[image: image1.wmf]Table 6-1: Hardy Cross Analysis (First Calculation)

first trial =

not OK

second trial =

not OK

Pressure at node A (m) =

36

(height of the reservoir)

third trial =

not OK

Minimum pressure at any node (m) =

15

(expected)

forth trial =

OK

Loop I

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Elevation

Node

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

AB

16.300

500

1250

0.0055

6.900

0.423

1.38

400

A

36.00

BH

3.000

250

1100

0.0070

7.731

2.577

1.02

385

B

44.10

HI

-6.500

355

1000

0.0053

-5.333

0.820

1.09

390

H

41.37

IA

-8.700

355

1000

0.0092

-9.150

1.052

1.46

395

I

51.70

SUM

0.148

4.873

Hazen Williams Coefficient, C =

100

Calculated Correction flow

, D =

-0.01639

Minimum pressure =

OK

Expected Correction flow

, D =

0.002

see next

Loop II

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Elevation

Node

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

BE

9.700

355

400

0.0112

4.477

0.462

1.63

385

B

44.10

EF

9.300

355

600

0.0104

6.212

0.668

1.57

380

E

34.62

FG

7.000

305

1000

0.0128

12.814

1.831

1.60

385

F

33.41

GH

-7.000

305

1250

0.0128

-16.017

2.288

1.60

380

G

15.60

HB

-3.000

250

1100

0.0070

-7.731

2.577

1.02

390

H

41.61

SUM

-0.245

7.825

Correction flow

, D =

0.016954

Minimum pressure =

OK

see next

Loop III

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Elevation

Node

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

BC

1.600

200

500

0.0065

3.253

2.033

0.85

385

B

44.10

CD

1.100

200

400

0.0033

1.300

1.182

0.58

385

C

40.85

DE

-0.400

200

500

0.0005

-0.250

0.624

0.21

384

D

38.55

EB

-9.700

355

400

0.0112

-4.477

0.462

1.63

380

E

34.80

SUM

-0.174

4.300

Correction flow

, D =

0.02186

Minimum pressure =

OK

see next


[image: image2.wmf]Table 6-2: Hardy Cross Analysis (Second Calculation)

second trial =

not OK

Pressure at node A (m) =

36

(height of the reservoir)

Minimum pressure at any node (m) =

15

(expected)

Loop I

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Elevation

Node

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

AB

16.284

500

1250

0.0055

6.887

0.423

1.38

400

A

36.00

BH

2.967

250

1100

0.0069

7.573

2.553

1.01

385

B

44.11

HI

-6.516

355

1000

0.0054

-5.358

0.822

1.10

390

H

41.54

IA

-8.716

355

1000

0.0092

-9.182

1.053

1.47

395

I

51.90

SUM

-0.080

4.851

Hazen Williams Coefficient, C =

100

Calculated Correction flow

, D =

0.00895

Minimum pressure =

OK

Expected Correction flow

, D =

0.002

see next

Loop II

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Elevation

Node

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

BE

9.695

355

400

0.0112

4.473

0.461

1.63

385

B

44.11

EF

9.317

355

600

0.0104

6.233

0.669

1.57

380

E

34.64

FG

7.017

305

1000

0.0129

12.871

1.834

1.60

385

F

33.41

GH

-6.983

305

1250

0.0128

-15.945

2.283

1.59

380

G

15.54

HB

-2.967

250

1100

0.0069

-7.573

2.553

1.01

390

H

41.48

SUM

0.059

7.801

Correction flow

, D =

-0.0041

Minimum pressure =

OK

see next

Loop III

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Elevation

Node

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

BC

1.622

200

500

0.0067

3.335

2.057

0.86

385

B

44.11

CD

1.122

200

400

0.0034

1.348

1.202

0.60

385

C

40.78

DE

-0.378

200

500

0.0004

-0.225

0.595

0.20

384

D

38.43

EB

-9.695

355

400

0.0112

-4.473

0.461

1.63

380

E

34.65

SUM

-0.014

4.315

Correction flow

, D =

0.001757

Minimum pressure =

OK

OK


[image: image3.wmf]Table 6-3: Hardy Cross Analysis (Third Calculation)

third trial =

not OK

Pressure at node A (m) =

36

(height of the reservoir)

