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ABSTRACT

This project explore the heat transfer behavior of a shell-and-tube h

cat exchanger—an cssential
tomponent widely use in

industries like power generation,

refrigeration, and chemical
The goal are to assess how eff

ciently the exchanger perform by examining key
transfer rate. overall heat transfer

processing.

parameter such as the heat coeflicient, and effecliveness,
Our approach combine theoretical calculation with hands

-on experiment under various
operating condition,

including changes in fluid flow rate and temperature difference. A

study focus on how design feature and operational setting influence the
to transfer heat efficient.

significant part of the

S¥stem’s ability

Keywords:

Heat Exchanger

- Heat Transfer Coefficient .Thermal Efficiency ,Effectiv
Conservation.

eness Energy
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ACRONYNMIS

1. HX - Heat Exchanger

I

- HTC = Hear Transfer Coellicient

Tad

- LMTD — Log Mean Temperature Difference

4. NTU - Number of Transfer Units

5. UA — Ovenall Heat Transfer Coefficient * Area
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Symbol
A
C
Cmin

Cmax

cp

HX

LMTD

NOMENCLATUREF.

Quantity
Heat transfer area
Heat capacity rate
Minimum heat capacity rate
Maximum heat capacity rate
Specific heat capacity at constant pressure
Effectiveness of the heat exchanger
Convective heat transfer coefficient
Heat exchanger
Thermal conductivity
Log mean temperature difference

Mass flow rate

Unit
m?
W/K
W/K
W/K
Jkg K
Dimensionless
Wim*-K
W/m-K
K
ke/s

m
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CHArrer 1: INTRODUCTION

Heat exchangers play a vital role ina wide range of engineering applications by enabling cfficient cnergy
transter between two or more taids at difterent temperatures without mixing them From domestic water
heaters and antomaotive radiators to mdustoal power plants and chemical processing units, heat exchangers
are tundamental to thermal management systems, The performance of these devices has a direct impact

on energy consumption, operational efticiency, and sustainability in various industries

A heat exchanger ix a mechanical device designed to transfer thermal energy from one fluid (liquid or
2as) 1o another. The Muids may be separated by a solid wall to prevent mixing or may be in direct contact.
depending on the type ot heat exchanger. The core principle behind its operation 1s based on the laws of
thermedynanues, particularly the conservation of energy. The heat lost by the hotter fluid is equal to the

heat gained by the colder fluid. assuming an ideal, lossless system.

There arc scveral types of heat exchangers classified based on their design and function. such as shell-
and-tube, plate. finned-tube. and air-cooled heat exchangers. Among them. the shell-and-tube heat
exchanger is widely used in industrial applications due 1o its durability, high pressurc-handling capacity.,
and ability to accommodate large heat transter areas. It consists of a series of wbes. one set camrying the
hot fluid and another set carrying the cold tluid. all enclosed within a shell. The armangement can be

counterflow, parallel flow, or crossflow, depending on the required performance characteristics.

varying operational conditions. The key pertormance indicators considered include:

= Rate of heat transfer (Q): Mcasures the amount of thermal enerey exchanged bemween fluids per
unit time,

« Overall heat transfer coeflicient (U): Represents the cfficicney of heat transter across the entire
surface area, considering conduction and convection resistances.

¢ Log Mcan Temperature Difference (LMTD): A tempercture dnving force wsad in heat
exchanger design ealculatons.

« Effectiveness (£): Defined as the rano of actual heat mansfer to the maximum possible hez

transfer, giving a dimensionless performance metric.

N
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The pert -
OIMNanee ol Y ATy "7 g
| anee of o heat exg hanger is influenced hy several factors, such as Ao properties, flow rafes,

tempe . erenee
Perature ditterences, touhing factors, surface At and matenial conductivity Understanding how these

Ve { ol . . 1
Patameters mteract is crucinl fog OMtimizing the design and operation of the |

el exchanger

The motivation belingd this sty lies in the growing demand for energy-e

flicient systema. With the rising
elobal concem over CHCIRY consery

ation and envitonmental protection, optimizing heat exchanger

5 .
pertomance s of parmount impontance. An efficient heat exchanger not

only reduces energy

consumption but alse minimizes operational costs and enhances system reliability

In this micro project, both theoretieal analysis and cxperimental

ohservations are carried out fo
mvestigate the heat transter behavior of

a selected heat exchanger, Theoretical models based on standard

heat transfer equations are used to calculate the expected performance, while experimental data helps m

validating the caleulations and identifying real-world deviations caused by heat losses, fouling, or

manufactuning impertections.
The objectives of this project are:

1. To study the fundamental principles of heat exchange between fluids.
2. To analyze the influence of key parameters on the performance of a heat exchanger.
3. To compare cxperimental results with theoretical predictions.

