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Abstract: The main intent of this research work is to find out the contribution of angle of inclination on flow of fluid in a pipe 
and to study comparative analysis of various viscous model.  A comparative analysis is done containing the data of test of a pipe 
with inclination such as 0o, 30o, 45o, 60o and 90o to determine the competence of the laminar and various turbulent model such 
as Standard K-epsilon, RNG K-epsilon and K-Omega in CFD. Models of pipe with inclination 0o, 30o, 45o, 60o and 90o are 
created in ANSYS SPACECLAIM, meshing is done with help of grid sensitivity analysis and the analysis is carried out in 
ANSYS FLUENT. In order to determine the validity of the models developed and simulation results and the outlet pressure of 
the fluid in a pipe with inclination 0o, 30o, 45o, 60o and 90o have been gathered and selected laminar and various pertinent 
turbulent model such as Standard K-epsilon, RNG K-epsilon and K-Omega which generated results close to data of test. It can 
be noted that the contribution of the angle of inclination of the pipe is not significant on the pressure drop of the fluid flow in the 
pipe and the experimental outlet pressure of the fluid in the pipe with 0o, 30o, 45o, 60o and 90o is matched with K Omega model 
results. This research work confirms that the numerical analysis validation and created models useful in the design and 
performance of the pipe.  
Keywords: pipe inclination, model, CFD, viscous. 

I. INTRODUCTION 
Pipe communications are very important in industries because of the fluids is transported from one place to another place through 
pipe networks. The pipe flow analysis is very essential in engineering field. Several engineering problems deals with flow analysis. 
The analysis of flow is very essential because of intermissive engineering applications. The viscous effects and other effects are 
takes place in flow of fluid in a pipe.  
These effects are identified to be acceptable to laminar and turbulent flow conditions. The computational fluid dynamics (CFD) 
codes are FLUENT, CFX, STAR CFD, FIDAP, ADINA, CFD2000 and PHOENICS in the design and analysis of flow problems 
[23] that require huge amounts of computer power, memory and computational time [4, 5]. In order to become a summation of all 
process of design, the CFD developmental activities are progressing hastily.  
Due to lack of universally applicable turbulent models, there is a need to examine the adequacy of CFD simulations with test data 
[6]. Hence, validation through testing is essential for all kind of design and numerical simulations of flow analysis. [7-16]. In order 
to scrutinize the competence of the models of turbulent in computational fluid dynamics (CFD) codes, a contrastive study is done in 
this research paper containing the test data of a pipe with inclination 0o, 30o, 45o, 60o and 90o. ANSYS (FLUENT) is used for done 
the flow analysis for the indicated boundary conditions.  
The outlet pressure of the fluid in the pipe with inclination 0o, 30o, 45o, 60o and 90o have been obtained and compared with the 
measured pressure of the fluid to trace the pertinent turbulent model which generated results nearer to the measured values. Contour 
plots of pressure are obtainable for the specified boundary conditions. The evaluations of outlet pressure are matching well with 
measured values.   
The numerical analysis is validated by the experiment and accomplished models through comparison of data in the study will be 
useful in the design of pipe with inclination 0o, 30o, 45o, 60o and 90o. Literature surveys from various works explored that pipe 
network is very important in industry and the inclinations of the pipe was required because of ease of transportation of the fluid. 
CFD analysis predict the numerical value of the pressure of the fluid consideration of laminar and various turbulent model.  
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II. METHODOLOGY 
A. Problem Description  
Pipe lines are used in industry and it plays an important role in flow of fluid. In this study a pipe is considered with inclinations such 
as 0o, 30o, 45o, 60o and 90o. The main objective is to find out whether inclination affect the fluid flow or not and which inclination 
gives low pressure drop. Here, the nature of the flow is considered that means the problem can be divided into four cases. Case 1: 
laminar flow, Case 2: K Epsilon Standard, Case 3: K Epsilon RNG, Case 4: K Omega  

B. Geometry 
The geometry of pipe with inclinations such as 0o, 30o, 45o, 60o and 90o was created on ANSYS SPACECLAIM to study the 
pressure drop of the fluid when flow enters a pipe with inclinations such as 0o, 30o, 45o, 60o and 90o. The fluid domain is captured in 
the pipe with inclinations such as 0o, 30o, 45o, 60o and 90o in SPACECLAIM. The diameter, length and thickness of the pipe is 
50mm, 2m and 10mm respectively. The geometry models are shown from the figure 1 to 5. 

 
Fig 1. Geometry model of pipe with inclination 0o 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig 2. Geometry model of pipe with inclination 30o 
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Fig3. Geometry model of pipe with inclination 45o 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig4. Geometry model of pipe with inclination 60o 

 
Fig 5. Geometry model of pipe with inclination 90o 

C. Meshing  
The determination of a mesh for the CFD simulation is not a trivial task. The coarse mesh leads large errors. The fine mesh will take 
high computation time. To establish the impact of size of the mesh on the simulation results, any CFD simulation should be escorted 
by a grid sensitivity analysis. This kind of analysis is obtainable here. For the purposes of the grid sensitivity analysis, the pressure 
drop of the fluid is calculated and compared for different grid densities. The process was repeated for CWT case to compare the grid 
enslavement for same boundary conditions. Rectangular cells are used for mesh process in pipe wall and domain of the fluid. The 
three dimensional model consists of 1680 cells. Finite volume formulation is followed for the governing equation. This grid 
sensitivity analysis is made for all cases. One end of the pipe is named as inlet and the other end is called outlet. The meshing 
models are shown from the figure 6 to 10. 
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Table 1 Study of Grid sensitivity 
 