Minimum pressure at any node (m) =

15

(expected)

Loop I

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Elevation

Node

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

AB

16.293

500

1250

0.0055

6.894

0.423

1.38

400

A

36.00

BH

2.980

250

1100

0.0069

7.634

2.562

1.01

385

B

44.11

HI

-6.507

355

1000

0.0053

-5.344

0.821

1.10

390

H

41.47

IA

-8.707

355

1000

0.0092

-9.165

1.053

1.47

395

I

51.82

SUM

0.020

4.859

Hazen Williams Coefficient, C =

100

Calculated Correction flow

, D =

-0.0022

Minimum pressure =

OK

Expected Correction flow

, D =

0.002

see next

Loop II

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Elevation

Node

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

BE

9.689

355

400

0.0112

4.468

0.461

1.63

385

B

44.11

EF

9.313

355

600

0.0104

6.228

0.669

1.57

380

E

34.64

FG

7.013

305

1000

0.0129

12.857

1.833

1.60

385

F

33.41

GH

-6.987

305

1250

0.0128

-15.963

2.285

1.59

380

G

15.55

HB

-2.980

250

1100

0.0069

-7.634

2.562

1.01

390

H

41.52

SUM

-0.044

7.810

Correction flow

, D =

0.003045

Minimum pressure =

OK

see next

Loop III

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Elevation

Node

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

BC

1.624

200

500

0.0067

3.342

2.058

0.86

385

B

44.11

CD

1.124

200

400

0.0034

1.352

1.204

0.60

385

C

40.76

DE

-0.376

200

500

0.0004

-0.223

0.593

0.20

384

D

38.41

EB

-9.689

355

400

0.0112

-4.468

0.461

1.63

380

E

34.63

SUM

0.004

4.316

Correction flow

, D =

-0.00044

Minimum pressure =

OK

OK


[image: image4.wmf]Table 6-4: Hardy Cross Analysis (Forth Calculation)

forth trial =

OK

Pressure at node A (m) =

36

(height of the reservoir)

Minimum pressure at any node (m) =

15

(expected)

Loop I

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Elevation

Node

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

AB

16.290

500

1250

0.0055

6.893

0.423

1.38

400

A

36.00

BH

2.974

250

1100

0.0069

7.610

2.558

1.01

385

B

44.11

HI

-6.510

355

1000

0.0053

-5.348

0.822

1.10

390

H

41.50

IA

-8.710

355

1000

0.0092

-9.169

1.053

1.47

395

I

51.85

SUM

-0.014

4.856

Hazen Williams Coefficient, C =

100

Calculated Correction flow

, D =

0.001609

Minimum pressure =

OK

Expected Correction flow

, D =

0.002

OK

Loop II

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Elevation

Node

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

BE

9.693

355

400

0.0112

4.471

0.461

1.63

385

B

44.11

EF

9.316

355

600

0.0104

6.232

0.669

1.57

380

E

34.64

FG

7.016

305

1000

0.0129

12.868

1.834

1.60

385

F

33.41

GH

-6.984

305

1250

0.0128

-15.950

2.284

1.59

380

G

15.54

HB

-2.974

250

1100

0.0069

-7.610

2.558

1.01

390

H

41.49

SUM

0.011

7.806

Correction flow

, D =

-0.00074

Minimum pressure =

OK

OK

Loop III

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Elevation

Node

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

BC

1.623

200

500

0.0067

3.340

2.058

0.86

385

B

44.11

CD

1.123

200

400

0.0034

1.351

1.203

0.60

385

C

40.77

DE

-0.377

200

500

0.0004

-0.224

0.593

0.20

384

D

38.42

EB

-9.693

355

400

0.0112

-4.471

0.461

1.63

380

E

34.64

SUM

-0.003

4.316

Correction flow

, D =

0.000326

Minimum pressure =

OK

OK
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Figure 12: Simplified Distribution System
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[image: image6.wmf]Table 7-1: Hardy Cross Analysis (First Calculation)

ninth calculation =

OK

Pressure at node A (m) =

20

(height of the reservoir)

Minimum pressure at any node (m) =

15

(expected)

