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CRITICAL HEAT FLUX AND TWO PHASE HYDRAULIC
INVESTIGATION OF A 16 ROD SIMULATION OF A BWR FUEL ASSEMBLY

A M,_SuteyTWDTEf;Eitzsimmonsr-WTLT—Ihorne—&—LT~B. Torobin

ABSTRACT

The combined effects of local power distribution and grid sﬁacers on
- - CHF were experimentally evaluated using an electrically heated 16 rod
bundle 51mu1at10n of a typical BWR fuel assembly. The single and two-phase

hydraullc behav1or of the test asseﬁbly was also evaluated. Data were ob-

A talned over a range of pressures (1000-1500 psia), mass velocities (0.5 x
106 ~.2.0 x 106 1b/hr ftz), and bundle=ave£age eiit qualities (0 - ;46).
CHF consistently occurred upstream of the last grid spécer indicating that

the grid spacer improved coolant mixing downstream of it. CHF results
compared well with other rod bundle CHF data available in the liteyature.
‘Rod bundle two-phase pressure lossés were accurately predicted via the
COBRA code usiﬁg the Homogeneous two-phase model in conjunction with

empirically established single-phase hydraulic correlations for the bundle

components.

INTRODUCTION

The succeséful design of fuel for a nuclear reactor requires-knowledge
of the thermal hydrgulic behavior of the candidate fuel design. Specifi-
éally, information is required on the "criticél heat flui" (CHF) and>pressure
drop behavior of the fuel. Much progress has been made in recent years in
understandlno the thermal hydraulic characterlstlcs of b0111ng water reactor

“*_iu_e_l_a.is_e__b.l;es_._ﬂmmbelgss The current state of fhg,a;tw_is_ngt_suf_ficientl}i__.__.

advanced to accurately predict the effects of local heat flux variations and
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- grid spécer designs on CHF and pressure drop. Local power distributions

affect subchannel mass velocities and qualities, and as a result,

significantly affect CHF, especially if the local peaking occurs in the
proximity of a limiting subchannel. Grid spacers can either improve or
- .- lower the CHF, depending on the relative role of mixing and liquid film
r-diéturbance'incorporated in the design of the Spacers. In addition, spécers
} contributé significantly to the pressure losses of a fuel assembly. 1In this
study the combined effects‘of local power distribution and grid spacers on
. CHF and pressure drop. were evaluatedmusing»anﬂelectricallywhgated-rod bqndle
simulation of a typical BWR fuel asseﬁbly. Experimental results were-ob-

tained over appropriate ranges of pressure, mass velocity and quality.

"DESCRIPTION OF EXPERIMENTATION

Heated Bundle

This study used a uniform axial, electricail& heated 16-rod bundle
wh;ch included prototypic grid spacers and simulated the local power
distribution of a BWR fuel assembly. The detailed power distribution of the

E"16-rod'bundle as presented in Figure 1 was chosen not only to siﬁulate rod
bundle regions of maﬁimum power and rod bundle regions of maximum local
vvariatibn in éower, but.also to reproduce bundle average and subchannel

o ‘,mass velocities and qualities which occur within a typical BWR assembly.

(1) to help

Subchannel calculations were performed using the COBRA Code
synthesize the local power distribution for the 16-rod CHF simulation and
to verify the thermal hydraulic simulation of an actual BWR fuel assembly

~using the 16 rod bundle. Details of the analysis used to synthesize the

local power distribution of the rod bundle are presented in Appendix I. .

—t »
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A summary of the important geometric parameters of the rod bundle is

presented in Table I. Schematic descriptions of the instrumented rod bundle
“”énd'heater rods are presented in Figures 2 and 3. These\figures also
- describe the locations of presgure and temperature monitors and grid spacer
- - iocations. | |
Each heater rod consisted of an Inconel-600 tube brazed at each end
_ to copper connection rods of the same diameter as the tube. The wall thick-

ness of each rod was selected to provide the proper relative heat flux when

4*fé1eCtriééf*€5§}é£t7§5sééé"fhé@ugh“ii. Wall'thicknesses’rgnged from 0.022 to
o >‘"““““‘0:057 inches™ for the rods shown in Figure (1). The 16 heater‘rods we}e
connected to electrical terminal plates at the inlet and outlet of the bundle
via tapered mechaﬁical joints at the ends of the copper cohnectbr rods. Both
the inlet and outlet terminal plates were drilled to permit axial flow for
" the entire length of the bundle. The outlet tie.plate was prototypic of an
actual fuel assembly.