 

 
 
 
 
 
 
 

 

 

 

 

 

Fig 6. Meshing model of pipe with inclination 0o 

 
Fig 7. Meshing model of pipe with inclination 30o 

 
Fig 8. Meshing model of pipe with inclination 45o 

     Experimental 
Number of cells in Y 

direction 15 20 25 10 - 

Number of cells in Z 
direction 

112 120 130 100 - 

Total Number of cells 1680 2400 3250 1000 - 

Pressure drop for k Omega 
(Pascal) 

3.53  3.51 3.49 2.24 3.55 
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Fig 9. Meshing model of pipe with inclination 60o 

 
Fig 10. Meshing model of pipe with inclination 90o 

 
D. Boundary Conditions  
For the inlet the velocities of water must be given. The velocities of water at inlet was given as 0.1m/s.  At the outlet since the value 
of pressure was unknown, outflow boundary condition was given for the outlet. The same boundary condition is used for all cases. 

E. Simulation   
Simulation was performed on the pipe with inclinations such as 0o, 30o, 45o, 60o and 90o generated and applying mentioned 
boundary conditions. Simulation was performed for fluid domain on ANSYS FLUENT. A comparative work is done on laminar 
model and various turbulent models such as Standard K-epsilon, RNG K-epsilon and K-Omega to determine the deviation of 
pressure of the fluid along the length of pipe and angle of inclination. The pressure velocity coupling affirms SIMPLE algorithm is 
used as method of solution. The solution convergence is limited by fitting the residual of relative is 10-6 for all cases.  

III. RESULTS AND DISCUSSION 
A. Effect of angle of inclination on pressure drop  
The pipe with inclinations such as 0o, 30o, 45o, 60o and 90o is analysed with the help of four models such as laminar model Standard 
K-epsilon, RNG K-epsilon and K-Omega. The pressure drop is calculated for each case and it is tabulated in the table 2. From the 
table we can understand that the influence of angle of inclination of the pipe on pressure drop is not significant. The angle of 
inclination of the pipe is contributed on pressure drop of the pipe ranges from 1% to 2% deviated among all angle of inclinations 
such as 0o, 30o, 45o, 60o and 90o 

Table 2. Pressure drop for various angle of inclination and turbulence model 
Model / Angle of 

Inclination Ɵ = 0o Ɵ = 30o Ɵ = 45o Ɵ = 60o Ɵ = 90o 

Laminar 1.2008078  1.1043 1.1176425 1.120097 1.2180669 
Standard K-

epsilon 
3.1758494 3.1370978 3.1392278 3.1405216 3.1805757 

RNG K-epsilon 3.1454277  3.108198 3.1110307 3.1115368 3.1499753 
K-Omega 3.5357199  3.4801354 3.4802722 3.4848707 3.5420931 
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B. Comparative study 
In this study for all cases the pressure drop varies with respect angle of inclination and laminar model and various turbulent model 
such as Standard K-epsilon, RNG K-epsilon and K-Omega. The pressure profile for various angle of inclination (0o, 30o, 45o, 60o 

and 90o) is as shown in from figure 11 to 15. By observing the pressure profile for various angle of inclination we can see that 
among four models such as laminar, Standard K-epsilon, RNG K-epsilon and K-Omega, the experimental outlet pressure of the 
fluid in the pipe with inclinations 0o, 30o, 45o, 60o and 90o  is matched with K Omega model results. So the pressure contour plot for 
K Omega model is shon in the figure 16 to 20.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 11. Pressure profile for 0o 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 12. Pressure profile for 30o 
 
 
 
 
 
 
 
 
 
 
 

Fig 13. Pressure profile for 45o 
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Fig 14. Pressure profile for 60o 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 15. Pressure profile for 90o 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 16. Pressure contour plot for 0o 
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Fig 17. Pressure contour plot for 30o 
 
 

 
 
 
 
 
 
 
 
 
 
 

Fig 18. Pressure contour plot for 45o 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 19. Pressure contour plot for 60o 
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Fig 20. Pressure contour plot for 90o 

IV. CONCLUSION 
The paper determines the competence of the laminar model and various turbulent model such as Standard K-epsilon, RNG K-
epsilon and K-Omega in codes of Computational fluid dynamics through comparison of test results of the pipe with inclinations 0o, 
30o, 45o, 60o and 90o. The models of a pipe with inclinations 0o, 30o, 45o, 60o and 90o are created by using ANSYS SPACECLAIM, 
meshing is done with help of grid sensitivity analysis and the analysis is carried out in ANSYS FLUENT. The outlet pressure of the 
fluid in a pipe with inclination 0o, 30o, 45o, 60o and 90o have been gathered and selected laminar and various pertinent turbulent 
model such as Standard K-epsilon, RNG K-epsilon and K-Omega which generated results close to data of test. Pressure distribution 
is presented for the specified inlet and outlet boundary conditions. The appraisement of outlet pressures are well matched with the 
simulation results obtained by using K omega model. The influence of angle of inclination of the pipe on pressure drop is not 
significant. There is no widespread turbulent model. The designer has to select an appropriate model through assessment with data 
of test. This research work confirms that the numerical analysis validation and created models useful in the design and performance 
of the pipe.  
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