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ORNL TEST PARAMETERS SIMULATE NUCLEAR

FUEL RODS AND LOCA CONDITIONS

• INTERNAL ELECTRICAL HEATER

• 915 mm "UNIFORM" HEATED LENGTH

• 25-30°C/sec CLAD HEATING RATE

• 47 cm3 GAS VOLUME

• SUPERHEATED STEAM ENVIRONMENT

• 770-19150 kPa BURST PRESSURE RANGE

• 1170-690°C BURST TEMPERATURE RANGE
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ORNL T E S T S CONDUCTED IN CONTROLLED ENVIRONMENT

WITH WELL DEFINED BOUNDARY CONDITIONS

SIMULATOR CURRENT IN -

SIMULATOR SUSPENSION
SUPPORT

STEAM INIET - 7 j
THERMOCOUPIE 7/7/

ESS

SEAL GLAND WITH ELECTRICAL,
THERMOCOUPIE * PRESSURE
PENETRATIONS

-BASE WIRE THERMOCOUPLE
(0.25 HMDIA. ,MAXIMUM OF 33)

SUPERHEATED
STEAM INLET

-FLOW SHROUD
(34.8 .« I .D . )

-FUEL PIN SIMULATOR
(10.9 M . O . D . ZIRCAIOY TUBE)

-VESSEL HEATERS (TTP.)

TEST VESSEL
(102 ««1.0.)

STEAM OUTLET

STEAM OUTLET
THERMOCOUPIE

SIMULATOR CURRENT OUT

SINOLE ROD BURST TEST ASSEMBLY



TRANSIENT TEST INCLUDES PRESSURE AND
TEMPERATURE VARIATIONS
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ORNL
ZIRCALOY DEFORMATION IS SENSITIVE TO
LOCAL TEMPERATURE VARIATIONS

HIGH-TEMPERATURE
(^400°C) PRETEST IR-SCAN_
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SR-13 DEFORMATION PROFILE



BURST TEMPERATURE CORRELATES WITH BURST
PRESSURE AND IS SENSITIVE TO SMALL
DIFFERENCES AT LOW PRESSURE
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"ORNL
DEFORMATION WITH INDIRECT HEATING IS LESS IN STEAM

THAN IN AN INERT ENVIRONMENT
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TUBE AXIAL DEFORMATION DEPENDS ON

TEST TEMPERATURE
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• PS TESTS IN STEAM
1.5 _ * SR TESTS IN STEAM
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SYMMETRICAL BALLOONING OCGUHS IN TESTS BETWEW 920 AND tUtf'C
MAXhW.* DEFORMATION OCCUfW AT ABOUT 1075°C > :



1 ! i MS I I V I CHAMISMS f.ADSF LOCAL DE FORMA 1 ION
A M , IM. . i fHAi ciHcuMFhHENTiAL ELONGATION

. .• ...•tri.'KVIAIIGN OCCURS IN f>-ZIRCALOY BY OXIDE CRACKS
•• >.v-! :'• ,'-M) WIDENING WITH SIMULTANEOUS NECKING ON
V: : -Hi SURFACE UNDER CRACKS
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ORNL DEFORMATION CORRELATES WITH LOCAL TEMPERATURE
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TEMPERATURE GRADIENTS ARE SUFFICIENT TO CAUSE
BOWING IN DEFORMING a-ZIRCALOY TUBES

PRESSURIZED TUBES
HEATED ON ONE SIDE
IN THIS REGION WITH
CLAM SHELL FURNACE

ET-4 TEST
TERMINATE
ATSOOOkPa
AND 820°C
WITHOUT
BURST

E-5 TEST
TERMINATED.
AT169OkPa
AND 1040°C
WITH SMALL
BURST
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SUMMARY

ZIRCALOY-4 TUBES RAMP HEATED IN STEAM AT
25-30°C/S WITH INTERNAL HEATERS SHOW

• IN a-ZIRCALOY
• TEXTURE EFFECTS AND TEMPERATURE

GRADIENTS LOCALIZE DEFORMATION

• DEFORMATION SENSITIVE TO SMALL
TEMPERATURE VARIATIONS

• THE MORE UNIFORM THE TEMPERATURE
THE GREATER THE DEFORMATION

ORNL

SUMMARY

INa + 0-ZIRCALOY
• DEFORMATION MECHANISMS NOT YET

CLARIFIED

• MINIMUM DEFORMATION
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°R N L SUMMARY

IN 0-ZIRCALOY
• TEMPERATURE GRADIENTS LESS IMPORTANT

• CRACKS IN OXIDE AND NECKING OF INSIDE
TUBE SURFACE LOCALIZE DEFORMATION

• DEFORMATION IS FUNCTION OF TIME VS

TEMPERATURE PARAMETERS

• MAXIMUM DEFORMATION OCCURS ABOUT

1075°C

UNION
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ORNL

SUMMARY

LESS DEFORMATION THAN FOR UNIFORMLY

HEATED TUBES IN INERT ENVIRONMENT

LARGE BALLOONING (> 32% TCE) DOES NOT

OCCUR OVER EXTENDED LENGTHS (L/D ^ 20)

CORRELATION OF BURST TEMPERATURE-
PRESSURE DATA WITH ANALYTICAL
FUNCTION FOR 800 < P < 20000 KPA AND


