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Abstract

Grid(pipe network) design is an important element of Smart Water Grid, which essential to
estimate hydraulic parameters such as the pressure, friction factor, friction velocity, head loss and
energy slope. Especially, friction velocity in a grid is an important factor in conjunction with
energy gradient, friction coefficient, pressure and head loss. However, accurate estimation friction
head loss, friction velocity and friction factor are very difficult. The empirical friction factor is
still estimated by using theory and equation which were developed one hundred years ago.
Therefore, in this paper, new equation from maximum velocity and friction velocity is developed
by using integration relationship between Darcy-Weisbach's friction head loss equation and
Schlichting equation and regression analysis. To prove the developed equation, smooth pipe data
areis used. Proposed equation shows high accuracy compared to observed data. Study results are

expected to be used in stability improvements and design in a grid.
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H 1. The Measured Data for Diameter 10mm By

H 3. The Measured Data for Diameter 30mm By

Nikuradse Nikuradse
log(R dp U log(R d U.
V |\ Ul v L= [x=f G N N I L N By 4 2
ma x107°)| de . (10) Vo O |V =<107%)| dz A=] 7.(10)
428 | 56.2 | 0.0140] 3.49 |0.0400.043] 3.124 | 3.282 402.0 | 483.0 |0.0114| 5.02 |0.4950.018/19.037|19.841
485 | 63.4 |0.0135| 3.56 |0.050 [0.041]|3.481 | 3.650
439.0 | 530.0 |0.0114| 5.06 |0.5710.017]19.924|22.290
51.4 | 66.6 | 0.0135| 3.58 |0.055 |0.041]|3.673 | 3.723
576 1 746 10.0135| 363 10068 |0.040| 4073 | 2164 488.0 | 592.0 |0.0114| 5.11 [0.700(0.017|22.652|25.475
62.0 | 80.4 | 0.0135| 3.66 |0.076 [0.039|4.313 | 4507 559.0 | 657.0 [0.0114| 5.17 |0.869(0.016|24.711(24.005
70.2 1 90.0 | 0.0135] 3.72 | 0.094 |0.037 4.785 | 4.850 627.0 | 754.0 |0.0114| 5.22 |1.093/0.016|28.359|31.109
76.9 | 985 10.0135] 376 |0.110]0.036]5.190 | 5.291 688.0 | 819.0 [0.0114| 5.26 |1.247(0.015|30.241|32.088
985 [125.7]0.0135| 3.86 |0.170 [0.034| 6.455 | 6.663
756.0 | 901.0 [0.0114| 5.30 [1.520(0.016|33.391(35.518
118.8]150.8(0.0135| 3.94 |0.238|0.033|7.633 | 7.838
121.011525100135 | 3.95 10245 [0.033| 7730 | 7.716 879.0 [1045.0{0.0114| 5.36 |1.973/0.015|38.050(40.662
137.5/174.0]0.0135| 4.01 |0.301 |0.031|8.580 | 8.941 1010.0/1198.0[0.0115| 5.42 [2.547(0.015|43.220|46.050
163.3]206.0|0.0135| 4.08 | 0.400 [0.029| 9.902 |10.459 1106.0/1304.0/0.0115| 5.46 |2.993|0.014]46.996|48.500
189.0|237.8(0.0135| 4.15 |0.520 |0.029|11.263|11.954
183.0/226.0(0.0135| 4.13 |0.722 |0.028|10.805(10.533
H 4. The Measured Data for Diameter 50mm B
253.0(311.0| 0.0136 | 4.27 | 1.256 |0.025|14.206|14.207 ) 4
Nikuradse
_ . log(R, d Ui
¥ 2. The Measured Data for Diameter 20mm By V | Upx| v xié’i‘) Ep A=f| U (10)
Nikuradse =
log(& | dp ” A 91.4 [112.5(0.0123| 4.57 |0.020|0.023| 4.895 | 5.168
V P P: e )\= *
max | Y 1073)| de f F.(10) 124.4/151.5(0.0123| 4.70 [0.033|0.021|6.361 | 6.638
114.6] 143.5 |0.0135| 4.23 ]0.092|0.027| 6.711 | 7.079 172.0(210.0(0.0123| 4.84 [0.059(0.020 | 8.495 | 9.308
148.4)184.0 |0.0135| 4.34 |0.142]0.025)| 8.330 | 8.720 203.5(247.0/0.0123| 4.92 |0.079|0.019] 9.812 |10.655
175.5] 218.0 |0.0135] 4.41 ]0.197]0.025| 9.793 | 10.410 237.0(286.0(0.0123| 4.98 [0.104(0.018|11.285]12.002
212.5| 263.0 0.0135| 4.50 |0.274|0.024|11.551 | 12.370
71.2 | 87.5(0.0121| 4.47 [0.012|0.023|3.857 | 3.993
240.0| 294.0 |0.0135| 4.55 |0.329|0.022|12.676 | 13.227
214.4| 265.0 |0.0119| 4.56 |0.268|0.022|11.426 | 12.394 908 |111.8/0.0121 457 ]0.019]0.023)4.832 | 5144
233.6] 290.0 [0.0119| 459 [0.310{0.022|12.353 | 13.815 102.5/125.410.0122) 4.62 |0.024)0.022] 5.390 | 5.609
258.0| 317.0 |0.0119| 4.64 |0.368(0.023 | 13.430 | 14.452 116.5)142.3]0.0122| 4.68 |0.030)0.024] 6.043 | 6.320
259.6| 317.3 0.0117| 4.65 |0.372/0.022|13.475 | 14.134 140.0/171.0(0.0122| 4.76 [0.041[0.020|7.071 | 7.593
275.8| 337.0 |0.0119| 4.67 |0.414|0.021|14.269 | 14.991 153.5/187.0(0.0122| 4.80 [0.048(0.020|7.665 | 8.206
315.0)384.0 |0.0119) 4.72 |0.514)0.020 15.879 | 16.901 179.5218.0(0.0122| 4.87 [0.063|0.019|8.783 | 9.431
349.0| 424.0 |0.0119| 4.77 |0.622/0.020)17.451 | 18.371 214.4(260.0/0.0121| 4.95 [0.086(0.018[10.265[11.170
370.01 450.0 |0.0119) 4.79 |0.680]0.019]18.266 | 19.596 103.0(126.0[0.0134| 4.58 |0.024[0.022|5.297 | 5.634
392.0| 475.0 |0.0119| 4.82 |0.758|0.019|19.292 | 20.331
141.0/172.0(0.0133| 4.72 [0.042(0.021 | 7.205 | 7.593
425.0| 512.0 [0.0119| 4.85 |0.874[0.019|20.688 | 21.311
454.0| 542.0 [0.0119| 4.88 |0.990/0.019|21.800 | 21.556 194.5/236.0/0.0128] 4.88 0.070/0.018) 9.266 |10.165
495.0 596.0 [0.0119] 4.92 [1.1600.019|23.877 | 24.740 423.5|503.0/0.0124] 523 |0.296]0.01619.020]19.473
533.6| 644.0 [0.0119| 4.95 |1.324|0.018|25.426 | 27.042 395.0(468.0|0.0093| 5.33 |0.288|0.016|17.463|17.881
638.0| 768.0 [0.0119| 5.03 [1.850(0.018|30.170 | 31.843 570.0(671.0/0.0097| 5.47 |0.488|0.015(24.432|24.740
687.0| 827.0 |0.0119| 5.06 |2.064|0.017|31.868 | 34.293 652.0(770.0(0.0124| 5.42 |0.640|0.015(27.922|28.904
752.0| 901.0 |0.0119] 5.10 |2.405]0.017]34.345 | 36.497 733.0/856.0(0.0093| 5.60 [0.757|0.014[30.508/30.129
811.0| 975.0 [0.0118| 5.14 |2.783]0.017|37.066 | 40.172 240.01858.010.0093] 5.60 10.75210.013 130.335|28.902
863.0(1040.0[0.0118| 5.17 |3.160(0.017|39.347 | 43.356
912.8(1068.00.0093| 5.69 |1.140|0.013(37.293|38.016
972.0(1155.0[0.0116| 5.22 |3.880(0.016|43.651 | 44.826
1053011252 0l0.0116] 5.26 |224010.016 26792 | 49.235 1082.0[1256.0[0.0081| 5.82 |1.480|0.012 |42.657|42.621
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H 5. The Measured Data for
By Nikuradse

