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Abstract— With the advancement of fluid mechanics in engineering, the need to estimate the pressure drop
coefficient, becomes necessary for flow loss calculations in order to be able to measure pipe diameter or
stipulate flow regimes that are required for a given situation. This coefficient appears in the Darcy-
Weisbach formula in equality with the Poiseuille equation and is now measured by the Colebrook-White
equation. However, because this equation presents a different characteristic, where the coefficient appears
on both sides of the same equation, scholars of the area over time modeled approximations derived from
this previous knowledge. In this work we will approach the Colebrook-White principles and their
subsequent approaches. The aim of this paper is to analyze the correlations cited, as well as their authors,
also analyzing the relative errors between the approximations and the Colebrook-White equation at
specific intervals for the relative roughness and the Reynolds number and, from this, to determine which
ones. have the lowest relative error.

Keywords—fluid mechanics, pressure loss coefficient, Colebrook-White equation and mathematical
approximation.

l. INTRODUCTION

Engineering regarding fluid mechanics has several focuses
of study. One of these focuses is on the flow of fluids and
their particularities. The focus of this work is on the flow
and its concepts, with respect to the flow resistance factor
for pressure loss calculations in fluids.
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It is discovered through studies that when a fluid gets
closer and closer to the “wall” of the pipe, its flow velocity
tends to zero, that is, there is a resistance to flow (viscosity
of the inner surface of the pipe).

According to Sa Marques and Sousa (1996), the
Colebrook-White equation is commonly mentioned in the
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literature on fluid mechanics and has wide applicability by
the technicians involved in this specialty, being considered
the closest to the physical reality of flows.

To Coban (2012), the Colebrook-White equation is an
implicit formula that generates the best result for the
pressure loss coefficient in turbulent regime, however, to
obtain these results there is a need to perform iterative
processes. Such equation has as parameters the relative
roughness (&/D) and the Reynolds number (Re).

Therefore, there are several studies of explicit equations to
measure this resistance precisely, replacing the Colebrook-
White equation, as closely as possible to the result of the
implicit equation.

The calculation of the head loss is the main issue of this
work, however there is a problem, since the Colebrook-
White equation that is used for this purpose has a
characteristic of being implicit, since it presents the
coefficient on both sides of the equality.

Due to this characteristic, calculating using this equation
becomes complex, as there is a need to perform iterative
processes to obtain a result.

With this problem, we seek to gather information, data and
authors that otherwise express this modeling, in a less
complex way, aiming at an explicit equation and with the
results as close as possible to the formula made by
Colebrook-White.

For flow in industrial pipelines, knowing how to accurately
measure the head loss is essential, as there are several
unknowns to be seen, be it the material, the roughness to be
worked, the dimensioning, the necessary performance for
each case, etc.

According to Resende (2007), the head loss is highlighted,
for example, in a hydroelectric power plant, because as the
head loss is increased, the generation capacity is
decreased.For this, a formula is needed that accurately
models this coefficient.

According to Zidan (2015), a suggestion by C.M. White
for transition formula which similar to those obtained
experimentally for commercial pipes, was simply add
together the lower limits of integration y, which satisfy the
rough and smooth pipe laws, providing the general
formula.

This article has as general objectives to analyze the explicit
equations and verify which ones have the lowest and
highest average relative error and analyze the relative
errors and organize them from the lowest to the highest
percentage, since the lowest percentage will have results of
coefficient closest to those of Colebrook-White and, by
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definition, the ideal approximation will be considered. The
highest percentage will demonstrate the opposite.

1. THE COLEBROOK-WHITE EQUATION
AND ITS APPROXIMATIONS

Below are briefly presented the equations used for study,
followed by the calculations to make comparisons.

Colebrook-White equation

To Bager (2015), the Colebrook equation is an implicit
equation that combines experimental results from studies
of turbulent flow in rough tubes. The equation is used to
iteratively solve the Darcy-Weisbach friction factor “A”.

According to Soares (2012), we present equation 2.1.

1 21 ( £ + 2.51) 2.1)
—=—2lo — .
Vi 837D " Revi

Moody approach

Pimenta (2017) explains Moody's equation (1947)
aspresentedin 2.2.

1
£ 10%\3

Wood approach

Asker, Turgut and Coban (2014), Wood (1966) made
correlations validating region extensions for Re > 10* and
10° < (/D) <4x1072. Equation 2.3 demonstrates such an
approximation.

A=a+bx*Re”* (2.3)
Where:
a = 0.53 = (¢/D) + 0.094 * (¢/D)°22° (2.49)
b =88 x (¢/D)%** (2.5)
¢ =1.62 x (¢/D)%134 (2.6)

Churchill approach

According to Brki¢ (2011), Churchill's approach (1973) is
demonstrated in equation 2.7.

L = 2log(— +(7)°'9 (27)
Vi “%®\3710 " \Re '
Eck approach

According to Asker, Turgut and Coban (2014), Eck (1973)
performs an approximation expressed in equation 2.8.

L ( £ +15> 2.8
Ja “°8\371D T Re (28)
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Haaland approach

Fox, Mcdonald and Pritchard (2014), Haaland (1984)
contributed to the approximation of Colebrook-White's
implicit equation to “A” (Darcy-Weisbach friction factor)
and can be expressed in equation 2.9.

LYY & R 29

v 08 \37p Re (29)
Tsal approach
According to Pimenta (2017), Tsal's approximation (1989)
is expressed in equation 2.10.

68 £\%%
A=011(—+— (2.10)
0 (Re + D)

Where:
A>0.018r1=A
A <0.018; 2 =0.0028+0.85A
Buzzelli approach

According to Asker, Turgut and Coban (2014), Buzzelli
(2008) developed the relationship present in equation 2.11.

1 A+ 2log(B/Re)
N _[ 1+ (2.18/B)

Where "A" and "B" are expressed in the equations 2.12 and
2.13, respectively below.

_ (0.744In(Re) — 1.41)
(1 +1.32 e/D)

(2.12)

(2.12)

 Re+2514 (2.13)

B =
3.7D

Relative error

To Asker et al (2014), the calculation that will be the basis
for the analysis of the approximations in relation to the
Colebrook-White equation will be that of the relative error.
The relative error can demonstrate how close the result of
the coefficient of the explicit equation will be when
compared to the coefficient of the equation. Such an
equation of relative error can be expressed in equation
2.14.

IACW - Aapp‘roach |

RE = ( )100 (2.14)

ACW
Where:

RE = Relative error (%)

Aew = Friction factor of the Colebrook-White equation
(dimensionless)

happroach = Friction factor of the approach (explicit equation)
in question (dimensionless)

www.ijaers.com

The following Table 1 illustrates the error percentages and
their respective classifications.

Table 1 —Relative error (%) and their classifications

MeanRelativeError (%0) Classification
<0.55 Perfect

0.56 —1.00 Good
1.10-2.00 Regular
2.10-3.00 Weak

>3.00 Terrible

Source: Pimenta (2017)

1. RESULTS AND DISCUSSION

The present work obtained friction factor data considering
that the turbulent flow, with Reynolds number greater than
four thousand. To obtain the data, sixteen values of relative
roughness were used, which correspond from the smooth
surface to a rougher surface.

After that, there will be a discussion of relative errors
between Colebrook-White and their approximations, to
observe the best explicit equations regarding relative
errors.

