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A pipe network is analyzed for the determination of the nodal pressure heads and the
link discharges.



Hardy Cross Method

The method is based on the following basic equations of continuity of flow and head
loss that should be satisfied:

. The sum of inflow and outllow at a node should be equal:

Q in:Q out

2. The algebraic sum of the head loss in a loop must be equal to zero:

Y KiQi|Qi| =0 Where K, — L




Calculation of correction value delta Q
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The overall procedure for the looped network analysis can be summanzed in the follow-
Ing steps:

. Number all the nodes and pipe links. Also number the loops. For clanty, pipe
numbers are circled and the loop numbers are put 1n square brackets.

[t

Adopt a sign convention that a pipe discharge 1s positive il 1t flows from a lower
node number to a higher node number, otherwise negative.

3. Apply nodal continuity equation at all the nodes o obtain pipe discharges.
Starting from nodes having two pipes with unknown discharges, assume an arbi-
trary discharge (say 0.1 m’/s) in one of the pipes and apply continuity equation
(3.13) o obtain discharge in the other pipe. Repeat the procedure untl all the
pipe lows are known. IT there exist more than two pipes having unknown dis-
charges, assume arbitrary discharges in all the pipes except one and apply con-
Lnuity equation to get discharge i the other pipe. The total number ol pipes
having arbitrary discharges should be equal to the total number of primary
loops 1n the network.




4. Assume Incuon factors f; = (L02 n all pipe links and compute corresponding K;
using Eq. (3.15). However, f; can be calculated neratively using Eq. (2.6a).

5. Assume loop pipe flow sign convention o apply loop discharge corrections;

generally, clockwise flows positive and counterclockwise flows negative are
considered.

6. Calculate AQ, for the existing pipe flows and apply pipe corrections
algebraically.
7. Apply the simular procedure n all the loops ol a pipe network.

Repeat steps 6 and 7 unul the discharge corrections in all the loops are relatuvely very
small.




Example 3.3. A single looped network as shown in Fig.

ship assurming a constant Inction factor f= (L02.

3.10 has to be analyzed by the
Hardy Cross method for given inflow and outllow discharges. The pipe diameters D and
lengths L are shown in the figure. Use Darcy-Weisbach head loss—discharge relation-

Ly=300m
0y =150 mm
1 K; = 6528 s°/m> 2
0.6 m¥s »e - ']
Ly= 200 m - L,=200m
y=150mm ¥ @ ) ..r/ \ED [, =150 mm
K= 4352 s*/m* Y Kz=
€);
. - —» 0.6 m’s
4 L, =300 m 3
[y =150 mm

K, = 6528 s2/m®

Figure 3.10. Single looped network.
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Step 1: The pipes, nodes, and loop are numbered as shown in Fig. 3.10.

Step 20 Adopt the Tollowing sign conventons:

A positive pipe discharge llows [rom a lower node to a higher node.
Inflow mnto a node 15 posinve withdrawal negative.

Step 3: Apply contunuily equation to obtain pipe discharges.

Oy + Qs = gy or Qs = g1 — Oy, hence Qs = 0.6 — 0.1 =0.5m"/s.
/

— 4+ =g 0or Qs =g+ Q. hence @ =0+ 0.1 =0.1 m/s.

Step 4: For assumed pipe [ncuon lactors f; = 0.02, the calculated K values as
K = 8fL/w gD’ for all the pipes are given in the Fig. 3.10.

Step 5: Adopted clockwise llows in pipes posiive and counterclockwise flows
negatve.

Step 6: The discharge correction for the imually assumed pipe discharges can be
calculated as follows:




Iteration 1

Corrected Flow

Flow in Pipe ¢ K KQ\|Q 2K|Q 0=0Q + AQ

Pipe ( [11'!:,-"!%] [5:3,-":1153 (m) ( e:,-"mzj ( m':’,-" 5)

| 0,10 (328,93 (5.29 | 305,749 (.30

2 0,10 4352.62 43.53 870.52 (.30

3 — (.50 (328,93 — 1632.23 (A2R.U3 — (.30

! —0.50 4352.62 — 1088, 15 4352.62 —0.30
Total —2611.57 13,057.85

AQ —(—2611.57/13,057) = 0.20 m%/s

Fepeat the process again for the revised pipe discharges as the discharee correction

15 quite large in comparson to pipe Hows:

Iteration 2
Corrected Flow
Flow in Pipe 0 K KOO 2K|Q 0=0+ 40
Pipe (m'/s) (s5/m”) (m) (s/m") (m’/s)
| 030 628,93 8T .60 31T .30 030
2 0.30 4352.62 39174 2611.57 0.30
3 —0.30 (328,93 — 387 .60 U177 .30 —0.30
! —0.30 4352.62 —391.74 2611.57 —0.30
Total (.00 13,057 835
AQ = — (0/13,057)=0.00m’s




As the discharge correction AQ = 0, the final discharges are

0, =03m/s
Q> =03m/s
O =03 m'/s

Qs =03 m'/s.




