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Abstract— By using the Passive method for enhancing the 

heat transfer with minimum pressure drop change in the 

geometrical modification of internally pasted rib’s with 

length 15 mm and diameter of that fins are 1 mm that will 

help to disturb the laminar sub layer which is created in 

turbulent region in the boundary layer. By using modelling 

software CATIA V5, creating the smooth pipe model and 

models with different orientations of angle 00, 300, 450, 

600, 900 in the direction of the fluid flow. These models 

imported in the software ANSYS version 15.0 with the 

extension. stp and created the fluid domains of different 

orientation of the pipes for fluid flow analysis. The Meshing 

of these fluid domains is required for fluid flow analysis for 

the CFD software. The accuracy of the meshing which is 

acceptable for the analysis is refers to Skewnees which is in 

the range of 0 to 1. The Computational Fluid Dynamics 

(CFD) with FLUENT as a solver used, the simulation of 

heat transfer and fluid flow analysis in the Laminar and 

turbulent region in tubes with internally rib’s are done. From 

analysis it found that 30 deg orientation pipe gives more 

heat transfer with minimum pressure drop as compared with 

other orientations of pipe. Over all 33.5 % increment is 

achieved with using internal ribs in pipe as compared to 

smooth pipe. 
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I. INTRODUCTION 

Heat exchangers have several industrial and engineering 

applications. The design procedure of heat exchangers is 

quite complicated, as it needs exact analysis of heat transfer 

rate and pressure drop estimations apart from issues such as 

long-term performance and the economic aspect of the 

equipment. The major challenge in designing a heat 

exchanger is to make the equipment compact and achieve a 

high heat transfer rate using minimum pumping power. 

They are broadly classified into three different categories: 

1) Passive Techniques 

2) Active Techniques 

3) Compound Techniques. 

A. Passive Techniques 

These techniques generally use surface or geometrical 

modifications to the flow channel by incorporating inserts or 

additional devices. They promote higher heat transfer 

coefficients by disturbing or altering the existing flow 

behaviour (except for extended surfaces) which also leads to 

increase in the pressure drop. In case of extended surfaces, 

effective heat transfer area on the side of the extended 

surface is increased. Passive techniques hold the advantage 

over the active techniques as they do not require any direct 

input of external power. These techniques do not require any 

direct input of external power; rather they use it from the 

system itself which ultimately leads to an increase in fluid 

pressure drop. They generally use surface or geometrical 

modifications to the flow channel by incorporating inserts or 

additional devices. They promote higher heat transfer 

coefficients by disturbing or altering the existing flow 

behaviour except for extended surfaces.  

B. Active Techniques 

These techniques are more complex from the use and design 

point of view as the method requires some external power 

input to cause the desired flow modification and 

improvement in the rate of heat transfer. It finds limited 

application because of the need of external power in many 

practical applications. In comparison to the passive 

techniques, these techniques have not shown much potential 

as it is difficult to provide external power input in many 

cases. In these cases, external power is used to facilitate the 

desired flow modification and the concomitant improvement 

in the rate of heat transfer.  

C. Compound Techniques 

A compound augmentation technique is the one where more 

than one of the above mentioned techniques is used in 

combination with the purpose of further improving the 

thermo-hydraulic performance of a heat exchanger. When 

any two or more of these techniques are employed 

simultaneously to obtain enhancement in heat transfer that is 

greater than that produced by either of them when used 

individually, is termed as compound enhancement. This 

technique involves complex design and hence has limited 

applications.    

II. METHODOLOGY 

A. Boundary Layer Theory-Laminar boundary layer 

Consider the flow of fluid having free-stream velocity (U), 

over a smooth thin plate which is flat and placed parallel to 

the direction for free stream of fluid as shown in Fig. Let us 

consider the flow with zero pressure gradients on one side of 

the plate, which is stationary. 

 
  Fig. 1: Boundary layer 

The velocity of fluid on the surface of the plate 

should be equal to the velocity of the plate. But plate is 

stationary and hence velocity of fluid on the surface of pate 

is zero. But at a distance away from the plate, the fluid is 
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having certain velocity. Thus a velocity gradient is set up in 

the fluid near the surface of plate. This velocity gradient 

develops shear resistance, which retards the fluid. Thus the 

fluid with a uniform free stream velocity (U) is retarded in 

the vicinity of the solid surface of the plate and the boundary 

layer region begins at the sharp leading edge. At subsequent 

points downstream the leading edge, the boundary layer 

region increases because the retarded fluid is further 

retarded. This is also referred as the growth of boundary 

layer. Near the leading edge of the surface of the plate, 

where the thickness is small, the flow in the boundary layer 

is laminar though the main flow is turbulent this is shown by 

distance AB. The distance of B from leading edge is 

obtained from Reynolds number equal to       for a plate. 

Because up to this Reynolds number the boundary layer is 

laminar. The Reynolds no is given by,  

(Re) x =   U*x/v 

 Where, x= distance from leading edge  

            U= free-stream velocity of fluid  

            ν = kinematic velocity of fluid  

Hence, if the values of U and v are known, x can be 

calculated.  

B. Turbulent Boundary Layer 

If the length of the plate is more than the distance x, the 

thickness of boundary layer will go on increasing in the 

downstream direction. Then laminar boundary layer 

becomes unstable and motion of fluid within it, is disturbed 

an irregular which leads to a transition from laminar to 

turbulent is called transition zone. This shown by distance 

BC in fig. further downstream the transition zone, the 

boundary layer is turbulent and continues to grow in 

thickness. This layer of boundary is called turbulent 

boundary layer, which is shown by the portion FG in fig.  

C. Laminar Sub-layer 

This is the region in turbulent boundary layer zone, adjacent 

to the solid surface of the plate as shown in fig. In this zone, 

the velocity variation is influenced only by viscous effects. 

