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Abstract

The prediction of the pressure drop in a pool-tygsector operated with lead-bismuth-eutectics is
of crucial importance. A pressure drop of e.g. Libaquivalent to a lead-bismuth-eutectics col-
umn of about 1 m, which has a big influence onfith@ncial aspects of the design proposal. The
paper presents results on the hydraulic evaluati@enfuel assembly with the emphasis on uncer-
tainties and variations of relevant parameterstlieemass flow rate, form, and friction loss coef-
ficients. With the subsequent uncertainty and s$ertyi study, in connection with thermal hy-
draulic investigations, the influence of these utaie parameters was evaluated.

1. Introduction

In the frame of the ongoing European project taldsth a Central Design Team (CDT) for the
FAst Spectrum Transmutation Experimental FacilllBASTEF) within the seventh framework
program of EURATOM [1], researchers from Europewasl as from Asia work together at
SCK-CEN (Mol, Belgium). The R&D is focused on varioasks like the neutronic and thermal
hydraulic evaluation of the core, material issules,design of the primary and secondary circuits,
the implementation of an accelerator, the desighiacorporation of in-pile test sections, etc.

One challenge of the current design process igtegration of the primary system into the main
vessel. In the FASTEF pool-type configuration tlmddcand hot leg are separated by the dia-
phragm. The elevation difference between the fuetases of the legs corresponds mainly to the
pressure drop in the core section. An increas@éefptessure drop by e.g. 1 bar would increase
the level difference by about 1 e ~ 10000 kg/ms3). Hence, the height of the vesselfima-

tion of the core pressure drop. Therefore, requisented in this paper are related to the hydrau-
lic evaluation of a proposed fuel assembly (FA)gle$or FASTEF.

A comprehensive, thermal hydraulic evaluation &f BA design was performed with the system
code TRACE to predict the pressure drop. Therebw physical models for the pressure drop
were implemented into TRACE. Since the pressur@ i@ function of time (due to changing
parameters like the wall roughness), an evaluaifaine FA was done at begin of cycle (BOC)
and at end of cycle (EOC) as limiting cases. Initaalg the investigation differentiates also be-
tween the average assembly (AVG) and the hot o@T{Ho include the different power levels.
The effects of the variation of these and otheleuwai parameters are analysed with SUSA. The
information gained from this uncertainty and sewityt study is useful to optimize the FA de-
sign.
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2.  Description of the FASTEF fuel assembly

The FA of FASTEF, given in Fig. 1, has a hexaggedmetry with a wrapper and currently 127

fuel pins, equipped with wire wraps for the mecbahsupport in radial direction. By means of

spacer grids at the top and the bottom, the piesaaially held in place. The total length of the

FA is 2 m, whereas the length of the inlet seciof.2 m, the pin section is 1.4 m and the outlet
section is 0.4 m. An overview of key features & BA is given in Tab. 1.

As one can see in Fig. 1, the FA is characterizeddious changes of the flow area (grids, ex-
pansions and contractions). The FA is divided Biteections with &-factors. Thes&-factors
are:K1 - inlet,K2 - conical diffuserK3 - sudden expansioK4 - lower spacelK5 - upper spac-
er,K6 - sudden contractiokK7 - conical nozzleK8 - outlet.

Fuel pins with wire wraps

SN Z
1 K K3 K7i K8
Inlet Outlet
Lower grid Upper grid
Figure 1 Axial cut through the present FA design
Table 1 Key parameters of the present FA design
Length of FA [m] 2.0
Length of fuel pin [m] 1.4
Active length [m] 0.6
Number of fuel pins 127
Pin diameter [m] 6.55-:10-3
Pitch over diameter 1.2977
Hydraulic diameter (pin section) [m] 4.008:10-3
Mass flow rate [kg/s] 72.35
Power ratio (hot/average) 1.348
Wire pitch factor 40
Wire pitch [m] (Pin diameter x Wire pitch factor) 0.262

