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Main Tasks of the PARAMETERMain Tasks of the PARAMETER--SFSF22 ExperimentExperiment

Study of the conditions of cooling of the test bundle underStudy of the conditions of cooling of the test bundle under combined combined 
top and bottom flooding;top and bottom flooding;

Experimental trial of the system and method of the combinedExperimental trial of the system and method of the combined top and top and 
bottom flooding;bottom flooding;

Adjustment of the method for steamAdjustment of the method for steam--water balance control under top water balance control under top 
and bottom flooding.and bottom flooding.



The PARAMETERThe PARAMETER--SFSF22 experimentexperiment

CoolantCoolant Steam/Steam/
argonargon

Flow rate of coolantFlow rate of coolant, , gg//ss 3/23/2

Temperature of coolantTemperature of coolant, С, С ∼∼500500

Heating rate of claddingHeating rate of cladding, , 
К/К/ss 0.30.3
Temperature of claddingTemperature of cladding
at theat the prepre--oxidation phaseoxidation phase, С 12001200
Duration of the Duration of the prepre--
oxidation phase, soxidation phase, s

40004000

Maximal temperature of Maximal temperature of 
claddingcladding, С, С 15001500
Quenching phaseQuenching phase Top and Top and 

bottom bottom 
floodingflooding

Flow rate of floodingFlow rate of flooding, , gg//ss::
-- toptop
-- bottombottom ∼∼ 4040

∼∼ 4400

Main parameters of experimentMain parameters of experiment Sequence diagram of experimentSequence diagram of experiment



Some results of theSome results of the PARAMETERPARAMETER--SF1 ExperimentSF1 Experiment
The cooling of the 19The cooling of the 19--fuel element assembly from the temperature of fuel element assembly from the temperature of ∼∼ 22270 К270 К by  by  
top flooding with the flow rate of 2 top flooding with the flow rate of 2 g/sg/s per fuel element:per fuel element:

1. 1. Cooling of the upper elements of the assembly (Z=1250 Cooling of the upper elements of the assembly (Z=1250 -- 1500 mm) in 31500 mm) in 3--5 5 
seconds down to the temperature of seconds down to the temperature of ∼∼ 400 К400 К and to and to ∼∼ 330 К330 К in in ∼∼ 150 seconds150 seconds..

2. 2. Cooling of the lower part of the assembly (Z=0 Cooling of the lower part of the assembly (Z=0 -- 600 mm) in 400600 mm) in 400--600 s (to the 600 s (to the 
temperature of temperature of ∼∼ 373700 КК) by  the cooling front propagation upward with the rate of ) by  the cooling front propagation upward with the rate of 
∼∼ 10 degrees/s10 degrees/s..

Difficult character of movement of cooling front of test bundle Difficult character of movement of cooling front of test bundle at a top flooding at a top flooding 
is caused by infringement of geometry of test bundle and blockinis caused by infringement of geometry of test bundle and blocking of through g of through 
passage section of bundle by the formed zones of fusionpassage section of bundle by the formed zones of fusion;;

Process of degradation of constructional elements of bundle happProcess of degradation of constructional elements of bundle happened in ened in 
experiment and absence of zones of destruction experiment and absence of zones of destruction ((debrisdebris) ) pellets are caused by pellets are caused by 
presence of a skeleton of heaters of rodspresence of a skeleton of heaters of rods..



Modernization of technological systems Modernization of technological systems 
of the PARAMETER facilityof the PARAMETER facility

1. 1. Test sectionTest section
The improved test section comprises three partsThe improved test section comprises three parts

Upper partUpper part

Middle partMiddle part

Bottom partBottom part



1.1. 1.1. Upper partUpper part

The upper waterThe upper water--cooled part cooled part 
provides:provides:

- input rods and TCinput rods and TC;;

-- top floodingtop flooding;;

-- input of argon at quenching phaseinput of argon at quenching phase;;

-- output steamoutput steam--gas mixturegas mixture; ; 

-- gathering of a condensate and the gathering of a condensate and the 
control of volume of emission of control of volume of emission of 
water of the top floodingwater of the top flooding;;

-- tight division of the top and middle tight division of the top and middle 
partsparts..



