
cooling electronic devices isn't limited to the common
convection heat transfer routine yet in addition can be utilized
for constrained convective heat transfer. Sectioned or hindered
longitudinal fins advance limit layer partition of the fluids and
aggravate the entire mass flow field inside circular tubes.
Detachment and restarting of the limit layers builds the heat
transfer rate. Plate fin or tube and plate fin sort of smaller heat
exchangers, where the finned surfaces give an extensive
surface zone thickness, are utilized progressively in numerous
automotive, waste heat recovery, refrigeration and air
conditioning , cryogenic, drive system and other heat
recuperative applications. An assortment of finned surfaces
regularly utilized incorporate counterbalanced strip fins,
louvered fins, punctured fins and wavy fins.

Fin Thickness
-

Base
Thickness

width

ot

Length

Figure 2 Fin Heat Sink
In spite of the fact that heat exchangers come in each

believable shape and size, some of them with a special plan, a
wide range of arrangements of Heat Exchangers exist.
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4. Ways to increase the efficiently of heat exchanger

The use of Heat Exchangers or Condensers is normal in
numerous procedures over an extensive variety of industries.
The Energy part is the same, either in the Thermal Power
Generation, Upstream and Downstream of the Oil and Gas
including Petrochemical and Chemical plants; Heat
Exchangers are utilized to cool of the steam or to pre-heat
distinctive fluid required in the procedures. The intermittent
issue of smaller scale fouling and scaling in heat exchangers
and condenser tubes decreases plant yield, execution and
administration life, when utilizing raw water or reuse water in
the cooling framework.

Amid the heat exchange such material precipitate out of
the coursing water and shape scale and bio-fouling over the
tube surface. This arrangement will go about as protection
layer against heat exchange, lessens heat recovery, decreases
process efficiency, diminishes through put, lessens plant
accessibility, while expanding plant operating and maintenance
cost.

Usually practice for the heat exchanger and condenser
producer to plan them with a "Fouling and Scaling factor"
which decipher in a bigger unit to expand the running time
before requiring a cleaning service or excess (reserve) of a few
units to have the capacity to benefit the fouling unit
disconnected without losing limit.

The performance of a heat exchanger is assessed based
on its efficiency. The more proficient a heat exchanger is the
more esteem it offers shoppers. The efficiency of heat
exchangers may not stress you much if the main heat
exchangers you are presented to are the ones in your home air
conditioner and refrigerator. In any case, in the event that you
are utilizing a vehicle or in the event that you are accountable
for running an industrial facility, the efficiency of your heat
exchangers can have genuine financial implications.

You will be really astounded to know the measure of
savings that can be made basically by expanding the efficiency
of a heat exchanger by an insignificant rate. In the current
worldwide economic atmosphere, cutting expenses even by
the littlest rate can have a huge effect toward the month's end
or the year.

Most purchasers take the expression of the manufacturer
on how viable a specific heat exchanger will be. In spite of the
fact that it is constantly desirable over have a specific level of
trust in the manufacturer, there is no denying the way that the
efficiency of heat exchangers can be expanded with a tad of
exertion and persistence with respect to the consumer. Here
are three extremely basic routes for how you can increase the
efficiency of your heat exchanger:

v Follow Installation Guidelines

Expanding the efficiency of the heat exchanger starts with
getting the installation of the device totally spot on. On the off
chance that you have purchased the heat exchanger from a
trustworthy manufacturer, you are certain to have gotten an
arrangement of installation rules from the producers of the
device. These rules ought not to be ignored under any
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conditions. Inability to pursue the rules won't just exchange off
the efficiency of the heat exchanger, however may likewise
hamper the basic task of the device.

Usually, the most productive method for introducing the
heat exchanger is by keeping the fluids flowing in a counter-
current arrangement. With regards to air cooled heat
exchangers, ensure that no piece of the center is blocked. The
scarcest of blocks will bargain the cooling capacity.

4 Changing the Flow Rate

At whatever point professionals come in for routine
investigation and repair work, you can inquire as to whether
the flow of the fluids in both the essential and the auxiliary side
of the heat exchanger has the correct velocity. Increment flow
rates upgrade the capacity of the heat exchanger to transfer
heat. That being stated, you are encouraged to not too much
increment the speed, as it includes to the mass and makes it
more troublesome for the energy to be evacuated.

