Pipe Network Analysis by HARDY-CROSS Method

Following three methods of solution used.

1. Successive Steps of Corrections (3 steps : long procedure).
2. With assumed number of Iterations (1 step : better and quick).

3. While Loop (1 step : better)
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Example 2:

Calculate the head losses and the corrected flows in the
various pipes of a distributed network shown in fig. 20.6.
The diameters and the lengths of the pipes used are
given against each pipe. Make se of Hardy-cross method
with Hazen-William's formula. Compute the corrected
flows after two corrections.

Solution:

First of all the magnitudes as well as the directions of the
possible flows in each pipe are assumed keeping in
consideration the law of continuity at each junction (i.e.,
input equals the output at each junction). These assumed
flows aare shown in fig. 20.7. The twon closed loops ie.
ABCDA and DCFED are then analysed by Hardy-Cross

method.

Flow into Node: +ve
Flow out of Node: -ve
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[Continuity of the whole network.

Sum of Nodal flows should be zero] E QJ=0

Flows in LOOPS should be balanced first to start with. Otherwise, will yield wrong answers

751
A 221\/s
— 45 /5
A ¢=300mm, | =500 m 8
1 ¢ = 200 mm 1 ¢ =200 mm
- | =
30l/s"3°°m 231/s 300m
10/s "
— a=(151/s) N
O e=200mm 1=500m |C = 15Vs
(8 + a) I/sec.
= 150 mm -3 =
I =300m lzo el =8+ 15 = 23 I/sec.
¢=150mm, I=300m
E ¢=150mm, I=500m 13
—» 81\/s
31/sec. 311/s

Fig. 20.7

The analysis of the pipe loops will require
computation of head loss (H2) in each pipe,
which is to be computed by Hazen’s William’s
formula asketeow-

Dia. LOOP 1

[Lengths LOOP 2 ]

[Dia. LOOP 2]

[Assumed Flows for

Assumed Flows for
Continuity in LOOP 1

Continuity in LOOP 2

300 500 200
200 mm L2 := 300 m D2 := 150 mm
200 500 150
200 300 150
For Darcy-Weisbach: n =2
] [Friction Factor] [Hazen William 'n‘]
£:=0.02 n:=1.85

45 15

23 Ik 23 | L
01 := = 02 = L

— 15| s -8 s

— 30 -5

Flows in LOOPS Sign Convention
1. Clockwise:
2. Anticlockwise: -ve

+ve

Following 3 Methods will be used in this excercise, using Hardy Cross Method

1. Successive Steps — Pipe flows assumed to balance at each node. 3 steps in this example.
2. One step for a defined number of Iterations. More Iterations, better accuracy. 5 Iterations in this example.
3. One step using a "While Loop" with a pre-defined degree of accuracy. Flow accuracy 0.001 L/s.




