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ABSTRACT- Heat transfer augmentation is the 

study of improved heat transfer performance. 

Recently adequate energy source and material costs 

have provided significant resources for the 

development of enhanced energy efficient heat 

exchangers. As a result, considerable emphasis has 

been placed on the development of various 

augmented heat transfer surfaces and devices. An 

enhanced surface is more efficient in transferring 

heat than what might be called as a standard surface. 

While considering the associated flow heat transfer 

enhancement is the study of improved heat transfer 

performance. Recently adequate energy source and 

material costs have provided significant resources 

for the development of enhanced energy efficient 

heat exchangers. As a result, considerable emphasis 

has been placed on the development of various 

augmented heat transfer surfaces and devices. An 

enhanced surface is more efficient in transferring 

heat than what might be called as a standard surface.  

  The present work includes the CFD 

analysis of enhancement of turbulent flow heat 

transfer in a horizontal circular tube with different 

shapes of inserts (Circular disc, Square and Ellipse), 

with air as working fluid by using tool of package of 

ANSYS-FLUENT. The results of heat transfer and 

friction factor in the proposed tube with different 

inserts are compared with the results of conventional 

plain tube. The domain of plain tube, and tube with 

different inserts are developed in ICEM CFD (3D) 

with fine meshing. Thus obtained 3D models are 

exported to ANSYS-FLUENT, and then suitable 

boundary conditions are applied to these models and 

there after solved energy, momentum and turbulence 

equations and results obtained are discussed. The 

obtained results revealed that Tube with ellipse 

insert gives effective performance of the tube with 

higher rate of heat discharge. 

 

I. INTRODUCTION 
 

Heat transfer improvement or 

intensification is that the study of improved heat 

transfer performance. Recently adequate energy 

supply and material costs have provided important 

resources for the development of increased energy 

economical heat exchangers. As a result, right smart 

emphasis has been placed on the event of assorted 

increased heat transfer surfaces and devices. 

 

The increasing heat transfer with augmentation is in 

the middle of a rise within the friction issue. In some 

things the warmth transfer coefficients are 

exaggerated at the most regarding four times 

whereas the friction factors are exaggerated the 

maximum amount as five hundredth or additional. 

associate exaggerated friction issue implies 

associate exaggerated power for pumping the fluid. 

For a given sweetening technique, if the warmth 

transfer and therefore the friction issue information 

are accessible as a perform of the Reynolds range, it 

should be attainable to optimize the system to cut 

back the warmth transfer surface, to get exaggerated 

heat transfer capability and pumping the fluid. 

The great try on utilizing totally different ways is to 

extend the warmth transfer rate through the 

mandatory forced convection. 

 

Sequence of Operation: Without Inserts: 
Initially the CFD experiment is carried out with air 

as the moving fluid through pipe section without any 

inserts. 

 

With Insert: 
Three geometries of inserts are considered for CFD 

analysis i.e. Circle insert, Square insert, and Ellipse 

insert. 

 

II. LITERATURE REVIEW 

 
Classification of Augmentation Techniques: 
 The different improvement procedures 

[1,2] can be grouped comprehensively as latent and 

dynamic systems. Latent methods don't require 

coordinate contribution of outer power, dissimilar to 

dynamic procedures. They for the most part utilize 

surface or geometrical alterations to the stream 

channel, or consolidate an embed, material, or extra 

gadget. Aside from expanded surfaces, which 

increment t he powerful warmth exchange surface 

territory, these latent plans advance higher warmth 

exchange coefficients by irritating or modifying the 

current stream conduct. This, nonetheless, is joined 

by an expansion in the weight drop. On account of 
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dynamic procedures, the expansion of outside power 

basically encourages the coveted stream alteration 

and change in the rate of warmth exchange. The 

utilization of at least two systems (latent as well as 

dynamic) related establishes compound increase 

procedures.  

            The viability of any of these strategies is 

emphatically subject to the method of warmth 

exchange (single-stage free or constrained 

convection, pool bubbling, constrained convection 

bubbling or buildup, and convective mass 

exchange), and sort and process use of the warmth 

exchanger. 

 

 PASSIVE TECHNIQUES: 

 
• Treated surfaces are warm exchange surfaces that 

have a fine-scale change to their finisher covering. 

The adjustment might be consistent or intermittent, 

wherever the harshness is significantly littler than 

what influences single-stage warm exchange, and 

that they are utilized basically to bubble and 

consolidating obligations  

 

• Rough surfaces are normally surface alterations 

that advance disturbance inside the stream field, 

essentially in single-stage streamsq, and don't 

expand the warmth exchange surface territory. Their 

geometric alternatives differ from arbitrary sand-

grain harshness to discrete three-dimensional 

surface projections.  

