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DEVELOPMENTAL VERIFICATION OF PINSIM-MOD2

R C Hagar

ABSTRACT

PINSIM-MOD2, a generalized heat conduction code for con-
centric cylindrical geometries, was developed at Oak Ridge
National Laboratory for use in analyzing heat transfer within
nuclear fuel pins and various electrically heated fuel pin
simulators (FPSs) Verification of PINSIM's calculational
abilities 1s required to support conclusions drawn from the
results of PINSIM calculations This study investigated
PINSIM's ability to correctly solve inverse, forward, and
backward formulations of the heat conduction problem

Data generated during a power—drop test of an electri-
cally heated FPS in a test facility were used to both bound
and verify PINSIM calculations The data consisted of (1) the
FPS power—generation rate history and (2) responses of thermo-
couples positioned at the FPS centerline, near the FPS surface
(adjacent to the FPS sheath), and in the adjacent coolant chan-
nel The PINSIM calculations were validated by comparing these
measured parameters with corresponding calculated parameters

The PINSIM code solved an inverse formulation of the heat
conduction problem by calculating the internal FPS tempera=
tures, surface temperature, and surface heat flux, using the
measured power—generatlion rate history and sheath thermocouple
records as boundary conditions A forward formulation calcu-
lated all internal FPS temperatures, surface temperature, and
surface heat flux using the measured power-generation rate
history, the coolant thermocouple record, and a surface heat
transfer coefficient inferred from the results of the inverse
conduction problem A backward formulation of the conduction
problem was solved by using PINSIM to calculate internal FPS
temperatures and power—generation rates using calculated sur-
face temperatures and heat flux from the inverse conduction
problem as boundary conditions In each case, good agreement
was obtained between (1) measured and calculated parameters,
(2) corresponding results of different formulation solutions,
and (3) results calculated by PINSIM and those calculated by
an established heat transfer code

Thus, PINSIM-MOD2 can correctly solve inverse, forward,
and backward formulations of the heat conduction problem in a
one-dimensional cylindrical geometry




1 INTRODUCTION

The digital computer codes PINSIM-MOD1 (Ref 1) and PINSIM-MOD2
(Ref 2) have been developed for use in planning and analyzing the re-
sults of experiments that use electrically heated rods to simulate nu-
clear fuel rods during thermal-hydraulic transients Both codes were
developed as part of, and have found applications in, the Oak Ridge Na-
tional Laboratory (ORNL) Pressurized-Water Reactor (PWR) Blowdown Heat
Transfer (BDHT) program

The PINSIM code (PINSIM-MODl and/or PINSIM-MOD2) is essentially a
generalized one-dimensional heat conduction code for cylindrical geome-
tries, it is capable of solving several formulations of the conduction
problem employing user-defined multiple axial (up to 20) and radial (up
to 10) regions in a cylindrical geometry and user—-defined material prop-
erties The conduction problem formulations solved by PINSIM may be
referred to as forward, backward, and inverse problems The forward
conduction problem is the classical one of determining internal rod tem—
peratures and rod surface conditions when both power—generation rate and
surface boundary conditions are specified The backward conduction prob-
lem is that of determining internal temperatures and power—-generation rate
when two surface conditions are specified The inverse conduction problem
is that of determining internal rod temperatures and surface conditions
when both the power-generation rate and an internal temperature are speci-
fied The PINSIM-MOD1 code solves the first two problems only, while
PINSIM-MOD2 solves all three Conduction problem formulations solved by
PINSIM are summarized in Table 1

Table 1  Conduction problem formulations solved by PINSIMZ

Forward Backward
Inverse
Case 1 Case 2 Case 1 Case 2
Power generation K K U U K
Surface heat flux U U K K U
Surface temperature U K U K U
One internal temperature NU NU NU NU K
Internal temperatures U U U U U
Surface boundary condi- K NU K NU NU
tions (hl Tbulk)
Solved by PINSIM-MODI1 Y Y Y Y
Solved by PINSIM-MOD2 Y Y Y

2K = known, U = unknown, NU = not used, Y = yes, and N = no



Throughout the development of both PINSIM-MOD1 and PINSIM-MOD2, the
validity of various program modules have been verified informally by de-
velopmental verification, by which code developers are assured that the
modules are functioning properly This report constitutes a formalization
of some developmental verification calculations and should serve to assure
other interested parties that PINSIM does correctly solve the problems for
which it was intended

A series of calculations were performed by PINSIM-MOD2 using data
obtained during a relatively low—powered power—drop test conducted in the
BDHT program's Forced Convection Test Facility (FCTF)* using an internally
heated electric fuel pin simulator (FPS) The method (later described in
greater detail) used to verify PINSIM is briefly described as follows

1 Develop a PINSIM model of the electric pin used in the FCTF test

2  Create and execute a PINSIM problem model to solve the inverse conduc-
tion problem using a record of the sheath thermocouple response and
the rod power transient as boundary conditions, determine centerline
temperature, surface temperature, and surface heat flux

3 Determine a quasi-experimental surface heat transfer coefficient,
based on the surface heat flux and surface temperature from the in-
verse solution, and the bulk coolant temperature

4 Create and execute a PINSIM problem model to solve the forward con—
duction problem using the quasi-experimental surface heat transfer
coefficient, the bulk coolant temperature, and the rod power tran—
sient as boundary conditions, calculate centerline temperature, sheath
thermocouple position temperature, surface heat flux, and surface tem—
perature

5 Create and execute PINSIM problem models to solve the backward conduc-
tion problem using transient gurface heat flux and surface tempera-~
tures determined by solving both the inverse and forward conduction
problems, determine power transients

The validity of the PINSIM inverse conduction problem solution was
investigated by comparing the calculated centerline temperature with the
centerline thermocouple record and with the results of a forward calcula-
tion by an established heat transfer code The validity of the forward
conduction problem solution was investigated by comparing (1) the calcu-
lated centerline and sheath thermocouple position temperatures with the
thermocouple records and (2) the calculated surface heat flux and surface
temperatures with those calculated in solving the inverse conduction prob-
lem The validity of the backward conduction problem solution was inves—
tigated by comparing (1) the calculated power transients with the rod
power transient record, and (2) the calculated centerline and sheath ther-
mocouple position temperatures with the thermocouple records

This method is described in greater detail, and results of the vali-
dation comparisons are presented in Sect 2 Comparisons are summarized
and conclusions are presented in Sect 4 The PINSIM problem models are
entered in the sample problem listings in the appendices



2 METHOD AND RESULTS
2 1 Data Base

The data base used to both bound and verify PINSIM calculations was
generated during a power-drop test of an electrically heated rod in the
ORNL-PWR-BDHT program's FCTF, it consists of a tabulated record of the
rod power transient and the responses of two internal rod thermocouples
(a centerline and a sheath thermocouple) and a coolant subchannel thermo-
couple (located in the coolant subchannel approximately adjacent to the
axial plane of the two rod thermocouples) * The thermocouple records are
plotted 1n Fig 1, error bars on the curves represent an uncertainty of
%2 5 K (%4 5°F) in the indicated temperature At steady state, the power—
generation rate was 10 32 kW/ft (9 786 Btu/s-ft), and at the initiation of
the transient the power was turned off and remained at 0 0 throughout the
transient

2 2 Electric Pin Model

The electric rod used in the power—drop test (from which the thermo-
couple records plotted in Fig 1 were taken) was designated O18A in the
BDHT program % This multiple-region rod consisted of a boron nitride core
surrounding a center thermocouple bundle and was itself encircled by an
electric heater element made of Inconel (Fig 2) Outside the Inconel
heater element is an annular boron nitride region and a stainless steel
sheath  Sheath thermocouples are placed in the annular boron nitride
region, immediately adjacent to the sheath

Rod 018A was fabricated according to relatively strict dimensional
specifications, but its exact internal dimensions can be known only by
sectioning the rod and actually measuring the internal distances Be-
cause rod 018A has not yet been sectioned, its exact dimensions are
still unknown However, rod 038 (which should be identical to rod 018A)
has been sectioned and measured ® Measurements at several different
positions on the rod are summarized in Table 2 The dimensions listed
in the third column of Table 2 were used in the PINSIM model to describe
rod 018A

2 3 Inverse Conduction Problem and Results

In the context of this report, the inverse conduction problem in-
volves determining rod surface heat flux and surface temperature when the
rod power~generation rate and an internal temperature are specified The
model that directs PINSIM to solve this problem using the pin model pre-
viously described, the sheath thermocouple record (Fig 1), and the rod
power transient are all included in the PINSIM output listing in Appen-
dix A  Results of the inverse calculation are plotted in Figs 3 and 4
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Table 2 Typical electric rod radial dimensions

Region outer radluS PINSIM model

Region (in ) ziiui
Thermocouple bundle 0 0281 %= 0 0013 0 0281
Boron nitride core 0 1089 * 0 0006 0 1089
Heater element 0 1227 % 0 0006 0 1227
Annular boron nitride 0 1682 * 0 0004 0 1682
Sheath 0 1871 * 0 0003 0 1871

Figure 3 compares the PINSIM-calculated centerline temperature with
the centerline thermocouple record and presents both the sheath thermo-
couple record and the PINSIM-calculated surface temperature The PINSIM-
calculated temperatures and the observed temperatures are in reasonably
good agreement, but the PINSIM-calculated centerline temperature is
slightly higher than the observed centerline temperature between 0 5 and
20s This discrepancy can probably be attributed to (1) a slight mis-
match between the rod model material properties and those of rod 0184, or
(2) mismatch between the model internal dimensions (Table 2) and those of
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rod 018A, or (3) some combination of both factors Furthermore, the pres-
ence of the thermocouple itself perturbs to some extent the temperature
distribution within the rod, and PINSIM's one-dimensional models cannot
include such effects

No doubt the rod model dimensions and/or materials could be adjusted
so that the PINSIM-predicted centerline temperature does match the center-
line thermocouple record, but such an exercise is not relevant to the
point of this report Aside from differences caused by thermocouple
and rod model uncertainties, Fig 3 indicates that PINSIM can correctly
determine rod centerline temperature when it solves an inverse conduction
problem

The erratic behavior of the PINSIM-calculated rod surface temperature
(Fig 3) 1is even more apparent in the plot of the PINSIM-calculated sur-
face heat flux (Fig 4) This type of behavior is at first glance unex-—
pected the sheath thermocouple record (Fig 1) appears to be a smooth
curve However, the derivative of the sheath thermocouple record (Fig 5)
indicates that it is not To investigate the relationship between a non-
smooth boundary condition and a nonsmooth result, the inverse conduction
problem was reformulated and executed using a smoothed thermocouple rec-
ord rather than the original This smoothed record was developed by a
numerical spline-smoothing algorithm and 1is compared with the original
record 1n Fig 6 The results of the calculation using the smoothed rec-
ord are compared with those of the original calculation and with the ther-
mocouple records (Figs 7 and 8) Figure 7 compares temperatures, the
PINSIM-calculated centerline temperatures from the original and smoothed
calculations are essentially identical Although the surface temperatures
are very similar in value, the surface temperature from the smoothed cal-
culation is much less erratic than that from the original calculation
The same observation may be made by examining Fig 8, which compares sur-
face heat fluxes, the results from the original and smoothed calculations
are very similar in value, but the results from the smoothed calculation
are less erratic

By showing good agreement between the PINSI i-calculated centerline
temperature and the original centerline thermocouple record, Fig 3 serves
to verify PINSIM's solution of the conduction equation, which describes
heat transfer between the center of the pin and a radial position corre-
sponding to the position of the sheath thermocouple However this does
not verify the solution of the conduction equation between the sheath
thermocouple position and the surface of the pin Thus, PINSIM's calcula-
tion of surface temperature and surface heat flux is not verified by the
results plotted in Fig 3 Because these parameters cannot be directly
measured, PINSIM's calculation can only be verified by comparison with
the results of a calculation by an established, previously verified heat
transfer code

The heat transfer code selected to verify PINSIM's calculation of
surface conditions was HEATINGS (Ref 6) a finite-element heat transfer
code developed at ORNL A HEATINGS5 model of the pin modeled in the PINSIM
problem was constructed and used by HEATING5 to determine the pin's tran-
sient response when the pin experiences both the power transient uscd 1n
the PINSIM problem and the surface temperature calculated by PINSI{
(Fig 3) The results of the HEATINGS calculation are compared with the
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PINSIM results in Figs 9 and 10 * These figures show that the HEATINGS
results are in good agreement with the PINSIM results, if the HEATINGS
results are correct, then so are the PINSIM results

In summary, the results of the original PINSIM inverse conduction
problem solution indicate that PINSIM can correctly determine rod center-
line temperature when another internal temperature is specified Results
of the HEATINGS calculation indicate that PINSIM also correctly determines
surface temperature Results of the smoothed inverse problem indicate
that any erratic or nonsmooth behavior of the specified i1nternal tempera-
ture will be reflected in similarly erratic or nonsmooth calculated sur-
face conditions

2 4 Forward Conduction Problem and Results

The forward conduction problem solved by PINSIM is probably the most
common heat transfer problem determining rod internal temperatures, sur-
face heat flux, and surface temperature when rod power-generation rate,
surface heat transfer coefficient, and bulk coolant temperature are speci-
fied The forward conduction problem model used to generate the follow-
1ng results is included in the PINSIM output listing in Appendix B

The forward conduction problem requires three boundary conditions
two of these (power-generation rate and bulk coolant temperature) are
available from test data, but the surface heat transfer coefficient must
be calculated A quasi-experimental surface heat transfer coefficient can
be determined for each time step from the solution of the inverse conduc-
tion problem by solving the following equation

q~(t)

h(t) = ’
Tg(t) — Tg(t)

*Surface heat flux is not directly calculated by HEATINGS The
HEATING5-CALCULATED data (Fig 10) were actually determined from tem-—
peratures calculated by HEATING5 for the surface (node N) and the node
Just inside the surface (node N-1), using the equation

_ k (Ty — Ty-1)

T ’
N
rN 1n (rN—1>

q°“= surface heat flux,
thermal conductivity,
1 radial position of node i

»»

where

la]
=
hon
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where
H(t) = heat transfer coefficient at time t,
q“(t) = calculated surface heat flux,
Tg(t) = calculated surface temperature,
Tg(t) = bulk coolant temperature

A surface heat transfer coefficient record thus determined is plotted in
Fig 11, results of the forward calculation that used this record are
plotted in Fig 12 It indicates that the results of a forward calcula-
tion (which used as a boundary condition a surface heat transfer coeffi-
cient record plotted in Fig 11) match exactly the results of an inverse
calculation

In summary, Fig 9 indicates that PINSIM can correctly solve a for-
ward conduction problem and that, if consistent boundary conditions and
pin models are used, the results of a forward calculation will exactly
match the results of an inverse calculation

2 5 Backward Conduction Problem and Results

In the backward conduction problem, internal temperatures and power-
generation rates must be determined from specified surface conditions, in
PINSIM, those surface boundary conditions are surface heat flux and either
surface temperature or surface heat transfer coefficient and bulk coolant
temperature In this study, both options for specifying boundary condi-
tions were used (1) the surface heat flux and surface temperature tran-
sients from PINSIM's inverse conduction problem solution (Figs 3 and 4)
were used to bound one backward calculation, and (2) the surface heat flux
from the PINSIM solution of the forward conduction problem was used with
the heat transfer coefficient and bulk coolant temperature transients to
bound a second backward calculation

The results of the backward conduction problem, which used as bound-
ary conditions surface heat flux and surface temperature transients from
PINSIM's i1nverse conduction problem solution, are compared with the in-
verse conduction problem solution in Fig 13 which compares calculated
temperatures (The PINSIM problem model is included in Appendix C ) In
Fig 13, the two sets of curves (three curves for the inverse solution and
three for the backward solution) are identical Figures 14 and 15 compare
the backward-calculated power transient with the original power transient
The differences between the curves are indistinguishable in Fig 14, but
the vertical scale i1n Fig 15 allows a closeup of the vertical axis that
does show the differences However, even on this scale, the differences
are minimal

A backward conduction solution was also obtained using as boundary
conditions surface heat flux from the first forward conduction problem
solution and the heat transfer coefficient and bulk coolant temperature
transient that were used to bound the first forward conduction problem
The results of this backward conduction problem are presented in Figs
16 through 18, which are analogous to Figs 13 through 15 previously dis-
cussed As in Fig 13, the two sets of temperature curves in Fig 16 are
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virtually identical The full-scale plot comparing the calculated power
transient to the original power transient (Fig 17) shows no differences,
but the closeup plot (Fig 18) shows that minimal differences exist

In summary, Figs 13 through 15 indicate that PINSIM correctly solves
the first formulation of the backward conduction problem, PINSIM can cor-
rectly determine the power required to force a pin model to experience
specified surface heat flux and surface temperature transients Figures
16 through 18 indicate that PINSIM correctly solves the second formulation
of the backward conduction problem, PINSIM can correctly determine the
power required to force a pin model to experience a specified surface heat
flux transient while it experiences specified surface heat transfer co-
efficient and bulk coolant temperature transients Figures 13 and 16
indicate that backward-calculated internal temperatures exactly match
the corresponding internal temperatures from the inverse-calculated and
forward-calculated results that produced the boundary conditions for the
backward calculations
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3  CONCLUSIONS

Data generated during a power—drop test with an electrically heated
fuel rod simulator were used to verify PINSIM-MOD2 solutions of several
different formulations of the one-dimensional heat conduction problem
The data include records describing (1) the rod power transient and
(2) the responses of thermocouples located near the rod centerline, at-
tached to the sheath near the rod surface, and i1n the coolant channel ad-
jacent to the rod thermocouples Comparisons have been made between the
test data and the results of PINSIM-MOD2 calculations and the results of
calculations made by an established heat transfer code These comparisons
provided evidence to validate the methods of solution in PINSIM
Comparisons between the test data and PINSIM solutions showed that
only small differences exist Furthermore, the solutions obtained with
PINSIM using the various formulations of the conduction problem were con-
sistent with one another, that is, boundary conditions provided by one
formulation produced results in a second, different formulation virtually
identical to those of the former Taken together, these observations im-
ply that PINSIM solves the various formulations of the conduction problem
correctly and that essentially all differences between PINSIM solutions
and test data are the result of causes unrelated to the methods of solu-
tion in PINSIM These causes include
1 mismatches between the model's internal dimensions and those of the
rod,

2 discrepancies between rod and model material property values,

3  uncertainties associated with the thermocouple record data,

4 inaccuracies in modeling a three—dimensional heat conduction problem
using only one-dimensional formulations that further involve approxi-
mate nodal (discrete) representations
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Appendix A

INVERSE CONDUCTION PROBLEM SAMPLE OUTPUT

This appendix includes a copy of the printed output produced by
PINSIM=-MOD2 during solution of the inverse conduction problem discussed
in Sect 2 3 Some results of this calculation are plotted in Figs 3

and 4
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257000E+01
258000E+01
259000E+01
260000E+01
261 000E+01
262000E+01
263000E+01
264000E+01
265000E+01
266000E+01
267 000E+01
268000E+01
269000E+01
270000E+01
271 CQ0E+01
272000E+01
273G00E+01
274000E+01
2750C0E+01
276000E+01
277000E+01
278000E+01
279000E+01
280000E+01
281 C00E+01
282000E+01
283 C00E+01
284000E+01
285000E+01
286000E& 01
287000E+01
288000E+01
289C000E+01
290000E+01
291 000E+01
292000E 01
293 000E+01
294000E+01
295000E+01
296000E+01

CO0O0O00O0O0O0O0O0O0O0O0O0O0O0OO0OO0O0O0DO0DO0O0O0OOLOO0ODOO0O0O0O0O0O0O0O0O0O0O0DOOOO0O0OO0OO0OO0OOO

5582%0E 03
558290E+03
558290E+03
S558290E+03
5582%0E+03
SS5S8290E+03
S58510€E+03
S58510E+403
55851 0E+03
558510E+03
55851 0E+03
S558290E+03
S58080E+03
SS578€0E+4+03
557640E 03
So74 OE+03
557210E+03
S56990E 03
556770E+03
5567 70E+03
556990E+03
S56990E+03
557210E+03
557210E+03
S5S6990E+03
5567 70E+03
5567 70E+03
556550E+03
556550€E+03
5567 70E+03
5567 70E+03
5567 70E+03
5567 70E+03
556770E+03
SS6550E+03
556340€E4023
556120€ 03
556120E+03
556120E+03
S55900E+03
$555900E+03
555900E+03
555900E+03
SSS5680E 403
S555680E+03
S55680E+03
S55460E+03
S55460E +03
555460E+03
555460E+03
555250€E+03
S55525S0E+403
SSS030E+03
S555030E+03
555030E+03
S$550.0E+03
555030E+03
555030€+03

MOD 2

VERSION 002

06730780

NO

<1l (PINMAN)

PAGE 000Y

8¢



PINSIM

463
464
465
466
467
468
469
470
471
472
473

A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CUODE

LK E B B R 2K 2K 2K 20 2 2 4

LR 2 B 2B BE 2R BE 2N 2R K R 2% 2R AR J

LR R B IR N A 2 IR I IR I 2L I 25 BE 2 B B K B BE 20 B0 K R X 4

CO00O0O0OO0ODOODOO0O0VOOV0OOVOO0OODO0O00VOOO0OO0O0O0OO0O000O00VDOOOO0O0O0OOOODOO0OODO

297000€ 01
298000E+01
299 000E+01
300000E£+01
301 000E+01
302000E+01
303000E+01
304000E+01
305000E ¢+01
306000E 01
307000£+01
308000E+01
309000E+01
<310000E+01
311000E+01
312000€+01
313000E¢01
314000€E+01
315000E+01
316000E+01
317000E+01
318000E+01
319000E+01
320000E+01
321000 01
322000E+01
323000E+01
324000E O1
325000E+01
326000E+01
327000E 01
323000E+01
329000E+¢01
330000E+01
331000E+01
332000E+01
333000E+01
334000E+01
335000£E+01
336000E+01
337000E+01
338000E+401
339000E+01
340000E ¢+01
341 000E+01
342000E +01
343 000E+01
344000E+01
345000E+01
346000E+01
347000E+01
348000E+01
349000E+01
350000E+01
351 000E+01
352000E ¢01
353000E+01
354 000E+01