METHOD 1: Hardy Cross Method using Successive Steps of Corrections

PROGRAM 1 starts with assumed flow for both LOOPS

(Program 1: Using Vectorize Function.
Find 'Corrected Flow' for both LOOPS
Calc AQ# (Q#, L#, D#):= 8. f.0# _
ki = - 5 5 <—-——— Kvalues for all pipes
ge . ( D# ) .10
n—1 .
HL# .= k# . O# “Q#l) <———— Head Loss for all pipes
R —
SHL# :— HL# < Net Head Loss
Q#
not o E HL# <———- Corrections for both LOOPS .
T To be minimized with successive steps
n [ E 6HL#]
1st correction (Starts with assumed flows in both LOOPS)
(Apply PROGRAM 1 to get 1st correction]
. —catc ao#|[91] [EL] [PL])_[ 2-06 |z AQ =2.06% 20 —_4.93%
Qcorl i=Calec o2l o2l | p2||T] 4. 03 g corl - S corl S
(1st Corrected flows in LOOP 1] (1st Corrected flows in LOOP 2)
Qlcorl =01 + AQcorl 10.07
1 18.07 | L
QZCorl =02 + AQcorl 5 = —12.93 g
—9.93
Now Apply 1st Correction for Pipe CD common to both loops
(Adjusted flow for Pipe CD in LOOP 1] - - -
[Adjusted flow for Pipe DC 1in LOOP 2]
L
ACDI1 := Qlcorl — AQcorl , =—-8 E Q2corl = — ACD1
Qlcorl := ACD1
3
3 47.06 8
_ m 25.06 | L 18.1 | L
Qlcorl =-0.008 s Qlcorl = _8 s Q2cor1 = ~12.9|s
—27.94 -9.9
2nd correction (Starts with flows in correction 1)
(Apply PROGRAM 1 to get 2nd correction ]
01 A - _ L — L
i L1 D1 —1. Q =—-1.22 AQ =0.45
AQCOIZ o CalC_AQ# 260r , 2 ) 2 =[ 1.22 E cor?2 s cor2 )
02 .1 L D 0.45 | s
(2nd Corrected flows in LOOP 1] (2nd Corrected flows in LOOP 2]
45.8 8.5
23.8 | L 18.5 | L
QlcorZ = Qlcorl + AQcor2 1 = ~ 9.2 g Q2cor2 = Q2corl + AQcor2 5 = —~12.5 E

—29.2 -9.5



Now Apply 2nd Correction for Pipe CD common to both loops

(Adjusted flow for Pipe CD in LOOP 1]

(Adjusted flow for Pipe DC in LOOP 2]

L Q2 = — ACD2
ACDZ := QlcorZ - AQcorZ =-9.68 g corz 1
Q1 := ACD2 L
cor? Q2cor2 =9.7 g
L
QlcorQ =-9.7~=

(Corrected flows in LOOP 1]

[Corrected flows in LOOP 2]

45.8 9.7
23.8 | L 18.5 | L
QlcorZ = _9.7 g Q2cor2 = _12.5 ;
—29.2 —-9.5
3rd correction (Starts with flows in correction 2)
(Apply PROGRAM 2 to get 3rd correction]
Qlr2| [11] [D2 40 —o0.12% A0 —_0.09 =
AQ__.:=Calc_Ao# || 7, l [ ] =[ 0-12 1L o s cor3 s
QZCOI2 L2 D2 —0.09]| s
(3rd Corrected flows in LOOP 1 ] [3rd Corrected flows in LOOP 2 ]
46 9.6
24 L 18.4 [ L
Qlcor.’)‘ = Qlcor2 + AQcorB 1 = _9.6 g Q2cor3 = Q2cor2 + AQcor_’)’ 5 = _12.6 g
—29 —-9.6
L L
QlcorB =—9-56§ Q200r3 =9.59§
3
Now Apply 3rd Correction for Pipe CD common to both loops
(Adjusted flow for Pipe CD in LOOP 1 ] [Adjusted flow for Pipe DC in LOOP 2 ]
L Q2 := — ACD3
ACD3 := Qlcor3 — AQcorB =-9.47 - cor3
Qlcor3 := ACD3
L
L Q2 3 = 9.47 —
QlcorB 3=_9'47 E cor s
OK
(Corrected flows in LOOP 1] Diff of flow in CD/DC (Corrected flows in LOOP 2)
in LOOP1 and LOOP 2
45.96 9.47
L
23.96 | L 01 + 02 == 18.43 | L
Qlcor3 — _9.47 g | cor3 3 cor3 s Q2cor3 = _12.57 g
—29.04

