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Abstract

The relative magnitudes of the individual terms of the momentum equation are analyzed and compared by analytical methods.
The temporal variations of each term are analyzed for the influence factors to runoff expressed by the parameters of the momen-
tum equation, stream slopes and roughness coefficients. The magnitudes of local acceleration and convective acceleration offset
each other. The peak time of each term except the gravity term coincides with inflection point of the hydrograph rising limb each
other. The magnitudes of each term vary with the channel characteristics, especially when the roughness coefficients are dominant
or for the mild stream slopes the pressure term can not be negligible.
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Table 1. Range of the maximum and minium value by the stream slopes(n=0.08)

Local acceleration

section-1 section-5 section-10 section-15 section-20
3.021x1075~-9.892x10°° | 3.473x109~-9.521x10 | 4.084x105~-9.153x10 | 4.630x10°~-8.791x10 | 4.844x10°~-8.450x107®
1.000 | 1.000 1150 | 1.000 1352 | 1.000 1533 | 1.000 1603 | 1.000
1.647x1075~-4.812x107 | 2.079%105~-4.465x10° | 2.253x107~-4.090x100 | 2.457x10°~-3.792x10° | 2.604x107~-3.580x10
1000 | 0545 1262 | 0599 1368 | 0552 1492 | o331 1581 | 0538
€ 0.0001 1.231x105~-2.437x107 | 1.354x105~-2.261x10 | 1.397x10~-1.862x10 | 1.361x10~-9.490x1077 | 7.837x10°~-8.519x107
1.000 | 0407 109 | 03% 1135 | 034 1106 | 029 0637 | 0162
Convective acceleration
2.811x107~8.232x10° | -3.380x1079~7.925x 107 | -4.000x10°~7.684x10° | -4.313x10~7.225x107° | -4.516x10~7.280x107°
1000 | 1.000 1202 | 1.000 1423 | 1000 1534 | 1.000 1606 | 1000
-1.415x107~4.002x 107 | -1.863x10~3.724x 107 | -2.227x10~3.423%x10° | -2.124x10°~3.170x10° | -3.164x10~3.825x107
1000 | 0503 1317 | 0551 1574 | 0557 1501 | 0492 2236 | 0701
0,001 -1.026x10~9.826x107 | -1.135x10°~7.097x107 | -1.165x10°~7.241x107 | -1.149%x10°~8.132x107 | -1.109x10~9.962x107
' 1000 | 0365 1103 | 0336 1135 | 0201 120 | 0266 1081 | 0246
Pressure
-7.650x107°~2.043x1075 | -8.880x10~1.956x107 | -9.863x105~1.812x107 | -1.122x10~1.811x10 | -1.010x10~1.568x10
1.000 | 1.000 L6l | 1.000 1280 | 1.000 1467 | 1.000 1320 | 1.000
-2.780x107~8.269x 1075 | -3.195x104~7.518x 107 | -3.156x10~6.770x107 | -3.635x10~6.180x10 | -1.982x10~2.382x10
1000 | 3634 1149 | 3598 1135 | 3200 1308 | 3240 0713 | 1962
3 -4.045x107~9.389x 1075 | -4.155x104~7.997x 107 | -4.264x10%~5.992x107 | -4.174x10~3.659x10™ | -8.898x103~4.086x107°
§0.0001 000 | 5288 1027 | 4679 1054 | 4323 1032 | 3720 0220 | o088l
Friction
1.008x102~9.981x10 | 1.009%x102~9.982x107 | 1.010x102~9.983x107 | 1.011x102~9.983x107 | 1.010x10~9.985x10~
1000 | 1.000 1000 | 1.000 1000 | 1.000 1000 | 1.000 1000 | 1000
1.276x107~9.181x10™* | 1.317x1073~9.255x10™ | 1.315x1073~9.329x10™ | 1.360x103~9.388x10™* | 1.204x1073~9.761x10"*
1000 | 0127 1032 | 0131 1031 | 0130 1066 | 0135 0944 | 0.119
0,001 5.025x1074~6.082x10°¢ | 5.140x104~2.000x107 | 5.241x104~4.005x107 | 5.159x10~6.336x10™ | 1.902x10~9.582x10
' 1000 | 0.050 1023 | 0051 1043 | 0052 1027 | 0,051 0379 | 0019
AA 3 Qo). vpEEEke AAp) sl E FA3s] gl S Table 2. Percentages of peak values of the various sections
2ala glo], mpEEre PN tﬂﬂ-oﬂ )7 _5_]_ I ]ﬂ__%_g_ by the stream slopes (%)
< EI._ZI: 013 , /‘]Z_ ] U:}E]—-] ssltéfe)zrsn Terms sec-1 | sec-5 | sec-10 | sec-15 | sec-20
Sk Local 015 | 017 | 020 | 023 | 024
¥ 1& 255 0.0890, 3Pl mae ST Convective | 0.14 | 0.17 | 020 | 021 | 022
1*771-*7 i)\71-0 Ho= 57 © TA= _
;:]j_; o};ﬂ ;jcoﬂ ij;;j;ig] ]L;OT;] §=0.01 Prfess-ure 038 | 044 | 049 055] 050
Friction 49.86 | 49.83 | 49.80 | 49.77 | 49.77
TEAL $=0012 7IRESE $=0.0012% 000019142} A Gravity | 4947 | 4939 | 4931 | 4923 | 49.27
718 vlaste] WERHSI. tiA|R slddAlel dAIRte] 3t Local 064 | 078 084 | 089 | 1.06
=2 A Be dof AFgEmA)e] 71 gloy Bt Convective | 055 | 070 | 083 | 077 | 129
P2 2 g glo] YRR S Hodgrh SAVREES o) 5-0.001 | Pressure | 10.76 | 11.94 | 11.80 | 13.13 | 8.06
TN PP SRS TR @Ay} ot Friction 4937 | 4922 | 49.15 | 49.11 | 48.95
Zli °l°b‘r Aol ole} Riti= Hat ARl St Gravity 38.69 | 37.37 | 37.38 | 36.11 | 40.65
= SPIEAAPE Age] HFA O HIES sRTER Local 120 128 | 130] 129 1.97
UrE‘r‘ﬂl Aok, s PR Zte)e] Wsle vl o), 73 Convective | 1.00 | 1.08 | 1.08 | 1.09 | 2.79
AF &8t 0.0019) e tEdlo] BAIE: ¢S Axg $=0.0001| Pressure 39.29 | 39.41 | 39.62 | 39.44 | 22.35
2 HES XSk o, AApt ufg- a& 0.0001<] Friction 48.81 | 48.75 | 48.70 | 48.74 | 47.78
Ao walo] ZEHT} FEFlo] o] = u] 29 AR5} Gravity 971 | 948 | 929 | 945 | 25.12
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Fig. 5. Comparison of the various terms by the roughness coefficients
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Table 3. Range of the maximum and minium value by the roughness coefficients(s=0.001)