Colebrook-White

The Colebrook-White equation will be used as a reference
for comparison with the other explicit equations.For the
friction factor calculations, the following parameters were
used: 4x10° < Re < 10%nd 10 < ¢/D < 5x102 The graph 1
shows the calculated values of the friction factor for
Colebrook - White equation.

Graph 1 —Friction factor with Colebrook-White equation
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Graph 1 shows the values for the friction coefficient in the
vertical part (y-axis) and the values of the Reynolds
number in the horizontal (x-axis). The respective values of
the relative roughness are shown in the lines to which the
legend explains their respective colors and values.

It can be seen from Graph 1 that the greater the Reynolds
number, the lower the value of the coefficient “A” for the
relative roughness intervals. It is also noticed that there is a
tendency for values of "A" very close to the Reynolds
intervals, especially in the periods of 5x10* < Re < 108,
where the results approach the equality as the value of the
relative roughness grows.

This can be explained by the fact that Equation (2.1),
together with the explicit equations, presents a sum of the
relative roughness (¢/D) with the Reynoldsnumber (1/Re),
since the rest will be just a relation of mathematical
operations with constants. This sum, as the relative
roughness increases and goes through the Reynolds
number intervals, it tends to have a common result. For
example, for a relative roughness = 5x107?, in the Reynolds
number range between 5x10* < Re < 108, the sum will tend
to 5x1072, as the term “1 / Re” will tend to zero.

Bandeira (2015) reports that the viscous sublayer presents
a thickness which is capable of covering the rough
elements, it will not have a significant loss, in this
condition it can be said that the flow is in a hydraulically
smooth regime. However, the thickness of the viscous
sublayer is influenced by the Reynolds number, as the
Reynolds number increases, the thickness of the viscous
sublayer decreases and for a given high Reynolds number
some rough elements emerge significantly, at that moment
the friction becomes a function of Reynolds number and
roughness as well. For even higher Reynolds values, all the
rough elements emerge through the viscous sublayer and
the loss of pressure depends on the size of the rough
elements, in this condition the flow is in a rough regime.

According to Schlichting (1979), the friction factor varies
up to a certain Reynolds number, this is due to the ratio
between the protrusions of the surfaces and the height of
the boundary layer, however, after a certain point the
friction factor stops varying , that is, the friction factor no
longer depends on the Reynolds number, this is because
the flow has reached a completely rough regime, being
possible to visualize in the graph 1 the friction factor
remains constantfor each line that represents each relative
roughness.

Moody
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Calculations will be performed at the intervals above for
Equation 2.2. Graph 2 shows the values of A according to
the relative roughness and Reynolds number.

Graph 2 - Friction factor for the Moody equation
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It can be seen from Graph 2 that there is a difference with
Graph 1 in values for “A”, such discrepancies will be
addressed in the error percentage, using Equation 2.14. The
behavior and explanation for it are similar to Graph 1, but
there are differences in values due to the approximation of
the model equations.

Wood

The wood approximation, equation (2.3) was used to
obtain data that are shown in Graph 3.

Graph 3 shows the data in which the Wood equation was
used, with the behavior of the lines slightly different from
the previous graphs, it being possible to observe that for
low values of the Reynolds number the results are more
different than the Colebrook - white data.
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Graph 3 - Friction factor with Wood's equation
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Churchill

According to equation (2.7), Graph 4illustrates the friction
factor values in the Churchill equation for each interval as
shown.

Graph 4 - Friction factor with Churchill's equation
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Graph 4 shows the behavior of the lines and margins of
values remarkably similar for the coefficient when
compared with the Colebrook - White data.
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Eck

The Eck model was also simulated with the same
conditions as the simulation of the other models.

The Graph 5 contemplates the results of the “A” coefficient
for equation (2.8), for the “Re” intervals and the relative
roughness.

Graph 5-Friction factor with Eck equation
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It can be seen from Graph 5 that there is the same
behavioral similarity of the graphs of coefficient values
previously mentioned, and with values of “A” awfully close
to the results of Colebrook-White.

Haaland

For equation 2.9, the following graph 6 is made to
demonstrate the values of the friction factor.Graph 6 shows
the results of “A” for the pre-determined “Re” and “e/D”
intervals.

It can be seen from Graph 6 that there is the same
behavioral similarity and with coefficient values tending to
equality when compared to Graph 1.
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Graph 6—Friction factor with Haaland equation
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Tsal

For the equation Tsal(2.10), was used for show the data in
the graph 7.

Graph 7—Friction factor with Tsal equation
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According to the above data, there is a similarity in
behavior but there is a considerable discrepancy, it is
possible to verify that for low Reynolds numbers the
relative roughness present nearest friction factor values
than the other methods, it becomes clearer when it is held a
comparison with other graphics.
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Buzzelli

Buzelli propose the equation (2.11) for determination
friction factor. The graph 8 shown the coefficient values
for the “Re” and “e/D”.

It can be seen in Graph 8 that it is most similar to Graph 1
in the values of “A”, with low discrepancies will be
addressed in the percentage of error, using Equation 2.14.
And the low discrepancy makes this approximation method
has good results compared to Colebrook - White.

Graph 8—Friction factor withBuzzelli equation
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Relative Error

Considering that all the models presented above are an
approximation of the Colebrook - White equation, the
relative error will occur when comparing the results of
each model with Colebrook-White.

The comparison made in the present work lists the results
of all models for each relative roughness.

Error for relative roughness of 0.000001

The graph 9 shows the result of all models, including
Colebrook - White, for the relative roughness of 0.000001.
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Graph 9—-Comparison of the friction factor models for
relative roughness of 0.000001
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The data shown in graph 9, it is possible to observe that for
the relative roughness of 0.000001, Wood's method
presented a more discrepant result when compared to the
Colebrook-White data.Table 2 shows percentage values of
the relative error between all the models.

Table 2 - Values (in %) of the relative errors for the
relative roughness de 0,000001

Relative Error (values in %)for &/D = 0,000001

Mood Church Haala Buzze
Re y Wood ill Eck nd Tsal i
4x1 | 0,603 28,23 6,443 0,470
0 ) 35 1,7526 8 1,2910 7 0,0395
1x1 | 0,472 23,72 1,513 2,281
04 5 04 0,4078 1 0,0076 1 0,0280
5x1 | 2,205 18,38 3,573 1,114
04 3 12 0,5276 4 0,8608 5 0,0201
1x1 | 3,544 16,77 4,951 0,505
05 9 71 0,6138 4 0,9308 5 0,0187
5x1 | 5,466 13,79 7,064 1,951
05 3 58 0,4256 1 0,7398 3 0,0171
1x1 | 5,414 12,59 7,629 2,969
06 1 54 0,2387 5 0,5739 5 0,0165
5x1 | 2,537 9,579 0,3294 8,195 0,1499 5,196 0,0130
0¢ 2 5 5 0
1x1 | 0,004 8,209 0,6003 8,003 0,002 5,746 0.0114
0 2 4 8 2
5x1 | 8,291 5,852 5,934 5,151
07 6 9 1,1037 7 0,1845 6 0,0028
1x1 | 12,07 5,816 4,436 4,140
0° 02 4 1,1534 3 0,1956 9 0,0004
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When comparing the results contained in table 1 with table
2, it is possible to conclude, that for the relative roughness
condition of 0.000001, the approximation models could be
classified as: Moody (0.0042<RE <12.0702) Good for low
Reynolds numbers and terrible for high Reynolds humbers;
Wood (5.8164 < RE < 28.2335) Terrible; Churchill (0.2387
< RE < 1.7526) between perfect and regular; Eck (1.5131 <
RE < 8.1955) between regular and terrible; Halland
(0.0032 <RE <1.2910) between perfect and regular; Tsal
(0.4707 < RE < 5.7462) between perfect and terrible;
Buzzelli (0.0004 < RE < 0.0395) perfect result.