Loop I

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Node

Elevation

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

AF

40.000

700

1400

0.0057

7.913

0.198

1.73

A

200

20.00

FE

20.000

600

550

0.0033

1.825

0.091

1.18

F

195

17.09

ED

14.200

500

550

0.0043

2.352

0.166

1.21

E

190

20.26

DC

-11.200

400

900

0.0082

-7.352

0.656

1.49

D

180

27.91

CB

-19.500

500

600

0.0077

-4.616

0.237

1.66

C

185

30.26

BA

-29.900

600

1000

0.0070

-6.986

0.234

1.76

B

188

31.88

SUM

-6.864

1.581

Hazen Williams Coefficient, C =

100

Calculated Correction flow

, D =

2.346083

Minimum pressure =

see next

Expected Correction flow

, D =

0.01

see next

Loop II

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Node

Elevation

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

FG

20.000

500

500

0.0081

4.031

0.202

1.70

F

195

17.09

GK

10.000

400

400

0.0066

2.649

0.265

1.33

G

175

33.06

KL

5.000

300

500

0.0074

3.724

0.745

1.18

K

170

35.41

LM

0.500

100

500

0.0221

11.038

22.077

1.06

L

175

26.68

MN

-14.400

500

800

0.0044

-3.510

0.244

1.22

M

165

25.64

ND

-18.000

550

700

0.0042

-2.919

0.162

1.26

N

175

19.15

DE

-14.200

500

550

0.0043

-2.352

0.166

1.21

D

180

17.07

EF

-20.000

600

550

0.0033

-1.825

0.091

1.18

E

190

9.43

SUM

10.836

23.951

Correction flow

, D =

-0.24457

Minimum pressure =

see next

see next

Loop III

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Node

Elevation

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

GH

5.800

300

600

0.0098

5.882

1.014

1.37

G

175

33.06

HI

2.300

200

900

0.0127

11.465

4.985

1.22

H

175

27.17

IJ

-3.900

250

600

0.0114

-6.855

1.758

1.32

I

165

25.71

JK

-5.000

300

400

0.0074

-2.979

0.596

1.18

J

165

32.56

KG

-10.000

400

400

0.0066

-2.649

0.265

1.33

K

170

30.54

SUM

4.865

8.617

Correction flow

, D =

-0.305142

Minimum pressure =

see next

see next

Loop IV

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Node

Elevation

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

KJ

5.000

300

400

0.0074

2.979

0.596

1.18

K

170

30.54

JP

1.100

150

400

0.0132

5.278

4.798

1.04

J

165

32.56

PO

-4.400

250

1000

0.0143

-14.284

3.246

1.49

P

170

22.28

OM

-9.600

400

800

0.0061

-4.912

0.512

1.27

O

170

36.57

ML

-0.500

100

500

0.0221

-11.038

22.077

1.06

M

165

46.48

LK

-5.000

300

500

0.0074

-3.724

0.745

1.18

L

175

47.52

SUM

-25.701

31.974

Correction flow

, D =

0.434500

Minimum pressure =

see next

see next



[image: image7.wmf]Table 7-2: Hardy Cross Analysis (Fifth Calculation)

ninth calculation =

OK

Pressure at node A (m) =

20

(height of the reservoir)

Minimum pressure at any node (m) =

15

(expected)

