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Abstract: A plate fin heat exchanger is a type of heat 

exchanger design that uses plates and finned chambers to 

transfer heat between liquids. It is often classified as a 

compact heat exchanger to emphasize the relatively high 

ratio between the heat transfer surface and the volume. The 

main objective of the present work is to investigation of 

optimum design of plate fin tube heat exchanger using 

Computational fluid dynamic approach and maximizing 

thermal performance. There are total five designs of plate 

fin and tube heat exchanger are used in present work and 

CFD analysis have been performed in it to get maximum 

heat transfer. It has been observed from CFD analysis that 

the maximum heat transfer can be achieved from plate fin 

and tube heat exchanger with elliptical tube arrangement 

inclined at 30o with 23.22% more heat transfer capacity as 

compared to circular tube plate pin heat exchanger. So that 

it is recommended that if the plate fins and tube heat 

exchanger with inclined elliptical tube used in place of 

circular tube arrangement, batter heat transfer can be 

achieved.  

Keywords: Plain fin; Turbulence; Friction factor; etc.  

I. INTRODUCTION 

A plate fin heat exchanger is a type of heat exchanger 

design that uses plates and finned chambers to transfer 

heat between liquids. It is often classified as a compact 

heat exchanger to emphasize the relatively high ratio 

between the heat transfer surface and the volume. The 

plate fin heat exchanger is widely used in many sectors, 

including the aerospace one, due to its compact size and 

light properties, as well as cryotechnics, where its ability 

to facilitate the transfer of heat is used with small 

differences in temperature [1]. 

Plate heat exchangers in finned aluminum alloy, often 

called welded aluminum heat exchangers, have been used 

in the aviation industry for over 60 years and have been 

adopted in the cryogenic separation sector. Air in 

chemical plants such as the processing of natural gas 

during the Second World War and immediately 

afterwards. They are also used in railway engines and 

motor vehicles. The stainless steel fins have been used in 

aircraft for 30 years and are currently being established in 

chemical plants. 

 

Fig. 1 Plate fin heat exchanger 

Plate fin-and-tube heat exchangers are used extensively in 

heating, ventilating, and air conditioning (HVAC), 

process engineering, and refrigeration applications such 

as compressor intercoolers, fan coils, and air-coolers. The 

governing thermal resistance for heat exchangers is 

typically located on the air side, accounting for 85% or 

more of the total resistance in practical applications. 

II. LITERATURE REVIEW 

BasimFreegah et al. [1] The study showed that finned heat 

sinks with corrugated vertical semicircular pins exposed 

to parallel flow and finned heat sinks with symmetrical 

hollow semicircular pins in a vertical arrangement that are 

exposed to vertical flow the impact has superior thermal 

performance compared to other configurations. The old 

design offers a base temperature and thermal resistance 

reduction of approximately 25.1% and 29%, respectively, 

and an increase in the Nusselt number of approximately 
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34.48% instead of the ribs of the conventional profile 

plate threaded. For the latter project, the base temperature 

and thermal resistance were reduced by approximately 

22.6% and 25.7% respectively, while the Nusselt number 

shows values increasing by approximately 31.6%. 

hang-Hyo Son et al. [2] the single-phase convection heat 

transfer coefficients were calculated in this work using the 

modified Wilson diagram method and the pressure drop 

relative to other correlations. The main results are 

summarized as follows. The pressure drop corresponds 

well to the previous correlation, but the convection heat 

transfer coefficients differ from the others. Based on the 

experimental results, a new correlation of the single-phase 

heat transfer for the plate fin heat exchanger is presented.  

Máté PETRIK et al. [3] the aim of this work is to perform 

parametric analysis of the thermal power of a compact car 

cooler using computer-assisted fluid dynamics. The 

results show that the relationship between the pitch of the 

slats, the thickness of the walls of the slats, the number of 

slats, the depth of flow and the geometry of the tube are 

the main factors of heat transfer. The main goal is to find 

a reliable correlation of the Nu number for this type of 

heat exchanger. Also, when using this feature, the goal is 

to find the optimal shape of the chiller, which can lower 

the coolant temperature to the required value and have the 

lightest weight. 

Abhishek Tiwari et al. [4] In the field of cryogenics, heat 

exchangers with a maximum efficiency of the order of 

0.96 or more are used to maintain the low temperature 

effect generated. The compact heat exchanger (CHE) is 

modified by cross-flow channels between a small volume 

and a high rate of energy exchange between two liquids. 

The thermo-hydraulic performance of the compact heat 

exchangers (CHE) strongly depends on the Colburn fins 

'j' and Fanning factor 'f', the triangular and rectangular 

perforated fins.  

III. OBJECTIVES 

 The main objective of the present work to perform 

computational Fluid Dynamics simulations to predict 

the effect of inlet air flow maldistribution on the 

design and thermal hydraulic performance of heat 

exchanger. 

