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Abstract

The objective of this study is to conduct a thermal-hydraulic analysis on the spent fuel pool and
to evaluate a parametric effect for the thermal-hydraulic analysis of spent fuel pool. The selected
parameters are the Reynolds Number and the gap flow through the water gap between fuel cell
and fuel bundle.

The simplified flow network for a path of fuel cells is used to analyze the natural circulation
phenomenon. In the flow network analysis, the pressure drop for each assembly from the entrance
of the fuel rack to the exit of the fuel assembly is balanced by the driving head due to the density
difference between the pool fluid and the average fluid in each spent fuel assembly. The governing
equations were developed using this relation. But, since the parameters(flow rate, pressure loss
coefficient, decay heat, density)are coupled each other, iteration method is used to obtain the sol-
ution. For the analysis of the YGN 3&4 spent fuel rack, 12 channels are considered and the inputs
such as decay heat and pressure loss coefficient are determined conservatively.

The results show the thermal-hydraulic characteristics(void fraction, density, boiling heightlof the
YGN 3&4 spent fuel rack. There occurs small amount of boiling in the cells. Fuel cladding tem-
perature is lower than 343. 3°C. The evaluation of parametric effect indicates that flow resistances
by geometric effect are very sensitive to Reynolds number in the transition region and the gap flow
is negligible because of the larger flow resistance in the gap flow path than in the fuel bundle.
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1. Introduction

The storage of spent fuel from nuclear power
reactors has recently been a major concerns. In
1977, Battelle-Pacific Northwest Laboratories issued
a report included a survey of US.A and Canadian
spent fuel storage experiences'-?. There has been no
evidence that the fuel has been degraded during
pool storage, based principally on visual observations
and radiation monitoring of pool air and water.
Perceptions regarding the status of the stored spent
fuel are based on visual observations during fuel
handling operations and on visible portions of the
bundles during storage.

The principal goal in the design of underwater
storage systems is assuring removal of heat
generated in the spent fuel by radioactivity decay.
The methods used to provide cooling for the re-
moval of decay heat from the stored assemblies vary
from plant to plant depending upon the design. The
safety function to be performed by the system in all
cases are the same: that is, the spent fue] assemblies
must be cooled and must remain covered with water
during all storage conditions.

The adequacy of natural conwection is assured
through thermal-hydraulic analyses involving the heat
output from the spent fuel, the hydraulic resistance
in various parallel flow paths of the fuel bundles, and

flow resistance encountered by water circulating
through the supporting structure and the orifices in-
corporated in the structure to achieve suitably
balanced flow in a partially-filled storage array®.

If spent fuel storage facilities are not located within
the primary reactor containment or provided with ad-
equate protective features, radioactive materials could
be released to the environments as a result of either
loss of water from the storage pool or mechanical
damage to fuel within the pool. Regulatory guidance
for the storage rack at nuclear reactors is based on
Regulatory Guide 1.13"* and 10 CFR 50"

From the SRP(NUREG-0800)®, the spent fuel
assemnblies must be cooled and must remain covered
with water during all storage conditions. Practically,
the thermal-hydraulic criteria for the spent fuel rack
design are defined as follows™ :

The spent fuel pool stroage racks are designed to
prevent extensive bulk boiling in the racks as well as
maintain fuel caldding temperature well below 343.
3°C.

Figures 1 and 2 represent the YGN 3&4 spent
fuel stroage rack assembly which consists of nine in-
dividual spent fuel stroage rack modules arranged in
the spent fuel storage pool®. The spent fuel is
covered with 7.32 meters of water above the fuel
racks in the normal condition.