Loop I

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Node

Elevation

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

AF

42.473

700

1400

0.0063

8.843

0.208

1.84

A

200

20.00

FE

22.078

600

550

0.0040

2.191

0.099

1.30

F

195

16.16

ED

16.278

500

550

0.0055

3.028

0.186

1.38

E

190

18.97

DC

-8.727

400

900

0.0051

-4.632

0.531

1.16

D

180

25.94

CB

-17.027

500

600

0.0060

-3.591

0.211

1.45

C

185

25.57

BA

-27.427

600

1000

0.0060

-5.954

0.217

1.62

B

188

26.16

SUM

-0.114

1.452

Hazen Williams Coefficient, C =

100

Calculated Correction flow

, D =

0.0425

Minimum pressure =

OK

Expected Correction flow

, D =

0.01

see next

Loop II

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Node

Elevation

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

FG

20.395

500

500

0.0084

4.180

0.205

1.73

F

195

16.16

GK

10.650

400

400

0.0074

2.977

0.279

1.41

G

175

31.98

KL

4.684

300

500

0.0066

3.300

0.704

1.10

K

170

34.00

LM

0.184

100

500

0.0035

1.729

9.410

0.39

L

175

25.70

MN

-14.005

500

800

0.0042

-3.334

0.238

1.19

M

165

33.97

ND

-17.605

550

700

0.0040

-2.801

0.159

1.24

N

175

27.31

DE

-16.278

500

550

0.0055

-3.028

0.186

1.38

D

180

25.11

EF

-22.078

600

550

0.0040

-2.191

0.099

1.30

E

190

18.14

SUM

0.830

11.281

Correction flow

, D =

-0.03977

Minimum pressure =

OK

see next

Loop III

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Node

Elevation

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

GH

5.545

300

600

0.0090

5.412

0.976

1.31

G

175

31.98

HI

2.045

200

900

0.0102

9.221

4.510

1.08

H

175

26.57

IJ

-4.155

250

600

0.0128

-7.709

1.855

1.41

I

165

27.34

JK

-5.967

300

400

0.0103

-4.133

0.693

1.41

J

165

35.05

KG

-10.650

400

400

0.0074

-2.977

0.279

1.41

K

170

34.19

SUM

-0.185

8.313

Correction flow

, D =

0.012027

Minimum pressure =

OK

see next

Loop IV

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Node

Elevation

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

KJ

5.967

300

400

0.0103

4.133

0.693

1.41

K

170

34.19

JP

1.811

150

400

0.0332

13.292

7.338

1.71

J

165

35.05

PO

-3.689

250

1000

0.0103

-10.305

2.794

1.25

P

170

16.76

OM

-8.889

400

800

0.0053

-4.259

0.479

1.18

O

170

27.07

ML

-0.184

100

500

0.0035

-1.729

9.410

0.39

M

165

36.32

LK

-4.684

300

500

0.0066

-3.300

0.704

1.10

L

175

28.05

SUM

-2.168

21.418

Correction flow

, D =

0.0547

Minimum pressure =

OK

see next



[image: image8.wmf]Table 7-3: Hardy Cross Analysis (Ninth Calculation)

ninth calculation =

OK

Pressure at node A (m) =

20

(height of the reservoir)

Minimum pressure at any node (m) =

15

(expected)