From the analysis of the graph 9 and the table2, it is
possible to verify that the Wood, Moodyand Eck models
generate results with greater errors in relation to the
Colebrook - White equation, while the Haaland and
Buzzelli models present good approximations.

Error for relative roughness of 0.000005

The graph 10 shows the result of all models, including
Colebrook - White, for the relative roughness of 0.000005.

Graph 10-Comparison of the friction factor models for
relative roughness of 0.000005
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The data shown in graph 10, it is possible to observe that
for the relative roughness of 0.000005,in general method
all have a tendency to next Colebrook-White data.

Table 3 shows percentage values of the relative error
between all the models.
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Table 3 - Values (in %) of the relative errors for the

relative roughness de 0.000005

Relative Error (values in %)for &/D = 0.000005

Graph 11-Comparison of the friction factor models for
relative roughness of 0.00001
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To compare the results contained in table 1 with table 3, it
is possible to conclude, that for the relative roughness
condition of 0.000005, the approximation models could be
classified as: Moody (0.4744 <RE < 8.8914) Perfect for
low Reynolds numbers and terrible for high Reynolds
numbers; Wood (0.4532< RE < 10.0637) between perfect
and terrible; Churchill (0.1624< RE < 1.7539) between
perfect and regular; Eck (1.5131 < RE < 8.1955) between
regular and terrible; Halland (0.0024<RE <1.2853)
between perfect and regular; Tsal (0.4750< RE <3.9182)
between perfect and terrible; Buzzelli (0.0008< RE <
0.0419) perfect result.

From the analysis of the graph 10 and the table 3, it is
possible to verify that the Wood, Moody and Eck models
generate results with greater errors in relation to the
Colebrook - White equation, while the Buzzelli models
present good approximations.

Error for relative roughness of 0.00001

The graph 11 shows the result of all models, including
Colebrook - White, for the relative roughness of 0.00001.
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10* 10° 10° 10’ 10°
R, = udwv
- Colebrook - White - Haaland - Tsal
- Buzzelli - Wood - Moody
= Churchill - Eck

The data shown in graph 11, it is possible to observe that
for the relative roughness of 0.00001,in general method all
have a tendency to next Colebrook-White data.

Table 4 shows percentage values of the relative error

between the models.

Table 4 - Values (in %) of the relative errors for the

relative roughness de 0.00001

Relative Error (values in %)for /D = 0.00001

Re

Moo
dy

Woo
d

Churc
hill

Eck

Haala
nd

Tsal

Buzze
Ili

4x1
03
1x1
04
5x1
04
1x1
05
5x1
05
1x1
06
5x1
06
1x1
07

5x1

0,601
0

0,476
8

2,144
3

3,413
6

4,882
4

4,422
4

0,371
9

2,069
5

6,245

3,66
84

3,18
38

3,73
51

3,83
49

2,64
04

1,48
85

1,27
89

1,64
58

0,61

1,7555

0,4140

0,5055

0,5768

0,3158

0,0782

0,5476

0,7100

0,5767

6,44
40

1,51
52

3,55
50

4,91
12

6,84
81

7,20
56

6,54
18

5,47
04

2,32

1,2790

0,0133

0,9171

1,0165

0,9507

0,8651

0,5901

0,4194

0,0275

0,48
03

2,26
88

1,12
36

0,49
84

1,69
10

2,38
13

2,82
87

2,33
09

0,88

0,043
7

0,031
2

0,021
8

0,019
6

0,014
0

0,010
4

0,001
2

0,000
0

0,001
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0| 4 28 39 61 1
1x1 7,103 2,34 1,36 0,51 0,000
o | Ty 04120 0 00732 Tt

To compare the results contained in table 1 with table 4, it
is possible to conclude, that for the relative roughness
condition of 0.00001, the approximation models could be
classified as: Moody (0.4768 <RE < 7.1034) between
perfect and terrible; Wood (0.6128< RE < 3.8349) between
good and terrible; Churchill (0.0782< RE < 1.7555)
between perfect and regular; Eck (1.3646< RE < 7.2056)
between regular and terrible; Halland (0.0133<RE
<1.2790) between perfect and regular; Tsal (0.4803< RE <
2.8287) between perfect and weak; Buzzelli (0.0000< RE <
0.0437) perfect result.

From the analysis of the graph 11 and the table 4, it is
possible to verify that the Moody and Eck models generate
results with greater errors in relation to the Colebrook -
White equation, while the Buzzelli models present good
approximations.

Error for relative roughness of 0.00005

The graph 12 shows the result of all models, including
Colebrook - White, for the relative roughness of 0.00005.

Graph 12-Comparison of the friction factor models for
relative roughness of 0.00005
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10 10 10° 10’ 10
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- Colebrook - White - Haaland - Tsal
- Buzzelli - Wood - Moody
- Churchill - Eck

The data shown in graph 12, it is possible to observe that
for the relative roughness of 0.00005,in general method all
have a tendency to next Colebrook-White data.

Table 5 shows percentage values of the relative error
between the models.

www.ijaers.com

Table 5 - Values (in %) of the relative errors for the
relative roughness de 0.00005

Relative Error (values in %)for /D = 0.00005

Moo | Woo | Churc Haala Buzze
Re | dy d hill Eck | nd | Tsal i

4x1 (0,591 531 6,44 0,52 0,051
00 ) 1 1,7682 a1 1,2365 30 3

1x1 0,495 2,35 1,51 2,21 0,036
04 3 1 0,4411 78 0,0829 42 3

5x1 (1,884 0,63 3,53 1,15 0,022
0+ 6 82 0,4116 29 1,0725 99 3

1x1|2,872 053 4,86 0,95 0,017
o |1 gy 04200 07 12216 TS T

5x1 (2,934 2,33 6,59 0,86 0,003
05 5 26 0,0352 40 1,1960 20 9

Ix1 1,733 3,79 6,73 0,82 0,000
o | g 03175 o7 10109 T T

Bx1 | 1,879 4,55 5,20 0,12 0,001
o |1 5y 0595 C1T 03647 "o T

1x1|2,926 3,66 3,88 0,52 0,001
07 4 08 0,4986 57 0,1349 78 7

5x1 | 4,006 0,89 1,29 0,98 0,000
| o3 0089 ST 01217 T T

1x1]4,161 0,14 0,72 1,04 0,000
o | 4 g 01077 T 0a601 ot

To compare the results contained in table 1 with table 5, it
is possible to conclude, that for the relative roughness
condition of 0.00005, the approximation models could be
classified as: Moody (0.4953<RE <4.1614) between
perfect and terrible; Wood (0.1426< RE < 5.3121) between
perfect and terrible; Churchill (0.0352< RE < 1.7682)
between perfect and regular; Eck (0,7230< RE < 6.4441)
between good and terrible; Halland (0.0829<RE <1.2365)
between perfect and regular; Tsal (0.1295< RE < 2.2142)
between perfect and weak; Buzzelli (0.0002< RE < 0.0513)
perfect result.