The spent fuel storage racks are designed for the
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Fig. 2. Typical Cell in the YGN 3&4 Spent Fuel Rack
(dimensions in cm)

minimum storage of 10 years of discharged fuel
assemblies plus one full core of fuel assemblies. Nine
10 x 12 modules having a usable total capacity 678
fuel assemblies are provided. The spent fuel storage
area is divided into two regions;Region 1 is
composed of 246 cavities in a 50% dense storage
configuration, the freshly discharged spent fuels are
stored in this region;Region 2 is composed of 432

cavities in a 75% dense storage configuration, the
depleted spent fuels are stored in this region. Cool-
ant from the spent fuel pool enters horizontally at
the bottom region of the spent fuel stroage rack and
proceeds towards the remotest assembly. At each
fuel cell, part of the horizontal flow tums and flows
vertically through the spent fuel assembly stored
there.

Driving head for the flow is supplied by the differ-
ence between the pool fluid density and the average
fluid density in each spent fuel assembly. The con-
vective flow rate is determined by balancing the driv-
ing force and pressure loss due to the flow resistance
along the flow path.

The convective flow rate is determined by balanc-
ing the driving force and pressure loss due to the
flow resistance using the iteraﬁon method. First, the
convective flow rate is assumed. The enthalpy at the
exit of the fuel assemblies is calculated based on the
spent fuel decay heat. Driving force is calculated
based on the difference between the pool fluid den-
sity and. average fluid density in each spent fuel as-
sembly. Using the assumed convection flow rate,
pressure loss along the flow path can be calculated
and compared with driving force. The convective
flow rate is adjusted by comparison of driving force
and pressure loss. Fuel cladding temperature is
calculated by water temperature and flow rate deter-
mined above.

The important parameters for the thermal-hy-
draulic analysis are the heat generation rate in the
hottest spent fuel assembly, inlet temperature at the
bottom of the rack and the flow resistance in the sys-
tem. Particularly, the flow resistances by the geo-
metric effect are very sensitive to Reynolds number in
the transition region (laminar—turbulent). Therefore,
in this paper, this effect on the spent fuel rack ther-
mal-hydraulic analysis is studied.

The objective of this study is firstly to perform the
thermal-hydraulic analysis of the YGN 3&4 spent
fuel assemblies in the pool and to evaluate a para-
metric effect of the flow resistances.
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2. Flow Network Analysis

To perform the thermal-hydraulic analysis, the flow
network has been dewloped for a path of fuel cells,
leading to the remotest assembly in the racks.(Fig.3)
Each wvertical line represents a fuel cell. The last cell
represents the remotest assembly in the rack (located
at the center of the rack).

From the Fig.1, 12th cell, being farthest from the
pool wall, is the hottest in the region 1. Coolant
reaching this cell experiences the greatest resistance
in the flow circulation loop, therefore, the coolant in
this cell must be the hottest to create the largest den-
sity difference to overcome this resistance and drive
flow to this assembly. Thus, 12 cells are considered
in this analysis.

In the flow network analysis, for each assembly,
the pressure drop from the entrance of the fuel rack
to the exit from the fuel assembly is balanced by the
driving head which is a function of the spent fuel as-
sembly flow rate and the assembly heat generation
rate. The equations for the flow network are as

follows :
APy, = AP, + Ledpo - ;(@Q1,Wh)]

= [WiRA * W%Rm(Q\le)]/ng + APy (1)

AP; = AP, + Lo, - p20Q2,W2)]
= [WiRa + (Wo - Wi)R.
+ WiRm(Q2, W)V 2ge + APy (2)
A1:)i = APp + Lc{ao - DI(Q:'.W'.‘)]

i-1 K
= [WiRa + ?:;[(Wo - ;Wj)Z]Rc

+ WIRp(Q:\,Wd2g: + APq4 (3)

AP = APy + Lelpo ~ 00(Q, W]
L K
= (WiRa + E[(Wo - ;Wj)zli?c
¢ WiRw(Qr Wil 2ge + ary @A)

WL = W, - ﬁw, (5)
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where,

AP, :pressure loss across each cell

L. :length of the cell

Po :average density of the pool water in
the downcomer

o; :average density of the coolant in
each cell

W, :flow rate through the downcomer
entering the first cell

W  :flow rate in each cell

W, :flow rate in the last cell

Q : heat generation rate in each cell
R,  :total resistance at the entrance of the
first cell

R :total cell resistance

R, :bottom cell resistance in the flow
path under the cells

a :gravitational constant

AP, :pressure drop through downcomer

AP, :pressure rise due to circulating pump

The parameters p, and Ry are determined by heat
generation rate and flow rate of each cell. Changes
in Q, W, will vary the density and cell resistances for
each cell.