Loop I

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Node

Elevation

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

AF

42.515

700

1400

0.0063

8.859

0.208

1.84

A

200

20.00

FE

22.105

600

550

0.0040

2.196

0.099

1.30

F

195

16.14

ED

16.305

500

550

0.0055

3.038

0.186

1.38

E

190

18.94

DC

-8.685

400

900

0.0051

-4.591

0.529

1.15

D

180

25.91

CB

-16.985

500

600

0.0060

-3.575

0.210

1.44

C

185

25.50

BA

-27.385

600

1000

0.0059

-5.937

0.217

1.61

B

188

26.07

SUM

-0.010

1.450

Hazen Williams Coefficient, C =

100

Calculated Correction flow

, D =

0.0036

Minimum pressure =

OK

Expected Correction flow

, D =

0.01

OK

Loop II

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Node

Elevation

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

FG

20.410

500

500

0.0084

4.186

0.205

1.73

F

195

16.14

GK

10.648

400

400

0.0074

2.975

0.279

1.41

G

175

31.96

KL

4.641

300

500

0.0065

3.244

0.699

1.09

K

170

33.98

LM

0.141

100

500

0.0021

1.063

7.524

0.30

L

175

25.74

MN

-13.990

500

800

0.0042

-3.328

0.238

1.19

M

165

34.67

ND

-17.590

550

700

0.0040

-2.797

0.159

1.23

N

175

28.00

DE

-16.305

500

550

0.0055

-3.038

0.186

1.38

D

180

25.80

EF

-22.105

600

550

0.0040

-2.196

0.099

1.30

E

190

18.84

SUM

0.110

9.390

Correction flow

, D =

-0.00631

Minimum pressure =

OK

OK

Loop III

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Node

Elevation

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

GH

5.562

300

600

0.0091

5.443

0.979

1.31

G

175

31.96

HI

2.062

200

900

0.0104

9.365

4.542

1.09

H

175

26.51

IJ

-4.138

250

600

0.0127

-7.650

1.849

1.41

I

165

27.15

JK

-6.006

300

400

0.0105

-4.184

0.697

1.42

J

165

34.80

KG

-10.648

400

400

0.0074

-2.975

0.279

1.41

K

170

33.98

SUM

-0.001

8.345

Correction flow

, D =

0.000080

Minimum pressure =

OK

OK

Loop IV

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Node

Elevation

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

KJ

6.006

300

400

0.0105

4.184

0.697

1.42

K

170

33.98

JP

1.868

150

400

0.0352

14.078

7.535

1.76

J

165

34.80

PO

-3.632

250

1000

0.0100

-10.011

2.757

1.23

P

170

15.72

OM

-8.832

400

800

0.0053

-4.209

0.477

1.17

O

170

25.73

ML

-0.141

100

500

0.0021

-1.063

7.524

0.30

M

165

34.94

LK

-4.641

300

500

0.0065

-3.244

0.699

1.09

L

175

26.00

SUM

-0.265

19.688

Correction flow

, D =

0.0073

Minimum pressure =

OK

OK
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Do it again!

still Not OK!

Pressure at node A (m) =

19

(height of the reservoir)

Minimum pressure at any node (m) =

15

(expected)