Heater Tod temperature sensing and CHF detection was accomplished with
lihéiﬁbcoﬁples in Eonjunction with temperature sénsing cylinders, which were
inserted into each Inconel tube. A sheéthed maénesium oxide insulated
—_— . thermocouple was imbedded at the éxis of each copper cylinder'wﬁbse outside
diameter was coated with a 0.005 in. ceramic gléze and which fit sﬂugly
within the heater tube. Each cylinder had 6 equally spaced radial grooves
anqia circumferential éroove. In the case of a local hot spot anywhere
around the tube circumference at one of tﬁese cylinder locations, the grooves

directed the heat flow to the thermocouple. One 3/8 in. long éylinder was

]ocated»atmthewdownstrgam»endmof;the,heatermtube;;twoﬂl in. ‘long cylinders .
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were upstream on either side of the location of a prototype spacer whose flow

disturban;es.mightrcausemCHF.

A flow-hpusing provided a square enclosure for the bundie and was
enclosed in a pressure housing. The flow hoﬁsing was électricélly'insulated
“ from the rod bundle. As shown in Figure (2), pressure taps were provided
along the léngth of the flow housing to define pressure losses across the |
rod bundle and its components. The taps were located at least 1 inch

upstream or 6 inches (11 equivalent diameters) downstream of any restriction

:~to ensure fully developed ptéésufé'féédiﬁgs.

In this study, typical BWR grid spacers were used. As shown in ~
Figures (2) and (3), the top edge of the last grid spacer was located two
inchés upstream of the end of the heated'length, and 19-1/8 in. downstream
of the preceding grid spacer. This was an appropriate position toxindicate
. whether the spacer accentuated or suppressed CHF downstream of itself. A
minimum 10 mil thickness Qas removed from each grid spacer fuel rod support
location and replaced with an equivalent amount of Rokide (A1203). In this
manner; the grid spacers were electrically insulated from the electrically
heated simulated fuel rods.

TABLE I. 16-ROD BUNDLE CHARACTERISTICS

Bundle Dimensions

Rod diameter , 0.562 in. Equivalent diameter 0.531 in.

Rod pitch, square array- 0.740 in. Heated length 77.5 in.
Rod-rod spacing 0.178 in, Heated area/pin ~0.9502 ft2
Square channel I.D. 3.062 in. Heated area/bundle 15.204 ft2

Rod-channel spacing 0.140 in. Flow area . 0.368 ft2

- - e g e




Heat Transfer Facility

The experiments were performed in the vertical loop of the High Pressure

~.Heat Transfer Facility

_.and returned to the pump suction.

1

t the Thermal Hydraulics Laboratory, Battelle-Northwest. '~

3

This facility consists of a stainless steel flow loop which has a design
rating of 2500 psig at 650°F and two large direct current power supplies.
Fluid'frqm.a centrifugal pump rated at 250 gal/min and 1450 ft. head passed
through an electrical preheater and then into the heated test assembly. Fluid

from the test assembly passed into a large header, then through the condenser

The large direct current power supplies consist of 1) a silicon rectifier

bank rated at 32,000 amperes at 125 volts (4.0 Megawatts) and 2) a motor-

~ generator set rated at 25,000 amperes at 50 volts (1.25 Megawatts). The

pbwer to the rod bundle and to the preheater were supplied, respectively,

_ by the rectifiers and the motor generators. The preheater was used primarily

to provide two phase conditions at the test assembly inlet.

Test Procedure

Isotherms (Zero Rod Bundle Power)

. Isothermal tests were performed prior to the CHF tests to provide data

on heat losses, pressure losses and calibration of system instrumentation.

Isothermal single phase pressure losses were eiperimentally obtained for the

various components-of’the 16<rod CHF assembly over a range of mass velocities
extending from 0.5 to 2.0 million 1b/hr ft2 and fluid temperatures ranging
from 74 to 578°F. Precision differential manometers were used in this studyv

to measure both single phase and two phase pressure losses.




