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Abstract: The flow in a pipe having multiple outlets is considered as an advanced problem in
hydraulic engineering; many discrepancies were found in the literature, in addition to the lack of
experimental and field studies. The main goal of this study is to simulate the flow in a pipe with
multiple outlets in order to examine the existing methodologies for estimation of the friction head
losses, and to propose a methodology that is based on experimental data. The main physical model
in this study consisted of a water supply tank, a pipe with multiple outlets having a piezometer at
each outlet. Different pipe diameters were used in this study, the pipe diameters were 25.4 mm (1 in),
38.1 mm (1.5 in), 50.8 (2 in) and 76.2 mm (3 in). The inlet heads used were 1.7 m and 2.2 m. The data
collected from different flow conditions were used to assess the variation in the coefficient of friction
and friction head losses along the pipe length. It can be concluded that the spacing between any two
successive outlets (S) and area ratio (AR = Area of outlet/Area of the main pipe) are the main factors
affecting the friction head losses along the pipe. The ratio of total friction head losses along a pipe
with outlets having the same properties (length (L), discharge (Q), diameter (d) and material) to a
pipe without outlets and having the same properties is called the G factor. The G factor calculated
using selected formulae was overestimated in comparison to the calculated G factor obtained from
experimental data. For large values of S/d (spacing between outlets/diameter of main pipe), the
difference between coefficient of friction in first segment (f1) and last segment (fn) of the multiple
outlet pipe was noted to be minimal.

Keywords: Polyvinyl Chloride pipe; multiple outlets; inlet pressure; coefficient of friction; G factor

1. Introduction

In many applications, pipes with multiple outlets are used to distribute and collect fluids for
various applications. In water supply, manifolds are used to distribute water to residential areas
and also to supply farms with irrigation water. The design of a pipe with multiple outlets is more
complicated than the design of simple pipe without outlets.

As given by Alawee [1], the distribution of fluids laterally from a pipe along its centerline from
outlets is widely used for the following engineering applications: distribution of water from municipal
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water network, modern irrigation systems, chemicals to production units of industrial processes
and sewage disposal. In addition, pipes with multiple outlets are installed for fire extinguishing
purposes [2].

The above applications highlight the importance of studying head loss along a pipe with multiple
outlets. Major and minor head losses occur along the length of a pipe with multiple outlets when water
flow through it. In standard practice, minor losses occurring due to velocity change in each outlet are
neglected while only major losses (friction losses) are considered. The uniformity of water flowing
laterally from a pipe with multiple outlets is affected by friction head losses. The friction head loss
(major loss) along a pipe with multiple outlets can be related to the friction head loss along a pipe
without outlets provided that these pipes have similar properties (material, flow rate, diameter, and
length), the ratio between the head loss along a pipe with multiple outlets to that without multiple
outlets is called the G factor.

The Hazen-Williams formula is used widely in hydraulic analysis and design of water distribution
systems, the water systems are composed of loops that include pipes with a number of outlets. In the
hydraulic analysis and design of a pipe with multiple outlets, the quantity of flow from each outlet is
taken as fix amount while the value of Hazen-Williams coefficient is taken as constant. The temperature
and viscosity of the water are not taken into account in the Hazen-Williams coefficient as it is not a
function of the Reynolds number, while the coefficient of friction in the Darcy-Weisbach formula does
take them into account as at is a function of the Reynolds number. The Darcy-Weisbach formula takes
into account the variation in discharge and coefficient of friction along a pipe with multiple outlets.
The flow of water in a pipe with multiple outlets is not uniformly distributed due to head losses. In
order to improve and enhance the quality of the hydraulic design of a pipe with multiple outlets, it
is necessary to consider the variations in flow pattern and friction head losses along the pipe. The
phenomenon of water flow in a pipe with multiple outlets has been investigated by various researchers,
using either analytical or experimental method in the determination of G factor.