 To create new model of plate fin and tube heat 

exchanger with different tube pitches for batter heat 

transfer. 

 To perform computational fluid dynamics 

simulations to predict the effect of inlet air flow 

maldistribution on the new design and thermal 

hydraulic performance of heat exchangers. 

 To compare the results from both computational fluid 

dynamic analysis and validate with base paper. 

IV. METHODOLOGY 

A. Steps of Expected Methodology  

1. Acquiring the design dimensions of Plate fin-and-

tube heat exchangers. 

2. Preparing the CAD model of Plate fin-and-tube heat 

exchangers. 

3. Assigning the selected material to the Plate fin and 

tube heat exchangers in ANSYS Software.  

4. Assigning the suitable boundary conditions. 

5. Further CFD analysis will be perform for base paper 

model and proposed model of Plate fin and tube heat 

exchangers. 

B. FEM analysis 

The use of finite element method as a tool to solve various 

engineering problems in industrial applications is quite a 

new concept. ANSYS is generally used in general purpose 

finite element analysis program. The construction of 

solution to engineering problems using FEM requires 

development of computer program based on FEM 

formulation or commercially available FEM program like 

ANSYS. 

C. Algorithm used for Computational fluid dynamics 

analysis 

 

Fig. 2: Algorithm used for Computational fluid dynamics analysis 

D. Steps of computational fluid dynamics Analysis: 

The different analysis steps involved in computational 

fluid dynamics Analysis are mentioned below. 

1. Preprocessor  

A. Creation of CAD Model:  

B. Generation of Meshing:  
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C. Define Materials:  

2. Solution Processor: In this phase of analysis the 

computer takes over and solves the instantaneous 

equation which is generated by finite element method. 

Postprocessor: Reviewing analysis results over the entire 

model is done in the general postprocessor.  

E. Governing Equations  

1. Conservation of mass or continuity equation: 

The equation for conservation of mass, or continuity 

equation, can be written as follows: 
𝜕𝜌

𝜕𝑡
+ ∇. (𝜌 𝑣⃗) = 𝑆𝑚 

Where 𝑆𝑚= mass added to the continuous phase or any 

user defined sources. 

For 2D axisymmetric geometries, the continuity equation 

is given by 

𝜕𝜌

𝜕𝑡
+

𝜕

𝜕𝑥
(𝜌𝑣𝑥) +

𝜕

𝜕𝑟
(𝜌𝑣𝑟) +

𝜌𝑣𝑟

𝑟
= 𝑆𝑚 

Where x is the axial coordinate, r is the radial 

coordinate, 𝑣𝑥 is the axial velocity, and 𝑣𝑟 is the radial 

velocity. 

2. Momentum Conservation Equations 

Conservation of momentum in an inertial reference 

frame is described by  

𝜕

𝜕𝑡
(𝜌𝑣⃗) + ∇. (𝜌𝑣⃗𝑣⃗) =  −∇𝑝 + ∇. (𝜏̿) + 𝜌𝑔⃗ + 𝐹⃗ 

Where p= static pressure 

 𝜏̿ = stress tensor,  

𝜌𝑔⃗ = gravitational body force and 

𝐹⃗ = external body forces  

 The stress tensor  𝜏̿ is given by 

𝜏̿ =  𝜇 [(∇𝑣⃗ + ∇𝑣⃗T) −  
2

3
∇. 𝑣⃗𝐼] 

where  𝜇 = molecular viscosity 

I = unit tensor,  

For 2D axisymmetric geometries, the axial and radial 

momentum conservation equations are given by 
𝜕

𝜕𝑥
(𝜌𝑣𝑥) +

1

𝑟

𝜕

𝜕𝑥
(𝑟𝜌𝑣𝑥𝑣𝑥) +

1

𝑟

𝜕

𝜕𝑟
(𝑟𝜌𝑣𝑟𝑣𝑟)

=  −
𝜕𝑝

𝜕𝑥
+

1

𝑟

𝜕

𝜕𝑥
[𝑟𝜇 (2

𝜕𝑣𝑥

𝜕𝑥
−

2

3
(∇. 𝑣⃗))]

+
1

𝑟

𝜕

𝜕𝑟
[𝑟𝜇 (

𝜕𝑣𝑥

𝜕𝑟
+

𝜕𝑣𝑟

𝜕𝑥
)] + 𝐹𝑥  

And 

𝜕

𝜕𝑡
(𝜌𝑣𝑟) +

1

𝑟

𝜕

𝜕𝑥
(𝑟𝜌𝑣𝑥𝑣𝑟) +

1

𝑟

𝜕

𝜕𝑟
(𝑟𝜌𝑣𝑟𝑣𝑟)

=  −
𝜕𝑝

𝜕𝑟
+

1

𝑟

𝜕

𝜕𝑥
[𝑟𝜇 (

𝜕𝑣𝑟

𝜕𝑥
+

𝜕𝑣𝑥

𝜕𝑟
)]