3.  Brief description of TRACE and SUSA

3.1 TRACE

The best-estimate system code TRACE (TRAC/RELAPahtded Computational Engine) is the
current reference code of the United States Nudkegyulatory Commission (U.S. NRC) related
to thermal hydraulic analyses of operational tramis as well as of loss of flow accidents of
LWRs [2]. TRACE follows a component based approaltbwing the user to model common
plant components like pipes, pumps, vessels, @erated with different fluids like water and
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LBE. Using a finite volume method, the partial diffntial equations describing the six equations
for mass, momentum and energy conservation aredofv Newton-Raphson iteration scheme is
applied to the finite-difference equations desagdiydrodynamic phenomena. The fluid dynam-
ic equations in the spatial components are solvigd avmulti-step time differencing procedure
while the equation for the heat transfer is solwethg semi-implicit time-differencing schemes.

Since the KIT/INR takes part in the ongoing CodepKgation and Maintenance Program
(CAMP) of the U.S. NRC, the TRACE source code igilable and can be used for comprehen-
sive validation and verification studies. This ssential for the present analysis since the physi-
cal models presented in the next section are afoobe implemented into the TRACE source
code. Investigations for the validation of TRACHated to lead and lead-alloy coolants have
shown that code changes are necessary in ordentitase experiments [3, 4].

3.2 SUSA

The SUSA (Software for Uncertainty and Sensitiyalysis) program has been developed by
the GRS (Gesellschaft fuer Anlagen- und Reaktoestakit mbH) [5, 6]. This tool can be used to
evaluate the influence of input parameter variaion selected output parameters, following the
input error propagation approach by means of priiibab methods.

The number of runsnf in order to satisfy the statistical fidelity isrmmected to the probability
content ¢) and confidence leveB) by a formulation derived by Wilks [7], see Eq.This Wilks
formula is thereby independent of the number ofeutain parameters, as shown in the following
equations for the two-sided tolerance limit.

1-a"-nf{1-a)@" "z B (1)

In SUSA, different measures are used to evaluaesémsitivity of input parameter changes on
output parameters. These measures are: Pearsaalscpmomentum coefficient, Blomquist’'s

medial correlation coefficient, Kendall's rank calation coefficient and Spearman’s rank corre-
lation coefficient. These four coefficients candxgpressed in their ordinary form (ORD), as par-
tial correlation coefficient (PCC) and as standargression coefficient (SRC). The definition

and the details of these measures can be foungkem Iderature.

3.3 TRACE/SUSA interface

This system was used in prior investigations amdrésults showed the necessity of uncertainty
and sensitivity evaluation in the frame of bestreate thermal hydraulic code validation as well
as the applicability of the presented TRACE/SUSgtemy [8, 9].

The communication between TRACE and SUSA is basaglthree-step data exchange. In a first
step, the uncertain parameters of the TRACE inmakdand of the physical models in the
TRACE code are identified. These parameters aloitly their references values, the minimal,
and the maximal values are given to SUSA. The gniibadensity functions (PDF), including
information on the type of distribution, are alsefided for all parameters. By means of Monte
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Carlo sampling methodsvalues for each uncertain parameter are creatiedving the distribu-
tion of the PDF. In the present casis equal to 200 and hence the 95/95 statementdodp is
fulfilled according to Eq. 1.

The second step is the creation of 200 TRACE ideeks, including input parameters as well as
code parameters, according to the information ghinem SUSA. These 200 input decks are
then executed and selected information is extratted the respective output files and stored in
a new SUSA input file.

The third and final step is the actual uncertaarig sensitivity analysis. The uncertainty analysis
evaluates the lower and upper uncertainty bandeobutput parameter - in the present investiga-
tion, the pressure drop - together with other &tiaal parameters like the mean and median value
and the standard deviation. The sensitivity analg@ntifies the input parameters with the high-

est influence on the pressure drop in a quantéatiay be calculating sensitivity coefficients.

4.  Physical models for the pressure drop

The local pressure dropffioca) for single phase flow can be evaluated via thievieng simple
formulation p is the densityy is the velocity] is the length and the hydraulic diameter).