Howland [3] discussed the design of a perforated pipe in order to obtain a uniform discharge
and established an equation that takes into account the variation of pressure head along a pipe
with multiple outlets, the variation of pressure head was calculated using Bernoulli’s equation.
Ramirez-Guzman and Manges [4] and Bezdek and Solomon [5] studied the variation of pressure
head based on Hazen-Williams equation, Bezdek and Solomon [5] also highlighted the limitations of
using Hazen-Williams formula to calculate friction head loss. Mohammed et al. [6] recommended
calculating the friction head loss using Darcy-Weisbach formula. Bezdek and Solomon [5], Anwar [7]
and Valiantzas [8] estimated the friction head loss along the length of a pipe with multiple outlets
using various methods.

A factor has been introduced by various researchers to calculate the friction head loss along a
pipe with multiple outlets. Christiansen [9] was one of the first researchers to work on the hydraulics
of a pipe with multiple outlets. Christiansen [9] proposed the below formula for calculating the G
factor of such pipes.

G =
1m + 2m + . . . . . . + Nm

Nm+1
(1)

where N is number of outlets along the pipe and m is the exponent of discharge in the friction head
loss formula as shown below:

h f = KQm (2)

where hf is friction head loss, K is constant depends on the equation used in the calculation of the
friction head loss (Darcy-Weisbach or Hazen-Williams) and m = 2 in Darcy-Weisbach equation and
m = 1.852 in Hazen-Williams equation.
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Anwar [10] derived an expression for the adjusted factor based on Christiansen [9] formula.

G =
1

Nm+11 + rm

N∑
k = 1

(k + Nr)m (3)

where k is the index representing the successive section of pipeline length between outlets, and r is the
ratio of outflow discharge to the total outlet discharge.

Mohammed et al. [11] proposed the following formula based on the concept used by
Christiansen [9]:

G =

∑i = N−1
i = 1 (N− 1)m

Nm+1
(4)

Keller and Bliesner [12] used two dimensionless ratios to define the flow in a pipe with multiple
outlets. Dow [13] pointed out the failure of Keller and Bliesner [12] in recognizing the variation of the
Reynolds number along a pipe with multiple outlets. Albertson et al. [14] discussed the mechanism of
water flow in a pipe with multiple outlets, they proposed the following formula to relate between head
losses in a pipe with outlets (hf)m and that without outlets (hf)p:

(h f )m =
1
3
(h f )p (5)

Oron and Walker [15], Scaloppi [16], Valiantzas [8], Mostafa [17], Alazba [18] and Alazba et al. [19]
respectively proposed the following G factor formulae:

G = 0.6387N−1.8916 + 0.35929 (6)

G = N
(

1
m + 1

+
1

2N
+

m

12N2

)
(7)

G =
1

m + 1

[(
1 +

1
2N

)m−1
−

( 1
2N

)m+1]
(8)

G =
N2 + (N− 1)2 + (N− 2)2 + . . .

(
N− (N− 1)2

)
N3 (9)

G =

[
1

m + 1
+

1
2N

+

√
m− 1

6N2

]0.567

(10)

G =
1 + 1

N

e
m
π

(11)

The above proposed formulae revealed that the G factor is either a function of the number of
outlets in a pipe, N or both the number of outlets and the exponent, m of the discharge in the head loss
equation (Equation (2)).

Yildirim [20] used a series of steps to calculate the friction head loss at each pipe segment and
then added them to determine the total friction head loss. Sadeghi and Peters [21] discouraged the use
of constant coefficient of friction along a lateral pipe in deriving the G factor, where r is the ratio of
outflow discharge to the total outlet discharge.

