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Ringleb’s flow

 A particular flow where the fluid accelerates from subsonic to 
supersonic regime smoothly without any shock.

 Much useful to test the accuracy of an inviscid flow for both 
subsonic and supersonic flow as the exact solution is available. 

 Limited to gas flow with γ = 1.4, governed by Euler equations

 A good candidate for order of accuracy test on shallow water 
equations.



Ringleb’s flow

Ringleb Flow: A flow 
in a channel, being 
smoothly 
accelerated from 
subsonic to 
supersonic. The 
supersonic region 
can be adjusted by 
varying ψ



SWE

Ringleb’s flow – Euler derivation with 
SWE analogy
 Start with potential and stream equations,

 Introduce flow quantities, V and θ
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Equations to build up 
Ringleb’s flow domain



Ringleb’s flow – Euler derivation with 
SWE analogy
 The following equations are required to be implemented in Euler code to 

compute positions of boundary and exact solution.



SWE

Ringleb’s flow – Euler derivation with 
SWE analogy

Variables have been non-dimensionalized
by stagnation values



Ringleb’s flow

Preliminary results



Ringleb’s flow – Preliminary Results
Exact Solutions
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Exact Solutions

H (81 X 81 grid)

N scheme Entropy baseline
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Negative order 
of accuracy!



Ringleb’s flow – Preliminary Results

Error Contours at 1st iteration – N scheme
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Current proposals to resolve negative 
order of accuracy
 Double check the model with FV approach
 Inaccurate presentation of flow physics with Bernoulli equations?
 Incorporate hydraulic energy equation to SWE to preserve flow 

physics
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