Loop I

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Node

Elevation

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

AF

45.100

800

1400

0.0037

5.157

0.114

1.50

A

200

19.00

FE

20.000

600

550

0.0033

1.825

0.091

1.18

F

195

18.84

ED

14.200

500

550

0.0043

2.352

0.166

1.21

E

190

22.02

DC

-11.200

400

900

0.0082

-7.352

0.656

1.49

D

180

29.67

CB

-19.500

500

600

0.0077

-4.616

0.237

1.66

C

185

32.02

BA

-29.900

600

1000

0.0070

-6.986

0.234

1.76

B

188

33.63

SUM

-9.620

1.498

Hazen Williams Coefficient, C =

100

Calculated Correction flow

, D =

3.471323

Minimum pressure =

see next

Expected Correction flow

, D =

0.00001

see next

Loop II

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Node

Elevation

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

FG

25.100

600

500

0.0051

2.526

0.101

1.48

F

195

18.84

GK

12.000

400

400

0.0093

3.713

0.309

1.59

G

175

36.32

KL

5.000

300

500

0.0074

3.724

0.745

1.18

K

170

37.60

LM

0.500

100

500

0.0221

11.038

22.077

1.06

L

175

28.88

MN

-14.400

500

800

0.0044

-3.510

0.244

1.22

M

165

27.84

ND

-18.000

550

700

0.0042

-2.919

0.162

1.26

N

175

21.35

DE

-14.200

500

550

0.0043

-2.352

0.166

1.21

D

180

19.27

EF

-20.000

600

550

0.0033

-1.825

0.091

1.18

E

190

11.62

SUM

10.395

23.894

Correction flow

, D =

-0.235164

Minimum pressure =

see next

see next

Loop III

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Node

Elevation

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

GH

8.900

350

600

0.0102

6.136

0.689

1.54

G

175

36.32

HI

5.400

300

900

0.0086

7.730

1.431

1.27

H

175

30.18

IJ

-3.900

250

600

0.0114

-6.855

1.758

1.32

I

165

32.45

JK

-7.000

300

400

0.0139

-5.555

0.794

1.65

J

165

39.31

KG

-12.000

400

400

0.0093

-3.713

0.309

1.59

K

170

39.86

SUM

-2.257

4.981

Correction flow

, D =

0.244925

Minimum pressure =

see next

see next

Loop IV

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Node

Elevation

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

KJ

7.000

300

400

0.0139

5.555

0.794

1.65

K

170

39.86

JP

3.100

200

400

0.0221

8.856

2.857

1.64

J

165

39.31

PO

-4.400

250

1000

0.0143

-14.284

3.246

1.49

P

170

25.45

OM

-9.600

400

800

0.0061

-4.912

0.512

1.27

O

170

39.73

ML

-0.500

100

500

0.0221

-11.038

22.077

1.06

M

165

49.65

LK

-5.000

300

500

0.0074

-3.724

0.745

1.18

L

175

50.68

SUM

-19.547

30.230

Correction flow

, D =

0.349517

Minimum pressure =

see next

see next

Loop V

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Node

Elevation

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

JI

3.900

250

600

0.0114

6.855

1.758

1.32

J

165

39.31

IQ

3.100

250

400

0.0075

2.987

0.964

1.05

I

165

32.45

QP

-2.000

100

600

0.2876

-172.588

86.294

4.24

Q

170

24.46

PJ

-3.100

200

400

0.0221

-8.856

2.857

1.64

P

170

197.05

SUM

-171.603

91.872

Correction flow

, D =

1.009642

Minimum pressure =

see next

see next



[image: image11.wmf]Table 8-2: Hardy Cross Analysis (Tenth Calculation)

Do it again!

still Not OK!

Pressure at node A (m) =

19

(height of the reservoir)

Minimum pressure at any node (m) =

15

(expected)

Loop I

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Node

Elevation

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

AF

49.064

800

1400

0.0043

6.028

0.123

1.63

A

200

19.00

FE

22.835

600

550

0.0042

2.332

0.102

1.35

F

195

17.97

ED

17.035

500

550

0.0060

3.294

0.193

1.45

E

190

20.64

DC

-7.236

400

900

0.0036

-3.274

0.452

0.96

D

180

27.35

CB

-15.536

500

600

0.0051

-3.030

0.195

1.32

C

185

25.62

BA

-25.936

600

1000

0.0054

-5.369

0.207

1.53

B

188

25.65

SUM

-0.018

1.273

Hazen Williams Coefficient, C =

100

Calculated Correction flow

, D =

0.0077

Minimum pressure =

OK

Expected Correction flow

, D =

0.00001

see next

Loop II

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Node

Elevation

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

FG

26.229

600

500

0.0055

2.741

0.104

1.55

F

195

17.97

GK

12.031

400

400

0.0093

3.731

0.310

1.60

G

175

35.23

KL

4.649

300

500

0.0065

3.254

0.700

1.10

K

170

36.50

LM

0.149

100

500

0.0023

1.173

7.871

0.32

L

175

28.25

MN

-13.271

500

800

0.0038

-3.018

0.227

1.13

M

165

37.07

ND

-16.871

550

700

0.0037

-2.589

0.153

1.18

N

175

30.09

DE

-17.035

500

550

0.0060

-3.294

0.193

1.45

D

180

27.68

EF

-22.835

600

550

0.0042

-2.332

0.102

1.35

E

190

20.97

SUM

-0.335

9.662

Correction flow

, D =

0.01875

Minimum pressure =

OK

see next

Loop III

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Node

Elevation

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

GH

9.998

350

600

0.0127

7.610

0.761

1.73

G

175

35.23

HI

6.498

300

900

0.0121

10.889

1.676

1.53

H

175

27.62

IJ

-4.438

250

600

0.0145

-8.709

1.962

1.51

I

165

26.73

JK

-7.382

300

400

0.0153

-6.130

0.830

1.74

J

165

35.44

KG

-12.031

400

400

0.0093

-3.731

0.310

1.60

K

170

36.57

SUM

-0.070

5.540

Correction flow

, D =

0.00684

Minimum pressure =

OK

see next

Loop IV

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Node

Elevation

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

KJ

7.382

300

400

0.0153

6.130

0.830

1.74

K

170

36.57

JP

2.944

200

400

0.0201

8.048

2.734

1.56

J

165

35.44

PO

-2.920

250

1000

0.0067

-6.685

2.289

0.99

P

170

22.39

OM

-8.120

400

800

0.0045

-3.602

0.444

1.08

O

170

29.08

ML

-0.149

100

500

0.0023

-1.173

7.871

0.32

M

165

37.68

LK

-4.649

300

500

0.0065

-3.254

0.700

1.10

L

175

28.85

SUM

-0.536

14.869

Correction flow

, D =

0.0195

Minimum pressure =

OK

see next

Loop V

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Node

Elevation

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

JI

4.438

250

600

0.0145

8.709

1.962

1.51

J

165

35.44

IQ

4.736

250

400

0.0164

6.548

1.383

1.61

I

165

26.73

QP

-0.364

100

600

0.0123

-7.356

20.212

0.77

Q

170

15.18

PJ

-2.944

200

400

0.0201

-8.048

2.734

1.56

P

170

22.54

SUM

-0.147

26.291

Correction flow

, D =

0.003026

Minimum pressure =

OK

see next
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second calculation =