GN,r =
[N(1 + r) + 0.5]m+1

− (Nr + 0.5)m+1

(1 + r)m(m + 1)Nm+1
(12)

Keller [22] used two dimensionless ratios to define the flow in a pipe with multiple outlets.
Dow [13] highlighted the failure of Keller [22] in recognizing the variation of Reynolds number along a
pipe with multiple outlets. In a pipe with multiple outlets, the distribution of flow is affected by the area



Water 2020, 12, 844 4 of 15

ratio, header diameter, lateral diameter, number of laterals, angle of water departure from lateral pipes
and space between each two consecutive laterals (Hassan et al., [23–25]). Mokhtari et al. [26] concluded
that the flow distribution in a pipe with multiple outlets is closely related to the Reynolds number and
discharge. Hassan et al. [27] studied the distribution of fluid flow from manifolds using experimental
and numerical methods while Alawee et al. [28] conducted experimental work to optimize the header
design to provide significant relief from maldistribution.

In this study, a physical model representing a pipe with multiple outlets was designed, fabricated
and installed in order to assess the head losses along its length. The pipe diameter, spacing between
outlets and inlet head were varied during the experiments in order to study the friction head losses.
The main objective of this study is to propose a more accurate method for estimation of friction head
losses along a pipe with multiple outlets. In addition, the data obtained from experiments carried out
during this study were used to validate selected formulae for estimation of friction head loss in a pipe
with multiple outlets using the G factor.

2. The Physical Model

In this study, the physical model was designed, fabricated and installed at the hydraulics laboratory
of the Department of Civil Engineering, Universiti Putra Malaysia. The physical model consisted of
four main components which are multiple outlet pipes of differing diameter, valves, piezometers and a
water supply tank. The pipes used in this study were made of Poly Vinyl Chloride (PVC), the pipe
of a given diameter was connected to the supply tank and laid horizontally on supports distributed
every 3 meters. Four multiple outlet pipes with different internal diameters were tested separately,
the internal diameters used were 25.4 mm (1.0 inch), 38.1 mm (1.5 inch), 50.8 mm (2.0 inch) and 76.2
mm (3.0 inch). Two valves were used; one was located upstream while the other one was located
downstream, the upstream valve was used to control the flow from the tank to the multiple outlet pipe
while the downstream valve was used to control the flow from the downstream end of the pipe (for the
case of open end pipe flow only). The valves were glued to the PVC pipes; the pipe was assembled
from standard pieces of 6 m length (the pieces were glued to the joint using a sealant). Piezometers
were used to measure the pressure at the centerline of each outlet, the locations of piezometer openings
were along the center of the main pipe opposite to the opening of the outlet. The pressure at the
centerline of the pipe was taken as a datum and assumed to be equal to zero. The piezometers were
fixed to a board with scales to read the piezometric head, the scales start from a minimum value (taken
as zero) to a maximum value (taken equal to the depth of water in the tank). For each experiment run,
the piezometers were used to measure the head at each outlet and also to determine the friction head
loss between any two successive outlets, the recorded piezometric head at each outlet was the average
of three readings. The water supply tank had a dimensions of 1 m × 1 m × 2.5 m (length ×width ×
depth), the tank overflows through a pipe of 150 mm diameter to discharge the surplus water in order
to keep a constant water level in the tank. In this study, two inlet heads were used which were 1.7 and
2.2 m. A scale was fixed inside the tank in order to measure the water level and the average of three
readings was taken for each water level. The fluctuation in water levels was found to be less than 5
mm. The spacing between the outlets was varied in order to study their effect on the coefficient of
friction at various points along the pipe. Different outlet spacings were used in this study, the outlet
spacings were 1.5, 3.0, 4.5, 6.0 and 7.5 m. In this study, the discharge from the pipe outlet was measured
using the volumetric method (graduated cylinder and stopwatch) and the recorded discharge was
taken as an average of three measurements. For an experiment run with a pipe diameter of 25.4 mm,
outlet diameter of 6 mm, tank water level of 2.2 m, the total discharges were 1.4 and 0.307 L/s for outlet
spacings of 1.5 and 7.5 m respectively. Figures 1 and 2 show the plan view and elevation view of the
physical model with its various components.
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3. Results and Discussion

The objective of this study was to investigate the variation of friction head losses and coefficient
of friction along a pipe with multiple outlets using a physical model. The impact of varying the pipe
diameter (25.4, 38.1, 50.8 and 76.2 mm) and outlet spacing (1.5, 3.0, 4.5, 6.0 and 7.5 m) on the friction
head loss were also studied. Figure 3 presents the effect of different outlet spacing on friction head
loss along a pipe with area ratio of 0.24. The results show that the friction head loss along a pipe with
multiple outlets is affected mainly by the spacing (S) between the outlets and area ratio (AR) of the
pipe (AR = Area of outlet/Area of the main pipe).