0000000000000 O0O000000OCO00O000C00O00000000O00O00CO00O00CO0O000O0O0O00O0O00O0DO00CO

$55030E+03
$5S030E+03
S55030E+03
S550.0E+03
SSS030E 03
$54810E+403
S554590E+403
5545S0E+03
5§54590E+03
S4590E 03
554590€E 03
SS45S0E+03
554590E+03
S54S90E+03
SS45390E+03
S4SS0E+03
S54590E+03
§545S0E+03
5543 E80E+03
S541€0E+03
554160E+03
5541€0E+03
§53940E+03
§53940E+03
553940E 03
$53940E+03
S53940E+03
$53940E+03
$53940E+03
553940E+03
$53940E+03
553720E+03
$53720€E+03
S53720E+03
§53720E 03
$53500E+03
553720E+03
§53720E+03
§$53720E+03
SS3720E 03
SS53720E 03
$53500E+03
S53S00E+03
§53500E+03
S$S3S500E 03
SS3T20E+02
S53940E+03
553940E+03
553940E+03
S$53720E+03
S53IS00E +03
5532S0E+03
S653290E+03
SSI290E+03
553500E+03
SS3S00E+03
5535C0E+03
S553S00E+03

MOD 2

VERSION 002

06/30/780

NO

211 (PINMAN)

PAGE 0010
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PINSIM

521

522
523
524
525
526
527
528
529
530
531

532
533
53a
535
536
537
538
539
540
541

542
543
544
545
546
547
548
549
$50
551

552
$53
554
555
556
557
508
559
560
561

562
563
564
$65
566
567
568
569
570
571
572
S73
S74
S7S
576
577
578

A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CuLL

+
+

* ¢

LR L K 3

AR IR AR IR L AR E R IR IR IR I N e R I

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

355000& 01
356000 01
357000E+01
358000E 01
359000E+01
360C00E+01
361000E 01
362000E+01
363000E 01
364000E+01
365000€E+01
366000E 01
367000E+01
368000E 01
369000E+01
370000€E+01
372 000E+01
372000E+01
373 000E+01
374000E 01
375000E 01
376000E+01
377000E+01
378000E+01
379000E+01
380000&£+01
381 000E+01
382000E 01
383000E+01
384 000E+01
385000€E 01
386000E+01
387000E+01
388000E+01
389000E 01
390000E+01
391 000E+01
392000E 01
393000E+01
394000E+01
395000E+01
396000E+01
397000E 01
398 000E+01
399000E+01
400000E+01

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOOOOOO

553290€ 03
S553070E 03
S553070E 03
553070 03
553070€ 03
5563070E 03
S$53070E+03
S53070E+03
S953070E 03
S3070E+03
553070E 03
§5307CE 03
553070E 03
S53070E+03
S52850E+03
528 0E+03
5528S0E 03
S28S0E 03
552630E 03
£528 0E+03
S52850E+403
S28S0E 03
5528S0E+03
528 0E+03
552630E+03
$52410E 03
55241 0E+03
$52200E 03
552200E+03
552200€E+03
5524 10E 03
552410 03
552410€ 03
5952410E+03
552200E 03
552200 03
552200E+03
552410E+03
552410E+03
552630E+03
552630E+03
552630E+03
552410E+03
55241 0E+03
25241 0E+403
552410E+403

MOD 2

VERSION 002

FEXERBRREE SRR AR ERE X KRS RERE I RN SRR KR VR SERAEE RN RS S EREE kE EPDQA DATEE

=¥

*¥

*%

=¥
500111
+ ]
+ ]
+ ]
+ o]
+ o]
+ ]

TIME IN S §

TEMPERATURE IN DEG F$
TIME IN S 8

0 100000E+01
0 100000E+01

000 000E+00
100000E-01
500000E-01
100000E+00
200000E+00
300000E+00

LIN HEAT KATES

oCcoo0o0O0

978611E+01
0000E 00
0000E+0Q0O
0000E+00
0000E+00
0000E+00

06730780

NO

211 (PINMAN)

PAGE 0011
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PINSIM

579
580
581
582
583
584
»8S
586
S87
588
589
590
591
592
593
594
595
596
597
598
599
600
601

602
003

A NUCLEAR FUEL PIN SIMULATOR=TRANSIENT ANALYS1S CUDE MDD 2 VERSIUN 002
+ 0 400000E Q0 0 0000E+D0
+ 0 500000E 00 0 0000E+00
+ 0 600000E+00 O 000DE+O0C
+ 0 700000E+00 0 0000E 00
+ 0 B00O000E 00 0 0000E+00
+ Q0 900000E+00 0 0000E+00
+ 0 100000€ 01 0 000DE+CO

0 200000E 01 0 0000E+0O
+ 0 3000008 01 0 0000E+0C
+ 0 400000E 01 0 0000€ 00
+ 0 S00C00E+01 0 0000E+0QO0
+ 0 600000E O1 0 0000E+00

0 700000E+401 0 0000E 00
+ 0 300000E+01 0 0000E+Q0
+ 0 900C00E+01 0 0000E+00
+ 0 100000E 02 0 O000DE+00

TEREEEE R R RS R LR KX KRR RS R R XE RS R XIS R AR L XXX EEE X END OF POQA DAT ® ¢
EXSEERERRE RNV ER BN ARE RSB I S SR E R AR E S SR R SR EF R EE RS SR SR KSR E &

*

210001 PHI1wl(1 1) TeAL(l 1) PCOWL(1 1) TNOOD(1 1 1)

+ TNGO(1 1 3) TNCD(1 1 4) TAOC(1 1 16) T¥wD(1 1 19)

*

200000 6 0 0 0 1

CARD ABOVE 1S REPLACEMENT CARD

EE R R S SR A R R A 2 A SR TR R 2222 2 222222 22 2222222222 B

06730780

NO

211

{PINMAN)

PAGE 0012
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PINSIM A NUCLEAR FUEL PIN SIMULATOR~TRANSIENT ANALYSIS CODE MOD 2 VERSIUN 002 06/30/80
PINSIM VERIFICATION STLDY PROBLEM PCWER-DRCP TEST SIMULATION 0r/16/80

~=—=—= DATA DECK DIAGNOSTICS =—=—===

MINIMUM LENGTH OF TABLE ARRAY IN COMMON /SCRTCH/ IS 1100 wORDS

(LENGTH OF THE ARRAY IS NOW 10000 WORDS)

PROCESSING THE JuB CUNTROL CARO

211 (PINMAN)

PROCESSING PROBLEM CPT IONS

- PROCESSING PIN DATA

PROCESSING SYSTEM DATA SYSTEM # 1

Yy

ss%xxx0x CARDS 500020 THROUGH $00020 PISSING
4444444+ WARNING SYSTEM 1 LEVEL 1
CARD SERIES 500111 NG CGF TABLE PALIRS SPECIFIED AT 20
IS BEING RESET TGO ACTUAL NO OF PAIRS FOUND IN INPUT = 22
+++44+  + NQTE CARC S0011I1 PUKER TABLE IS BEING NORMALIZED Tu 0 9479720 00 (PLVL ON CARD 500100}
F++++4 44+ WARNING SYSTEM I LEVEL 1
CARD SERIES 500441 NC UF TABLE PALIRS SPECIFIED AT 20
IS BEING RESET TO ACTUAL NO OF PAIRS FOUND IN INPUT = 401
INITIALIZING PIN PARAMETERS
—— PROCESSING EDIT OPTIONS ~—

MINIMUM LENGTH Ur DATA ARRAY IS 868 WORDS

(LENGTH OF THE ARRAY IS NUNW S000 WORDS)



SINSIM
PINSIN

A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOL 2 VERSION 002
VERIFICATION STUDY PROBLEM PLWER—DOROP TEST SIMULATION

——— END OF INPUT DATA PRUCESSING

PINSIN

NO FATAL DIAGNQJSTICS
A NUCLEAR FUEL PIN SIMULATOR~TKRANSIENT ANALYSIS CJUDE MOD 2 VERSION 002

06/30/30 NO 211 (PINMAN) PAGE 0014
07/16/80
06/30/80 NO 211

1%/



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VERSION 002 0b/30780 NO 211 (PINMAN) PAGE 0015

PINSIM VERIFICATION STUDY PRUBLEM PCWER-DROP TEST SIMULATION 077106780

R d AL R Rl S A R R R L R S I E I R I R Y Ly R L g g g e T I L I FEFEEEESS X ST REREE SR R KRS R K &
XSSO SRS AR R R R LR R s i Rt R R R R R L I I I I T T T T ™ I I I I ™ T M
ARt R Rl R a2 R R I R R S LR R AR e e R I XX L XX EEE SEEEEE RS RS EEEE SR
t###‘#ttttt‘#‘tlt#t...‘t#.‘t#tt#tt‘ttttt#“‘tttt.“.ttt#t‘t#“t#tttt#tt‘ttl#tttt#t#t‘.ttt#tttttttt.‘l‘ttttttt‘t“lt‘t“‘l#““““
EXFCAEREREAREERNERE K RRT R X E R R RRER XK SR E AR ERE S R AR AR SRR AR IR EE GRS LR RS RS X SR SN SRER SRR R RS SR KRR RE SERER AR R kK& FXEES X FRE X BB EEE RS KRS R
EEBEEE KSR EE S S KSR CR K R A B D AR L2l g e e R R R e I I e R R T P L T T T T Y T R R P gy D gnpepurpeppepapanppapanppy
kiRl E Rl i 2t R i R R L R R P P P Y P P R LR LI LA R L R R R R R R S R PR R R SRR 2T 2]
EEEE S X RS SRR AR R A R KRR R RS K AR KR K Rl S L 2l E Rttt S e R I R R Ty L T T P T T LRl L L LT ey
RE S R LRl R R R R R R R T P N T T T (2SI R L RS2 222 R 2222 22 8 )
bR R R AL R L LS A R E Rt R Rl e e R ] T Ty e I T I ™™ LE2I X222 2 2 3
R R R L It R R I S Rt IR R R T T TR LY e R R R R L LRt S R R R R I 2 I P Ry L ey T YTy
FEEE SR BRERE RS FEEEREE XX KRR AR RR SRS R R EE S EFREKE SRR AR A ER SRR AR EE SRR LK SRR KRR KA K K & & A A S A2 L 2R R SRR P22 X 2R RS2 RS S R R 2R 2%
Ead A d i R 2R R R L Rt 2 LIl I I ™MmMm XXX XX XX AR KRR SRS R RS RE S K AR AR E SRR EREE ¥
EEEX KRR SRS R KK Rl Rl t R RS2 i et d Rl I R L R R e e T R L I I I T I, I
R A bl S Sttt R R R R R R I I I Ry 2 R R T L P R TP P T PP PR PP T Prpap ey FEEERAR RSV X R SRS R SRR RS S SRR SRS KE KR SRS R &
TEEXE X XS tttltt‘t#l#l‘#‘t#ttt##t‘tt#ttlt#tt.t#tt.tttt‘lt#t#t#t###ttlt.tl#t“##tt###l#t##‘ltt"‘tttttttt#ltttltttt‘l“‘ IR 2 2 22 3 2
AXXXFCE XA EE B ERE R R F SRR R EAE R EEE RN E KX R N4 KSR EESFREER K ERERE RS E K k& FEL RR KRR R EE SRS XX RS RXE R AR E AR S R AR SR SRR R A SRS SRR RS E TSR KR E &
FEER B ARE R R X R ER X R AR E AR R K A E S XK K% FEER AR SRR R R RS ER AR AR R BB R AR R AR R SRR A AR KRS R SRR RS RS S SRR R C AR R SF R AR AR R R SRR KR SRR SR R EE K &
FEXEAEEERRER AR EACE R XA E AR RR R R RS R AR SRR A SR SR AR R RS AR R AR CR SRS KRR SR R R SRR KR KR R R AR RS E AR R SRR EE KK E K AR PRS2 22 RSS2 221222 % %
FEEE XXX R R R AR R SR SRR R R RS KRR R R RS AR R AR R SRR KA S S KK R SR XN EE R KK & FEEX XX XS CEF SR E AR AR XX E XK SCE R RS S SRR R R RS KR AR A E S RS S X S XX A E KK R KD

FREXEER AR AR R AN KRR R RS AR RS SRS S AR RASRE SRR SRR R A SR RN B R SRR SERRREE & KkE FEXRXF SR SRR R RN R R RS E R X K KSR SR AR AR A S X SRS KRR R R RS R G &
t“tttt#ttt“l#tttt‘t‘#t##ttl#t#t‘lt#‘ttttt#.#.‘ttt#ttt‘t#t#t#t#ttt#ttttt#‘ttttttttt‘#ttlttt“tt“ttlt‘t.‘ttttt‘l“'t‘t“““'t#tt
Ra iR R 22l AR Rl R e e L I T T (AL R R RIS ST SRR RS2 RS 22 S22 2
ttttt‘ltt‘tt.tt#t‘ttt“t‘#tttltt‘t"t#‘.t#t#t#tttt‘lt#‘##‘tt“tl#‘ttt#t"#‘t#tttt#t‘t‘.#tt#tt‘l##‘#.tt“l‘#‘“t“lttt““"l“##“

XXX R RRRE E R KRS E XX AR R XK E KRS SRR KT KKk & FEXEREREERERR LR E X SRS KRS SRS AR R K KR SRR S
XXX XK AR RE KSR RR R R SRR AR RS E SRR REX R XK S X% FREXXEEAS SRR SRS A RS KK R B ER AR RS K S
FEEXEEEEREEEE K AR AR R SRS A AL RR R CR RS E R kR &k INITIALIZED INPUT DATA XXX XX EE XX KX SR XX E X R XK SR AR R R AT R K SR SRR $
LR 22 2 2 S22 PRS2 2 RISt R TR E2 SR 23T 1) EE XXX RS RR RS EBRS R XSS E R RS KRR EREE S KR
FEEREEXEBEF B R CRE R EBE B R RS SRR SRR E X R $ ¥ EREEEXE AR R AR R E SRR RS RS SRR KRR R R KRR &

‘tt‘tt#t't#t#t#‘t‘ttttt#ttttt#ttt‘#t#tt.ttt.tt‘##tt““#tt#ttt‘t#t##t#t#‘l“#t‘t#‘#t#ttttt#t‘tt‘tttlt‘ttltttttt““t"““‘tl““'
A I 2 L L2 2 RE R S R el R R R E Ry R T YT Y LA R R S e R R L T R e P PR s LY TSI
LA R R L a2 R Rl R R RIS R RIS SR PE PR T LYY FHEXFFIEE RN REREREXE RR KR XS SRR KRR SR SRS R SR SR AR R KRN SRS O R A KRS KK SRR R SRR E A AR A AR AR AR SR EE KK
FEEREEXRFEE R R AR R R R R REE B R AR AR R A SRR RS R A S AR R R R TR R A R KB E KR R R S KK KK LR Rt LRSI R Rl RS R e S I P SIS Rl I 22222 222 222 TR F T ST
R AR R R L R S A R L R R e R R L it R e R P I P Y PP YT TR T Yy LA AR LR R St R S R R R R R 2 i P TREE TR T s Py
ttt‘tttt#“ttttt't"tttttttt‘t‘t‘tttt.ttt#lt“ttt#““‘#tttt##ttttt‘tt##t‘#t‘t“ttl‘t“tt‘tt.“"tt.ttllttt“ttttt‘tt“"‘t“‘l‘#‘
LA d AL R d L R d S Rl I R R T L T P PR L LA T XSS RE XL R BB EERE S S XK KSR R SR KR R KX EK
Ladd RL LA IR st i a2 R R R L R I L Ty e e I I T NInmm SEESERE AR R LS SRS SR RR S ESR KSR S
FERREABR XA R R R DRSS KR E R LR RS AR SR ER SRR AR R K F KRS SR R B R SR K XXX RS X RACE SRR KRR A SRR R R CR AR RS AR AR R AR K ER RS R KRR S S E R KRR S G B DE S &
ttttttt#.#t##‘t‘#tt‘t“‘.#tt#ttt#‘#"t#t#ttttt‘ttttl#‘t#tttttt#tt##tltt#“t##t#t't“#l##ttl‘tt‘tttt‘ttt‘tttttl'tt‘t‘tttt‘l“tl““
tt#t#t“tttt‘t‘tt‘t“#ttttt“t‘t##‘#tt#ttttt““t“##“ttttttt‘####‘t#tltt#t‘t#‘t‘tl#"‘t#tt“lttt‘tt‘t‘#‘tt‘lt‘tl'#lt“l‘"‘#‘l“
e b Al RSl AL 2 S22 P2t R R R i RIS PP P TS D XXX SR SRR SRR KR SR F R RS RS SRR SRR AR S S KR RS SR R AKX R R A SR RS SR SRR R R KR KK DK §
FEEX R R XA AR R E R KRR R EE RN R E S SRR SR KRR R AR AR S AR S AR AR SR AR KR R SR A SR XN KK & Xk LA Rt R 22 22 2 R L i T R R e PP Py T T
FEEERR R AR AR R AR R E XXX E RN RN E R SR R H R R A S AR RS SRR KRG KRR KR U A R R 2 Rt s R L R e R R e N Y Py Y Y P RSt
tt"t‘tttt#t“ttttttttt‘ttttttttt#tt#tttttttt‘tt‘t“‘lt‘tt‘#####t##tt#tttt‘t‘t#‘.“‘t#tttllt‘tllltttttttt‘tt‘ttt“tt‘ll““'l‘t“‘
FEEEEE SRR R AR R R R SRR R R R ERR AT S SRR KSR R R PR SRR SR AR K RE SR KK & FEEERE SRR AR SRR AR R R R R A KRR EE SRR RS R R SRR E R R R R R RN S S E RS AR SR CE SRR &
% t#t#vtt#‘ttl‘t‘#tt#ttt‘“#t#‘t“t".tttt#‘t‘t“t“#t#t#ttlt‘t‘tttttt‘ttt‘t‘#‘t‘tt“‘t‘t‘lttttl“##‘ttttll"“t“ll““t‘t‘t“‘
FXEEERE R KRR RN XA A S RE R R AR S RN R R KRR R SR E AR R B SRR RA KRR SRR RS R R KR A S KGR R0 RR O FR XGRS KR RK K & FEESRERR XSGR X SRR R SRR SR AR R XSRS SR KK KRR EE S
LA a d E s 2t R R I R RS T IR P P P IRt o] EEFG AR SR KB AR R KRR AR R R CXRE AR SR A SRS SR R R R SR SR RS S R R K KKK E R R R R &
LR A aaadt R R L ot L R T e o Y Y P Tt I EREE RS X R RS SR KRR RE SR F S R SRR R S X R CE F S S
EXRXFX XK KAR R XK E S KRB R AR SR AR SRR SRR AR RREA AR E AR SR DK S CR RS R KK LR R S R R AL R 2R RS 22 R 2SS 2 RS T RS TS S IR AL U PR TP 3
“tt"ttttt#tt‘tttt‘tt‘t.tttttt‘t#t‘t“‘ttt“t““#t‘t"#ttt#ltttt#tt#tt‘tlttt“““tttt.l“t‘#‘ttt‘tl‘t#ttt“"tttttt““‘ttt‘t“
‘tt“"ttttttttt#t#tttt.#t#tt#tttl#t“tt‘tttt#““t‘t“ttttlttttt#“t‘t#ttttb.#"‘t###t‘t‘#“ttttt‘ltt‘t‘t“ttltll“tt‘lt‘tt‘t““
FREEERRBRBE RS RAER R RRAR AR RS KRR SR AR E X BB A KA K KRS R AR S S SRR SR SRR S XEEK EE KK R XS XR KR SRR AR SR SR EE XX RS RN S E R FR RS KRR R AR A S S XK SRS KR L KR &

vy



PINSIM

A NUCLEAR FUEL PIN SIMULATOR~TRANSIENT ANALYSIS CODS MQD 2 VERSION 002 06/30/80

PINSIM VERIFICATION STULOY FRUOBLEM PCRER-DRCP TEST SIMULATION 07710780

———~—— GENEKRAL PROBLEM DATA —=——-

SYSTEM
SYSTEM FLAG
i o
PRUBLEM END TIMc -~ 4 0000000 00 SEC

TIME STEP CUNTROL wROUPS

GROUP BEGINNING MIN{MUM TIME MAXIMUM TIME STEP SIZEt
NU TIME(SEC ) STEP S12E(SLC) STELP SIZE(SEC) SEL FLAG
1 00 5 0000000-02 S 600000D-02 2

UUTPUT CONTROL

ELAPSED NO OF ELPASED TIME RQUTED TGO

TIME STEPS OEVICE NO
MAJOR EOIY o 0 1000000 O1 o
MINGR EDIT 1 oo 8
PLUT RECORD 00 1

PROBLEM CUNVERGENCE CRITERIA

TEMPERATURE CONVERGENCE FACTOR 0 100000L~-07
ENERGY CONVERGENCE FACTOR 0 1000000-07
MAX IMUM NUMBER OF ITcRATIONS 50

NO

211 (PINMAN)

PAGE 0016

SY



PINSIN A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VERSION 002 06730780 NO 211 (PINKMAN) PAGE 0017
PINSIM VERIFICATION STUDY PROBLEM PLWER-DROP TEST SIMULATIUN 07716780

...............................................“.t....................‘...‘..“.....ll......‘..“"......‘...“‘...“t........‘..
SRS S ESSE S S LSS0 E U E S S OE S A EELSSSF S SR SSSSRESSSSYSTEM I NPUT DATA SYSTEM NO 13550530 ES 4SS 0ESESREESEI R SRS S S E5 88
.....................................u.................‘.....‘.......‘............l‘.........l............‘“...ll..“‘.“...t...