4. To suggest ways 1o improve the thermal efficiency of the heat exchanger.

The scope of this projecet is limited to a laboratory-scale heat exchanger, and while the results may not
directly scale to industrial systems, they provide valuable insights into the govemning principles and

optimization strategies applicable across various domains.

In conclusion, this project not only reinforces theoretical knowledge of heat transter but also bridges the
gap between classroom learning and real-world applications. Through this analysis, students gain practical
experience in thermal system evaluation, data mterpretation, and enginecring problem-solving,

contributing to a decper understanding of sustainable energy practices.

2T57<
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CHAPTER 2: LITERATURE SURVEY

literature Survey: Prof. Sarit Kumar Das

Prof. Sarit Kumar Das is one of the leading researchers in India when it comes to thermal sciences and
heat transfer, He's currently a professor at 11T Madras and has also served as the Direetor of 1IT Ropar in
the past. His main research interests includes heat transfer enhancement, nanofluids, micrechannel
cooling, and also biological heat transfer. Over the years, he has written many papers in international
Journals and also authored some well-known books which are often cited in the ficld of thermal
engincering. His work is quite interdisciplinary, mixing nanotechnology with more traditional thermo-
fluid science, and that's one of the reasons why he’s recognised internationally.[1]

One of his biggest contributions is his work on nanofluids, These are basically advanced fluids made by
mixing nanoparticles into normal fluids like water or oil. In his book Nanofluids: Science and Technology
(Wiley. 2007). which he co-authored with Choi. Yu. and Pradeep, Prof. Das talked about the properties
and behavior of these fluids in detail. The book helped lets of rescarchers who were just starting to look
into new ways of improving heat transfer in small and high-performance sysicms, One of his carlier
papers, published in Physical Review Letters in 2004, proposed a new model for how heat canduction
works in nanofluids. That study showed how adding nanoparticles can significantly improve the fluid’s
ability to conduct heat, mainly due to things like Brownian motion and the formation of a special layer
between the particle and the liquid. Even adding a small amount of nanaparticles made a big difference in
heat transfer, which was way better than regular fluids.[1]

His findings has a wide range of applications—from microchannel heat exchangers to cooling systems in
clectronics and even biomedical devices. Basically, his research helped engineers design more compact
and energy-efticient systems by dealing with one big problem: that regular heat transfer fluids Just don’t
conduct heat very well. By studying how nanofluids behave under different flow and heat conditions, Prof.
Das has pushed forward both theory and real-world applications in the field, To sum it up, his work is still
a reference point for anyone doing research in heat transfer and shows how small-scale innovations can
really improve sustainable thermal designs.[1]

Literature Survey: Prof. Yuwen Zhang

Prof. Yuwen Zhang is one of the Icading rescarchers in the field of heat transfer, cspecially when it comes
to finding new ways to improve how thermal systems work. He’s currently a faculty member at the
University of Missouri, where his research covers a variety of topics like phase change heat transfer,
thermal energy storage, and nanomanufacturing. What makes Prof. Zhang’s work so valuable is the way

he blends theoretical studies with real-world applications. His research is essential in industrics that really
e e e e e
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¥ on energy ctficiency and managing heat eflectively, such as in electronics cooling, renewable energy
Systems, and material manutacturing. (2]

One of the most significant contributions Prof. Zhang has made to heat transfer is in the
arca of Longitudinal Vortex Generators (LVGs). These are devices used to improve
convective heat transfer in heat exchangers. In his 2016 paper, “Advances and Outlooks of
Heat Transfer Enhancement by Longitudinal Vortex Generators ™, co-authored with Y -L.
He, he talks about how LVGs help in breaking up the boundary layer. causing secondary
flows that mix the fluid better. This results in more cfficient heat transfer. The research
also includes both theoretical models and experimental findings. showing how the
design of these vortex generators can enhance heat transfer in compact systems. This is
particularly helpful in designing heat exchangers, where the goal is to minimize size but
maximize performance—something that industries are constantly trying to improve.[2]