The middle waterThe middle water--cooled part provides:cooled part provides:

-- pass steampass steam--gas mixture only through the gas mixture only through the 
bundlebundle; ; 

- tightness tightness thermoinsulationthermoinsulation and the control and the control 
of pressure of argon inside of the free space of pressure of argon inside of the free space 
of the of the thermoinsulationthermoinsulation;

- compensation of temperature axial compensation of temperature axial 
displacements of the shrouddisplacements of the shroud ..

1.2. 1.2. Middle partMiddle part



The bottom heated partThe bottom heated part
provides:provides:
-- separate input steam and separate input steam and 
argon; argon; 
-- heating up to temperature heating up to temperature 
of steam saturation of steam saturation 
(Т(Т ∼∼ 400400--410 K at p410 K at p ∼∼ 0,300,30--0,35 0,35 
МПаМПа););
-- bottom floodingbottom flooding..

1.3. 1.3. Bottom partBottom part



2. 2. PARAMETER FacilityPARAMETER Facility
Additional technological systems:Additional technological systems:

System of the Bottom System of the Bottom 
floodingflooding

System of switching System of switching 
of input of argonof input of argon

System of filling with argon of a System of filling with argon of a 
free space of the free space of the thermoinsulationthermoinsulation
and the control pressure of argonand the control pressure of argon



The main technical characteristicsThe main technical characteristics
Test BundleTest Bundle

TypeType VVERVVER--10001000
Number of rods Number of rods 19 19 
-- heated heated 1818
-- unheated unheated 11
RodsRods
-- claddingcladding, , mmmm ∅∅ 9,13/7,739,13/7,73

(Zr1%Nb) (Zr1%Nb) 
-- pelletspellets UOUO22

-- heaterheater ∅∅ 4/1275 (Ta)4/1275 (Ta)
Grid typeGrid type triangletriangle

-- grid  pitch, mm             grid  pitch, mm             12.7512.75
Spacing gridSpacing grid Zr1%NbZr1%Nb

-- height, mmheight, mm 20 20 

-- spacing, mmspacing, mm 255255
ShroudShroud Zr1%NbZr1%Nb
-- thickness, mmthickness, mm 22
-- diameter/height, mmdiameter/height, mm 70/149070/1490
ThermoinsulationThermoinsulation ZrOZrO22 ZYFBZYFB--33
-- thickness, mm             thickness, mm             2323
-- diameter/height, mmdiameter/height, mm 116/116/11494900

General viewGeneral view



Comparison of geometrical parameters Comparison of geometrical parameters 
of the PARAMETERof the PARAMETER--SF2 bundle SF2 bundle 

with QUENCHwith QUENCH--06 bundle06 bundle

1) Coolant channel area relationship SF2/Q06 1) Coolant channel area relationship SF2/Q06 ≈≈ 0,6860,686

2) Metallic surface relationship 2) Metallic surface relationship SF2/Q06 SF2/Q06 ≈≈ 1,031,03

3) Heated metallic surface relationship 3) Heated metallic surface relationship SF2/Q06 SF2/Q06 ≈≈ 0,950,95

4) Bundle material mass relationship 4) Bundle material mass relationship SF2/Q06 SF2/Q06 ≈≈ 0,960,96



Test instrumentationTest instrumentation

TC  ChAl - 31,      TC WRe – 14,    TC PtRh – 2
Tsh – 4,   Tth – 4,   Tst – 3,    PS (pressure sensor) - 5



Experimental results of complex startingExperimental results of complex starting--up up 
and adjustment actionsand adjustment actions

1. Definition of parameters of system of the top flooding;1. Definition of parameters of system of the top flooding;

2. Definition of parameters of system of the bottom flooding;2. Definition of parameters of system of the bottom flooding;

3. Working off of system of steam generation and definition 3. Working off of system of steam generation and definition 

of hydraulic characteristics of a steamof hydraulic characteristics of a steam--gasgas path;path;

4. Working off of the control of balance of water;4. Working off of the control of balance of water;

5. Control Test at 5. Control Test at ТТbnlbnl ∼∼ 770 770 -- 870 K.870 K.

The main startingThe main starting--up and adjustment actionsup and adjustment actions



