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CFD Analysis of Transition & Turbulent Flow
Through Pipes

N.P.H. Abeyagunawardana, I.U. Atthanayake and T.M.D.N. Tennekoon

Abstract: Accurate prediction of the pipe pressure loss is important for engineering applications. But
the Reynolds number does not definitively determine whether the flow is laminar or turbulent.
Therefore, relying solely on Reynolds number to select the specific equation can be inaccurate, as the
actual flow regime might differ from prediction. In this study, computational fluid dynamics (CFD)
simulations were conducted using the ANSYS fluent 2023 R2 with the standard k-¢ turbulence model
and standard wall functions to analyze fully developed pipe flow across Reynolds numbers from 2,000
to 200,000, with varying wall roughness values. A mesh-independence study verified convergence
beyond approximately 0.7x10¢ cells. The investigation systematically varied the inlet velocity and the
surface roughness to quantify their effects on pressure loss; this simulated result was compared against
theoretical predictions using the Darcy-Weisbach and Colebrook-White equations for transitional and
turbulent flow. The findings revealed that CFD consistently predicted below 20% pressure losses in
turbulent flow than theoretical models, particularly in the transitional regime where more than 200%
difference was observed, highlighting limitations of conventional methods. Pressure loss was found to
increase significantly with the inlet velocity, while the surface roughness exhibits comparatively minor
influence. These results emphasize the importance of velocity control that minimizes energy loss in
piping systems and demonstrate the capability of CFD to provide deep insight into pipe flow.

Keywords: Computational Fluid Dynamics (CFD), K-epsilon, Pipe Flow, Pressure Loss, Surface
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1. Introduction number may not accurately determine whether
the flow is laminar or turbulent.

Transition and turbulent flow through pipes

constitute fundamental phenomena in fluid Theoretical friction loss values are calculated
dynamics, with significant implications for using the Darcy-Weisbach equation (Eq 1) and
various industries. These aspects encompass the the friction factor f is calculated using the
exploration of characteristics, modelling, Colebrook-White equation (Eq 2) for the
experimental investigations, computational turbulent regime and Eq 3 for the laminar
approaches, and flow control strategies related regime. While Colebrook-White equation is
to transition and turbulent flow in pipe systems. accurate for the turbulent flow regime (Re >
The understanding and accurate prediction of 4000), definitively determining the flow regime
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based solely on the Reynolds number remains a
challenge. Due to this uncertainty, selecting the
appropriate equation is difficult. For instance,
flow can remain laminar even at Reynolds
numbers as high as 100,000[2]. Using a CFD
approach can mitigate some of the challenges.
While Computational Fluid Dynamics (CFD)
does not depend on the Reynolds number to
solve the governing equations, the selection of
an appropriate turbulence or transition model
presents a significant challenge. Therefore, this
study aims to address those issues and present a
better solution.
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2. Computational Fluid Dynamics
Approach for the Pipe Flow

Computational Fluid Dynamics (CFD) serves as
a powerful research tool in various scientific and
engineering disciplines. CFD simulations can
save time and money compared to traditional
experimentation and testing methods, CFD
simulations can provide a deeper understanding
of the flow behaviour and physical phenomena
within a system, allowing engineers and
scientists to make informed design decisions
[3,4]. Most importantly, the number of schemes
and methods on which CFD is based rapidly
evolves, increasing the reliability of CFD-
produced outcomes. Increasing reliability makes
CFD a reliable tool for any design or analytical
task. Modern industrial CFD codes are very
reliable under accurate boundary conditions,
grid size and correct mathematical model.

Turbulence modelling for pipe CFD often uses
Reynolds Averaged Navier Stokes (RANS)
closures. The standard k- e model is widely used
for industrial flow due to its simplicity and
robustness. Standard and enhanced wall
treatment or wall functions are applied to high
Reynolds flow near the wall [3,4]. Reference [5]
found that a standard k-e model with
appropriate wall treatment can accurately
predict fully developed turbulent friction
factors. Although more advanced models
(RANS-LES hybrids, Reynolds-stress models)
exist, RANS remains common in pipe flow
design. Wall roughness introduces additional
pressure loss, reviews of roughness effects [6]

show that rough surfaces increase turbulent
friction, while velocity scaling remains
dominant.