SYSTEM POYER CONTROL STEADY-STATE
CONTROL FLAG FLAG/# OF LEVELS PUOWER K
"] -1 0 1000000 03

ORDERS OF INTERPOLATION
POWER FLUX TEMPERATURE H T COEFF

2 2 2 2

POWER FILTER PARAMETERS

LOW—PASS HIGH-PASS FILTER
BREAKPOINT BREAKPOINT FLAG
00 o0 (]

9%



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VERSION 002 06/30/30 NO 211 (PINNAN) PAGE 0018
PINSIM VERIFICATICN STUDY FROBLEM POCWER-DROP TEST SIMULATION 07/16/80

tt““““t"“t‘ttOt‘..‘.t.‘.!‘.““""““'t“‘.“‘tt‘tt‘t‘!..ttt‘t““ttt“‘.‘.“"t.t“‘t".‘ttt.‘.tt.‘t“t‘tttt.‘t.‘t“ttttt
CALCULATIGNAL CONTROL SYSTEM 1 LEVEL # 1
‘.t‘t“t.t‘t‘tttltt‘#.‘t“““‘ttttt‘tt...ttt‘.t‘t“t“t...“t“““‘..tt‘.“t“.‘t“t‘.“““..“t‘“tt“.“tttttt.“t‘t..tt“‘tt

CALCULATION LOCATION
SEEEE SR SR SRR EEE L S %

PIN LEVEL NODE

1 1 16

BOUNDARY CONDITION CONTROL FLAGS
PYTTIITTEISIIRRRI R R SIS SRS 2SR S R A RS R L S X L2 k2 2]

LEVEL SURFACE SURFACE
POWER HEAT FLUX H T COEFF TEMPERATURE
22 [} 0 401

LEVEL FILTER CONTROL
I IY P TP RIS R RS ARSI S SR RO RS2 2222 R 2 22 2 2 22 2 2 )

LOW—-PASS HIGH-PASS FILTER
PARAMETER BREAKPUINT BREAKPOINT FLAG
LEVEL POWER o0 o0 ]
HEAT FLUX o0 00 4]
TEMPERATURE o0 00 [}

POWER TRIP
EEEEE S ESE R EE L EEEE XS &

TEMPE RATURE FLAG
00 ]

BOUNDARY CONDITION LINKS
(TABLES FOLLOW)
SEEREEEER A RESE LA KBS SRR RSB AE XX XX RS R K KX LR R XX K KX

NODE/PARAMETER #/

PARAMETER PIN LEVEL POINTER
LEVEL POWER 4] ] 23
HEAT FLUX 0 ] 0o
H T COEFF (4] ] 0
TEMPERATURE ] [o] 67

LYy



Ooocooo©C

PINSIM

A NUCLEAR FUEL PIN SIMULATOR-TRANSIENTY ANALYSIS CODE MOD 2

PINSIM VERIFICATION STUDY PROBLEM

TIME
(SEC

0

2000000
6000000
1000000
5000000
9000000

)

©Coooo0QCoO

LEVEL POWER

(Kw )

9276960 0t

Cooo0oO0

Coo0ooo0O

POWER-DRQOP TEST SIMULATION

T IME
(SEC )

100000D-01
3000000 0C
7000000 00
2000000 01
600000D 01
1000000 02

-=——— POWER TABLE FOR

LEVEL POWER

00000

Coo0O0OO0OO0

(KW )

o000

VERSIO 002 06/30/80
07/16/80
SYSTEM 1 LEVEL 1——-
TIME LEVEL POwtk
(oEC ) (Kw )
500000D—01 o0
4000000 00 o0
8000000 00 00
3000000 01 o0
7000000 01 00

00000

AQ 211 (PINMAN)

TINE
(SEC )

1000000
5000000
9000000
4000000
8000000

ocoCco0oo0Oo0

LEVEL PGWER
(rw )

[-N-N-N-N]

PAGE 0019

8%



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VERSION 002 06/30/80 NO 211 {(PINMAN) PAGE 0020
PINSIM VERIFICATION STUDY PROBLEM PORER-DROP TEST SIMULATION 07/16/80
————— TEMPERATURE TABLE —=—=-

TIME TEMPERATURE TIME TEMPERATURE TiME TEMPERATUKRE TIME TEMPERATURE

(SEC ) (F} {SEC ) (F) (SEC ) (F) {SEC ) (F)
00 0 7058100 03 0 100000D-01 0 7044700 03 0 2000000—-01 0 7038100 03 0 300000001 0 7025000 03
0 400000001 0 79014200 03 0 5000000-01 0 7003400 03 0 600000D~01 0 698830D 04 0 700000001 0 6975400 03
0 800000D0-01 0 695€200 03 0 9000000-01 0 6940900 03 0 100000D 00 0 6923700 03 0 1100000 00 0 6906500 03
0 1200000 00 0 6889300 03 0 130000D 00 0 6874300 03 0 1400000 0O 0 685930D 03 0 1500000 00 0 6842100 03
0 15600000 0O 0 6824900 03 0 170000D 00 0 6807800 03 0 180000D 00 0 6790600 03 0 1500000 00 0 6771300 03
0 200000D 00 0 6754200 03 0 2100000 00 0 6737100 03 0 2200000 00 0 6717800 03 0 2300000 00 0 6700700 03
0 2400000 00 0 66E570D 03 0 2500000 00 0 666860D 03 0 2600000 0O 0 665360D 03 0 2700000 00 0 6638000 03
0 2800000 00 0 6623700 03 0 290000D 00 0 6608700 03 0 300000D 00 0 6595%90D 03 0 3100000 0O 0 6583100 03
0 3200000 00 0 6570200 03 0 3300000 00 0 6557400 03 0 3400000 00 0 6544600 03 0 3500000 00 0 6531800 03
0 3600000 00 0 6518900 03 0 3700000 OO 0 6506100 03 0 380000D 00 0 6493300 03 0 3900000 00 0 6480S0C 03
0 4000000 0O 0 6467600 03 0 4100000 00 0 6452700 03 0 420000D 00 0 643980D 04 0 4300000 00 0 6427000 03
0 4400000 00 0 6414200 03 0 4500000 00 0 6401400 03 0 460000D 00 0 6390700 03 0 4700000 00 0 63480000 03
0 4800000 00 0 6365300 03 0 4900000 00 0 6358600 03 0 5000000 00 0 6347500 03 0 5100000 00 0 6335100 03
0 5200000 00 0 6324400 03 0 530000D 00 0 6311500 03 0 5400000 00 0 6298700 03 0 550000D 00 0 6288000 03
0 5600000 00 0 6275400 03 0 5700000 00 0 6268700 03 0 580000D 0O 0 6260200 03 0 $90000D 00 0 6253700 03
0 6000000 00 0 6245200 03 0 6100000 00 0 6236600 03 0 6200000 00 0 6228000 03 0 6300000 00 0 6219500 03
0 6400000 00 0 6210900 03 0 6500000 00 0 6202300 03 0 6600000 00 0 619370D 03 0 670000D 00 @ 6187300 03
0 6800000 00 0 617870D 03 0 6900000 00 0 6170200 03 0 7000000 00 0 616160D 03 0 7100000 00 0 6155100 03
0 7200000 00 0 6146600 03 0 7300000 00 0 6140100 03 0 740000D 00 0 6131500 03 0 7500000 OO0 0 6125100 03
0 7600000 00 0 6116500 03 0 770000D 00 0 6105800 03 0 780000D 00 0 6099400 03 Qo 7900000 00 0 6092900 03
0 8000000 00 0 6086500 03 0 8100000 00 0 6080000 03 0 8200000 00 0 6075700 03 0 830000D 00 0 6067100 03
0 840000D 00 0 6060700 03 0 850000D 00 0 6052100 03 © 8600000 00 0 6043500 03 0 870000D 00 0 6037000 03
0 8800000 00 0 6030600 03 0 8500C0D 00 0 6026300 03 0 900000D 00 0 601980D 03 0 9100000 00 0 6015500 @3
0.920000D0 00 0 6005100 03 0 9300000 00 0 600260D 03 0 940000D 00 0 5994000 03 0 9500000 00 0 5989700 03
0 9600000 00 0 5983300 03 0 9700¢0D 00 0 597680D 03 0 980000D 00 0 5972500 03 0 9900000 00 0 5968200 03
0 1000000 01 0 5961700 03 0 101000D 01 0 5957400 03 0 1020000 01 0 5953100 03 0 1030000 01 0 5948800 03
0 1040000 01 0 5944500 03 0 1050¢0D 01 0 5940200 03 0 1060000 01 0 593370D 03 0 1070000 01 0 5929400 03
0 1080000 01 0 5920800 03 0 1090000 01 0 591430D 03 0 1100000 01 0 S$91000D 03 0 1110000 01 0 5905700 03
0 1120000 01 0 5901400 03 0 1130000 01 0 5899200 03 0 1140000 01 0 5894900 03 0 1150000 01 ¥ 5888400 03
0 1160000 01 0 5882000 03 0 1170000 01 0 5875500 03 0 1180000 01 0 5871200 03 0 119000D 01 0 5866900 03
0 120000D 01 0 58¢€250D0 03 0 1210000 O1 0 5860400 03 0 1220000 01 0 585610D 03 0 123000D 01 0 S84960D0 03
0 1240000 01 0 5845300 03 0 1250000 01 0 5840900 03 0 1260000 01 0 583660D 03 0 1270000 01 0 5834500 03
0 1280000 01 0 5832300 03 0 1290000 01 0 5828000 03 0 130000D O1 0 5823700 03 0 131000D 01 0 S81%30D0 03
0 1320000 01 0 5815000 03 0 1330000 01 0 5810700 03 0 134000D 01 0 5806400 03 0 135000D O1 0 5804200 03
0 1360000 01 0 5799900 03 0 1376000 01 0 5795500 03 0 1380000 01 0 579340D 03 0 1390000 01 0 5791200 03
0 1400000 01 0 5786900 03 0 1410000 01 0 5784700 03 0 1420000 01 0 L78040D 03 0 1430000 01 0 5773900 03
0 1440000 01 0 5769600 03 0 1450000 01 0 5767400 03 0 146000D 01 0 5765300 03 0 147000D 01 0 5763100 03
0 1480000 01 0 5760900 03 0 1490000 01 0 5756600 03 0 1500000 O1 0 5752300 03 0 1510000 01 0 95747900 03
0 1520000 01 0 5743600 03 0 1530000 01 0 5739300 03 0 1540000 01 0 5737100 03 0 1550000 01 0 5734900 03
0 1560000 01 0 57 280D 03 0 157000D 01 0 $S73060D 03 0 158000D 01 0 S72840D 03 0 1590000 01 0 5726300 03
0 1600000 01 0 5724100 03 0 1610000 01 0 5715800 03 0 1620000 01 0 S71760D 03 0 1630000 01 0 5715400 03
0 1640000 01 0 5713300 03 0 1650000 01 0 5711100 03 0 166000D 01 0 5711100 03 0 1670000 01 0 5708900 03
0 168000D 01 0 5706800 03 0 1690000 01 0 5704600 03 0 1700000 01 0 570030D 03 0 1710000 01 0 5695%00 03
0 1720000 01 0 5653700 03 0 1730000 01 0 5691600 03 0 1740000 01 0 5687200 04 0 175000D O1 0 568510C 03
0 176000D 01 0 5682900 03 0 1770000 01 0 567860D 03 0 178000D 01 0 567640D 03 0 1790000 01 0 567640D 03
0 1800000 01 0 S567420D 03 0 1810000 01 0 5672000 03 0 1820000 01 0 5672000 03 0 1830000 01 0 5669900 03
0 1840000 01 0 5665500 03 0 1850000 01 0 5663400 03 0 1860000 01 0 $65900D 03 0 1870000 01 0 5656900 03
0 1880000 01 0 5654700 03 0 1890000 01 0 5652500 03 0 1900000 01 0 5650300 03 0 1510000 01 0 5650300 03
0 1920000 01 0 5648200 03 0 193000D 01 0 5646000 03 0 1940000 01 0 5646000 03 0 1950000 01 0 5646000 03
0 1960000 01 0 5643800 03 0 197000D 01 0 5639500 03 0 1980000 01 0 5639500 03 0 1990000 01 0 5637300 03

6%



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CUDE MOD 2 VERSION 002 06/30/80 NG 211 (PINNAN) PAGE 0021

PINSIM VERIFICATION STUDY PROULEM POWER—DROP TEST SIMULATION 07/16/80
0 2000000 01 0 S635100 03 0 2010000 01 0 5635100 03 0 2020000 01 0 5637300 03 0 2030000 01 0 5635100 03
0 2040000 01 0 5633000 03 0 2050000 01 0 563080D 03 0 2060000 01 0 5626400 03 0 2070000 01 0 5622100 03
0 2080000 01 0 5619900 03 0 2090000 01 0 5619900 03 0 2100000 01 0 S617700 03 0 2110000 01 0 5617700 03
0 2120000 01 0 5617700 03 0 2130000 01 0 S61770D0 03 0 2140000 01 0 5615600 03 0 2150000 01 0 5615¢0D0 03
0 2160000 01 0 S613400 03 0 2170000 01 0 5611200 03 0 2180000 01 0 S€11200 03 0 2190000 01 0 S611200 03
@ 2200000 01 0 5609000 03 0 2210000 01 0 5609000 03 0 2220000 01 0 5609000 03 0 2230000 01 0 560600 03
0 2240000 01 0 S60470D 03 0 2250000 01 0 5604700 03 0 2260000 01 0 S604700 03 0 2270000 01 0 5602500 03
0 2280000 01 0 5600300 03 0 22904000 01 0 5600300 03 0 2300000 01 0 5598200 03 0 2310000 01 0 $5%6000 03
0 2320000 01 0 5596000 03 0 2330000 01 0 5596000 03 0 2340000 01 0 5593800 03 0 2350000 O1 0 5591600 03
0 2360000 01 0 5586500 03 0 2370000 01 0 S58730D0 03 0 2380000 01 0 S585100 03 0 2390000 01 0 5582%00 03
0 2400000 01 0 S5€2900 03 0 2410000 01 0 5582900 03 0 2420000 01 0 5582900 03 0 2430000 01 0 5582900 03
0 2440000 01 0 5582900 03 0 2450000 01 0 5585100 03 0 246000D 01 0 5585100 03 0 2470000 01 0 5585100 03
0 2480000 01 0 S5SS5E5100 03 0 2490000 01 0 5585100 03 0 2500000 01 0 5582900 03 0 2510000 01 0 5580800 03
0 2520000 01 0 5578600 03 0 2530000 01 0 S$S57640D 03 0 2540000 01 0 5574200 03 0 2550000 01 0 S$572100 03
0 2560000 01 0 556$900 03 0 2570000 01 0 5567700 03 0 2580000 01 0 5567700 03 0 2590000 01 0 5569900 03
0 2600000 01 0 S569900 03 0 2610000 01 0 5572100 03 0 2620000 01 0 5572100 03 0 2630008 01 0 5569900 03
@ 2640000 01 0 SS6770D0 03 0 2650000 01t 0 $567700 03 0 266000D 01 0 S505500 03 0 2670000 01 0 5565500 03
0 2680000 01 0 S56770D 03 0 2690000 01 0 5567700 04 0 2700000 01 0 5567700 03 0 2710000 01 0 5567700 03
0 2720000 01 0 SS€770D0 03 0 2730000 01 0 5565500 03 0 2740000 01 0 5563400 03 0 2750000 01 0 5561200 03
0 2760000 01 0 SS5€1200 03 0 2770000 01 0 $561200 03 0 2780000 01 0 5559000 03 0 2790000 01 0 5559000 03
0 2800000 01 0 5559000 03 0 2810000 01 0 5559000 03 0 282000u 01 0 5556800 03 0 2830000 01 0 5556800 03
0 2840000 01 0 S556800 03 0 2850000 01 0 5554600 03 0 2860000 01 0 5554600 03 0 2870000 01 0 5554600 03
0 2880000 O1 0 5554600 03 0 2890000 01 0 5552500 03 0 2900000 01 0 5552500 03 0 2910000 01 0 5550300 03
0 2920000 01 0 55 0300 03 0 2930000 01 0 S550300 03 0 2940000 01 0 5550300 03 0 2950000 01 0 555030C 03
0 2960000 01 0 5550300 03 0 2970000 01 0 5550300 03 0 2980000 01 0 5550300 03 0 2990000 01 0 5550300 03
0 3000000 01 0 5550300 03 0 3010000 01 0 5550300 03 0 3020000 01 0 5548100 03 0 3030000 01 0 5545900 ¢3
0 3040000 01 0 5545900 03 0 3050000 01 0 5545900 03 0 3060000 01 0 5545900 03 0 3070000 01 0 5545900 03
0 3080000 01 0 5545900 03 0 3090000 01 0 $545900 03 0 3100000 01 0 5545900 03 0 3110000 01 0 S545900 03
0 3120000 01 0 5545900 03 0 3130000 01 0 5545900 03 0 3140000 01 0 5545900 03 0 3150000 01 0 S$S43800 03
0 3160000 01 0 S541600 03 0 3170000 01 0 5541600 03 0 3180000 01 0 5541600 03 03190000 01 0 5539400 03
0 3200000 01 0 5535400 03 0 3210000 01 0 553940D 03 0 3220000 01 0 5539400 03 0 3230000 01 0 5539400 03
0 3240000 01 0 SS3940D 03 0 3250000 01 0 5539400 03 0 3260000 01 0 5539400 03 0 3270000 01 0 5539400 03
0 3280000 01 0 $5372200 03 0 3290000 01 0 §537200 03 0 3300000 01 0 5537200 03 0 3310000 01 0 5537200 03
0 3320000 01 0 5535000 03 0 3330000 012 0 5537200 03 0 3340000 01 0 $537200 03 0.3350000 01 9 5537200 03
0 3360000 01 0 S537200 03 0 3370000 01 0 5537200 03 0 3380000 01 0 S53500D0 03 0 3390000 01 0 5535000 03
0 3400000 01 0 5535000 03 0 3410000 01 0 $535000 03 0 3420000 01 0 §53720D0 03 0 3430000 01 0 5539400 03
0 3440000 01 0 5535400 03 0 3450000 01 0 5539400 03 0 3400000 01 0 5537200 03 0 3470000 01 0 S535008 03
0 3480000 0% 0 5532900 03 0 3490000 01 0 5532900 03 0 3500000 01 0 SS32900 03 0 3510000 01 0 5535000 03
0 3520000 01 0 5535000 03 0 3530000 01 0 5535000 03 0 3540000 01 0 5535000 03 0 3550000 01 0 5532900 03
0 3560000 01 0 S53070D0 03 0 3570000 01 0 5530700 03 0 3580000 01 0 S530700 03 0 3590000 01 0 5530700 03
0 3600000 01 0 S53070D0 03 0 3610000 01 0 5530700 03 0 3620000 01 0 SS530700 03 0 3630000 01 0 5530700 03
0 3640000 01 0 5530700 03 0 3€50000 01 0 S530700 03 0 3660000 01 0 SS3070D 03 0 3670000 01 0 5530700 03
0 3680000 01 0 S530700 03 0 3690000 01 0 5528500 03 0 3700000 01 0 5528500 03 0 3710000 012 0 5528500 03
0 3720000 Ot 0 5528500 03 0 3730000 01 0 5526300 03 0 3740000 01 0 5528500 03 0 3750000 01 0 5528500 03
0 3760000 01 0 S52&50D0 03 0 3770000 01 0 5528500 03 0 3780000 01 0 5528500 03 0 3790000 01 0 5526300 03
0 3800000 01 0 S524100 03 0 3810000 01 0 5524100 03 0 3820000 01 0 5522000 03 0 3830000 01 0 5522000 03
0 3840000 01 0 5522000 03 0 3850000 01 0 5524100 03 0 3860000 01 0 S524100 03 0 3870000 01 0 5524100 03
0 3880000 01 0 5524100 03 0 3890000 01 0 5522000 03 0 3900000 01 0 5522000 03 0 3910000 01 0 5522000 03
0 3920000 01 0 5524100 03 0 393000D 01 0 5524100 03 0 3940000 01 0 5526300 03 0 3950000 01 0 5526300 03
0 3960000 01 0 5526300 03 0 3970000 01 0 S524100 03 0 3580000 01 0 55243100 03 0 3$90000 01 0 5524100 03
0 4000000 O1% 0 SS24100 03

0s



PINSIM A NUCLEAR FUEL PIN SINULATOR-TRANSIENT ANALYSIS CODE NOO 2 VERSION 002 06/30/80
PINSIM VERIFICATION STUDY PROBLEM POMER—~DROP TEST SIMULATION 07/16/80

——me— PIN DATA —————
(PIN NO 1)

POWER POWER PIN TC AVG TOTAL PIN NUMBER OF NUMBER OF
SYSTEM FLAG PON PEAK FAC LENGTH FT AXIAL LEVELS MATERIALS
] 1 0 10000 01 1 00 1 L]

GAP INTERNAL HEAT TRANSFER PIN
CALCULATION DATA AREA SCALING OEFORMAT ION
FLAG FLAG FACTOR FLAG
-] ] 0 1000000 03 -]

FLUX DEPRESSION FACTORS

WERE NOT USED

NO 211 (PINMAN)

PAGE 0022

1s



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MQOD 2 VERSIUN 002 06/30/40 NO 211 (PINMAN) PAGE 0023
PINSIM VERIFICATION STUDY PROULEM PCWER—OFRCP TEST SIMULATION 07/10/80

—w=we— LEVEL DATA ———=—-
{PIN NU 1)

LEVEL SURFACE hEAT AXTAL AXTAL PIN ASSOCIATED NO OF KRADIAL N0 GF RADIAL
NO TRANSFER ARLCA LENGTH POWER FRACTION WATER NODE REGIONS NQDE >
(FT*a2) (FT)
0 9796550-01 1 000 1 0000 [ 5 19

Zs



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSLIENT ANALYSIS CODE MOD 2 YERSION 002 06/30/80 NG 211 (PINMAN) PAGE 0024
PINSIM YERIFICATION STUDY PROBLEM POYER-DROP TEST SIMULATION 07/16/80

————=— REGION DATA —=—-—
(PIN NO 1)

LEVEL REGION REGION INNER REGION OUTER RADIAL PO ER NGO OF MATERIAL

NO NO RADIUS FT RADIUS FT PEAK FACTOR NODES 1 D NO
1 1 [+ ] 0 23420-02 00 1 1
1 2 0 2342D-02 0 9075D-02 00 7 1
1 3 0 S0750-02 0 10230-01 0 10000 O1 2 3
1 4 0 1023D-01 0 1402D0-01 00 6 2
1 S 0 1402D-01 0 15590-01 00 3 4