For single phase flow, the average density in the
active portion of the fuel assembly is the arithmetic
average of the densities corresponding to the bottom
and top of the active fuel. For two phase flow, the
average density is the arithmetic average of the aver-
age density in the non-boiling height and the boiling
height.

The evaluation of the average density is based
upon the heat generation rate in the assemnbly, the
cell flow rate, the inlet temperature and the pressure
in the pool. The pressure in the pool is basically con-
trolled by the height of the water in the pool and the
average density of the pool. The pressure rise due to
the pumps in this study is neglected. This assump-
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tion will add conservatism to the results because the
flow rates will be smaller in the cells.

There are (L + 1) equations and (L+ 1) unknowns
{(W,, W, -, Wy). These (L+1) equations are solved
simultaneously. Given the heat generation rate and
dimensions of the system, the water flow rate
induced by natural circulation can be calculated
using theoretical or empirical flow resistance
coefficients.

3. Evaluation of Flow Network Equations

3.1. Average density in each cell

Assume that the inlet temperature(T,)is 65.6°C
and the flow rate(W)is 0.572kg/sec, then the en-
thalpy at the inlet of cell is determined from the
steam table® at 206.8kN/m?, the assumed pressure
at the inlet of cell.

hy=274.5 (kJ/kg)
The enthalpy at the exit of active fuel bundle, he, is
determined using the heat generation rate;

he =hy+ Q/W=490.3 (kJ/kg)

Q is the maximum spent fuel bundle heat generation
rate at the minimum of 3 days after shutdown(ap-
pendix B).

For the case of boiling in the cell the following
relations are used;the average density in the
non-boiling height g,

pw=( po+ pu )/2 (6)

where,
oo density at the inlet of the cell

pu:density at the beginning of the boiling
height at saturated condition
the average density in the boiling height, ps

Ps={ pPai * pu }/2 (7)

where,
pee:density at the exit of the boiling height

end of active fuel
Poe = (1-Q)Pre* TPy (8)

o density of saturated liquid at the exit of
the active fuel
pe-density of saturated vapor at the exit of

the active fuel
a,:void fraction at the exit of active fuel with

an assumed slip ratio of 4%

Xe (1/8) (pte /Py )
2. = (9)
[ (I-x)*{xa(1/8) (P 1a/ Pga)}}

X :exit qualityl = (hge —he)/hs)
hg. : enthalpy at boiling exit

hy, :saturated liquid enthalpy at boiling exit
h& :l'he —hle
s :slip ratio

Assume the pressure at the exit of active fuel
bundle, P.=1724(kN/m?), then, from above
relations, X.=0.0024, a, =0.367

o8 =599.38 {kg/m®)

To estimate the non-boiling and boiling height in
the fuel bundle, assume enthalpy increases linearly
up to the channel. Since enthalpy and density of
saturated water at 1724(kN/m?®) are 485.0(kd/kg)
and 9463 (kg/m?), we can obtain Lve=3.72 (m)
Le=3.65(m)

Thus, from equations (6) and (7},

The density above the fuel bundle in the rack is

assumed to be same as pg, since no heat is added in

this region.
Therefore, the average density in the cell is
pwle *+ Pz + palr
pc = (10)

L +Ls + Ly
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where, L; is the length above the active fuel in the
rack.
From the equation (10}, p. =907.32(kg/m3)

To calculate the average density of water above
the racks, the average cell flow rate from all the cells
in the rack is needed. Since it is difficult to deter-
mine the average flow rate for all cells, an average
cell flow rate is assumed based on the previous spent
fuel rack calculations.