To calculate the friction factor fin the Colebrook-
White equation, Newton-Raphson iterative
numerical method was used; Due to the implicit
nature of the equation, friction factor cannot be
isolated algebraically. The solution process was
initialized using the explicit Haaland
approximation as a starting value, and iterations
were performed until the residual error dropped
below a strict convergence tolerance of 10-¢ This
approach ensures that the theoretical pressure
loss values are precise and eliminates reading
errors associated with the manual use of the
Moody diagram.

However, standard k- € Model is not formulated
to capture the physics of the laminar-to-
turbulent transition. While transition sensitive
models such as k-k-w or transition SST are
theoretically superior for identifying the onset of
turbulence, the standard k- ¢ model was selected
for this study to reflect common industrial CFD
practices. It is acknowledged that this model
assumes fully turbulent flow and uses standard
wall functions, effectively bypassing the laminar
sub-layer transition. Furthermore, since the
Reynolds number alone is often an unreliable
indicator of the exact laminar-to-turbulent
transition point, relying on a fully turbulent
model avoids the regime prediction.
Consequently, it is expected that the model will
over-predict skin friction coefficients in the
transition regime (2000 < Re < 4000) by forcing
turbulent viscosity values before they physically
occur. Therefore, the results presented herein
should be interpreted as a conservative upper
bound for pressure loss, serving to quantify the
deviation inherent in standard high-Reynolds-
number modeling approaches when applied to
transitional flow regimes.

3. Mathematical Modelling of the
Simulation Setup

To analyze the pressure loss due to surface
roughness in turbulent and transition condition,
conducting accurate CFD simulation is essential.
First it is necessary to define the initial
parameters and establish the framework for the
data flow and process. As demonstrated in
Figure 1, this workflow begins with defining
initial conditions, parameters and data
requirements for the simulation. For the
simulation, a 3D cylindrical pipe with a
diameter(D) of 0.05 m and a length(L) of 1 m was
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selected, resulting in a length-to-diameter ratio
(L/D) of 20. It is noted that for turbulent flow,
the hydrodynamic entrance length (L.) required
to achieve fully developed flow conditions is
estimated by the correlation L./D =4.4 Rel/®.

At the maximum simulated Reynolds number of
200,000 the required entrance length is
approximately 33D (1.68 m). Since the modeled
domain (20D) is shorter than the entrance length,
the fluid remains in the developing flow regime
throughout the pipe. In this entrance region, the
boundary layer is developing, resulting in
higher velocity gradients at the wall and,
consequently, higher wall shear stress compared
to the fully developed region. This explains the
trend observed in the results, where the CFD-
predicted pressure losses exceed the theoretical
values derived from the Darcy-Weisbach
equation which assumes fully developed
conditions. This geometry was retained to
simulate compact piping sections, such as
industrial heat exchangers and valve assemblies,
where fully developed flow is often not
established.

The standard K-epsilon (k-g) turbulence model
with standard wall function was selected for
accurate unsteady state simulation of wall
effects and the turbulence conditions. The
simulation was executed and validated, with
mesh refinements applied where necessary to
achieve acceptable y* values and realistic results.
Finally, the data were analysed to identify
patterns and relationships and represent them.