€S



PINSIM A NUCLEAR FUEL PIN SIMULATOR~TRANS1ENT ANALYSIS CUDE MUD 2
PINSIM VERIFICATION STUDY PRUBLEM

LEVEL NOODE
NO

S gt 00 g b i e g B g e G B g o B B P B

NO

CONONSGWN~

CoDooooOooooO0OdOOODOOCO

NODE INNER
RADIUS FT

o

234 1700~02
405774002
5238990-02
6199090-02
7029260-02
777124002
844 831D0-02
907500002
$667120-02
1022500-01
109485D-01
1162710-01
122682D-01
1287750—-01
134591001
1401670-01
145606001
150850D0-01

PCwER-DROP TEST SIMULATION

NODE CENTER
RADIUS FT

Q000000000 ODOLOOLOOOOO

1655830-02
331277D-02
468574D0~02
5739150-02
66 71$0-02
740954002
811684D-02
876726D-02
$.75730-02
$94897D-02
10.92$D-01
11292%0-01
119 200-01
1257650-01
1317150-01
1374070-01
1429120-01
148251D-01
153404D-01

VERSION 002

~———— NODE DATA —-———-

(PIN NO 1)

NGDE OUTER
RADIUS FT

©OO0OO0OO0OO0OOOCOOOVLOODODOOOO

2341700-02
405774D-02
5238990~ 02
019%090-02
702926002
7771240~02
844831D-02
9075000-~02
9667120-02
1022500-01
1094850-01
116271001
122682001
1287750~-01
134591001
1401067D-01
1456060-01
1508500~-01
1559170-01

0C0O00COOOOOOOOOOOLOOOO

NODE

VOLUME FT3

1722710-04
3450010-04
3450010-04
345001D0—-04
345001D0-04
3450010-04
345001D-04
345001004
3486380-04
348638D~04
481278D—04
4812780~ 04
481278004
481278004
481278D0-04
481278D- 04
488342004
4868342D-04
488342D0-04

06/30/80
07/16/80

NO

RADIAL POWER

PEAKING FACTOR

OO0OO0COOCOOOOOOOOOVCOOOOO

00O0ODOOOOO

5000000 00
5000000 00

oo

(-3~ -0 - 2N -2 - 0y -}

211 (PLINMAN)

MATER 1AL

10

S P OENNRNNNNGWS o g

NO

PAGE 0025
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PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VERSION 002 06/30/80 NO 211
PINSIM VERIFICATION STUDY PROBLEM PCRER-DRGP TEST SIMULATION 07/16/80

———w= MATERIAL DATA —-———-
(PIN NO 1)

IDcNTIFIED MATERIALS
MATERIAL NO 3 IS INCONEL

MATERIAL NO 4 1S STAINLESS STEEL 316

FOLLGRWING ARE DESCRIPTIONS OF THE OTHER MATERIALS

(P INNAN)

PAGE 0020

119



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MUD 2
PCWER-DROP TEST S IMULATION

PINSIM VERIFICATION STUDY PROBLEM

0 1678120 00

co
0 21286060 02

co

VERSIUN 002

———== MATERIAL DATA -~
(PIN NDO 1)

MATERIAL NO 1

NELT ING TEMPERATURE (F)
5000 00

THERMAL CONDUCTIVITY
(BTU/HR=FT~F)

ALLOWED TEMPERATURE RANGE
HiGH LOw
2300 00 o0

K = CO & C10T ¢ C20T7382 ¢ CI3T883 + CloTee4

cl c2 <3
1013690-01 o0 o0

SPECIFIC HEAT CAPACITY
(BTU/LBM=F )

ALLUSED TEMPERATURE RANGE

HIGH LOw
2300 00 00

CFP = CO ¢ CI8T ¢ (207382 ¢ CIITH93 ¢ CasTesy

c c2 c3
¢ 3702¢4D-03 =0 173794006

0 3144860-10

DENSITY
(LOM/FT883)
0 13383840 03

b} I3

06/50/80
07/16/80

)

[}

Co

Ca

211

(PINMAN)

PAGE 0027
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PINSIN A NUCLEAR FUEL PIN SIMULATOR-TRANSIEANT ANALYSIS CODe MOD 2 VERSION 002 06730730 NO 211 (PINMAN) PAGe 0028
PINSIM VERIFICATION STUDY PROBLEM PCWER-DROP TEST SIMULATION 07716780

MATERILAL DATA =-———-
(PIN NO 1)

MATERIAL NO 2

MELT ING TEMPERATURE (F)
$000 00

THERMAL CONDUCTILVITY
(BTU/HR=FT =F)

ALLOWED TEMPERATURE RANGE
HIGH Low
2300 00 [+ ]

K =C0O ¢ CLET ¢ C26T#82 4 C3%T¢%3 ¢ CoHe¢T S04

co Cc1 c2 c3 C4
0 1718S30 02 <=0 4071900-02 00 o0 00

SPECAIFIC HEAT CAPACITY
(BTU/LBM~F)

ALLQUWED TcMPERATURE RANWE
HiGH LOw
2300 00 o0

CP = CO ¢ CLeT ¢ C28T$82 ¢ C36T483 ¢ CasTas,

co Ci ca c3 Cs
0 lo7812D0 00 0 370264003 =0 1737940-06 0 3134860-10 o0

DENS ITY
(LBM/FT&&3)
0 1354680 03

END OF INPUT DATA PRUOCESSING

Ls



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE M™MOD 2 VERSION 002 06/30/80 NO 211 (PINMNAN) PAGE 0029

PINSIM VERIFICATION STUDY PROBLEM POSER-DROP TEST SIMULATION 07/16/80

S A S XA SRR A SR KSR S SRR A S XS RS A SRS AR S S S A XX R A SRR SR X SRS SR S X SR SRS S K S XS SXFE S S SX SR XA S K E RS R XSRS RS S X XSS S SEX X E S S S A S S SR E S 266568
FEEPEEEEEEEE RIS A E SRS RS EE S SE S AR SRR DA X B SRS SR XSRS KBS SR KX R X KA A S KUK E S S SE RS XX SRS KX SR S SR A XA SRS SR R R SR SRR KK H SRR LRSS RS S SRS SR $ S 06 S &
SEEE LS EFEB BRI AL BV R S ES RSP RS S AL SSRGS A XSRS E R SRR R EEEER R AR SR XSRS SR XSS KRR SRR F X R A S K KX XXX RS EE SR XX RS L XX R EVAEE I KRR S S SRR S S $ 54 54
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NO 211 (PINMAN) PAGE 0035

-y —
PINSIM A NUCLEAR FUEL PIN SIMULATOR~TRANSIENT ANALYSIS CODE MOD 2 VERSIUON 002 06/30/80
PINSIM VERIFICATION STUDY PROULEM PCUER-DROP TEST SIMULATION 07/16780
SYSTeM # 1 LEVEL # 1
CALCULATION LOCATION
PIN LEVEL NODE
1 1 16
LEVEL BQUNDARY CONDIT IONS
UNF ILTERED FILTERED
PORER (Kw) 0 9276960 01 0 9276960 01
HEAT TRANSFER CCEFFICIENT (BTU/SEC-FT2-F) o0
TLMPERATURL (DEG F) 0 7058100 03 0 7058100 03
INVERSE CALCULATION
CALCULATED RESULTS
SURFACE HEAT FLUX (BTU/SEC-FT2) 0 9469620 02
SURFACE TEMPERATURE (CEG F) 0 6435950 03
TEMPERATURE DISTRIBUTION
PIN 1 LEVEL 1
NQDE
LEVEL NO 1 2 3 4 S [ 7 8
1 842 2S5 842 25 842 25 842 25 842 25 842 25 842 25 842 25
NGDE
LEVEL NO 11 12 13 14 15 16 17 18
1 803 g2 779 45 758 00 738 85 721 50 705 81 688 S1 &69 68

9 10
842 2% 829 27
15

652 03

6§



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CUDE MOD 2 VERSION 002 06/30/80
PINSIM VERIFICATION STUDY PROBLEM PCWER-DROP TEST SIMULATION 07/716/80

SUMMARY OF PIN CUNDITIONS PIN NO 1

TAVU (SEC) DELT (SEC)
00 00
B8TU/SEC Ku
FAN PGuER 00 00

SYSTEM IDENTIFICATION PIN 1

LEVEL SYSTEM # SYSTEM LEVEL
1 1 1

LEVEL LEVEL POWER SURF HEAT TRAN SURF HEAT FLUX CENTERLINE TEMP HEATER NODE SURFACE TEMP

NO (BTU/SEC) (BTU/SEC) (ETU/SEC-FT#%2) (F) TEMP (F) (F)

1 0 9276960 01 Q@ 9276960 01 0 9465620 02 0 8422540 03 0 8292700 03 0 6435950 03

EQUI VALENT GAP STEADY STATE

CONCUCT I VITY GAP CONDUCTANCE GAP THICKNESS GAP THICKNESS
LEVEL (BIU/SEC-FT-F) (BTU/SECFT&&2-F) (FT ) (FT )
1 00 00 00 00

N) 211 (PINMAN) PAGE 0036

ADJACENT CooL S URF HY TRANS
TERP(F) COEFF (B/S—-FT2-F)
0 7058100 03 00

NQ OF ITERATIONS
INHT QLUTIQON

09



PINSIM A NUCLEAR FUEL PIN SIMULATOR~TRANSIENTY ANALYSIS CUDE

PINSIM VERIFICATIOM

LEVEL NO
1

LEVEL NO
1

842

[ ¥
803

25

a2

STUDY PROBLEM

842 25

12
779 45

MQD 2

PCRER-DRGP TEST SIMULATION

VERSION 002

SUMMARY OF PIN CUNDITIONS Pl NG 1

842 25

13
758 00

PIN

842

14
738

TEMPERATURE DISTRIBUTIUN

25

as

NUDE
842 25
NUDE

1S
721 S0

842 25

10
705 81

06730780
07/10/80

842 29

17
688 51

842 25

A8
669 69

211 (PINMAN)

g4

19
652

25

03

PAGE 0037
10
8c9 27

19



PENSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VERSION 002 06/30/80
07716780

PINSIM VERIFICATION STUDY PROBLEM PGWER~DROP TEST SIMULATION
SUMNARY OF PIN CONDITIONS PIN NO 1

TOTAL STORED ENERuLY PIN 1 = 0 3079780 02 BTU

LEVEL STORED ENERGY PER LEVEL(BTU)

1 0 3079780 02

TOTAL NODAL STORED ENERGY (BTU)

NUDE
LEVEL NO 1 2 3 4 S 6 7
1 O 72470 00 O 145iD 01 0 14510 01 O 14510 01 O 14510 01 O 14510 Ol 0.1451D O1
NODE
LEVEL NO 1 12 13 16 15 16 17
1 1 86 1 78 1 71 1 66 1 60 1 55 2 08

NO 211 (PINMAN)

8

0 14510 O1
18
2 02

9

0 180620 01
19

1 95

PAGE 0038

10
0 18300 02

29



R
E
S
T
A SRF HT FLUX SURF TEMP LEVEL PQWR NGDAL TEMP NODAL TEMP NOOAL TEmMP NOODAL TEMP NODAL TEMP
R TIME(SEC) B/S-FV2 DEG F BVTU/SEC (DEG F) (DEG F) {DEG F) (DEG F) (DEG F)
T « 1 1) « 1 1) «1 1) <1 1 1) «1 1 3) «1 1 4) (1 1 16) €1 119
0 94 €96 643 59 9 2770 842 25 842 25 842 2S5 705 81 €S2 0.
Q0 5000000-01 100 59 637 80 00 840 83 838 40 836 20 700 3s 646 78
0 1000000 00 97 057 632 67 00 837 02 831 02 azeée 37 692 37 641 35
0 150000 89 965 28 71 00 830 76 821 4S5 815 00 684 21 636 77
0 200000 89 722 621 47 0o¢ 822 S0 810 73 803 13 675 42 €29 S4
0 250000 85 287 615 34 00 812 80 799 44 791 21 666 86 623 03
0 300000 76 376 612 26 00 802 19 787 94 779 42 659 5% 619 1o
0 350000 70 €20 609 14 00 791 07 776 47 767 91 653 18 615 54
0 400000 69 545 604 23 00 779 75 765 16 756 72 046 76 610 53
0 450000 68 698 598 54 [\ I ] T8 43 754 11 745 89 640 14 604 78
0 500000 59 €50 $97 01 00 757 28 743 36 735 43 634 7S €02 4o
Q0 550000 62 €87 590 86 00 746 37 732 97 728 35 628 &0 §90 60
0 600000 51 187 591 33 00 735 78 722 95 715 67 624 S2 §96 00
0 650000 51 153 588 27 o0 725 57 713 34 706 43 620 23 592 94
0 700000 48 049 585 98 00 715 76 704 17 697 62 616 16 590 37
0 750000 44 283 584 41 o0 700 38 695 43 689 24 612 .1 £88 40
0 800000 44 220 581 25 00 697 45 687 12 681 2% 608 65 585 30
0 850000 40 245 579 13 00 688 95 679 23 673 75 605 21 ~83 &2
0 900000 38 130 577 91 o0 680 88 671 75 666 59 601 98 581 41
9 950000 35 757 576 34 00 673 24 664 66 659 82 598 97 £79 62
1 00000 33 16 574 91 00 666 01 657 95 653 41 596 17 S77 S$9
1 0S000 28 895 575 03 00 659 17 651 63 647 37 594 02 ST7 69
1 10000 32 984 571 11 o0 052 72 645 65 641 67 §91 00 §74 15
1 15000 26 395 571 51 00 646 64 640 02 636 28 588 84 S73 94
1 20000 28 €07 568 71 00 640 90 634 70 631 20 586 2S 4§71 3%
1 25000 24 890 S08 13 00 63S 49 629 68 626 39 S84 09 ~70 42
1 30000 22 043 567 96 00 630 38 624 94 621 86 582 37 569 99
1 35000 22 749 566 22 00 625 L7 620 48 617 59 580 42 ~68 32
1 40000 20 468 565 58 00 621 05 616 27 613 57 578 o$% 567 47
1 45000 21 127 563 71 00 616 79 612 31 609 78 576 74 ~€5 66
1 S$0000 17 846 563 61 00 612 77 608 S8 606 21 57 23 565 20
1 $5000 18 864 561 86 00 608 99 605 06 602 83 S73 a4S 563 o1
1 60000 14 419 562 63 00 605 43 601 74 599 65 572 41 63 96
1 65000 1S 586 S61 35 00 602 08 598 63 596 67 sS71 11 562 79
1 70000 13 16 561 21 00 5948 ¢3 $95 70 $93 87 570 03 €62 46
1 75000 15 565 5S4y 18 o0 595 %8 892 95 591 23 568 S1 560 62
1 80000 12 367 55% 31 00 593 20 590 36 S88 7S5 So7 42 S60 45
1 85000 12 311 558 55 o0 990 58 587 92 586 41 566 34 559 69
1 90000 13 110 57 09 00 388 11 585 61 584 19 565 03 $S8 30
1 95000 7 7552 558 77 00 58> 79 583 44 s82 11 564 &0 559 49
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HD>=mOMmB

SRF HT FLUX SURF TEMP LEVEL FOWR NODAL TENP NODAL TEMP NODAL TEMP NODAL TEMP NODAL TEMP
TIM=(SEC) a/5~FT2 DEG F BTU/SEC (DEG F) (DEG F) (DEG F) (DEG F) (DEG F)
(1 1) (1 1) (1 1) «1 1 1) «1 1 3) (1 1 &) (1 1 16) 1 119)
2 00000 11 699 556 65 00 583 61 S81 41 5680 15 563 51 557 74
2 05000 7 0462 557 92 00 581 5o 879 SO 578 33 S5€3 0€& 558 57
2 10000 12 08S 555 04 00 S79 64 577 70 576 61 561 77 556 17
2 15000 4 $947 557 34 00 577 83 576 02 575 00 861 S¢ 5§57 80
2 20000 8 1561 555 99 00 576 14 574 45 573 49 560 90 556 75
2 25000 6 0580 556 34 0 ¢ 574 S6 572 99 572 09 260 47 556 90
2 30000 7 1E53 555 45 00 573 09 571 62 570 79 559 €2 556 12
2 35000 6 7721 554 95 046 571 71 570 34 569 56 559 16 555 S8
2 40000 7 7341 $53 77 00 570 41 S509 13 568 40 558 29 554 48
2 45000 1 4839 556 38 00 569 20 568 00 567 31 558 51 556 51
2 50000 4 29 555 50 00 568 07 266 95 566 32 558 29 5565 93
2 55000 8 4226 552 88 00 %67 01 565 97 565 3@ 557 21 563 66
2 60000 2 $453 554 47 00 566 02 565 05 564 49 856 99 554 74
2 65000 3 67217 554 33 o0 565 10 564 18 563 66 556 77 54 67
2 70000 2 1927 554 99 00 564 23 563 38 562 90 556 77 555 19
2 75000 S 6820 553 16 04¢ 563 42 562 63 562 18 556 12 S3 69
2 80000 2 €366 553 91 00 362 67 501 93 S61 S1 255 §0 554 15
2 85000 4 1748 $53 06 00 561 97 561 28 560 B8 585 46 553 45
2 90000 2 6024 553 41 00 261 30 560 65 560 28 595 25 553 65
2 95000 2 7741 553 25 00 560 68 560 07 559 72 585 03 $53 51
3 00000 1 4266 553 82 00 S00 10 559 53 559 20 5585 03 53 §5
3 05000 3 8626 552 57 00 559 55 559 02 558 72 554 59 532 93
3 10000 0 9E372 553 55 00 559 0S 558 55 558 27 5S4 9 ~53 64
3 15000 2 4548 552 97 00 558 o7 58 11 557 85 554 38 553 20
3 20000 3 3864 552 12 0 Q 558 13 857 €9 557 4S5 553 94 £52 44
3 25000 0 7€S6S 553 04 00 5587 71 557 30 557 07 553 94 53 12
3 30000 2 3262 5582 42 00 567 32 556 93 556 72 553 72 €52 64
3 35000 0 82089 552 95 o0 556 95 556 59 556 39 553 72 $83 03
3 40000 2 1418 552 34 00 556 61 856 27 856 08 553 SO 552 53
3 45000 -1 7201 554 22 00 556 <9 555 98 555 81 553 94 554 06
3 50000 4 €453 551 41 00 556 00 555 72 555 Se 553 2¢ 51 &4
3 55000 0 83821£-01 582 76 00 555 73 555 47 +55 32 553 29 552 77
3 60000 1 §539 552 05 00 505 48 555 23 555 09 553 07 S2 23
3 65000 0 48358 552 5% 00 555 24 555 00 554 87 553 07 552 60
3 70000 1 £450 551 90 00 555 01 254 79 554 66 552 & S2 08
3 75000 0 40570 552 39 00 554 79 S5b4 59 554 47 552 85 552 43
3 80000 2 9780 551 04 0 Q 954 S9 554 39 554 27 552 41 851 32
3 85000 0 2C€43 951 94 00 554 39 504 19 554 08 552 41 ~51 %6
3 90000 1 7686 551 29 00 554 19 554 00 553 89 552 20 551 46
3 95000 -1 9573 553 10 00 554 01 553 83 553 73 S92 63 552 92
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«“D>P=4MD

TIME{SEC)

SRF HT FLUX
8/s~Fv2

«1 1)

SURF TEMP

DEG F

« 1

1)

LEVEL POWR
BTU/SEC

1)

(DEG F)
(1 1

NOOAL TEMP

1)

(DEw F)
(1 1

NODAL TEMP

3)

4 00000

2 0325

551

63

553 84

553 67

s9
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Appendix B

FORWARD CONDUCTION PROBLEM SAMPLE OUTPUT

This appendix includes a copy of the printed output produced by
PINSIM-MOD2 during solution of the forward conduction problem discussed
in Sect 2 4 Some of the results of this calculation are plotted in

Fig 10






PINSIM

A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VERSION 002 06730780

LISTING OF INPUT DATA FOR CASE 1

VoONCOSEWN-

B BEREREE LR XK E RO R R RB R AR KL SRS R R E R R R RS & 20 XL XPDI0B DATH
=PINSIM VERIFICATION STUDY PROBLEM PONER-~DROP TESYT SIMULATION
L J

* NSYS NPINS NFLIP

100100 1 1 (]

*

* 10408 RSTRTM ENDT NTIM
100000 1 o0 4 0 1

]

* TINE TMIN TMAX ITIMFL
100001 g0 0s 05 2

*

* NI TER CONVERGENCE CRITERIA TEMP ENERGY
100400 50 1 0OD-8 1 OD-8
*

* NDBUG 1GDBUG IHDBUG 1SDBUG IFDBUG
200000 11 ] 6 0 3

*

* MINGUT AMIN DELMIN

210000 8 1 o0

*

]

* MAJQUT AMAJ DELMAJ

220000 6 ] 10

*

* NPLTY DELPLT

230000 o o0

]
0N B S EDEERE BN ESBEEE LR SR B SRR XL SRR SRR X KK E XS SSSEEND OF PDJOB DAT»
VBN AR R S HE B SRR R HR B R R S E RS K0S KRR R SR X SRR X KX EE X k2 k2 ¥ k& PDP IN DAT2

APPROXIMATE BUNDLE 3 DESIGN (AS DESCRIBED IN BDHT-2287)
MODEL. ASSEMBLED ON 3/3/80 8Y BOB HAGAR

(THERMAL CONDUCT IVITY OF OUTER BN. ANNULUS CHANGED BY DGM
ON 26-MAR-80 TO IMPROVc INV RESULTS)

L IE 3K IR BRI Y

(I I IS TR SRR LRSS RSS2 R 22 RS2 2 RIS 222 2222 S22 SRt St R 22 2 2 22 221
]

*® NLVL NMAT 1POW PONFAC IGAPFL INFLAG HTCFAC IDFORM
410000 1 4 1 10 [¢] ] 1 0 o]

*

ISR TR RS S S- PRSI R IR RS E RS RS 222 S R 22212 22 22 R 222 R 222222 R R Rttt
*
*

* NREG PCVPA ZLNGTH NODRAT

410100 S 10 1 000 [

]

* RINREG ROTREG POVP NNOD MATREG

410101 50 0 0023417 o0 1 1 * T/7C BUNDLE
410102 0 0023417 0 009075 o 0 T 1 * INNER BN3
410103 0 009075 0 010225 1 00 2 3 * HEATER ELEMENT
410104 0 010225 0 0140167 o0 6 2 * QUTER BN3
410105 0 0140167 O 015517 o ¢ 3 4 * SS-316

NGO 211

{PINMAN)

PAGE 0002

69



PINSIM

A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2

VERSION 002

RS EEE SRR EEE SRR RS SRR RSB RN KSR SRR SR SRR S SRS S SRR RS E R RS RS SRS R &

& MATERIALS

SEE AR AR ERAB RS EE LSRR S AN SRR A VAR E RS LR XS SE AR SR SRS SRS R SHE RS SRS

: MATERIAL 1 BN3 (CORE)
.