Solving the same problem by help of EXCEL

Ly=300m
0y =150 mm
1 K, = 6528 s%/m°® 2
0.6 m¥s -y - .
@
"a\"l
Ly= 200 m L,= 200m
D,=150mm ¥ (&) m @ D, =150 mm
K, = 4352 s°/m?
€
* - *— 06 m’s
4 3
Ly=300m
DS: 150 mm
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Figure 3.10. Single looped network.
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Example 3.4. The pipe network of two loops as shown mn Fig. 3.11 has to be analyzed

by the Hardy Cross method for pipe llows for given pipe lengths L and pipe diameters D.
The nodal nflow a node 1 and nodal outllow at node 3 are shown in the figure. Assume

a constant friction factor f= 0.02.

J'_1 = 300 m
0y =150 mm
1 K, = 6628 s%/m® 2
0.6 m*s
(1) Pipe no.
B‘- :—E‘Iclﬁ%ﬁm L,=200m ® Node no,
* Oy =100 mm » Flow direction

= 4352 s°/m? Y
fa Kp = 33050 $/m> [1] Loop no.

= 0.6 m¥s

O;=100mm
K, = 49575 5°/m?




To apply conunuity equation lfor imual pipe discharges, the discharges in pipes |
and 5 equal to 0.1 m’ /s are assumed. The obtained discharges are

Q; = 0.1m" /s (low from node 1 o node 2)
Q2= 0.1m" /s (flow from node 2 to node 3)
O3 = 0.4m’ /s (flow from node 4 o node 3)
Os=04m /s (flow from node | o node 4)
Qs = 0.1m /s (flow from node 1 to node 3)

The discharge correction AQ is applied in one loop at a ume untl the AQ 1s very
small in all the loops. AQ in Loop | (loop pipes 3, 4, and 3) and corrected pipe
discharges are given in the following table:




Loop 1: lteration 1

Comected Flow

Flow in Pipe O K KO o 2KQ =4+ A0
Pipe (ms) (s5/m”) (m) (s,/m") (m/s)
3 — (.40 49.576.12 — 73218 39,660,849 —(.25
4 — (.40 435236 — 6638 38189 —0.25
3 (.10 39,491 .34 S 91 | 1,898.27 (.25
Total —B033.64 35,04 1.05
AQ 0.15m" /s

i i i i 3 i i
Thus the discharge correcion AQ in loop 1 is 0.15 m'/s. The discharges in loop
pipes are correclted as shown in the above table. Applyving the same methodology lor

calculaung AQ for Loop 2:

Loop 2: Iteration 1

Comrected Flow

Flow in Pipe O K KQ|o 2K|Q Q=0+ 40
Pipe [ m':’,-" 5] (s 3, m’) (m) (s ,-"m:J | :11':",-"53
| 0,10 (6328.54 (.20 1305.71 (ENRY
2 0,10 33,050.74 33051 GOL0.15 019
3 —0.25 39,491 34 — 339893 20, 204.60 —0.16
Total —3203.14 37, 180,52

0.09m’s




The process of discharge correction is in repeated until the AQ value is very small as
shown in the following tables:
Loop 1: Iteration 5

Comected Flow

Flow in Pipe K KOO 2K|Q =0+ AQ
Pipe (m/ ) (s%/m”) (m) (s/m") (m’/s)

3 —0.193 49,576.12 — 184021 19,102.92 —0.192

4 —0.193 435236 —161.55 1677.07 —0.192

5 0.181 50,491 34 1954 .67 21,567.21 0.182
Total —47.09 42,347.21

AQ 0.001 m’/s

Loop 2: Iteration 5

Comected Flow

Flow in Pipe O K KQ|O 2K|Q Q=0+ 40
Pipe ( m':’,-" 5) (s i-":tlSJ (m) (s/ m) [ :11':’,-"53

| 0.222 (32854 32240 200161 (0,223

2 0.222 3305074 163217 [4,689.40 0.223

3 .182 39,491 34 — 197873 21.699.52 —(. 182
Total —24.15 39,290.53

AQ 0.001 m?/s




Numerical Example Il

Apply Hardy Cross Method (n=2):
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Numerical Example |1
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Numerical Example I
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Extended Example
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Solver for DWDS multi-loops
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