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SHOCK FRONT IN KINEMATIC WAVE ROUTING
OF ONE-DIMENSIONAL OVERLAND FLOW

By Kunio Tomosucl and Yasuo ISHIHARA

Synopsis

As a part of fundamental studies approaching to the effect estimation problems of
nonuniformity of input and field in runoff analysis, properties of shock front in kinematic
wave routing of one-dimensional overland flow, especially the locus in time-space plane,
water depths in the front and the occurrence conditions are analytically investigated using
the characteristic method and law of mass conservation after normalization of variables for
the following three model cases; A. given stepwise downwards decreasing distribution of
input(effective rainfall) on a physically uniform slope, B. given rainy-area moving downwards
in a constant speed on a physically uniform slope, and C. given exponent-type downwards
decreasing distribution of input and/or flow-coefficient (a in g=ah™).

The general equations of locus and depth of front and the occurrence conditions are
obtained for the case A and B, but only the sufficient conditions of non-occurrence of
shock are obtained for the case C. Some these results could play the role of checking
or improvement of some numerical methods for shock wave computation, too.
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Table 1 Main variables and their symbolization and normalization

variables & symbols

normalizers & symbols

normalized variables

time; ¢

rainfall duration; D

t=t/D (for all Cases)

water depth; &

spatially averaged effective
rainfall amount; R

W=h/R (R=R in Case B)

effective rainfall
intensity ; »

average of r; R/D

r’=rD/R

flow-coefficient ; a

average of a; a

a’'=a/a (for Case C)

flow rate per unit
width of slope; ¢

a-R~"

¢'=q/(a*R")

distance along

slope length; L

2’ =x/L

Slope; x or aR*1.D x":x/(aRu—l . D)
xz-directional speed a« Rt w'=U/(a~ R*1) or 5
of rainy area; U or L/D v=L/(UD) (for Case B)
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=0 (otherwise)
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Fig. 6 Example of the shock front loci designated Fy-1, 2’ and 3.
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Fig. 16 Example of the normalized frontal depths at normalized distance
on slope corresponding to Fig. 14.
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Fig. 17 Relation between m and #,,,..
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Fig. 18 Domains of no-shock (normal) and shocks S-1, 2, 2/, 3 and 3’ as m=5/3
(Manning’s law) in log w-log » plane.
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Fig. 19 Illustration of condition of Fig. 20 Tllusration of the sufficient
no-shock, i. e. no-crossing condition of no-shock as
of characteristics. m fixed (each rightangled

triangle including three
sides), and examples of the
necessary one for m=2.
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