419100 0 3 $000

: (THERMAL CONDUCTIVITY)
:19110 o o0 2300 0

*
* (COEFFICIENTS WERE OBTAINED FROM L J OTT ON 3~-2-80)
419111 21 286575 ~0 0101369 00 00 o0

*

& (SPECIFIC HEAT CAPACITY)
*

419120 o o0 2300 0

*
419121 0 167812347 3 70264053D0-04 —~1 73793524D-07
+ 3 144862150-11 0

*

* (DENSITY)

*

419130 -1 00 2300 0
*

® (CORE BA3 DENSITY CORRECTED ON 6-MAY—80 TO CONFORM
* TO BDHY-2404)

419131 138 3ea0

*

MATERIAL 2 BN3 (ANNULUS)

19200 o 3 5000
(THERMAL CONDUCTIVITY)
19210 o o0 2300 0
(COEFFIC IENFS WERE OBVAINED FROM L J OYF ON 3~2-80)

(X COEFFS MODIFIED BY DGM ON 26~MAR-80 TO
IMPROVE INV RESULTS INCREASE BCTH BY 1 104)
419211 15 56185 -0 J6872€-02 o0 o0 o0
419211 17 1853 -0 4¢0719E-02 o0 00 00
*
&  (SPECIFIC HEAT CAPAC1TY)
*
419220 ] o0 2300 O
*

LK 3 BE B 3 S 3K N I 3F 3 Y W )

419221 0 167812347 3 70264053D0-04 =1 737935240-07
+ ~ 144862150~-11 0«0

*

* (DENSITY)

*

06/730/80

NO 211 (PINMAN)
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PINSINM

115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
13

132
133
134
135
136
137
138
139
140
141

142
143
144
145
146
147
148
149
150

152
153
154

156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172

A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VERSION 002

419230 -1 00 2300 O
*

* (CORE BN3 DENSITY CORRECTEC ON 6-MAY-80 TO CONFORM
* TO BDHT-2404)
419231 135 468

*

*

*

* MATERIAL 3 INCONEL HEATER ELEMENT
*

419300 S 3 5000 O

*

& MATERIAL 4 SS - 316

*

»
-
0
»
(=]
(-]

14 3 5000 O

28222000 R H SR P R U S S LRSS XX XD R LB R X L ER XS R SR XE XK SEEND OF POPIN DATH
P06 KNS FRRE RS E R CES SRS S AB EHE AR SRS E X RS X XX S S ST S SE S FPDSYS FUD®
*

& SYSTEM INPUT FORWARD CALCULATION

*

S0 04 IR E S R SRS EF SR SRS SR NS SR AR S S R S XSS R SRR SRR S S RS BB R E KX BF X S SR KSR &
*

* I1SYSF 1PONX PSYS

$00000 O 1 100 0

*

* * LEVEL CALCULATIONAL CCATROL LEVEL # 1 *
*

* NPBACK NLBACK NNBACK IPFL IOFL IHFL ITFL OTSYS PLVL
500100 1 1 4] 20 0 =20 20 0 05 9 27696
*

* 8PONWL EPOWH IPOWF

500101 00 00 o

*

* BPHIL BPHIH IPHIF

500102 o0 00 0

*

* S8TMPL BTMPH 1TMPF

S00103 0 O o0 [}

*

*

* ITRPFL TTRIP

$00150 ] o0

*

SRR EXEE SRR EAE SRS S SRS SRR R S XS U RS SR SRR NS R EE X F S SCEND OF POSYS FuD#
X0 E RS0 AR S EF SR RS AR R EDERA G EE RS SR SRS EL SE S XS S SRS X SPDET DATH S
=% TIME IN S S

*% TEMPERATURE IN Fs

s 0 100000E+01 TIME IN S S
*% 0 100000E+01 T BULKS
500141
+ 0 000000E+00 0 5494E+03
+ 0 1000900E~-01 0 SA494E+02
+ 0 S00000E-01 0 S5494E+03
+ 0 100000E+400 0 S494E+02
+ 0 200000E +00 0 S494E+02
+ 0 300000E+00 0 S5494E£+03
* 0 400000E+00 0 S494E+03

06/30/80

NO 211 (PINMAN)

PAGE 0004
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PINSIM

173
174
175
176
17?7
178
179
180
181
182
183
184
185
186
187
183
189
190
19
192
193
194
195
196
197
198
199
200
201

230

A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2

PP PP E PP P OEE P PCP P PP PP PO TSP EPPPIPLPEILPOIPPEPTOEEIPIPUNRDS

L IR K B 3

[ AR K L 2K B 3L BE BN 3

500 000E+00
©600000E+00
700000E+00
800 000E +00
900 000E +00
100 000E+01}
200000E+01
300000E+01
400000E+01
S00000E+01
600000E+01}
700000E+01
800 000E+01
900 000E+01
100000E+02

0000000000000 O0

S494E+03
S494E+0.
SA94E+03
S494E+03
S494E+03
S494E ¢02
5494E+03
S494E+02
S494E+¢03
S494E+0.
S494E+03
SA94E+02
S494E+03
S494E+0.
S494E+03

0000000000000 0O

VERSION 002

SV SESS S VD8 SESE 5552000808550 E5508858888¢8END OF POBT DATSs
O 100000£+01}
0 100000E+01
00131

©C0000000O00000000000000O00000000000C0000OBO0O

000000E+00
S$00000E~01
10000 0E+00
15000 0E+00
200000E+00
250000E+00
30000 0E+00
350000E+00
400000E+00
450000E+00
S00000E+00
SS0000E+00
60000 0E+00
65000 0E+00
700000£+00
75000 0£+00
800000E+00
850000E+00
900000E+00
S50000E+00
100000E+012
10500 0€E+01
110000€E+013
31S000E+01
120000E+01
12S5000E+01
130000E+01
135000E+01
140000E+01}
145000E+013
1S0000E+01
15500 0E+01}
160000E+01
165000E+01
170000E+01
175000€E+01
180000E+01}
185000E+012
190000E+01

CO000DO0O00O0O0O0O00VOO0O000O0O00LO0O0O0O00O0000000O00000O0

TIME IN SECS
CALC HTC Suas

100537E+01
116394E+01
109901E+01
109350E+01
113472E+01
116801E+01
118214E+01
119427E+01
122083E+01
125284E+01
127474E+01
128060€E+01
126251E+01
12451 0E+01
124208E+01
124956E+01
12S801E+01}
126265E+01
125737E+01
124360E+01
122660E+01
122320E+01
124050E+01)
12550SE+01)
126048E+01)
125021E+01
123835€E+01
123983E+01
124877€E+01
1206649E+¢01
12706SE+01}
124768E+01
120108E+01
118139E+01
121209E+01
126738E+01
128893E+01
129086E+01
125993E+01

06730780

NO

211 (PINMAN)
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PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MGO 2 VERSIGOGN 002 06730780 NO 251 (PINMAN) PAGE 0000
231 ¢ 0 195000£¢01 0 119187E+01
232 ¢ 0 200000€E¢01 0 11S700E+01
233 ¢ 0 205000E+01 0 115607€+01
234 ¢ 0 210000E+01 0 113042E¢01
235 ¢ 0 21S5000E+01 0 104328E+01
236 + 0 220000E¢01 0 993086E+00
237 ¢« O 225000€+01 0 99977%E 00
238 ¢ 0 230000€E¢01 0 104802E+01
239 ¢ 0 235000£¢01 0 10688SE+#01
240 ¢ O 240000E¢01 0 990900E+00
241 ¢ 0 24S000E¢01 0 864824E+00
242 + 0 250000€E+01 0 873163E+00
243 + 0 255000E+01 0 928471E+400
244 ¢ 0 260000E¢01 0 836920E+0C
245 ¢ 0 265000E+01 0 735S571E¢00
246 ¢ 0 27000CE+O01 0 711396E+00
247 ¢ 0 275000E+01 0 764113E+00
248 ¢ O 280000E¢01 0 811528E+00
249 ¢ O 285000E¢01 0 805683E+00
250 + O 290000E+01 0 753778E+00
251 ¢ 0 29S5000E+01 0 662001E+00
252 ¢ O 300000€E+01 0 601403E+00
253 ¢ O 30S000€E¢01 0 S8S73I0E+00
254 ¢ 0 310000E¢01 0 S76918E£¢00
255 ¢« 0 315000E¢01 0 621723E+00
256 ¢ 0 320000E¢01 0 638393E+0¢C
257 ¢ O 32S000E+¢01 0 S69455E+¢00
258 ¢+ 0 330000E¢01 0 483052E+00
259 + 0 335000E+01 0 383215SE+00
260 ¢ 0 340000E¢01 0 322919E+00
261 ¢ 0 345000E+01 0 332632E+00
262 ¢ 0 350000€E¢01 0 411358E+00
263 + 0 355000E+¢01 0 446039E¢00
264 + 0 360000E+01 0 4471S3E+00
265 ¢ 0 365000E¢01 0 426364E+00
266 ¢« O 370000 01 0 467196E+00C
267 ¢ 0 375000E+01 0 S23360E+00
268 ¢ 0 380000E+01 0 571915E+00
269 ¢ 0 335000E¢01 0 464291E+00
270 ¢ 0 390000E+01 0 26%464E+00
271 ¢ 0 395000E¢01 0 1397S2E+00
272 + 0 400000E+01 0 113822E+00
273 +
274 BEEEEEEE S X EVE S C RN E S S SR E KSR S S ERE SRS S S S F S S EE RS S S E S SE XK SS S EPDCA DAT RS
27S *& TIME IN S S
276 . TEMPERATURE IN DEG Fs
277 &% 0 100000E401 TIME IN S s
278 & O 100000E+01 LIN HEAT RATES
279 500111
280 + 0 000000E+00 0 978611E+01
281 +* O 100000E-01 0 0000E+00
282 + 0 S00000E-01 0 O0QOE+CO
283 + 0 100000£+00 0 O0JQ00E+00
284 * 0 200000E+00 0 0000E+OC
285 * 0 300000E+00 0 0000E+00
286 + 0 400000E+00 0 O000E 00
287 L 0 S00000E+00 0 0000E+00
288 * 0 600000E+00 0 0000E+0O0

€L



PINSIM

289
290
291
292
293
294
295
296
297
298
299

309

312
313
314

A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VERSION 002
+ 0 700000E+00 0 0000E+00
+ 0 800000E+00 0 O000E+00
+ 0 900000E+00 0 0000E+0OC
+ O 100000E+01L 0 O000E+00
+ 0 200000£+01 0 0000E+00
+ 0 300000E+01 0 0000E+00
+ 0 400000E+01 0 0000E+00
+ 0 S00000E+01 O 0000E+00
+ 0 600000£+01 0 0000E+00
+ O TO0000E+O1 0 0000E+0OC
+ 0 800000E+01 0 00Q0OE+00
+ 0 900000E+01 0 O0000E+00
+ 0 100C00E+02 0 0000E+00

RS ERE SRR SR SRS K REE SR ERE S R ESRE XL KRR EEE S S K S S SEEND OF PDGA DAT®&&
EEESS SR R X S AR SR KA K R RS B E R R X R AR A KR K KRR SR XX AR R KX G R R R K E X R E R KK E KK KE KK KK R

*

210001 PHIW(1 1) TwAL(1l 1) POWL(1 1) TNOD(1 1 1)

+ TNCD(1 1 3) TNOD(1 1 4) TNOO(1 1 16) TNOD(1 1 19)
*

200000 6 0 0 0 1
CARD ABOVE IS REPLACEMENT CARD

*

* NPBACK NLBACK NNBACK 1PFL IQFL 1HFL 1TFL DOTSYS PLVL
500100 1 1 [} 20 0 20 20 0 0S5 9 27696
CARD ABOVE IS REPLACEMENT CARD

*

SRS EE SRR R KRR AR R R R RS RS KX K RS SR E RS KRS XF K SRR R K KR S E KR KX KK KR KR R E KK KK KK &

A ¥

06/30/80

NO 211 (PINNAN)
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PINSIM

A NUCLEAR FUEL PIN SIMULATOR~-TRANSIENT ANALYSIS CODE MOD 2

PINSIM VERIFICATION STUDY PROBLEM PONER-DROP TEST SIMULATION

VERSION 002 06/730/80
07716780

NO 211 (PINMAN)

—==== DATA DECK DIAGLNOSTICS ———==

MININUM LENGTH OF TABLE ARRAY IN COMMON /SCRTCHs IS

(LENGTH OF THE ARRAY [S NUW

L 222232 ]

*edbb b e

L322 2322

*r bttt e e

tetbdt e

PROCESSING SYSTEM

CAROS 500020 THROUGH €00020 MISSING

WARNING SYSTEM 1 LEVEL 1

CARD SERIES S00111 NO OF TABLE PAIRS SPECIFIED AT
IS BEING RESET TO ACTUAL NO CTF PAIRS FOUND IN INPUT =

NOTE CARC 500111 POWER TABLE IS BEING NORMALIZED TO 0

WARNI NG SYSTEM 1 LEVEL 1
CARD SERIES 500131 NO OF TABLE PAIRS SPECIFIED AT
IS BEING RESET TO ACTUAL NDO CF PAIRS FOUND IN INPUT =

WARNING SYSTeEM 1 LEVEL 1
CARD SERIES 500141 NO GF VABLE PAIRS SPECIFIED AV
IS BEING RESET TO ACTUAL NO OF PAIRS FOUND IN INPUT =

PROCESSING THE J0B8 CONTROL CARD

PROCESSING PRUBLEM UPTIONS

PROCESSING PIN DATA

INITEALEZING PIN PARAMETERS

PROCESSING EDIT OPTIONS

492 WOROS

10000 wORODS)

PAGE 0008

DATA SYSTEM » 1

20
22
9479720 00 (PLVL ON CARD 00100)

20
81

20
22

MINIMUM LENGTH OF DATA ARRAY IS 272 WORDS

(LENGTH OF THt ARRAY

IS Nuw 5000 WORDS)

SL



PINSIM

A NUCLEAR FUEL PIN STIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VERSION 002

PINSIM VERIFICATION STUDY PROBLEM POWER—DROP TEST SIMULATION

END OF INPUT DATA PROCESSING

PINSIM

NO FATAL DIAGNOSTICS
A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VERSION 002

L ¥ ¥

06/30/80 NO 211 (PINMAN) PAGE 0009
07/16/80
06/30/80 NO 211

9L



PINSIM A NUCLEAR FUEL PIN SIMULATOR~-TRANSIENT ANALYSIS CUDE MOD 2 VERSION 002 06730780 NO 211 (PINMAN) PAGE 0010

PINSIM VERIFICATION STUDY PRUBLEM PORER—-DRCP TEST SIMULATIUN 07716780

SEEL EERE KRR ECREEEE X B AR B A TR KRS RX KA SR EE ER AR R R KSR TR R R ST EE RS SRR KRR R R KR XA SH X KX SRR EEEREXE FEREEE EXFEESRFEEA S XS EEEEEL K EE S SRS R &
GEEEEEE KGR ER R EE S X SREREFEF AR AR XA K SR KRR T AR R R K S X FAE SR EX R A S XX EE T L R X AEERRAEER SCRERERREESR R AR R XSRS A SR K S KRS B ARG F X E LR EE Sk XF K& &
“tttt.'t#“#“tl"‘.tt‘t.#‘#t‘tt#‘#t#tlt‘t‘.#“‘tt‘tt“t‘tt“‘tt#"‘#“t‘t‘###t“‘ttt#tt#t *E XK AREEREE EEFFEE DR EEE SR EE EREEEKE
#l.tt‘t##.#‘lt‘#tttl#t‘tt‘tttt‘t‘t‘tl‘l‘ttt#“ttt“‘t‘tt‘##t‘tt‘t‘t##‘t‘t‘ ARERE FREEKEE X SEKE KEEEEE K OENERLEEE SRX R XD RS REEEEE
t.‘###.#t.t‘t““tlt“‘#“#t#t#t“ttt#ltt‘####tt““t‘t.“#‘t‘t#tt#“tttt‘t‘#“t#‘t#“‘t##t.#ttttt‘tt"tttt‘#‘#t‘t#t“ltt“.“tttt
““‘#‘#t#.tttt““"‘l‘tt#tt““t‘l‘ttt#.tt#tt#‘t‘tt“tt#‘t#tt##t“‘tt‘t‘t‘tttt##tlt###tt##t‘tt#‘tt“. SRS KRS EEEEEEER B EE L SEBER S
o I L Tt T T R T ST R LRSS I 2 2 222 22222 2 S22 2 e sl b d b RUKR KRR R AR E CRFR KRR AR EHEGE B SR SR F SRS F R ER S R SR KB FEE &
SEEEREEEE R AR SEEEE F AR SRS XK FERE ERE R XA B R AX KRR R R R K EERECE R CRCRRR KA KRR RRERRREE FASEEXRF RSB SR RS SEEFEEE LSS E RSB E AR KR SR EE K
SHEE SRERCEOEREEEEE PRREEEEE SRR FE R KA XS R E RS R AR F XK E R XX SR XN SR KR XX XA X EA KA & CREREER R KSR K EEEE SEE K EE DX SRR EE X QXS A EF S XS L ER BB EEE ¥ %
“'.0#‘#'..'##“‘#‘t‘.tttt#t‘##‘#t“‘tttt‘ttt‘t‘ttttt#“#‘#"ttttttt‘t#t##tt##tt‘t###tt‘tl‘ltt#“‘.#.t““tt‘ttt“t#‘ttt“t““#‘t
SEEEERKEERRE R AR EA SRR SRR K B SR AR SR X IR R KL R RSB R R &K SEREEREE ISR RS KRR KR GRS AR R R KRR KSR K KSR R F R A SRR R K EE SR RS R R RERES KRR S S EE &
R RS REE R ER SR KA EF SRS F R RS SRR & FEEEEREREERRERE R ERE G R RS R K QK RO DS EER XK R R H R KRR KR LK K S & FEFRE XX R SRR SR SR E R E L C R E SR L TR RS FR S S X
SEAEEERR SR EE AR RS SRS EEREERR SRR RSB R R R EHEHRR RN R R KSR S X XK KA RS KK K58 FEREE RS AR E AR RO R KRR RE KR RS S 5K FEKAK SHEEE EEEEFEEREE LXK ESE XS E
#‘t#.#‘#‘#“#t““#t‘tt‘t‘ttt“ttt#"#‘t#““##“#‘l‘ttt#‘Ut‘t‘#t#t#tt###t##“‘#tttt#‘###t#‘t“.‘ttt.tt‘# AE XX EGEEX SRS E R E R KK
PP Ll ey e R R S 2 R R R R R 2 2l R i Rt Rl S il il AR RCRER R SR RREEX  HE SEEREERAE R SRR S SR ISR R SRR R R R RS KRR SRS E &
CEEE DR CE SRR E SR EEE PR R R SRR R R R R R KRR AR SRR ER R ER R RS SR XS Lk &K EREEREE SRR R EC K REGRE SELGEE R GHEFEE X SR ELELECEEREESEE SRR XKL SRS XS RAR &
“‘t#.‘t“t“tt#“t“#‘t#tt'ttt“t#‘tt“#tt#.t“#‘t###t“t‘##‘t##“tttt#ttttt#‘t‘tt#ttt#‘t#..t#t“tt.‘t (S RSS2 T2 2SR RS 22222 82
FEORRORREEORE R EE SR A REE SRR KRR SRR KRR BXERE R R AR R ST SRR RS R SR &S FERERCEXDA AR COA R AGRE B RS RRGE R R R G ERX X CRE R E S K SRS AR DS R SR SR KK SR &
SEEEEESEREER R SE SRS FEEREXER SRR EREERE IR PR R R R SRR X SRR R XKL FRBE XL XK KB & RS CR KRR R R R RE R SRS SRR SRR EEX S EE R RS R TR R KX SRR R KSR S A K S &
t‘.l#t#tt#“#t‘t#“t‘#“#t#‘tt#“t‘tt.‘t‘t““‘tt‘.#tt“t#tt#‘##tttttt#‘#t#‘tltt#tt‘#‘ 4 S SRERXEKLLEUR AT RS SRS R EAE SR EE R L X EREEES
.‘##..‘t‘t‘#“#tt#t.t‘tt#‘t'##tttt“t.‘t‘t“t‘.‘#tt“ttttt##ltt‘t‘t‘#t##“tt##“t‘t#t#tt‘t#l#t#tt‘t‘t““lt‘t‘t"ttlt‘t‘l“tt‘tt‘t
P e e R R R 2R R 22 2 22 2 22 2 2 2L 2 2 2ot St dd EEGAEEREEE R RR S H SR EX XK CE SR E IR KX S S SR KRR SRR SRR E X SR DU ERBE F S KRR KR SRS S &
SEEEREARE RN EE R E ERE R AR E X ER AR R R A X R XK R XA E B R R K SR R K RREE KR & & SRR TR GERE R RS RE EERTERENES EREEEE FEEEXE R ERR R DXREEEE S XX EEEEES
SERE SRS EE R EER R R R R R SRR R R E R EH RS E SRR R R EX R SR A KRR LR KRR R AT H R & ERERAQEREEEEERE SR SR EEE R A S RN K S CX XA S B RE SR E A E RS XK EF K& &