For a given pipe diameter and inlet head, the smallest outlet spacing (1.5 m) resulted in the highest
number of outlets, highest discharge and highest total head loss. From Figures 3 and 4 below, it can
be seen that the head loss was maximum (479 mm) when the outlet spacing was 1.5 m, while it was
minimum (57.5 mm) when the spacing was 7.5 m. For a given pipe diameter and spacing between
outlets, a higher area ratio led to a higher discharge and a higher head loss. As shown in Figure 5, a
maximum head loss of 228 mm was recorded when the area ratio is maximum (AR = 0.5).
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The measured piezometric head was used to determine the friction head loss along a pipe with
multiple outlets. The friction head loss was measured and compared between pipes (having multiple
outlets and without outlets) with the same properties (same length and discharge). The ratio of the
friction head loss in a pipe with multiple outlets to that without outlets is called the G factor and is
described by the following formula:

G f actor =
(h f )m

(h f )p
(13)

where (hf )m is the friction head loss in the multiple outlet pipe and (hf )p is the friction head loss in the
pipe without outlets. For a pipe with multiple outlets, the discharge is decreasing towards the end of
the pipe and this leads to a smaller head loss compared to a pipe without outlets carrying the same
discharge. Figure 6 shows the variation between the normalized head loss ((hf )m/H) with the area ratio.
The normalized head loss is the ratio between total head loss along a pipe with multiple outlets and
the inlet head while area ratio is the ratio between the area of outlet and the area of the main pipe.
Table 1 summarizes the head losses for both cases (pipes having multiple outlets and without outlets).
The piezometric head at each pipe outlet was measured, and the difference between the measurements
yields the head loss along a certain pipe segment while the difference between the piezometric head at
the first and last outlets yields the total head loss, (hf )m. The same principal was utilized in determining
the head losses in a pipe without an outlet, (hf )p, in this case, the piezometers head was read at pipe
inlet and outlet. The G factor for different flow conditions cases was calculated using Equation (13)
which shows that there is no definitive relationship between the G factor for differing pipe diameter,
area ratio, outlet spacing and inlet pressure as illustrated in Figures 7 and 8.
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Figure 8. Variation of the experimental G factor for various outlet spacings (inlet head = 2.2 m).

Figure 9 illustrates the variation of the Reynolds number (Re) and the coefficient of friction (f)
along a PVC pipe with multiple outlets. Throughout the experiments, the Reynolds number ranged
between 4946 to 261,897 which indicates turbulent flow conditions. The Reynolds number ranged
widely due to the decreasing discharge towards the dead end of the pipe. From the experimental data,
the Reynolds number and the coefficient of friction for a known pipe diameter were calculated based
on the velocity in each pipe segment, with the discharge measured at each outlet. The values of the
coefficient of friction in this study ranged between 0.0144 and 0.0377. As shown in Figure 9, there
was an inversely promotional relationship between coefficient of friction and Reynolds number. The
experimental data sets were found within the smooth pipe region (Moody’s diagram) as shown in
Figure 9.
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Table 1. Calculated head loss and the G factor for a pipe with and without outlets.