OK

Pressure at node A (m) =

19

(height of the reservoir)

Minimum pressure at any node (m) =

15

(expected)

Loop I

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Node

Elevation

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

AF

49.091

800

1400

0.0043

6.034

0.123

1.63

A

200

19.00

FE

22.778

600

550

0.0042

2.322

0.102

1.34

F

195

17.97

ED

16.978

500

550

0.0060

3.274

0.193

1.44

E

190

20.64

DC

-7.209

400

900

0.0036

-3.251

0.451

0.96

D

180

27.37

CB

-15.509

500

600

0.0050

-3.021

0.195

1.32

C

185

25.62

BA

-25.909

600

1000

0.0054

-5.358

0.207

1.53

B

188

25.64

SUM

0.000

1.270

Hazen Williams Coefficient, C =

100

Calculated Correction flow

, D =

0.0000

Minimum pressure =

OK

Expected Correction flow

, D =

0.00001

OK

Loop II

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Node

Elevation

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

FG

26.313

600

500

0.0055

2.757

0.105

1.55

F

195

17.97

GK

12.088

400

400

0.0094

3.763

0.311

1.60

G

175

35.21

KL

4.661

300

500

0.0065

3.270

0.702

1.10

K

170

36.45

LM

0.161

100

500

0.0027

1.353

8.407

0.34

L

175

28.18

MN

-13.187

500

800

0.0037

-2.983

0.226

1.12

M

165

36.82

ND

-16.787

550

700

0.0037

-2.565

0.153

1.18

N

175

29.80

DE

-16.978

500

550

0.0060

-3.274

0.193

1.44

D

180

27.37

EF

-22.778

600

550

0.0042

-2.322

0.102

1.34

E

190

20.64

SUM

0.000

10.198

Correction flow

, D =

0.00001

Minimum pressure =

OK

OK

Loop III

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Node

Elevation

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

GH

10.025

350

600

0.0127

7.648

0.763

1.74

G

175

35.21

HI

6.525

300

900

0.0122

10.973

1.682

1.54

H

175

27.56

IJ

-4.424

250

600

0.0144

-8.658

1.957

1.50

I

165

26.59

JK

-7.427

300

400

0.0155

-6.199

0.835

1.75

J

165

35.25

KG

-12.088

400

400

0.0094

-3.763

0.311

1.60

K

170

36.45

SUM

0.000

5.548

Correction flow

, D =

0.000003

Minimum pressure =

OK

OK

Loop IV

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Node

Elevation

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

KJ

7.427

300

400

0.0155

6.199

0.835

1.75

K

170

36.45

JP

3.003

200

400

0.0209

8.351

2.781

1.59

J

165

35.25

PO

-2.848

250

1000

0.0064

-6.384

2.241

0.97

P

170

21.90

OM

-8.048

400

800

0.0044

-3.544

0.440

1.07

O

170

28.28

ML

-0.161

100

500

0.0027

-1.353

8.407

0.34

M

165

36.82

LK

-4.661

300

500

0.0065

-3.270

0.702

1.10

L

175

28.18

SUM

0.000

15.405

Correction flow

, D =

0.0000

Minimum pressure =

OK

OK

Loop V

Flow, Q

Pipe-diameter

Length

Sloop

Head Loss

h/Q

Velocity

Node

Elevation

Pressure

Line

m3/min

mm

m

S

h (m)

m/(m3/min)

m/s

m

m

JI

4.424

250

600

0.0144

8.658

1.957

1.50

J

165

35.25

IQ

4.749

250

400

0.0165

6.581

1.386

1.61

I

165

26.59

QP

-0.351

100

600

0.0115

-6.888

19.610

0.75

Q

170

15.01

PJ

-3.003

200

400

0.0209

-8.351

2.781

1.59

P

170

21.90

SUM

0.000

25.734

Correction flow

, D =

0.000001

Minimum pressure =

OK

OK
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