
72 
www.njesr.com 

 

NJESR/July 2021/ Vol-2/Issue-7       DOI - 10.53571/NJESR.2021.2.7.72-80        E-ISSN-2582-5836 

COMPUTATIONAL FLUID DYNAMICS 

AND HEAT TRANSFER ANALYSIS 

       Upendra Joshi 

       Email-Usharma346@gmail.com 

 

ABSTRACT 

Computational fluid dynamics (CFD) also, heat move reenactments are directed for a novel 

warmth exchanger. The warmth exchanger comprises of semi-circle cross-separated cylinders 

that make thin openings situated in the streamwise heading. Mathematical recreations are 

directed for Reynolds numbers (Re) going from 700 to 30,000. Three-dimensional fierce streams 

and warmth move qualities in the cylinder bank district are demonstrated by the k-e Reynolds-

arrived at the midpoint of Navier–Stokes (RANS) strategy. The stream structure anticipated by 

the two-dimensional and three-dimensional reenactments is looked at against that saw by the 

molecule picture velocimetry (PIV) for Re of 1500 and 4000. The sufficient arrangement 

between the anticipated and noticed stream qualities approves the mathematical technique and 

the violent model utilized here. The three-dimensional and the twodimensional consistent stream 

reproductions are contrasted with decide the impacts of the divider on the stream structure. The 

divider impacts the spatial construction of the vortices framed in the wake of the cylinders and 

close to the exit of the openings. The warmth move coefficient of the opened cylinders improved 

by over 40% contrast with the conventional nonslotted tubes. 

Keywords: Heat transfer, Slotted tube, Computational fluid dynamics, Turbulence, Reynolds-

averaged Navier–Stokes 

INTRODUCTION 

Because of their wide spread use and high energy utilization, heat exchangers have been read for 

quite a few years. A normal warmth exchanger comprises of two liquids isolated by some way of 

strong surface. The fundamental thought is that the two liquids enter the warmth exchanger 

framework with various temperatures. Inside the warmth exchanger, they stream past the strong 

surface and move nuclear power to each other through the surface. Every one of the two liquids, 

then, at that point, passes on the framework with temperature nearer to some balance. The goal is 

to build the measure of energy moved between the two liquids. In the very improved on shell-

tube type heat exchanger considered here, it turns out to be not difficult to see where the foci of 

warmth exchanger examines are. One space of study is the liquid traveling through the 

framework. This kind of study centers around the material properties of the liquid. The thought 

being: on the off chance that the two liquids have higher warm conductivity, more energy can be 
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traded in the framework with any remaining things held steady. This region has seen various 

progressions as of late with the appearance of nanofluids as shown by Eastman and his associate 

[1,2] and others [3,4]. The second space of study in heat exchangers is to build the surface 

region. Here, the thinking is: if a channel could be planned with the end goal that warmth move 

surface region is expanded; any remaining things held consistent, the warmth trade between two 

liquid streams will increment. A few agents have contemplated the impacts of the balances or the 

all-encompassing surfaces on the warmth move improvement in shell-tube heat exchangers [5,6]. 

The third conceivable region would be the direction of the channel and changing the math. The 

inquiry here is, can the cylinders in shell be arranged with the end goal that the warmth move 

between the two liquids is upgraded, while the pressing factor drop across the warmth exchanger 

is as yet sensible. Cylinder course of action advancement in shell-tube heat exchangers has been 

concentrated widely by utilizing different strategies [7–13]. These examiners have shown that 

the dividing, direction, and the game plan of cylinders in the shell have significant effect on the 

warm execution. Another normal method of adjusting the calculation is to utilize better 

turbulators to further develop the warmth move [4–6]. Various agents in the past have examined 

these turbulators and have shown that the adequacy of the framework is exceptionally delicate to 

little changes in their shape, position, and direction. 
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Figure. 1 Schematic of the test section of the slotted tube bank. It consists of seven columns 

and seven rows in a staggered arrangement. 

BASIC DEFINITIONS  

Expectation of warmth move and liquid stream cycles can be gotten by two fundamental 

techniques: test examination and hypothetical computation. We will momentarily think about 

each and afterward analyze the two. Exploratory Investigation. The most dependable data about 

an actual interaction is regularly given by real estimation. An exploratory examination including 

full-scale gear can be utilized to anticipate how indistinguishable duplicates of the hardware 

would perform under similar conditions. Such full-scale tests are, as a rule, restrictively costly 

and regularly unthinkable. The elective then, at that point is to perform probes limited scope 

models. The subsequent data, in any case, should be extrapolated to full scale, and general 

standards for doing this are regularly inaccessible. Further, the limited scale models don't 

generally mimic every one of the highlights of the full-scale gear; oftentimes, significant 

highlights, for example, burning or bubbling are precluded from the model tests. This further 

lessens the value of the test outcomes. At last, it should be recalled that there are significant 

hardships of estimation much of the time, and that the estimating instruments are not liberated 