—9.57



Calculated Flows - After 3 Corrections

From Book Example - After 2 Corrections

5s Final Flow Diagram 22Us ||l These flows are marked on the given pipe
network in fig. 20.18:
—» 46Ll/s _
75 Vs
RV X 221/s
l 291/s 241/s l — 45.71/s
A B
10 L/s
—p 95L/s _ l l
15U 29.31/s 23.7 /s
10V/s
—» 98I/s 151/
l 9.6/s 18.4 Llsl 0 TR
95 '/sl 1 1851/s
—p 126L/s
E F
—> 1251/s
3UUs 31L/s 3 1/sec’ 31Us
Fig. 20.8
METHOD 2: Hardy Cross Method: For Any Given Number of Iterations
(Index of common Index of common
pipe in LOOP 1 pipe in LOOP 2
nl =3 n2 =1
(PROGRAM 2: Calculates 'Corrected Flows' & 'Corrections'
CALLS PROGRAM 1
Calc All A =
SN a2 = qil [L1] [ D1 ;
Aql := Calc AQ# , , [1st Corrections example]
- q2 L2 D2
Cl:=Calc All A(Q1 2
ql,,,=ql +4ql | ALLa (e, 02)
q2cor = g2 4+ Aql 5
Acdl :=ql_ — Aql 5 47.06
nl 25.06
qlcor = Acdl -8
wl o ~27.94 2.06 || 1
9 eor = —4cdl - 8 —4.93 g
n2
o 18.07
x| | 5T 1 ~12.93
q2cor Aql 5 —9.93
Solution by Repeated Iteration Method using PROGRAM 2
(PROGRAM 3: Repeated Iteration Method. CALLS PROGRAM 2 ]
0 (ql a2, iter) —|for je [1 . iter] [lst Corrections example]
if j=1 C Iter:=Q(Q1, 02, 1)
P 5= Calc All A(gl, g2)
else 47.06
P =Calc ALLA(P_. . ,P. 25.06
J j-1, ) j-1, , g
—27.94
C Iter = 2.06 |1 L
iter - 8 — 4 . 93 S
18.07
—-12.93
—9.93




1st column shows FINAL flows in LOOPS 1 & 2. The 2 nd column shows FINAL Corrections after 3 Iterations

45.96 45.96
23.96 23.96 | L
Q1 3= =
—9.47 Compare cor —9.47 | s
—29.04 —=pp— —29.04
[With 3 Iterations:] 0 (Ql , 02, 3): 0.12 L
9.47 —0.09 s
9.47
18.43 02 _ 18.43 L
—12.57 cor3 — ~12.571| s
—-9.57 ~9.57
METHOD 3: Hardy Cross Method: Using While Loop
(PROGRAM 4: Using 'While' loop :
CALLS PROHRAM 2
Z(ql, g2):=|A:=Calc All A(ql, g2)
AQ:= A
1:=A
qq 1
1
gg2:= A ) [With 'While Loop']
2 45.94
A::O.OOlE 23.94
s -9.5
while [|AQ |>A]/\[|AQ |>A] -29.06 0
1= 2| = - Z (01, 02)= : L
_ (01, 02) 9.5 0]|s
B:=Calc All A(qgl, ggq2)
AQ := B 18.44
2 —12.56
qql =B 1 -9.56
1
2:=B
qq. 1
2
AQ:=B
B
Results from Different Methods
'While' Loop Method using Defined Iterations Method using
PROGRAM 2 & 4 : Both LOOPS PROGRAM 2 & 3 : Both LOOPS
45.94 3rd Element of LOOP 1 (-9.5) & 45.94
23.94 1st EIementofLOQP2(+9.5) 23.94
9.5 refer to common Pipe CD/DC. 9.5
S o1 o _29.06 - . Same value, but opposite sign Do 0o s _29.06 - L
(01, 02)= 9.5 0s¢ * (01, 02, 5)= 9.5 of|s
18.44 18.44
—12.56 —12.56
—9.56 —9.56
Successive 3 Steps Successive 3 Step
Method Using PROGRAM 1 Method Using PROGRAM 1
for LOOP 1 for LOOP 2
45.96 . v 3 st q 9.47
ince only 3 steps are used, .
23.96 . . 18.43 — =
Q1 5= L results are slightly different Q2 3= E tlme(o) bstare =0.3 s
cor —-9.47 | s cor —12.57| s
—29.04

—9.57