4 Removing Corrosion

On the off chance that there is any corrosion on any
district of the heat exchanger, it ought to be evacuated
promptly on the off chance that you don't need the device to
wind up wasteful. Now and again the corrosion turns out to be
bad to the point that you need the tube plates supplanted.
Ensure your specialists complete all the important evacuations
and substitutes for a smoother working heat exchanger.

v Enhanced surfaces

For some applications, most generally - clean
boiling/condensing applications improving the surface can
enormously increase the heat exchange coefficient. They are
regularly utilized today in the business. Balances can likewise
be taken a gander at another such improved surface.

v  Temperature difference

Altering the flow course in a shell and tube heat
exchanger, its tube side passes has its impact on the
temperature contrast also. There may be a temperature cross
also, where part the exchanger into two exchangers in
arrangement may essentially cut down the required zone. A lot
of weight drop will likewise cut down the immersion
temperature for a condensing fluid and if that is your hot fluid,
one can get it will cut down the heat exchange (this one is run
of the mill just for low temperature contrast applications where
each deg matters and diminishing your tube passes can really
increase your heat exchange performance).

v Decreasing leakage streams

Including confounds does not generally help with
expanding heat exchange. Too high a shell side weight drop
implies that the shell side fluid begins searching for elective
flow routes - like hole between the package and the shell which
are thermally insufficient. Now and then diminishing confounds
can enhance heat exchange. Indeed, even generally there are
approaches to obstruct a portion of these spillage streams
which can enhance heat exchange performance.

v Velocity
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on the tubeside by diminishing the flow region - by
expanding tube passes or the quantity of tubes per pass. On
the shell side you do this by changing the distance across or
by including astounds. Ofcourse it includes some significant
pitfalls of extra weight drop of the fluids.

v Other ways to increase the efficiency of heat exchanger

a. Energy rejected from hot flue gas is just a result of
heat releasing combustion procedures;

b. Recovered Energy ought to be used by the procedure
to bring down the utilization of utilities

c. Any surplus energy ought to be traded to outside
clients with the goal that economic benefit is
produced;

d. Wasting Heat by infusion of water or cold air into vent
gas stream before it enters the cleaning framework is
the fallback cooling choice.

5. Operating variables’

impact on heat exchangers

performance

There are a couple of operating factors that are significant
with regards to enhancing your heat exchanger's performance.
One such factor is operating weight, which alludes to the
weight differential between the suction and release of each
stream inside your heat exchanger. On the off chance that
there are stores present, the weight differential can be
influenced, which results in lacking flow and a less productive
heat exchanger.

Operating temperature is another variable to think about.
It's critical to screen both the gulf and outlet temperature, so as
to keep the fluids from condensing and coating the inside
segments of your heat exchanger, which, once more, can
result in diminished efficiency.

The impacts of nature and the properties of the heat
exchanger are likewise essential. For instance, a heat
exchanger that is intended to deal with cooling water shouldn't
be utilized for a hydrocarbon application, as the exchanger
would be probably not going to face the activity, in view of the
materials of development inside the unit. Checking surface
thickness, and consistent examining and breaking down for
metals is vital for process faculty to do so as to get the most
efficiency from a heat exchanger.

In the event that the operating factors are observed and
controlled intently, it will help keep your heat exchanger not
just running for a more drawn out timeframe without
separating, yet in addition help your heat exchanger keep
running at its most extreme dimension of efficiency.

6. Conclusion

Heat exchangers are generally utilized in industries both
for cooling and heating extensive scale mechanical
procedures. The sort and size of heat exchangers utilized can
be custom-made to suit a procedure relying upon the kind of
liquid, its stage, temperature, thickness, consistency, weights,
chemical composition and different other thermodynamic
properties.
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Picking the correct heat exchanger requires some
information of the diverse heat exchanger types, and also the
earth in which the unit must work. Normally in the assembling
business, a few unique kinds of heat exchangers are utilized
for only one process or framework to infer the last item. With
adequate learning of heat exchanger types and working
prerequisites, a fitting choice can be made to streamline the
procedure.
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