From the analysis of the graph 12 and the table 5, it is
possible to verify that the Moody, Wood and Eck models
generate results with greater errors in relation to the
Colebrook - White equation, while the Buzzellimodels
present good approximations.
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Error for relative roughness of 0.0001

The graph 13 shows the result of all models, including
Colebrook - White, for the relative roughness of 0.0001.

The data shown in graph 13, it is possible to observe that
for the relative roughness of 0.0001,in general method all
have a tendency to next Colebrook-White data.

Graph 13-Comparison of the friction factor models for
relative roughness of 0.0001.
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Table 6 shows percentage values of the relative error
between the models.

Table 6 - Values (in %) of the relative errors for the
relative roughness de 0.0001

1x1 3,099 3,99 1,09
5x1 (3,614 1,88 0,28

1x1|3,684 121 0,17

1,14 0,001
07 6 42 0,3505 85 0,0011 23 3

1,36 0,000
| e ey 0021 7 01867 7 T

1,39 0,000
o |0 a3 00430 "0 01782 N7 T

Relative Error (values in %)for &/D = 0.0001

Moo | Woo | Churc Haala Buzze
Re | dy d hill | Eck | nd | Tsal | li
4())(31 0,5778 6(,)24 17839 6;4 11921 Oé527 0,256
1;(41 0,317 2;3 0.4744 1;;3 0.1510 2(,3124 0,0339
5;(41 1,284 0(,)236 0.3032 3;,5 11910 1(,329 O,(!)BZO
1;(51 2,179 0;15 0.2609 4;;9 13439 Oégo O,(S))lz
53(51 1,:182 4;14 0.2851 5;;4 11556 Oéés 0,0300
13(61 0,(3167 5é239 0.4993 4i?:14 0.8576 Oé032 O,(A)lOO
53(61 2,5:139 4(,;)12 0.4833 1%%6 0.1668 Oé951 O,(iOZ
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To compare the results contained in table 1 with table 6, it
is possible to conclude, that for the relative roughness
condition of 0.0001, the approximation models could be
classified as: Moody (0.0674 <RE < 3.6840) between
perfect and terrible; Wood (0.2603< RE < 6.2406) between
perfect and terrible; Churchill (0.0430< RE < 1.7839)
between perfect and regular; Eck (0,1700< RE < 6.4453)
between perfect and terrible; Halland (0.0011<RE
<1.3439) between perfect and regular; Tsal (0.0253< RE <
2.1462) between perfect and weak; Buzzelli (0.0001< RE <
0.0566) perfect result.

From the analysis of the graph 13 and the table 6, it is
possible to verify that the Woodand Ecktmodels generate
results with greater errors in relation to the Colebrook -
White equation, while the Churchill and Buzzelli models
present good approximations.

Error for relative roughness of 0.0002

The graph 14 shows the result of all models, including
Colebrook - White, for the relative roughness of 0.0002.

Graph 14-Comparison of the friction factor models for
relative roughness of 0.0002.
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Table 7 shows percentage values of the relative error
between the models.

Table 7 - Values (in %) of the relative errors for the
relative roughness de 0.0002

Relative Error (values in %)for &/D = 0.0002

Moo | Woo | Churc Haala Buzze
Re | dy d hill Eck | nd | Tsal ]

4x1 10,553 5,52 6,44 0,68 0,063
00 6 07 1,8148 68 1,1169 24 4

1x1 0,558 1,33 1,56 2,01 0,042
o | 5,5 05387 27 02578 C ot T

Bx1 | 1,055 0,12 3,15 1,24 0,015
w1 gy 01127 T 13107 AT T

1x1 1,313 1,57 4,08 0,31 0,006
o |5 Tag 00003 L0 14208 T T

5x1 (0,393 5,42 3,83 0,16 0,000
05 1 81 0,5106 43 0,9325 47 7

1x1 1,509 6,02 2,92 0,54 0,002
06 4 42 0,5801 74 0,5699 42 3

Bx1 | 3,084 5,03 0,99 1,14 0,001
| g g3 03470 700122 Lt L

1x1 | 3,355 4,29 0,56 1,25 0,000
07 6 97 0,2205 06 0,0889 68 7

5x1 3,588 2,91 0,16 1,35 0,000
A A X A £ T

1x1 | 3,618 2,52 0,10 1,36 0,000
0¢ 9 50 0,0014 63 0,1887 68 0

Error for relative roughness of 0.0005

The graph 15 shows the result of all models, including
Colebrook - White, for the relative roughness of 0.0005.

Graph 15-Comparison of the friction factor models for
relative roughness of 0.0005.
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The data shown in graph 15, it is possible to observe that
for the relative roughness of 0.0005,in general method all
have a tendency to next Colebrook-White data.

Table 8 shows percentage values of the relative error
between the models.

Table 8 - Values (in %) of the relative errors for the
relative roughness de 0.0005

Relative Error (values in %)for &/D = 0.0005

To compare the results contained in table 1 with table 7, it
is possible to conclude, that for the relative roughness
condition of 0.0002, the approximation models could be
classified as: Moody (0.3931 <RE < 3.6189) between
perfect and terrible; Wood (0.1287< RE < 6.0242) between
perfect and terrible; Churchill (0.0003< RE < 1.8148)
between perfect and regular; Eck (0,1063< RE < 6.4468)
between perfect and terrible; Halland (0.0122<RE
<1.4205) between perfect and regular; Tsal (0.1647< RE <
2.0107) between perfect and weak; Buzzelli (0.0000< RE <
0.0634) perfect result.

From the analysis of the graph 14 and the table 7, it is
possible to verify that the Woodand Eck models generate
results with greater errors in relation to the Colebrook -
White equation, while the Churchill and Buzzelli models
present good approximations.

www.ijaers.com

Mood | Woo | Church Haalan Buzzel
Re y d ill Eck d Tsal li
4x1 | 0,475 2,726 6,456 0,997
0 4 5 1,9038 1 0,9450 7 0,0738
1x1 | 0,659 0,611 1,745 1,608
04 1 4 0,7158 ’ 0,4651 ) 0,0428
5x1 | 0,110 1,025 1,965 1,236
04 0 7 0,3036 9 1,3819 3 0,0060
1x1 | 0,503 3,073 2,161 0,297
05 3 5 0,4591 3 1,2810 5 0,0003
5x1 | 2,429 5,881 1,103 0,082
05 ) 5 0,6182 5 0,4824 ) 0,0032
1x1 | 3,052 5,900 0,5045 0,671 0,1084 0,160 0,0029
0° 1 5 0 8
5x1 | 3,703 4,948 0,1862 0,200 0,1086 0,417 0,0006
0° 8 2 9 8
1x1 | 3,797 4,535 0,0057 0,132 0.1536 0,455 0,0003
0 7 1 1 2
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5;(71 3,?-75 3,?392 0,0123 0,075 0,1908 0,486

1;(81 3,284 3,;31 0,0323 0,067 0,1955 0,490

0,0000

0,0000

To compare the results contained in table 1 with table 8, it
is possible to conclude, that for the relative roughness
condition of 0.0005, the approximation models could be
classified as: Moody (0.1100 <RE < 3.8849) between
perfect and terrible; Wood (0.6114< RE < 5.9005) between
good and terrible; Churchill (0.0123< RE < 1.9038)
between perfect and regular; Eck (0,0678< RE < 6.4561)
between perfect and terrible; Halland (0.1086<RE
<1.3819) between perfect and regular; Tsal (0.0822< RE <
1.6082) between perfect and regular; Buzzelli (0.0000< RE
< 0.0738) perfect result.