Amocaﬁ%ﬂZ[pwztﬁf %+Kﬂ 2)

The total pressure drop can be calculated by adalingcal pressure losses caused by friction
factors ) and form loss coefficientK]. For the calculation of theandK-factor the literature
offers a variety of options. Therefore, referenogaations are needed. With respect to the pin
section, correlations developed by Rehme [10] weseal for the wire wraps and the spacer grids.
The otheiK-factors were calculated based on the recommemsatibldelchik [11].

4.1 Friction factor models

In order to include the effect of the wire wraptbe pressure drop, the TRACE model calculat-
ing the friction factors was changed. The standaction factor correlation in TRACE is the
Churchill correlation [12], Egs. 3 and 4.

1
3 12 1 12
f =8| —| +—— 3
Churechill {( Rej (&)1'5]
16

0.9 -1 16
a= 2.4755|{(lj + O.ZIééj:l +(LMJ (4)
Re d Re

where4 is the wall roughness [m] amtthe hydraulic diameter [m].
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But this correlation does not account for the wimap. Therefore, a correlation developed by
Rehme [10] was implemented into TRACE, Egs. 5 and@tat correlation is well known and
widely used in the nuclear community because oiitke range of applicability and good results
compared to experiments [13]. Since the TRACE ingogs not foresee parameters like the
number of rodsN) or the wire pitch i), the correlation was hard-coded with fixed parsarse
An additional routine makes sure that this correfais only used in the pin section. The inlet
and outlet section of the FA are described withstiamdard Churchill correlation.

f _(64[IF°'5 , 0.0816F 0-9335"} N, Gt [{Drog + Dyie) )

= B
Rehme Re Re%133 S[

05 >72.16
F:[ i j + 7.6[§Df°d+DW"e)EE i ] (6)
Drod H Drod

WhereDyqq is the pin diameter [mPuire is the wire diameter [mH is the wire pitch [m]N; the
number of rodsP; is the rod pitch of the wire wraps Broq+ 1.0444Dire) [M] andS is the total
wetted perimeter [m].

The disadvantage of this correlation is the missiagnection to the wall roughness. Since the
wall roughness has an impact, especially with allshydraulic diameter as in this case and an
increased wall roughness at end of cycle, it néed® considered in the simulations. Therefore,
the Churchill correlation was used to calculateftiaion factor for a rough pipet(> 0.0 m) and

a smooth pipeA = 0.0 m). The ratio of the two friction factors svenultiplied with the Rehme
correlation, see Eq. 7. At a FASTEF FA typical Rags number of about 50000 the ratio is
about 1.2 for a wall roughness of 5 um used at Heglire 2 shows the influence of the Church-
ill ratio on the friction factor correlation of Rete.

f rough
f=f 3 Churchill (7)

Rehme f smooth
Churchill

4.2 Form loss coefficient models

For the spacer grids, a correlation proposed byrieelas used [10], Eg. 8. This correlation con-
sists of a Reynolds dependent term and a corretdiom to account for the encumbering of the
spacer areayig) on the undisturbed flow arelgisturbed-

73.5 2.791Y i )
Kspacer: |:3'5+ ( Reo.264j +( R 70 ]} I:E A\Jr::?s:rbed] ?

Concerning the sudden expansion, the literaturgiges only one correlation. This correlation
puts the flow areas beforButiord and after Aqster) the expansion in a ratio, Eq. 9.
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Figure 2 Impact of the Churchill ratio on the friction factor as a function of the Reynolds
number and the wall roughness with a constant wirgitch factor (40)
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The situation regarding the sudden contractionfferént. Several correlations can be found in
open literature. The approach of Idelchik, givefeq 10 is the reference one.

Kreference _O_SEE:L_@J (10

contraction
efore

Since many correlations are available for the sndatraction [9], the ones predicting the low-
est and the highest values are used to get thenmmiand maximum value, respectively. With a
flow area ratio of 0.77 a correlation mentionedhia TRACE manual [2], Eq. 11 was identified
as the one giving the lowest.