SEREEBECEREE EE EERE S EXE R EEEF SR E R R R E RS &S * FEEEERERRFE XX R EFEEEEREETER SR RS S KRR &
SEEERE SR BE R E R EEER E R AR R KRR E SR XE NS R X S K E XK LR AR A LER B A S E SR AL E NS X RO X EE LR RS &

SEREEECESEEEER RSN SR E XA R ERD U E SRR KK SR KK S & INITIALIZ D INPUT DATA U SRR S F XX S X AR KSR E AR S AT R XK SRS S L KK S &
SEREBR R CRE A B KSR AR RRE SRR G AR B R ER RS E S & SERRSEXRER R EHER K LR EEKEE XS KX XK XS SRR EE
EEEREEEERRE R AR EE S E R R R R R X R KRS RSN EERER KR E KK VE R ERE K KBRS X EEE K KX EER LS EEEE S

SEXECEX AR EA B SRS R SR S EEE R X TURER SR A X KX R EE RS ER R SRR AR R R G & R EREE R A KR DG G R R E SO R R R R R R ECF R KU EE PR IIEE RS2SRSS 22 2 R3S S 222 22 )
SRS DR AR AR AR R K AR EXRE SR F R AR EE SRR KRR XK F S XXX R LR R A KA KR R A X R R K E * KRR ER RS KR KL Xk XEEEREEER X (2222232222222 22 2 2 22 L Y
EEEEE ERERXEBEEE R R AR R RS AR RS SRR XA E X B E KRR R R AR RS SRR E G S8 ERECESRREREAERK AR R ALV ERREF A XSG SRE K& FXUXKKEEEHE SEE E¥E FEEEXEEREF R SRS E K
SEEE FOR A SR ER SR SR AE S FRE R AE SRS E R EE RS R RN R X B ST LR XXX KR LR DR AR E S TR KR KR CEESEFECR SRS R ST RETK R EES XSRS E XSS ER TSR EERE X
SEEERD KKK LR SR KA RS KRR R R SRS RS SRS X KA EEXX AR AR R KRR R RR X K& SEREREERERR SR KA EEER SR REKR KRS KR EE XS E R CEE E AR E S SR AR S XXX XS E R KA S EEER 2 &
...l‘tt.#..##l‘t““t‘t“‘t.t#“tt‘#t.tttt“t‘t““.#tl‘t#t‘tt#“t‘#“‘tttt"‘ttttttt#ttt“ 5% SRS XXX SRR AR EE RS A GEAEEE S AR X KK EE & &
KL E R R R DA EE SR RE AR F R ERE SRR RO R SRS R K CHE SRE KX % CEEEEECREER SR AR R RRNE RS CREGE RXSSRESX A KO KRR R XK SE DL ST DA SRR B R FAE X R ERE R KE S SR EEE S
SRS KL ERE SRR RE S S L X KRR REE GRS SREE SRR R R ARk kS D CEEEEEELSEEH ARG SR DR AR R RS E R AR SR GR R A XS RO KX PERTFE SR XS XXX KR RER DXE R KSR GBS S S X0 KK
FECE AR R R R BT AN KRR VSR E KA SRR EREH SR XE R R SRR SRR XSRS E & & AR CESE AT RREEER R GRS A XSRS R R G SR FEF XXX EQ R XS K R A X EE XS LR DO E XSS S &
CEEGERGESRERE R SE A EE KRR AR RRA AR KRR S XA R K AR SR X EB R ARG KRS R X K& KX SR SRR R KR S A RS R E R XU X RR SRS S S EERRAXRE RSO EE & & TFEARE R L EDEEER X
KRt SEAEFAEE R EOEAS ISR RN E FER R SRS R KRB LR LSS 0% EX KRS EEETRE XGRS E S A RS KRR KKK L0 EREXE S EBEEE KSEKEEEEFE S SERF DR EX X SR RE S UL KRR TXE S
SEEECEREEREEEREE R KRR C RS SRS S SRR EFF EERF A IR KRR KRG ER TR N R RKEE DR KRR SR R KKK EE Kk K A XE &X IZ RIS 2SRRI RS2 S S 22 RS S22 22 2 Lk B Y )
K66 EEELESOBAEREERERACR R SRS KR CRE AR TR A SR SER SR SRR LK AR XSG O RRRAE X RS RV R RS ERE KRR RXK L SRS TR EE & $ % %% X SELEGREE CFEXEXIEXEE FXEE S SRS EEK
SEEEEERECREE R SR EEE SRR AR B A RRR S SR AR & X ER KA SRR EEERREE KA R RO KRS SEER SR KK CR KR AT KR KK EEEEE LEEEE ¥ FEREOKCE RS SR SR LB R E RS K QR KK E K
SEVEEERGL R AR EEE SR AR S RER SR DA X SRR AR F D E AR R KBRS R EX TR LS R OISR ER X SRS R S R KX XX R X TR K G I RIS LS R 2R SR 2SR R 2 2 RS R 2 22 222 2 )
CERERERX SR AR R R KR RS AR AN R K KA R X SRS R B AR SRR H K E S5 & EEEERERE RS AR FE SR EAXR X R S SR XS S SR KRS KSR EEE R S DS SRR AR A XX R AR DK S RN SRS S SRS S &
CEEG R GRS EERE SR EH R KN RER R R ER R R K RER S SR SRS R E SRR E R RER S KRS SEABSERECREE K FS KR KX KRG L AE D FEORGEEE XKL SEEE LERESEEEXELERERVREEEESSEE K
FEEENEREEEEE R KSR ES XX KR XL R & EEREB XA NS U B R L RS X RS RR EX KR ESEVE SR XA ST R G R A XA E R FE R TS G S X S0 EAFEERSLEEEBE LRSS XL AR S EE S L SR REE S
SEERAEEEREREXRSES KFEET & KE XS AR RREE RV ARE FRK SRV SS ARG TN & REEXXBLRFREB KL CRXTXRK SR AR XEL TS SOk [E X322 3333322222221 S 2222222223 )
SEEEEEE CEEEEREEEEEFRSE RS AR RN ARG S EFFDE RN KBE X SRR ATTERA XA A ARG KL R EEER KEBEGX LR ER LEERE KEKER I EE TSI RS 2222222 2 22 2222
EAEEGEE RS AR AGE SR E AR EE AR X AR SR AR SRR E SR SRR KSR AR R R SE X SRS XKLL ERE SE X KSR RAS X TR EE & KE&E £¥ 6 I XX IR RIS 222 2R RS R 2SRRI R R R 2 sy )
SAEEBE A ER RS ERES ERE EERE KR EX $ER KRR SRR RS X AR EEERE SR ERER XL REE IXASRE XSRS LR XSS R AR EREE &X $EEE FEEEEEFEEEE LR SR EEE LS RRA S EERSEE K
SERE RS EAEE XA R E SRS AN RS SRS KB R RSR KRS H R YR KRR EE S & SR EERREE AR XX ER LR SARE KR A SRR E DRKEE SEXRGLESHEREE EERUBEEBEER SR XSS RS REE S
S8 EERS SRR EEREREER SRR ARG S E R RS RS # FEEFEEREE XS L AR FECKE SRR LS R EA KR SEXR Y KRXE KX TR TSR KA R R R R KRR T K EZE 2T IS SIS S22 S22 32 2222 222 3 )
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PINSIN A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYS IS CODE mOO 2
PINSIM VERIFICATION STUDY PROBLEM POWER—-DROP TEST SIMULATION

GENERAL PRUBLEM DATA —==-=-

SYSTEM
SYSTEM FLAG
) [}

PROBLEN END TIME = 4 0000000 00 SEC

TIME STEP CONTROL GROUPS

GROUP BEGIKNNING MINIMUN TINE MAXIMUN TIME
NO TIME(SEC ) STEP SIZE(SEC) STEP SIZE(SEC)
1 00 3 0000000-02 S 0000000-02
OUTPUT CONTROL
ELAPSED NO OF ELPASED TIME
TIME STEPS
MAJOR EOIT o 0 4000000 O1
MINGR EOIT 1 00
PLOT RECORO ] 00

PROBLEM CONVERGENCE CRITERIA

TEMPERATURE CONVERGENCE FACTOR
ENERGY CCNVERGENCE FACTOR
MAXIMLM NUMBER OF ITERATIONS S0

VERSION 002 06/30/80

0 100000D-07
0 1000000-07

NO 211 (PINMAN)
07716780

STEP SIZe
SEL FLAG

2

ROVUTED TO
OEVICE NO

]
8
1

PAGE 0011
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PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VERSION 002 06730780 NO 211 (PINMAN) PAGE 0012
PINSIM VERIFICATION STUDY PROBLEM POWER—-DROP TEST SIMULATION 07716730

."‘.““.“t“."tl“..“‘..“"t“t“t.t‘t‘.tt““““"““"““tt““""t““““““‘“.‘.““‘.'““"t‘.“““‘.‘.‘..“.‘
SEES SRS EE S ESEEES S SEO S EGE SSEERSESE SO S ES S ES ¢SS SSYSTEM INPUT DATA SYSTEM NO 155 S5 6620 E R S S S S S SEE SRS ESE S S EE SRR S EE E S EEE S
.““““““‘.““‘“‘.“‘“‘..““‘..“‘...t‘t“".““‘.‘t..““‘t..‘"“'.‘.“‘..".““t‘..““‘..“.““t‘..“.."“t.“““

SYSTEM POWER CONTROL STEADY=-STATE
CONTROL FLAG FLAG/# OF LEVELS POWER Kuw
[} 1 0 100000D 03

QGRDERS OF INTERPOLAT ION
POWER FLuXx TEMPERA TURE H T COEFF

< 2 2 2

POWER FILTER PARAMETERS

LOW-PASS HIGH-PASS FILTER
BREAKPOINT BREAKPOINT FLAG
o0 o0 ]

6L



PINSIN A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MGD 2 VERSION 202 06/30/80
PCWER-DRQP TEST SIMULAT ION

PINSIM VERIFICATION STLDY PROBLEM

t‘.ll..t..“ll.l."tl.‘ll.lt.lll.llllt..l.l..t..ltllll‘l#‘.‘lt.ltl.llttlltt“ltttlttt.tt'l‘ltt"‘ttttt"l‘t""‘t‘t"‘tl“““““

"....tl.ltl...l‘ll..‘..t..lltl..ttll.tll.lt.t.l.lt.ll.tl...t...llttltlttttltt#.tt'##‘ttttllltt“ttttt‘t#ttt'ttltt‘t"‘.“““"“

CALCULATIGNAL CONTROL SYSTEM 1 LEVEL #
CALCULATION LOCATION
EEESE X SR KKK S X S E S & RS
PIN LEVEL NODE

I | § ]

BOUNDARY CONDITION CONTROL FLAGS
SEEEE RS L SRR LS SE R XSS EE X SR SR EE SRS KK K S K S ETE

LEVEL SURFACE SURFACE
FPORER HEAT FLUKX H T COEFF TEMPERATURE
22 o 81 22

LEVEL FILTER CONTROL

FEEEEEERE R L RE S SR SRS USRS S S X E SRR SR E LS RS RS CE B A EE S & &

LOW-PASS HIGH-PASS FILTER
PARAMETER BREAKPOINT BREAKPOINT FLAG
LEVEL POWER 00 o0 ]
HEAT FLUK 00 o0 [+]
TEMPERATURE 00 Oe O o

POWER TRIP
SEEEL SR REEE R EEESE SR &

TEMPERA TURE FLAG
o0 ]

BOUNDARY CONDITIGON LINKS
(TABLES FOLLOW)
CEEEE RS ALK S X EH SR SEFE L SRS S S K CU S ER K S K S EF S E &

NODE/PARAMETER #/

PARAMETER PIN LEVEL POINTER
LEVEL PO¥ER ] 0 23
HEAT FLUX [¢] [+] ]
HeT COEFF ] [+] 67
TEMPERATURE ] [+] 229

NO 211 (PINMAN)
07716780

08



p

INSIM

PINSIM VERIFICATION STUDY PROBLEM

000009

TIME
(SEC )

0

2000000
600000D
1000000
$000000
9000000

coo0oo0o9QOo
[~ I -2x- 3-8 -]

LEVEL POWER
(K¥ )

9276960 01

0000 O0COQO

TIME
(SEC )

100000D-01

3000000
700000D
2000000
6000000
1000000

A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE
PONER—-DROP TEST SIMULAT ION

MOD 2

VERSION 002

——=—= POWER TABLE FOR SYSTEM

LEVEL PONWER

[-X-X-N- -]
[- - -0 - -

(KW )

0000

TIME
(SEC )

1 LEVEL

5000000-01

4000000
8000000
3000000
7000000

06730780
07/16/80

]———

LEVEL PONWER

0000 O

(- -]

(Kw )

0o0ocoo

NO 211

TIME

(SEC )

1000000
5000000
9000000
4000000
8000000

©coo0O
c©o©0o

(PINMAN)

LEVEL PONER

18



000000000 O0000000000OC

PINSIM A NUCLEAR FUEL PIN S1MULATOR-TRANSIENT ANALYS IS CUDE MDD 2 VERSION 002 06/30/80 N0 211 (PINMAN) PAGE 0015
PINSIM VERIFICATION STUDY PROBLEM PCWER~-DROP TEST SIMULATICON 07716780

—==== SURFACE HEAT TRANSFER COEFFICL1ENT TABLE —~———n—

TIME COEFFICIENT TIME COEFF ICIENT Tin COEFFICIENT TINE COEFF IC 1ENT

{SEC ) (BTU/SEC-FT#%2—F) (SEC ) (BTU/SEC~FTS$2-F) {SEC ) (BTU/SEC~FTH&2-F ) (SeC ) (BTU/SEC-FT#e2-F)
0o 0 1008370 01 0 S00000D-01 0 1163940 01 0 1000000 0O 0 1095010 01 0 1500000 00 0 1093000 01
2000000 00 0 1134720 03 0 2500000 00 0 1168010 01 0 3000000 00 0 1182140 01 0 3500000 OO 0 1194270 01
4000000 00O 0 1220830 01 0 4500000 00 0 1252840 01 0 5000000 00 0 1274240 01 0 5500000 00 0 1280600 01
6000000 0O 0 1262510 01 0 6500000 00 0 1245100 01 0 7000000 OO 0 1242080 01 0 7500000 00 0 1249560 01
8000000 00 0 1258610 01 0 8500000 o0 0 1262650 01 0 9000000 00 0 1257370 01 0 9500000 0O 0 1243000 01
1000000 01 0 1226600 01 0 1050000 01 0 1223200 01 0 1100000 O1 0 1240500 01 0 1150000 01 0 1255050 01
1200000 01 0 1260480 01 0 1250000 01 0 1250210 01 0 1300000 01 0 1238350 01 0 1350000 01 0 1239830 01
1400000 01 0 1248770 01 0 1450000 01 0 1266490 01 0 1500000 01 0 1270650 01 0 1550000 01 0 1247680 01
1600000 01 0 1201080 01 0 1650000 01 0 1181390 01 0 1700000 01 0 1212090 01 0 1750000 01 0 1267380 O
1800000 01 0 12€8930 01 0 1850000 01 0 1290860 01 0 1900000 01 0 1259930 01 0 1950000 01 0 1191870 01
2000000 01 0 1157000 01 0 2050000 01 0 1156070 01 0 2100000 01 0 1130420 01 0 2150000 01 0 1043280 01
2200000 01 0 9936860 00 0 2250000 01 0 9997750 00 0 2300000 01 0 1048040 01 0 2350000 01 0 1068850 01
2400000 01 0 9909000 00 0 2450000 01 0 8648240 00 0 2500000 01 0 8731630 00 0 2550000 01 0 9284710 00
2600000 01 0 8399200 00 0 2650000 01 0 7355710 00 0 2700000 01 0 711394D 00 0 2750000 01 0 7641130 00
2800000 01 0 8115280 00 0 2850000 01 0 8056830 00 0 2900000 01 0 753778d 00 0 2950000 01 0 6620010 00
3000000 01 0 6014030 00 0 30504000 01 0 S857300 00 0 3100000 01 0 S76918D 00 0 3150000 01 0 6217230 00
3200000 01 0 63€393D 00 0 3250000 01 0 5694550 00 0 3300000 01 0 4830520 00 0 3350000 01 0 3832150 00
3400000 01 0 3229190 00 0 3450000 01 0 3326320 00 0 3500000 01 O 4113580 00 0 3550000 01 0 4460390 00
3600000 01 0 4471530 00 0 3650000 01 0 4263640 00 0 3700000 01 0 4671960 00 0 3750000 01 0 5233600 00
3800000 01 0 5719150 00 0 3850000 01 0 4642910 00 0 3900000 01 0 2654640 00 0 3950000 01 0 1397520 00
4000000 01 0 1138220 00

Z8



L4 3
PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VERSION 002 06/30/80 NO 211 (PINMAN) PAGE 0010
PINSIN VERIFICATION STUDY PROBLEMN POVWER~DROP TEST SIMULATION 07/16/80
—e=e— TEMPERATURE TABLE ——-—

TIME TEMPERATURE TAME TENPERATURE TIME TEMPERATURE TIME TEMPERATURE

(SEC } (F) (SEC ) (F) (SEC ) (F) (SEC ) (F)
] 0 5494000 03 0 1000000-01 0 S49400D0 03 0 5000000-01 0 S49400D0 03 0 1000000 00 0 S494000 03
2000000 00 0 5494000 03 0 3000000 0O 0 5494000 03 0 4000000 0O 0 5494000 03 0 5000000 0O 0 S494000 03
6000000 00 0 5464000 03 0 7000000 00 0 5494000 03 0 8000000 00 0 S494000 03 0 9000000 00 0 5494000 03
1000000 01 0 S494000 03 0 2000000 01 0 5494000 03 0 3000000 01 0 5494000 03 0 4000000 01 0 S494000 03
$00000D0 Ot 0 5494000 03 0 6000000 01 0 5494000 03 0 7000000 O1 0 S$S494000 03 0 8000000 01 0 S494000 03
900000D 013 0 S49400D0 03 0 1000000 02 0 5494000 03

€8



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VERSION 002 06/30/80
PINSIM VERIFICATION STUDY PROBLEM PCRER-DRGP TEST SI1MULATION 07716780

—~—==~ PIN OATA ~=—e=
(PIN NO 1)

PO¥ER POWER PIN TO AVG TUTAL PIN NUMBER OF NUMBER UF
SYSTEM FLAG POW PEAK FAC LENGTH FT AXIAL LEVELS MATERIALS
o 1 0 10000 01 1 00 1 4

GAP INTERNAL HEAT TRANSFER PIN
CALCULATIGN DATA AREA SCALING DEFORMAT ION
FLAG FLAG FACTOR FLAG
[+ ] 0 1000000 01 [+]

FLUX DEPRESSION FACTORS

WERE NOT USEO

NO 211

(P INMAN)

PAGE 0047
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PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VERSION 002 06/30/80 NO 211 (PINMAN}  PAGE 00138
PINSIM VERIFICATION STUDY PROBLEM  POWER-DROP TEST SIMULATION 07/16/80

——me= LEVEL DATA ——=-

(PIN NO 1)

LEVEL SURFACE HEAT AXIAL AXIAL PIN ASSOCLIATED NG OF RADIAL NO OF RADIAL
NO TRANSFER AREA LENGTH POWER FRACT ION WATER NODE REGIiONS NODE S
(FTs*2) (FT)
) 0 97$6550~01 1 Q00 1 0000 0 = 19

S8



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CUDE
PCYER-DROP TEST SIMULAT ION

PINSIM VERIFICATION STUDY PROBLEM

LEVEL
NO

- g

REGIGN

NO

NheWwN -

REGICN INNER
RADIUS FT

0
0
0

0
0

0

2342D0-02
9075D~02
10230-01
1402D0-01

MQD 2

REGION OUTER
RADIUS FT

0000 Oo

2342D0~-02
90750-02
10230-01
14020-01
15590-01

VERSION 002

REGION DATA ~————
{PIN NO

RADIAL POWER

PEAK

oOo0oo0oo

FACTOR

]
]
10000 01
]
0

06730780 NO 211
07716780

NO OF
NODES

WOoN -

MATERKAL
1 D NC

SN W= -

(PINMAN)

PAGE 0019

98



PINSIM A NUCLEAR FUEL PIN SIMULATOR—TRANSIENT ANALYSIS CODE MOD 2
VERIFICATION STUDY PROBLEM

PINSIM

LEVEL NODE

NO

O e bt e P g S b BN g P Gt B e B A (e g B

NO

CONOPVSLUN-

CO00O0CO0COO0EPOCODOOCROCROOOCO

NODE 1INNER
RADIUS FT

[}

2341700-02
405774D-02
5238990-02
6199090-02
7029260-02
T7771240-02
844831D-02
9075000-02
$667120-02
1022500-01
1094850-01
1162710-01
1226820-01
1287750-01
1345910-01
140167D-01
1456060-01
1508500-01

POWER-DROP TEST SIMULATION

NODE CENTER
RADIUS FT

000000000 D0DO0OO0OODOOO

1655820-02
331277002
468574002
5739150-02
66271SD-02
7409540-02
811684D-02
8767260-02
9375730-02
994997D-02

10 929D-01
1129290-01
118520D0-01
12876SD~-01
1317150-01
1374070-01
1429130-01

1482510-01
1534040-01

————- NODE DATA ——--

(PIN NO 1)

NODE QUTER
RADIUS FT

Q0000 OCOV0DO0DOOOOOOO0OO0O

234170002
405774002
5238990-02
6199090-02
702926D-02
7771240-02
8448310-02
907500002
9667120-02
1022500-01
109485001
116271D-01
1226820-01
1287750-01
1345910-01
140167D-01
145606D0-01
1508500~01
1559170-01

VERSION 002 06/30/80
07/16/80
NODE RA

000000000000 0OO00D0OCOO

VOLUME FT3

1722710-04
3450010-04
3450010-04
3450010-04
3450010-04
345001D0-04
345001D0-04
3450010-04
3486380—-04
3486380-04
481278004
4812730-04
4812780-04
4812780-04
4812780—-04
481278004
4883420-04
488342004
4883420-04