From the analysis of the graph 15 and the table 8, it is
possible to verify that the Wood models generate results
with greater errors in relation to the Colebrook - White
equation, while the Churchill, Haaland and Buzzelli
models present good approximations.

Error for relative roughness of 0.001

The graph 16 shows the result of all models, including
Colebrook - White, for the relative roughness of 0.001.

The data shown in graph 16, it is possible to observe that
for the relative roughness of 0.001,in general method all
have a tendency to next Colebrook-White data.

Graph 16-Comparison of the friction factor models for
relative roughness of 0.001.
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Table 9 shows percentage values of the relative error
between the models.

Table 9 - Values (in %) of the relative errors for the
relative roughness de 0.001

Relative Error (values in %)for &/D = 0.001

Mood | Woo | Church Haalan Buzzel
Re y d ill Eck d Tsal li

4x1 [ 0336 0,002 6,462 1513
w | g g 20406 U7 07474 T

1x1 | 0,761 1,831 1,929 0,952
0 3 ) 0,9652 1 0,6390 1

5x1 | 1,202 1,790 1,130 0,933
04 9 1 0,6925 1 1,2126 1

1x1 | 1,872 3,698 1,152 0,430
05 6 9 0,7555 5 0,9395 5

5x1 | 3,339 5,366 0,489 0,201
05 4 1 0,5453 8 0,1889 5

1x1 | 3,663 5,243 0,299 0,290
06 4 8 0,3761 4 0,0113 9

5x1 | 3,961 4,615 0,116 0,361
06 9 5 0,0964 4 0,1548 5

Ix1 | 4,002 4,397 0,001 0,370
o | o g ool T 01774

5x1 | 4,034 4,088 0,070 0,377
0 6 6 0,0367 8 0,1957 1

1x1 | 4,038 4,017 0,068 0,378
0% 7 5 0,0490 3 0,1980 0

0,0797

0,0369

0,0005

0,0010

0,0032

0,0019

0,0003

0,0001

0,0000

0,0000

To compare the results contained in table 1 with table 9, it
is possible to conclude, that for the relative roughness
condition of 0.001, the approximation models could be
classified as: Moody (0.3368<RE <4.0387) between
perfect and terrible; Wood (0.0029< RE < 5.3661) between
perfect and terrible; Churchill (0.0331< RE < 2.0406)
between perfect and regular; Eck (0,0683< RE < 6.4625)
between perfect and terrible; Halland (0.0113<RE
<1.2126) between perfect and regular; Tsal (0.2015< RE <
1.5134) between perfect and regular; Buzzelli (0.0000< RE
<0.0797) perfect result.

From the analysis of the graph 16 and the table 9, it is
possible to verify that the Wood and Moody models
generate results with greater errors in relation to the
Colebrook - White equation, while the Buzzelli models
present good approximations.

Error for relative roughness of 0.002

The graph 17 shows the result of all models, including
Colebrook - White, for the relative roughness of 0.002.
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Graph 17-Comparison of the friction factor models for
relative roughness of 0.002.
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Table 10 shows percentage values of the relative error
between the models.

Table 10 - Values (in %) of the relative errors for the
relative roughness de 0.002

Relative Error (values in %)for &/D = 0.002

Mood | Woo | Church Haalan Buzzel
Re y d ill Eck d Tsal li

4x1 | 0,033 2,473 6,461 2,509
0 8 7 2,2766 0 0,5105 7 0,0774

1x1 | 0,784 2,432 2,192 0,304
0 1 5 1,3352 0 0,7339 1 0,0235

5x1 | 1,985 2,156 0,327 0,082
0 9 1 0,9970 6 0,8390 9 0,0008

1x1 | 2,611 3,544 0,390 0,313
05 0 0 0,8721 ) 0,5182 9 0,0034

5x1 | 3,486 4,386 0,187 0,592
05 1 3 0,4097 6 0,0037 4 0,0020

1x1 | 3,635 4,286 0,134 0,633
05 4 3 0,2460 1 0,0976 6 0,0009

5x1 | 3,763 3,967 0,084 0,667
05 5 8 0,0320 9 0,1790 4 0,0001

1x1 | 3,780 3,871 0,078 0,671
07 1 5 0,0102 4 0,1896 7 0,0000

5x1 | 3,793 3,744 0,073 0,675
07 5 5 0,0544 1 0,1982 9 0,0000

1x1 | 3,795 3,717 0,072 0,675
0* 5 4 0,0619 4 0,1992 6 0,0000

WWwWw.ijaers.com

To compare the results contained in table 1 with table 10, it
is possible to conclude, that for the relative roughness
condition of 0.002, the approximation models could be
classified as: Moody (0.0338 <RE < 3.7952) between
perfect and terrible; Wood (2.1561< RE < 4.3863) between
weak and terrible; Churchill (0.0102 < RE < 2.2766)
between perfect and weak; Eck (0,0724< RE < 6.4610)
between perfect and terrible; Halland (0.0037<RE <
0.8390) between perfect and good; Tsal (0.0829< RE <
2.5097) between perfect and weak; Buzzelli (0.0000< RE <
0.0774) perfect result.

From the analysis of the graph 17 and the table 10 it is
possible to verify that the Wood and Moody models
generate results with greater errors in relation to the
Colebrook - White equation, while the Haaland and
Buzzellimodels present good approximations.

Error for relative roughness of 0.005

The graph 18 shows the result of all models, including
Colebrook - White, for the relative roughness of 0.005.

Graph 18-Comparison of the friction factor models for
relative roughness of 0.005.
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The data shown in graph 18, it is possible to observe that
for the relative roughness of 0.005, Moody’s, Wood's and
Tsal’s method presented a more discrepant result when
compared to the Colebrook-White data.

