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ABSTRACTS

This paper describes a logic for selection of representative channel groups and a methodology for
determination of representative CANDU feeder dimensions and the pressure drops between inlet/outlet header and
JSuel channel in the primary loop. A code, MEDOC, was developed based on this logic and methodology and helps
perform a calculation of representative feeder dimensions for a selected channel group on the basis of feeder
geometry data (fluid volume. mass flow rate, loss factor) and given property data (pressure, quality, density) at
inlet/outlet header. The representative feeder dimensions calculated based on this methodology will be useful for
the engineering simulator for the CANDU type reactor.

1. INTRODUCTION

The CANDU-6 reactor consists of 380 fuel channels with corresponding inlet and outlet feeders connected
to the inlet and outlet headers. Transient thermohydraulic analysis of this geometry ideally requires that each
channel and associated inlet/outlet feeder should be modeled. However, for engineering simulator purposes, it is
neither practical nor necessary to model each individual channel, as several channels may be grouped together due
to their similar powers, flows, elevation, etc.. The challenge is to find an appropriate number of channel groups
with representative inlet’outlet feeder geometry for each group.

This paper presents a logic for the grouping of fuel channels and a methodology for the calculation of
representative feeder dimensions for a grouping of channels, and presents some sample results for a CANDU-6
core. The emphasis is on the grouping logic and the methodology rather than on any particular correlation
employed, or on the individual results obtained. In order to obtain representative feeder dimensions, certain criteria
are used for guidance. These include the need to have representative fluid volumes, feeder resistance or mass flow
rate, and channel elevation. A starting point is to group adjacent fuel channels on the basis of similar channel
power. Since some channels may have quite different feeder geometry, the grouping of channel needs to be
examined for any large deviations of feeder mass flow rate, fluid volume, etc. from the average for the group. The
pressure drop for each channel inlet and outlet feeder is obtained using a method similar to that in the NUCIRC [1]
code, but with some simplifving assumptions. For all of these purposes, a code MEDOC (Methodology for
Equivalent FeeDer GeOmetry Calculation) was developed as described below.

2. SELECTION OF CHANNEL GROUPS
The CANDU-6 core channels are divided into several groups based on channel power. A selected channel

power distribution is a time-average channel power using the 8-bundle shift fueling scheme shown in Wolsung Unit
3&4 PSAR of CANDU-6 [2]. Since the power distribution is symmetric, only half of 380 channels are considered.
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These channels can be divided into several groups based on the standard deviation of channel powers. These groups
are composed of adjacent channels. The channel group selection logic is as follows:

1)  For the first stage of grouping, define an initial value of multiplication factor of standard deviation (fsd).

2) Calculate average (X ) and standard deviation (}jx|[) of the channel powers (x;) for a group.

3) Divide a channel group into 3 groups based on the defined standard deviation range.

- If|xi- X | < (fsd) e |||, set groupl =x;.
- If|xi- X | >(fsd)e|lx, and x;- X > 0, set group2 = xi.
- Ifixi- X | >(fsd) e x|, and xi- X <0, set group3 =xi.

4) If the latter two cases above apply (i.e. the channel powers of a group in an arbitrary stage of grouping are
not within the range of standard deviation of the group), then define a new value of fsd (= fsd + dfsd), and
go to the next stage. Where dfsd is an increment of multiplication factor for the next stage of grouping.

5) Repeat 2) through 4), until all of the non-grouped channel powers are located within the range of standard
deviation of the newly divided group.

The tree structure of the grouping used in this logic is shown in figure 1. Based on this logic, standard
deviations of the representative parameters are calculated in each divided group. Among these values maximum
values of each representative parameter can be obtained. For several combinations of dfsd and the initial value of
fsd, maximum values are estimated and shown in table 1. In this table, the number of the channel groups for each
combination is also shown. As the values of fsd and dfsd increase, the number of channel groups decreases.
Among the several combinations of fsd and dfsd, as an example case, is chosen a combination of fsd=0.1 and
dfsd=1.0, which is shown as a highlighted row in table 1. The number of groups of this case is eight, and these
channel groups are shown in core map, as shown in figure2. As well as the number of channel per each group, the
average values and standard deviations (%) of representative parameters of each group are shown in table 2.
Actually, group number G7 and G8 are not channel group, but single channel itself.