Another important area of Prof. Zhang’s work is thermal energy storage, especially with
phase change materials (PCMs), which are critical for making renewable energy svstems
more efficient. His research looks at the thermal properties of PCMs and how they can be
optimized for better heat transfer during their phasc_change. which makes them ideal for
energy storage. Prof. Zhang has also done extensive work in nanomanufacturing. looking
at how heat transfer operates on the micro- and nanoscale. This research is particularly
important for electronics, where heat must be managed precisely to avoid damaging
delicate components. To sum up, Prof. Zhang's work offers a lot of insight into improving
thermal systems across different industries, from sustainable energy storage 1o electronics.
solidifying his position as a key figure in advancing heat transfer technology.[2)]

Literature Survey: Prof. Kambiz Vafai

Prof. Kambiz Vafai is a well-known researcher in the field of heat transfer, especially when
it comes to how heat behaves in porous media and the development of nanofluids for
improving thermal management. He's currently a professor at the University of Califormia,
Riverside, where he's made some really important contributions to understanding complex
thermal systems. His research covers a lot of ground. including optimizing thermal
systems, looking at natural convection, and studying the thermal behavior of new fluids.

27 7<
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d theoretical analysis with
for industries like energy, material

One ofhis big early papers written in TOR1 with CLL, "Tien, is called “Boundary and Inertia
Eftects on Flow and Heat Transter in Porous Medin™, In this study, they looked at how
boundary conditions and mertin altect hent transler
materials, Their findings helped o lot in understanding how these factors influence the
efliciency of heat transter in systems like insulution and filtration. This paper is considered
a crucial piece in the study of heat transter in porous medin, and it's been really uscful in
designing better thermal systems, from environmental engineering to chemical reactors.[3]

when fluid flows through porous

Prof. Vafai also made a big impact in the area of nanofluids, In a 2003 paper titled

“Buoyaney-driven heat transfer enhancement in o two-dimensional enclosure utilizing
nanofluids™

» co-authored with Khanaler and Lightstone, they examined how nanofluids—
fluids with tiny nanoparticles suspended in them-—can improve heat transfer in systems
where buoyaney plays a role, The study showed that nanofluids can really boost heat
transter by increasing the Auid's thermal conductivity. This has been super helpful in
improving the performance of natural convection systems, with practical applications in
cnergy systems and heat exchangers, Prof. Vafai's rescarch on both nanofluids and porous
media has had a huge impact on the way thermal systems are managed and continues to
offer new and more efficient solutions for a range of industries.[3]

Literature Survey: Prof. Sergey Alekseenko .

Prof. Sergey Alekscenko is a well-known scientist from Russia who works in the feld of thermal physics
and energy stuff. He's based ot the Kutateladze Institute of Thermophysics and has spend most of his
carcer trying to understand things like two-phase flows, thermal power systems, and how to save more
cnergy using better technologics. People from all around the world know about his work. especially cause
it helps a lot in making power generation systems more efficient. He mixes both cxperiments and theory
in his research, to figure out how beiling and condensation works better, which are really important for
things like power plants and cooling systems.[4]

— W .



One of the main area where Prof. Alekseenko has done a lot of work is in two-phase flow. That's basically
when liguid and vapor are moving together in a system, and it's not casy to control. He studied how the
two phases interact when temperatures and pressures are changing. His findings made it casicr to design
better heat exchangers and condensers that are smaller but stjll works very good. He also found ways to
manage instabilities that happen in these flows, so the heat transfer stays safe and smooth. Because of that,
his work has been used in making new techs for heat transter that saves a lot of energy.[4]

Because of all this awesome work, he got the Global Energy Prize in 2018, which is a big deal in the
science world. That award was for his cool innovations in saving cnergy and making new kinds of heat
transfer systems. His research still helps many engineers and scientists who are trying to make clean and
efficient power sources. Prof. Alekseenko's work is like a bridge between advanced science and real world
chergy problems, and that's why many people look up to him in the field of heat and energy
engineering.[4]
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CHAPTER 3: METHODOLOGY

v
Methodology: Analysis of Heat Transfer Characteristics of a Heat
Exchanger

The mam aim of this project is to analyse how heat is transfered in a heat exchanger when different
operating conditions are applied, The method we followed includes setting up an experiment, collecting

data from that, and doing some calculation and analysis to know the performance and efficiency of the
heat exchanger.