Table 11 shows percentage values of the relative error
between the models.
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Table 11 - Values (in %) of the relative errors for the
relative roughness de 0.005

Relative Error (values in %)for &/D = 0.005

Moo | Woo | Churc Haala Buzze
Re | dy d hill Eck | nd | Tsal ]

4x1 11,008 4,38 6,37 524 0,051
00 9 97 2,7640 93 0,2773 95 7

1x1 0,091 2,31 2,53 3,65 0,004
04 9 36 1,8829 1 0,5484 47 5
0,003

5x1 (1,410 1,73 0,31 3,45
0 1 47 1,0699 42 0,2846 20 5
1x1|1,745 2,46 0,09 3,54 0,003

05 4 04 0,7508 25 0,0879 01 4

5x1 |2,081 2,85 0,05 3,64 0,000
05 4 19 0,2295 19 0,1335 56 7

1x1|2,128 2,83 0,06 3,66 0,000
06 3 42 0,1091 79 0,1663 14 3

5x1 | 2,167 2,75 0,07 3,67 0,000
06 7 98 0,0253 88 0,1934 45 0

Ix1| 2,172 2,73 0,08 3,67 0,000
07 6 78 0,0491 02 0,1968 61 0

5x1 2,176 2,71 0,08 3,67 0,000
07 5 02 0,0729 14 0,1996 75 0

Ix1 | 2,177 2,70 0,08 3,67 0,000
0* 0 47 0,0767 15 0,2000 76 0

To compare the results contained in table 1 with table 11, it
is possible to conclude, that for the relative roughness
condition of 0.005, the approximation models could be
classified as: Moody (0.0912 <RE < 2.1770) between
perfect and weak; Wood (1.7347< RE < 4.3897) between
regular and terrible; Churchill (0.0253< RE < 2.7640)
between perfect and weak; Eck (0.0519< RE < 6.3793)
between perfect and terrible; Halland (0.0879<RE <
0.5484) perfect result; Tsal (3.4520< RE < 5.2495) terrible
result; Buzzelli (0.0000< RE < 0.0517) perfect result.

From the analysis of the graph 18 and the table 11, it is
possible to verify that the Tsal and Wood models generate
results with greater errors in relation to the Colebrook -
White equation, while the Haaland and Buzzellimodels
present good approximations.

Error for relative roughness of 0.01

The graph 19 shows the result of all models, including
Colebrook - White, for the relative roughness of 0.01.

www.ijaers.com

Graph 19-Comparison of the friction factor models for
relative roughness of 0.01.

6 T

YN N1 A I W11

4 3

10 10° 10° 107 10

R, = udh
- Colebrook - White - Haaland - Tsal
- Buzzelli - Wood - Moody
- Churchill - Eck

The data shown in graph 19, it is possible to observe that
for the relative roughness of 0.01, Wood's and Tsal’s
method presented a more discrepant result when compared
to the Colebrook-White data.

Table 12 shows percentage values of the relative error
between the models.

Table 12 - Values (in %) of the relative errors for the
relative roughness de 0.01

Relative Error (values in %)for &/D = 0.01

Mood | Woo | Church Haalan Buzzel
Re y d ill Eck d Tsal li

4x1 | 2,924 4,448 6,128 9,153
0 9 8 3,1583 0 0,3127 3

Ix1 | 1,873 1,790 2,578 8,172
0 0 0 2,1068 1 0,1894 0

5x1 | 0,970 1,222 0,449 8,110
0 9 3 0,9096 1 0,0047 8

1x1 | 0,810 1,671 0,178 8,159
05 5 9 0,5639 0 0,0908 4

Bx1 | 0,669 1,967 0,037 8,212
| 5 s 01213 TS0 01763 7,

1x1 | 0,650 1,985 0,064 8,220
06 7 7 0,0346 4 0,1882 0

5x1 | 0,635 1,985 0,085 8,226
06 7 2 0,0560 9 0,1979 3

1x1 | 0,633 1,982 0,088 8,227
o | g g oomiz LT 01001 O

0,0223

0,0000

0,0032

0,0020

0,0003

0,0001

0,0000

0,0000

5x1 | 0,632 1,977 00859 (090 02001 g227 0,0000
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07 3 8 7 7
1x1 | 0,632 1,976 0,091 8,227
0* 1 9 0,0883 0 0,2002 8 0,0000

To compare the results contained in table 1 with table 12, it
is possible to conclude, that for the relative roughness
condition of 0.01, the approximation models could be
classified as: Moody (0.6321 <RE < 2.9242) between good
and weak; Wood (1.2223< RE < 4.4488) between regular
and terrible; Churchill (0.0346< RE < 3.1583) between
perfect and terrible; Eck (0.0376< RE < 6.1280) between
perfect and terrible; Halland (0.0047<RE < 0.3127) perfect
result; Tsal (8.1108< RE < 9.1533) terrible result; Buzzelli
(0.0000< RE < 0.0223) perfect result.

From the analysis of the graph 19 and the table 12, it is
possible to verify that the Tsal models generate results with
greater errors in relation to the Colebrook - White
equation, while the Haaland and Buzzelli models present
good approximations.

Error for relative roughness of 0.015

The graph 20 shows the result of all models, including
Colebrook - White, for the relative roughness of 0.015.

Graph 20-Comparison of the friction factor models for
relative roughness of 0.015.

6 T

100 4

ol sl vl el ol

4 3

10 10° 10° 107 10

R, = ndv
- Colebrook - White - Haaland - Tsal
- Buzzelli - Wood - Moody
- Churchill - Eck

The data shown in graph 20, it is possible to observe that
for the relative roughness of 0.015, Moody’s and Tsal’s
method presented a more discrepant result when compared
to the Colebrook-White data.

Table 13 shows percentage values of the relative error
between the models.

www.ijaers.com

Table 13 - Values (in %) of the relative errors for the
relative roughness de 0.015

Relative Error (values in %)for /D =0.015

Mood | Woo | Church Haala Buzze
Re y d ill Eck nd Tsal i

4x1 | 4,848 3,904 5,843 12,44
0 5 8 3,3067 8 0,4302 81

1x1 | 3,967 1,281 2,470 11,80
| e 2008 YT 00811 T

Bx1 | 3,336 1,165 0,438 11,80
|1 g o7 TUT 01108 T

Ix1 | 3,239 1,521 0,171 11,84
pall L 04521 T 01504 o

5x1 | 3,158 1,784 0,043 11,87
05 4 6 0,0703 9 0,1895 75

1x1 | 3,148 1,811 0,070 11,88
Py 0 1 0,0001 9 0,1948 24

Bx1 | 3,139 1827 0,092 11,88
| e o oom1 T ol0e T

1x1 | 3,138 1,828 0,095 11,88
0 5 3 0,0828 5 0,1997 69

5x1 | 3,137 1,828 0,097 11,88
0 7 6 0,0940 4 0,2002 73

1x1 | 3,137 1,828 0,097 11,88
0 5 5 0,0957 7 0,2002 74

0,0093

0,0006

0,0024

0,0013

0,0002

0,0001

0,0000

0,0000

0,0000

0,0000

To compare the results contained in table 1 with table 13, it
is possible to conclude, that for the relative roughness
condition of 0.015, the approximation models could be
classified as: Moody (3.1375<RE <4.8485) terrible result;
Wood (1.1658< RE < 3.9048) between regular and terrible;
Churchill (0.0001< RE < 3.3067) between perfect and
terrible; Eck (0.0439< RE < 5.8438) between perfect and
terrible; Halland (0.0311<RE < 0.4302) perfect result; Tsal
(11.8060< RE < 12.4481) terrible result; Buzzelli (0.0000<
RE < 0.0093) perfect result.

From the analysis of the graph 20 and the table 13 it is
possible to verify that the Moody and Tsal models generate
results with greater errors in relation to the Colebrook -
White equation, while the Haaland and Buzzelli models
present good approximations.

Error for relative roughness of 0.02

The graph 21 shows the result of all models, including
Colebrook - White, for the relative roughness of 0.02.