Local acceleration
section-1 section-5 section-10 section-15 section-20
o 3.485x107~ -1.135x107| 4.082x107~ ~1.098x10™ | 4.674x 10~ ~1.059% 107 | 4.851x10~ ~1.024x107 | 5.148x10"~ -9.877x10°°
n' 1000 | 1000 1171 | 1000 1341 | 1000 1392 | 1000 1477 | 1000
B 1.647x10°~ —4.812x10°|2.079x10°~ —4.465x10°° | 2.253x10°~ ~4.090x10°° | 2.457x10"~ -3.792x10° | 2.604x 10"~ -3.580x10™°
7= 008 00 | 0473 122 | 050 1368 | o042 1492 | 0506 1581 | 0506
o os 1.203x10°~ -3.190x10°| 1.437x107~ 2.822x10 | 1.720x 107~ -2.464x 10" | 1.862x10~ -2,199x10°| 1.577x10"~ 2.041x10°
' 1000 | 0345 1195 | 0332 1430 | 0368 1548 | 0384 1311 | 0306
Convective acceleration
o 3.273%1075 ~ 9.459%x109 =3.845x10°~9.153x 10" | -4.287x10~8.834x10%| -4.221x10~8.546x10° | -6.118x10°~9.821x10°
1000 | 1000 1175 | 1000 1310 | 1000 1290 | 1000 1869 | 1.000
008 —1.415%10~4.002x107| —1.860x10~3.724x10 | 2.227x10°~3.420x 10 | 2.124x10°~3.170x 10" | -3.164x1073~3.825%10°°
1000 | 0432 1314 | o044 1574 | 0519 1501 | 0503 2236 | 0517
B —1.035%105~2.634x10| —1.364x10~2.332x10° | =1.651x10°~2.050x 10 | =1.712x10°~1.843x10° | —1.925%103~2.227x10°°
=0 0 | 0316 1318 | 0355 1595 | 0385 1654 | 0406 1860 | 0315
Pressure
B —5.579x107~1.543%103 | -6.472x10~1.480x10 | =7.097x10°~ 1.410x107 | =7.272x10°~1.354x 107 | -4.948x105~8.317x10°°
e | 1.000 1160 | 1.000 1272 | 1.000 1303 | 1.000 0887 | 1000
~ —2.780x104~8.269x107| —3.195x104~7.518x103 | -3.156%104~6.770x107 | -3.635%104~6.180x107 | -1.982x104~2.382x10°
7= 008 00 | 498 1149 | 4937 1135 | 4447 1307 | 4999 0713 | 3973
B —5.338x10~1.791x10™*| 5.716x10~1.529x10™* | =6.020x 107~ 1.304x107* | —6.628x 10~ 1.128x10*| -3.126x10~3.406x107
7m0 T | 9568 1071 | 8832 1128 | 8482 1242 | 9.140 0586 | 6266
Friction
o0 1.055%1073~9.864x10* | 1.062x103~9.869x10™ | 1.067x10~9.875x10™* | 1.066x10°3~9.881x107* | 1.059x1073~9.921x10*
e 1000 | 1000 1007 | 1.000 o1 | 1.000 1010 | 1000 1004 | 1000
B 1.276x1073~9.181x10* | 1.317x103~9.255x10™ | 1.315x10~9.329x10™* | 1.360x10°~9.388x107* | 1.204x1073~9.761x10*
7= 008 00 | 1209 1032 | 1240 031 | 1232 1066 | 1276 0944 | 1137
oS 1.532x1073~8.213x10* | 1.570x103~8.475x10™* | 1.601x10~8.699x10™* | 1.661x10>~8.875x107* | 1.316x1073~9.659x10
' 1000 | 1452 1025 | 1478 1045 | 1501 1084 | 1558 0859 | 1243
Table 4. Average persentages of the various terms by the roughness coefficients (%)
Local Convective Pressure Friction Gravity Total
n=0.02 0.269 0.234 0.404 49.537 49.556 100
n=0.08 0.110 0.097 1.914 48.776 49.103 100
n=0.15 0.069 0.062 3.671 47.634 48.565 100
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Table 5. Percentages of peak values of the various sections by the roughness coefficients (%)

