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1. Introduction

In a prismatic gas-cooled reactor core, most of the
helium coolant flows through the coolant channels
within the fuel block and a small fraction of the coolant
bypasses the fuel block and flows through the bypass
gap or the control hole. There is no flow mixing among
these flows at the active region of the core except the
narrow space between horizontal faces of fuel blocks
(named crossflow gap). As like the previous CORONA
calculations [1], lots of preliminary design and core
survey calculations often neglected the crossflow effect
in the thermo-fluid analyses of a prismatic-gas cooled
reactor core [2]. In order to improve the accuracy of the
CORONA prediction, a one-dimensional fluid flow
network model has been implemented into the
CORONA code by the consideration of the crossflow.
This paper presents the theory of the adopted fluid flow
model and a validation result of the CORONA
prediction.

2. Theory

A fluid flow network model implemented into the
CORONA code is based on the pressure correction
method [3~5]. Fig. 1 shows the concept of node and
junction to derive the mathematical formulation for
arbitrary network of one-dimensional fluid flow.
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Fig. 1. Concept of node and junction for fluid network.

At first, the continuity equation is applied at a one-
dimensional fluid node (i) having arbitrary number of

initiating junction (I;) and terminating junction ( T;)
shown in Fig. 1(a).
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For a junction (j) having upstream fluid node (iuj) and

downstream fluid node (idj) shown in Fig 1(b), the
pressure drop relationship can be expressed as:
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The first step to solve Egs. (1) and (2) is to guess
pressures at all nodes. These values are treated as

preliminary values and donated by P . The correction
OP is defined as the difference between the correct

pressure field P and the guessed pressure field P .
P=P+&P 3)

Similarly, volumetric flow rate correction dQ and
density correction 5p are defined as:
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The density of gas can be obtained using the ideal gas
law.

Substitution of Egs. (3)~(6) into the momentum
equation (i.e., Eq. (2)) and neglecting the terms
involving products of corrections yield the following
equation for the volumetric flow rate correction.
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Finally, substitution of Egs. (4), (5) and (7) into the
continuity equation (i.e., Eg. (1)) yields the following
equation for the pressure correction.
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In the case of a single pipeline, Eq. (10) can be
solved with the tri-diagonal matrix algorithm (TDMA)
while sparse matrix techniques can be employed in the
case of complex flow networks.

With the known field of 6P, 6Q; can be obtained

using Eq. (7). Then new values for P, Q;, p; are

determined using Egs. (3), (4), and (6). The newly
updated values are now considered as the preliminary
values for the next iteration and the whole process is
repeated until the converged values are obtained.

3. Validation

In order to validate the one-dimensional fluid flow
network model implemented in CORONA, a crossflow
experimental data measured by Kaburaki and Takizuka
[6] was used. Fig. 2 shows the schematic of their
experimental apparatus. Four graphite blocks were
stacked up in a column (total height = 2.281 m) and
were surrounded by the steel shroud to simulate the
bypass gap (~1.2mm) between fuel columns. The
hexagonal fuel block has 12 coolant holes with 20 mm
in diameter. One artificial cross flow gap (~1 mm) was
created in the middle of the column to simulate a
crossflow gap between fuel blocks.
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Fig. 2. Schematic of Kaburaki and Takizuka experimental
apparatus for crossflow [6].

Fig. 3 shows the comparison of the CORONA
prediction results with the measured pressures. A good
agreement can be seen along the whole stacks. It means
that the described one-dimensional fluid flow model is
correctly implemented into the CORONA code and
enough to consider the crossflow gap effect.

4, Conclusions

In this work, the one-dimensional fluid flow network
model was implemented into the CORONA code and

the implementation was validated using the Kaburaki
and Takizuka experiment. Further verification study
using CFD results is presented in the companion paper
[8]. The verification and validation studies show that the
adopted model is efficient and accurate for the
prediction of fluid flow in a prismatic gas-cooled
reactor core.
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Fig. 3. Validation result of the CORONA calculation using
the fluid flow network model.
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