-'Critical Heat Flui Runs

The power runs were performed by setting the pressure, flow, and coolant
miniét enthalpy and byrincreasingrthe pover fo £he tééfvgééfioﬁ in a series
of sfépsf' The size of the power steps varied, but at conditions neér CHF
" the steps gavé increases in the heat flux of 10,000 to 20,000 Btu/hr ftz.
- After each power increase, the process variables were allowed té stabilize;
and the data for the run recorded. The recorded data included two phase

pressure losses for grid spacers, fuel rods, and the entire rod bundle.

%hérincéptfon of CHF was determined from the wall temperatures of the
heater rods. Prior to CHF, the temperatures increased by 5° to 15°F follow-
ing each power increase. The onset of CHF was indicated by a rapid temperéture
rise of 25° to IOOQF,Aor larger, on one or more rods during the power rise;
The temperature generally leveled out, and the power was maintained until

" the data were recorded. CHF results of the 16-rod bundle were obtained over
a -range of pressures (1000-1500 psia), mass velocities (0.5-2.0 x 106

1b/hr ftz), and bundle average ekit quantities (0 - .40).

CRITICAL HEAT FLUX RESULTS

The CHF results are presented in Table II and in Figures 4 and 5 in
the form of critical heat flux versus bundle average enthalpy and quality
at the éxial locationAOf CHF. Critical heat flux occurred primarily on Rods
A and H and to a limited extént on Rod L, all of which had peak to average
flux ratios of 1.2. Cbnsequenély,.for the power distribution of the rod
bundle used in this study, the corner wa11¥subchannel.surrounding Rod A

and the wall subchannel surrounding Rod H were equally limiting from a CHF
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The top edge of last grid spacer was located two inches upstream of the

| enéwof_thg_hgated_lgpgth*__Surface_tcmpﬁratures_were_monitored;slightly
—i;~f~—f~f;u§stream-an5 slightly downstrean of the grid spacer and at the extreme end -~ t- <o -
‘qf the heated length, Visual observgtion of—;he test assemblyisubsequent
to testing Showed dry-out patterﬁs upstream of tﬁe final grid spacer on
Rods A, H, and L. In each case, these teardrop shaped patterns faced the
unheated channel wall. For Rods H and L, the dryout patches began at ihe
‘upstream édgevdf the grid spacer and extended upstream about one inch, In
?:jf“w‘f*”ftbe case of the-corner-Rod A;“;ﬁe‘d:yout“pat;hMbegan“at"the"upstream’edge“‘“‘"“"““““‘
of the spacer strap and eﬁtended upstream one to two inches. |
The aforemenfioned results demonstrate that the grid spacer used in
this study had no detrimental effect on CHF. In a uniformvaiial heated
bundle, CHF generally occurs at the end of the heated length where the axial
~bulk enthalpy (quality) is greatest. However, in this study CHF consistently
occurred upstream of the last grid spacer. Local subchannel enthalpy and
- flow conditions upstream of the spacer were more limiting than those downs<
€~~~~4~‘“:““stream even though the bundle aVerage enthalpy atrthe CHF location waé lowef
. tﬁan that at the exit. Apparently, the spacer improved coolaﬁt miiing so

that enthalpy and flow imbalances upstream of the grid spacer did not persist

- immediately downstream of it.

Effect of Mass Velocity

The effect of mass velocity on CHF is shown in Figures 4 and 5. 1In
Figure 4, the CHF decreases with increased mass velocity over the studied

mass velocity range 0.5 to 1.5 million 1b/hr ftz. In Figure 5, the CHF

decreases, as the mass velocity increases from 1.0 to 2.0 million, At low
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mass velocities near G = 0.5 million, annular film flow is the dominant

flow regime for the studied quality raﬁEET‘“ﬁs—the—mass—veloc1ty—1ncreases

from G = 0. 5 to 1.5 million, the annular film is stripped from the heated e
iodidUe'to jncreased steam velocities, thus lowering the CHF. At mass
'velocities greafer than l.Srmillion,-droplet entiainment and deposition
phenomena compensate for the film stripping effects, and the CHF does not
deteriorate.as rapidly.