2
Kéc())vr\lltraction= 0.5-0. A’i‘dfter J + O'ZE :after J (11
efore before

A correlation, Eq. 12, found in the VDI Waermeafla4] predicted the highest value.

K(T)%Traction =0.4875 O'sggnémJ (12)

efore
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For the inlet and outlet section, and the coni@aty theK-factors are derived from diagrams
and tables provided by Idelchik. The evaluatiorthefse factors is given in the following section
together with the numbers calculated for the sgaaed the sudden expansion/contraction.

5.  Uncertainty quantification and modelling

In the present study, the determination of the tac#y bands of the input parameters is mainly
based on engineering judgment (experience, conguat similar components/structures with
known uncertainties, etc.) due to the missing imfation of the distribution of the empirical cor-
relations. Also, varying parameters like the masw frate complicate the evaluation of the pa-
rameter rang. The values for all, in total 16, utaie parameters are listed in Tab. 2 for the aver-
age assembly at BOC and EOC, and the hot assetB®@ and EOC.

The uncertainty of the friction factor is relatedthe wall roughness and the wire pitch. At BOC
the reference wall roughness is 1.0 um whereasriedor EOC is 5.0 um. The uncertainty for
the values was assumed to be + 1.0 um for bottscabe reference value for the wire pitch fac-
tor is 40. It is assumed that due to the manufaaxguand operation the wire pitch factor will not
be constant and is therefore varied between 3%and

The K-factors of the spacer grids are 0.510 for the foaree K4) and 0.824 for the upper one
(K5). Due to the difficulties in determining the gambss section, an uncertainty of £ 5 % is con-
sidered. With a ratio of 0.78 for the present FAige, aK-factor of 0.049 was calculated for the
sudden expansiorKg8). An uncertainty of £ 5 % was considered. Theenafice value for the
sudden contractiorkK@) is 0.114. The minimal value is 0.079 and the mmativalue is 0.179.

For the inlet of the FAK1), the approach of Idelchik gives a maximum vadti®.5 for sharp
edges. In case the edges are rounded or equippied small nozzle, the value can be reduced to
0.26 for the present geometry. Therefore, the eefs¥ and maximum value is set to 0.5 while
the minimum value is 0.26. The outlet secti&8) can be quantified with a value of 1.0 with the
condition that the velocity profile is uniform. @ftwise, the value can be much higher. Thus, the
reference and the minimal value are 1.0 while t&mum one is 1.5.

The K-factors for the conical diffuseKg), right before the lower spacer and the conicalzie
(K7), right after the upper spacer are 0.105 and0).8spectively. Due to the difficulties in
evaluating the area transition and the coarse fridita points in the tables of Idelchik, an uncer-
tainty of + 5 % was taken into account for bothues.

The operating parameters mass flow rate and poweeafflicted with uncertainties, too. The
power is 1.4706 MW for the average FA and 1.9824 Ktv\the hot one (power peaking factor
is 1.348). An uncertainty, £ 2 % have been estithéechange in power will change the temper-
ature profile and the density along the FA, andckdhe pressure drop). In the present study, the
average mass flow rate per FA at BOC is 72.35 Kygisuncertainty of + 2 % seems to be appro-
priate to account for instabilities in the pumpexber the distribution to the several FAs. Besides
the uncertainty, the mass flow rate is slightly éovior the EOC-HOT FA due to abrasion of the
pump impellors and the corrosion and oxidatiorhefgtructural material.
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The last set of uncertainties is related to thentlogphysical properties of LBE. The properties
have been adapted to the recommendations of thddXQES} and the details about the uncertain-
ties have been adopted. Thereby, the correlatiotiseil TRACE code have been multiplied with
uncertainty factors. In case of the thermal condigf the specific heat and the dynamic viscosi-
ty the factor varies between 0.95 and 1.05. Fod#wesity the factor is between 0.99 and 1.01.

The TRACE model of the FA consists of 84 cells watll lengths ranging from 8 to 75 mm in
order to represent the geometrical variations atbeg=A. Boundary conditions are given for the
mass flow rate (inlet), the pressure (outlet) dredgower (wall heat structure).

