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1. Introduction

In nuclear engineering, the best estimate plus
uncertainty approach is becoming more and more
standard approach of the nuclear safety analyses
globally. In general, 1-D thermal hydraulic system
analysis code simulates the system by dividing it into
arbitrarily determined nodes. The arbitrarily determined
nodes sometimes cannot effectively reflect sudden
changes or local extremal value. Although conventional
approaches to solve such problems are to divide the
system into more number of nodes, the computational
cost goes up and the time step is limited by the length of
the nodes as well for the semi-implicit time progress
schemes. Therefore, while maintaining reasonable
computational cost, the nodalization can be further
optimized to yield improved accuracy compared to the
user arbitrarily determined nodalization scheme. For a
large system that has many parameters governing the
system, i.e. nuclear system, gradient based optimization
using the adjoint method can be an efficient method for
this type of optimization.

In this paper, the authors would study the
applicability of the adjoint method for 1-D thermal
hydraulic system analysis code for getting the node
sensitivity needed for node optimization.

2. Methods

In this section, governing equations and discretized
equations of 1-D single-phase thermal hydraulic system
analysis code (NTS code) written in MATLAB by W.
W. Lee and J. I. Lee [1] are presented in section 2.1.
Applying the adjoint method to discretized governing
equations is presented in section 2.2. In section 2.3,
implementation process for the code is described.

2.1 Governing equations

NTS code is consisted of following three equations.
Continuity equation is Egq.1. Momentum and energy
equation are Eq.2 and Eq.3 respectively. The three
equations are solved for pressure, internal energy and
velocity in the code.
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Semi-implicitly discretized equations are Eq.4, Eq.5
and Eq.6.
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Above equations can be expressed in Eg.7 with
dependent variable vector set X and parameter vector P .
N(X,P)+S(P)=0 X=(P,v,U)
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2.2 Application of adjoint method to discretized
governing equations

When objective function as g~g(Xn+1,P) )

parameters i.e. node position as P . The sensitivity is
defined as Eq.9.
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In Eq.9, differentiating the discretized governing
equations with respect to the parameters, an approach
called discrete adjoint approach, is used. Discrete
adjoint approach is closely tied to the numerical
solution method, so it guarantees a duality with the
discretized governing equations and has a benefit that it
can be applied to the code directly.
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Eq.9 can be expressed with identity matrix | in Eq.10.
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Eq.12 shows that the node sensitivity can be obtained

with adjoint function A that satisfying Eqg.11. In other
words, adjoint method can get the node sensitivity by

bypassing the recalculation for XP .
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2.3 Implementation process for single-phase transient
analysis code

Fig. 1 shows algorithm of NTS code and Fig. 2 shows
an algorithm for node optimization. For node
optimization, adjoint module and optimization module
would be added into the code. Determining the
appropriate objective function and getting the sensitivity
are processed in adjoint module. Applying the
calculated sensitivity to the optimization is done in
optimization module.
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Fig. 1. Algorithm of single phase transient analysis code [1].
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Fig. 2. Algorithm for node optimization.
3. Further Works

Applying that to simple case of 1-D thermal hydraulic
system simulation and evaluating the node sensitivities
will be presented.
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