Roughness coefficients Terms sec-1 sec-5 sec-10 sec-15 sec-20
Local 1.60 1.85 2.10 2.18 232
Convective 1.50 1.74 1.92 1.89 2.75
§=0.02 Pressure 2.56 2.93 3.19 3.26 2.23
Friction 48.43 48.14 47.90 47.81 47.68
Gravity 4591 45.33 44.89 44.85 45.02
Local 0.64 0.78 0.84 0.89 1.06
Convective 0.55 0.70 0.83 0.77 1.29
§=0.08 Pressure 10.76 11.94 11.80 13.13 8.06
Friction 49.37 49.22 49.15 49.11 48.95
Gravity 38.69 37.37 37.38 36.11 40.65
Local 0.39 0.45 0.53 0.55 0.59
Convective 0.34 0.43 0.51 0.51 0.72
§=0.15 Pressure 17.29 18.03 18.60 19.73 11.74
Friction 49.61 49.53 49.46 49.44 49.41
Gravity 32.38 31.55 30.90 29.77 37.54
Table 6. Comparison of various terms with hydrograph peak time (unit ; hr)
Section §=0.001 n=0.02 §=10.001 n=0.08 §=0.01 n=0.15
1no. P'eak Local Conve- Pres- Reak Local Conve- Pres- P'eak Local Conve- | Pres-
time ctive sure time ctive sure time ctive sure
1 8 8 8 8 8 8 8 9 8 8 9
5 8 8 8 8 9 9 9 9 9 9 9 10
10 9 9 9 9 10 10 10 10 10 10 11 11
15 9 9 9 9 10 11 11 11 12 12 12 13
20 9 9 9 9 11 11 11 11 13 13 13 13
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Table 7. Percentages of peak values for the various sections
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Fig. 7. Magnitudes of the various terms by the inflow hydrograph patterns
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Table 8. Comparison of peak runoff for omitted momentum equation (unit ; m?/s)
2 terms omitted .
Full terms . . 3 terms omitted 3 terms/full
Pressure Friction Gravity
4.941 (9hr)
§=0.01, n=0.08 4.942 (9 hr) 4.947 (9 hr) 100.10%
0.06 4997  49.97(%)
4.650 (10)
§=0.001, n=0.08 4.648 (10) 5.160 (9) 111.02%
1.92 48.87 49.21(%)
2.885 (11)
§=0.0001, »=0.08 2.897 (11) 5.596 (14) 193.16%
21.93 33.59 44.48(%)
4910 (8)
§=0.001, n=0.02 4.904 (8) 4918 (9) 100.29%
041 49.78 49.81(%)
4.183 (12)
§=0.001, n=0.15 4.181 (12) 5.291 (11) 126.55%
3.65 4772 48.64(%)
5 4 2 e oS FARBKASH ARl vl AeE 4
Sick 2 Aol H8d skEsAe] wele 2uAS
£ =FolXe Saint Venantdg2o] SRRl -5Ug 4 0.02~0.15, 373734} 0.01~0.00010]H, dojxl A2 v}
% 23] JoH 21 spgekEel dislel sk e ok
=2 HuEAsilth. EdER 11}3*1 PRl Al
SEPIYAT Y] i () A dFriEe] Foi) =7ke Ae) fAlsd

