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Abstract

A water pipeline network analysis with a case study of Owerri in Imo State, Nigeria municipal water reticulated
system has been undertaken. What prompted this study is that the case study has a lot of fluctuations in its head
loss. Also, the discharge is not proportional to the pipe diameter. The study therefore adopted simultaneous
loop flow correction method because it computes simultaneous flows corrections for all loops, hence, the best
since computational procedures takes into account the iterative influence of flow corrections between loops
which have common pipes. After applying the simultaneous loop flow correction analyzer in a twenty-four
sampled pipeline network, a drastic reduction in head loss and regular line along the axis was observed.
Besides, the rate at which the water flows was observed to be proportional to the pipe diameter. Hence, the
method is a useful aid in planning, designing and operating of reticulated pipeline network for higher efficiency
and improved economy.
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1.0 Introduction

Water is an essential natural resource for industrial
and natural process, for example, it is used for oil
refining, liquid extraction in hydrometallurgical
process, cooling, scrubbing in the iron and steel
industry and several operations in food processing
facilities. Water is an essential input to achieve some
desired outcomes, including health and income.
Water affects sanitation and hygiene because lack of
access to water leads to unhygienic behavior. Water
supply is the provision of water by public utilities,
commercial organizations, community endeavors or
by individuals, usually via a system of pumps and
pipes. Water supply systems get water from various
locations, including ground water (aquifers) surface
water (lakes and rivers) conservation and the sea
through desalination. The water is then in most cases
purified, disinfected through chlorination and
sometimes fluoridated. Treated water then either
flows by gravity or pumped reservoirs, which can be
elevated such as water towers.

Analysis and design of pipe networks create a
relatively complex problem, particularly if the
network consists of a range of pipe as frequently
occurs in water distribution systems. In the absence of
significant fluid acceleration, the behavior of a
network can be determined by a sequence of steady
state conditions, which form a small but vital
component for assessing the adequacy of a network.
In 2010, about 86% of the global population 96.74
billion people had access to piped water supply
through house connections or to an improved water
source through other means than house, including
standpipes, water kiosks, protected springs and
protected wells. However, about 14% (884 million
people) did not have access to an improved water
sources and had to use unprotected wells or springs,
canals, lakes or rivers for their water needs [13].

Greater number of people having access to pipe
water receive poor quality of service, especially in
developing countries where about 80% of the world
population lives, the United Nations (2006) revealed
that total water availability per capita in Nigeria
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decreased from 2514 m® per year in 2000 to 2250 m’
per year in 2005. In Nigeria, only water as at 2010 as
reported in Thisday News paper of August 19, 2010
under the heading, Nigeria, only 17.2 percent have
access to potable water. In light of this, this year’s
world water day centers on water and food security as
decline access to water affects agricultural produces.
Therefore, there is a dire need for adequate planning,
design and provision of reticulated water to every
nook and cranny of this nation to ensure a healthy
living standard for all, boost agricultural produces and
provide enough water for industrial purposes.

Materials and Method

A pipe network is a set of pipes which are
interconnected in such a way that flow from a given
input get to a given outlet. An attempt to apply
Bernoulli’s equation and the continuity of flow
equation to the various elements in the network would

lead to a very large number of simultaneous equations
which would be cumbersome to solve.

In this work, simultaneous loop flow technique was
used to determine the discharge (flow rate)
connections in each pipe; head losses in each pipe and
Node pressures. Minor losses due to pipe fittings such
as valves; pipe bends, elbows, etc can be accounted
for by using the equivalent length of pipe method.

The waterworks of Owerri Municipal Area was
adopted as a case study. It covers some parts of
Owerri Municipal council and Owerri West Local
Government Area. The pipe lengths, various pipe
diameters, volume flow rates, piping materials, types
of joints, and other relevant information was collected
from the water board. These values were used in this
analytical work. The network diagram of ISWC
distribution is shown in Figure 1.

Figure 1 (the network diagram of ISWC)

Solution of Network Equations

Direct solution of systems of non-linear
simultaneous equation is not feasible; hence, it is
necessary to use iterative solution methods.

Generally, these methods start with an estimated
solution which is interactively refined by repeated
corrections until the deviation from the true solution is
reduced to an acceptable tolerance value. Hardy Cross
(HC) method is the most widely used technique for

solving for the unknown in water network analysis. It
is based on a loop iterative computation.
Newton-Raphson method is a better technique for
solving the network problems; however, the method
adopted here computes simultaneous flow corrections
for all loops, hence, the best since the computational
procedure takes into account the iterative influence of
flow corrections between loops which have common
pipes. In HC method, an initial flow distribution,
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which satisfies flow continuity at nodes, is assumed. -h, = dhjAqy + dh Algy +...... + h Aqn
Nevertheless, the simultaneous loop flow correction
method converges more rapidly to the true solution a4 dq2 9qn
than the loop by loop Hardy Cross method. h ah A " ah Ala, + + 8h A
The first order estimates of the loop flow 27 gRAd CRAM T g Al
corrections, which would reduce the loop out-of-
balance heads to zero, are found from the following -h, dh,Aqy + dhyAlqy +...... +  dhnAq
Newton — Raphson approximations.
aqi aq2 dqn
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Figure 2: (Network Diagram Of The Study Area)
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The Network Diagram
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Figure 3: (Network Diagram With Pipe Length, Discharge, Nodes, And The Loops