Effect of Pressure on CHF Results

In: Flgure 6 CHF results for a mass veloclty of 1.0 x 106 are presented

as a function of bundle average quality for pressures of 1000, 1165, ‘and 1500
psia. Presentation of the CHF results in this form which is commonplace
in the literature snows'a substantial inverse pressure effect on CHF. However,
presentation of the data in this way does not.provide a proper evaluation of
the effect of pressure on CHF. Since quality is a dependent thermodynamic
.function of pressure, the true effect of pressure on CHF is masked when
. presented on this basis. Instead, the CHF data should be plotted versus
bundle_averaae enthalpv as in Figure 7 to properly evaluate the effect of
- 4 pressure on CHF. Note that Figure 7 is a presentatlon of the very same
CHF data presen;ed in Flgure 6. Undoubtedly, enthalpy is a more universal
reference for CHF results. It can be concluded that CHF results obtained
in thls study over the range of pressures 1000 to 1500 psia are independent
of pressure hhen correlated as a function of enthalpy.
To demonstrate further that the effect of pressure on CHF should be
evaluated on an enthalpy ba51s, identical CHF results'of Janssen et al( )

”—f—‘-————are—pfeseg%ed_¥erQnQlqnﬂllty and enthalpy in Figures 8 and 9, respectlvely

Comparison of points A and B in Figures 8 and 9 demonstrates how quality

accerituates the effect of pressure on CHF. Notice that CHF results are
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um:correlated much better on the enthalpy basis. Using the enthalpy*basie,

CHF results presented in Figure 9 still show 2 small pressure effect between

© 1000 to 1250 psia, whereas the results of this study show no substantial

pressurereffect between 1000 to 1500. These differences may well be
explained by experimental error.

Comparison with Other CHF Data

It is. desirable_gg compare the CHF resulte of the>present study with

data presented in the llterature: Such a comparlson is admitteaiy limited
in value because of the dlfferences in spacing, grid spacers and power distri-
butions. In Figure 10, CHF results obtained in this study are compared

with results of Janssen(Z) for uniform axial and uniform local power dis-
tributions with and without grid spacers. The local power distribution
affects subchannel mass velocities and qualities, and consequently, signif-

1cant1y affects the CHF especially if the peaking is in the prokimity of

--a 11m1t1ng subchannel. - Figure 10 shows that for the same bundle average

enthalpy the CHF for a bundle W1th local peaking in a limiting subchannel
is less than that for a bundle with no local peaklng |

1n'Eigure 11, CHF results obtained in this study are compared with
16-Tod bundle results of Israel et al( ) obtained with local power
distributions with and withoﬁt_grie spacers. Several local power distri-
butions were used in the test pundies; however, the corner rod had a
1.32 peak to average flux in all cases. On a bundle average enthalpy basis,

the results of this study compare well with the results of Israel et al.

Because of the difference

15 power distribut 'onsﬂand_spacer;4_§he_prev1ous

[¥]

r

limited observation can only be made.
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Results of this study are also compared with the 16~rod bundle CHF

results_of Sofer and Soodak(4) in Figure 12, In their study,—CHF-results

. were obtained for z given local power distribution in which the peak to

average flux ratio was varied. They used UNC grid spacers. As shown in
Figure 12; CHF resulfs obtained by Sofer and Soodak using a peak flux ratio
of 1.23 compare very well on a bundle average basis with results of this
study which used a 1.20 peak flux ratio.

In summary,'it can be concluded that the CHF results of the present

\

- -study compare well with-the results-of previous studies, However, additional

-

insight concerning the effects of local power distributions and grid Spacers

on CHF can only be obtained by comparing the CHF results on a local sub-

channel basis using a model such as COBRA(I). Additional effort is required

in this area.

~HYDRAULIC RESULTS

Single Phase Isothermal Pressure Drop Results

Isothermal single phase pressure losses were obtained to establish that

~--the-essential hydraulic aspectsvof a typical BWR fuel assembly were properly

simulated by the 16-rod bundle and to provide accurate single phase hydraulic
information required for two phase pressure loss calculations.

Bare Rod Bundleb

Friction factors for the bare rod bundle are presented in Figure 13.

Over the Reynolds number range of 10,000 to 300,000, the experimental results

can be fitted to a linear approximation f = 0.256 Re-o°206 where f is
: - 2 '
defined by ap = ~°FVpp
- s
e~c

S o e em
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Friction factors of the rod bundle are 25% higher than those of the Moody

———————smooth tube prediction—Thiscanbe attributed to surface Toughness of the

~rod bundle and to undeveloped boundary layers due to the presence of grid

spacers in the rod bundle.