Hstel] thsto] EAeRl o, &
146 s=enysisl=28, XA 35 2008 62



S2)9) o) gt TSl S ghol M 3]
£ 2% nolFn], A48 99l FERS A U
oSS HEA WA FERA P W
A WA Al QX5 gk

@ 337k wslel g SR 2ol Az
WSlE Avind, SAsh ool e Hnsh
HA)e] Zo] 2} AolA) o] qeige) At
Zo] 3} AMA g7 stel DA WS
2 9% gk,

() Z=ATE 255 S} chRTIsEDe] Aush 4
AAle] Fo| 3} Ao} A wive] L Wil
WS wolzn), QEEe TeAe 2l gt
7 Zolele W vdelge zeAtel 2 dBe

@) SEFPRA ARPS PARLS 49 FEH
2 BAIG AT SR BRG] A, 1
PYPE ADYS D ek, EEAT 2 skl
& AR 218 BolFa glov, hepd ¢

=
%
A s ZRARTL 2 A9 QR FASE
[e3]

®)

o] =S 20079 FEUsk StkedTAEA Y] A
H| 2o 2]le] AFE AL

2SS MM SE2EAlL]

o

o

P28

29, $EA, 25 (1996) 139 StVenant NG 0] 8
P s Skee] T4 54 4. e AEE =2y
22 A8}s], A293, A1Z, pp. 163-179.

8 (2006) BYPTEE HE

HAL, A5, PR (1994) BB SN weglE 5
RN AR Rl Azl A9l BEe
2815(X|, k=83, #2779, Al4%, pp. 123-133.

Chaudhry, M.H. (1993) Open-channel flow. Prentice Hall, N.J.

Chow, V.T., Maidment, D.R., and Mays, L.W. (1988) Applied
hydrology. McGraw-Hill.

Ciriani, T.A., Maione, U., and Wallis, J.R. (1977) Mathmatical mod-
els for surface water hydrology. John Wiley & Sons.

Harder, J.A. and Armacost, L.V. (1966) Wave propagation in rivers.
Report No. 1, Ser. 8, Hydraulic Engineering Laboratory, Uni-
versity of California, Berkely.

Henderson, F.M. (1966) Open channel flow. Macmillia, New York.

Iwasaki, T. (1967) Flood forcasting in the river Kitakami. Proc.
International Hydrology Symposium. Fort Colins, Colorado.
Vol. 1, pp. 424-441.

Ponce, VM, Li, RM., and Simons, D.B. (1978) Applicability of
kinematic and diffusion models. Journal of Hydraulic Engineer-
ing, ASCE, Vol. 104, No. 3, pp. 353-360.

Schaake, J.C. (1965) Synthesis of inlet hydrographs, Ph.D. disserta-
tion, Johns Hopkins University.

Weimann, P.E., and Laurenson, EM. (1979) Approximate flood
routing methods: A review. Journal of Hydraulic Engineering,
ASCE, Vol. 105, No. 12, pp. 1521-1536.

>

O =5H4Y 2008 042 17¥
O AAIEY : 20083 04¥ 17Y
O A e ;20083 05€ 26Y

147