6. Results of the pressure drop analyses

Absolute and relative results of the pressure doophe four scenarios are given in Tab. 3 (ref-
erence: BOC-AVG scenario). The total pressure doophe reference case is 2.1789 bar. The
most extreme cases give 2.0399 bar and 2.6168iahws about 94 % and 120 % of the refer-
ence case. With an envisaged pressure drop ofa2.GHe current design is at its limits. That
means that there is almost no margin for increagiegFA mass flow rates. For the presented
design study, with an average coolant heat up 0fkKLand a heat up of 180 K for the hot assem-
bly, a homogenised core outlet temperature is twardalize.

The comparison of the different contributors to tb&l pressure drop show that 75 to 80 % of
the total pressure drop is due to friction. Sudhgh value can be expected since the fraction of
the pin section is 1.4 m of the 2.0 m (70 % ofttital length). That means that 1.0 m pin section
is equivalent to roughly 1.2 bar. The variatiortted pressure drop related to friction is identical
to the one for the total pressure drop (94 — 12@i#ige it is dominated by the frictional one.

The inlet and outlet section are 20 to 25 % oftthal pressure drop. The inlet pressure drop var-
ies from 78 to 104 % of the reference inlet presslrop, while the outlet pressure drop is rang-
ing from 96 to 148 %. The ratio of the pressuregpdabthe inlet and at the outlet is roughly 1:2,
which is the ratio of the length of the inlet andlet section. For the maximal scenarios, the out-
let pressure drop is more than twice the inlet sinee theK-factor has a bigger variation. In ad-
dition, the velocity in the outlet section is higlieie to the smaller internal diameter. Hence, the
impact of theK-factor on the pressure drop is even higher.

The comparison of the results for the average hadchot FA shows almost no difference for the
BOC case. The difference between those two cast® ipower. Hence, an increase of power
without any other change has no influence on tkalt® since the subsequent change in density
is not enough to provoke any significant differener the EOC case the mass flow rate was
changed, too, leading to bigger differences betwkeemverage and the hot FA.

The comparison of the BOC and EOC scenarios shaignéicant difference in the results. Ta-
ble 2 shows that mainly the frictional part hasngead. The difference is related to the different
values for the wall roughness. An increase froro b 1m yields an increase > 0.2 bar which is
13 — 20 % of the frictional part. Such an incremssexpected since the Churchill ratio is in the
order of 20 % for the comparison of smooth pige=(0.0um) and a rough pipd € 5.0um).
Since at BOC the wall roughness is 1.0 um, theevaltherefore smaller (13 — 20 %).
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Table 2 Documentation of the uncertain parametershest estimate, minimum and maximum) for the differat scenarios

Parameter (P) BOC-AVG BOC-HOT EOC-AVG EOC-HOT
BE Min Max BE Min Max BE Min Max BE Min Max
1 | P[MW] 1.4706 | 1.4412 | 1.5000 | 1.9824 | 1.9427 | 2.0220 | 1.4706 | 1.4412 | 1.5000 | 1.9824 | 1.9427 | 2.0220
2 | m[kg/s] |72.350 | 70.903 | 73.797 | 72.336 | 70.889 | 73.782 | 72.350 | 70.903 | 73.797 | 70.758 | 69.343 | 72.174
3 | k-LBE 1.00 0.95 1.05
4 | cp-LBE 1.00 0.95 1.05
5 |p-LBE 1.00 | 0.99 1.01 same as BOC-AVG
6 | n-LBE 1.00 0.95 1.05
7 | A[um] 1.00 0.00 2.00 1.00 |0.00 [2.00 [500 [4.00 |6.00 [5.00 [4.00 [6.00
8 | WPF 40.0 39.0 41.0
9 | K-factor1 | 0.5000 | 0.2600 | 0.5000
10 | K-factor 2 | 0.1051 | 0.0998 | 0.1103
11 | K-factor 3 | 0.0493 | 0.0469 | 0.0518
12 | K-factor 4 0.5100 | 0.4869 | 0.5424 same as BOC-AVG
13 | K-factor 5 | 0.8240 | 0.7825 | 0.8776
14 | K-factor 6 | 0.1140 | 0.0788 | 0.1794
15 | K-factor 7 0.0500 | 0.0475 | 0.0525
16 | K-factor 8 | 1.0000 | 1.0000 | 1.5000

