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1. Abstract 

Heat transfer is a very common phenomenon of applied physics. It takes place due to the difference in 

temperature difference between two objects. It has a very prominent role in industries based on thermal 

engineering. Although many equipment performs this action such as Heat Exchangers, Evaporators, and cooling 

towers. The effectiveness of a Heat exchanger is a very important factor where such types of operations are 

being used. Fouling factor is considered while analyzing a heat exchanger due to the deposition of dirt, soot, 

and dust particles in the tubes of a shell and tube heat exchanger. It lowers the effectiveness of a heat exchanger. 

The two methods preferred to analyze the performance of a heat exchanger are (i) LMTD and (ii) NTU. 

The present paper throws light on the various parameters used in the study and analysis of a heat exchanger and 

how these parameters are interrelated with each other. It also contains some points obtained by comparing the 

overall heat transfer coefficient to reduce the fouling factor which will be proved beneficial for designing heat 

exchangers for industrial as well as research purposes in future. For study in the present paper, the modelling is 

done on SOLIDWORKS and the mesh generation and analysis of the model is completed in ANSYS 

workbench. This study can be proved useful in designing of heat exchangers for both analytical and industrial 

purposes by considering the various parameters of heat exchanger design. It can also be proved helpful enhance 

the effectiveness of heat exchanger by using the given techniques provided to minimize the fouling factor.  
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2. INTRODUCTION 

Heat Exchanger is a mechanical device which has 

an important role in industries where the thermal 

operations (various heating & cooling processes) on 

a liquid are performed. 

A wavy fin and tube heat exchanger was 

mathematically and practically analysed by (Wolf et 

al., 2006). Utilising the method of computational 

fluid dynamics, the provided model was solved, and 

the solution's accuracy was assessed using 

experimental data and Wang's correlations. It was 

discovered that the empirically measured outcomes 

and the coefficients for the friction and Colburn 

factors are consistent. The model that was presented 

showed accurate heat transport predictions. By 

numerically simulating a tiny heat exchanger, 

(Ozden & Tari, 2010) explored the outer shell 

design of a heat exchanger made of shells and tubes, 

that is, the baffle spacing, baffle cut, and shell 

diameter relationships of heat transfer coefficients 

and the pressure drop. Results have been obtained 

from a series of CFD simulations for an individual 

shell and single tube passage heat exchanger with a 

varying number of baffles and turbulence in the 

flow. Most of the time, the variation in total thermal 

transfer rates between Bell-Delawere and CFD 

forecasts is less than 2%. This approach 

demonstrated the effectiveness of computational 

fluid dynamics (CFD) techniques as a tool for heat 

exchanger design. 

In the fluidized bed model of a vertically heat 

exchanger composed of shells and tubes with 

counter flow, (Kang et al., 2011) looked into the 

impact of circulating solid fragments on the 

characteristics of the flow of fluid, the transfer of 

heat, and cleaning effect. A variety of solid 

substances, including glass, aluminium, steel, 

copper, and sand, were used. They also examined 

seven different solid particles that had the same 

volume as well as the effects on multiple 

parameters. The results that were obtained 

demonstrate that larger density solid particle flow 

velocity range for particle impact to the wall was 

greater. (Aslam Bhutta et al., 2012) investigated the 

use of CFD applications in heat exchanger 

development using LMTD and NTU techniques and 

came to the conclusion that commercial CFD 

software can satisfy the need for CFD examination 

of multiple kinds of heat exchangers and full heat 

exchange device design and optimisation involving 

an extensive variety of turbulence mathematical 

models and incorporating available strategies 

in CFD section. 

