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Abstract

Context: The article presents the friction coefficient
calculation for pressure pipes, from Newton-Raph-
son numerical method, under JavaScript source code
for Android 4.0 or higher.

Methodology: The code development is based on Co-
lebrook-White model for turbulent flows. The app also
establishes the friction coefficient for laminar flows
from the Poiseuille equation and determines the range
for the enter flow in a transition zone (unstable flow).
An algorithm of successive approximations was im-
plemented for non-linear equation solution based on
the relative roughness and Reynolds number.

Results: In the Newton-Raphson method, if the ini-
tial value moves away from zero or presents diffe-
rent inflection points, the probability of divergence
of the method increases significantly. To overcome
this anomaly, a friction coefficient equal to 0.015
was proposed as initial (seed) value; thereby we gua-
rantee the convergence for turbulent flows with an

approximation of 0.0000001. The values calculated
by the app were calibrated with the Excel analysis
tool (Goal Seek).

Conclusion: The app is available for free in Google
Play Store, and is a tool to support educational pro-
cesses and the professional field.

Keywords: Android, coefficient of friction, Cole-
brook-White, Darcy-Weisbach, head losses in pipes,
JavaScript code, Newton-Raphson, numerical methods.

Resumen

Contexto: El articulo presenta el célculo de coefi-
ciente de friccién para tubos de presion, utilizando
el método numérico Newton-Raphson, usando c6-
digo JavaScript para Android 4.0 o superior.
Metodologia: El desarrollo del Cédigo esta basado
en el modelo de Colebrook-White para flujos tur-
bulentos. La aplicacién también establece el coefi-
ciente de friccién para flujos laminares utiliando la
ecuacion de Poiseuille, y determina el rango de flujo
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de entrada en zona de transicién (flujo inestable). Se
implementé un algoritmo de aproximaciones sucesi-
vas para solucién de ecuaciones no lineales basado
en la rugosidad relativa y en el nimero de Reynolds.
Resultados: En el método de Newton-Raphson, la pro-
babilidad de divergencia aumenta considerabemente
si el valor inicial es diferente de cero o presenta dis-
tintos puntos de infleccién. Para superar esta anoma-
lfa, se propone un coeficiente de friccién de 0.015
como valor inicial (valor semilla). De esta manera se

garantiza la convergencia de flujos turbulentos con
aproximacion de 0.0000001. Los valores calculados
por la aplicacién fueron calibrados utilizando la he-
rramienta de analisis de Excel© (Goal Seek).
Conclusién: La aplicacion esta disponible en Google
Play Store y es gratuita. Es una herramienta para apoyar
procesos educativos y trabajos en sector productivo.
Palabras clave: Android, coeficiente de friccién, Co-
lebrook-White, Darcy-Weisbach, tuberias, JavaScript,
Newton-Raphson, métodos numéricos.

INTRODUCTION

In the last decade, the development of apps for
mobile devices on Android platform, along with
the increase of processing velocity and storage ca-
pacity, have originated user- service oriented te-
chnologies. This is especially evident in the case
of specialized user needs. An increase of softwa-
re development for mobile devices to solve speci-
fic problems in business (m-business), marketplace
(m-commerce), and education (m-learning) has
been observed (Casca, Camargo, & Medina, 2013)
(Yin, Weng, & Chu, 2012).

Educative Software Engineering (ESE) classi-
fies these computational tools into algorithms and
heuristics. Algorithms pose different systematic
processes that lead the student to a determined
answer. On the other hand, heuristic tools lead to
appropriation of knowledge by means of experi-
mentation and autonomous discovering. Synergies
between both algorithmic and heuristic tools pro-
duce the intelligent tutorial systems development
(Galvis A., 1992).

Therefore, the aim of this paper is to present the
development of a mobile app in Android platform
that calculate Darcy’s friction factor, to be used as
a tool in both learning and professional processes.
JavaScript source code for Android v. 4.0 or higher
was used. Poiseuille model was used for laminar
flow cases, and Colebrook-White model for turbu-
lent flow cases. Transition zone between the two

types of developed flow regimen, where flow pre-
sent an unstable behavior, was also calculated.

Friction coefficient

According to regulation for potable water and ba-
sic sanitation (RAS 2017), hydraulic calculation
for pressured systems in Colombia must be effec-
tuated using Darcy-Weisbach 1845 model. It is a
widely known empiric equation that determines
load loss due to energy dissipation in the form of
friction. This friction is the result of the interaction
between fluid and its conducing structure, or pipe-
line (equation (1)).

he = (1)

Where, h_: load loss (m); f: friction coefficient;
L: pipe length (m); D: pipe diameter (m); V: flow
velocity (m/s); g gravity acceleration (m/s?).