Initial set up and Data collection
(conditions, parameters & etc.)

l

Specify the requirements for the simulations setup
(hardware, software & initial conditions of the systems)

|

select best mathematical models to use on
the system. (Select what is best model from
(DNS, LNS & RANS models)

l

Develop and create a suitable meshing environment
for simulation. {Create mesh that correct sizing
parameters)

4
Run & Validate CFD simulation Results.

Readjust if needed. (Change mesh and other
conditions if does not provide correct Y+ values or
give unrealistic data)

| Analyze the data (Identify relations and connections) |

Post processing of the data (Graphical representation of data
& wvisualization)

Figure 1- Schematic diagram of the CFD
simulation methodology

31 Governing Equation for the CFD
Simulation
Computational ~ fluid  dynamics  (CFD)

simulations of pipe flow are based on the
numerical solutions of the fundamental
governing equations for fluid motion which are
derived from the principles of conservation of
mass, momentum and, when necessary, energy.
For an incompressible Newtonian fluid, the flow
is described by the continuity (Eq 4) and Navier-
stokes (Eq 5) equations.

% 2 2 2 =
o T PUx T aypuy 5, PU; = 0 ..®»

D
p.v=-Vp+pg + uV?v . (5

In Eq 4, p denotes the fluid density, Uy, Uy, and
Ugz, are the velocity components in the X, Y, and
Z directions, and t denotes time. The first term
represents the local time rate of change of
density, while the remaining terms represent the
convective transport of mass in each coordinate
direction. When considering the momentum
equation (Eq 5) V is the velocity vector, P is the
static pressure, g is the gravitational acceleration
vector and p is the dynamic viscosity. The term

pD%v represents the material acceleration, -Vp

accounts for the pressure gradient force, pg
denotes body forces due to gravity and pVzV

represents the viscous diffusion.
3.2 Reynolds Average Navier - Stokes
Equation (RANS Equation)

In turbulent flow, velocity and pressure exhibit
random fluctuations over time. Resolving these
fluctuations using direct numerical simulations
(DNS) are computationally expensive for most

engineering applications including internal pipe

flow. To overcome these limitations the
Reynolds averaged Navier Stokes (RANS)
approaches are used. The  Reynolds

decomposition method is applied to velocity (Eq
6), pressure (Eq 7), and other variables to
distinguish between the mean flow and
turbulent fluctuations.

Uu; = 7I,'+ u'i

. (6)

p=p+7p - (7)
Here u, and p represent the time-averaged
(mean) velocity and pressure, while u'; and p’
are fluctuating components. Substituting those
decomposed quantities into the Navier Stokes
equation (Eq 5) and performing time-averaging
yields the RANS momentum equation (Eq 8).
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The first four terms in the equation correspond
to the mean flow physics; unsteady acceleration,
convection, pressure gradient, and viscous
diffusion. The term represents the Reynolds
stress, which arises from the correlation of
turbulent viscosity fluctuations. These stresses
introduce six additional unknowns into the
system of equations, making the RANS
formulation unclosed. This is known as the
closure problem in turbulence modeling. To
close the equations, turbulence models are
introduced to express the Reynolds stresses in
terms of mean flow quantities. Commonly, the
Boussinesq hypothesis is applied, which relates
the Reynolds stresses to the mean velocity
gradients via an eddy viscosity yy (Eq9).

— ow; , 0uj 2
—puu; = g (i + —’) —3pké;; .. 09)
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where k = iu’lu’l is the turbulent kinetic energy

and 0; is the Kronecker delta. The RANS
equations, combined with a suitable turbulence
model such as the standard k-e model, allow for
the accurate prediction of the mean velocity,
pressure, and turbulence fields in pipe flows
while keeping computational costs significantly
lower than those of DNS or Large Eddy
Simulation (LES).

3.3 Standard k- & Turbulence Model with
Standard Wall Function

The standard k-& model, introduced by Launder
and Spalding (1974) [7], is one of the most widely
used two-equation turbulence models for
engineering applications. It is based on the
Boussinesq eddy viscosity hypothesis, which
relates the Reynolds stresses in the RANS
equations to the mean velocity gradients via the
eddy viscosity p, as in Eq 10.