from blunders, [Hirsch,2007]. Hypothetical Calculation. A hypothetical expectation works out 

the outcomes of a numerical model, as opposed to those of a real actual model. For the actual 

cycles of interest here, the numerical model predominantly comprises of a bunch of differential 

conditions. On the off chance that the techniques for old style arithmetic were to be utilized for 

settling these conditions, there would be little any desire for foreseeing numerous marvels of 

down to earth interest. A glance at an old style text on heat conduction or\ liquid mechanics 

prompts the decision that solitary a little part of the scope of functional issues can be tackled in 

shut structure. Further, these arrangements regularly contain endless series, uncommon 

capacities, supernatural conditions for eigenvalues, and so on, so their mathematical assessment 

may introduce an imposing assignment, (Patankar, 1975). We will currently list the benefits that 

a hypothetical computation offers over a relating test examination. These are minimal expense, 

speed, complete data, capacity to mimic reasonable and optimal conditions. The prior benefits 

are adequately noteworthy to animate eagerness about PC examination. A visually impaired 

energy for any reason is anyway unfortunate. It is helpful to know about the disadvantages and 

limits. To talk about the detriments of a hypothetical estimation, it is, subsequently, valuable to 

separate all viable issues into two gatherings: Group A: Problems for which a sufficient 

numerical portrayal can be composed. (Models: heat conduction, laminar streams, and basic 

violent limit layers.). For troublesome issues including complex calculation, solid nonlinearities, 

touchy liquid property varieties, and so on, a mathematical arrangement might be difficult to get 

and would be unnecessarily costly assuming there is any chance of this happening. Very quick 

and limited scope marvels like choppiness, in case they are to be figured in the entirety of their 

time-subordinate detail by settling the insecure Navier-Stokes conditions, are still past the 

functional reach of computational strategies. Gathering B: Problems for which a sufficient 

numerical portrayal has not yet been worked out. (Models: complex fierce streams, certain non-
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Newtonian streams, development of nitric oxides in tempestuous ignition, some two-stage 

streams.) This exploration comprises of proposing a model, working out its suggestions by PC 

investigation, and contrasting the outcomes and exploratory information. Subsequently, 

computational strategies assume a vital part in this exploration. 

APPLICATION OF COMPUTATIONAL FLUID DYNAMICS (CFD) 

Mathematical techniques are widely used to dissect the presentation of the conduct and 

furthermore to plan the miniature channels heat exchanger. Computational Fluid Dynamics 

(CFD) is a PC based mathematical device used to contemplate the liquid stream, heat move 

conduct and furthermore its related wonders like compound response. A bunch of numerical 

model conditions are first evolved keeping protection laws. These conditions are then settled 

utilizing a PC program to acquire the stream factors all through the computational space. 

Instances of CFD applications in the compound interaction industry incorporate drying, burning, 

partition, heat trade, mass exchange, pipeline stream, response, blending, multiphase frameworks 

and material handling. Approval of CFD models is regularly needed to survey the exactness of 

the computational model. This appraisal can aid the improvement of solid CFD models. 

Approval is accomplished by contrasting CFD results and accessible trial, hypothetical, or 

logical information. Approved models become set up as dependable, while those which bomb the 

approval test should be adjusted and revalidated. Further model conditions can be reenacted by 

CFD technique for planning the miniature channels and furthermore to do boundary affectability 

investigation.  

COMPUTATIONAL DOMAIN  

Mathematical simulationsare directed in a computational area that has similar elements of the 

bank tube as in the analysis. Completely created speed profile is considered at the bay. The 

length of the channel between the bay and the cylinder bank zone is 6D. It doesn't need to be 

since a long time ago the speed profile at the channel is set to be completely evolved. More 

itemized conversations for the channel condition . The stream structure in the cylinder bank can 

be affected by the conditions forced on the velocity fieldat the channel and the power source. To 

minimizesuch effect on the stream attributes, a long leave district is thought of, which will 

prompt the completely created flowaway from the cylinder bankregion. The 3D computational 

space for the reenactment is delineated in Figure. 
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Figure2:3D computational domain 

 

Figure 3:3D computational domain nearthetube bank region 

HEAT TRANSFER MODEL 

Being strongly linked to the turbulence model, the heat transfer simulation, for eddy viscosity 

models, is generally based on the analogy between the heat and the momentum transfer. In  

FLUENT, the turbulent  heat  transport  is  modeled  using  the  concept  of Reynolds’  analogy  

to  turbulent  momentum  heat  transfer. The  energy  equations  are coupled  and  

solvedsimultaneously,  with  introduction  of  constant  turbulent  Prandtl number. Turbulent 

energy equation is given by 

 

where E is the total energy,calculated by 
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for incompressible flows 

 

And eff is the effective thermal conductivity 

 

Hence, k  is  the  thermal  conductivity  and  the  default  valuefor  turbulent  Prandtl  number Pr t 

0.85. 