Pipe Diameter
(mm)

Inlet Head
(m)

Spacing
(m)

(hf)m (Pipe with
Outlets) (mm)

(hf)p (Pipe without
Outlets) (mm)

Experimental
G Factor

25.4 1.7 1.5 403.5 974.0 0.4143
25.4 1.7 3.0 216.0 660.0 0.3273
25.4 1.7 4.5 120.0 485.0 0.2474
25.4 1.7 6.0 65.0 235.0 0.2766
25.4 1.7 7.5 32.0 235.0 0.1362
25.4 2.2 1.5 479.0 1314.0 0.3645
25.4 2.2 3.0 271.0 512.0 0.5293
25.4 2.2 4.5 125.0 412.0 0.3034
25.4 2.2 6.0 92.0 339.0 0.2714
25.4 2.2 7.5 57.5 308.0 0.1867
38.1 1.7 1.5 165.5 1010.0 0.1639
38.1 1.7 3.0 50.0 254.0 0.1969
38.1 1.7 4.5 33.0 189.0 0.1746
38.1 1.7 6.0 14.5 196.0 0.0740
38.1 1.7 7.5 12.0 145.0 0.0828
38.1 2.2 1.5 121.0 1180.0 0.1025
38.1 2.2 3.0 57.5 195.0 0.2949
38.1 2.2 4.5 35.0 132.0 0.2652
38.1 2.2 6.0 12.0 145.0 0.0828
38.1 2.2 7.5 5.0 100.0 0.0500
50.8 1.7 1.5 15.6 765.0 0.0204
50.8 1.7 3.0 408.0 747.0 0.5462
50.8 1.7 4.5 313.0 682.0 0.4589
50.8 1.7 6.0 224.0 655.0 0.3420
50.8 1.7 7.5 301.0 667.0 0.4513
50.8 2.2 1.5 25.5 1127.0 0.0226
50.8 2.2 3.0 590.0 1091.0 0.5408
50.8 2.2 4.5 400.0 1112.0 0.3597
50.8 2.2 6.0 675.0 1050.0 0.6429
50.8 2.2 7.5 364.0 940.0 0.3872
76.2 1.7 3.0 19.0 488.0 0.0389
76.2 1.7 4.5 85.5 481.5 0.1776
76.2 1.7 6.0 22.0 498.0 0.0442
76.2 1.7 7.5 25.0 495.5 0.0505
76.2 2.2 1.5 16.4 665.0 0.0247
76.2 2.2 3.0 30.5 644.0 0.0474
76.2 2.2 4.5 39.0 685.5 0.0569
76.2 2.2 6.0 31.0 553.0 0.0561
76.2 2.2 7.5 27.0 553.0 0.0488

In Figure 10, the vertical axis (fn/f1) is a dimensionless ratio between the coefficients of friction at
the first and last segments of the pipe while the horizontal axis (S/d) is dimensionless ratio between
outlet spacing and the main pipe diameter. For an inlet head of 2.2 m, the friction ratio (fn/f1) varied
between 1.18 and 1.82, the friction ratio (fn/f1) decreased when S/d ratio increased. The values of the
coefficient of friction in each segment of the multiple outlet pipe (f1, f2, f3, . . . , fn) is affected by the
decreasing discharge towards the dead end (q1, q2, q3, . . . , qn) and the ratio (qn/q1) which is called
uniformity of flow. Table 2 shows the effect of various q1 and qn values on discharge. For Spacing of
1.5 m, outlet diameter of 6 mm, area ratio of 0.24, pipe diameter of 25.4 mm and inlet head of 2.2 m, the
values of q1, qn and total discharge were found to be 0.154, 0.1 and 1.4 L/s respectively.
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Table 2. Calculated uniformity coefficient for 2.2 m inlet head.

Experiment Spacing (m) Pipe Diameter (mm) S/d q1 (L/s) qn (L/s) qn/q1

1.5 25.4 59.1 0.154 0.100 0.651
D = 25.4 mm 3.0 25.4 118.1 0.150 0.133 0.882
d = 6.0 mm 4.5 25.4 177.2 0.163 0.111 0.684

6.0 25.4 236.2 0.162 0.141 0.872
7.5 25.4 295.3 0.158 0.149 0.946

1.5 38.1 39.4 0.193 0.132 0.681
D = 38.1 mm 3.0 38.1 78.7 0.183 0.152 0.828
d = 6.0 mm 4.5 38.1 118.1 0.191 0.145 0.758