Assume W, =0.544(kg/sec), P =1655(kN/m?
and using average bundle heat generation rate 10.38
kW,

h=ho+Q/w=293 4(kJ/kg)
then, the average density above the rack in the pool,
prr=977.89(kg/m’)
Thus, the average density in the pool is,

Pwlis + pola + Prlr +onlm

Pp = (11)
Lw + La + Ly + Lir

where Ly is the length above the rack in the spent
fuel pool. Using equation (11), p, =951.22(kg/m?)

The pressure in the pool is basically controlled by
the height of the water in the pool and the average
density in the pool. Thus, the pressure increases as a
function of depth according to the following formula,

P(Y) = 101.35 + gX p, XY/1000 (12)
where,

Fig. 3. Flow Network
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Y :the depth of water above the point
where the pressure is being calc-
ulated, meter

p, :average pool density, kg/m’

P{Y) : pressure at depth Y, kN/m?

g  :gravitational constant

The above procedure is repeated until the average
density in the pool is the same as that recalculated
after iteration. In this case, the final average density
in the pool is 949.94(kg/m?).

Using the above pressure equation and steam
tables, saturated enthalpy curves are plotted as a
function of distance from the bottom of the active
core in Fig4. From this figure the boiling height and
non-boiling height are estimated by knowing the en-
thalpy at the inlet of the celi and the enthalpy at any
point in the spent fuel. A line is drawn from the inlet
and any point enthalpy in the active core to deter-
mine the intersection with the saturated enthalpy
curve in Fig.4. This intersection represents the begin-
ning of the boiling section in the active region of the
cell.

Stort

418.7 - of boiling

372.2 4

325.6 1

Saturated Enthalpy (kJ/kg)

Y T T T
0 0.76 1.52 229 3.05 3.81

Distance from Bottom Active Core (meter)

Fig. 4. Saturated Enthalpy vs. Distance
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3.2. Flow resistance in each cell

Along the flow path, pressure drop occurs by fric-
(geometric effect). Fig5

represents a schematic diagram of the flow path in

tion loss, form loss

the spent fuel cell showing the location of what is
termed cell station. In proceeding station 1 to station
8, one follows the coolant flow path through the
spent fuel cell. Regions used in the pressure loss
calculations are identified by the use of the station
numbers representing the limits of the region.

Hydraulic calculations use the dimensionless coef-
ficient -of fluid resistance, which conveniently has the
same value in dynamically similar flows, that is, flows
over geometrically similar regions and with equal
Reynolds numbers or other pertinent similarity cri-
teria, irrespective of the kind of fluid or the flow vel-
ocity and dimensions of the segments being
calculated.

Expressions used for frictional and geometric
pressure losses are taken from the literature!!!1%,
They are based on the use of standard pressure loss
correlations for frictional and geometric losses {(con-
traction, expansion and orifice losses). Flow
resistances are determined for laminar, turbulent and
boiling condition.

The pressure loss by the geometric effect in a flow
region is in all cases a function of the configuration,
directly or indirectly;indirectly in that it is flow de-
pendent and this flow depends on geomeitry; directly
in that pressure loss coefficients vary with configur-
ation and direction of flow. These are caused by the
following: local disturbances of the flow, separation
of flow from the walls and the formation of vortices
and strong turbulent agitation of the flow at places
where the configuration of the pipeline changes or
fluid streams meet or flow past obstruction(entrance
of a fluid into the pipeline, expansion, contraction,
bending and branching of the flow, flow through
orifices, grids or valves, etc.).

In practice, the effect of the Reynolds number on
the geometric loss is mainly evident at its small

values(Re < 1001112 When Re ) 10, the geometric
loss coefficients may nearly always be assumed inde-
pendent of the value of Reynolds number. At smaller
value of Reynolds number, its effect should be taken
into account.

When the flow area is constant and no bends are
involved, the pressure drop is a function of shear at
the bounding surfaces. This type of pressure loss is
called frictional loss. The friction factor has been
made into a group of correlations describing the vari-
ation of friction factor with Reynolds number for vari-
ous values of relative roughness, as presented by
Moody*?.

