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SUMMARY

Several sectidns}bf the LOFT primary coolant b10wdan1bﬁping were
analyzed for temperature transients occurring during a Loss 9f7Coolant .
Experiment (LOCE). The LOCE fluid conditions were chosen ﬁo;bbnseran
tively represent thé most severe operating tonditions occuffiﬁé in the
piping(]’z). Témpefature gradients will be used By the'Apb1ie& Mechan-
ics Branch to detenMiﬁe thermal stresses and the allowable.therma1
cycles for the piping. The only other significant therma]'cy¢1e (heat-
up or cooldown) was not analyzed because the DT's for thigxéyéje for
‘the pipe sections ana]yzed will be small (<15°F) and will hévé'a very
~minor effect on the allowable number of thermal cyc]gf__ '

8 inch - Sch.160, 10 inch - Sch 140, 12 inch - Sch 160 and a spec1a1
6 inch section of stainless steel pipidg were .analyzed. The temperature
gradients for each case were expressed 1n the DT form requ1red for the
ASME Section III pipe equat1ons( ) . DT va]ues are tabu]ated 1n the report
and have beenlforwarded to the Applied Mechanics Branch for stress analysis.

Spec1f1c details and assumptions used in this analysis are found in appro-

priate sections of this report. Complete microfiche cop1e5»of the computer

runs are contained 1n‘Append1x B.



1.0 INTRODUCTION

Components used in the primary cooling blowdown 1odb'6f LOFT face
severe temperature gradients due to the transients expekjenéed during a
LOCE. Prior to a LOCE, piping is at a steady state temperature of g100F (1)
in the hot leg pf:the cooling loop. As the blowdown proceeds, the pressure
in the system drbpé}rapidly.during a short time interval. As the pressure
falls below saturation pressure of the cooling water, B§iiing COhmences in’
the pfpeé. Since the watervtemperature is a fuhction-df pressure in this.
case, the inside of the pipe is exposed to a rapid tempérdture trangient..
The magnitude of the thermal gradient is increased further by large heat
transfer coefficients due to two phase flow and nucleate boiling on tﬁe
inside pipe surfaée. Only the condifions of the hof 1eg‘portion of the
b1owdown loop was analyzed here, as it experienced more-sévere transients
than the cold leg. COUPLE/MODZ(4), a two-dimensional f{nite element heat
conduction code,.was used to calculate DT's for input info,the‘ASME Section

(3),

III pipe equations
2.0 ANALYSIS |

Figures 1, 2, 3, ‘and 4 show the ax1symmetr1c f1n1te e]ement models of
the 6 inch, 8'1nch 10 inch,and 12 inch b]owdown loop p1p1ng, respec-
tively. The p1pe sections examined were not adjacent to any tees, e]bows,
valves, etc., so.a one-d1mens1ona1 ax1symmetr1c model was,assumed. The
pipe dimensions.are given 1n Table I. A1l pipes are of ASME SA312 Grade 316
stainless steel, having temperature dependent properties listed in Table
11(5). L1near interpolation was used to derive values 1ntermed1ate to
the temperatures listed.

Proper heat transfer coefficients and boundary temperatures are

vital to an accurate thermal-hydraulic model. The p1pe'heat transfer
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coefficients were selected for the worst case blowdown from data provided

by the blowdown specifiéations(]’s).

During the initial phase of a LOCE,
a coefficient of 10,000 Btu/hr-ft2-°F was used to represent nucleate
boiling heat transfer forll3 seconds. After 13 seconds a coefficient of
100 Btu/hr-ft2-°F was used tovrepresent the time the reactdr.ye;se) Qas
fi1ling with emergency core coolant (ECC}. This coefficient was ‘used out
to 40 seconds, during which time the heat fransfer occufs fromAforced
convection of superheated~steam on the pipe surface. After 44 seconds a
heat transfer coefficieﬁf of 1,000 Btu/hr-ft2-°F was used as representing
the ECC flowing through the pipe. The heat transfer coefficieﬁté and re-
spective times are listed in Table III. B

The outside boundary coefficients were computed as a combihation

(7)

of free air convection and thermal conductivity of -3 inches of insula-
tjon with a thermal conductivity of 0.0042 Btu/hr-in-°F. The specific
heat of the insuTatioﬁ was ignored in this analysis, but it'is so small
relative to the pipe that the errors introduced would be neQ1igib1e.
An effective outside convection coefficient of 0.17 Btu/hr-ft2°F was used
in this analysis. | | .A

Inside boundary temperatures were selected represcnting thé faslest
blowdown anticipated for‘LOFT(]’G). These tempefatures are given as a'
function of time in Table IV. Linear interpolation was used to derive

temperatures between the times listed. An ambient air temperéture uf

100°F was used for the outside boundary.



