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SUMMARY

ot A redesign of the LOFT instrument penetration necessitated‘a reanalysis of
the thermal conditions existing in the nozzle and flange during a Loss of Cool-
ant Experiment (LOCE) _The max imum temperature gradient exisfing in the instru—'
ment f]ange will be used to determine the thermal stresses and maximum number

of allowable cycles | for the instrument flange. Based upon vhe spec1f1cat1on[]]
and thermal cond1t1ons pred1cted by RELAP4/M005[2], the max1mum temperature
gradient through the flange will not exceed 216 °F. The thermal conditions
predicted by RELAP4/MODZ for the nozz]e'head penetration assembly were less
serere fhan those used in the original therma]—stress ana1ysis[3], so only the

. ‘ flange waslanalyzed‘here. If the'thermal stresses are marginal with the 216 °F

AT, a more detailed ahalysis should be done as the heat slab model used in

&

RELAP is only one dimensional.
Conservative hand calculations were performed for a heafup rate of 100 °F
per hour and it was determined that the worst temperature Qradient through‘ the

flange will be less than 81 °F.
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" "LOFT INSTRUMENT PENETRATION
" 'NOZZLE THERMAL ANALYSIS

-

I.  INTRODUCTION

Design modifications to the LOFT reactor vessel instrumént‘penetratioh re-
sulted in a change in thermal conditions occurring during afLOCg inside the
nozzle penetration‘sfalk‘(see;Fig.‘i). As the reactor,véssei pressure fa]]s dur-
ing a blowdown, the Watér iﬁside the penetration assembly will 5011, vesulting
in nucleate boi]iﬁg and/or two phase flow heat transfer and a-corresponding
large heat transfer coefficient. Until the volume of stagnant liquid in the
stalk is yapofized and expelled, these high coefficienté will generate large
thermal grédients and cbrresponding high stresses. The orfgina]‘configuration
was such that the volume of water inside the nozzle was very -small and vaporized
almost immediately qu]oWing~initfation of the b]owdown. "However, modifications
to the flange sealihg assembly resulted in the entire #entef'Sfalk volume of
water being available to two-phase convection and nuc]eate-bdiTing heat transfer
as it was expelled through the outer annulus during a blowdown.

Only a LOCE transient was analyzed in detail because all dther transients
are insignificant coﬁpgred with the LOCE. This is especially true with the in-
strument penetration hoiz]e since all inside surfaces are exposed to a stagnant
fluid during all transients except a LOCE. This results in a low convection
boundary coefficient so any temperature transients in the boundary fluid will
not cause a §1gn1f1cant thermal gradient in the components.

Hand ca)cu]atlons were performed using the He1s1er[4] charts for a semi-

infinite slab with a- heatup-cooldown rate of 100 °F/hour.
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RELAP4/M0ODS was used to determine the thermal conditions iﬁ~fhé nozzle

during blowdown. The details of the RELAP4 model are described in detail in

Appendix A. RELAP4 calculates inside and outside temperatures foh'a1l_sur—

faces using a one-dimensionélfs]ab model, fluid boundary coefficiehts and

temperatures based .upon the.fime dependent pressure and volume input to the

code.

2. HEATUP AND COOLDOWN

A hand calculation was performed for the instrument penetration nozzle

flange to determine the temperature gradient occurring during a heatup or codl—‘

down thermal cycle at a rate of 100 °F/hr. A one-dimensional semi-infinite

slab model was used, which is a conservative model, since this ignores the

effect of natural convéction on the outside surface. The fo116wing assumptions

were made.

1.

One-dimensional semi-infinite slab (outside surface convection

was ignored).

L = 3 inches (0.25 ft).

Since inside fluid boundary is stagnant during heatup and cool-

down, an inside convection boundary coefficient of 200 Btu/hrfft2—°F

was assumed.

A heatup - cooldown rate of 100 °F/hour was used from 70 °F to 610 °F.

For Inconel 600 alloy; a = 0.159 ft2/hr, k = 10.75 Btu/hr-ft-°F.

J[4]

The Heisler charts for a semi-infinite sla

the temperature 3 inches from the inside surface.