To study the effect of the Reynolds number which
affects the form loss coefficient, two cases are con-
sidered in this paper. The one is assumed that the
form loss coefficient is only dependent on the con-
figuration. In this case, the correlations for turbulent
flow are used. The other case is assumed that the
form loss coefficient depends on the configuration
and the flow characteristics. The detailed form loss

8

7 | UEF

6
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E—= | = —

N e T e

Fig. 5. Flow Path Stations
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Table 1. The Flow Resistance Type along the Flow Path in Each Case

dJ. Korean Nuclear Society, Vol. 26, No. 1, March 1994

Stations Pressure Loss Case 1 Case 2
Type
1-2 Contraction & F(geometry) Flgeometry, Re)
Expansion K=1.102 k=2.128
(Form Loss) Re=1.0(10%
2-2 Contraction & F(geometry) Flgeometry, Re)
Expansion k=0.990 k=1.719
(Form Loss) Re =1.0(10%
2-3 90° tum k=113 k=1.13
3—-4 Contraction & F(geometry) Flgeometry, Re)
Expansion k=0.662 k=0.890
(FormLoss) Re=10(10%)
4-5 Contraction & Flgeometry} Flgeometry, Re)
Expansion(LEF) k=0.388 k=0405
(Form Loss) Re=1.0(10%)
5-6 Friction Loss F(Re, & Flgeometry, )
—friction CE correlation CE correlation
— spacer grid Re=1.0(10% Re=1.0010%
6—7 Contraction & F(geometry) F(geometry, Re)
Expansion(UEF) k=1.094 k=1.094
(Form Loss} Re=1.0{10%
7-8 Expansion F(geometry) F(geometry)
(Form Loss) k=130 k=130
Downcomer  Friction F(Re, &) F(Re, &)
90° tum k=113 k=113
Re=1.0{10°) Re=1.0(10%

coefficient for each case is attached in the appendix

A

Table 1 lists the type of pressure loss for each case
and each station number of the flow path is shown

in Fig. 5.

4. Results and Discussion

4.1. Thermal-hydraulic analysis

Equations for the flow network are solved to give

resistance and the void fraction for each cell are also
calculated. The iteration is performed until the driv-
ing force is balanced by the pressure loss due to flow
resistance.

3. They represent flow rate, flow resistance, average
density, boiling and non-boiling core height, cell exit

the flow rates in the cells. The average density, flow

The results for all cases are shown in tables 2 and

woid fraction in each cell.

Results in tables 2 and 3 indicate there is a small
amount of boiling, when the assembly heat gener-
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ation rate is 123.3 kW in each cell. Based on the fol- — Additional flow from the long side of the spent
lowing conservatism it is assumed that this small fuel racks is neglected.
amount of boiling will be decreased or negligible in —The pump pressure rise is neglected in the flow
the pool. network equation.
—The maximum assembly heat generation rate —Conservatism is applied in evaluating some of the
could actually be lower for some of the cells in the resistance in the flow network.
flow network(using maximum peaking factor). — Practically, the spent fuels are partially filled in the

Table 2. Thermal-hydraulic Results in Each Cell for Case 1

Cell No. Flow rate Heat Rate Non-boiling Boiling Pool Cell Exit Void
Height Height Density Density . Fraction
{kg/sec) (kW) (m) {m) {kg/m®) {kg/m?)

1 0.5762 1233 3.809 001 980.25 959.62 0068
2 05737 1233 3.790 020 980.25 94462 1164
3 05713 1233 3.772 038 980.25 932.27 2035
4 0.5690 1233 3.755 055 980.25 92226 2713
5 0.5670 1233 3.741 069 980.25 91440 3225
6 0.5652 1233 3.728 .082 980.25 908.37 3604
7 0.5638 1233 3.718 092 980.25 90396 3872
8 05628 1233 3711 099 980.25 900.89 4054
9 0.5621 1233 3.707 103 980.25 89892 4169
10 0.5618 1233 3704 106 980.25 897.83 4233
11 0.5616 1233 3.703 107 980.25 897.33 4262
12 0.5615 1233 3.703 107 980.25 897.20 4269