kZ
He = pCH? - (10)

where k is the turbulent kinetic energy and ¢

is its dissipation rate. These quantities are
obtained from their own transport equations, as
shown in Eq 11 and Eq 12.
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For the turbulent model, following model
constants were used for the simulation of the
pipe flow, Cl-Epsilon (Cie) = 1.44, C2-
Epsilon(Cze) =1.92, Cmu (Cp)=0.09, TKE Prandtl
Number (ox) =1, and TDR Prandtl
Number(o:)=1.3 [5]

3.3.1 Standard Wall Function

In turbulent flows, a very fine mesh is needed to
resolve the near-wall area, which is
computationally costly. Instead, the standard
wall function technique uses semi-empirical
relations established from experimental data to
bridge the gap between the near-wall viscous
sublayer and the completely turbulent outer
core.

In this approach, the first near-wall mesh is
placed in the log-law region around 30<y*<300,
where the dimensionless velocity profile is
approximated by Eq 13. Therefore, the accuracy
of the simulated results can be verified.

Z = In(y*) +B ... (13)

where Eq 14 is the dimensionless mean velocity,
Eq 15 is the dimensionless wall distance, Eq 16 is
the friction factor. Furthermore, K =~ 0.41 is the
von Karman constant, and B~ 5.0 is an empirical
constant.

+_U

Ut = .. (14)
yt = % .. (15)
U = JTw /P ... (16)

The wall shear stress, turbulent kinetic energy,
and dissipation rate in the near-wall cells are
computed using these empirical relations,
allowing accurate prediction of wall friction
without fully resolving the viscous sublayer.

4. CFD Simulation Setup

The CFD simulation was conducted using
ANSYS 2023 R2 version [8]. A pipe geometry
with a length of 1 m and a diameter of 0.05 m
was selected for the simulation and ANSYS
Design Modeler was used to construct the model
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of the pipe. Table 1 shows the properties of the
selected fluid.

Table 1- Fluid properties for selected system

Property Units Value

Density kg/m3 998.2

Cp (Specific Heat) J/ (kg K) | 4182

Viscosity kg/(ms) | 0.001003

Thermal

Conductivity W/(mK) | 06

Molecular Weight kg/kmol | 18.0152
Table 2 shows the discretization setup,

specifying the numerical scheme applied to
transform the governing flow equations into a
solvable algebraic form over the computational
domain. It defines the spatial and temporal
approximation methods for variables such as
pressure, velocity and turbulence quantities,
which directly influence the accuracy, stability
and convergence of the simulation results. Table
3 shows the time step setup from the CFD
simulation that specifies the physical run time of
the simulation.

Table 2- Discretization setup from the CFD

simulation
Property Methode
Pressgre velocity SIMPLE
coupling
Gradient Lest Squares cell

based

Pressure Second order
Momentum Second order

upwind

Turbulent kinetic
energy

Turbulent dissipation
rate

First order upwind

First order upwind

Transient formulation | First order implicit

Table 3- Time step setup from the CFD
simulation

Property Value
Time step size(s) 0.25
Number of time steps | 240
Max iteration per

time step 100

4.1 Mesh and the Mesh Independent Study

The purpose of a mesh independence study is to
assess the sensitivity of the simulation results to
changes in the mesh resolution. Specifically, it
aims to determine if the results are converged
and become insensitive to further mesh

refinement, indicating that the solution is
independent of the mesh.

Mesh Independence Test was conducted for the
selected pipe geometry using the standard K-
epsilon with standard wall function. Element
sizing was changed using the number of
circumferential divisions along the pipe’s circular
edge. In total, 22 data points were considered and
the below Figure 2 represents the simulation data,
plotting the number of mesh elements against the
maximum velocity at the pipe outlet.

ax-velocity-out (10 [m s~-1]

P7-mi

[l 0.1 0.z 0.3 0.4 05 0.6 07 08 09 1
P2 - Mesh Elements (.10

Figure 2 - Number of mesh elements vs max
velocity at the outlet

Analysis of Figure 2 demonstrates that after data
point 18, the mesh independence is achieved. It
is clearly demonstrated in Figure 2, max velocity
at outlet values does not change considerably
with respect to the mesh elements after 0.7
million, further mesh refinement may not
significantly improve the accuracy of the results
but will increase computational costs. Because of
that optimum number of divisions was 100 for
the pipe’s circular edge. To achieve an
acceptable y* value, an inflation layer was
constructed near the pipe wall according to the
Eq15.

