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Study of thermal-hydraulic analyses with CIP method

Yoshihiro Doi*
Abstract

New type of numerical scheme CIP has been proposed for solving hyperbolic type equations and
the CIP is focused on as a less numerical diffusive scheme. C-CUP method with the CIP scheme is
adopted to numerical simulations that treat compressible and incompressible fluids, phase change
phenomena and Mixture fluids.

To evaluate applicabilities of the CIP scheme and C-CUP method for thermal hydraulic analyses
related to Fast Breeder Reactors (FBRs), the scheme and the method were reviewed. Feature of the
CIP scheme and procedure of the C-CUP method were presented.

The CIP scheme is used to solve linear hyperbolic type equations for advection term in basic
equations of fluids. Key issues of the scheme is that profile between grid points is described to
solve the equation by cubic polynomial and spatial derivatives of the polynomial. The scheme can
capture steep change of solution and suppress numerical error. In the C-CUP method, the basic
equations of fluids are divided into advection terms and the other terms. The advection terms is
solved with CIP scheme and the other terms is solved with difference method. The C-CUP method
is robust for numerical instability, but mass of fluid will be in unfair preservation with non-
conservative equations for fluids,

Numerical analyses with the CIP scheme and the C-CUP method has been performed for phase
change, mixture and moving object. These analyses are depend on characteristics of that the

scheme and the method are robust for steep change of density and useful for interface tracking.

* Thermalhydraulic Research Section, Advanced Technology Division, OEC, PNC
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