(Ƭij)eff is the deviatoric stress tensor and it is defined as 

 

Item  involving (Ƭij)eff represents  the  viscous  heating  and it  is not  computed  by  default in 

pressure-based solver. 

MESHING  

Due to the symmetry of the flow domain in the y and z axes, the simulations are conducted only 

for a quarter of the computational domain, as dictated by the y ¼ 0 and z ¼ 10 mm planes. A 

symmetry boundary condition is imposed on the velocity field at the symmetry planes mentioned 

above. The computational domain is divided into two zones: the inlet-tube bank zone and the exit 

zone. These two zones are separated by an interface. Nonuniform meshing is used to discretize 

the equations in the inlet-tube bank zone. The region near walls is refined to capture the flow in 

the boundary layers. A coarser nonuniform mesh is employed in the exit zone. Figure 3 depicts 

how the coarse and fine mesh is distributed in the computational domain. Three meshes with 

different magnitudes of elements are generated by adjusting element distribution in the tube bank 

and the exit zones. These three different levels of meshing are referred to as the coarse, fine, and 

finer mesh. The total number of elements in the computational domain and in these tube zones is 

listed in Table  for these levels of mesh. The number of elements in the finer mesh is double that 

in the coarse mesh. With the use of two zone meshing, the mesh in the tube zone can be refined 

with a minimal increase of CPU time. The initial guess for the velocity and pressure fields is 

generated by solving the Laplace equation. The temperature field and the turbulent parameters 

are initialized with their domainaveraged values. Together with the continuity and momentum 

equations, the two equations of the k-€ model will be solved with the SIMPLE algorithm. In 
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order to achieve better accuracy, a second-order discretization is applied to the tetrahedral and 

hexahedral meshes in the computational domain. 

TWO PHASE MODELING EQUATIONS  

An enormous number of streams experienced in nature and innovation are a combination of 

stages. Actual periods of issue are gas, fluid, and strong, however the idea of stage in a 

multiphase stream framework is applied from a more extensive perspective. In multiphase 

stream, a stage can be characterized as a recognizable class of material that has a specific inertial 

reaction to and association with the stream and the likely field in which it is submerged. As of 

now there are two methodologies for the mathematical estimation of multiphase streams: the 

Euler-Lagrange approach and the Euler-Euler approach. Euler-Lagrange approach The 

Lagrangian discrete stage model in ANSYS FLUENT follows the Euler-Lagrange approach. The 

liquid stage is treated as a continuum by settling the Navier-Stokes conditions, while the 

scattered stage is addressed by following countless particles, air pockets, or beads through the 

determined stream field. The scattered stage can trade force, mass, and energy with the liquid 

stage. Euler-Euler approach In the Euler-Euler approach, the various stages are dealt with 

numerically as interpenetrating continua. Since the volume of a stage can't be involved by 

different stages, the idea of stage volume part is presented. These volume portions are thought to 

be nonstop elements of existence and their entirety is equivalent to one. In ANSYS FLUENT, 

three distinctive Euler-Euler multiphase models are accessible: the volume of liquid (VOF) 

model, the combination model, and the Eulerian model. The VOF model is a surface-following 

strategy applied to a fixed Eulerian network. It is utilized for at least two immiscible liquids 

where the situation of the interface between the liquids is of interest. In the VOF model, a 

solitary arrangement of energy conditions is shared by the liquids, and the volume part of every 

one of the liquids in each computational cell is followed all through the area. The combination 

model is intended for at least two stages (liquid or particulate). As in the Eulerian model, the 

stages are treated as interpenetrating continua. The blend model addresses for the combination 

energy condition and endorses relative speeds to portray the scattered stages. 

CONCLUSION  

Three-dimensional fierce stream structures and the warmth move execution of the novel warmth 

exchanger are examined for Reynolds numbers going from 700 to 30,000. The violent stream 

attributes in the cylinder pack area are demonstrated utilizing the k-e RANS strategy. Spatial 

stream qualities anticipated by computational liquid unique reenactments concur sensibly well 

with those saw by the PIV tests for Re = 1500 and 4000. Examination between three-

dimensional and two-dimensional stream reproductions uncovers that the spatial constructions of 

vortices shaped in the wake of the opened cylinder are just marginally affected by the presence 

of divider. Notwithstanding, the divider could in any case influence the presentation of the 

warmth exchanger. Execution measures of the opened cylinder heat exchangers are dictated by 

contrasting against that of conventional nonslotted tube heat exchangers. It has been shown that 

little spaces in the streamwise bearing increment the warmth move coefficient by over 40% for 
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4000 < Re < 10,000. The exhibition rules at Re = 30,000 are marginally underneath solidarity; 

showing that the proposed configuration isn't gainful at this stream rate. The presentation 

measures will be emphatically affected by the measurements like the size of the section. Despite 

the fact that the assembling cost for the semi-circle tubes is a lot higher, the opened plan may in 

any case be practical. The opened cylinder bank heat exchanger is accepted to have wide 

mechanical applications. 
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