In the case of a heat exchanger using perforated 

plates, (Li et al., 2013) analysed the forecasts on 

precipitation and particle fouling using various 

geometric factors, including plate high, plate 

separation, and plate angle. In a 3D numerical 

simulation, the realisable k-model with greatest 

equilibrium exterior wall function is used to 

calculate the Nusselt value and wall shear stress, 

and the Von-Kerman an analogue is used to 

calculate the coefficient for the transfer of mass. It 

was discovered that BRM01 had the greatest 

performance for heat transfer due to its longest plate 

angle of 65 degrees and the smallest correlations 

pitch of 7 mm. (Misra et al., 2013) examined the 

impacts of time duration, thermal conductivity of 

soil, pipe diameter, and velocity of flow on the 

thermal properties of EATHE using tests and CFD. 

And it was discovered that for soil with a coefficient 

of thermal conductivity of 0.52 W/mK, cooling of 

the air decreased from 18.7 oC to 16.6 oC under 

transient conditions whereas an impairment of 18.8 

0C was recorded under steady state conditions. 

The highest possible drop in temperature was 

achieved for a pipe with a length of 100 mm, 

diameter 0.2-meter, velocity 5 m/s, and is 18.40C, 

18.70C, and 18.40C for different soil conductivities, 

according to (Bansal et al., 2013) evaluation of a 

new term "Derating Factor" and studies 

approximately for an EATHE via a test and the 

CFD. In a study by (Bai et al., 2014), 6 distinct 

exhaust exchangers for heat were created within the 

exact same shell, and the CFD simulation models 

were compared with a typical vehicle driving cycle. 

The study's findings revealed that the greatest heat 

transfer of 1737 W was achieved by using 7 baffles, 

which improved heat transmission. This rate was 

higher than the distinct plate with holes and the pair 

of parallel plate construction by 35% and 26%, 

respectively. 

In their analysis of the many turbulence models 

offered by general-purpose clouds commercialized 

CFD tools including the k-model and the k-SST 

model, (Patel et al., 2015) shown the value of CFD 

in predicting both the behaviour and the efficiency 

of a wide range of HE. It is one of the best 

techniques for investigating these kinds of heat 

sources. Through the use of CFD, (Babu & 

Gugulothu, 2015) improved the efficiency of heat 

transfer for a HE employing passive ways that don't 

require power from the outside. They discovered 

that the improvement in heat transfer rose by 10%–

15% at the expense of the permitted pressure 

decrease. 

(Petrik et al., 2019) used CFD to do a parametric 

study on the heating capacity of a small automobile 

radiator. The physical fin model is suitable, they 

decided. The permeable model is a good substitute. 

Utilizing the ANSYS programming tool, (Kishan et 

al., 2020) researched and created three different 

types of heat exchangers. The optimum form of zig-

zag pattern was discovered to identify the rate of 
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heat transmission of HE advances among three 

varieties, including parallel S type and zig-zag 

pattern. 

In order to decrease consumption of energy in 

structures, (Congedo et al., 2020) suggested using a 

heat pump with an air source system in conjunction 

with a horizontal earth to air heat exchanger. By 

comparing how it performed to the conventional 

ASHP and utilizing various coefficients using a 3 m 

pipe length, the performance was examined. (Khan 

et al., 2023) used round and hexagonal tubes in their 

CFD modelling and experimental investigation of a 

shell and tube heat exchanger. They looked at 

temperature decline, the transfer of heat 

coefficients, and the rate of heat transmission. In 

comparison to round tubes, hexagonal tubes had a 

better dispersion of flow. 

 

3. METHODOLOGY 

Heat exchanger is an equipment used to lower the 

temperature of a working fluid with the use of a 

coolant (another fluid having lowered temperature 

with respect to the working fluid). In the present 

study, the given heat exchanger model is created in 

SOLIDWORKS. The basic model created by this 

software is being shown in figure 3.1. 

 

 
 

          
Fig. (3.1) : Model Created in SOLIDWorks with different views. 

