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When we use the circular pipes for wastewater and storm water, we should be known the characteristics

of the flow for accurate design. To elevate the design accuracy, we want to know the profile of flow. The

roughness coefficient in the Manning equation is constant, but in actuality changed with the relative depth
in circular pipe. This study was conducted to calculate the relative normal depth in changing the roughness
coefficient (named relative roughness coefficient) with the relative depth in the analysis of gradually varied
flow in the circular pipe by Newton-Raphson method. We performed the analysis of gradually varied flow
using the relative normal depth and the relative roughness coefficient. We presented the 12 flow profiles
with the relative depth and the relative roughness coefficient in circular pipe. The flow classification

considering relative depth in circular pipe is available to analyse gradually varied flow profiles.

Key words: gradually varied flow, relative depth, normal depth, roughness coefficient of Manning, hydraulic

characteristic curve, flow profile
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Fig. 3. Circular section.
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Table 2. Comparison on relative normal depth and critical depth

Zaghloul etc (1993) This study
Relative normal depth 0.568 0.629
Relative critical depth 0.443 0.443
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Table 3. Calculated result of M1 flow profile
m @ ©6 @ ©6 ®) ) ® ©) (10) ay @@ v
yid  Al(d?) P/d R/d (RIA*® Q%2g(2d® EM S DE/d Seavg So-Seag  DXd x/d
0.800 0674 2214 0304 0205 0.042 0.842 5.18E-04
0.792 0667 2194 0304 0204 0.043 0.835 5.32E-04 -7.19E-03 5.25E-04 4.75E-04 -1514 -15.14
0.784 0661 2175 0304 0204 0.044 0.828 5.47E-04 -7.15E-03 5.40E-04 4.60E-04 -1554 -30.68
0.776 0654 2156 0.303 0.204 0.044 0.82 5.63E-04 -7.11E-03 555E-04 4.45E-04 -1599 -46.67
0.768 0647 2136 0.303 0.203 0.045 0.813 5.80E-04 -7.07E-03 571E-04 4.29E-04 -16.50 -63.18
0.760 0640 2118 0.302 0.203 0.046 0.806 5.97E-04 -7.03E-03 5.88E-04 4.12E-04 -17.08 -80.26
0.752 0634 2.099 0302 0.202 0.047 0.799 6.15E-04 -6.99E-03 6.06E-04 3.94E-04 -17.74 -98.00
0.744 0627 2081 0301 0202 0.048 0.792 6.34E-04 -6.94E-03 6.25E-04 3.75E-04 -1850 -116.50
0.736 0.620 2.062 0.300 0.201 0.050 0.786 6.54E-04 -6.90E-03 6.44E-04 3.56E-04 -19.39 -135.89
0.728 0.613 2.044 0.300 0.200 0.051 0.779 6.75E-04 -6.85E-03 6.65E-04 3.35E-04 -20.43 -156.31
0720 0605 2.026 0.299  0.200 0.052 0.772 6.97E-04 -6.80E-03 6.86E-04 3.14E-04 -21.67 -177.98
0.712 0598 2.009 0.298 0.199 0.053 0.765 7.21E-04 -6.74E-03 7.09E-04 291E-04 -23.17 -201.15
0704 0591 1991 0297 0.198 0.054 0.758 7.45E-04 -6.68E-03 7.33E-04 2.67E-04 -25.03 -226.18
0.696 0584 1974 0296 0.197 0.056 0.752 7.71E-04 -6.62E-03 7.58E-04 242E-04 -27.38 -253.56
0.688 0576 1.956 0295 0.196 0.057 0.745 7.98E-04 -6.56E-03 7.85E-04 2.15E-04 -30.46 -284.02
0680 0569 1939 0.293 0.195 0.059 0.739 827E-04 -6.49E-03 813E-04 1.87E-04 -34.65 -318.68
0672 0561 1922 0.292 0.194 0.060 0.732 857E-04 -6.42E-03 842E-04 158E-04 -40.69 -359.37
0.664 0554 1905 0291 0.193 0.062 0.726 8.89E-04 -6.35E-03 8.73E-04 1.27E-04 -50.13 -409.49
0.656 0546 1.888 0.289 0.191 0.064 0.72 9.23E-04 -6.27E-03 9.06E-04 9.36E-05 -66.95 -476.45
0.648 0539 1871 0288 0.190 0.066 0.714 9.59E-04 -6.18E-03 9.41E-04 5.87E-05 -105.37 -581.82
0.640 0531 1855 0286 0.189 0.068 0.708 9.97E-04 -6.09E-03 9.78E-04 2.17E-05 -281.06 -862.87
WEFs on gt Foralst Az 2 g ez AA o =gl
Table 364 (D& Arjsioln Agae 2 Aok 714 A4E APSAANEE U
7 H(S, = 0.001) 5 1estoe] Fig. 49| Al =235, staztste #iHE oY 7He agiter ol
(13)49 g2 4o U Azl HZA 7t2FE AP RE FAE o2 ALt Uit (RS
of erdith AdsTbe T WPl YA 2004, SEA, 2001). Uelx) B8 M= Ml F
Q39 2%l FUEA B FUASAL AT A Fohe Axsh FA v 2=A%% A0
& Qe Aol Aot 4FBelN YaFe) FEPL %%%% g3k ot 127) B8 B3 50
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Fig. 5. 12 Flow profile of gradually varied flow.
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