There are numerous models to calculate Dar-
cy’s friction coefficient, or friction factor. Most of
them are empirical models limited to the range of
experimentation in which they were formulated,
such as Moody equation. Another example is Swa-
mee-Jain general equation. It presents satisfactory
results for most flow conditions, except for smooth
turbulent flow, in which a correction factor is ne-
cessary (Andrade, 2001).

However, Colebrook-White model has been wi-
dely preferred due to its precision within turbulent
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conditions. Since it is a non-explicit expression,
its solution requires the use of numeric methods.
In this work, we used Newton-Rapson method for
optimizing point integration (equation (2)).

2.51

i RedT

Where, f: Friction coefficient; e: pipe rugosity
(m); D: pipe diameter (m); R : Reynolds Number.

/D

37 + 2)
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Laminar Flow

Laminar Flow is determined by values of Reynolds
number below 2300. It is known that under this
flow condition, viscous forces are significant in
comparison to inertial forces, and therefore the
fluid moves in an overlapping form with indepen-
dent layers. In this case, the system behaves ac-
cording to the Newton equation for viscous fluids.
(Saldarriaga, 2007).

In figure 1, we see the typical velocity distribu-
tion of a laminar flow inside a cylindric pipe. The
highest velocity is reached in the center of the tube,
and the lowest flow velocities are found in the sur-
face of the pipe, where the fluid is in direct contact
with the solid walls. The result of this phenomenon
is a parabolic velocity profile. (Saldarriaga, 2007).

Figure 1. Laminar flow scheme

Source: own work

In the condition of a laminar flow, and therefo-
re a Reynolds Number below 2300, friction coeffi-
cient may be calculated from Poiseuille equation
(equation (3)).
3)

According to Reynolds’ early experiments, for
values between 2300 and 4000, approximately,
the flow undergoes a transitional behavior. Because
of that, this range of values of Reynolds Number is
known as the Transition Zone. In this case, neither
laminar or turbulent flow are well defined, and thus
friction factor cannot be calculated (equation (4)).

2300 < R, < 4000 (4)

Turbulent Flow

Turbulent flow may be defined as a vectoral chaos;
in it we find continuous mixture conditions, due
to vortex rupture. (Sotelo, 1997). Despite this wi-
dely observed phenomenon, recent studies have
found vortex behavioral patterns in turbulent sys-
tems, which may defy the paradigms of turbulence
according to current notions. In fact, tests to model
disorganized and complex turbulent flow condi-
tions into series of somehow organized movement
patterns, known as “coherent structures”, have
been made with mixed results. (Dennis, 2015).

Newton-Raphson Method

Newton-Raphson method optimizes the New-
ton point integration method by defining a more
robust convergence equation. Convergence will
exist if the difference of absolute value of calcu-
lated values in two successive iterations decreases
while the number of iterations (n) increases (Quin-
ta & Villalobos, 2005). The algorithm has been ge-
neralized in numerous forms to solve non-linear
problems, equation systems, non-linear differen-
tial, and integral equations (Diaz & Benitez, 1998).
However, if the function is not differentiable and
presents discontinuity in the calculation interval,
the Newton-Raphson method will not converge. In
such cases, it will be necessary to apply another
numeric method to find the root of the non-linear
equation. Newton-Raphson method requires an
initial assumed value f (seed value) (equation (5)).

fos1 =t — J )

() ©)
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Now, in the problem of calculating the friction
factor, Colebrook-White equation becomes the
function, as noted below (equation (6)).

e
D 2.51
F() ==+ 20g | 2+ =0

Vi " RolF

And, the first derivative becomes (equation (7)).

1 251 f-15] log(e)
f(f)__zf e/_D 251]
"7

Therefore, Newton-Rapson convergence equa-
tion will become (equation (8)).

1 (e/D 251 |
— + 2log | + 22—
P N T
n+l — Jn -
Lo 2R 251fn15]1g<e) (®)
__fn T+
2 e/D 2.51
ReR
METHODOLOGY

In this work, we followed four main methodologi-
cal steps (figure 2): (1) to define the numeric method
to solve Colebrook-White equation in the Turbulent
Flow condition, (2) to stablish the flow diagram of
the app’s iterative process, (3) to develop the source

Table 1. App Calibration

code in JavaScript, and (4) to calibrate resulting cal-
culations with Goal Seek function in Excel.