3. CALCULATION OF AVERAGE FEEDER PRESSURE DROP

In order to calculate the average feeder pressure drop for each channel group, pressure drop was first
calculated for each channel feeder section, using an algorithm developed in the MEDOC code. The following
simplifying assumptions were employed: 1) bends and elbows are located in the section near the header of the
feeder; 2) pressure drop due to area change is considered in the section near the fuel channel of the feeder; 3) fluid
density and viscosity are functions of temperature only; 4) pressure drop due to gravity is neglected.

3.1 Inlet Header to E/F (Inlet Feeder)

Since the flow in a channel of the inlet feeder is liquid only, two-phase flow multiplier is assumed not to be
considered in the inlet feeder. The total pressure drop (APy,) for each feeder section is mainly composed of
frictional (AP¢;,), acceleration (AP, ;) and area change (AP.;,) pressure drop, neglecting gravitational pressure drop,
as follows:

APLin = APf.in - APa,in +APc,in [Pa] (l)
where
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where p. and p, are the density at exit and inlet position of each section of the feeder, and subscript 1 and 2 means
sectior: 1 and 2 of the inlet feeder (see figure 3). The pressure drop in the bends and elbows is included in the
frictional pressure drop through the loss factor K. The friction factor, f, is evaluated using the Colebrook correlation
[3] given by:

1 e'D 2.51
— =-2 log + = )
Vi 3.7 Re vf

where € is feeder roughness, D is feeder diameter and their units are [m], and Re is Reynolds number given by Re =
(4 m )(n uD).

In order to calculate total pressure drop of an inlet feeder, unknown pressures at position 2 and 3 (P, & P3)
are estimated based on the given inlet header pressure P,, and a constant fluid density p; dependent only upon the
inlet header temperature T,. The average pressure drop in a group of channels of the inlet feeder is obtained as
follows:

1 N
APuin = —I; Z APuin (l) [Pa] (6)
i=1

where AP,ix(i) is the pressure drop in each inlet feeder.

3.2 Outlet Header to E/F (Outlet Feeder)

Since the flow in the outlet feeder has some steam quality, a two-phase multiplier, ¢°, is used for pressure
drop calculation. The total pressure drop (APu..) for one channel in the outlet feeder is mainly composed of
frictional in straight pipe (AP:..). frictional in bends and elbows (APy.), acceleration (AP,..) and area change
(AP. ) pressure drop. neglecting gravitational pressure drop, as follows:

APM)ul = AP!’.oux & APb.oux - APa.cu: - APc,om [Pa] (7)
where
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where subscript e and i means exit and inlet position in each section of the outlet feeder, respectively (see figure 4).
Note that in Eq. (9) since L/D for elbows and bends are unknown, it is assumed to be much less than K, i.e. L/D «
K.

The two-phase flow multiplier for the outlet feeder is evaluated using the Fitzsimmons correlation [4]
given by:
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¢ (X.F) = 14065 (gry(X,P) - 1) (12)

where ¢§,m(i, P) is the Martinelli-Nelson two-phase multiplier[1]. The two-phase pressure drop multipliers in
bends and elbows for the outlet feeders are treated differently(1]:

#i(%P) =C[# &P (13)

where C and n are constants depending on the elbow or bend geometry. Typical values of C and n are 1.07 and
1.27.

In order to calculate total pressure drop in the outlet feeder, unknown pressures and steam qualities at
position 2 and 3 (P2, P3, X2,X;) are estimated iteratively, based on the pressure and quality (P,,x,) and the density
p1(P1,x1) at the outlet header, assuming that enthalpy change in the outlet feeder is negligibly small. The average
pressure drop in a group of channels of the outlet feeder is obtained as follows:

1 N .
APt out = —IG'ZIAPLOUC(I) (14)

where AP, ..(i) is the pressure drop in each outlet feeder.