In addition to mesh independence test, it is
critical to determine the nature and the
distribution of cells in the geometry. Skewness,
aspect ratio, element quality and orthogonal
quality values were analysed, and all were
within the acceptable limits for simulation.

5. Transition & Turbulent Simulation
of the Pipe Flow

Figure 3 illustrates the integrated workflow
implemented within ANSYS Workbench. The
core computational analysis is performed using
the Ansys Fluent system (Component A), where
the initial physics configurations were
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established and the parametric input/output
variables were defined. To efficiently generate
and explore a broader range of data points
specifically across the transitional and turbulent
regimes a Response Surface Optimization
(Component B) module was coupled with the
solver. Response Surface Optimization (RSO)
method constructs a mathematical metamodel
(response surface) based on discrete design
points calculated by the CFD solver. By
interpolating between these points, the RSO
creates a continuous predictive model, enabling
the identification of non-linear trends in
pressure drop relative to inlet velocity and
surface roughness across the entire design space.

Finally, to interpret the trends and quantify the
dependencies between variables, a Parametric
Correlation (Component C) tool was utilized.
This process statistically evaluates the linear and
non-linear dependencies between the input
parameters (inlet velocity, wall roughness) and
the output response (pressure drop). By
calculating correlation coefficients (such as
Pearson or Spearman rank), this analysis
identifies the dominant factors driving energy
loss, thereby substantiating the finding that
pressure drop is significantly more sensitive to
variations in flow velocity than to changes in
surface roughness within the studied range.

4 | @ Setup v 4
5 {5 Soltion v 4
& @ Resuls v o

37 |(pd Parameters

Fluid Flow (Fluent)

|50 Parameter set

I parameters Correlation

®  Response Surface Optimization

-
1

2 [ Design of Experiments v . P B Parameters Correlation
3 [ Response surface v i~ Parameters Carrelation

4 @ optimization &,

Response Surface Optimization
Figure 3 - Project workflow and the schematic
diagram

Boundary conditions
Inlet

e Type- velocity inlet.

e Inlet Velocity (Parametrized) - 0.04m/s
to 4m/s (Renolds number 2000 to
200,000)

e Reference Frame Absolute

e Velocity magnitude normal to boundary
-Z direction

e Turbulence Intensity 5 %

e Hydraulic Diameter 0.05

e Type- Pressure outlet.

e Outlet gauge pressure - 0

e Reference Frame- Absolute

e Backflow  Direction  Specification
method- Normal to boundary

e  Turbulence Intensity 5 %

e Hydraulic Diameter 0.05

Pipe Wall

e Stationary wall with no slip

e Roughness height (Parametrized) - 9E-
07m to 0.001m

e Roughness constant - 0.5

5.1 Contour Plots of the Simulation

For the visual analysis of the flow, pressure and
velocity contours were extracted at multiple
locations and at different time intervals to
capture both spatial and temporal variations. As
illustrated in Figure 4 and Figure 5, the results
clearly indicate a continuous and measurable
pressure drop along the downstream section of
the pipe, consistent with theoretical expectations
for internal flows. A comparison with Figure 6
and Figure 7 reveals the formation of a distinct
boundary layer adjacent to the pipe wall,
characterized by a slow-moving fluid region

where  viscous effects ~dominate.  This
phenomenon becomes more pronounced at
higher inlet velocities, where turbulence

intensifies near the wall. Considering the
velocity contours in Figure 8 and Figure 9, the
boundary layer formation and its progressive
thickening along the pipe length are further
confirmed. These plots also demonstrate how
changes in inlet velocity and wall surface
roughness alter the velocity gradient within the
near-wall region, influencing shear stresses and
turbulence generation. The combined analysis of
these contour plots provides valuable insight
into the mechanisms governing pressure drop,
flow uniformity, and energy losses in both
transitional and turbulent regimes.
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Figure 4-Pressure change in pipe at 4m/s inlet
velocity with 9x10m surface roughness
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Figure 5- Pressure change in pipe at 2.2 m/s
inlet velocity with 5x10-*m surface roughness

o

(1 am
3 i

020 )