Source
code

(JavaScript)

Figure 2. methodological steps followed during the
development of the app.

Source: own work.

Source code was developed using JavaScript.
Once the solution converges, the result appears
in a separated window on the screen. The relati-
ve rugosity and Reynold Number, which are both
dimensionless.

In figure 3, we present the flow diagram of the
iterative process the app follows to calculate Dar-
cy’s friction factor.

RESULTS

Resulting calculations for Darcy’s friction factor
were calibrated by comparing them to solutions
calculated through the Goal Seek function in Ex-
cel. In table 1, we present the comparison between
various calculation with different input data.

Initial constant parameters

Iteration (Excel) App (JavaScript)

Cinematic . Friction .. Friction Relative
viscosity Diameter e/D Reynolds  cefficient  Objective Coefficient Error
Number ————————— Function
[m2/s] [m] f f

0.000000114 0.0254 0.0059055 9556.3253 0.0389467 0.00000 0.0389467 0.00000
0.000000180 0.2500 0.0006400 340884.62 0.0188204 0.00000 0.0188203 0.00001
0.000000200 0.3000 0.0005667 194386.05 0.0191998 0.00000 0.0191999 -0.00001
0.000000520 0.3500 0.0005143 37004.337 0.0238461 0.00000 0.0238461 0.00000
0.000000240 0.4000 0.0004750 1178097.2 0.0169594 0.00000 0.0169594 0.00000
0.000000750 0.4500 0.0004444 689186.89 0.0170454 0.00000 0.0170453 0.00001
0.000000650 0.5000 0.0003000 135934.3 0.0186149 0.00000 0.0186149 0.00000
0.000000740 0.5500 0.0002909 1464024.6 0.0153622 0.00000 0.0153622 0.00000
0.000000410 2.0000 0.0000850 24596372 0.0117060 0.00000 0.0117060 0.00000
0.000000530 3.0000 0.0000500 30008137 0.0106547 0.00000 0.0106547 0.00000
0.000000850 4.0000 0.0000400 20845391 0.0103238 0.00000 0.0103238 0.00000

Source: own work.
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Figure 3. App Flow Diagram
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Source: own work.
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Laminar flow conditions

The relative rugosity of a pipe is 0.0000015. If the
Reynolds Number is 1550, the app conduces the
calculation of friction coefficient using Poiseuille
model for Laminar Flow. Therefore, the result will
be f=0,0412903, as shown in figure 4.

Transition zone flow conditions

If the relative rugosity of the pipe is 0.0000045 and
the Reynolds Number is 3456, the flow is in the
transition zone, so the app will indicate exactly
that as shown in figure 5.

Turbulent flow conditions

If the relative rugosity of a pipe is 0.0000018 and
the Reynolds Number is 845203, the app will use
Newton-Raphson method to solve Colebrook-Whi-
te equation and calculate the friction coefficient.
Seed value is already determined to f= 0.075. the
result is f = 0,07120250, as shown in figure 6.

Figure 4. Laminar flow (Friction coefficient app)

Source: own work.

Figure 5. Unstable flow (Friction coefficient app)

Source: own work.

Figure 6. Turbulent Flow (Friction coefficient app)

Source: own work.

The solution for turbulent flow conditions is
coherent with the one obtained by the Goal Seek
function, shown in the table 2.
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Table 2. Friction Coefficient calculation through Excel goal seek

Iter. i i(f) £(f) ,';'amts‘(’)':‘
1 0.015 -1.04844577 -300.5490240419 0.011511565
2 0.011511565 0.21978769 -441.9012112595 0.012008933
3 0.012008933 0.00668876 -415.4650626663 0.012025033
4 0.012025033 0.00000653 -414.6543258936 0.012025048
5 0.012025048 0.00000000 -414.6535341883 0.012025048
6 0.012025048 0.00000000 -414.6535341876 0.012025048
7 0.012025048 0.00000000 -414.6535341876 0.012025048
8 0.012025048 0.00000000 -414.6535341876 0.0120250
Source: own work
CONCLUSIONS

The app “App calculo del coeficiente de friccion”
accurately calculates Darcy’s friction factor for La-
minar and Turbulent Flow Conditions. It also in-
dicates when the input data corresponds to the
Transition Zone.

The development of mobile apps for educa-
tional purposes (m-learning) is a valuable tool for
autonomous learning. Therefore, the app “App cal-
culo del coeficiente de friccion” contributes to
Fluid Mechanics and Hydraulics academical en-
vironments. It allows students to experiment with
varied input data and explore different initial con-
ditions of the problem.
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