4. DETERMINATION OF REPRESENTATIVE CANDU FEEDER DIMENSIONS

The equivalent feeder dimensions, i.e., a single equivalent diameter and length of the inlet and outlet
feeders in each channel group are derived based on the average parameters given in Table 2 above, using the
methodology described below:

4.1 Equivalent Inlet Feeder Diameter and Length ( Di.. Li. )

The pressure drop for a single equivalent diameter and length for each channel group is composed of
frictional and acceleration pressure drop,

- 4@ | [ Lo _ 41 ) } )
AP = |75 pr) | +Ra|* (757) Wes- Lol (19)
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where the average density, pi, = (pi+p;)/2, is estimated from the densities p, and p; at inlet header and fuel channel
inlet, respectively (in this case a constant). The equivalent feeder length, Li,, can be eliminated using the fluid
volume relation,

V(e

Vin = i D L« (16)
giving an expression:

f(Dw) = Ci Diy - C:Di, a7
where Ci= APuin 7" pu/(32 @° Vin),
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Also, friction factor f is related implicitly to Di, from the Colebrook correlation{4]:

1 £ /D 251
=-2 log[—& + —————,__} (18)
VE(Din) 3.7 Re yf(Din) »

where Re =4 m /(nz D). and z = (ui+p;)2. From above two equations, the two unknowns, namely, friction
factor f(Di,) and equivalent diameter D, are determined numerically. Finally, the equivalent length Li, was
evaluated from Eq. (16).

4.2 Equivalent Inlet Feeder Diameter and Length ( Dow. Low )

The single equivalent outlet feeder diameter and length for a channel group is determined by the same
method as that used for calculation of the equivalent inlet feeder diameter and length. Using the following three
equations for pressure drop, fluid volume and friction factor relations, the three unknown variables Doy, Low, and
f(Douw) can be evaluated: "

3
PP~ j_ Lout e
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where the average properties of quality( X), pressure(_ls) and density( pou.) are estimated from the values at the

positions of outlet header and fuel channel exit, such as: X = (x; + x3)/2; P - Py + P32, pou = (p1 = p3)2.
Therefore, the equivalent outlet feeder diameter and length are obtained based on the average properties for the
outlet feeder in each channel group.

3. RESULTS AND DISCUSSION

Based on the methodology discussed above, the equivalent feeder diameters and lengths obtained for each
channel group are shown in Table 3. In this table, the average pressure drop and the standard deviation for each
group are also summarized. Note that, in general. the higher power inner channels tend to have larger equivalent
diameter in both inlet and outlet feeders. The equivalent feeder lengths vary as they are largely dependent on the
location in the core. The average inlet pressure drop is much smaller than the outlet pressure drop. but the standard
deviations of each pressure drop show the reverse phenomena.

The average fuel channel exit quality for all channel groups is 2.88%, which is very close to the design
value of 3%. The average ratio of channel/mass flow rate for all channel groups is in the range of 238.3:5.2%. The
small deviation indicates that mass flow rate is proportional to channel power.

6. CONCLUSION



This paper mainly concentrated on the development of a channel grouping logic and a methodology for
calculating equivalent inlet and outlet feeder diameter and length of a selected group of channels in a CANDU
reactor core. The methodology includes an estimation of representative parameters (pressure, density, quality) at
the fuel channel inlet and exit, based on given conditions in the inlet/outlet headers.

