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1. Introduction

A formulation for stream flow analysis based on the kinematic wave
equation and the weighted residual method is presented. The resulting
four point equation is analysed and compared with the Muskingum method.

2. Discretization by The Weighted Residual Method
The basic eguations for kinematic unsteady flow are,

continuity equation : 3Q/3x +3A /3t =q (1)
momentum eguation : A = ¢ QF (2)
q
Q : discharge, A : cross sectional area
t : time, x : distance, g : lateral
intflow per unit length, 7, P: constants Qsza
Considering a triangular cross sec-
tional channel as in Fig-1, I-1 Q
7=(n/o/sin 6 )% 4 X (8/5in6 )% and P=3/4 by ]
n:Manning's coefficient @:channel slope
d:angle between wetted sides cf channel Fig-1 Defintion sketch

Substituting equation (2) into equation (1) gives equation (3),

3Q/3X+)\3Q/3t=Q. lEdA/dQ:,rPQP—l (3)

Discretizing equation (3) using a shape function as in Fig-2 and
a weighting function as in Fig-3,

TQ + S$dQ/dt - @ = ¢ (4)

where § = | <A >%(Ax2/6+a hxo/3) <l>§(Ax:/3+al.\Xz/6)
A>3y (bxy/b+a bxs/3)  <A>3-i(Mxs/3ta bxs/6)
Oy (Axn/6+ @ hxn/3) <A DMy (Axe/3+ & Axn/6)

T= | (-1/2-a/2)(1/2+a /2) ® = <q>§(AX2/Z+‘anz/2)
(-1/2-a /2) (1/2+ a /2) <OR1 (Axn/2+ & Ax/2)
1 7
Wi=(x~x1-1)/bx, Wo=(l-a)X(x~xy-1)/Ax st
(x1-18x8xy) 1 (x7-18x8x1)
Wi=(x141-%) /X 141 ¥s= 0
. (X6§X§X1+1) a = (xxa=1, %a<x)
l:
(xx1-1, x142<x) 0£a Sl
i-1 1 i+l -1 )
Fig-2 Shape function Fig—-3 Weighting function

Here (2 )3., and (q) J-1 indicate average values for the subreach
having cross sections J-1 and J.
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Generally as time steps n and n+l are considered in equation (4),

for the second term of equation (4), dQ/dt = (Q**! - ¢

for the first term of equation (4}, = et 4+ (1-8)Q° (s)
)/At
B : weighting factor in relation to time

Substituting equation (5) into equation (4) will give equation (6)
(A>3 (Axa/ht) (1/6+a /3)+(-1/2-a /2)JQ3EE + [CADF-y(Axs/At) (1/3+a /6)+

B (1/-’l+a'/2)}Q"+l = [<A>3-2(hxa/Bt) (1/6+a /3)-{1- B)( 1/2-a/2)1Q3-y +

A (xa/A) (1/3+ 2 /6)-(1-8) (1/24a /2)]1Q3  + <@dF-1hxs(1/2+a /2) (6)

Equation (6) is rewritten as equation (7),
As-1Q3t: + BsQ3*Y = Cy (J=2,...... ,m) (n

Expressing it in the matrix form, the unknown vector X could be
found as follows,

X = N7'(R-MX1)

(8)
M= | A N = |B X = o"“ R= |0 X1 = [Qp*)
’ Az-1Bs .
0 An-1Ba Qi+ Coes

For an initial value of {( X )3-1 an approximation as in equation
(9) could be made and thereafter an iteration process could be car-
ried out to obtain accurate results.

CA23-1 = QA@EMII = A3 (9)

3. Relationship Between Parameters of The Weighting Function And The
Muskingum Model

1 (4a/(4a)l/3 = e (10)

eguation (6) could be rewriten as equation (11).

(B (Q3F1-Q3E1)+(1-8) (Q3-Q3-1) J/A%s + (CA>3-1/Mt) [6 (Q321-03-1) + (1-6)(Q372-03)]

= <Qd3 (1
Moreover for B =1/2, equation (12) is reduced to
Q3*! = €1Q3-1 + C203*% + C3Q3 + CokadF—1MXs az
where Ci = (2K6 +At)/(2K(1-6 )+ht) C2 = (-2K @ +At)/(2K (1~ 6 ) +At)
Ca = (2K(1-6)-At)/(2K(1-8)+At) Co = (24t)/(2K(1-6 ) +At)
+

X = AXJ/(}.)'}—;[, and Cy + Ca Cs =1

It is clear that eguation (12) is identical to the conventional
Muskingum-Cunge equation. As 0<a<l, from equation (10) it could be
clarified that the valid range of parameter € is between 1/3 and 1/2.

4. Conclusion
A 4- point equation is developed for kinematic stream flow routing.
A new range for the parameter 6 of the Muskingum equation is proposed.
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