1. Working off of systems of steam generation1. Working off of systems of steam generation

Main parameters:Main parameters:
Bottom water levelBottom water level ((НН)) –– 0 0 mm, mm, 
The averageThe average temperature of bottom part walltemperature of bottom part wall-- ∼∼ 420 K,420 K,
Flow rate water coolingFlow rate water cooling -- 300 300 gg//s, s, GstGst -- ∼∼ 3 3 gg//s, s, GargGarg -- ∼∼ 2 2 gg//ss

ТТstst inin -- ∼∼ 770770±50 ±50 K, K, ТТargarg inin -- ∼∼ 670670±50 ±50 K, K, ТТ bnlbnl –– ∼∼ 770770 K, K, PbnlPbnl -- ∼∼ 0,3 0,3 MPaMPa,,

ττ –– ∼∼ 3000 3000 ss

Inlet steam flow rate Inlet steam flow rate –– 3,45 3,45 g/sg/s M1 = 4647 g,  M2 = 1M1 = 4647 g,  M2 = 100808000 g,  g,  
GGstst•τ•τ = 3,45= 3,45••3100 = 10695 g3100 = 10695 g



2. Working off of the control of balance of water2. Working off of the control of balance of water
Main parameters:Main parameters:
Bottom water levelBottom water level ((НН)) –– 55550 0 mm, mm, 
The averageThe average temperature of bottom watertemperature of bottom water-- ∼∼ 410 K,410 K,
Flow rate water coolingFlow rate water cooling -- 300 300 gg//s, s, GstGst -- ∼∼ 3 3 gg//s, s, GargGarg -- ∼∼ 2 2 gg//ss

ТТstst inin -- ∼∼ 770770±50 ±50 K, K, ТТargarg inin -- ∼∼ 670670±50 ±50 K, K, ТТ bnlbnl –– ∼∼ 770770 K, K, PbnlPbnl -- ∼∼ 0,3 0,3 MPaMPa,,

ττ –– ∼∼ 3000 3000 ss

Inlet steam flow rate Inlet steam flow rate –– 3,44 3,44 g/sg/s,,
M1 = 9142 g,  M2(M1 = 9142 g,  M2(ττ==3385 s3385 s)) = 1= 133575 g, M5* = 1002 g (575 g, M5* = 1002 g (припри сбросесбросе
давлениядавления),), loss of water in the bottom of test section loss of water in the bottom of test section –– 3142 g 3142 g 
GGstst bnlbnl = M2/= M2/ττ ≈≈ 4,01 4,01 g/sg/s,  ,  ΔΔGGstst ≈≈ (3142(3142--1002)/3385 1002)/3385 = 0,61 = 0,61 g/sg/s



3. Definition of parameters of systems of top and bottom floodin3. Definition of parameters of systems of top and bottom floodingg
Main parameters:Main parameters:
Bottom water levelBottom water level ((НН)) –– 55550 0 mm, mm, 
The averageThe average temperature of bottom watertemperature of bottom water-- ∼∼ 410 K,410 K,

Flow rate water coolingFlow rate water cooling -- 300 300 gg//s, s, GargGarg -- ∼∼ 2 2 gg//s, s, ТТ bnlbnl –– ∼∼ 370370 K, K, PbnlPbnl -- ∼∼ 0,3 0,3 

MPaMPa, , ττ –– ∼∼ 3000 3000 s, s, GtfGtf -- ∼∼ 4040 gg//s, s, GbfGbf -- ∼∼ 100100 gg//ss

Time of moving of water Time of moving of water 
up to a levelup to a level Z = 1250 Z = 1250 

ττtftf ≈≈ 4 s4 s

GtfGtf -- ∼∼ 3535 gg//ss

Time of moving of water Time of moving of water 
up to a levelup to a level Z = 0 Z = 0 

ττbfbf ≈≈ 46 s46 s
GbfGbf -- ∼∼ 8080 gg//ss

Top floodingTop flooding

Bottom floodingBottom flooding



ConclusionConclusion

All systems of the PARAMETER facility are prepared All systems of the PARAMETER facility are prepared 

for carrying out of test PARAMETERfor carrying out of test PARAMETER--SF2 SF2 

planned in March, 2007planned in March, 2007
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