The figure above show the network diagram of
the study area, showing the nodes, the pipes, the
loops, and the discharge in all the pipes involved.
The network has sixteen fixed grade nodes
(NF=16), and twenty four pipes (NP=24)
which are connected to form nine loop (NL=9)
and nine path (or pseudo loop) (NF-/=9). The
geometric data for

the network is shown in Table 1. In order to
simplify the network/demands at the nodes,
pumps and pressure reducing valves were not
included.  This enabled an exact solution for
flows in all pipes and heads at the nodes to be
determined  analytically. Results  from
simultaneous loop flow techniques can then be
obtained.
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Table 1: (Table values)

Pipe 1 2 3 4 5 6 7 8
D 0.30 0.15 0.30 0.30 0.20 0.20 0.30 0.60
L 700 300 400 350 350 200 300 500
K 576 7,901 32922 | 288.06 |2,187.5 | 1,250 24691 | 38.58
Qo 0.40 0.12 0.695 0.04 0.575 0.28 0.30 0.20
hL 92.18 113.77 159.02 | 0.46 723.24 | 98.00 22.22 1.54
Nh/Q 460.9 1,896 457 23 2,512 700 148 15
Pipe 9 10 11 12 13 14 15 16
D 0.15 0.15 0.15 0.15 0.15 0.30 0.30 0.15
L 200 200 200 200 200 350 800 200
K 5,267.5 |5,267.5 |5267.5 |5,267.5 |5267.5 |288.06 |658.43 |5,267.49
Qo 0.10 0.14 0.14 0.175 0.18 0.10 0.06 0.175
hL 253.12 | 52.67 103.24 | 161.32 170.67 | 2.88 2.37 161.32
Nh/Q 1,687 1,053 1,476 1,844 1,896 58 79 1,855
Pipe 17 18 19 20 21 22 23 24
D 0.15 0.15 0.15 0.30 0.30 0.30 0.15 0.30
L 200 300 200 350 500 600 300 600
K 5,267.4 | 7,901.23 | 5,267.49 | 288.06 |411.52 |493.83 | 7,901.2 | 493.83
9 3
Qo 0.14 0.28 0.21 0.415 0.04 0.625 0.21 0.42
hL 103.24 |619.45 |232.30 49.61 0.66 19290 |348.44 |87.11
Nh/Q 737 4,425 2,212 239 33 617 3,318 415
Here, h;=KQ* where K (Weisbach constant) = f 1s Weisbach friction factor which is approximately
8L 0.0242 and g is gravitational constant taken to be
n’gD’ 9.81.
This set of linear simultaneous equation in A can be
written in matrix form as follows:-
/ﬁ__hl ﬂl N, ﬂl ( Aql A ( -h1 A
a(h an aqn
dhy dhy dhy_ Aqy = -h,
aqu aq2 dqn
\_ J L ) L )
dhn dhn dqn AQn -h,
aqi dqz dqn
LOOP 1
From the Network diagram in figure 3, the Head
Loss in each loop can be determined thus;
8
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K:Q%7 + Ky Qs —Ks Qi —KiQ® = H; -H,

=0
LOOP 2

Ks Q% +Ko Q° + Ks Qs -Ky Q) = Hy —H,
=0

LOOP 3

~Ks Q% —Kip Qi +K4Q% -K; Q3 = H;—Hs
=0

LOOP 4
Kio Qio° — Ki2 Qiu* = Ky7 Q17> + Ky Qi = Hs — Hs
=0

LOOP 5

Ko Qo° + Ki3 Qi3° —Kis Q%16 + Kiz Q12> = Hg — Hy
=0

LOOP 6

—Kg Q¢® +Kis Qi® + Kis Qs> —-Ki3 Q%3 =H; — Hy
=0

JAQ=-H

LOOP 7
K1 Qu1* — K22 Qo — Kao Q 20 — Ki5 Q15° = Ho — Hy
=0

LOOP 8
K20 Qu° — Koz Qus” + Kyo® + Kis Q% = Hig — Hyg
=0

LOOP 9
K19 Qio° K24Qa4® + Kis Q 15” + Ki7 Q17° = Hy— Hyy
=0

This gives the first computation for the head loss
in loops.

22.22+1.54-98-92.18 =—-166.42
98 +253.12+723.24 -113.77 = 960.59
—723.24 —52.67 + 0.46 — 159.02 =-934.47
52.67-161.32-103.24+103.24 =-108.65
—253.12+170.67 - 161.32+161.32 = —82.45
—1.54+2.88+2.88+237-170.67 = —-166.96
0.66 —192.90 —49.61 —2.37 = —244.22
49.61 —348.44 + 23230+ 16132 = 94.79
—232.30-87.11+619.45+103.24 =  403.28
9
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@l@l@l@lﬂhlﬂl@l@l@l\] Agq1 —h1

dq1 dqgz dgz dgs dqgs dgs dgv dqgs dgs

fha  Bhy  fhy, fhy b Fha Sho  Shp _dhn _Aga ~h=2
dq1 dqgz dgz dgs dqgs dgs dqr dags dga

dhs dhs dhz dh: dhs dhs dhs dhs dhz Ags ~“hs
dq1 daqz dags dgs dqs daqs daqr dqgz dqs

dhs dhs dhs  Shs hs dhs dh:  dhs dhe M4 —h s
dqi  dqx dg  dgz  dqs dqs dq7  dqz  dqe

