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Friction Factor of Rectangular Open Channel Flow
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Abstract

The present paper discusses the traditional empirical equations of friction factor or cross—sectional mean ve-
locity of open channel flow and suggests the new form of friction factor equation. Dimensional analysis is
conducted for the possible forms of traditional empirical equations in order to satisfy the dimensional equali-
ty, and new forms of empirical equations are presented with introducing equivalent roughness height. Con-
sidering the distribution of friction factor against Reynolds number which has a similar characteristics to
that of smooth turbulent flow in circular pipe, the friction factor equation of rectangular open channel flow
is developed by modifying the friction factor equation of circular pipe flow for the region of smooth turbu-
lent flow. The equations including the dimensionally—corrected empirical equations are tested against Bazin's
laboratory experiments.
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7 5 Planked Wood
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[#¥4:G-K;(13), Man.;(4), H-8;(7), M-Y;(8), B-Y;(12), Yoo0;(23)]

B 2. Bazin 28| # &3t 73 HfE AP ETY v

(a) Series 2; Slope=0.00506, Pure Cement

(b) Series 4; Slope

0.00221, Planked Wood

Obs. GK Man. H-S M-Y B-Y Yoo Obs. G-K Man. H-S M-Y B-Y Yoo
n. Cy or ks(em) 00105 2300 050 050 050 0.50 1, Cy or ks(mn) 00122 19.20 300 300 300 3.0
H(mm) 0.013 0031 3.2 H(mm) a 0010 0020 3.2
51.100 1018 0915 1070 0954 0909 1.069 1.041 73.400 0635 0652 0733 0680 0628 0677 0.701
76.700 1338 1.240 1363 1.250 1233 1370 1.329 110,900 0819  0.886 0935 0895 0855 0898 0.905
98.000 1537 1482 1575 1472 1481 1586 1.539 138,400 0962 1.041 1065 1.037 1010 1041 1.037
114,200 1731 1.653 1723 1630 1662 1736 1.686 160.800 1076 1158 1163 1146 1130 1149 1.137
131.000 1853 1821 1.868 1786 1.842 1881 1830 183.200 1151 1270 12556 1.250 1.246 1.250 1.231
144.400 1.984 1949 1.977 1906 1981 1,990 1938 197.100 1250 1337 1310 1313 1316 1310 1.287
157.600 2081 2071 2081 2021 2116 2094 2042 214.400 1324 1417 1376 1388 1402 1383 1.355
169.700 2171 2179 2174 2123 2236 2185 2134 231.400 1374 1494 1439 1461 1485 1451 1419
181.500 2258 2282 2261 2220 2352 2270 2221 244.000 1440 1549 1485 1513 1545 1501 1.466
192.700 2326 2377 2341 2311 2460 2349 2301 258.100 1487 1610 1534 1571 1611 1555 1546
202.500 2397 2458 2410 2388 2553 2417 2369 268.300 1552 1.653 1570 1612 1.659 1593 1552
212,500 2460 2539 2479 2466 2647 2484 2438 280.900 1587 1705 1613 1662 1717 1.640 1.596
Abs. Error of Vel. 0032 0011 0032 0046 0014 0015 L Abs. Error of Vel, 0074 0066 0062 0061 0057 0044
(¢) Series 5; Slope = 0.00484, Planked Wood (d) Series 6; Slope = 0.00816, Planked Wood
Obs. G-K_ Man. H-S MY BY Yoo Obs. G-K Man. HS M-Y BY Yoo
n, Cy or ks(am) 00122 1920 300 300 300 300 n, Cy or ks(mn) 0.0122 1920 300 300 300 3.00
H(mm) 0010 0020 32 H(mm) @ 0010 0020 3.2
57.100 0.826 0799 0933 0.850 0769 0839 0.937 44.500 1074 0856 1043 0935 0828 0911 1.081
82.900 1127 1061 1165 1090 1016 1089 1179 70.200 1348 1217 1371 1267 1165 1261 1431
104,300 1325 1258 1334 1270 1208 1274 1.357 88.200 1504 1445 1570 1475 1383 1476 1.645
122,500 1479 1414 1466 1413 1362 1419 1.497 104.300 1776 1636 1732 1649 1568 1655 1.822
138.400 1612 1544 1575 1533 1493 1539 L1612 119.700 1902 1.808 1878 1.808 1739 1815 1.981
153.700 1711 1.664 1674 1644 1615 1649 1718 131,000 2053 1930 1.980 1920 1.861 1928 2.092
166.500 1.808 1761 1755 1734 1715 1737 1.804 142,100 2186 2046 2077 2027 1978 2034 2198
178.900 1.898 1852 1.830 1819 1810 1820 1.884 154,400 2268 2170 2181 2142 2105 2148 2311
191.000 1.967 1939 1901 1900 1901 1899 1.960 164.800 2357 2273 2265 2237 2210 2242 2403
201.600 2045 2013 1963 1970 1980 1966 2.025 174.700 2447 2368 2344 2326 2309 2328 2489
212500 2102 2088 2024 2040 2059 2033 2090 184.000 2518 2456 2416 2408 2401 2407 2568
221.800 2179 2150 2076 2100 2126 2089 2145 191.800 2612 2528 2476 2475 2477 2473 2633
Abs. Error of Vel. 0.030 0037 0038 0056 0036 0022 Abs, Error of Vel. 0068 0033 0065 0098 0065 0023
(e) Series 7; Slope = 0.00502, Bricks
Obs. G-K Man. H-S MY B-Y Yoo
n, Cy or ks(mm) 00122 1920 300 300 300 3.00
H(m) a 0010 0020 3.2
58.600 0.839 0764 0.896 0840 0743 0818 0.874
86.400 1117 1.028 1128 1088 00994 1080 1116
111.600 1274 1245 1311 1200 1205 1290 1.309
128.900 1440 1383 1427 1420 1342 1424 1431
146.700 1555 1519 1539 1548 1479 1554 1551
164.800 1626 1652 1648 1673 1614 1680 1.666
177.200 1731 1739 1719 1756 1704 1763 1.742
189.200 1831 1822 1786 1.834¢ 1790 1.841 1814
203.400 1.874 1917 1.864 1925 1890 1.931 1.89%
212500 1973 1976 1912 1982 1953 1987 1948
225.600 2012 2060 1.980 2063 2042 2066 2020
237.200 2047 2133 2040 2133 2121 2134 2083
Abs. Error of Vel. 0031 0019 0017 0043 0021 0014

284 F2WR 19954 45
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