Pipe
Model S
e
2 8" SCH 160
3 10" SCH 140
4 12" SCH 160

Material Properties for 316‘Stain1ess Steel Pipe‘”

Thermal Condﬁctivity'

- TABLE 1
Dimensions(s)
 Inside Outside o ,
. Diameter (IN)  Diameter (IN) =
4.063 - 6.00
6.813 8.625
8.75 10.75
10.126 12.75
TABLE II

(5).

Specific: Heat

. . :Densjtg t , e
emp (°F) (1bm/in3) (Btu/hr-ft-°F) (Btu/1bm-°F)
100 0.2841 8.5 0111
212 0.2841 9.016 0.1181
302 0.2841 9.407 0.1222
392 10.2841 ©9.799 0.1253
482 0.2841 10.19 0.1275
617 0,2841 10.78 0.1298
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TABLE II1

Heat Transfer Coeff1c1ents Inside LOFT Blowdown Piping
. As A Function Of Time

Heat Transfer Coefficient

Time §seé} (Btu/hr-ft2-°F)

0.0 to 13.0 ~ 10,000
15.0 to 40.0 100
40.0 to 44.0 100 + 1,000
44.0to ® 1,000

- Outside effective convection coefficient = 0.17 Btu/hr;ft2-°F

TABLE IV

Fluid Temperatures Inside LOFT Blowdown P1p1ng
| As A Function Of Time

Time (sec) Temp (°F
0.0 610
2.0 536
7.0 | 490
13.0 270
40.0 260
100.0 100
o 100
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3.0 RESULTS |

Table V gives theADTts for the 4 pipes analyzed. A cemblete listing
of each DT for every time 1ncrement is included in Append1x A DT3 is
zero in all cases, as would be expected |

Upon examining the behavior of DT's versus time, one can ident1fy two
peaks in the behavior of DT1 and DT2 correspond1ng to the heat transfer
mechanism in operatibn at that time. During the first phase of a LOCE,
when nucleate boiling is the predominant heat transfer meehanism, a large
DT2 resu]ts from the high rate of heat transfer at the sdhface of the pipe.
DT1 a]so increases during this phase but in the thicker p1pe (12 inch) the
magnitude of DT resu1t1ng from nuc]eate bo111ng heat transfer is less
than the maximum DT1 occurring during the 1aet phase of a LOCE, when forced
convection heat transter is the predominant mechanism. In the pipes with a
wall thickness ?liinch and less (6, 7, and 10 inch), nut1eate boiling causes
the greatest temperature gradients in the pipe. These reéutts are repre-
sented graphically in Figures 5 and 6. It should be appareht from'the
examination of DT behavior, that the assumptions used in determining heat
transfer coeffieiehts'are critical in their effects en themmaximum»therma1

gradients.
TABLE V

Maximup DT's In LOFT Primary Coolant Blowdown Pipfng
For A LOCE Transient

Pipe Thickness Max imum Time Maximum  Time

(in) (in) ‘DTTQY°F) (Sec)  DT2 (°F)  (sec)
6 0.9685 261.71 14 125.36 13
8 0.906  267.79 14 17.45 13
10 1.000 262.34 14 126.33 13
12 1.312 319.07 .99 151.22. 13
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APPENDIX A

COMPUTER INPUT DATA ECHO
AND
DT LISTING FOR 6, 8, 10 AND 12 INCH PIPES
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COMPUTER INPUT DATA
FOR 6, 8, 10, AND 12 INCH PIPES

A-1
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APPENDIX B

MICROFICHE COPIES
OF COMPUTER RUNS
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. The fo110w1ng:afe complete copies of the 6, 8, 10, and'12”1hch ,

~ Primary Coolant piping thermal analysis computer runs.

(See Distribution)
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