ghs &hs Shs Bhs Shs Bhs  B8hs Fhs  Bhs Aqs —hs
dq1 dqgz dgz dgs 5 dqgs dgr dgs dgo

ghs dhs dhs Jhs Jhs Shs dhs ghs  gdhs Aqgs —his

dq1 dqgz dgz dgs dqgs dqgs dgr & gz dga

fhy Shy Fhy  Shy  Fhr  Shy  dh dh:  dhs Aga ~h~
dqi  dqx: dg dge  Fqs  dqs  dqgr dqz  dqo

ghg Bhy Shg Fhy SFhy Fhg Ghg dhg  dhg Aqgs —hz
dqi  dqx: dg dge  Fqs  dqs  dqgr dqz  dqa
fhs Shg Fhg SFhe Shg Fhe  Fhe fhe  dhg Age ~ha

Ql dq2 dgs dga dqs dgs dqr dqz E‘i:_[y

The first matrix formation that is drawn from the table = The matrix values
above (table 1) is shown in matrix 1.

Lo ~( 1 \
5472 —700 0 0 0 —15 0 0 0 Ag, 16642
=700 6,798 =2315 0 —-1.687 1 0 0 0 Ags —050.5%
0 -2.313 4.048 -1052 0 0 0 0 0 Aags 034 47
0 0 -1.0533 3.110 1544 0 0 0 —137 A 108.63
0 1687 0 1844 7271 139 0 1844 0 Ags | = | 8245
-15 0 0 0 -1.3%6 2043 -7g 0 0 Age 166 .96
1 0 0 0 0 =74 453 —238 0 Ags 24422
0 0 0 0 -1344 0 239 1613 2212 Aags 0470
0 0 0 —137 0 0 0 2212 1,789 Mg 40328

\— WA . )
Ay =0.0259, Aq=-00334, Ag=02200, Ag,=00846
Ags 00624 Age=0.1497, Aq =02640, Agi=-00019 Ags=-10443
10
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Matrix 1

First iteration tables — Table 2

Pipe | 1 2 3 4 5 6 7 8
Qo 0.3741 | 0.1584 | 0.466 | 0.269 | 0.3076 |0.2157 | 0.3259 | 0.0762
hp 80.63 | 198.25 |71.49 |20.84 |206.98 |58.16 |26.22 |0.224
nh/Q 431.06 | 2503.16 | 306.82 | 154.94 | 1,345.77 | 539.27 | 160.91 | 5.88
Pipe | 9 10 11 12 13 14 15 16
Qo 0.1992 | - 0.2246 | 0.1528 0.0927 | 0.2597 | — 0.1107
0.0444 0.054
hp 111.60 | —-10.38 | 265.72 12298 | 4527 |17.96 |—-1.94 | 64.55
nh/Q 1,120.48 | 467.57 | 2,366.16 | 1,609.69 | 976.70 | 143.85 | 71.45 | 1,166.21
Pipe | 17 18 19 20 21 22 23 24
Qo 0.0111 | 0.2357 |0.2524 | 0.1491 | 0.3040 | 0.3610 | 0.2119 | 0.4643
hp 0.649 | 438.95 335.57 6.40 38.03 | 64.36 | 354.78 106.46
nh/Q 116.94 | 3,724.65 | 2,659.03 | 85.85 | 250.20 | 356.57 | 3,348.56 | 458.58

( from the 1st iteration)

0.40 — 0258 = 0.3741

0.12 — (-0.0384) = 0.1584
Q:=0Q:Y - AQL; = 0.695-0.2290 = 0.4660
Qs=QY - AQL; = 0.04+0.2290 = 0.2690
Qs=0Qs” — AQL, — AQL; = 0.575 — 0.0384 — 0.2290
=0.3076

Qs=Qs"” — AQL;— AQL; =
0.2157

Q;=Q,; Y+ AQL, =0.3 +0.0259 = 0.3259
Qs=Qs® + AQL; — AQLg¢ = 0.2 + 0.0259 — 0.1497 =
0.0762

Qo=Qo” + AQL, — AQLs = 0.3 — 0.0384 — 0.0624 =
0.1992

Q= Qi — AQLiy + AQLs = 0.10 — 0.2290 +
0.0846 =— 0.0444

Qi1 =Qu” + AQL; + AQL4
0.2246

Computation of Q ®
Qi =Q1"~AQL,; =
Q=Q"” -~ AQL, =

0.28-0.0259-0.0384 =

= 0.14 + 0.0846 =

The second computations for the head loss in
loops.

h = 26.22 +0.224 — 58.16 — 265.72 =
—297.43

hy = 58.16 + 111.60 +206.98 — 198.25 =
178.49

Qi=0,” - AQLs . AQLs = 0.175 — 0.0846 +

0.0624 = 0.1528
Qiz = Q¥ + AQLs . AQLs
0.1497 = 0.0927
Quu=Q1 Y+ AQLs = 0.1 +0.1497 = 0.2497