1. Selection of Heat Exchanger

| In our study. we choosen a shell and tube type heat exchanger (or in some case it could be plate heat

exchanger depending on availability). This kind of heat exchanger is used very commonly in industries.
i We note down things like what material it's made of, size, number of passes, and which fluid is used as
| hot and cold side. All these arc important to start the calculation.

L 2. Experimental Setup

| For our experiment we prepared a setup that includes:

* One hot fluid tank and cold fluid inlet

* Flow meters to know the flow rate

* Thermocouples to measure temperature at both inlets and outlets
* A data logger (or we did manual rcadings if logger not available)

We passed the fluids through the heat exchan ger with controlled flow. Temperature readings are taken at
different flow rates and different temperature values to see how heat transfer is changing. This process is
rcpeated to make sure we get reliable results.
3. Data Collection_and Calculation
= 27388 Roollection and Calculation
Fromn each test we record:

= Inlet and outlet temperatures of hot and cold fluid

¢ Flow ratc of each fluid

» Specific heat value of fluid (taken from standard tables or approximate)

Then, we calculate the amount of heat transfered using the formula: 3

—
-]
L



\H_
Q =m- Cp : (Tou! = Tin)

Where:

= = mass tlow rate
*  Cp= specilic heat
* Tout and Tin= temperatures of fluid

Ten . . '
We calculate heat transfer for both hot and cold sides, then average the values.

4, Overall Heat Transfer Coelficient ()

To calculate the overall performance, we use the LMTD method to get the value of UUU, which shows
how good the exchanger is in transferring heat.

Q-__U'A‘&I}m

Where;

= A =heat exchanger area
*  ATIm = Log mean temperature difference (LMTD)

Az}m — (I}f-sfﬂ- - TC,OI!;Z .__(T:'::out — Tc,in)
In (Fhefe=t )

This helps us to sce how efficient the exchanger is under different condition,

o,
o0
L —
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S. Analvsis and Geaphieal Representatlon

We plot difterent graphs to understand beter:

* Heat timsfer rate vs. Temperature difference
* Heat transter rate vs. Flow rate

*  Overall heat transter coefticient vi. LMTD

By sccing the graph, we can understand at which flow ratc or temp diff the exchanger performs best.

6. Error and Assumptions

Somc assumptions arc taken like stcady flow condition, no major heat loss to environment, and constant
. specific heat of fluid. There might be some errors because of manual reading or instrument inaccuracy.
50 we repeat test multiple times and take average o minimize those errors.




CHAPTER G OUTCONME AND CONCLUNKION

Outcomes:

We have suceesfully analysed the heat transler eharneterintic of o heat exehanger under diffirent warking
conditions like changing Nlow rates and temypatuce differencen,

Tmportant thermal pacmneters like heat transter eate (Q), log menn temprture difference (LMTD), and
the overall heat transter coefticient (U) were enleudated and compared in different cases.

By using thermocouples, Tow meters and basice enleulation formula, we notleed that increasing the miss
fNlow rate and temprature gap helps to improve the heat transter efficiency, but only upto a certain limit.

Also, we made graphs 1o see the trends more clearly, which helped us understund the behavior of system
more better,

This project gave us hands-on experiance with both theory and practical stuff — it helped us beer
understand how heat exchangers work in real life,

Conclusion:

From the project, we can say that performance of heat exchunger is nffected mostly by parameters like
flow rate, temprature difference, and 1Tuid type used. If these parameters are increased, the exchanger
becomes more efficient, but only upto a practical limit due 1o design constraints,

The calculated values of Q and U helped us know how good the system performs and what can be
improved. We saw how theoretical concepts match with actual working ol heat exchanger.

Overall, this study helped to fill the gap between books and real-world application in thermal tield. It
showed how important it is 1o take accurate readings, make right assumptions and use proper analysis in
cvaluating heat exchangers which are widely used in industries like power, cooling and chemical plants,

10
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