PEAKING FACTOR

CO0O0O0O0O0OO0COROO0ODODOOOOOO

000000000

NO 211 (PINNAN)

OIAL POWER

00000000

5000000 00
5000000 00

MATERIAL
1 D NO

COLOENNNANNNNUWW S wmM- -

PAGE 0020
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PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MQD 2 VERSION 002 06/30/80 NO 222
PINSIM VERIFICATION STUDY PROBLEM PCX%ER-DROP TEST SIMULATION 07716780

MATERIAL DATA —=~—-—
(PIN NO 1)

JDENTIFIED MATERIALS
MATERIAL NO 3 IS INCONEL

MATERIAL NO 4 1S STAINLESS STEEL 316

FOLLOWENG ARE DESCRIPTIONS OF THE OTHER MATERIALS

(PINMAN)

PAGE 0021
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Y -~ .
PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MUGD 2 VERSION 002
PINSIM VERIFICATION STUDY PROBLEM  PCWER-DROP TEST SIMULATION
——-—- MATERIAL DATA ————-
(PIN NO 1)
MATERLIAL NO 1
MELY ING TEMPERATURE (F)
5000 00
THERMAL CONDUCTEVITY
(3TU/HR-FT-F)
ALLOWED VEMPERATURE KANGE
HIGH Low
2300 00 00
K = CO0 ¢ Cl18T ¢ C2sT¢s62 ¢ CI8TS83 ¢ CaeTesy
co ci c2 c3
0 2128660 02 -0 101369D-01 0 0 00

co
0 1678120 00

CcP =

0 370264D-03

SPECIFIC HEAT CAPACITY
(BTU/LBM~F)

ALLOWED TEMPERATURE RANGE
HIGH LOe
2300 00 o0

CO ¢ CI8T ¢ C26T¢82 ¢ C3¢T6¢3 ¢ CacsVTssq

ct c2 c3
«-0 1737940~-006 0 3144860-10

DENSITY
{(LBM/FTes3)
0 138384D 03

067307680
07716780

(<3

Ce

NO 211

(P INMAN)

PAGE 0022
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PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VERSION 002 06/30/80 NO 211
PINSIM VERIFICATION STUDY PROBLEM POWER-DROP TEST SIMULATION 07716780

————= MATERIAL DATA —=——=
(PIN NO 1)
MATERIAL NO 2

MELTING TEMPERATURE (F)
5000 00

THERMAL CONDUCTIVITY
{BTU/HR-FT~F)

ALLOWED TEMPERATURE RANGE
HIGH LOW
2300 00 o0

K =CO ¢ C15T ¢+ C2%T*%2 ¢+ CI*T*%3 &+ CAST*¢4

co c1 c2 c3 (23
0 1718530 02 =0 407190D-02 00 00 00

SPECIFIC HEAT CAPACITY
(BTU/LBM-F)

ALLOWED TEMPERATURE RANGE
HIGH LOw
2300 00 00

CP = CO + CLAT + C2*T*%2 + CI*T*%3 + C4xT*¢4

co C1 c2 c3 Cs
0 1678120 00 0 370264D-03 -0 173794D-06 0 314486D0—-10 00

DENSITY
(LBM/FT%23)
0 1354680 03

END OF INPUT DATA PRUCESSING

(PINMAN)

PAGE 0023
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PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VERSION 002 06/30/80 NO 211 (PINMAN) PAGE 0024
PINSIM VERIFICATION STUDY PROBL EM POWER-DROP TEST SIMULATION 07716780

tlt‘tttlt“#ttt‘ttll#“tl‘#“t‘#‘t#‘tt‘t“tt‘t“t‘#tl‘t‘t““t“t"“tt‘t‘tt“““tt“ttttttt“t“‘tttttttt‘ttttttl‘lt’ttlt““t"
R R AR L R Ed S d RS S Rl R Rl e Rt Rt ot e R R RS Rl s R R I R R T Ry s Y ey T T T T I ™
LR Al Sl R R Rl R R R Rl Rl ettt il S e R L R R It e s I T I I R R T T T Y Y T L L L T e DD
EXEXEBFRE R R R BR KK R KRR R B R L FR RN R RR AR S AU AS S SR RS R R R R KR SRR R KR S S AR R R K S R UR RS SE K R A SR RS SRR R K SRR SRS S R AR R R AR R S SR S SRR R AR KSRGS EREK K &
LA a dd Rl s Rl el Rl L R e R L R e R A e R L e I I R R ey Ry e T I T T I
AR Rl R R Rl Rt R e el Al S el R S I S s s e s e I I T T T I T I
La Rl R Ll L A e R R R Rl o a g L R e L e R R e R R I I 2 I s sl R e e P L I T T I T I T Ty
LR A A A AL R Il R 2t Rl St Rt Rt 2 2Lt R RS R 2 R Ry gy T Y P L L Ll L T T Ty Tupy e
LA Sl Rl Sl S Al et At 2 I R 2 S Rl L R R R R S T I R Ry T T T T I Iy ™™
t‘t‘lttt‘#.‘t“#“t##t.“#‘ttt‘###‘t‘."t‘ttt‘tl‘t““‘#“t#ttlll“‘lttt“tttt“tttttttttttt“ttt‘ltttttltttltttlltl‘l‘ttttttt‘l“
LA ddd R Al Rt R R A Rl Rl S e R R R R s f R g ey Ty P P I T i T IImnmn,
LA RS d Al RS A Rl Rl Rl Rl e Rt S t i R R R R T I Rt T R I I I T T I
ttt‘t“tttttt#t.tt‘t‘tt‘tlt‘.tt“##ll“l‘lt“tttt#tttt"“‘.‘t“tl‘ttt#‘tttt‘t“‘ttt‘t‘t‘t“t“t‘tl‘ttttt‘ttt‘ttltll‘llll‘ttl‘tttt
FEFSA XSRS R IR SRR EE R KSR S AR AR SRR R R R E SR E AR A S K AR KRR K KR K SR AR RS SR K & FFXE RS SRR SR USSR RS SR R AR R XA F A NSRS R R S R SRR RS R AR R AR R R R R R KK
LA S22 S 2 2 RSt 2 R 2 222 A R R R R R R Iy R P R R YT T TTY LT LRSS Rt R RS 2222 R 222222 2R 2 P Y LTy
ttt“ttt‘t““t.‘ttt#t#.‘t‘#ttllttttlt‘lttt‘tltt#t#‘t‘t“tt“‘t‘tllttl#“‘tttt“tt“‘ttttttt‘t‘“‘t‘ltltttttttttt“tltt“‘tt“‘tt‘
tttt“.t‘tt‘ttt‘.t‘“‘ttt#t‘.ttttttlttt“‘tltt“t““#““tl““‘t“ttt‘tl“ttttltt‘tt‘ttl‘t‘tttlt“tl‘ltl‘t‘lttllltlt‘l‘lttttttll
P2 SR R 22 222 R R R 22 R R R R Rl R R R T ST RS PR ST FEEEXRR R SR SRS R SR R AR AR KK K F SR SR SRR RS SRR S R SRS S RA R R SRS R AR AR A R RS R K E R R &
tt‘t#t“‘#.‘l“‘ttt'ttt#“"ttt“#tt“t'llt‘#t‘lltt‘l#““‘ttt‘ll“‘tttltttt‘tt‘ttt‘tt.ttt“lt‘ltlttttt‘.t‘ttlttlltllt‘tl‘ttt‘t‘t‘
t#t‘t“t‘t#‘#“.‘ttOtttt‘t‘t‘t‘#t‘ttt.l“‘#‘tt‘t#tltll““ttlt““"‘lt‘ttt‘tltl‘ttttltt‘“tttt‘tttt‘ttlt‘t‘tttlt‘ttltltlltlll‘ltt
(A2 2 AL 2L RS X2 R 222 R SR R 2R RS2 RS R R R 23 RA R R A2 2L A2 22 S 2 R R R R RS S TR 2RISR R R R TR B E g o T P P e P p e pappgppepy
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PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYS1S COOE
PINSIM VERIFICATION STUDY PROUBLEM

LEVEL NO
1

LEVEL NO
1

842 25

11
803 &1

POWER (KW)
HEAT TRANSFER COEFF 1CIENT (BTU/SEC-FT2-F)
TEMPERATURE (DEG F)

MOD 2

PCWER-DROP TEST SIMULATION

VERSIUN 002

SYSTEM # 1 LEVEL # 1t

CALCULATION LOCATION
PIN

LEVEL

NODE

[}

LEVEL BOUNDARY CONDIT IONS

SURF ACE HEAT FLUX (BTU/SEC~FT2)

SURFACE TEMPERATURE (CEG F)

842

12
779

2%

45

842 2

13
758 00

UNFILTERED

0 9276960 01
0 1005370 01
0 5494000 03

FORWARD CALCULATICN

CALCULATED RESULTS

06/30/780
07716780

FILTERED

0 9276960 01

0 5494000 03

0 2469620 02
0 6435900 03

TEMPERATURE DISTRIBUTION

842

14
738

PIN

25

84

1 LEVEL

NOQOE

842 25

NODE

721 56

842 25

16
705 b1

842 25

17
688 S0

862

18
1.1

25

(-3

211

(PINMAN) PAGE 0028
9 i0

842 25 a29 27
19

652 02

Z6



e - N
PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VERSION 002 06/30/80 NO 211 (PINMAN) PALE 0029
PINSIM VERIFICATION STUDY PROBLEN PCWER-DORGP TEST SIMULATION 07/16/80

SUMMARY OF PIN CONDITIONS PIN NC 1
TAY (SEC) DELT (SEC)
00 00
8TU/SEC Ko
PIN PORER o0 o0
SYSTEM IDENTEIFICATION PIN
LEVEL SYSTEM ¥ SYSTEM LEVEL
1 1 1
LEVEL LEVEL POWER SURF HEAT TRAN SURF HEAT FLUKX CENTERLINE TEMP HEATER NODE SURFACE TEMP ADJACENT CuOL S URF HT TRANS
ND (8TU/SEC) (BTU/SEC) (ETU/SEC-FT*e2) (F) TEMP(F) (F) TEMP(F) CGEFF(B/S~FT2~F)
1 0 9276960 01 0 9276960 01 0 946%€20 02 0 8422490 03 0 8292660 03 0 6435900 03 0 S49400D 03 0 100 370 O}
EQUI VALENT GAP STEADY STATE
CUNOUCTIVITY GAP CONDUCTANCE GAP THICKNESS GAP THICKNESS NO OF ITERATIONS
LEVEL {(BTU/SEC=¢T~F) (BTU/SECFT®82=F) (FT ) (FT ) INHT QLUTION

€6



PINSIM A NUCLEAR FUEL PIN SINULATOR-TRANSIENT ANALYSIS CODE MOD 2 VERSION 002
PINSIM VERIFICATION STUDY PROBLEM PCUER~-DROP TEST SIMULATION

SUMMARY OF PIN CONDITIONS PIN NO 1

PIN TEMPERATURE DISTRIBUTION

NQOE
LEVEL NO 1 2 3 . S 6
1 842 25 842 25 842 25 842 25 8e2 25 842 2S5
NODE
LEVEL NO 11 12 13 1s 15 16
1 803 81 779 4S5 758 00 738 84 721 56 705 81

06730780
07716780

842 25

17
688 50

842 25

18
669 69

211 (PINMAN)

842 25

19
652 02

PAGE 0030
10
829 27

%6



PINSIM A NUCLEAR FUEL PIN SIMJLATOR-TRANSIENT ANALYSIS CUDE MQD 2 VERSION 002 06730/80 NO 211 (PINMAN) PAGE 0031

PINSIM VERIFICATION STUDY PRUBLEM POWER-DROP TEST SIMUWATION 07716780
SUMMARY OF PIN QUNDITIONS PIN NO 1
TOTAL STORED ENERGY PIN 1 = 0 3079760 02 BTV
LEVEL STORED ENERGY PER LEVEL{(BTU)
1 0 3079760 02
TOTAL NODAL STORED ENERGY (BTU)
NODE
LEVEL NO 1 2 3 4 5 6 7 8 9 10
1 0O 72470 00 O 1451D O1F 0 14510 01 0 1451D 01 0 14510 01 O 14S1D 01 O 14510 01 O 14510 01 O 18620 01 O 18300 01
NODE
LEVEL NO 11 12 13 1e 15 106 17 18 19
1 1 86 1 78 1 7 1 66 1 60 1 55 2 08 2 02 1 95

66



“ B> Mmp

SRF HT FLUX SURF TEMP LEVEL PO¥WR NODAL TEMP NODAL TENP NODAL TeMP NODAL TENP NODAL TEMP
TIME(SEC) B/75~FT2 DEG F BTU/SEC (DEG F) (DEG F) (DEG F) (DEG F) (CEG F)

«1 1) «1 1) (1 1) 1 1 1) (1 1 3 «1 1 4) 1 1 16) «C1 1 16)
o0 94 €96 643 59 $ 2770 842 25 842 25 842 25 705 b1 €82 02
0 5000000-01 101 98 637 Of 00 840 82 838 39 836 19 700 0% 646 12
0 1000000 00 93 354 634 3% 00 837 01 831 01 826 37 692 75 642 69
0 150000 88 466 630 30 00 830 75 821 46 815 01 684 95 638 22
0 200000 85 571 624 81 o0 822 51 810 78 803 21 676 91 632 49
0 250000 81 733 619 38 [ ] 812 87 799 S8 791 40 669 02 626 73
0 300000 77 060 614 59 o0 802 34 788 20 779 76 6ol 61 621 54
0 350000 72 €35 610 22 00 791 33 776 86 768 38 654 73 €16 78
0 400000 69 006 005 92 o0 780 12 765 68 757 33 648 2 612 17
0 450000 65 €446 601 80 00 768 93 754 74 746 61 642 12 €607 75
0 500000 62 075 598 10 o0 757 89 744 12 736 26 636 3§ €03 74
0 550000 58 298 594 92 00 747 11 733 84 726 30 631 10 600 23
0 600000 5S4 263 S92 38 00 736 64 723 94 716 73 626 3 597 32
0 650000 S0 &98 590 1. [+ B ] 726 53 714 43 707 S8 621 S¢ 594 74
0 700000 47 789 587 88 00 716 83 705 34 698 85 617 S0 592 24
0 750000 45 270 585 63 00 707 54 690 67 690 54 614 0o ~8€9 727
0 800000 42 874 543 46 o0 698 68 648 43 682 64 610 38 587 39
0 850000 40 483 581 46 00 690 25 680 59 675 14 606 91 585 17
0 900000 38 065 579 67 00 682 24 673 15 668 02 603 67 583 16
0 $50000 35 681 o278 09 00 674 65 666 10 661 28 600 66 s81 27
1 00000 33 439 576 66 o0 667 45 659 43 054 91 S97 &6 579 73
1 05000 31 579 575 22 00 660 65 653 13 648 88 295 21 578 12
1 10000 30 099 573 66 00 654 22 647 17 643 19 §92 €5 576 43
1 15000 28 575 572 17 00 648 15 641 54 637 81 590 18 74 80
1 20000 26 S79 570 890 o0 642 43 636 23 632 72 587 &2 S73 29
1 25000 25 288 569 63 00 637 02 631 21 627 g2 85 6% 71 S6
1 30000 23 720 568 S5 [ ] 631 92 026 47 623 38 583 61 S70 74
1 35000 22 412 567 48 00 627 11 622 00 619 10 581 68 €9 Sa
1 40000 21 232 566 40 00 622 57 617 78 615 06 579 84 568 36
1 45000 20 171 565 33 00 618 30 613 80 611l 25 78 07 867 19
1 50000 19 010 564 36 o0 ola 27 ol0 0S5 6u?7 65 %76 3§ S66 12
1 53000 17 698 563 58 o0 610 47 606 S1 604 26 574 8S 565 22
1 60000 16 331 S63 00 00 600 88 603 17 601 06 573 4¢ 64 S1
1 65000 15 324 562 37 o0 €03 51 600 03 598 05 572 17 563 79
1 70000 14 742 56l 56 00 600 34 %97 07 595 22 570 S0 562 $3
1 75000 14 263 960 65 00 597 35 S94 29 S92 S5 S69 €1 S61 97
1 80000 13 499 956 87 00 594 54 591 67 590 03 568 37 S61 12
1 85000 12 €63 559 21 o0 591 89 589 19 587 66 567 22 560 38
1 90000 11 722 558 70 00 589 39 586 86 585 41 566 18 SS9 79
1 95000 10 695 558 37 [ ] 587 04 S84 66 583 30 565 26 559 3o

. A

96



R

E

S

T

A SRF HT FLUX SURF TEMP LEVEL POWR NODAL TEMP NUODAL TENP NODAL. TEMP NODAL TEMP NODAL. TEMP

R T1ME(SEC) B8/S-FT2 DEG F 8TU/SEC {DEG F) {DEG F) (DEG F) (DEG F) (CEG F)

T « 1 1) «1 1) «1 1) «1 1 1) 1 1 3) «t1 1 a) 1 1 16) (1 11%)
2 00000 9 S691 558 02 00 S84 82 582 59 S81 31 564 43 558 94
2 05000 9 4612 557 S8 o0 582 74 580 64 579 45 563 €3 58 46
2 10000 8 8383 557 22 00 580 78 578 82 577 70 562 88 558 04
2 15000 7T s771 557 05 00 578 95 577 10 576 06 562 23 §57 79
2 20000 7 3966 556 84 o0 577 22 575 50 574 52 561 64 557 S3
2 25000 7 1089 556 S1 00 S75 ol 574 00 573 09 561 06 557 17
2 30000 6 $737 556 0S5 [ ] 574 10 572 60 S71 75 S¢0 4 ~56 70
2 35000 6 6688 555 64 00 572 69 571 29 570 49 559 84 556 26
2 40000 5 9566 555 45 00 571 37 570 0S 569 31 §59 31 556 01
2 45000 S 2291 555 45 00 S70 13 568 90 568 20 558 90 555 93
2 50000 5 0828 555 22 o0 568 96 567 &1 567 16 558 49 555 69
2 55000 S 0688 554 86 o0 567 88 566 890 566 1S 558 04 $55 33
2 60000 4 4940 554 75 o0 566 86 565 85 565 28 557 66 555 17
2 65000 3 %365 554 75 00 565 90 564 97 564 43 557 3¢ 555 12
2 70000 3 7303 554 64 00 565 01 564 14 563 64 557 07 554 99
2 75000 3 71825 554 36 00 564 18 S03 37 562 90 556 75 §54 72
2 80000 3 77231 554 0S5 00 503 41 562 64 562 21 556 35 554 40
2 85000 3 £584 553 82 00 562 68 561 96 561 56 556 04 54 15
2 90000 3 2293 5§53 68 00 562 00 S561 33 560 94 555 75 553 98
2 95000 2 8201 553 66 o0 561 35 560 72 560 37 555 51 §53 92
3 00000 2 467 553 o3 o0 260 7S5 560 16 559 82 555 31 53 &7
3 05000 2 4295 553 55 00 960 19 559 63 559 32 555 12 553 77
3 10000 2 290 553 44 o0 559 66 559 14 558 85 554 93 553 65
3 15000 2 3814 553 23 o0 559 16 558 68 558 40 554 71 $53 45
3 20000 2 238 $53 04 00 558 70 558 25 557 99 554 4E& 5§53 26
3 25000 2 0385 552 98 o0 558 27 557 84 557 &0 554 29 $3 17
3 30000 1 7367 563 00 o0 557 86 557 46 557 23 554 15 553 16
3 35000 1 4114 553 08 00 57 47 557 10 556 89 554 06 53 21
3 40000 1 2132 553 16 o0 557 12 556 77 556 S7 554 01 553 27
3 45000 1 231 563 12 o 0 556 78 556 46 556 28 553 93 553 23
3 S0000 1 4 12 552 93 o0 556 48 556 18 550 01 553 80 553 06
3 55000 1 4941 552 75 00 556 19 555 92 555 76 553 65 552 89
3 60000 1 4371 552 61 a0 555 93 555 67 555 S2 553 49 52 7S5
3 65000 1 3308 552 52 o0 555 68 555 43 555 29 553 35 552 64
3 70000 1 2836 552 36 [ ] 555 44 55521 555 08 553 19 552 49
3 75000 1 4485 552 17 o0 555 21 554 99 554 87 553 02 5§52 30
3 80000 1 av22 551 97 o0 555 00 So4 78 554 66 552 84 552 11
3 85000 1 1852 551 95 o0 554 79 554 58 554 46 552 71 52 06
3 90000 0 72152 52 12 0 0 554 58 554 39 554 27 552 67 552 18
3 95000 0 40747 552 32 a0 554 39 554 20 554 10 552 65 552 35

L6



“2>«400Mmp

NUDAL TEMP

NODAL TENP

SRF HT FLUX SURF TEMP LEVEL FOWR NODAL TEMP NOOAL TEMP NODAL TEMP
TIME (SEC) B/S~-FT2 DEG F 8TU/SEC (DEG F) (DEG F) (DEG F) (DEG F) (CEG F)
« 1 1) « 1 1) «1 1) {1 1 1) «(1 1 3) €1 1 &) «1 1 16) 1 119)
4 00000 0 34417 552 42 040 554 21 554 04 553 94 S92 72 552 46
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Appendix C

BACKWARD CONDUCTION PROBLEM SAMPLE OUTPUT

This appendix includes a copy of the printed output produced by
PINSIM-MOD2 during solution of the backward conduction problems discussed
in Sect 2 4 Some of the results of this calculation are plotted in
Figs 11 through 13






PINSIM

A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VFRSIUON 092 06/10/80

LISTING OF INPUT DATA FOR CASE 1

QONOU PWN=

X XA R EARREEER S SR AR AR SRR RRAE SRR AR KSR RAE SRR SR I R RE IR ok & DJOB [ATX
=PINSIM VFRIFICATICN STUDY PROBLEMN POWER-DROP TEST OLIMJLATIOM
*

* NSYS NPIMS NFLIP

100100 1 1 ]