Qis = Q15 + AQLs — AQL; = 0.06 + 0.1497 —
0.2640 = 0.0543

Qis = Qie” — AQLs — AQLg = 0.175 — 0.0624 —
0.0019 = 0.1107

Qi7 = Qi7¥ — AQLs + AQLy, = 0.14 — 0.0846 —
0.0443 = 0.0111

Q1s=Q15” + AQLy =0.28 — 0.0443 = 0.2357
Q19=Q10” — AQL5 + AQLo = 0.21 — 0.0019 + 0.0443
—0.2524

Qa0 = Qu® — AQL; + AQLg =
0.0019 =0.1491

Q21=Q5? + AQL; =0.04 + 02640 = 0.3040

Q21 =0, - AQL; =0.625 - 0. 2640 = 0.3610
Q53=Q:” — AQLg =0.21+0.0019 = 0.2119
Q24=Q249 — AQLy = 0.42 + 00.21+ 0.0443 = 0.4643

= 0.18 + 0.0624 —

0.415 — 0.2640 —

h3 =
—247.25

—206.98 +10.38 +20.84 — 71.49 =
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hy -10.38 — 12298 — 0.649 + 265.72 = Iy = 38.03 —64.36 — 6.40 + 1.94
131.71 -30.79
hs —111.60 +45.27 -64.55+ 12298 = hg = 6.40 — 354.78 + 335.57 + 64.55
—7.90 51.74
hg —0.224 +17.96 — 1.94 — 45.27 = ho = —335.57 — 106.46 + 438.95 + 0.649
—29.47 -2.43
The second matrix formation that is drawn from the first iteration table (table 2) is shown in matrix 2 below.
J= e "\] i ) i 7
113712 -33027 O 0 -5.88 0 0 0 0 Aqgy 207436
-53927 350868 -134377 0 -1.12048 0 0 0 1] Aqga -178.4%
0 —134572 227511 46757 0 0 0 0 0 Ags 24723
0 0 -467.57 456036 -160960 0 0 0 -116.97 Ay -13.711
0 -1.12048 0 -1.60060 487308 97670 0 -1.16621 0 Ags =| 7%
-5.88 0 0 0 —076.70 119788 7145 0 0 Age 20474
0 0 0 0 0 —71437 6407 -85.383 0 Age 30.79
0 0 0 0 -1.16621 0 —8585 7230465 265003 | Ags -51.74
. 0 0 -11694 0 0 0 265903 693927 | ag J 2431
Aq:=02740, Aq=00258; Ag  =01212, Aq.=—-00134
Ag:=0.008%, Ag:= 0.0338 Ag: =0.0430  Ags=-00060 Ag= -0.0022.
Matrix 2
2" Iteration Tables — Table 3
Pipe 1 2 3 4 5 6 7 8
Q) 0.1001 |0.1326 | 0.3448 0.3902 0.2122 | -0.032 [0.5999 |0.3144
hL 5.77 138.93 39.14 43.86 98.50 —1.32 88.86 3.81
Nhl/Q | 115.28 | 2,095.48 | 227.03 225.61 928.37 81.23 296.25 |24.24
Pipe |9 10 11 12 13 14 15 16
Q) 0.2161 | -0.1790 | 0.2112 | 0.1751 | 0.0658 | 0.2855 | — 0.0958
0.062
hL 131,34 | -168.78 | 234.96 | 161.50 | 22.81 |23.48 |-2.49 48.34
Nhl/Q | 1,215.55 | 1,885.81 | 2,2251 | 1844.66 | 693.31 | 164.48 | 80.98 1,009.19
20
pipe 7 8 9 1 2 3 4
0.
) .0223 2335 .2486 1001 .3470 3180 2179 4665
2.
L .62 30.79 25.54 89 9.55 9.94 75.15 07.47
57
12
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3498 | | ,618.99 | 74

| hQ | ,689.85

8559 | 1409 | 44332 | 60.75 |

Computation of Q @ (from 2 iteration)

Q=Q;"" —~AQL;= 0.3741 - 02740 =0.1001
Q:=Q,V ~AQL, = 0.1584 —0.0258 = 0.1326
Q;=0Q;V—~AQL; = 0.4660—0.1212 = 0.3448
Qs=QsV = AQL; =0.2690 + 0.1212 = 0.3902
Qs=0Qs" — AQL,— AQL; = 0.3076 + 0.0258 — 0.1212
= 0.2122

Qs=Q¢" — AQL; — AQL, = 0.2157 — 0.2740 + 0.0258
=-0.0325

Q,=Q;"V + AQL, =0.3259 + 0.2740 = 0.5999

Qs = Qs + AQL, — AQLg = 0.0762 + 0.2740 —
0.0358 = 0.3144

Qo= Qo + AQL, — AQLs = 0.1992 + 0.0258 —
0.0089 =0.2161

Q10:Q10(1) — AQL3 + AQL4 =0.0444 -
0.0134 =—0.1790

Q11=0Q1" + AQL4 = 0.2246 — 0.0134 = 0.2112
Q1= Q1" — AQLs + AQLs = 0.1528 + 0.0134 +
0.0089 = 0.1751

0.1212 -

The third computation of the head loss in each

loop.

h; 88.86 +3.81+13-5.77 =88.22

h, = —1.32 + 131.34 + 98.50 — 138.93 =
89.59

h; = —-98.50+168.78 +43.86 —39.14 =
75.00

hy = —168.78 —161.50 - 2.62 + 234.96 =
97.94

Qi3 = Q13" + AQLs — AQLg¢ = 0.0927 + 0.0089 —
0.0358 = 0.0658

Qus=Q1" + AQL¢ = 0.2497 + 0.0358 = 0.2855

Qis = Qis" + AQLs — AQL; = —0.0543 + 0.0358 —
0.0430 =—06150

Qis = Qe — AQLs — AQLg =
0.0060 = 0.0958

Q7= Q17(1) — AQLs + AQLgy =
0.0022 = 0.0223

Qi5=Qis” + AQLy = 0.2357 - 0.0022 = 0.2335
Q9= Q1o — AQLs + AQLy = 0.2524 — 0.0060 +
0.0022 = 0.2486