 

• Extended surfaces, a considerable measure of 

usually expressed as finned surfaces, give a 

proficient warmth exchange degree extension. Plain 

balances are utilized routinely in a few warmth 

exchangers. The more up to date advancements, in 

any case, have semiconductor diode to changed 

finned surfaces that additionally tend to improve the 

warmth exchange coefficients by troubling the 

stream field. 

 

 

Performance Evaluation Criteria 

 
Other than the relative thermal– water powered 

execution changes realized by the upgrade gadgets, 

there are numerous variables [2] that ought to be 

considered to assess the execution of specific 

warmth exchange gear. They incorporate monetary 

(building improvement, capital, establishment, 

working, support, and other such costs), 

Manufacturability (machining, shaping, holding, 

and other creation forms), unwavering quality 

(material similarity, respectability, and long haul 

execution), and wellbeing, among others. The 

evaluation of these elements, and also the upgraded 

convection execution, is normally application 

driven. In most down to earth uses of improvement 

procedures, the accompanying execution goals, 

alongside an arrangement of working imperatives 

and conditions, are normally considered for 

enhancing the utilization of a warmth exchanger: 

Increase the warmth obligation of a current warmth 

exchanger without adjusting the pumping force (or 

weight drop) or stream rate prerequisites. 

 
Schematic diagram of tube with inserts 

 

III. ADVANTAGES, 

DISADVANTAGES AND 

APPLICATIONS 

3.1 Advantages: 
1. More affordable when contrasted with Plate 

compose coolers.  

2. Can be utilized in frameworks with higher 

working temperatures and weights.  

3. Weight drop over a tube cooler is less.  

4. Tube spills are effectively found and stopped 

since weight test is relatively simple.  

5. Tubular coolers in refrigeration framework can go 

about as recipient moreover.  

6. Utilizing conciliatory anodes secures the entire 

cooling framework against consumption.  

7. Tube coolers might be favored for greasing up oil 

cooling on account of the weight Differential. 

Disadvantages:. 

1. Warmth exchange productivity is less contrasted 

with plate compose cooler.  

2. Cleaning and support is troublesome since a tube 

cooler requires enough leeway at One end to 

evacuate the tube settle.  

3. Limit of tube cooler can't be expanded.  

4. Requires more space in contrast with plate cooler.  

 
 Applications: 

Spacecraft: 

 
Schematic diagram of space craft 

 

 

 

 

Ventilation heat recovery 

 
In warming, ventilation and cooling 

frameworks, HVAC, warm pipes are situated 

inside the supply and fumes air surges of an air 

dealing with framework or in the fumes gases 
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of a modern procedure, keeping in mind the end 

goal to recuperate the warmth vitality. The 

gadget comprises of a battery of multi-push 

finned warm pipe tubes situated inside both the 

supply and fumes air streams. 

 
Schematic diagram of ventilation heat 

recovery 

 

NUCLEAR POWER CONVERSION 

 
Schematic diagram of Nuclear power conversion 

 
CHAPTER-IV 

HISTORY OF CATIA 

 

Welcome to CATIA (PC Aided Three 

Dimensional Interactive Application). As another 

client of this product bundle, you will hold hands 

with a large number of client of this high – end 

CAD/CAM/CAE instrument around the world. On 

the off chance that you effectively acquainted with 

past discharges, you can overhaul your planning 

abilities with the enormous change in this most 

recent discharge. CATIA V5, created by Dassaults 

frameworks, France, is a totally re-built, cutting 

edge group of CAD/CAM/CAE programming 

answer for item life cycle Management. Through its 

outstandingly simple to-utilize and best in class UI, 

CATIA V5 Delivers imaginative innovations for 

most extreme efficiency and inventiveness, from the 

commencement idea to the last item. CATA V5 

diminishes the expectation to learn and adapt, as it 

permits the adaptability of utilizing highlight based 

and parametric outlines. 

 

SYSTEM REQUIREMENTS 

 
• The framework prerequisites to guarantee the 

smooth running of CATIA V5 on your 

framework are as per the following:  

• System unit: An Intel pentium4 or Xeon-based 

workstation running Microsoft 2000 expert 

Edition or windows XP OR windows vista or 

windows 7.  

• Memory: 512 MB of RAM (least).  

• Disk drive: 4GB circle drive space (Minimum 

suggested measure).  

• Internal/outer drives: A CD-ROM drive for 

introducing programs. 