+
1

𝑟

𝜕

𝜕𝑟
[𝑟𝜇 (2

𝜕𝑣𝑟

𝜕𝑟
−

2

3
(∇. 𝑣⃗))] − 2𝜇

𝑣𝑟

𝑟2

+
2𝜇

3𝑟
(∇. 𝑣⃗) + 𝜌

𝑣𝑧
2

𝑟
+ 𝐹𝑟  

Where 

∇. 𝑣⃗ =  
𝜕𝑣𝑥

𝜕𝑥
+

𝜕𝑣𝑟

𝜕𝑟
+

𝑣𝑟

𝑟
 

Where 𝑣𝑥= Axial velocity 

𝑣𝑟= Radial velocity 

𝒗𝒛 = swirl velocity 

3. Energy Equation 

The energy equation for the mixture takes the following 

form: 

𝜕

𝜕𝑡
∑(𝛼𝑘𝜌𝑘𝐸𝑘)

𝑛

𝑘=1

+ ∇. ∑(𝛼𝑘𝑣⃗𝑘(𝜌𝑘𝐸𝑘 + 𝑝)) =  ∇. (𝑘𝑒𝑓𝑓∇𝑇)

𝑛

𝑘=1

+ 𝑆𝐸 

where 𝑘𝑒𝑓𝑓 = effective conductivity  

𝑆𝐸= volumetric heat sources 

𝐸𝑘 =  ℎ𝑘 −
𝑝

𝜌𝑘
+

𝑣𝑘
2

2
 

Where  

𝐸𝑘 =  ℎ𝑘  for an incompressible phase and ℎ𝑘= sensible 

enthalpy for phase k 

 𝑘−∈ 𝑚𝑜𝑑𝑒𝑙: 

The turbulence kinetic energy, k, and its rate of 

dissipation, ∈, are obtained from the following transport 

equations: 
𝜕

𝜕𝑡
(𝜌𝑘) +

𝜕

𝜕𝑥𝑖

(𝜌𝑘𝑣𝑖) =  
𝜕

𝜕𝑥𝑗

[(𝜇 +
𝜇𝑡

𝜎𝑘

)
𝜕𝑘

𝜕𝑥𝑗

] + 𝐺𝑘 + 𝐺𝑏 − 𝜌

∈ −𝑌𝑀 + 𝑆𝑘 

and 

𝜕

𝜕𝑡
(𝜌 ∈) +

𝜕

𝜕𝑥𝑖

(𝜌 ∈ 𝑣𝑖)

=  
𝜕

𝜕𝑥𝑗

[(𝜇 +
𝜇𝑡

𝜎∈

)
𝜕 ∈

𝜕𝑥𝑗

] + 𝐶1∈

∈

𝑘
(𝐺𝑘 + 𝐶3∈𝐺𝑏)

− 𝐶2∈𝜌
∈2

𝑘
+ 𝑆∈ 

In these equations, 𝐺𝑘 represents the generation of 

turbulence kinetic energy due to the mean velocity 

gradients, 

 𝐺𝑏 is the generation of turbulence kinetic energy due to 

buoyancy, 

 𝑌𝑀 represents the contribution of the fluctuating 

dilatation in compressible turbulence to the overall 

dissipation rate,  

𝐶1∈, 𝐶2∈, and 𝐶3∈ are constant. 

𝜎𝑘 and 𝜎∈ are turbulent Prandtl numbers for k and∈,  

𝑆𝑘 And 𝑆∈ are user-defined source terms. 

F. Geometrical parameters for the plate fin tube heat 

exchanger models: 

Parameters Values 

Tube diameter fin collector outside 

diameter, D (mm) 

9.97 

Longitudinal tube pitch, Ll (mm) 27.50 

Transverse pitch, Lt (mm) 31.75 

Fin Pitch, Fp (mm) 3.21 

Fin Thickness, Ft (mm) 0.20 
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Number of tube row, N 4 

Fin and tube arrangement In line, staggered 

 

Fig.3: Physical model with staggered arrangement  

Because of the symmetry of the tube bank geometry, only a portion of 

the domain needs to be modeled. The computational domain is shown in 

outline in Fig 

 

Fig. 4: computational domain with different boundaries of fin tube heat 

exchanger  

G. CFD Analysis of plate fin with elliptical tube inclined 

at 30o heat exchanger  

1. CAD geometry 

In this work, a two-dimensional CAD model of a sheet metal fin with an 

elliptical tube inclined by 30 ° is created using a modular design of the 

ANSYS workbench. According to that of the table above and the 

figshows a two-dimensional view of the plate fin with an elliptical tube 

inclined by a 30 ° heat exchanger. 