Q20 = Q" — AQL; + AQLg =
0.0060 = 0.1001
Q21=Q," + AQL; = 0.3040 +0.0430 = 0.3470
Q2=0Qx»" —AQL; = 0.3610—0.0430 = 0.3180
Q2=0Qx" - AQLg = 0.2119 +0.0060 = 0.2179
Q20=Q2" — AQLy = 0.4643 +0.0022 = 0.4665

0.1107 — 0.0089 —

0.0111 + 0.0134 —

0.1491 — 0.0430 —

hs = —131.34+22.81 —48.34 4+ 161.50 =
4.63

he —3.81+23.48-249-2281= —-5.63
h; = 49.55-49.94 -2.89 +2.49 = -
0.08

hg 2.89 -375.15+325.54 +48.34 =1.62
hy = —325.54-107.47 +430.79 + 2.62
=0.40
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The third matrix formation that is drawn from the second iteration table (table 3) is shown in matrix 3

Ji= r - A
I/-; 17 -3123 0 0 0 2424 0 0 0 _h\l Age -38.22
—3123 432063 02837 0 1215335 0 0 0 0 A —89.59
0 02837 326602 -188381 0 0 0 0 0 Ags —75.00
0 0 -1.885.81 619045 134466 0O 1] 1] —234.98 Auga 07.04
0 121335 0 -134466 476271 —-69331 O -1.000.19 0 Ags =| 463
-24.24 0 0 0 —6093.31 063.01 —3098 0 0 Age 3.63
0 0 0 0 0 -30.93 13840 3774 0 Age 079
0 0 0 0 100019 O =574 71292 261899 | Ags -1.62
.\_I-} 0 0 23498 0 0 0 2.618.90 .:DDJ.':I_;) 1 Ags i 0.40 )
q=—01761, g =—00330, g, =—00301, g =0.0040,
q:=—00089, q.=-00050, q=00004, q:—00017, gs=—0.0006
Matrix 3
3" Iteration Tables — Table 4
Pipe 1 2 3 4 5 6 7 8
Q(Z) 0.2762 | 0.1656 0.3749 0.3601 0.2093 0.1106 | 0.4238 0.1433
hL 4395 | 216.68 | 4627 37.35 9583 | 1529 | 4435 |0.79
NhI/Q | 31825 |2,61691 | 246.84 | 207.44 | 91572 | 27649 |209.30 | 11.03
Pipe 9 10 11 12 13 14 15 16
Q(z) 0.1920 -0.1449 | 0.2152 0.1622 0.0619 | 0.2805 | — 0.1030
0.0669
hL 103.68 -110.60 | 243.94 138.58 20.18 22.66 | -2.95 55.88
Nhl/Q | 1,080.00 | 1,526.57 | 2,267.10 | 1,708.75 | 652.02 | 161.57 | 88.19 1,085.05
Pipe | 17 18 19 20 21 pp) 23 24
Q 0.0177 0.2329 02475 0.0980 03474 03176 02196 0.4971
hL 1.65 42858 322.67 277 49.67 49.81 381.03 122.03
nh/Q 186.44 3.,680.38 2.60.43 56.53 285.95 313.66 3,470.22 490.97

Computation of Q3 (from 3" iteration)

Q1=0Q:(>) = AQL;=0.1001 +0.1761 = 0.2762
Q,=0Q,(*) — AQL, = 0.1326 + 0.0330 = 0.1656
Q3=0Q5(>) — AQL; = 0.3448 + 0.0301 = 0.3749
Q4=Q4(>) — AQL; = 0.3902 — 0.0301 = 0.3601
Qs=Qs(*) —AQL,— AQL; = 0.2122 — 0.0330 -+
0.0301 = 0.2093

Qs=Qs(>) = AQL;— AQL, = 0.0325 + 0.1761
0.0330 = 0.1106

Q7=Q:(>) + AQL; = 0.5999 — 0.1761 = 0.4238

Qs=Qs()) + AQL; — AQL¢ =0.3144 — 0.1761

0.0050 = 0.1433

Qo=0Qs(>) + AQL, — AQLs =0.2161

0.0089 = 0.1920

+

0.0330 +

Qi0= Qi) = AQL; : AQLs =-0.1790 + 0.0301 +

00040 =—-0.1449

Qi1 =Qu(®) + AQL,=0.2112 +0.0040 = 0.2152
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Q1 =0Qn() — AQLs ; AQLs = 0.1751 — 0.0040 —
0.0089 =0.1622

Q13 = Qi3> + AQLs . AQL¢ = 0.0658 — 0.0089 +
0.0050 = 0.0619

Q14=Qu1s(}) + AQLg= 0.2855 — 0.0050 = 0.2805

Q15 =Qi5()) + AQLs — AQL; = — 0.0615 — 0.0050-
0.0004 =— 0.0669

Q16 = Qis() = AQLs — AQLg = 0.0958 + 0.0089 —
0.0017 =0.1030

Q17 =Qu1s(}) = AQL; + AQL, = 0.0223 — 0.0040 —
0.0006 =0.0177

The fourth head loss determination in each loop.