 

this software is frequently used to create the 3D 

models and to perform their static analysis in real 

time but this not suitable for thermal analyses of 

those models. Hence, there is no need to create pre 

analysis real prototyping. The various steps 

involved in this present study from creating the 

model to analyze it are shown in fig (3.2) 

 

 

 
Fig. 3.2 : Various steps involved in this research 

 

There are four cases considering the question 

problem. These four cases are solved numerically as 

well as by using ANSYS programming tool. The 

first case is associated with the length of tube of heat 

exchanger. In this the length of heat exchanger tube 

is varying from 2 m to 3 m, and the variation in heat 

transfer rates are calculated for this 1 m change in 

length of tube, the results are obtained. In second 
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case the study is done by varying the internal and 

outer diameter of tube, the corresponding change in 

values of diameter and heat transfer rates are 

numerically calculated. 

In the third case, there is a variation of number of 

tubes of heat exchanger and by analytical method, 

the heat transfer rates are calculated. The fourth case 

is associated with the different materials which are 

used in making the tubes of the given heat 

exchanger. There are some assumptions which are 

made during the study of presented heat exchanger 

model. The coefficient of transfer of heat is uniform 

throughout the material. While during study and 

analysis, the flow conditions are steady. The two 

fluids used in this heat exchanger are supposed to 

have uniform specific heats and rates of mass flow. 

There are some negligible changes assumed in the 

kinetic energy as well as the potential energy of the 

fluids. During heat transfer, there is no condition of 

phase change as phase change is the function of 

temperature and pressure (specific heats are 

uniform).  The changes found in the temperature 

and pressure are not enough to change the state of 

working fluids. Heat exchanger is insulated 

properly to prevent the loss of heat to the 

surroundings. 

For numerical calculations, there are two methods 

generally used to calculate heat transfer rate and 

effectiveness. Theses methods are (i) Logarithmic 

Mean Temperature Difference (LMTD)  (ii) 

Number of Transferred Units (NTU). 

 

𝛳𝑙𝑚 =  
𝛳𝑡1 − 𝛳𝑡2

ln(
𝛳𝑡1
𝛳𝑡2

)
 

Where, 

𝛳𝑙𝑚 = Logarithmic Mean Temperature Difference. 

𝛳𝑡1 = Difference in inlet temperatures of both 

fluids. 

𝛳𝑡2 = Difference in outlet temperatures of both 

fluids. 

Effectiveness of heat exchanger, 

 

∈𝐻𝐸=
[1 − 𝑒−{𝑁𝑇𝑈(1−𝑅)}]

[1 − 𝑅𝑒{−𝑁𝑇𝑈(1−𝑅)}]
 

Where, 

R = Capacity Ratio 

NTU = No. of Transfer Units. 

This research article is completely based upon the 

modelling and analysis of a shell and tube heat 

exchanger for B. L. Agro. Industries pvt. Ltd, an 

edible oil production Company. The design 

parameters for this heat exchanger are taken from 

the maintenance department of this company. These 

parameters are listed in table (1) 

 

Table (1) : DESIGN PARAMETERS FOR HEAT EXCHANGER 

S. No. DESIGN PARAMETERS VALUES 

1 Internal diameter of tube 20 mm 

2 Outer diameter of tube 23 mm 

3 Water flow rate through tube 0.3 Kg/s 

4 Oil flow rate through tube 0.2 Kg/s 

5 Water inlet temperature 20 oC 

6 water outlet temperature 30 oC 

7 Oil inlet Temperature 75 oC 

8 oil outlet temperature 60 oC 

9 Water side film coefficient 4500 W/m2 oC 

10 Oil side film coefficient 1250 W/m2 oC 

11 conductivity of Tube wall 350 W/m oC 

12 Fouling factor for water 0.0004 

13 Fouling factor for oil 0.001 

14 length of tube 2.4 m 

4. RESULTS AND DISCUSSION 

Heat Transfer Rate, 

Qt = UoAHϴlm 

Where, 

Qt = Total heat transfer rate in 

Uo = Overall heat transfer coefficient 

ϴlm = Logarithmic mean temperature difference 

AH = total heat transfer area = 𝜋 ∗ 𝑑𝑜 ∗ 𝐿 

𝑑𝑜 = Outer diameter of heat exchanger tube 

𝐿 = length of tube 

Length of tube is varying from 2 m to 3 m and the 

results are obtained for heat transfer rates which 

are being shown in table (2 )and figure 4.1. 
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Table (2) : Variation in Heat transfer w.r.t. length of tube 

S. 