 

Fig. 5: CAD model of plate fin with elliptical tube inclined at 30o heat 

exchanger 

2. Meshing 

After completing the CAD geometry of the plate fin with an elliptical 

tube inclined by 30°, the heat exchanger is imported into the ANSYS 

workbench for a further calculation of the fluid dynamics. The next step 

is meshing. CAD geometry is divided into a large number of small parts 

called meshes. in this book it is 16650 and the total number of elements 

is 16300. The types of elements used are rectangular, which is a 

rectangular shape with four knots on each element.  

  

Fig. 6: Meshing of plate fin with elliptical tube inclined at 30o heat 

exchanger 

 

 

Fig. 7: Different boundaries of Plate fin with elliptical tube inclined at 

30o heat exchangers 

3. Quality of meshing:  

The quality of the net plays an important role in the 

accuracy and stability of the calculation. In this work, 

square elements were created during discretization. The 

quality of the cell, including its orthogonal quality, its 

proportions and its asymmetry, has a significant impact 

on the accuracy of the solution. 

4. Orthogonal mesh quality  

Orthogonal quality is computed for cells using the vector 

from the cell centroid to each of its faces, corresponding 

face area vector, and the vector from the cell centroid to 

centroids of each of the adjacent cells. The worst cells will 

have an orthogonal quality closer to 0, with the best cells 

closer to 1. In the present case the minimum value is 

0.73761 and maximum value is 1 and average value is 

0.99273, which means the mesh quality is acceptable and 

very good. 

 

Fig. 8: Orthogonal mesh quality of Plate fin with elliptical tube 

inclined at 30o heat exchangers 

5. Boundary condition 

 To determine the maximum temperature Plate fin 

with elliptical tube inclined at 30o heat exchanger 

need to on energy equation. 

 Select Second Order Upwind for the Momentum and 

Energy equation. 

 For the creation of periodic zone following 

commands have to use.  

>mesh/modify-zones/make-periodic 

Periodic zone [()] 

Shadow zone [()] 
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Rotational periodic? (If no, translational) [yes] no 

Create periodic zones? [Yes] Yes 

Auto detect translation vector? [Yes] Yes 

 In general setting pressure based solver is select. 

 For material selection used water liquid as a working 

fluid having density = 998.2 Kg/m3, Cp= 4182 J/Kg-

K, Thermal Conductivity 0.6 W/m-k and viscosity 

Kg/m-Sec. 

After performing computational fluid dynamic analysis 

on plate fin with elliptical tube inclined at 30o heat 

exchanger the temperature distribution over the plate fin 

with elliptical tube inclined at 30o has been observed. The 

temperature distribution at Plate fin and tube heat 

exchangers has been from 353.1K to 268.9K which shows 

the temperature drop of 84.2 degree.  

 

Fig. 9: Temperature distribution over the plate fin with elliptical tube 

inclined at 30o heat exchanger 

After performing computational fluid dynamic analysis 

on plate fin with elliptical tube inclined at 30o heat 

exchanger the velocity distribution over the plate fin with 

elliptical tube inclined at 30o has been observed. The 

maximum velocity at plate fin with elliptical tube inclined 

at 30o heat exchangers has been recorded is 15.8 m/sec. 

 

Fig. 10: Velocity distribution over the plate fin with elliptical tube 

inclined at 30o heat exchanger 

After performing computational fluid dynamic analysis 

on plate fin with elliptical tube inclined at 30o heat 

exchanger the pressure distribution over the plate fin with 

elliptical tube inclined at 30o has been observed. The 

maximum pressure at over the plate fin with elliptical tube 

inclined at 30o heat exchangers has been recorded is 

89.69Pa.  

 

Fig. 11: Pressure distribution over the plate fin with elliptical tube 

inclined at 30o heat exchanger 

Figshows the schematic air velocity vector diagram of 

air flowing through the plate fin with elliptical tube 

inclined at 30o heat exchanger.  

 

Fig. 12: Velocity vector diagram of air flowing through the plate fin 

with elliptical tube inclined at 30o heat exchanger 

H. CFD Analysis of plate fin with circular tube heat 

exchanger  

1. CAD geometry 

In the present work a two dimensional CAD model of 

plate fin with circular tube heat exchanger is created with 

the help of design modular of ANSYS workbench. 

According to dimensional parameters given in above table 

no. and a two dimensional view of the plate fin with 

circular tube heat exchanger is shown in figure. 

 

Fig. 13: CAD model of plate fin with circular tube heat exchanger 

2. Meshing 

After completing the CAD geometry of plate fin with 

circular tube heat exchanger is imported in ANSYS 

workbench for further computational fluid dynamics 

analysis and the next step is meshing. CAD geometry is 

divided into large numbers of small pieces called mesh. in 

the present work is 15417 and total No. of Elements is 

15107. Types of elements used are rectangular which is a 

rectangular in shape with four nodes on each element.  
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Fig. 14: Meshing of plate fin with circular tube heat exchanger 

 

Fig. 15: Different boundaries of Plate fin with circular tube heat 

exchangers 

3. Quality of meshing 

The quality of the mesh plays an important role in the 

accuracy and stability of the calculation. In the present 

work the Quadrilateral elements have been generated 

during discretization. The quality of the cell including its 

orthogonal quality, aspect ratio, and skewers has an 

important effect on the accuracy of the solution. 