h, = 4435 +0.79 — 15.29 — 43.95
=-14.1
hy = 15.29 + 103.68 + 95.83 — 216.68
=—1.88
h; = —95.83 +110.60 + 37.35 — 46.27
= 5.85
hy = —110.60 — 138.58 — 1.65 + 243.94
=—6.89

Q15=Q15(*) + AQLo = 02335 — 0.0006 = 0.2329

Q19 = Qo) — AQLg + AQLo = 0.2486 — 0.0017 +
0.0006 = 0.2475

Q20 = Q2(*) — AQL; + AQLg = 0.1001 — 0.0004 —
0.0017 = 0.0980

Q21 =Q21(%) + AQL; = 0.3470 + 0.0004 = 0.3474
Q2=0x() - AQL;=0.3180 — 0.0004 = 0.3176
Q23=0Qx() - AQLs =0.2179 +0.0017 = 0.2196
Q24=Q24() = AQLy = 0.4665 + 0.0006 = 0.4671

hs = —103.68 + 20.18 — 55.88 + 138.58
=-0.80

he = -0.79 + 22.6 — 295 — 20.18
=-1.26

h; = 49.67 — 49.81 — 2.77 + 2.95
= 0.04

hg = 2.77 — 281.03 + 322.67 + 55.88
= 029

hy = —322.67 — 122.03 + 428.58 + 1.65
=-14.47

The fourth matrix formation that is drawn from the third iteration table (table 4) is shown in matrix 4

J= - - - =
I”--‘_Sli.l}?' -2764% 0 1] 0 -11.03 0 0 0 _\‘ Aqgy 1410
27649 488012 -91572 0 1,080 0 O 0 0 Ags 1.88
1] 015372 289637 152657 0 0 0 0 0 Aqgs -5.83
1] O -132657 568886 170875 O O ] -186.44 Aga 6.8¢
0 —1080 0 170875 4352582 63202 0 -1.08305 0 Aqgs = 0.80
-11.03 0 0 { —-652.02 01281 -8819 O 0 Age 126
0 0 0 0 0 —88.10 74433 5633 0 Ag- —0.04
1] 0 0 1] -1.083.05 0 -56.53 721023 260743 Mgz 0248
0 0 0 -186.44 0 0 0 260743 606522 Mg 14 47
N | 2 Sl B ¢ )
q. = 0.0179, = 0.0017, G = -00006, q. = 00017, g = 0.0020
ge = 0.0030, = 0.0004. g = 0.0012, g = 0.0026
Matrix 4
4" Iteration Tables — Table 5
Pipe 1 2 3 4 5 6 7 8
Q(4) 0.2583 | 0.1639 0.3755 0.3595 0.2116 0.0944 | 0.4417 | 0.1582
hL 38.44 212.25 46.42 37.23 97.94 11.14 48.17 0.97
Nhl/Q 297.64 | 2,589,99 | 247.24 207.12 925.71 236.02 | 218.11 |12.26
15
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Pipe 9 10 11 12 13 14 15 16

Q(H 0.1917 |-0.1426 | 0.2169 0.1625 0.0609 ]0.2835 | -0.064 | 0.1022

hL 103.36 | -107.11 | 247.81 139.09 19.54 23.15 —2.72 55.02

Nhl/Q | 1,078.3 | 1,502.24 | 2,285.02 | 1,711.88 | 641.71 163.32 | 84.60 1,076.71
5

Pipe 17 18 19 20 21 22 23 24

Q() 0.0186 | 0.2355 0.2461 0.0988 0.3478 10.3172 ]0.2184 | 0.4945

hL 1.82 438.20 |319.03 2.81 49.78 49.69 376.88 | 120.76

Nhl/Q | 195.70 |372.44 |2592.69 |56.88 286.26 | 313.30 |3,451.2 | 488.41

8

Computation of Q(4) (from the 4™ jteration )

Q1 =Q:)-AQL, =0.2762 —0.0179 = 0.2583
Q,=0Q,() = AQL, =0.1656 —0.0017 = 0.1639
Q3=0Q3() = AQL; =0.3749 + 0.0006 = 0.3755
Qs=Q4() + AQL3 =0.3601 —0.0006 = 0.3595
Qs=0Qs5(’) = AQL,— AQL; = 0.2093 + 0.0017 +
0.0006 = 0.2116

Qs=Q¢(’) —AQL,;— AQL, = 0.11.06 — 0.0179 +
0.0017 = 0.0944

Q:=Q;() + AQL, = 0.4238 + 0.0.0179 = 0.4417
Qs=Qs(>) + AQL; —AQLs =0.1433 + 0.0179 —
0.0030 = 0.1582

Qo = Qo((}) +ADQL, — AQLs = 0.1920 + 0.0017 —
0.0020 =0.1917

Q0= Q1o(’) = AQL; + AQL; = —0.1449 + 0.0006 +
0.0617 =—0.1426

Q11=Q1)+ AQL; =0.2152 +0.0017 = 0.2169

The fifth computation of the head loss in each
loop.