Though the velocity distribution would be a parabolic curve 

in the laminar sub-layer zone, but in view of the very small 

thickness we can reasonably assume that velocity variation 

is linear and so the velocity gradient can be considered 

constant. Therefore, the shear stress in the laminar sub-layer 

would be constant and equal to the boundary shear stress 

(Ʈ). Thus the shear stress in the sub- layer is,  

Ʈ = µ*( du/dy   )           

    = (µ * u/y) 

III. SMOOTH PIPE ANALYSIS 

A. Observation of Smooth Pipe by CFD Analysis 

Observations: 

1) Length of pipe        =1.68m 

2) Diameter of pipe        =0.028m 

3) Water flow rate         =1 to 7 LPM 

B. Calculations and validating by using Dittus bolter co-

relation 

Average surface temperature = 52 

Bulk mean temperature          = (Ti +To)/2 = 42.37°C 

(Qth) =m Cp (To – Ti)        …… (1) 

Where, 

m = mass flow rate of water in (kg/sec). 

Cp=specific heat of water (J/kg k). 

Ti = Initial temperature of water in°C 

To = Final temperature of water in °C 

Qth=0.119 x 4182 x (43.75-41)   watts =1368.55 watts 

Therefore, Qth= hA (Tavg-Tbm)….. (2) 

 Hence, heat transfer coefficient (h) from equation (1) & (2) 

h = 
Qth 

A (Tavg −Tbm)
 

h= 
1368.55

0.1478∗(52−42.37)
 

h = 961.52 w/m2k      (By experiment) 

Validating using dittus bolter co-relation  

Nu = 0.023 x (Re) 0.8 x (Pr) 0.4 

Where, 

Nu=Nusselt number 

Re=Reynolds number 

Pr=Prandtl number 

Reynolds number (Re) is given by, 

Re    = 
𝜌𝑣𝑑

𝜇
      = 

998.2∗0.1936∗0.028

0.001
 =5411.26 

Pr   = (𝜇 ∗ 𝐶𝑝)/𝑘     = 
 0.001∗4182

0.6
 = 6.97 

 Nu = Nu = 0.023 x (Re)0.8  x  (Pr) 0.4   .. (3) 

Putting values of Re, Pr in equation (3) 

Nu =0.023 x (5411.26)0.8x (6.97)0.4 

Nu =48.49 

Nusselt number can also be given by equation 

Nu =  
ℎ𝑥𝐷

𝑘
    h =   

𝑁𝑢𝑥𝑘

𝐷
  =  

48.49 𝑥 0.6

0.028
  

=1039.08 w/m2°C  ….. (By co-relation) 

C. Comment on Result 

From above calculation conclusion is that there is not much 

difference in both CFD analysis and co-relation value 

obtained, we get the 7-8 % of difference in CFD analysis 

and the co-relation value. Hence dittus bolter co-relation is 

satisfied. Hence for CFD analysis can be done on other flow 

domains. 

IV. DESIGN AND ANALYSIS OF DIFFERENT FLOW DOMAINS 

A. Creation of the Model in CATIA V5 

 
Fig. 2: smooth pipe 
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Fig. 3: Deg Orientation Pipe 

 
Fig. 4: deg orientation pipe 

B. Ansys Imported Geometry Transferring View 

 
Fig. 5: deg orientation pipe 

 
Fig. 6: deg orientation pipe 

C. Making of Flow Domains for Different Orientations 

 
Fig. 7: deg orientation 

 
Fig. 8: deg orientation 

D.  Mesh Size of the All the Flow Domains 

 
Table 1: Mesh size of all flow domains 

 
Fig. 9: deg orientation pipe 
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Fig. 10: deg orientation pipe 

E.  Post Processing 

 
Fig. 11: Pressure Contour 

When the fluid flows through pipe this shows the Contour 

flow result. 

 
Fig. 12: Velocity vector 

V. RESULT AND DISCUSSION 

A. Laminar Flow Result 

 
Table 2: Laminar Flow Result 

B. Turbulent Flow Result 

 
Table 3: Turbulent Flow Result 

 
Fig. 12: Graph 1 Heat transfer coefficient Vs Flow rates 

(Laminar and Turbulent Flow) 

C. Nusselt number Vs Reynolds number 

 
Table 4: Nussel number VS Reynolds number 



Optimization of the Corrugated Pipe for the Enhancement of Heat Transfer 

 (IJSRD/Vol. 4/Issue 04/2016/213) 

 

 All rights reserved by www.ijsrd.com 879 

 
Fig. 13: Graph 2 Nusselt number vs Reynolds number 

VI. CONCLUSION 

1) The Simulation analysis is done with the help of 

Computational Fluid Dynamics (CFD) –FLUENT -15 

and the results obtained from this compared with the 

results obtained from the Dittus bolter correlation 

values. 

2) From graph it is analysed that the Nusselt number and 

the pressure drop increases with increase in Reynolds 

number in laminar as well as turbulent flow conditions. 

Nusselt number depends on the flow domain geometry, 

hence it calculated for different flow domains. 

3) The overall enhancement of the heat transfer is 33.5 % 

achieved as compared with smooth pipe result. 

4) In the analysis it is found that the 30 deg orientation 

pipe has the higher heat transfer coefficient with 

minimum pressure drop and other orientations having 

the higher pressure drop with minimum heat transfer 

coefficient. 

5) The results of the CFD analysis, experiment analysis 

and the results are obtained from the correlation are 

validated. 

6) Simply by using the internal ribs of 1 mm diameter 

with15 mm in length the thermal performance of the 

heat exchanger increases. This will help to minimise the 

size of the heat exchanger equipment. 
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