No. LENGTH 

IN 

TEMP 

OUT 

TEMP 

SPECIFIC 

HEAT 

MASS 

FLOW NO 

HEAT TRANSFER 

AREA ϴ1 ϴ2 LMTD 

HEAT TRANSFER 

RATE 

1 2 20 30 4.187 0.3 1 0.14451326 45 40 42.451 2429.841128 

2 2.05 20 30 4.187 0.3 1 0.14812609 45 40 42.451 2490.587156 

3 2.1 20 30 4.187 0.3 1 0.15173893 45 40 42.451 2551.333184 

4 2.15 20 30 4.187 0.3 1 0.15535176 45 40 42.451 2612.079212 

5 2.2 20 30 4.187 0.3 1 0.15896459 45 40 42.451 2672.825241 

6 2.25 20 30 4.187 0.3 1 0.16257742 45 40 42.451 2733.571269 

7 2.3 20 30 4.187 0.3 1 0.16619025 45 40 42.451 2794.317297 

8 2.35 20 30 4.187 0.3 1 0.16980308 45 40 42.451 2855.063325 

9 2.4 20 30 4.187 0.3 1 0.17341591 45 40 42.451 2915.809353 

10 2.45 20 30 4.187 0.3 1 0.17702875 45 40 42.451 2976.555382 

11 2.5 20 30 4.187 0.3 1 0.18064158 45 40 42.451 3037.30141 

12 2.55 20 30 4.187 0.3 1 0.18425441 45 40 42.451 3098.047438 

13 2.6 20 30 4.187 0.3 1 0.18786724 45 40 42.451 3158.793466 

14 2.65 20 30 4.187 0.3 1 0.19148007 45 40 42.451 3219.539494 

15 2.7 20 30 4.187 0.3 1 0.1950929 45 40 42.451 3280.285523 

16 2.75 20 30 4.187 0.3 1 0.19870574 45 40 42.451 3341.031551 

17 2.8 20 30 4.187 0.3 1 0.20231857 45 40 42.451 3401.777579 

18 2.85 20 30 4.187 0.3 1 0.2059314 45 40 42.451 3462.523607 

19 2.9 20 30 4.187 0.3 1 0.20954423 45 40 42.451 3523.269635 

20 2.95 20 30 4.187 0.3 1 0.21315706 45 40 42.451 3584.015663 

21 3 20 30 4.187 0.3 1 0.21676989 45 40 42.451 3644.761692 

 

 
Fig 4.1 : Variation in Hear transfer rate with respect to change in length 

 

Now, 

In second case the inner diameter of tube varies 

from 20 mm to 50 mm and outer diameter varies 

from 23 mm to 53 mm. the results for heat transfer 

rates are obtained for the change in diameter and the 

same are being shown in table (3) and figure 4.2. 

 

Table (2) Variation in heat transfer rate with respect to change in outer diameter 

S. No. 
INLET 

DIA 

OUTLET 

DIA 
L NO. 