X ; 0.25

—_— ——= = 0.13
2Va T 2 V.159(5.9)

assuming t = 5.4 hour

were used to evaluate
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T-T1,7 610 - 70 540

assuming an'initial temperature of 70 °F and heatup rate of 100 °F/hour

har _ 200/0.15964)
K

10.75

= 17.24

assuming a 60nvection coefficient of 200 Btu/hr-ft2;9F

from the Heisler charts at the abdvé points,

—1_ - 0.8

Therefore, T = 459.0 + 70 = 529.0 °F
AT = 81 °F_which is the maximum temperature gradient through the
flange wall (assumes inside surface temperature éqUa]s fluid

temperature).
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III. RESULTS

1. NOZZLE FLANGE GRADIENT DURING LOCE TRANSIENT -

RELAP4 calculated the convectlon boundary coefficient for a]l inside sur-
faces as a function of time.- " The boundary coefficients as a funct1on of time
are shown in Figures 2 and 3 for the f1ange and nozzle penetratjoh;surfaces, .
respectively. The coefficient is initially hfgh due to nuc]eatefboi1ing.and
twb-phase forced convection heat transfer. This isthe ]imiting'rggime in terms
of thermal sfresses since nucleate boiling is followed by saturaied steam con-
vection and correspondihg smé]] heat transfer coefficients. Theuhighgst ther-
mal gradients will then 5e§observed either during or immediately following the
nucleate boiling two-phase heat transfer regime.- |

Fluid boundary temperatures as a function of time are showh'ih'Figures 4
and 5 for‘the flange surface and inside instrument penétrationfsta]k surface,
respectively.

RELAP4/MOD5 calculates the inside and outside slab surface temperatures
as a function of time. This is a conservative calculation since a one-dimensiona1:'
s]qb model is assumed and convection from the outside surface is ignored. The
time-temperature plot for the flange is shown in Figure 6. As‘wbu]d be expected,
the greatest temperature differénce occurs during the nuc]eate,bo%iing regime
at a time of 26 seconds. This temperature difference is 216.6 °F.

Since a detailed twB-dimensional finite element analysis has already been
performed[3] for the instrument nozzle, a comparison was made with'the bobndary
conditions predicted by RELAP4 and thbse used in the original therma]—stress
analysis. These conditions are presented in Tabie I. The RELAP4 model pre-
dicted a higher fluid temperature and lower convection coefficients fhan those
used in the Avery ana]ysis[BJ. Therefore, the original analysis fs conservative
in predicting thermal stresses, so a detailed thermal analysis will not be

redone on the instrument nozzle.
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2. NOZZLE FLANGE GRADIENT DURING HEATUP AND COOLDOWN

Based upon the preceding assumptions and ea]culations,;a'maximum tempera-
ture gradient of 81 °F will result in the flange during a heatup or cooldown

transient of 100 °F/h0ﬁr;
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" IV.  CONCLUSIONS

Upon comparing the cohvectionvcoefficient-fime plot and insﬁde surface
temperature-time plot (Figs. 2 and 6), ohe,can see a definite co?reTgtion be-
tweén the boundary foéfficient and surface temperature. Nuc1eatejbpf]ing is
the predominant heat traﬁﬁfeé,mechanismvfor-the first 25 secondé-&hd a large
heat transfer coefficientfrééu]ts until ajj of the 1iquid,is vahorized. The
inside surface temperature falls rapidly durinémthis phase of the transient.
After nucleate boiling ends; the surface temperature at 26 secohdsfcorresponds
to the largest thermal gradient during the:transient since the oﬁfside surface
temperature is essentially constant at 6i9;°F during the first 30ﬁ§econds of
the transient. | | |

A1l gradients ca]cu]afed in this repoft are conservative due to the one-

dimensional slab model used to compute them.
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TAB_E I
BOUNDARY CONDITIONS INSIDE INSTRUMENT PENETRATION STALK

0

(Avery Analysis) (RELAP4). (Avery Analysis) . - (RELAPS).
Time (sec) T (°F) T (°F) - h (Btu/hr-ft -°F)‘A h (Btu/hr-ft2-°F) -
0  609.8 620.0 10,000 o 9000.0 a
1.5 560.0 - 10,000 --
2.0 “- 588. 4 -- 183
7.0 490.0 . 588.2 10,000 52.0
10.0 380.7 582.8 50 .. 58.3
14.0 $235.0 568.4 50 | 57.0
20.0 . 543.8 | 54.1
25.0 | 520.3 | | 52.1
300 | . 549.6 | },' . 5.0

Zg brt"u-'
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'APPENDIX_A

RELAP4 ANALYSIS OF THE LOFT UPPER
HEAD - INSTRUMENTATION PENETRATION

by

R. P. Riordan
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A RELAP4 analytical model of the LOFT pressure vessel uppgfthead instru-
mentation penetrations was developed to analyze the transieﬁt_tﬁerma]-hydrau]ic
behavior of one such penetration during a loss-of-coolant exbéfﬁmenf. The in-
strumentation penetratibh was analyzed using previous]yvpredicted upper plenum
conditions as the boﬁndéry conditions for the ana]yfica] model. The upper
plenum conditions aré from a previous RELAP4 calculation. AThjisELAP4 mode]
was a preliminary study of a 200% cold leg break simulation by the LOFT facility.