 

STARTING A NEW FILE: 
               When you start Catiav5 a new product file 

with the name product 1 is displayed on the 

screen. Close the file and start a new one in the 

part design work bench 

 
CATIA V5 displayed screen 

 

MODLES OF HORIZONTAL TUBE DRAWN 

IN CATIA 

 
Isometric view of the Horizontal tube having 

Square inserts 

 

CHAPTER-V 

INTRODUCTION TO CFD 

 
 Computational liquid Dynamics or CFD is 

investigation of framework including liquid stream 

warm exchange and related wonders, for example, 

substance response by methods for PC based 

reenactment. The strategy is extremely valuable and 

ranges an extensive variety of mechanical and non-

modern application regions a few models are 

 

• Aerodynamics of flying machine and vehicles; 

lift and drag  

• Hydrodynamics of boats  

• Power plant: ignition in IC motors and gas 

turbines  

• Turbo apparatus: streams inside pivoting 

sections diffusers and so on.,  

• Electrical and electronic designing: cooling of 

gear including miniaturized scale circuits  

• Chemical process designing: blending and 

partition polymer shaping.  

A definitive point of improvements in the CFD field 

is to give an ability tantamount to other CAE (PC 

Aided designing) instruments, for example, stretch 
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examination codes. The primary motivation behind 

why CFD has lingered behind is the enormous 

multifaceted nature of the hidden conduct, which 

blocks a depiction of liquid stream that is in the 

meantime conservative and adequately total. The 

accessibility of moderate superior registering hard 

and the presentation of easy to understand interface 

have prompted an ongoing upsurge of intrigue and 

CFD is ready to make a passage into the more 

extensive mechanical network in the 1990s. 

 

PRE-PROCESSOR 
Pre-preparing comprises of the contribution of a 

stream issue to a CFD program by methods for an 

administrator inviting interface and the resulting 

change of this contribution to a frame reasonable for 

utilized by the solver. The client exercises at the pre-

handling stage include. 

• Definition of geometry of the district of the 

embed: the calculation area  

• Grid age the sub-division of the space into 

various littler, non-covering sub-areas: a lattice 

(work) of cell (or control volumes or 

components).  

• Selection of physical and synthetic wonders that 

should be a demonstrated.  

• Definition of liquid properties.  

• Specification of fitting limit conditions at which 

corresponds with or contact the area limit. 

 

POST-PROCESSOR 

 
As in pre-preparing an immense measure of 

advancement work has as of late occurred in the 

post-handling field. Owning to the expanded 

notoriety of designing workstations, a considerable 

lot of which have extraordinary illustrations 

capacities the main CFD bundles are currently 

outfitted with flexible information representation 

instruments. These incorporate. 

• Domain geometry and grid display 

• Vector plots 

• Line and shaded contour plots 

• 2D and 3D surface plots 

• Particle tracking 

• View manipulation 

 

 

 

 

CHAPTER-VI 

ANALYSIS IN CFD  

GEOMETRY: 

At first we have to open the work bench in the 

ANSYS 14.0version than the total window will be 

displayed then select the CFX and that CFX should 

be dragged on to the displayed window 

 

Importing the CFX 

MESHING: 

 

Meshing diagram of the Horizontal tube 

SET UP: 

 

Default domain diagram of the Horizontal tube 

Zone Type Boundary Conditions 

 

Applying inlet condition to the Horizontal tube 

 

 

 

 

SOLUTION: 
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Progress of fluid flow iterations 

Plain Tube Calculations in ANSYS-FLUENT: 

 

 

CHAPTER: VII 

RESULTS AND DISCUSSION 

Each case was run using higher order residual 

schemes for each governing equations. Nusselt 

number and friction factor for plain tube are 

validated with theoretical relations and then they are 

determined for disc (cylinder), trapezoidal, and 

diamond insert. Nusselt number and friction factor 

calculated for the plain tube and plain tube with 

different insert for 6000<Re<14000. The Nusselt 

number and friction factor obtained for the tube with 

insert are compared with Nusselt number and 

friction factor of Plain tube. 

 

Total Temperature Variations for the Plain 

Tube configuration on wall 

 

Total Temperature Variations for the Tube with 

square insert configuration on wall 

 

Total Temperature Variations for the Tube with 

Ellipse insert configuration on wall 

Reynolds number verses Friction factor 

This is due to the fact that, for lower values of 

Reynolds number, the viscous force dominates the 

inertia force. For lower Reynolds number, the curves 

are more leaning and the friction factor is 

comparatively high. 

 

 

Reynolds Number verses Nusselt Number 
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Comparison of Re Vs f for plain tube and tube 

with different inserts 

The friction factor decreases with Reynolds number 

in all the cases. The value of friction factor is more 

for tube with circle insert. Whereas the friction 

factor is almost close for both tube with square and 

ellipse inserts. The friction factor for the cases of the 

insert having circle, square and ellipse shapes are 

about 13.7, 9, 7.76 times over plain tube 

respectively. 