h; =48.17 +097-11.14-3844 = —-0.44

h, = 11.14 + 103.36 + 97.94 — 212.25 =
0.19

hs  =-97.94-107.11+37.23-46.42 = —-0.02
hy =-107.11-139.09 - 1.82 +247.81 =-0.21

Q1= Qiu(®) — AQL; , AQLs = 0.1622 — 0.0017 +
0.0020 =0.1625

Qi3 = Qi3() + AQLs . AQLs = 0.0619 + 0.0020 —
0.0030 = 0.0609

Q12=Qu() + AQLg = 0.2805 + 0.0030 = 0.2835

Qis = Qis() + AQLs — AQL; = — 0.0669 + 0.0030 —
0.0004 = —0.0643

Qis = Qi6() — AQLs — AQLg = 0.1030 — 0.0020
+0.0012 = 0.1022

Qi7=Q1() = AQLs + AQLy = 0.0177 — 0.0017 +
0.0026 = 0.0186

Q15=Q15() + AQLo = 0.2329 + 0.0026 = 0.2355

Q1o = Q1o(’) + AQLg + AQLy = 0.2475 + 0.0012 —
0.0026 = 0.2461

Q20 = Qao(®) — AQL; + AQLg = 0.0980 — 0.0004 +
0.0012 = 0.0988

Q21=Q21() + AQL; = 0.3474 + 0.0004 = 0.3478
Q»=Q5()-AQL; =0.3176 —0.0004 = 0.3172
Q23=Qx() - AQLg =0.2196 —0.0012 = 0.2184
Q24=Q2(®) - AQLy = 0.4971 — 0.0026 = 0.4945

hs =-103.36+19.54 —55.02 + 139.09 =0.25
he =-97+23.15-272-19.54 = -0.08
h; =49.78-49.69-281+2.72 = 0.00
hg =2.81-376.88 +319.03 +55.02= —0.02

hg =319.03-120.76 +438.20 +1.82= 0.23

16
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The fifth matrix formation that is drawn from the fourth iteration table (table 5) is shown in matrix 5

J:= - o o
16403 23602 0 0 0 1226 0 0 0 _‘\I' Age 044
236,02 483007 0237 0 -107833 0O 0 0 0 Ags 019
0 02571 288231 130224 0 0 0 0 0 Ags 0.02
0 0 -150224 560484 171188 O 0 0 -195.7 Aiga 021
0 -1.07835 0 -171188 450865 64171 0O -1076.71 0 Ags | = 023
-1226 0 0 0 —441.71 00180 3460 O 0 A 0.08
0 0 0 0 0 —5460 74104 -56.88 0 Ags —0.00
0 0 0 1] -1076.71 0 -36.88 7.178.08 250240 Agy 0.02

'\E 0 0 18370 0 0 0 —25392 69 6:998.?:1/ ‘ A | 023 )

q:=03711 qu=-0.0188 G = 00143  q=00257 q:=-00452 g = 0.0648

g=00060 gs=-0.0180 g = —0.0388

5™ jteration table — Table 6
Pipe 1 2 3 4 5 6 7 8
Q(4) -0.3128 | 0.1827 0.3612 0.3738 0.1785 -0.4955 | 1.0128 | 0.6645
hL -1.52 263.69 42.94 40.24 69.69 -306.85 | 253.23 | 17.03
Nhl/Q |9.72 2886.69 | 215.3 215.30 780.84 1238.6 | 500.06 | 51.26
Pipe 9 10 11 12 13 14 15 16
Q(4) 0.2249 | -0.1312 | 0.2421 0.0916 -0.0491 | 0.3483 | -0.0055 0.1294
hL 142.22 | -90.66 3.090 44.19 -12.69 34.94 -1.99 88.19
Nhl/Q 1264.7 | 1382.01 | 25.53 564.45 516.90 200.63 | 723.64 | 1363.06
Pipe 17 18 19 20 21 22 23 24
Q(4) -0.0459 | 0.1967 0.2669 0.0868 0.3538 03112 |0.2364 | 0.5333
hL -11.10 | 305.66 375.17 2.17 51.50 47.82 441.49 | 14043
Nhl/Q |483.66 |3107.88 |2811.32 50.00 291.12 307.33 | 3735.1 | 526.65

1

Computation of Q () (from the 5™ iteration )

Q1 =Qi(Y) — AQL, = 0.2583 — 0.5711 =— 0.3128

Q:=Qx(") - AQL, =0.1639 + 0.0188 = 0.1827

Q:=Q3(") -~ AQL; =0.3755-0.0143 = 0.3612

Qs=Qu(*) + AQL; =0.3595 +0.0143 = 0.3738

Qs=Qs(*) — AQL, — AQL;

0.0143 =0.1785

= 0.2116 — 0.0188 —

Qs = Qs(*) — AQL, — AQL, = 0.0944 — 0.5711 —

0.0188 =—10.4955
Q;=Qs(*) + AQL;=0.4417 + 0.0.5711 = 1.0128

Qs = Qs(Y) + AQL, — AQL¢ = 0.1582 + 0.5711 —

0.0648 = 0.6645

Qs = Qo((*) +ADQL, — AQLs = 0.1917 — 0.0188 +

0.0452 =0.2181
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Qi0= o010 (*) — AQL3 + AQL; = —0.1426 — 0.0143 +
0.0257 =—0.1312

Q11=Qu(")+ AQL4 =0.2169 + 0.0252 = 0.2421
Qi = Qi(*) — AQLs . AQLs = 0.1625 — 0.0257 —
0.0452 =0.0916

Qi3 = Qis(Y) + AQLs . AQLg = 0.0609 — 0.0452 —
0.0648 = — 0.0491

Qus=Qus(}) + AQLg = 0.2835 + 0.0648 = 0.3483

Qs = Qis(Y) + AQLs — AQL, = — 0.0643 + 0.0648 —
0.0060 = — 0.0055

Results and Discussion

The simultaneous loop flow correction analyzer
was applied to the water pipeline network in Owerri
municipal area, a great reduction of the head loss
was achieved in the system. This is pictured in the
graphs below.