4. Factor that affect the mesh quality 

 Rate of convergence: if the mesh quality is good the rate 

of convergence will be grater which means the correct 

solution can be achieved faster. 

 Solution precision: A better mesh quality provides a 

more precise solution. 

 Computational processing time required: for the highly 

refined mesh the computational time will be relatively 

large. 

 Grid Independence result: Once the computations are 

done and the desired property of fluid does not vary 

with respect to different mesh elements then it 

represents that further change in elements doesn't vary 

the results this term known as Independent Grid. 

5. Orthogonal mesh quality 

Orthogonal quality is computed for cells using the vector 

from the cell centroid to each of its faces, corresponding 

face area vector, and the vector from the cell centroid to 

centroids of each of the adjacent cells. The worst cells will 

have an orthogonal quality closer to 0, with the best cells 

closer to 1. In the present case the minimum value is 

0.73761 and maximum value is 1 and average value is 

0.99273, which means the mesh quality is acceptable and 

very good. 

 

Fig. 16: Orthogonal mesh quality of Plate fin with circular tube heat 

exchangers 

 

Fig. 17: general setting of fluent solver 

 From the model enable energy equation. 

 For material selection used water liquid as a 

working fluid as shown in below figure. 

 

Fig. 18: material selection 

After performing computational fluid dynamic analysis 

on plate fin with circular tube heat exchanger the 

temperature distribution over the plate fin with circular 

tube has been observed. The temperature distribution at 

Plate fin and tube heat exchangers has been from 353K to 

289K which shows the temperature drop of 64 degree.  
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Fig. 19: Temperature distribution over the plate fin with circular tube 

heat exchanger 

After performing computational fluid dynamic analysis 

on plate fin with circular tube heat exchanger the 

velocity distribution over the plate fin with circular tube 

has been observed. The maximum velocity at plate fin 

with circular tube heat exchangers has been recorded is 

14.8 m/sec. 

 

Fig. 20: Velocity distribution over the plate fin with circular tube heat 

exchanger 

After performing computational fluid dynamic analysis 

on plate fin with circular tube heat exchanger the pressure 

distribution over the plate fin with circular tube has been 

observed. The maximum pressure at over the plate fin 

with circular tube heat exchangers has been recorded is 

50.86Pa.  

 

Fig. 21: Pressure distribution over the plate fin with circular tube heat 

exchanger 

Figshows the schematic air velocity vector diagram of 

air flowing through the plate fin with circular tube heat 

exchanger.  

 

Fig. 22: Velocity vector diagram of air flowing through the plate fin 

with circular tube heat exchanger 

I. CFD Analysis of plate fin with elliptical tube inclined 

at 45o heat exchanger  

1. CAD geometry 

In the present work a two dimensional CAD model of 

plate fin with elliptical tube inclined at 45o heat exchanger 

is created with the help of design modular of ANSYS 

workbench. According to dimensional parameters given 

in above table no. and a two dimensional view of the plate 

fin with elliptical tube inclined at 45o heat exchanger is 

shown in figure. 

 

Fig. 23: CAD model of plate fin with elliptical tube inclined at 45o 

heat exchanger 

2. Meshing 

After completing the CAD geometry of plate fin with 

elliptical tube inclined at 45o heat exchanger is imported 

in ANSYS workbench for further computational fluid 

dynamics analysis and the next step is meshing. CAD 

geometry is divided into large numbers of small pieces 

called mesh in the present work is 16601 and total No. of 

Elements is 16247. Types of elements used are 

rectangular which is a rectangular in shape with four 

nodes on each element.  

 

Fig. 24: Meshing of plate fin with elliptical tube inclined at 45o heat 

exchanger 

 

Fig. 25: Different boundaries of Plate fin with elliptical tube inclined at 

45o heat exchangers 

3. Quality of meshing 

The quality of the mesh plays an important role in the 

accuracy and stability of the calculation. In the present 

work the Quadrilateral elements have been generated 

during discretization. The quality of the cell including its 

orthogonal quality, aspect ratio, and skewness has an 

important effect on the accuracy of the solution. 

4. Orthogonal mesh quality 
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Orthogonal quality is computed for cells using the vector 

from the cell centroid to each of its faces, corresponding 

face area vector, and the vector from the cell centroid to 

centroids of each of the adjacent cells. The worst cells will 

have an orthogonal quality closer to 0, with the best cells 

closer to 1. In the present case the minimum value is 

0.75936 and maximum value is 1 and average value is 

0.99502, which means the mesh quality is acceptable and 

very good. 