Table 3 Results of the uncertainty analysis for théifferent scenarios in absolute and relative value

BOC-AVG BOC-HOT EOC-AVG EOC-HOT
BE Min Max BE Min Max BE Min Max BE Min Max
Ap - total [bar] 2.1789 | 2.0399 | 2.3893 | 2.1789 | 2.0429 | 2.3952 | 2.3987 | 2.2731 | 2.6168 | 2.3088 | 2.1880 | 2.5185
Ap - friction [bar] | 1.7081 | 1.6046 | 1.8322 | 1.7110 | 1.6063 | 1.8361 | 1.9241 | 1.8232 | 2.0494 | 1.8528 | 1.7559 | 1.9731
Ap - inlet [bar] 0.1678 | 0.1302 | 0.1746 | 0.1677 | 0.1301 | 0.1746 | 0.1738 | 0.1358 | 0.1808 | 0.1664 | 0.1301 | 0.1732
Ap - outlet [bar] 0.2987 | 0.2946 | 0.4427 | 0.3002 | 0.2961 | 0.4450 | 0.3008 | 0.2968 | 0.4449 | 0.2896 | 0.2857 | 0.4283
Ap - total' 1.00 0.94 1.10 1.00 0.94 1.10 1.10 1.05 1.20 1.06 1.01 1.16
Ap - friction® 1.00 0.94 1.07 1.00 0.94 1.07 1.13 1.07 1.20 1.08 1.03 1.16
Ap - inlet! 1.00 0.78 1.04 1.00 0.78 1.04 1.04 0.81 1.08 0.99 0.78 1.03
Ap - outlet’ 1.00 0.99 1.48 1.01 0.99 1.49 1.01 0.99 1.49 0.97 0.96 1.43

! Relative values, compared to the values of thedstanate case of the average FA at BOC conditions
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Table 4 Sensitivity coefficients for the pressurerdp (BOC-AVG)

Ordered Ordered
X Ordered sensitivity measures from ordi- empirical correlation
5 nary correlations correlation ratios on
2 ratios ranks
ORD |[P] PcC [ P]|] SRC | P | P P
Total pressure drop
1 0.7595 2 | 0.9997 2 0.7403 2 [0.7814 | 2 | 0.7895 2
2 0.5092 |16 0.9993 | 16 | 0.4960 16 | 0.5493 | 16 | 0.5370 | 16
3 0.3277 7 | 0.9987 7 0.3715 7 104218 | 7 |0.4012 7
Frictional pressure drop
1 0.8359 2 | 0.9998 2 0.8416 2 |10.8540 | 2 |0.8530 2
2 0.4776 7 | 0.9994 7 0.5217 7 10.5242 | 7 |0.5147 7
3 -0.2144 | 8 | -0.9965 | 5 -0.2109 5 10.3215] 9 | 0.3309 9
Inlet pressure drop
1 0.9162 9 | 0.9997 9 0.8977 9 10.9189| 9 |0.9241 9
2 0.3954 2 | 0.9976 2 0.3395 2 | 0.5004 | 2 |04773 2
3 -0.1489 | 4 | 0.9906 | 12 | 0.1720 12 1 0.2961 | 4 | 0.2974 4
Outlet pressure drop
1 0.9689 |16 0.9997 | 16 | 0.9615 16 | 0.9698 | 16 | 0.9697 | 16
2 0.2540 2 | 0.9944 2 0.2244 2 [0.3517 | 2 |0.3461 2
3 0.1122 | 15| 0.9331 | 15 | 0.6178 15 1 0.3076 | 15 | 0.3114 | 15