The data shown in graph 21, it is possible to observe that
for the relative roughness of 0.02, Moody’s, Wood's and

Page | 111


https://dx.doi.org/10.22161/ijaers.77.12
http://www.ijaers.com/

International Journal of Advanced Engineering Research and Science (IJAERS)

https://dx.doi.orqg/10.22161/ijaers.77.12

[Vol-7, Issue-7, Jul- 2020]
ISSN: 2349-6495(P) | 2456-1908(0)

Tsal’s method presented a more discrepant result when
compared to the Colebrook-White data.

Graph 21-Comparison of the friction factor models for
relative roughness of 0.02.

TTT] T 1T

T 1T T TTTT

1004 5

1T S O 1 A I AT

4 3

10 10° 10° 107 10
R, = udh
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- Churchill - FEck

Table 14 shows percentage values of the relative error
between the models.

Table 14 - Values (in %) of the relative errors for the
relative roughness de 0.02

Relative Error (values in %o)for &/D =0.02

Mood | Woo | Church Haala Buzze
Re y d ill Eck nd Tsal ]

4x1 | 6,698 3,252 5,570 15,29
0 5 4 3,3443 1 0,5380 98

1x1 | 5971 0,763 2,339 14,86
0+ 1 5 2,0254 8 0,1671 o1

5x1 | 5,506 1,340 0,407 14,88
04 0 7 0,6806 7 0,1621 92

1x1 | 5440 1,646 0,153 14,91
05 5 3 0,3776 7 0,1787 58

5x1 | 5,386 1,887 0,051 14,94
05 4 7 0,0388 7 0,1955 19

1x1 | 5379 1,915 0,077 14,94
06 6 9 0,0213 5 0,1979 54

5x1 | 5,374 1,936 0,098 14,94
06 1 8 0,0812 9 0,1998 83

1x1 | 5373 1,939 0,100 14,94
0’ 4 1 0,0909 7 0,2001 87

5x1 | 5,372 1,940 0,102 14,94
0’ 8 8 0,1001 8 0,2003 90

1x1 | 5372 1,941 0,103 14,94
0% 8 0 0,1016 1 0,2003 90

0,0038

0,0013

0,0018

0,0009

0,0001

0,0000

0,0000

0,0000

0,0000

0,0000

WWwWw.ijaers.com

To compare the results contained in table 1 with table 14, it
is possible to conclude, that for the relative roughness
condition of 0.02, the approximation models could be
classified as: Moody (5.3728 <RE < 6.6985) terrible result;
Wood (0.7635< RE < 3.2524) between good and terrible;
Churchill (0.0213< RE < 3.3443) between perfect and
terrible; Eck (0.0517< RE < 5.5701) between perfect and
terrible; Halland (0.1621<RE < 0.5380) perfect result;
Tsal(14.8601 < RE < 15.2998) terrible result; Buzzelli
(0.0000 < RE < 0.0038) perfect result.

From the analysis of the graph 21 and the table 14 it is
possible to verify that the Moody and Tsal models generate
results with greater errors in relation to the Colebrook -
White equation, while the Haaland and Buzzelli models
present good approximations.

Error for relative roughness of 0.03

The graph 22 shows the result of all models, including
Colebrook - White, for the relative roughness of 0.03.

Graph 22—-Comparison of the friction factor models for
relative roughness of 0.03.

7 TTTIT] I T TTTIH] T T TTTT] T T TTTI]

100 A

(¥
T

PR T T 1T X1 O 1 111 O WARAT1

3

10' 10° 10° 10’ 10

R = v
- Colebrook - White - Haaland - Tsal
- Buzzelli - Wood - Moody
- Churchill - Eck

Table 15 shows percentage values of the relative error
between the models.

Table 15 - Values (in %) of the relative errors for the
relative roughness de 0.03

Relative Error (values in %)for /D =0.03

Moo | Woo | Churc Haala Buzz
Re | dy d hill Eck | nd Tsal | elli

4x1 | 10,10 1,93 39856 5,09 0,692 20,06 0,000
03 94 09 ' 13 1 98 4

1x1 | 9,602 028 18592 210 0315 19,84 0,001
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0* 0 88 05 8 40 9

5x119,317 199 0,34 0,210 19,88 0,001
0’ 9 12 0.5476 75 4 97 2

1x119,281 2,24 0,11 0,204 19,90 0,000
0° 2 06 0.2820 89 4 77 5

5x119,251 2,44 0,06 0,201 19,92 0,000
0° 5 88 0,0002 57 0 46 1

Ix1| 9,247 2,47 0,08 0,200 19,92 0,000
0°¢ 8 57 0.0482 88 6 68 0

5x1 19,244 2,49 0,10 0,200 19,92 0,000
0¢ 8 75 0.0951 74 4 87 0

1x1 9,244 2,50 0,10 0,200 19,92 0,000
07 4 03 0.1026 97 3 89 0

5x119,244 2,50 0,11 0,200 19,92 0,000
0’ 1 26 0.1096 16 3 91 0

1x1 9,244 2,50 0,11 0,200 19,92 0,000
0* 1 29 0.1107 18 3 91 0

To compare the results contained in table 1 with table 15, it
is possible to conclude, that for the relative roughness
condition of 0.03, the approximation models could be
classified as: Moody (9.2441 <RE < 10.1094) terrible
result; Wood (0.2888< RE < 2.5029) between perfect and
weak; Churchill (0.0002< RE < 3.2856) between perfect
and terrible; Eck (0.0657< RE < 5.0913) between perfect
and terrible; Halland (0.2003<RE < 0.6921) between
perfect and good; Tsal (19.8440< RE < 20.0698) terrible
result; Buzzelli (0.0000< RE < 0.0019) perfect result.

From the analysis of the graph 22 and the table 15, it is
possible to verify that the Moody and Tsal models generate
results with greater errors in relation to the Colebrook -
White equation, while the Haaland and Buzzelli models
present good approximations.

Error for relative roughness of 0.04

The graph 23 shows the result of all models, including
Colebrook - White, for the relative roughness of 0.04.

www.ijaers.com

Graph 23-Comparison of the friction factor models for
relative roughness of 0.04.
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Table 16 shows percentage values of the relative error
between the models.

Table 16 - Values (in %) of the relative errors for the
relative roughness de 0.04

Relative Error (values in %)for &/D =0.04

Mood | Woo | Church Haala Buzze
Re y d ill Eck nd Tsal Ili

4x1 | 13,15 0,689 4,701 23,98
0 65 9 3,1681 9 0,7851 18

1x1 | 12,78 1,316 1,908 23,85
04 61 8 1,7097 3 0,389%4 74

5x1 | 12,59 2,782 0,298 23,90
0* 36 4 0,4597 8 0,2315 39

1x1 | 12,56 2,997 0,090 23,91
05 98 8 0,2213 7 0,2155 74

5x1 | 12,55 3,181 0,077 23,92
05 08 3 0,0248 0 0,2033 96

1x1 | 12,54 3,205 0,098 23,93
06 84 6 0,0656 1 0,2018 12

5x1 | 12,54 3,225 0,114 23,93
06 65 9 0,1051 9 0,2006 25

1x1 | 12,54 3,228 0,117 23,93
07 62 5 0,1113 0 0,2004 97

5x1 | 12,54 3,230 0,118 23,93
07 61 7 0,1172 7 0,2003 28

1x1 | 12,54 3,231 0,118 23,93
0% 60 0 0,1180 9 0,2003 28

0,0000

0,0020

0,0008

0,0004

0,0000

0,0000

0,0000

0,0000

0,0000

0,0000
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To compare the results contained in table 1 with table 16, it
is possible to conclude, that for the relative roughness
condition of 0.04, the approximation models could be
classified as: Moody (12.5460 <RE < 13.1564) terrible
result; Wood (0.6899< RE < 3.2310) between good and
terrible; Churchill (0.0248< RE < 3.1681) between perfect
and terrible; Eck (0.0770< RE < 4.7019) between perfect
and terrible; Halland(0.2003<RE < 0.7851) between

perfect and good; Tsal (23.8574< RE < 23.9818) terrible
result; Buzzelli (0.0000< RE < 0.0020) perfect result.