This analysis was performed to determine the fluid properties .of the fluid in

_the instrumentation penetrations during a transient. These results were used

to analyze the thermal'stress resulting from this transient.
The RELAP4 ca]cU]ation is a pre]iminéry scoping analysis for L2-4 and was
performed using a noneStandard version of RELAP4/MOD5 update 2(ET3) with the

LOFT CHF - correlation update.
MODEL DESCRIPTION

The nodal diagramiof the RELAP4 ana]ytita] model 1is shoWh-in Figure A-1.
This model nnnsists'OfA4 volume nodes, 3 flow junctions, and.5 passive heat
slabs. Volume Node 1‘describes the upper plenum region of the LOFT pressure
vessel and is the time dependent volume for which the f]uid_tohditions as a
function of time, are retrieved from a previous RELAP4 dataAtépe. This data
tape was created by a RELAP4 analysis of the LOFT system réspbnse to a simulated
200% cold leg break, ioﬁs-of—coo]ant experiment[l]. The ndda1'diagram of this

RELAP4 model of the LOFT system is shown in Figure A-2.
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Nodal Volumes 2, 3,<and‘4 modé] the fluid volumes associated‘With'the
upper lead penetration noz?ﬁe and instrumentation stalk. Vo]umeAévmode]s the
fluid volume inside the inétfumentation stalk less the volume ofitﬁé instrument
heads. Volumes 3 and 4 model the fluid volume within the annulaf ﬁpace betwéen
the outside walls of the instrumentation stalk and the inside wéiliof the upper
head penetration nozzle. Table A-1 gives a tabu]aﬁ IiSting of thé'ﬁbda] volume
description§ | ”'A ' | ‘

The junctions connect the volume nodes to create the flow path for the
fhnd to leave the 1nstrumentat1on stalk and enter the upper p]enum dur1ng a
LOCE. Table A-2 is a tabu]at1on of the important data regard1ng these junctions.
These junctions are modeling the two major flow constrictions ahd the connection
of two similar volumes. Junction 1 is the flow path from" the inﬁtrumentétion
stalk to the annular space between the instrument stalk walls and the inside
~walls .of thé upper head peneiration nozzle. Junction 2 is the connection of
the two annular volumes hodé]ing the gap hetween the walls of thc prer head
penetration nozzle and the instrumentation nozzle. The thirdéjuﬁétionvmodé]s
the connection between the upper plenum and this annular vo]umé'in'the upper
heaq penetration nozzle. |

’ The heat slabs were modeled to describe all the metal walls of the instru-
mentation nozzle in,contacf with the fluid. Heat Slab 1 models the blind flange
on the‘penetration nozzle. The instrumentation stalk is modeled ‘as Slabs 2 and
3. Slabs 4 and 5 model the penetration nozzle walls and the upper head

surrounding it.

A-2
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RESULTS

The time dependent préssure response of the upper p]enum{jﬁ shown in
Figure A-3. Figure Af4<js the average pressure predicted fo? tHe instrumenta-
tion stalk. Comparingjiﬁése two figures no differences in bressure can be‘seenu
The aVerage fluiditempefature in the ihstrumentation‘stalk,,Figure A-5,
and the average surféée temperature of the penétration nozzle f]ange, Figure A-6,
were used in the thermal analysis of the flange. The heat tfansfer coefficient ‘
for this heat transfer.éurface is shown'in Figure A-7. o
Figure A;8 shows.the average fluid temperature of the f]yid in contact with
both heat Slabs 3 andf5, Figure A-9 shows the surface temperature of the
outside surface of the instrumentation stalk tube wall, wh{ch is modeled as heat
Slab 3. The heat trénsfer coefficient for this sﬁrface is shown in Figure A-10.
The penetration nozzle surface temperature is shown in:Figure A-11 and

the heat transfer coefficient is shown in Figure A-12.° Heathiab 5 models the

. penetration nozzle where it passes through the upper head..iIt,is for this portion

of the penetration nozzle that the surface temperature is shown in Fiqure A-11.

The analysis of the'upper head penetration was performed'using a released
version of RELAP4/MQDS[A'4]. The results of this analysis are stored on a magnetic
tape in the computer science laboratory, tape numberrT9V584. ‘The analysis uses
the results of an analysis of the LOFT facility which was donefusing an uncon-

figured version of RELAP4/MOD5 which was created by updating RELAP4/MOD5 (E73)[A'3].

A-3
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