HEAT TRANSFER 

AREA 

OVERALL H 

TRANS COEFF 

HEAT TRANSFER 

RATE 

1 0.02 0.023 2 1 0.144513262 396.81232 2434.334 

2 0.02 0.023 2 1 0.15393804 397.84349 2599.833 

3 0.02 0.023 2 1 0.163362818 398.74454 2765.255 

4 0.02 0.023 2 1 0.172787596 399.53865 2930.614 

5 0.02 0.023 2 1 0.182212374 400.24377 3095.92 

6 0.02 0.023 2 1 0.191637152 400.87408 3261.181 

7 0.02 0.023 2 1 0.20106193 401.44089 3426.405 

8 0.02 0.023 2 1 0.210486708 401.95332 3591.597 

9 0.02 0.023 2 1 0.219911486 402.41885 3756.76 

10 0.02 0.023 2 1 0.229336264 402.84363 3921.9 

11 0.02 0.023 2 1 0.238761042 403.23279 4087.018 

12 0.02 0.023 2 1 0.24818582 403.59063 4252.118 

13 0.02 0.023 2 1 0.257610598 403.92079 4417.201 

14 0.02 0.023 2 1 0.267035376 404.22635 4582.27 
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15 0.02 0.023 2 1 0.276460154 404.50997 4747.326 

16 0.02 0.023 2 1 0.285884931 404.77392 4912.37 

17 0.02 0.023 2 1 0.295309709 405.02019 5077.403 

18 0.02 0.023 2 1 0.304734487 405.2505 5242.427 

19 0.02 0.023 2 1 0.314159265 405.46634 5407.443 

20 0.02 0.023 2 1 0.323584043 405.66904 5572.451 

21 0.02 0.023 2 1 0.333008821 405.85977 5737.451 

 

 
Fig. (4.2) : Variation in Heat transfer rates with respect to change in outer diameter 

 

In third, each and every parameter of sample 

problem statement remains same and the number of 

tubes varies from 1 to 21. The results obtained for 

this variation are being shown in table (3) and figure 

4.3 

 

Table (3) Variation in Heat transfer rate with respect to number of tubes 

S. No. 
INLET 

DIA 

OUTLET 

DIA 
LENGTH NO 

HEAT TRANSFER 

AREA 

HEAT TRANSFER 

RATE 

1 0.02 0.023 2 1 0.144513262 2429.841128 

2 0.02 0.023 2 2 0.289026524 4859.682256 

3 0.02 0.023 2 3 0.433539786 7289.523383 

4 0.02 0.023 2 4 0.578053048 9719.364511 

5 0.02 0.023 2 5 0.72256631 12149.20564 

6 0.02 0.023 2 6 0.867079572 14579.04677 

7 0.02 0.023 2 7 1.011592834 17008.88789 

8 0.02 0.023 2 8 1.156106097 19438.72902 

9 0.02 0.023 2 9 1.300619359 21868.57015 

10 0.02 0.023 2 10 1.445132621 24298.41128 

11 0.02 0.023 2 11 1.589645883 26728.25241 

12 0.02 0.023 2 12 1.734159145 29158.09353 

13 0.02 0.023 2 13 1.878672407 31587.93466 

14 0.02 0.023 2 14 2.023185669 34017.77579 

15 0.02 0.023 2 15 2.167698931 36447.61692 

16 0.02 0.023 2 16 2.312212193 38877.45804 

17 0.02 0.023 2 17 2.456725455 41307.29917 

18 0.02 0.023 2 18 2.601238717 43737.1403 

19 0.02 0.023 2 19 2.745751979 46166.98143 

20 0.02 0.023 2 20 2.890265241 48596.82256 

21 0.02 0.023 2 21 3.034778503 51026.66368 
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Fig. (4.3) : Variation in Heat transfer rates with respect to change in number of tubes 

 

As the fourth case deals with the material of tube, 

heat transfer rates are directly proportional to the 

thermal conductivity of the tube material. Higher 

the thermal conductivity of the material, higher the 

heat transfer rates obtained. The component of 

electronics "ke" and the interconnected component 

"kg" are thought to be added to the thermal 

conductivity component, which is typically denoted 

by the symbol "k". 

k = ke + kg for a particular material, it can be 

different at different temperatures. The conductivity 

of some selective materials is as follows as being 

shown in table (4) 

 