 

Fig. 26: Orthogonal mesh quality of Plate fin with elliptical tube 

inclined at 45o heat exchangers 

After performing computational fluid dynamic analysis 

on plate fin with elliptical tube inclined at 45o heat 

exchanger the temperature distribution over the plate fin 

with elliptical tube inclined at 45o has been observed. The 

temperature distribution at Plate fin and tube heat 

exchangers has been from 352.3K to 270.3K which shows 

the temperature drop of 82 degree.  

 

Fig. 27: Temperature distribution over the plate fin with elliptical tube 

inclined at 45o heat exchanger 

After performing computational fluid dynamic analysis 

on plate fin with elliptical tube inclined at 45o heat 

exchanger the velocity distribution over the plate fin with 

elliptical tube inclined at 45o has been observed. The 

maximum velocity at plate fin with elliptical tube inclined 

at 45o heat exchangers has been recorded is 18.61 m/sec. 

 

Fig. 28: Velocity distribution over the plate fin with elliptical tube 

inclined at 45o heat exchanger 

After performing computational fluid dynamic analysis 

on plate fin with elliptical tube inclined at 45o heat 

exchanger the pressure distribution over the plate fin with 

elliptical tube inclined at 45o has been observed. The 

maximum pressure at over the plate fin with elliptical tube 

inclined at 45o heat exchangers has been recorded is 

140.4Pa.  

 

Fig. 29: Pressure distribution over the plate fin with elliptical tube 

inclined at 45o heat exchanger 

Figshows the schematic air velocity vector diagram of air 

flowing through the plate fin with elliptical tube inclined 

at 45o heat exchanger.  

 

Fig. 30: Velocity vector diagram of air flowing through the plate fin 

with elliptical tube inclined at 45o heat exchanger 

J. CFD Analysis of plate fin with elliptical tube inclined 

at 60o heat exchanger  

1. CAD geometry 

In the present work a two dimensional CAD model of 

plate fin with elliptical tube inclined at 60o heat exchanger 

is created with the help of design modular of ANSYS 

workbench. According to dimensional parameters given 

in above table no. and a two dimensional view of the plate 

fin with elliptical tube inclined at 60o heat exchanger is 

shown in figure. 

 

Fig. 31: CAD model of plate fin with elliptical tube inclined at 60o heat 

exchanger 
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2. Meshing  

After completing the CAD geometry of plate fin with 

elliptical tube inclined at 60o heat exchanger is imported 

in ANSYS workbench for further computational fluid 

dynamics analysis and the next step is meshing. CAD 

geometry is divided into large numbers of small pieces 

called mesh in the present work is 16698 and total No. of 

Elements is 16339. Types of elements used are 

rectangular which is a rectangular in shape with four 

nodes on each element.  

 

Fig. 32: Meshing of plate fin with elliptical tube inclined at 60o heat 

exchanger 

 

Fig. 33: Different boundaries of Plate fin with elliptical tube inclined at 

60o heat exchangers 

3. Quality of meshing  

The quality of the mesh plays an important role in the 

accuracy and stability of the calculation. In the present 

work the Quadrilateral elements have been generated 

during discretization. The quality of the cell including its 

orthogonal quality, aspect ratio, and skewness has an 

important effect on the accuracy of the solution. 

4. Orthogonal mesh quality 

Orthogonal quality is computed for cells using the vector 

from the cell centroid to each of its faces, corresponding 

face area vector, and the vector from the cell centroid to 

centroids of each of the adjacent cells. The worst cells will 

have an orthogonal quality closer to 0, with the best cells 

closer to 1. In the present case the minimum value is 

0.75135 and maximum value is 1 and average value is 

0.99477, which means the mesh quality is acceptable and 

very good. 

 

Fig. 34: Orthogonal mesh quality of Plate fin with elliptical tube 

inclined at 60o heat exchangers 

After performing computational fluid dynamic analysis 

on plate fin with elliptical tube inclined at 60o heat 

exchanger the temperature distribution over the plate fin 

with elliptical tube inclined at 60o has been observed. The 

temperature distribution at Plate fin and tube heat 

exchangers has been from 352.4K to 273.7K which shows 

the temperature drop of 78.7 degree.  

 

Fig. 35: Temperature distribution over the plate fin with elliptical tube 

inclined at 60o heat exchanger 

After performing computational fluid dynamic analysis 

on plate fin with elliptical tube inclined at 60o heat 

exchanger the velocity distribution over the plate fin with 

elliptical tube inclined at 60o has been observed. The 

maximum velocity at plate fin with elliptical tube inclined 

at 60o heat exchangers has been recorded is 21.06 m/sec. 

 

http://www.ijoscience.com/


SMART MOVES JOURNAL IJOSCIENCE              ISSN NO: 2582-4600               VOLUME 6, ISSUE 8, AUGUST 2020 

 

www.ijoscience.com  22 
 

Fig. 36: Velocity distribution over the plate fin with elliptical tube 

inclined at 60o heat exchanger 

After performing computational fluid dynamic analysis 

on plate fin with elliptical tube inclined at 60o heat 

exchanger the pressure distribution over the plate fin with 

elliptical tube inclined at 60o has been observed. The 

maximum pressure at over the plate fin with elliptical tube 

inclined at 60o heat exchangers has been recorded is 

193.6Pa.  

