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Numerical Simulation of the Transfer Processes in the Nuclear Reactor Core.

Ebrahim Shirani, Ph.D. Asghar Esmaili, M.Sc.

Department of Mechanical Engineering
Esfahan University of Technology

ABSTRACT

The purpose of this paper is to present a technic fo write a computer program in
order to simulate the transfer processes in the nuclear reactor cores, which work with
fuel rods. The transfer processes considered herein are namely mass, momentum, and
energy transfers. Fission in the fuel rod elements produces a large amount of heat.
Due to the heat transfer, the fluid for cooling the fuel rods evaporates locally, by
moving along the fuel rods.

Complexity of the turbulent flow of the two phase fluid in the reactor core makes
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the analysis of the problem impossible. On the other hand, from the design point of
view, correct information of the flow characteristics and its different thermodynamic
parameters along the flow are of great importance.

- In this paper, first a mathematical model for the geometry of the problem (canal )is
introduced. Then the fluid equations consisting of the continuity equations for mass,
momentum, and energy is written and attempt has been made to solve these equations
numerically by taking into account the assumptions and models which have been
chosen. The important assumptions are, continuous flow, steadiness and homogeneity
of the fluid at each cross section of the computational canal, The models which are
used here consist of , a model for coefficient of friction, a model for coefficient of heat
transfer, a model for frictional head in the turbulent flow of the two phase fluid, and a
model for the homogeneity of the flow in each canal. Most of these models are based
on ideas introduced in the 1 and 2 references. The numerical analysis methods are the
advanced Euler method and the step by step method. A computer program has been
devised on the basis of the flow equations, the given assumptions and models, and the
above numerical method. The input data for this program consists of the geometry of
the reactor core, the distribution of the heat flux generated along and at the cross
section of the rods, the thermodynamic property and the transfer of the saturated
water, the temperature of the incoming water, the average incoming enthalpy, and the
outgoing pressure. The outgoing input consists of the pressure change, enthalpy, the
quality of the mixture of vapor and water, mass velocity, mass diameter, mass
diameter of the deviated transverse flow, and the heat flux into each canal. The head
computer program is so devised that it can analyze both the single phase and the
double phase flow.-

This program also takes into account the transfer of heat and momentum between
the canals which take place by the deviated transverse flow and the transverse flow
caused by turbulence.

This computer program has been used for a simple example and acceptable results
have been obtained.
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