 
Table (4) : Thermal conductivity for different materials 

S. No. MATERIAL TEMPERATURE THERMAL CONDUCTIVITY 

1 Aluminium 

-73 237 

0 236 

127 240 

327 232 

527 220 

2 Alumnium – duralium 20 164 

3 aluminium – Silicon 20 164 

4 Aluminium - bronze 0 - 25 70 

5 Aluminium Alloy 3003 0 - 25 190 

6 Aluminium Alloy 2014 0 - 25 190 

7 Aluminium Alloy 360 0 - 25 150 

8 Chromium 

-73 112.11 

0 94.8 

127 87.31 

327 80.35 

527 71.23 

727 65.53 

927 62.64 

9 Copper 

-73 412.9 

0 400.99 

127 392.12 

327 383.17 

527 371.16 

727 357.15 

927 342.19 

10 Iron 

-73 94.3 

0 82.8 

127 69.45 

327 54.73 

527 43.39 

727 32.62 
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The above data validates the newton’s law of 

cooling in which the thermal conductivity is 

inversely proportional to the temperature, that is 

higher the temperature of material, the thermal 

conductivity decreases. 

 

5. CONCLUSION 

The above results which are obtained from the 

analytical data and from ANSYS programing tool, 

it is found that the heat transfer varies linearly with 

span of tube of heat exchanger. Hence, it is very 

common to say that the heat transfer rate is directly 

proportional to the length of tube. The heat transfer 

gradient is also linear with change n outlet diameter 

of tube. 

 

Thus, it is obvious that the heat transfer is a direct 

function of length and diameter which is also a 

linear function of the heat transfer area. 

The numerical data is very similar to the data 

obtained by the ANSYS programming tool. It is 

concluded that the CFD programming software like 

ANSYS, Simscale or STAR CCM+ etc gives the 

best results or very close to real values. Hence, these 

software are very effective in real time analysis of a 

mechanical equipment. This present study is very 

beneficial for the research scholars working in the 

optimization and effectiveness of a shell & Tube 

heat exchanger and in thermal industries in which 

the heat transfer is a very common phenomenon, it 

will serve the academia and scholars as well as heat 

exchanger designers (Design Engineers) that they 

will come to know how these explained parameters 

effect the design of a Heat Exchanger. 

 

During the course of heating and cooling 

operations, fouling is the buildup of undesirable 

material deposits on heat transfer surfaces. It affects 

all sectors and the majority of heat exchangers, 

deteriorating heat transmission while also 

increasing the resistance to flow and pressure 

decreases. A decrease in pressure and inadequate 

heat transfer cause manufacturing inefficiency. 

Heavy fouled deposits demand additional 

equipment and maintenance time. Due to industry 

closures, it also causes a loss in production. Fouling 

can be caused by a number of factors, such as the 

pH of the water, the  speed of the fluid, the 

roughness of the component surfaces, etc. Heat 

transmission and pressure decrease within the heat 

exchange mechanism can be used to identify 

fouling. The fouling elements cause a reduction in 

thermal transfer rates. If there is a rise in the 

pressure drop between the inlet and output, fouling 

is the likely source of the thermal exchanger's 

frictional barriers. 

Physical factors including the speed of the fluid, 

liquid temperature, fluid chemistry, and 

manufacturing material can all help to lessen the 

impact of fouling. Due to an increase in shear stress 

in fluids caused by increased flow rates, fouling is 

reduced. However, if the contributions are 

particularly powerful, speeding up the flow can 

have little impact. With a rise in temperature, 

deposits of salt upon the heat exchangers sides 

grow. By limiting the region where the product may 

flow, fouling raises pressure reduction. If a fluid 

undergoes chemical changes, the difference may 

cause a coating of tube fouling. Choose units made 

with corrosion-resistant metallic materials and 

alloys if you want to avoid corrosion contamination 

from layers of heat resistance material. 

 

The various methods explained in this study can 

help the designers to select materials matched best 

for the heat exchangers. There are also some 

methods discussed here to reduce the negative 

factor named as fouling. 
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