 

Fig. 37: Pressure distribution over the plate fin with elliptical tube 

inclined at 60o heat exchanger 

Fig shows the schematic air velocity vector diagram of air 

flowing through the plate fin with elliptical tube inclined 

at 60o heat exchanger.  

 

Fig. 38: Velocity vector diagram of air flowing through the plate fin 

with elliptical tube inclined at 60o heat exchanger 

K. CFD Analysis of plate fin with Vertical elliptical tube 

heat exchanger  

1. CAD geometry 

In the present work a two dimensional CAD model of 

plate fin with Vertical elliptical tube heat exchanger is 

created with the help of design modular of ANSYS 

workbench. According to dimensional parameters given 

in above table no. and a two dimensional view of the plate 

fin with Vertical elliptical tube heat exchanger is shown 

in figure. 

 

Fig. 39: CAD model of plate fin with Vertical elliptical tube heat 

exchanger 

2. Meshing 

After completing the CAD geometry of plate fin with 

Vertical elliptical tube heat exchanger is imported in 

ANSYS workbench for further computational fluid 

dynamics analysis and the next step is meshing. CAD 

geometry is divided into large numbers of small pieces 

called mesh. in the present work is 16663 and total No. of 

Elements is 16303. Types of elements used are 

rectangular which is a rectangular in shape with four 

nodes on each element.  

 

 

Fig. 40: Meshing of plate fin with Vertical elliptical tube heat 

exchanger 

 

Fig. 41: Different boundaries of Plate fin with Vertical elliptical tube 

heat exchangers 

3. Quality of meshing  

The quality of the mesh plays an important role in the 

accuracy and stability of the calculation. In the present 

work the Quadrilateral elements have been generated 

during discretization. The quality of the cell including its 

orthogonal quality, aspect ratio, and skewness has an 

important effect on the accuracy of the solution. 

4. Orthogonal mesh quality  

Orthogonal quality is computed for cells using the vector 

from the cell centroid to each of its faces, corresponding 

face area vector, and the vector from the cell centroid to 

centroids of each of the adjacent cells. The worst cells will 

have an orthogonal quality closer to 0, with the best cells 

closer to 1. In the present case the minimum value is 

0.70991 and maximum value is 1 and average value is 

0.9948, which means the mesh quality is acceptable and 

very good. 
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Fig. 42: Orthogonal mesh quality of Plate fin with Vertical elliptical 

tube heat exchangers 

After performing computational fluid dynamic analysis 

on plate fin with Vertical elliptical tube heat exchanger 

the temperature distribution over the plate fin with 

Vertical elliptical tube has been observed. The 

temperature distribution at Plate fin and tube heat 

exchangers has been from 352.4K to 274.3K which shows 

the temperature drop of 78.1 degree.  

 

Fig. 43: Temperature distribution over the plate fin with Vertical 

elliptical tube heat exchanger 

After performing computational fluid dynamic analysis 

on plate fin with Vertical elliptical tube heat exchanger 

the velocity distribution over the plate fin with Vertical 

elliptical tube has been observed. The maximum velocity 

at plate fin with Vertical elliptical tubeheat exchangers 

has been recorded is 22.13 m/sec. 

 

Fig. 44: Velocity distribution over the plate fin with Vertical elliptical 

tube heat exchanger 

After performing computational fluid dynamic analysis 

on plate fin with Vertical elliptical tube heat exchanger 

the pressure distribution over the plate fin with Vertical 

elliptical tube has been observed. The maximum pressure 

at over the plate fin with Vertical elliptical tubeheat 

exchangers has been recorded is 220.8Pa.  

 

Fig. 45: Pressure distribution over the plate fin with Vertical elliptical 

tube heat exchanger 

Fig shows the schematic air velocity vector diagram of 

air flowing through the plate fin with Vertical elliptical 

tube heat exchanger.  