Graph 1 compares the original head loss(H,) with
the corrected one (Hy), the original head loss (as
calculated from the distribution network from the
data collected) shows an irregular head loss across
the wax (hops) from the graph, the blue line
indicates the original while the red line indicates the
corrected head loss. (as calculated after the fifth
iteration). The result shows a drastic reduction in
head loss which is approximately zero in all the
loops involves and the line is regular along the axis
(Hy).

Graphs 2 and 3 compare the original and the
corrected result using the discharge Q and the pipe
diameter D. Practically, the rate of flow per minute
is directly proportional to the pipe diameter (the
longer the diameter, the greater the flow and vise
versa). The original flow Q from the data collected
shows proportionality with the pipe diameter which
is fixed and this in contrary is an indication of bad
network design that leads to losses as shown in graph
2. Furthermore, graph 3 pictures the corrected flow
rate as it varies with the pipe diameter, thus, this
graph indicates a direct proportionality of the flow
rate, Q and the pipe diameter, D.

Q16 = Qis(H) = AQLs — AQLg = 0.1022 + 0.0452 —
0.0180 = 0.1294

Q17=Q1(*) = AQL; + AQLy; = 0.0186 — 0.0257 —
0.0388 = — 0.0459

Qis=Qis(*) + AQLo = 0.2355 — 0.0388 = 0.1967
Qo= Qio(*) + AQLs + AQLy = 0.2461 — 0.0180 +
0.0388 = 0.2669

Q0= Qu(*) — AQL; + AQLg = 0.0988 — 0.0060 —
0.0180 = 0.0868

Q1= Q1(H) + AQL; = 0.3478 + 0.0060 = 0.3538
Q»=Qx(Y) - AQL; =0.3172-0.0060= 0.3112
Q23=Q3(}) - AQLg = 0.2184 +0.0180 = 0.2364
Q24=Quu(}) - AQLy = 0.4945 + 0.0388 = 0.5330

Graph 4 and 5 compares the pipe length and the
head loss along the pipes. From definition, the loss is
the energy per unit weight of fluid. In other words, it
is the rate of the product of force and the length to
the weight of fluid. This definition of head loss
indicates that the head loss increases with increase in
pipe length. Thus, Graph 4 pictures the original
variation of the head loss with the pipe length. The
graph lines counter each other, showing the level of
non proportionality between the pipe length and head
loss while the corrected result produced after the
fifth iteration shows the level of proportionality
between the two constraints since the line did not
counter each other along the axis as shown in
graph 5.

This method (simultaneous loop flow correction)
produced an accurate result with a great reduction in
the head losses in each loop after the fifth iteration.
In addition to the above achievement, the rate at
which the water flows (Q) was observed to be
proportional to the pipe diameter as shown in the
graph 5. Here, the initial flow rates were compared
with the corrected flow rates with respect to the pipe
diameters. With the initial discharge, which is not
proportional to the diameter, the deformation in
pipes will be high. Hence, the simultaneous flow
correction technique adopted in this work in
analyzing pipeline network of water reticulation
system has proven to be the best numerical
technique.

18
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Graphs and Result Curves
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Graph 1- The graph of initial (H,) and final head loss (Hy) in the nine loops.
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Graph 4- The graph that shows the initial head loss
Ho/the pipe length, L.

Conclusion

The simultaneous loop flow correction method
were applied to the network distribution that
involves twenty four pipes and nine loops, which is
one of the highest as regards to the number of pipes
analyzed so far.

It has been observed that the existing system has a
lot of fluctuations in its head loss. Also, the
discharge (Q) is not proportional to the pipe diameter
(D). With the application of simultaneous loop flow
correction method, the result produced shows a great
improvement as it has to do with head loss and the
proportionality between the discharge (Q) and the
pipe diameter (D) was highly appreciated in this
paper.

Hence, the method is useful aid in designing
network for maximum economy. It is believed that
the findings from this work will be a great asset in
planning, designing and operation of reticulated
water pipeline network. The results obtained could
also be applied in any part of the world since
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Graph 5- The graph that shows the corrected head
loss, H¢/the pipe length, L.

environmental and climatic conditions do not affect
the operation of the waterworks. It is hoped that if
the results are applied adequately, all Nigerians
should have access to potable water.

Nomenclature

Qo = Initial assumed flow rate (m’/s),

AQ = Corrective discharge (m’/s),

D = Pipe diameter (m),

Hy or H = Head losses in pipe (m of fluid),

Q = Flow rate through pipe, (in and out of the node)
(m’/s),

Cr = Unite conversion factor (English = 4.66, SI =
10.29),

f = Darcy-Weisbach friction factor,

C = Hazen-Williams coefficient,

L = length of pipe,

n = Manning roughness coefficient,

1= Subscript indicating location,

j = Subscript indicating location,

AH = Head difference between reservoirs in a loop
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