6.0 38.1 157.5 0.178 0.159 0.894
7.5 38.1 196.9 0.188 0.140 0.746

3.0 50.8 59.1 1.859 1.174 0.631
D = 50.8 mm 4.5 50.8 88.6 2.247 1.534 0.683
d = 25.4 mm 6.0 50.8 118.1 2.370 1.757 0.742

7.5 50.8 147.6 2.358 1.543 0.654

1.5 76.2 19.7 1.379 1.135 0.823
D = 76.2 mm 3.0 76.2 39.4 1.898 1.808 0.953
d = 25.4 mm 4.5 76.2 59.1 2.299 1.883 0.819

6.0 76.2 78.7 2.421 2.242 0.926
7.5 76.2 98.4 2.984 1.988 0.666

Selected formulae for calculating the G factor were validated by using the formulae proposed by
Christianson [9], Albertson et al. [14], Oron and Walker [15], Scaloppi [16], Valiantzas [8], Mostafa [17],
Alazba [18] and Alazba et al. [19]. In addition to the laboratory data obtained from this study, field data
published by Alazba et al. [19] were also used in the validation process. The validation process show
that the majority of the formulae were overestimated the value of the G factor as shown in Figure 11.
Comparison between the G factor obtained from the experimental data with that estimated using the
selected formulae, it was found that the G factor was overestimated and underestimated, 71% and 26%
respectively in this data sets. However, only 3% was accurately estimated.

By using Equations (1), (3), and (11), Alazba et al. [19] calculated the G factor by assuming m = 1.9
(power of velocity in Scobey formula); they also compared it with the G factor calculated from sprinkler
irrigation field data. Alazba et al. [19] concluded that the G factor obtained from the used equations
was much higher than that obtained from the field irrigation data; this is in agreement with the finding
of this study.
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In the selected formulae, the G factor is either a function of the number of outlets in the pipe, N
(Equations (6) and (9)) or a function of both number of outlets and the exponent, m of the velocity in
the head loss equation (Equations (7), (8), (10) and (11)).

Darcy-Weisbach was the only equation used in this study to calculate the head loss, the velocity
exponent was taken equal to 2 in all calculations. On the other hand, the spacing between outlets was
taken as a variable and this made the number of outlets, N a variable too.
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Figure 11. The Validation of the selected formulae for the G factor.

Figure 12 below presents the relationship between the number of outlets in a pipe and the
calculated G factor from using selected formulae. The performance of the formulae used is affected by
the reliability of the data used in the derivation. For example, Equation (7) which was proposed by
Scaloppi [16] yielded reasonable value of the G factor as shown in Figure 12. In Equation (7), The G
factor is a function of the number of outlets, N and the power of velocity in the head loss equation, m.
Mostafa [17], Alazba et al. [19], and Sadeghi and Peters [21] studied the impact of m value on the G
factor and they demonstrated that the G factor was affected when different head loss equations used
(different head loss equations uses different values for m). The relationship between the G factor and
the number of outlets in a pipe was also investigated by Mostafa [17] and Sadeghi and Peters [21],
their findings were found in agreement with result presented in Figure 12.
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By using the experimental data, the performance of selected formulae for the G factor determination
was assessed by comparison of the G factors values obtained from Equation (13) with that obtained
from the selected formulae. The agreement between the values of the G factor calculated from the
experiments with that calculated using the selected formulae was quantified by various statistical
indices such as the root mean square deviation (RMSD) (Equation (14)), the normalized root mean
squared deviation (NRMSD) (Equation (15)), the model efficiency (ME) (Equation (16)), the overall
index of model performance (OIMP) (Equation (17)) and the coefficient of residual mass (CRM)
(Equation (18)). The indices are described as follows:

RMSD =

√∑n
i = 1 (Ge,i −Gc,i)

2

n
(14)

NRMSD =
RMSD

Gmax −Gmin
(15)

ME =

∑n
i = 1 (Ge,i −Gc,i)

2∑n
i = 1 (Ge,i −Ga)