 

Fig. 46: Velocity vector diagram of air flowing through the plate fin 

with Vertical elliptical tube heat exchanger 

V. RESULT AND DISCUSSION 

Table 5.6 Combine temperature distribution over the plate fin tube 

heat exchanger 

Design of Plate fin and tube 

heat exchanger 

Maximum 

Temperature 

Distribution [K] 

Minimum 

Temperature 

Distribution 

[K] 

Base Paper Design 351.38 289.26 

Elliptical pipe inclined at 30o 349.68 268.77 

Elliptical pipe inclined at 45o 349.02 270.03 

Elliptical pipe inclined at 60o 349.04 273.58 

Elliptical pipe vertical 347.29 274.39 

 

Fig. 47: Comparative Result of temperature Distribution for all designs 

Table 5.7 Comparison of Performance improvement for plate fin 

tube heat exchanger 
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Design of Plate fin and tube heat 

exchanger 

Performance improvement in 

% 

Base Paper Design - 

Elliptical pipe inclined at 30o 23.022% 

Elliptical pipe inclined at 45o 21.026% 

Elliptical pipe inclined at 60o 17.067% 

Elliptical pipe vertical 14.078% 

 

Fig. 48: Comparison of Performance improvement for plate fin tube 

heat exchanger 

From the above results, it was observed that the maximum 

and minimum temperature for the design of the base paper 

(plate fin and tube heat exchanger with circular tube 

arrangement) was 351.38 K and 289, 26 K per exchanger 

finned and tube heat exchanger with elliptical tube 

arrangement. An inclination of 30° was observed at 

349.68 K and 268.77 K for fin and tube heat exchangers 

with an arrangement of 45° inclined elliptical tubes at 

349.02 K and 270.03 K for heat exchangers heat with fins 

and tubes with an arrangement of elliptical tubes inclined 

at 60° 349.04 K and 273.48 K and for heat exchangers 

with fins and tubes with an arrangement of the elliptical 

tube inclined at 90° (vertical ellipse) were observed 

347.29 K and 274.29 K, respectively. It has also been 

observed that the heat transfer capacity for plate fins and 

tube heat exchangers with an arrangement of elliptical 

tubes inclined by 30° with respect to the basic design of 

the paper is 23.022%, for plate fins and tube heat 

exchangers with an elliptical arrangement of the tube 

inclined by 45° with respect to the basic design of the 

paper, the value is 21.026% for plate fins and tube heat 

exchangers with an arrangement of the inclined elliptical 

tubes of 60° compared to the basic design of the paper is 

17.067% and for the plate fins and tube heat exchangers 

with an elliptical tube arrangement inclined by 90° 

(vertical ellipse) the basic design of the paper is 14.078%. 

VI. CONCLUSION  

The main objective of the study of the optimal design of 

plate and fin heat exchangers through a computer-assisted 

fluid-dynamic approach and the maximization of thermal 

power. After performing a computerized analysis of fluid 

dynamics on various plate and fin heat exchanger designs, 

the following conclusions were drawn. 

 The maximum and minimum temperature for the 

base paper design (flat tube heat exchanger and 

circular tube heat exchanger) was observed at 351.38 

K and 289.2626 K, therefore the temperature 

difference is 62.12 degrees. 

 The maximum and minimum temperature for heat 

exchangers with plate fins and tubes with an 

arrangement of the elliptical tube inclined by 30 ° was 

observed at 349.68 K and 268.77 K, so the 

temperature difference is 80, 91 degrees and better 

heat transfer performance than the base card design 

23, 22%. 

 The maximum and minimum temperature for heat 

exchangers with plate fins and tubes with a 45 ° 

inclined arrangement of the elliptical tube was 

observed at 349.02 K and 270.03 K, so the 

temperature difference is 78 , 9 degrees and improved 

heat transfer performance compared to the base card 

design 21, 26%. 

 The maximum and minimum temperature for heat 

exchangers with plate fins and tubes with an 

arrangement of the elliptical tube inclined by 60 ° was 

observed at 349.04 K and 273.58 K, therefore the 

temperature difference is 75, 46 degrees and better 

heat transfer performance than the base card design 

17, 67%. 

 The maximum and minimum temperature for heat 

exchangers with plate fins and tubes with an 

arrangement of the elliptical tube inclined by 90° 

(vertical ellipse) was observed at 347.29 K and 

274.39 K, therefore the difference of temperature is 

72.9 degrees and the heat transfer performance 

compared to base paper the improved design is 

14.78%. 

From the above conclusions, it has been observed that 

the maximum heat transfer can be obtained from a 

plate and tube fin heat exchanger with an elliptical 

tube arrangement inclined by 30 ° with a heat transfer 

capacity of 23.22% more than a circular plate heat 

exchanger. Therefore, it is recommended to obtain 

the heat transfer of the mix if using the plate fins and 

the tube heat exchanger with an inclined elliptical 

tube instead of the circular tube arrangement.  

VII. FUTURE WORK 
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This work focuses on improving the heat transfer capacity 

of finned heat exchangers by changing their design. 

Although the study is conducted with great care, there is 

still room for improvement. Some suggestions for future 

studies may also be possible, such as: 

 Finned tube heat exchangers with a circular tube and 

an elliptical arrangement are used in this worktop, but 

a different section can also be used. 

 The thickness of the slats does not vary in the current 

job, so the thickness can also be the criterion in which 

it is possible to work in the future. 

 The division of the tube bundle is constant in this 

work, a variable division can also be used. 

 In this work elliptical tube angles of 30°, 45°, 60° and 

90 ° are used, other angles can be used. 
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