Table 3. Thermal-hydraulic Results in Each Cell for Case 2

Cell No. Flow rate Heat Rate Non-boiling Boiling Pool Cell Exit Void
Height Height Density Density Fraction
(kg/sec) kW) {m) {m) (kg/m?) (kg/m®)

1 05736 1233 3.789 021 980.25 943.74 1227
2 0.5682 1233 3.749 061 980.25 91876 2944
3 0.5619 1233 3.705 105 980.25 898.26 4208
4 0.5556 1233 3.662 148 980.25 881.81 5098
5 0.5497 1233 3.623 187 980.25 868.87 5710
6 0.5447 1233 3.590 220 980.25 859.03 6122
7 0.5409 1233 3565 245 980.25 85184 6395
8 0.5381 1233 3.547 263 980.25 846.85 6571
9 0.5363 1233 3535 275 980.25 843.68 6678
10 0.5352 1233 3528 282 980.25 841.88 6736
11 05348 1233 3625 285 980.25 841.10 6761
12 05347 1233 3525 .285 980.25 840.90 6767
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storage rack (Fig.1).

From the tables 2&3, the parametric study on the
spent fuel pool thermal-hydraulic analysis reveals that
the flow resistances, such as loss coefficients to en-
trance of the inlet hole of the first cell and for the
bottom inlet hole losses under the cells, are sensitive
to Reynolds number in the transition region. Thus,
the pressure loss coefficient correlations for the flow
resistance by the geometric effect have to be chosen
carefully according to the flow conditions(laminar or
turbulent).

4.2. Determination of maximum cladding surface
temperature

Maximum cladding surface temperature is deter-
mined with the maximum heat flux and the maxi-
mum possible coolant temperature that could exist in
the spent fuel rack. The heat transfer coefficient at
the spent fuel is calculated using the laminar forced
convection correlation'’”';

X L8 [ e br B s 2 yon (13)

De L HUs

hc =

where, L :length of heated path
P, : Prandtl Number(C,z/k)
# :bulk coolant viscosity
# - surface viscosity
k :thermal conductivity
C, : specific heat

Maximum coolant temperature can occur at the
inlet of active fuel at saturation conditions with the
maximum pool height. Pressure at the inlet of pool
with maximum pool height from case 1 is P=210.
83(kN/m?). Therefore, at that pressure, saturation
temperature, Ts, is 121.11°C. This temperature is

very conservative.
The lowest flow rate before boiling beginning in

the cell is 0.5443 (kg/sec), thus,

J. Korean Nuclear Society, Vol. 26, No. 1, March 1994

De XW

Re = = 1137 (laminar flow)
AX pun
Assume = s,

substitution of Re, and all preperty values into
equation (13) results in

he = 158,47 (W/m® -° F)
From the following relation,

0" = he ( Tam - Ty ) (14)

where Q" is the maximum local heat flux{appen-
dix B), Ty, is bulk temperature.
we can obtain,
Te =162.87°C
Therefore, maximum cladding surface temperature
is lower than 343.3°C(650°F).

4.3. Gap flow effect

The gap flow through the water gap between fuel
cell and fuel bundle is considered to check the effect
on the thermal-hydraulic analysis in the spent fuel
rack. In a fuel cell, the gap flow, bypassing the fuel
region, is assumed to be at the same temperature as
in the fuel region.

The flow network is developed for the gap and
fuel bundle in Figure 6.