Grid Spacers

In Figure 14 pressure loss coefficients for two identical grid spacers

are presented versus Reynolds number. The 4&4 grid spaceis were good

“hydraulic simulations of typical BWR grid spacers to ensure proper simulation

--of CHF conditions in the CHF bundle. Results presented in Eiéure'iifﬁhowwrlﬂ

“that the grid spacer pressure loss coefficients were independent of Reynolds

number for Reynolds numbers greater than 300,000. For the 4&4 grid spacer

K = 4858 Re‘o‘96 + 0.843, where K is defined by the relation AP = QKpVZBR[ZgC.

C))

These results compare very well with those reported by Grillo and Marinelli

.and are presented in Figure 14 for comparison. On the basis of these results,

a value of 0.9 may be used as a first approﬁimation for preliminary analytical

calculations involving typical BWR grid spacers for which accurate values

"of K are unavailable,

TWO:PHASE PRESSURE DRO? RESULTS

Two pﬁase'preésure drop-flow data were determined over appropriate
ranges of mass veloéity and bundle average exit quality at a constant system
pressure typical»of BWR operations. Experimental total pressure losses for
the rod bundle exténding from the beginning of the heated length to the exit

of the upper tie plate are presented in Figure 15 and 16 as a function of

_ bundle avefage exit quality at 1165 psia and for mass velocities of 0.52
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and 1.03 million 1lb/hr ftz, respectively. At a mass velocity of 0.52

lb/hr'ffzzufﬁé"efféct of quality on total pressure drop is not very great
 as shown in Figure 15. As the qﬁality increases, fricﬁion and acceleration
contributions to two phase pressure drop are balanced by decreasing gravita-
-rien pressure losses. However, at a mass velocity of 1.03 million ib/hr ftz,
two phase friction and acceleration pressure lossee are domiﬁant and the-

effect of quality on the total pressure loss is substantial as shown in

Figure 16.

The COBRA( ) code was~procrammed to model the thermal-hydraulic behav1orvw
of'the 16-rod bundle. Two phase friction losses for the fuel rods were pre-
dicted by appiying two phase friction multipliers to the single phase
friction factors erperimentally establsihed for the rod bundle. Two-phase

" form and friction losses of the grid spacers were predicted using homogeneous
' two—phase mixture specific volumes and the erperimentally established single
phase grid spacer loss coefficients. COBRA calculations were performed
using the Homogeneous and Modified Armand void fraction and two-phase friction
| mﬁlfiplier models. —figures 15 and 16 show that the Homogeneous model
predicts the experimeﬁtal results better than does the Modified Armand
Model. Mest available void fracfion and two-phase friction models are
based on round tube rather than rod bundle data. Until rodrbundle two-
phase void fraction and friction multiplier models are deveioped, the
Homogeneous model is recommended to predict two phase pressure losses.

As shown in Figures 15 and 16 COBRA two-phase pressure drop predlctlons

_.compare well with the experimental results. COBRA two-phase pressure drop
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»predictions using the Homogeneous model are within 8% and 3% of the experie

'mental results for mass velocities of 0.52 and 1.03 million 1b/hr ft
';respectlvely. Thus COBRA can predlct flow rates for the 4x4 rod bundle

" within 1.5 to 4.0%. These results indicate that rod bundle two-phase pressure
losses cén be accurately established via the COBRA code using the Homogeneous
two-phase model in conjunction with empirically established sipgleephase
correlations for the bundle components.

Conclusions

The grld spacer used in this study had no detrlmental effect on CHF
In all cases CHF occurred upstream of the grid spacer even though bundle
average enthalpy at the CHF location was lower than at the exit. The spacer
improved coolant mi;ing so that enthalpy and flow imbalances upstream of

the spacer did not persist downstream of it.

" As the mass velocity increased from 0.5 to 2.0 million, the CHF decreased;

however, at masé velocities greater than 1.5 million, the CHF does not
deteriorate as rapidly.