Figure 6- Velocity contours perpendicular to
pipe wall at 4m/s velocity with 9x10-7 m surface
roughness
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Figure 7- Velocity contours perpendicular to
pipe wall at 2.2 m/s velocity with 5x10“m
surface roughness
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Figure 8- Velocity contour on centre plane at
4m/s Inlet velocity with 9x107m surface
roughness

Figure 9- Velocity on centre plane at 2.2my/s
Inlet velocity with 5E-04m surface roughness

53

ENGINEER




5.2 Verification of the Turbulent Velocity
Profile

Analysis of the turbulent velocity profiles
reveals the characteristic shape associated with
RANS simulations. Considering the normalized
velocity profiles it agrees with the theoretical
profile [9]. The theoretical velocity profile was
calculated using the Eq 17 [9].

1

= =)

- (17)

1.20E+00

For the equation constants m=1 and n=7 were
taken [9] where Umax is the stream velocity and U
is the actual turbulence velocity.

Figure 10 clearly shows an agreement with the
theoretical velocity profile with the CFD simulated
velocity data. Also, for other condition similar
agreement was achieved; because of this results
validation and conformation of the turbulence
behaviour of the CFD simulation model can be
confirmed.

x
@©
E|
o}
~
=}
0.00E+00
-1.50E+00 -1.00E+00 -5.00E-01 0.00E+00 5.00E-01 1.00E+00 1.50E+00
r/R

—@— CFD Simulation Velocity Profile —@—Theoretical Velocity Profile

Figure 10- Normalized turbulence flow velocity profiles theoretical and CFD simulated at 4m/s

velocity with 9x10-”m surface roughness

5.3 y* Distribution in the Pipe Wall
Regarding the y* distribution, all points must
remain below 300 and above 30 [10]. Figure 11
depicts the simulation at the maximum velocity
condition. Since the y* values in this critical case
fall within the 30-300 limit, it confirms that all
simulation results are within acceptable range.

Figure 11 - y* distribution of pipe at 4 m/s
velocity with 4x10- m surface roughness

wors

Figure 12- y* distribution of pipe at 2.02 m/s
with 9E-07 m surface roughness

6. Correlation Between the Surface
Roughness, Velocity and Pressure Loss

Considering Figures 13 & 14 they depict the
theoretical and CFD simulation pressure loss
comparison and its percentage difference.
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Figure 13- Theoretical and CFD simulation pressure losses comparison
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Figure 14- Theoretical and CFD simulation pressure losses percentage difference
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The simulated pressure differences are
compared with theoretical predictions in Figure
13. The coefficient of determination R? suggests
that approximately 80.52% of the variability in
the data was accounted by the model, indicating
a moderate-to-good fit. It demonstrates that both
agrees in some cases but in most cases, CFD
results are much higher than the theoretical
results

Considering the data distribution on Figure 14,
it demonstrates that the percentage of difference
between the theoretical values and CFD
simulated results decrease rapidly when the
Reynolds number increases. In close
examination of the results, it clearly depicts a
high percentage discrepancy in the transition
region and the start of the turbulent region. CFD
consistently predicted below 20% pressure
losses in turbulent flow than theoretical models,
particularly in the transitional regime more than
200% difference was observed, highlighting
limitations of conventional methods. This
scenario may be due to the inherent
ineffectiveness of theoretical calculation method
on the transition region and the start of the
turbulent region.