From the analysis of the graph 22 and the table 16 it is
possible to verify that the Moody and Tsal models generate
results with greater errors in relation to the Colebrook -
White equation, while the Haaland and Buzzelli models
present good approximations.

Error for relative roughness of 0.05

The graph 24 shows the result of all models, including
Colebrook - White, for the relative roughness of 0.05.

The data shown in graph 24, it is possible to observe that
for the relative roughness of 0.05, Moody’s, Wood's and
Tsal’s method presented a more discrepant result when
compared to the Colebrook-White data.

Graph 24-Comparison of the friction factor models for
relative roughness of 0.05.

T T T T T T T ITm T T TTTT]
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10° 10’ 10° 10’ 10°
R, = udhv
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- Buzzelli - Wood - Moody
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Table 17 shows percentage values of the relative error
between the models.

www.ijaers.com

Table 17 - Values (in %) of the relative errors for the
relative roughness de 0.05

Relative Error (values in %)for &/D = 0.05

Mood | Woo | Church Haala Buzze
Re y d ill Eck nd Tsal i

4x1 | 15,89 0,447 4,383 27,30
0 87 4 3,0408 9 0,8418 66

Ix1 | 1561 2,287 1,754 27,23
b | e 5 Lseas T 04200 S

5x1 | 15,47 3,590 0,260 27,27
0+ 80 9 0,3960 1 0,2425 9%

Ix1 | 1546 3,782 0,068 27,29
| 1o o oamel T o211 S

5x1 | 15,44 3,946 0,086 27,29
05 79 3 0,0425 5 0,2044 97

Ix1 | 1544 3,968 0,105 27,30
v | oo 3 00786 T 02024

BX1 | 1544 3,986 0,121 27,30
| a9 7 01132 T 02007 T

1x1 | 15,44 3,989 0,123 27,30
07 47 1 0,1186 4 0,2005 20

5x1 | 15,44 3,991 0,124 27,30
07 46 1 0,1236 9 0,2003 21

IxI | 1544 3991 0,125 27,30
o | a5 3 01244 7 02003 7

0,0002

0,0019

0,0006

0,0003

0,0000

0,0000

0,0000

0,0000

0,0000

0,0000

To compare the results contained in table 1 with table 17, it
is possible to conclude, that for the relative roughness
condition of 0.05, the approximation models could be
classified as: Moody (15.4446 <RE < 15.8987) terrible
result; Wood (0.4474< RE < 3.9913) between perfect and
terrible; Churchill (0.0425< RE < 3.0408) between perfect
and terrible; Eck (0.0680< RE < 4.3832) between perfect
and terrible; Halland (0.2003<RE < 0.8418) between

perfect and good; Tsal (27.2361< RE < 27.3066) terrible
result; Buzzelli (0.0000< RE < 0.0019) perfect result.

From the analysis of the graph and the table it is possible to
verify that the Moody and Tsal models generate results
with greater errors in relation to the Colebrook - White
equation, while the Haaland and Buzzelli models present
good approximations.

V. CONCLUSIONS

It can be seen how the Moody and Tsal method performs
high errors as the relative roughness is increased. The
Wood method oscillates between good and bad percentages
of error, with greater emphasis on the bad results. Churchill
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and Haaland methods show excellent results for all relative
roughness intervals. The Buzzelli method is the model that
performed best.

There are several other correlations, statistics, and values
for relative roughness (absolute roughness and pipe
diameter) and Reynolds number (turbulent fluid) that can
be determined.

As future work it is possible to estimate such
approximations, statistical calculations and Reynolds
values, absolute roughness, and diameters, for a more
statistically concrete analysis and / or a more specific
analysis depending on the values adopted for relative
roughness and Reynolds.

REFERENCES

[1] ASKER, M.; TURGUT, O. E.; COBAN, M. T. A review of
non iterative friction factor correlations for the
calculation of pressure drop in pipes. Bitlis Eren Univ J
Sci & Technol, Izmir, 2014.

[2] BAQER, N. M. Survey in Colebrook equation
approximations. International Technology and Innovation
Research Journal, Najaf, v. 1, 2015.

[3] BRKI¢, D. Review of explicit approximations to the
Colebrook relation for flow friction. Journal of Petroleum
Science and Engineering, Elsevier, 2011. p. 34-48.

[4] BANDEIRA, F. J. S. Estudo tedrico e experimental do
escoamento horizontal sujeito a transpiragéo de fluido na
parede. Masters dissertation — Federal University of Rio de
Janeiro. Rio de Janeiro. 2015.

[5] COBAN, M. T. Error analysis of non-iterative friction
factor formulas relative to Colebrook-White equation for
the calculation of pressure drop in pipes. Journal of Naval
Science and Engineering, v. 8, n.1, p 1-13, 2012

[6] FOX, R. W.; MCDONALD, A. T.; PRITCHARD, P. J.
Introducdo & Mecanica dos Fluidos.Rio de Janeiro: LTC,
2014.

[71 PIMENTA, B. D. Analise de Formulagdes Explicitas do
Coeficiente de Perda de Carga em Condutos
Pressurizados.Masters dissertation - Federal University of
Santa Maria. Santa Maria, p. 67. 2017.

[8] RESENDE, M. F. de. A variacdo das caracteristicas
Hidraulicas em condutos forcados devido a infestagdo
pelo limnoperna fortunei.Masters dissertation — Federal
University of Minas Gerais. Belo Horizonte, p. 101. 2007.

[9] SA MARQUES, J. A. A.; SOUSA, J. J. O.: Férmula de
Colebrook — White velha mas actual. Soluges explicitas-
Il SILUSBA, Symposium on Hydraulics and Water
Resources of Portuguese Speaking Countries, Maputo,
Mogambique, 1996.

[10] SCHILICHTING, H.
McGrawHill, 7a ed. 1979.

[11] SOARES, H.Hidraulica Geral Pratica N°05.Class
notes.Federal University of Juiz de Fora. Juiz de Fora, p. 7.
2012.

Boundary Layer Theory,

www.ijaers.com

[12] VASCONCELLOS, Y. O. Andlise da equacdo de
Colebrook-White e aproximagdes posteriores para
solucionar problemas de definicdo do coeficiente de
perda de carga de fluidos. UNISUAM. Rio de Janeiro, p.
88. 2019.

[13] ZIDAN, A. R. A. Review of Friction Formulae in Open
Channel Flow. Eighteenth International Water Technology
Conference, IWTC18, El Mansoura University, Sharm
ElSheikh, p. 322-335. 2015.

Page | 115


https://dx.doi.org/10.22161/ijaers.77.12
http://www.ijaers.com/