R, :flow resistance through gap ( =k /(A2 o))
R; :flow resistance through fuel bundle

R. :flow resistance under the cell

R; :residual flow resistance in the cell

Wy, W, Wi: total, gap, and bundle flow

Since pressure drops through the fuel bundle and

gap are equal,
RAZ = ReWg’ (15)
W, + w; = W'r (16)
therefore,
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WRE (R - Re¥ )
B = 17)
(R( - RB )

therefore,

The flow resistance for the gap and fuel bundle
flow path is calculated to compare the flow rate in
each flow path for the YGN 3&4. Since the gap exit
flow area is flapped, the gap flow resistance is larger
than the fuel bundle resistance. The estimated loss
coefficient in the gap flow path is ker =49 and that
in the fuel bundle flow path is kende =32 From
the equation (15), the ratio of the flow rate, W,/W; is
0.1. The gap flow through the water gap between the
fuel cell and fuel bundle is small compared to the
fuel bundle flow. Therefore the gap flow is negligible.
The negligence of the gap flow imposed a conserva-
tism to the thermal-hydraulic results.

However, the consolidated fuel cell of lower decay
energy than the intact fuel has a much larger flow re-
sistance where the flow is more restricted in the
densely packed fuel region than the gap region.

Fig. 6. Gap flow Network

Thus, the adverse cooling effect due to gap flow in a

consolidated cell has to be considered.
5. Conclusion

In order to assess the cooling adequacy on the
YGN 3&4 spent fuel rack, a simplified flow network
model, which simulates the natural circulation
phenomenon in the spent fuel pool, has been
presented, and the sensitivity study on the
parameters which have an effect on this analysis
were performed.

Results indicate that there is a small amount of
boiling. But, this small amount of boiling is neglgible
because of the conservatism included in the analysis.
Maximum cladding surface temperature is lower than
343.3°C(650°F).

From the parametric study, it was known that flow
resistances by geometric effect are sensitive to
Reynolds number in the laminar and transition re-
gion, and the gap flow in the intact fuel is negligible.
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Appendix A
Flow resistance and geometry data
1. Bundle resistance {(case 1&2)
friction
f=64/Re, for laminar flow
f: from Moody diagram, for turbulent flow
spacer grids"?
kinconet = 1.52(Re) ~%077"
kup =N(3.049) (Re) 0141
N is the number of the Zircaloy spacer grids

Resistances in the boiling height where two phase
flow exists are calculated by assuming that the fluid is
a saturated liquid and then a correction factor is ap-
plied to account for the two phase effect.

2. Expansion resistance(case 1)

A, A, kit =[1- (A/A) 1P

J. Korean Nuclear Society, Vol. 26, No. 1, March 1994

3. Contraction resistancelcase 1)

L
AL A,
__J

4. Loss coefficient for orifice with sharp edges for dif-

ki-zd2 = 0.50 1 ~ (A/A)) ]

ferent condition in the transient and laminar con-
dition( case 2)

30 < Re < 10* ~ 10°
ki = (o *+ ccrelr )(A1/A0)?
£, = F( Re, Ao/A; )
&, = [ 140.707(1-A0/4;)" - (Ao/As) 1°
€one = F ( Re )

r

Geometry data

bundle flow area Ae =0.0309(m?)
hydraulic diameter in bundle Dy =0.0146(m)
active fuel length: 3.81(m)
length from end of active core to cell exit:0.635(m)
flow area of mouse hole : 0.0055(m?)
hydraulic diameter in the mouse hole:0.077(m)
gap flow area: 0.0309(m?)
gap exit flow area:0.0011(m?)
hydraulic diameter in the gap : 0.0259(m)

f X P X R,

Q=
Nessy
Appendix B

Maximum bundle heat generation rate

where ]
:maximum bundle heat generation rate

Q

f  :fraction of decay heat after 3 days

P. :core power

R, :rod radial power factor

N, : the number of assemblies in the core
0. 005 % 2815%10 X1, 55

Q= = 123.3 (kW)
177
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The evaluation of the rate of heat evolution from
the spent fuel is accomplished by means of computer
codes(ORIGEN 2) that calculate the cumulative
fissions, transmutations and isotopic decay taking
place during fuel irradiation and the radioisotope de-
cay or spontaneous fission subsequent to shutdown
of the reactor.

f X P XR,XR,
Q" = = 6618 (W/m?)
Naazy X Aussy

Maximum local heat flux

where R. :axial peaking factor 1.47

Ay :total heat transfer area per assembly