Considering Figure 15 it clearly depicts an
exponential increase of pressure loss with the
inlet velocity but considering the surface
roughness there was no correlation as shown in
Figure 16.

In this study, validation is conducted by
comparing CFD predictions against the
Colebrook-White theoretical model. It is
important to note that the Colebrook-White
equation is an empirical correlation originally
derived from the classical experimental work of
Nikuradse [19] on artificially roughened pipes
and subsequent commercial pipe data. While
recent high-fidelity experiments, such as the
Princeton Superpipe [20], provide more
granular data for smooth pipes at high Reynolds
numbers, the Colebrook-White relation remains
the standard engineering benchmark for
industrial piping design. Therefore, any
deviation from the Colebrook-White curve in
this study is interpreted as a deviation from the
established experimental consensus represented
by that equation.

y=437.07x7-221.06x+367.21 .
R’=0.8077

Pressure Loss (Pa)

0 05 1 15 2 25 3 35 4 45
Inlet Velocity (m/s)

Figure 15- Correlation of inlet velocity and
pressure loss with polynomial trending line
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y = 2E+09x7 - 423503x + 1661.1 s

6000 R'=0,0878 e

Pressure Loss (Pa)

0.00E400 2.00E-04 4.00E-04 6.006-04 8.00€-04 1.00€-03 1.20€-03

Surface Roughness (m)

Figure 16- Correlation of surface roughness
and pressure loss polynomial trending line
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Figure 17- 3D plot of Pressure loss vs velocity

vs surface roughness in X, Y, Z axis. (a)

orthogonal orientation (b) orthogonal

orientation with rotate in X axis
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7. Conclusion

Based on the results of the CFD study conducted
to analyse the variation of pressure loss in pipes,
it can be concluded that the pressure loss
predicted by the CFD simulations is higher
compared to theoretical values. Furthermore,
the study indicates that velocity has a more
significant impact on pressure loss than surface
roughness. This suggests that in practical
applications, careful consideration should be
given to the velocity profile within the pipe to
accurately predict pressure loss. Additionally,
while surface roughness does affect pressure
loss, its influence is relatively less significant
compared to velocity. Therefore, in designing
efficient piping systems, controlling velocity
becomes paramount for minimizing pressure
loss. Considering the validity of the results, 30 to
300 y* results were accepted. Considering
further work, experimental analysis needs to be
conducted on considered flow range and to
analyse that, instrumentation and test facilities
need to be developed to create and analyse the
turbulence and transition condition without
changing flow fields.

This CFD research was conducted to analyse
flow within the Reynolds number range of 2000
to 200,000 in pipes. Surface roughness was
within the range of 0.00lm to 2 x 10 m
considering practical materials used for
engineering applications. Theoretical pressure
losses within the pipes were calculated using the
Darcy friction factor and compared the results
with CFD values. For accurate modelling of the
flow, the K-epsilon turbulence model with
standard wall function was used to model the
turbulence flow conditions within the pipes.
ANSYS Fluent 2023 R2 software tools were used
to conduct the CFD experiments.

The CFD model consistently anticipated larger
pressure losses as compared to the theoretical
Colebrook-White baseline, which represents
recognized experimental benchmarks such as
Nikuradse's data [19]. This deviation is
attributed to two deliberate modelling choices
reflective of industrial constraints. First, the
computational domain utilized a length to
diameter ratio (L/D) of 20, resulting in
developing flow conditions where wall shear
stress is physically higher than in the fully
developed flow assumed by theoretical
correlations. Second, the application of the
standard k- € model in the transition region (Re
< 4,000) artificially enforced turbulent viscosity,

leading to conservative over predictions of
friction factors.

Consequently, while the k- € model lacks the
sensitivity to capture the laminar to turbulent
dip found in specific transition experiments, it
provides a robust, conservative upper-bound
estimate for pressure drop. These findings are
particularly relevant for industrial engineers
designing compact piping networks with short
run lengths, where entrance effects and model
conservatism must be accounted for to ensure
sufficient pump capacity.
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