2 (16)

OIMP =
1
2
(1−NRMSD−ME) (17)

CRM =

(∑n
i = 1 Gc,i −

∑n
i = 1 Ge,i

)
∑n

i = 1 Ge,i
(18)

where Ge,i represents the value of the experimental G factor; represents the values of computed G factor
determined by any of the tested formulae; n = number of experimental data; Gmax is the value of
the maximum experimental G factor; Gmin is the value of the minimum experimental G factor; and
Ga = is the mean experimental G factor. In statistics, RMSD is used to compare a calculated value
with a measured value (Arbat et al. [29]) and also it give an indication about the accuracy of the
model prediction or model efficiency (Legates and McCabe [30]). A low RMSD or NRMSD indicate an
accurate prediction. A value of 1.0 for the model efficiency (ME) indicates a perfect agreement between
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the experimental and calculated G factors, however, ME can be a positive or negative value. The OIMP
combines the NRMSD and ME indicators to verify the performance of a selected formula, an OIMP
value of 1.0 indicates a perfect agreement between the experimental and calculated G factors. The CRM
parameter represents the difference between experimental and calculated G factors in relation to the
experimental G factor value. For any tested formula, a zero value for CRM indicates a perfect agreement
while a positive and a negative value indicate overestimation and underestimation respectively. Table 3
summarizes the values of the statistical indices for all the tested formulae.

Table 3. The statistical indices for the selected formulae.

Formula for G Factor RMSD NRMSD ME OIMP CRM

Oran and Walker [15] 0.073 0.282 0.464 0.591 −0.013
Christianson [9] 0.065 0.253 0.568 0.658 0.109

Alazba [18] 0.244 0.946 −5.023 −2.485 0.592
Alberston et al. [14] 0.122 0.471 −0.493 0.018 −0.173

Alazba et al. [19] 0.237 0.918 −4.663 −2.290 0.569
Valiantzas [8] 0.092 0.357 0.143 0.393 −0.088
Scaloppi [16] 0.026 0.102 0.930 0.914 0.000
Mostafa [17] 0.220 0.853 −3.893 −1.873 0.477

Table 3 shows that Equation (7) yielded the lowest value for RMSD and NRMSD which were
0.026 and 0.102 respectively. However, Equation (7) gave highest values for ME and IOMP which were
0.93 and 0.91 respectively. Equation (7) gave the lowest value for which was zero. Based on the above
results, it can be concluded that Equation (7) gave the most satisfactory estimation for the G factor.

4. Conclusions

A physical model was used to simulate the variations in friction head loss, (hf)m along a PVC pipe
with multiple outlets. The findings of this study show that the friction loss in a pipe with multiple
outlets was affected mainly by the outlet spacing (S), inlet head (H) and area ratio (AR). For a given
pipe diameter and an inlet head, the smaller outlet spacing led to a greater number of outlets, greater
discharge and hence a greater head loss. In addition, there was a proportional relationship between
friction head loss and area ratio.

It can be noted from the results that the G factor varied depending on outlet spacing and inlet
head, the pipe diameter have no effect on the G factor. Throughout the experiments, the Reynolds
number changed (within the smooth region of the Moody’s diagram) as the discharge varied along the
pipes, and so did the coefficient of friction. There was an inversely proportional relationship between
the friction ratio (friction in the last pipe segment, fn to the friction in the first pipe segment, f1) and S/d.
Equation (7) which was proposed by Scaloppi [16] yielded the most satisfactory estimation for the
G factor among the eight tested formulae in this study. The performance of the tested formulae was
assessed by using statistical indices which were RMSD, NRMSD, ME, OIMP and CRM. The vales of
these indices for Equation (7) were found to be 0.026, 0.102, 0.93, 0.91 and 0.00 respectively.

The hydraulics of the flow in a pipe with multiple outlets is a complex issue and the findings of
this study will be useful to researchers and engineers practicing in the field of hydraulics. However,
more research on the hydraulics of multi-outlet pipelines is needed.
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