The methodology was applied to a set of 8 channel groups in a symmetrical half-core, and the equivalent
feeder dimensions for all groups were calculated. The standard deviations of representative parameters for a
channel group were also calculated. The estimated representative feeder diameter and length will be useful for the
engineering simulator for a CANDU type reactor.
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TABLE 1 MAXIMUM VALUE OF STANDARD DEVIATIONS OF REPRESENTATIVE PARAMETERS AMONG THE
CHANNEL GROUPS FOR SEVERAL COMBINATIONS OF FSD AND DFSD
Jnial T Neaf | ,
V“}‘S‘j °f disd | Groups i ;6!5
0 68 134 339 133 631 612 39.0 34.2
0.1 0.5 20 62 6.7 6.4 41.0 453 37.5 26.4
1.0 8 1.7 12.0 1.7 416 36.0 322 25.2
0.0 60 14.9 36.2 35.6 51.0 46.0 37.6 39.6
0.1 41 3.9 5.3 45 45.6 475 30.7 30.2
07 0.5 14 8.0 8.1 79 43.7 40.2 35.7 30.5
1.0 7 12.8 13.1 13.0 43.6 408 333 25.0
0.0 37 5.9 7.1 5.9 43.5 45.7 39.3 31.6
01 31 5.9 7.1 5.9 43.1 424 36.0 26.4
05 0.5 11 9.9 10.1 10.0 439 36.2 334 252
1.0 7 13.9 13.7 14.2 41.9 37.3 34.1 25.4
0.0 27 8.9 10.3 8.7 317.8 59.4 46.5 30.6
0.1 20 8.9 10.3 8.7 44.8 16.9 35.7 30.6
07 0.5 10 10.1 10.9 10.5 442 36.9 332 29.0
1.0 6 13.6 13.7 13.8 44.0 6.9 13.2 25.3
0.0 8 1.8 13.1 1.6 41.0 39.2 37.6 32.8
0.1 8 1.8 13.1 11.6 475 18.2 197 23.6
H0 0.5 5 1.8 13.1 11.6 37.6 35.3 37.6 32.8
1.0 4 1.8 13.1 1.6 40.6 36.1 33.6 25.1
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TABLE2 AVERAGE VALUES AND STANDARD DEVIATIONS OF REPRESENTATIVE PARAMETERS OF EACH GROUP
- GutletLoss-

ai (+2.1) (+3.5) (22) (£29.7) (£26.5) (20.1) (+15.8)
) 4072 16.59 2.10 17.44 3435 044 194

52 +11.7) (+12.0) +11.7) (+41.6) (+35.7) (+31.8) (+23.7)
- 6593 2713 664 32.94 68.89 039 170

3 (+0.1) (£2.0) (10.3) (+5.4) (£4.0) (+4.6) (24.8)
- 5604 2349 562 2034 46.58 038 165

G (+4.6) (16.1) (£5.0) (129.9) (+36.0) (429.8) (+21.2)
5103 2151 515 2645 60.18 0.50 205

a3 (+1.7) (+5.0) (+1.4) (£6.3) (+3.6) (£6.3) (1.9)
: 3100 12.83 310 13.66 31.89 055 225

G6 (+3.8) (+4.5) (45.6) (+32.2) (135.7) (£32.2) (£25.2)
4925 20.89 4.99 17.06 29.44 0.32 1.60

67 (£0.0) (+0.0) (+0.0) . (£0.0) (+0.0) (+0.0) (10.0)
2548 1121 250 1835 3533 074 313

s (+0.0) (+0.0) (+0.0) (+0.0) (+0.0) (+0.0) (10.0)
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TABLE3 EQUIVALENT CANDU FEEDER GEOMETRY AND CHARACTERISTICS OF REPRESENTATIVE PARAMETERS
Gl 576 10.57 728 14.67 (A1 (353} g 237.5
o) 4.46 1118 5.93 12.43 é";i"g) é‘;;"‘:) (if ;) 2454
@3 6.81 9.04 731 16.42 ( i636?7) (izl;?l) (f; 31 ) 243.0
G4 5.01 10.33 6.84 12.69 (,2'_:;?);) (ig;g) (i(?;) 238.6
Gs 5.01 13.45 6.95 15.87 (?1?)'1 ) (i@g) (iﬁ) 2172
G6 1.88 11.57 535 14.18 (i;’g:;’) (zzlg:(')) é;’j) 2416
67 5.01 8.6 575 1,34 ('f(;'(f) (“fo'(f) (iég) 235.8
G8 3.88 15.51 4.89 18.83 (zf(f"(f) (4]07 '(‘)‘) (i:.?)) 2273
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