'CHF resulfs obtéined in this study éverrthe range of preésuré 1000 td
1500 psia are independeht of pressure when correlated és a function of
.enthaléy. |

For the same bundle average enthalpy, the CHF for é bundle with local
peakingbiﬁ a limiting subchannel is less than that for a bundle with no »
lécal»peaking. |

 On a bundle average basis, the results of this study compare well with

comparable results in the literature.
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Single phase bare rod friction factors were approiimately 25% higher

than the Mgg@ymggpoth tube values. This can be attributed tovsurface-

“”rogghhess_of the rod bundle a2nd to undeveloped boundarx layers ﬁue to the
presence of grid spacers in the rod bundle.
Single pha§e‘grid spacer pressure loss coefficients were independen;
of Reynolds number for Reynolds numbers greatef.than 300,000. Values of
K for the grid spacer were close to 0.9. |
Two phase rod bundle pressure losges can be acéurately established via
__the COBRA code using the Homogeneous. two- phase-model-in-conjunction with

- empirically established single phase correlations for the bundle éomponents.»
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~ APPENDIX I

Simulation of Local Power Distribution

A syhthesized BWR local power distribution was used in thié 16;r65“
‘bundle CHF simuiation._ Subchannel calculations weré performed using the
COBRA Code(l),to heip Synthesize therradial.power diétribution of the 16;rod'
CﬁF simulation. The local power profile of a typical 6%6 BWR fuel assemBly
as shown in Figure 17 was modeled by the simulatibn. Local qualities and

mass velocities were calculated via the COBRA Code and are also presented in

" Figure 17T#_§é§§6§§:f:"ff; IIf;:;SJ;IVZQf the 6&6 fuel assembly were

"Wdesignafed t6 be of primary critical heat fluﬁ concern and were simulgted

- closely with the local power distribution of the 16-rod bundle shown in

" Figure 18. Local qualities and mass veiocities for the 16~rod bundle
.5iﬁuiation are also provided in Eigure'ls. The spbchannel calculations

“by COBRA were used to verify the thermal hydraulic simﬁlatién of the actual
6x6 fuel assembly using the 16-rod bundle. Compgrison of Figures 17 and 18
showsvthat not only subchannel but also bundle average qualities and mass

MT»Véidéiiiés ﬁéfémréﬁfoauéeé b} tﬁe 16—roévﬁund1e:» fhis was important since
CHF results are established in terms of bundle a&erage mass velocity and

,qﬁality. Although actual subchannel conditions depend on subchaﬁnel mixing,
the simulation of the 6x6 fuel bundle by the proposed 4x4 model was‘insensi-

tive to mixing.

- e e e T
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COBRA-11 SUBCHANNEL CALCULATIONS
PRESSURE = 1165 psia

AVERAGE HEAT FLUX = 150,460 BTUMHR FT2

1.16

?‘\‘,3 A
SUBCHANNEL 0.720

T=77 T QUALITY AND :
* MASS VELOCITY X 106

BUNDLE AVERAGES

QUALITY =0.0592 AND
MASS VELOCITY =0.68X 106 1B/HR FT

SUBCHANNEL AREAS OF
PRIMARY CHF CONCERN ARE
DESIGNATED IN THE ORDER

~ OF IMPORTANCE AS 1, 11, 111, AND v

' R v
/
: ' B . 10O
S , - o - X oo
- R | = 0.546
o : LINE OF
 SYMMETRY
oy _ |
FIGURE IS —MASS VELOCiWANﬁQBA—HMONMmﬁQMHF_LOQAL POWER DISTRIBUTION OF

A BWR FUEL
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COBRA-11 SUBCHANNEL CALCULATIONS
PRESSURE = 1165 psia ? PO
AVERAGE HEAT FLUX = 150,460 BTU/HR FT

0.084 . . ; | 0.03
0.559 . . . 0.556

SUBCHANNEL

""QUALITY AND
MASS VELOCITY X 1076

BUNDLE AVERAGES

o QUALITY =0.0578 AND
MASS VELOCITY =0.68X 106 LB/HR F12

© 0076
- 0.558 0.039 0.043

S | - 0.644 0595 |  0.608 0.069
. I : 0.554
o | | _

o ' _ SUBCHANNEL AREAS OF

= . o PRIMARY CHF CONCERN ARE

o o ' : - DESIGNATED IN THE ORDER
o OF IMPORTANCE AS i, 11, 111, AND IV

* o 1% :
: FIGURE }7. MASS VELOCITY AND QUALITY CONDITIONS FOR THE SIMULATED LOCAL
POWER DISTRIBUTION OF THE 16 ROD CHF BUNDLE »
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