Diameter 100mm

V|0

max

v

log(R,
x10"%)

)
do

A=f

Us

T,
F.(10)

345.9| 405.0

0.0108

5.50

0.087

0.014

14.611

14,476

377.1| 442.0

0.0108

5.54

0.100

0.014

15.666

15.897

392.7| 458.0

0.0108

5.56

0.109

0.014

16.356

15.995

466.3| 545.0

0.0108

5.64

0.149

0.013

19.068

19.277

482.8 | 562.0

0.0108

5.65

0.158

0.013

19.663

19.400

510.0| 596.0

0.0108

5.67

0.176

0.013

20.740

21.066

533.2| 622.0

0.0108

5.69

0.192

0.013

21.773

21.751

569.1| 666.0

0.0108

5.72

0.218

0.013

23.062

23.736

602.0| 693.0

0.0107

5.75

0.234

0.013

23.904

22.290

660.3| 770.0

0.0110

5.78

0.284

0.013

26.367

26.871

704.0| 813.0

0.0111

5.80

0.316

0.013

27.839

26.699

769.8 | 896.0

0.0110

5.84

0.377

0.013

30.387

30.913

876.01015.0

0.0121

5.86

0.480

0.012

35.495

34.048

810.0| 948.0

0.0111

5.86

0.422

0.013

32.104

33.803

843.4| 976.0

0.0109

5.89

0.444

0.012

32.926

32.480

940.0[1085.0

0.0109

5.94

0.536

0.012

36.361

35.518

790.0| 915.0

0.0077

6.01

0.372

0.012

30.290

30.619

1248.0/1443.0

0.0113

6.05

0.908

0.012

47.458

47.765

882.0/1015.0

0.0077

6.06

0.455

0.011

33.382

32.578

944.0(1084.0

0.0077

6.09

0.522

0.012

35.734

34.293

1005.0/1155.0

0.0076

6.12

0.576

0.011

37.464

36.742

982.0(1120.0

0.0072

6.13

0.540

0.011

36.295

33.803

1020.0/1170.0

0.0071

6.16

0.496

0.011

37.639

36.742

900.0[1045.0

0.0070

6.11

0.470

0.011

33.865

35.518

685.0| 793.0

0.0070

5.99

0.278

0.012

26.575

26.454

761.0| 882.0

0.0070

6.04

0.340

0.012

28.807

29.639

830.0| 958.0

0.0070

6.07

0.400

0.011

31.289

31.353

958.0(1108.0

0.0070

6.14

0.522

0.011

35.742

36.742

259.0| 306.0

0.0109

5.38

0.051

0.015

11.234

11.513

286.8 | 336.0

0.0108

5.42

0.061

0.015

12.234

12.051

309.5| 364.0

0.0108

5.46

0.071
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