
A Wave Equation of Intermittent Flow with Sediment on Inclined Channel 
and Experimental and Observed Results 

 

Muneyuki Arai
1
, Johannes  Huebl 

2 
, Roland Kaitna 

2
 

1 Dept. of Civil Engineering, Meijo University, Japan 
2 University of Natural Resources and Life Sciences Vienna, Austria 

*Corresponding author. E-mail: arai@meijo-u.ac.jp 
 
1. INTRODUCTION 
 
Intermittent debris flows are known as viscous debris flow in China. However, lots of 
intermittent surges with sediment have been observed not only in China but also in the European 
Alps and elsewhere. It is often considered that these flows develop from hydraulic flow 
instabilities and evolve into distinct roll waves. The characteristic of such roll waves are not 
well understood. In this paper we derive a wave equation for flows with sediment in an inclined 
channel and successfully compare results with laboratory experiments and wave motion 
observed in the field. 
 
2. WAVE EQUATION 
 
2.1 Basic equations 
 Assuming compressive and non-rotational flow, Laplace equation is applied as governing 
equation, written as 
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where  is the velocity potential. 
Bottom condition is 
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Conservation condition of the flow surface is satisfied with the equation, 
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Finally, momentum and conservation equation of shallow water with sediments on an inclined 
channel are, respectively 
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where  is a momentum correction factor, R is the hydraulic radius and ′ is the friction 
factor. The flow is assumed to flow in a rectangular linear channel where depth is shallower 
than the width, with a constant friction factor f’ for mean depth and a momentum correction 
factor 1. 
 
2.2 Wave equation 
Using the perturbation method and the Gardner-Morikawa transformation, we obtained a 
wave equation as follows, 
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The parameter  of the G-M transformation represents the velocity in the moving 

coordinate system. This parameter  is generally defined as 	 cos  to obtain a 



wave equation. In this case, assuming G-M transformation parameter 	  , therefore  

1 , and equation (6) is simplified to 
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Equation (7), with boundary conditions 0 at 	, 	and	initial condition, 

, 0
,			 0

,			 0
 ,   

 is obtained  a solution as follows, 
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where  , ,			 √  ,  the amplitude and 2 l  non-dimensional period. 

 
3. DISCUSSION AND CONCLUSION 
 
Comparing this theory with observations in an experimental flume of 56m length, 10cm width, 
15cm depth and a smooth bed shows good results. Fig.1 depicts results of equation (8) and an 
experiments where mean depth was h0=1.07 cm, mean velocity u0=101.5 cm/s and solid 
concentration C=0.12 (solid particle: median diameter d50=0.6mm, density =1.41g/cm3). 
Some intermittent debris flows have been observed at Lattenbach-creek in Austria. A typical 
example of a wave observed at Lattenbach and a result of equation (8) are shown in Fig.2. These 

results indicate for wave equation to respond the phenomenon. 
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Fig. 1 An experimental  result and eq.(8)                      Fig. 2 An example wave of debris flow observed  

at Lattenbach and eq.(8) 