Table 4 shows the three input parameters (P) wighhighest sensitivity coefficients as a func-
tion of the different measures. The indexing Fhesgame as in Tab. 2. Values between — 0.4 and
0.4 are below significance and should be treat¢l eaution. A negative number indicates that
the pressure drop decreases with increasing irgmaingeter, like witlc, or the wire pitch. One-
can see that all measures, except the PCC, givesalime same numbers for the same parame-
ters. Only the PCC predicts numbers around unitys Theasure evaluates the strength of the as-
sociation between a dependent and an independaableawhen the influences of all other in-
dependent variables are eliminated. This can Haeelisadvantage of giving parameters a high
weighting even if the importance is not that hig in the present example.

For the total as well as for the frictional pregsdrop the mass flow rate has the highest impact.
A variation of £ 2 % can cause a big differencesgetn the minimum and the maximum pres-
sure drop. Since the pressure drop dependencesarelbeity is of quadratic nature, the impact,
in particular, is therefore high. Depending on hownstant the pump can deliver the nominal
mass flow rate, the free LBE surface of the cogpvdl move up and down.

The second most significant parameter is no. 1&g theK-factor at the FA outlet. The rea-
son is related to the rather wide range of thadpater, which has therefore a higher significance
in the calculation of the sensitivity coefficiethat means also that there is a margin for lower-
ing the pressure drop. In general, the inlet arttebsection, although responsible for only about
20 to 25 % of the total pressure drop can be thgestiof design optimizations. This can be done
by rounding the edges at the inlet/outlet or bynsitdering the spacer grid layout.

The third most important parameter is the wall foggs. Due to the small pin diameter (6.55
mm) the hydraulic diameter of the coolant chaneebnly 4 mm. The relative roughness (wall
roughness/hydraulic diameter) is rather high arsdh®ance a certain impact on the friction.

(10/12)



The 14" International Topical Meeting on Nuclear Reactor Thermal Hydraulics (NURETH-14) Log Number: 009
Hilton Toronto Hotel, Toronto, Ontario, Canada, Segember 25-29, 2011.

A look to the pressure drop at the inlet and owleiws that the inld€-factor and the outlef-
factor, respectively, are the main contributorsscAthe mass flow rate has an impact since the
friction will also take place there (inlet and @itsection are 30 % of the total length).

7. Conclusion

This present investigation deals with the evalumtbthe pressure drop in a FA design proposal
for FASTEF with special emphasize on the quantiiicaof the uncertainties on the results. The
paper shows, on one side, the necessity of the io@ahtapplication of a thermal hydraulic best

estimate code with a program to evaluate uncerairgnd sensitivities of input. On the other
side, the combined TRACE and SUSA application mtedi physically sound results for the

pressure drop analyses.

The reference pressure drop is 2.18 bar and themmn and maximum is 2.04 and 2.62 bar,
respectively. The difference of roughly 0.6 baedgiivalent to a level variation of the cold leg of
about 0.6 m. Based on the reference value, thesymeslrop varies from 94 to 120 %. The anal-
yses show also that the fraction of the frictiorthe pin section is 75 to 80 % of the total one.
The remaining 20 to 25 % are related to the intet autlet. The difference between the AVG
and the HOT FA is only a few percent while the efiéince between BOC and EOC is around
20 %.

The parameter variation with the highest signif@amwas the one related to the mass flow rate.
Besides the mass flow rate tefactor at the FA outlet and the wall roughnessm@ameters
where variations have a big influence on the pmessiwop. Parameters like the power or the
thermo physical properties of the LBE are unimpurtar the present study.

One way of lowering the total pressure drop cowdHh®e increase of the wire pitch. But this can
only be done after a detailed and comprehensiventhvenechanical analysis identifies the limits
in order to guarantee the fixation of the pins. &dull understanding of the coolant-structure in-
teraction and the pressure drop one has to perflatailed experiments and CFD analyses. In
case a reduction of the pin section is feasibléuged gas plenum in the pins), the pressure drop
can be reduced considerably. Other measures ta liwgeinlet and outlet pressure drop might
include geometry changes like rounded edges, etc.
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