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Abstract

A simple procedure is presented for compulation of flow
llirough gaps in an assembly of blocks. This procedure
enables cstimalion of bypass flows through the reflector of
a gas cooled nuclear reactor. The inclhod is based on a
simplified channel network representation of the gaps con-
figuration. Using a computer program the procedure was
applied for verification on an experimental model. The
results of the compulation were in good agreement with the
experimental data. A typical three dimensional model of a
gas cooled reflector WAS also computed.

Introduction

In a gas cooled reactor the heat is transferred from the
core lo heal exchanges by means of gas flow. The flow path
is designed to cool also the reflector. The reflector is usually
a construction made of accurately filled graphite blocks (Fig.
1). However, even in the best filled assembly, the gaps
between individual blocks enable gas flow in between the
blocks, driven by pressure difference. These multy-bypass
flows, may grow lo a considerable part of Ihc overall gas
flow, thus reducing the main flow ll\rough the core. Since
this may increase the temperatures in the core, it is important
lo be able to predict the mully-bypass flows in the early
design stage. The aim of this work is to suggest a simple
procedure for estimating these flows.

Fig. 1 - Gas flow in a lypical gas-cooled reactor

The principle of Ihc procedure is to model each gap as a
duct with known length and cross section. The whole "gap
maze" is simplified by modeling a finite nctworkof channels
connecting predefined nodes. A computer program was
written to calculate the flows and pressures in a network.

The model
The actual flow in the gaps between blocks is geo-

metrically complicated. Flows vary in directions and speeds.
Therefore, a realistic model of the overall complex is
impossible. Some individual palhcs may be isolated and
modelled by means of finite elements or finite difference
methods. Modelling (he whole construction, however, is not
only an immense work, it will probably be unpractical if not
impossible.

In order lo simplify tlic problem the following assump-
tions were introduced:

The entire structure can be assumed as having a finite
number of nodes which arc interconnected by a given number
of one dimensional ducts. Each duct is specified as having
a uniform cross section, an hydraulic diameter and a given
length. The nodes and the ducts form a network in which
the sum of the flows to each node is zero, and Ihc flow in
each duct is only in the longitudinal direction. For example,
fig. 2 shows a symmetric model of a two dimensional block
assembly.

Further principles of the simplified model arc:

a) Calculation of friction factors according to Reynolds
number, using empirical equations. Laminar and turbulent
flows arc considered with a transition Reynolds number of
4000.

b) Not more llian one duct may connect two individual
nodes.

c) A node can constrain it's pressure on another node
(master - slave). This enables the definition of symmetry
conditions.

d) Tlic flow-resistance of each duct is determined by its
dimensions and surface roughness. It is also possible lo
define a local resistance lo model sharp curvatures, transi-
tions etc.

c) The flow is of constant density. Although dealing
with gas flow at different pressures, it is reasonable loassumc
that the pressure drops arc much smaller then the absolute
working pressure.
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Fig. 2 - a symmetric model of a two dimensional block
assembly.

One can start the calculations by computing a simple
model. The results of this calculation may be used (o refine
tlic model step by step. After determining the main flow
paths it is possible to isolate them and compute them by more
accurate means. The parameters of the simple model can be
corrected accordingly. Individually isolated assemblies may
be constructed and tested for further adjustment. This
procedure can be carried on until reaching convergence.

Method of Solution

The method of solution is based on the scheme presented
in [I). For incompressible flow of a fluid from point / to
point j in an horizontal duct, the pressure drop is given by
Fanning or Darcy-Wcisbacli equation:

Here, / is (he dimcnsionlcss Moody friction factor, p

is the fluid density, fi, is the volumetric flow rate from point

; to point j in a duct with cross section area A, D,, is the

hydraulic diameter, L is the duct length, and AT is a
dimcnsionless loss coefficient for accounting local losses in
the duct such as bends. The value taken for the friction factor
/ depends on Reynolds number:

AH
(2)

with u. the dynamic viscosity of the fluid. For Laminar flow
(/?e<4000) f=(AIRe , and for Turbulent flow
(fo>4000) the Moody plot of the Colebrooke-While
correlation (which is a transcendental equation for f) should
be used. In the present work, an approximate explicit
equation for / (for Turbulent flow) [2] is used:

(3)

with E being the duct surface roughness. This equation is

generally within 0.5% of the Cokbrook-White equation.

Equation (1) may be written as:

(4)
with

(5)

in which the sign of Q:j is plus or minus for flow from i to
j or vice versa, respectively. In the following version of
equation (4), QVl will automatically have the correct sign:

(6)

At any node j , where the pressure is not specified, the
sum of tin flows from neighbouring nodes i that arc
connected, must be zero:

(7)

When applied at all nodes, equation (7) yields a system
of simultaneous equations in the unknown pressures. This
system is solved by the successive-substitution method [ 1 ].
Since (/>,-/>;) is more sensitive than {\p;—Pi\)m to vari-
ations in Pj , an appropriate recursive equation for calcu-
lating the pressures is:

in which

(8)

(9)

Equation (8) is applied repeatedly at all nodes until each

computed pressure p ; docs not change by more than a

specified value. The last estimated value of p, is always

used in (he right-hand side of (8).
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Aficr pressures aic converged, the volumetric flow rates
(or all ducts arc calculated usiny (0), along with respective
Reynolds numbers. Than a new set of c,; is calculated using

(3) anil (5). Tlic prevjous solution process for the pressures
is repealed, cacli lime with a better estimate of / for each
duel. T)ic whole computation is repeated until volumetric
flow rales converge. 1-ig. 3 is a flow chart of the computer
program which performs the computation.

Results
Some verification tests where performed by comparing

numerical results to a pipe network that was constructed and
tested. Results agree well with experimental lest.

A typical three dimensional model of a gas cooled
reflector was computed using llic described procedure.
Calculations were made on a symmetrical section in order
to evaluate (he overall flow llirough the gaps. The results
obtained agreed qualitatively with experimental data.
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Fig. 3 - A flow chart of the computer program
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