 

Comparison of Re Vs Nu for plain tube and tube 

with different inserts 

 

Overall Enhancement Ratio 

 

 

CHAPTER VIII 

CONCLUSION 

In the present work CFD Analysis of enhancement 

of heat transfer of different inserts for improving 

heat transfer in horizontal tube has been carried out 

with boundary conditions such as mass flow rate 

inlet and pressure outlet. Mesh is created in CFD (3- 

dimensional). The variations of Temperatures, 

average Nusselt Numbers, friction factor and 

pressure drop in plain tube and tube with inserts like 

square, ellipse and circle (disc/ Cylinder) has been 

studied and from the obtained results following 

conclusions were drawn. 

• Average Nusselt Numbers and friction factors 

are considerably more with different inserts 

when compared to plain tube. 

• Improvement of average Nusselt Numbers for 

tube with square, ellipse and circle inserts are 

about 1.56, 3.7 and 1.15 times than that of plain 

tube at higher Reynolds number in the 

considered range. 

• Similarly friction factor for tube with square, 

ellipse and circle inserts 7.66, 6.22 and 10.1 

times higher than that of plain tube at higher 

Reynolds number in the considered range. 

• Overall enhancement ratio is high (2.03) for 

ellipse insert, where as it is 0.81for square insert 

and 0.54 for circle (disc/ cylinder) insert. 

• Thus the enhanced performance can be achieved 

using inserts as compared to   plain tube; 

especially Ellipse shaped insert gives effective 

performance. 

REFERENCES 

[1] Bergles, A.E. Procedures to enlarge warm 

exchange, Handbook of Heat Transfer 

Applications (Ed.W.M. Rosenhow), 1985, Ch.3 

(McGraw-Hill, New York).  

[2]Bergles, A.E., Bunn R.L and Junkhan G.H, 

Extended execution assessment criteria for 

Enhanced warmth exchange surfaces, Letters in 

Heat and Mass Transfer, Volume1, Issue2, 

November– December 1974, Pages 113-120.  

[3] S. Eiamsa-ard, C. Thianpong, P. Promvonge, 

Experimental examination of warmth 

transferand stream rubbing in a roundabout tube 

fitted with consistently separated bent tape 

elements,Int. Commun. Warmth Mass Transfer 

33 (2006) 1225– 1233.  

 

International Journal of Scientific Research and Review

Volume 7, Issue 12, 2018

ISSN NO: 2279-543X

Page No: 35



[4]Rahimi M, Shabanian S.R. what's more, Alsairafi 

A.A, Experimental and CFD examines on warm 

exchange and erosion factor attributes of a tube 

outfitted with altered curved tape embeds, 

Chemical Engineering and Processing 48 (2009) 

762– 770.  

[5]Eiamsa-ardS,WongchareeK, and Sripattanapipat 

S, 3-D Numerical reenactment of twirling stream 

and convective warmth move in a roundabout 

tube instigated by methods for free fit bent tapes, 

International Communications in Heat and Mass 

Transfer 36 (2009) 947– 955.  

[6]Chattopadhyay H, Augmentation of warmth 

move in a channel utilizing a triangular crystal, 

International Journal of Thermal Sciences 46 

(2007) 501– 505.  

[7]Zhang Z, Ma D, Fang X, and Gao X, 

Experimental and numerical warmth move in a 

helically astounded warmth exchanger joined 

with one three-dimensional finned tube, Chem. 

Eng. Process. 47 (2008) 1738– 1743.  

[8] Garcia A, Vicente P.G, and Viedma An, 

Experimental investigation of warmth exchange 

upgrade with wire curl embeds in laminar-

progress tempestuous administrations at various 

Prandtl numbers, International Journal of Heat 

and Mass Transfer 48 (2005) 4640– 4651.  

[9]Akhavan-Behabadi M.A, Kumar R, Salimpour 

M.R, and Azimi R, Pressure drop and  warm 

exchange enlargement because of looped wire 

embeds amid laminar stream of oil inside a level 

tube, International Journal of Thermal Sciences 

49 (2010) 373– 379.  

[10]Munoz-Esparza D, and Sanmiguel-Rojas E, 

Numerical recreations of the laminar stream in 

channels with wire curl embeds, Computers and 

Fluids 44 (2011) 169– 177. 

 

 

 

 

 

 

 

 

 

 

CHAND MOHD TAQUI, 

PG Scholar, Dept OF Mechanical, Farah institute of 

technology (TS), INDIA 

EMAIL: mechrits310@gmail.com 

Ph.no: 9030060421 

 

GUIDE NAME: P.KONDALA RAO (P.hd) 

DESIGNATION: Associate Professor 

DEPARTMENT: Mechanical 

 

 

 

 

 

 

International Journal of Scientific Research and Review

Volume 7, Issue 12, 2018

ISSN NO: 2279-543X

Page No: 36