*

* iDJ0B RSTRTM ENDT NTIN
100000 1 o0 4 0 1

*

* TIME TMIN TMAX [TIMFL
100001 00 05 0S 2

*

* NITER CCNVERGENCE CRITERIA TEMP ENERGY
100400 50 1 0D-8 1 00-8
*

* NDBUG IGCBUG IHOBUG ISDBUG IFDBUG
200000 11 ] 6 ] 3

*

* MINQUT NMIN DELMIN

210000 8 1 o0

*

*

= MAJOUT NMAJ DELMAY

220000 6 ] 10

*

* NPLT DELPLT

230000 ] o0

*
EEREE XXX RER R AR SR SRR EEEEE LR CE AR X SR SR R L R RS R EXEREEND OF 2DJI0B DAT®
XXX EEFEEXEE XL REEZ R EEEERR S SRR XSRS XL S Q0 EXRE S X s ke Ee2$E OPIN DATH

*

* APPROXIMATE EUNDLE 3 DESIGN (AS DESCRIBED IN BDHT-2287)

*

*

* MODEL ASSEMBLED ON 3/3/80 BY B08 HAGAR

* (THERMAL CONDULCTIVITY OF OUTER BN3 ANNULUS CHANGED 8Y DGM

* ON 26-MAR-80 TO INMPRCVE INV RESULTS)

*

*

a2 A2 222 22 2 222 2T 2t il 2 22 22 R R 2 i d 2 R 2 R Rt R RS RS TRIE22 2 E )
*

* NLVL ANMAT 1PCw POWFAC IGAPFL INFLAG HTCFAC IOFORM
410000 1 4 1 10 ] ] 10 ]

*

i 2 R 2 221 1R 1 R TR 2 R R RS 22t P s RS LRl RS RS RS RS R T L]
*

*

* NRFG POVPA ZLNGTH NODWAT

410100 5 10 1 000 ]

*

* RINREG ROTREG POVP NNOD MATREG

410101 o0 0 0023417 00 1 1 * T/C BJINDLE
410102 0 0023417 0 009075 00 7 1 * INN R BN3
410103 0 009075 0 010225 1 00 2 3 * HEATER ELEMENT
410104 0 010225 0 0140167 00 6 2 * OUTCR 3N3
410105 0 0140167 O 0155917 00 3 4 * SS-315

NG

206 (PINMAN)

PAGE 0002
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PINSIM

57
58
59

101
102
103
104
105
106
107
ios8
109
110
111
112
113
114

A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS COD

*

EREBERRPERR RS SR DR RRRRRERR K FERGRARE RO RARk Kk & whEER KHkky d% ¥k

* MATERIALS

AXRERRKKERRE SR NI AR R AR kAR AT RA PRk R AR E bk Xk R RR& *x
r

* MATFRIAL 1 EN3 (CORE)

*

*

419100 1] 3 5000

*

* (THERMAL CONDUCTIVITY)

:19110 0o 00 2300 0

: (COEFFICIENT WERE OBTAINED FROM L J OTT ON 3-2-83)
419111 21 28€575 -0 0101369 00 00 00

* (SPECIFIC HEAT CAPACITY)

:19120 0 0o 0 2300 o0

*
419121 0 167€12347 70264053D-04 1 737935240 07
+ 3 144862150-11 00

L
+ (DENSITY)
®
419130 -1 00 2300 0
®
* (CORE BN3 DENSITY CORRECTED ON 6—MAY—-80 TO CONFOIM
* TO BOHT-2404)
419131 138 3€40
E 3
L
MATERTAL 2  BN3 (ANNULUS)
E 3
*
419200 0 3 000
®
* {THERMAL CCACLCTIVITY)
x
419210 0 0 0 2300 0
®

* (COCFFICIENTS WERE OBTAINED FROM L J OTT ON 3-2-83)
*

* (K COEFFS MOCIFIED BY DGM ON 26-MAR-B0 TO

* IMPROVE INV RESULTS INCREASE BOTH BY 1 104)

%*419211% 15 S€1€5 ~0 36872E-02 00 00 0 4a
419211 17 185 -0 40719E-02 oo 00 00

*

* (SPECIFIC HEAT CAPACITY)

*

419220 4] 00 2300 0

*

419221 0 167812347 3 70264053D0-04 =1 73793 24D 07
+ 3 144862150-11 00

*

* (DENSITY)

*

MOL 2

kK

V RSION 002

LEX R IR 2 S Y

06710780

NU

206

{PINMAN)

PAGE 0003

T0T



PINSIM

115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172

A NUCLEAR FUEL FIN STIMULATOR-TRANSIENT ANALYSIS CODE 93D 2 V RSION 00 067107890
419230 -1 00 2300 O

*

* (CORE BN3 DENSITY CORRECTED ON 6~MAY-80 TO CONFOQRM

* TO BDHT-2404) 53
419231 135 468

*

*

*

* MATERIAL 3 INCONEL HEATER ELEMENT

*

419300 S 3 5000 0

*

* MATERIAL & S - 316

*

419400 7 3 ¢00 O

*

R EEENR AR R KRR R PR RRRE R R KRR R KR S bR RR kX Ak Sk kpk ke k gkk kKL ND OF OPIN DAT=
SRR EENRRRREE R R R RR CE AR KR RRR R R KRR RR AR R R XK R R KRR AR A R AR R KR RE EEE G K ISYS oKI%
*

* SYSTEM INPUT  BACK—CALCULATION

*

* SYSTEM MODEL TO BACK-CALCULATE ON PIN 1 LEVEL 1

* BOUNDARY CONDITICNS  SURFACE FLUX SURFACE TEMPEIATJRE

*

SRR R EEE SRR R R R AR ER RS R R R AR AR KRB ERE EE R AR R R EEERE R RS b R kS S kk kk KRk kk Kk
*

* ISYSF IFQOwX PSYS

500000 -1 1 00

&

* * LEVEL CALCULATIONAL CONTROL LEVEL # 1 #

x®

* NPBACK NLEACK NNBACK IPFL IQFL IHFL ITFL DTSYS PLVL
500100 1 1 [ o 20 o 26 005 3 2769
*

* B8POWL  BPOWH IPOWF

500101 0 O o0 o

&

* BPHIL EPH1H IPHIF

500102 0 O o0 o

*

* BTMPL ETMPH 1TMPF

500103 0 0 00 [

*

*

* ITRPFL TTRIP

500150 0 0 ©

*

XX RERE R ERRE R AR RRERRE AR R RS E X K SRR B AR SR R SR kAR SRS REE XEEND UF PDSYS BKQA®

*% PINSIM 002#206 1286 PININV /780165 0052 PDINV DATS

& TIME IN SECS s k] s $ 3 $
sk TEMPERATURE IN DEG F$

% 0 100000E+01 TIME IN SECS

% 0 100000E+01 TWALC()]1 1()) INVS
500141

+ 0 000000E+00 0 643590E+03

+ 0 S00000E-01 0 637800E+03
+ 0 100000E+00 9 632670E+03
+ 0 150000E+00 0+628710E+03

NO

206 (PINMAN)

PAGE 0004

€01



PINSIM

173
174
17S
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191

192
193
194
195
196
197
198
199
200
201

202
203
204
205
206
207
208
209
210
211

212
213
214
215
216
217
218
219
220
221

222
223
224
225
226
227
228
229
230

A NUCLEAR FUFEL PIN SIMULATOR-TRANSIENT ANALYSIS COD

*t e

LR L BN 2K I 2 2K IR 2R 2R 20 BE X IR R BRI 2K BRI 2R K BE IR IR IR AR K 2R K BERRAE I IR AR R IR IR ISR R I K K IR 3

0000000000000 0000O0000000PN00000000CO0000O000O0CO0O00000OOICROODO

200000C+ 00
2S000CE+CO
337G00E+00
350000E+ 00
40J3920E+400
4SC0J0E+GO
SC0000E+0CO
55000 0E+00
6J0000E+00
65000 0F +00
782000E+00
75000CE+ 00
800000E+00
8S5S000CE+00
S00000E+00
S,00J0E+00
100000E+01
10,000E401
11C000E+01
115000E+401
120000E+01
125000E+01
130000E+01
135000F+01
140000E+ 01
145000€+01
150300E+01
1S5000E+01
160200F+01
16S000E+01
170000E+401
175000E+01
180000E+01
185000E+401
19CG200E+01
195000E+0)
200000F+01
205000E+01
210000E+02
215000E+01
220000E+01
225000F+01
230000E+01
235000E+01
24000GE+01
245S000F+ 01
250000£+01
255000E+401
260000E+01
26S000E+01
270000F+ 01
275000E+01
280000F+01
285000E+01
290000E+401
29S000E+01
300000E+01
305000€E+01

0000000000000 0000000CO0O000O0OO000COO0O0VO00COOOLO0O0O0POOCOCECCOC OO0

621470E+03
€15340E+03
612260E+03
609140E+03
604230£+03
598540E+03
597010€403
590860E+03

91330€+03
588270493
585983E403
584410E+03
581 SOE+03
579730E+03
577910E 03
576340E+03
57491 0E403
S75030£403
S7T1110E+03
§7151 0E403
568710E403
568130E+33
567960E+ 33
5662, 0E+433
565580€+ 03
563710€+403
563610F+03
561860F+03
5626 30£+03
561350E+03
561210€+403
559180 03
559310€403
558550E+03
557090£+03
5587 70£+ 03
556650E403
5579206403
555040E+03
55734 0£403
555990E+03
556330E+03
555450E+03
§54950E+03
5537 70€+03
556380E+03
S55500E+03
552880E+03
5544 70E+03
£54330E+03
554990E+03
S53160E+03
§53910E+03
§53060£403
553410E+03
S§3250E+03
553820€+03
£52570E+403

M3 2

VL SIJN QU2

05716730

NC

206 (PINMAN)

PAGE 0005

701



PINSIM

231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
259
251
252
253
254
250
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
232
293
234
2805

86
287
<38

A NUCLEAR FUEL FIN SIMULATOR-TRANSIENT ANALYSIS CODT M3D 2

- L]
+ 0
+ [+]
+ 0
9
+ [}
0
+ [+]
+ o
* [}
+ 4]
+ ]
+ L]
+ 0
+ b
+ [}
+ ]
+ 0o
- ]
*%
¥
L1
¢
¥
503121
+ 0
+ 0
+ G
+ 0
+ ]
+ [+]
+ ]
+ 1]
+ [}
- [
+ 0
+ o
+ b
* [+ ]
+ 0
[}
+ o
+ [}
* ]
+ W]
+ 2
9
+ 0
+ [
+ [}
I
[}
+ 0
+ 9
9
o
]
0

310000€+01
315000F¢01
320000E+01
32500CE+01
330C00fF+01
335000E+01
340000E+01
345000€E+01
350000€E+01
3550006401
360)00E+401
3653CCE+01
370000E¢01
375000C+ 01
380000E+01
38S000E+0L
39C000E+0O1
395000E+01
400000F+01
PINSIM 0024206
TIME IN SECS

00000000 OOOOO0OOOO0OOO

583550€+03
.52970E 03
S552120€ 03
553040€E+03
5524 20E+03
$62950E+03
65234 0€E 03
554220€£¢03
551410€+03
552760E 03
6520 50€E+03
552550€+03
551900€+03
552390E 03
SS1040E+03
551940E+03
$51290E 03
553100E+403
551630£+03
1286 PININV /80165 0052 PDINV DATS
£ $ s $

SUFPFACF FEAT FLUX IN BTU/S IT'Tes2s §
TIME IN SECS
PHIW(()L 1()) INVS

0 100000E+01
0 100000E+01

0000 0E+CO
200000£-01
100000F+00
15000CE+ GO
200000F+Q0
25000CE+ Q0
300000E+00
35C3DCE4CO
40)000E+Q0
45003D0QE+CO
S0J00J0E+CO

5000 CE+ 0O
600000F+00
€650000F+00
700300F+09
75032CE+00
8C0000C+00
850000€+¢00
9CI0V0E+QY
95000FE+0D
1C0COGOE+D!L
105000€ 01
110000E+401
1150G0E+01
120000E+01
1.5000C 01
13000CE+01
13500CE+01
142C00F+01
145000F 01
150900E+01
155600E¢01
160000E+0tL

COoOLUOOCCOOO0OULOCO0O00O000000O0O0O0DOO0OOO

Q46G60E+02
100590C+ 03
S70570E+02
8G69650E+02
867220E+)2
£52870E+02
763760E+02
T708200F+02
695450E+ 02
686980F+ 22
S593S0VE 02
€28870E+4+02
S11870C+02
511S30€ 92
48040 0E+ 02
442830¢02
442200€ 92
402450€ 02
381300€+¢02
357570E 02
3351 60F+02
2889SVUE+ )2
29840E 02
2639S0E D2
86070E 02
2485 00E+ 02
220430F 02
227490F 02
204680F+32
211270E 02
1784 ,0E+02
18804VE 02
144190F+02

VERSIOGN 002

0 /719789

NO

206 (PINMAN)

PAGE 0006

SOT



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS COD. MdGD 2 vV RSION 002 06710780 NO 206 (PINMAN) PAGE 0007

289 + 0 165000E+01 0 155860E+02
2990 + 0 170000E+01 0 135160E+02
291 + 0 175000E+01 0 155650E+02
292 + 0 180000E+01 0 123670E+02
293 + 0 13S5000E+01 0 123110E+02
294 + 0 190000E+01 0 131100E+02
295 + 0 195000E+01 0 775520E+01
296 + 0 200000E+01 0 116990E+02
297 + 0 20S000E+01 0 704620E+01
298 + 0 210000E+01 O 120850E+02
299 + 0 215000E+01 0 499470E+01
300 + 0 220000E 01 0 815610E+01
301 + 0 225000E+01 0 60S800E+01
302 + 0 230000E+ 01 0 718530E+01
303 + 0 235000E+01 0 677210E+01
304 + 0 240000E+01 0 773410E+01
305 + 0 24S5000E+01 0 148390E 01
306 + 0 250000E+01 0 455290E+01
307 + 0 255000E+01 0 B842260E+01
308 + 0 260000E+01 0 294530E+01
309 + 0 265000E+01 0 367170E+01
310 + 0 270000E+01 0 219270E+01
311 + 0 275000E+01 0 S68200E+01
312 + 0 280000E+01 0 263660E+01
313 + 0 28S000E+01 0 417480E+01
314 + 0 290000E+01 0 260240E+01
315 + 0 295000E+01 0 277410E+01
316 + 0 300000E+01 0 142660E+01
317 + 0 30S000E+01 0 386260E+01
318 + 0 310000E+01 0 SE3720E+00
319 + 0 31S5000€E+01 0 245450E+01
320 + 0 320000E+01 0 338640E+01
321 + 0 325000F+01 0 789650E+00
322 + 0 330000E+01 0 232620€+01
323 + 0 33S5000E+01 0 820890E 00
324 + 0 340000E+01 0 214180E+01
325 + 0 345000E+01 ~0 172610E+01
326 + 0 350000E+01 0 464530E+01
327 + 0 355000E+01 0 838210E-01
328 + 0 360000E+01 0 195390E+01
329 + 0 365000E+01 0 483SS0E+00
330 + 0 370000E+01 0 184500E 01
a3l + 0 37S000F+01 0 409700E+00
332 + 0 380000E+01 0 297800E+01
333 + 0 385000€+01 0 206430E+00
334 + 0 390000E+01 0 176860E+01
335 + 0 39S000E+01 -0 165730E+01
336 + 0 400000F+01 0 2032S0E+91
337 EEFEEEEEATE R SR LSRR BE XS EREEE S RE SRR S KR X X FEE R RE R SRR AR RS L6 KE T DQA DATE X
338 ** TIME IN S 8

339 % TEMPERATURE IN DEG Fs$

340 ** 0 100000€E+01 TIME IN S $
341 ** 0 1000CO0E 01 LIN HEAT RATES
342 500111

343 + 0 000000E+CO 0 978611E+01
344 + 0 100300F~01 0 00007 +00
345 + 0 S500000E-01 0 0000£+00
346 + 0 100000C+00 0 0000E+00

90T



PINSIM

347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371

372
373

—

A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE 43D VERSION 002
+ 0 200000E+00 0 0000E+00
+ 0 330000E+00 0 OOVO0E+00
+ O 400000E+00 0 0000 OO0
+ 0 500300E 00 0 000J3E 00
+ 0 690000E 00 0 0000E+00

0 70D0000F+00 0 0000E+00
O 800000F uo 0 000uE+00
+ 0 9060000C+00 0 0000E 00
0 100CQCE+Q!L 0 COOOE+00
+ 0 20000C0E 01 0 00QVE 00
0 300000C+01 0 0000 +00
+ 0 400C00E+01 0 0000 +CO
0 500000E O1 0 0000E+00
+ 0 6000GOE+01 O 0000E 00
O 700000E+01 9 O0O000E+00
0 800000E 01 0 0000C+00
+ 0 900600L 01 0 0000E+00
0 100000C+02 0 0000E+00

EEE S SRR AR R RN I AEBRE EHREEEAEE REEE KXEH KK & & kkkEEEND OF J A DAT=:=x
EERAN KL RERKE KR K KE AR k& & KK *% kkkk &k kKL kE Kk KEQKEEE 6 FRErskE
*

230001 PHIW{1 1) TwWwAL(1 1) POWL(1 1) TNOD(L1 1 1)

+ TNOD(1 3 3) TNOD(1 1 4) TNOD(1 1 16) TNOD(1 1 19)
*

220000 6 0 0 1
CARD ABOVE IS REPLACEMENT CARD
LEE R RAE AR SRR SR R EEE R RE K SR EE R RS KRR S KRR EXS KL & k& C&kd & X&& & &

76/10/78)

NO

206 (PINMAN)

PAGE 0008

LOT



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODz= MOD 2 VERSION 002 0b/10/80
PINSIM VERIFICATION STUDY PROBLEM POWER=-DROP TEST SIMULATION 06713780

===== DATA DECK DIA NUSTICS =—=—==

MINIMUM LENGTH OF TABLE ARRAY IN CIMMON /S RTYCH/ IS 615 WORDS

(LENGTH OF THEC ARAY IS NI W 10000 WORDS)

206 (PINMAN) PAGE 0009

--------- PROCESSING TH JO  ONTRIL CARD =~ww= —;+; ;e e e mrc—m—— e — e e

PROCFSSING PROOLEY OPTIONS ————

- - PROCESSIN PIN DATA mmmmommmm oo o o e ————————e

———— e e et e e e e - —=— PROCFSSING YST M DATA SYST M # 1= - =

*EsE8%s CARDS 53002¢ THRQOUGH 500020 MISSING
++++4+ ¢+ WARNING SYSTEM 1 LEVEL 1
CARD SERIES 500121 NO OF TABLE PAIRS SPECIFIED AT 2)
IS BEING RESET TO ACTUAL NO OF PAIRS FOUND IN INPUT = 81
S+ttt ++ WARNING SYSTEM 1 LEVEL 1
CARD SERIES 500141 NC OF TABLE PAIRS SPECIFIED AT 22
IS BEING RESET TO ACTUAL NU OF PAIRS FOUND IN INPUT = 81
- —— - —mem—ee —e—ee—  INITIALIZIN PIN PARAMETERS - === = —=me  —e--
- PROCESSING DIT JIPTICNS -
sE&s000s TOO MANY NUMBERS ON CARDS 220000 THROUGH 220030
MINIMUM LENGTH OF DATA ARRAY IS 346 WOROS
(LENGTH OF THE ARIAY IS NOw 000 wORDS)
- L4 r

801



PINSIM A NUCLEAR FUEL PIN SIMULATOR~-TRANSIENT ANALYSIS COD MiD 2 v ISION 002 Jt/10780C NG 206 (PINMAN) PAGE 0010
PINSIM VERIFICATION STUOY PROBLEM POWER=-DROP TEST SIMULATION 06 /13780

se%2sxs THE FOLLOWING CARCS WERE NGT USED

500111
sexdéeess TAU = 00 WARN HAS BEEN CA J PO SIBLE PRGBL M ER OR ®¥kkktks

-—— -— — crem——e —we——=  END OF INPUT DATA PRUCESSING ————- cm——- - ——————— —— e e 0 2 . e o S e

NO FATAL OIAGNISTICS

601



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE 430 2 VEISION 002 06/10/80 NO 206 (PINMAN) PAGE 00t1

PINSIM VERIFICATION STUDY PROBLEM POWER-DROP TEST SIMULATION 06713780

SRR SR AR R RR E R R AR R R A SR AR AR SRS RE SR SR RE R R R AR R KRR KRR A K AR KR RR SRR SR KRR S E R E AR R E BR R E R R ER A AR R AR R A RR R ER KRR R KA KR KRR SR & SR EE & &
EXXBEXEAER RS SR SRR AR R R R RS SR AR R CR BB X KR KR RS SR RE S A SRR KRR KRR X RERK S E R R REE ERE EERE KERKRE AR EEE EREK R XXX RE KR RERRRREERR R KR A K SR EE KR
EXERXRRAEER RS AR ARE R RN E BRI RS AR R RRR RN AR ER B AR SR AR R R AR KRR KRR KE A EE A SRR E RS RR & SR SR RO EARES KR AR EE KEE SR AR R ARERRECE SR KR AR X% SR EE K &
ERRERERERRRE AL KRR EOR R RER XX R R AR A ER R KR AR R A SRR R AR R C R BRRE SRR R KL SRR LS AR AR R KR AR KR AR R AR AR R AR S AN SE S5k KBS E SRS XKEE ShEE K&K
TEEFERER SRR R KR R AR SR AR B E AR RE SRR AR S AR AR R AR KRR KR KRR R R R KRR SR AR A SR KRG SR B R SR A KL SRR KR KR SR E SR EE & KRS KE EKKE £& S8 XEE Xk kK S S
FARARRARERAX MR AR RN R R SRR AR RS AR RR T KR KRR R R KRR R R AR AR R E SRR KRR KRS AR R R KL E SR RE AR A RDRKEE R R R RAE RS RS RS RERREE AR S AK KERE & &
EEER AR RR AR ARRRRER SRR AR SRR R EEREA R EER R AR SRR R R KSR ARAE S KL SAKKEARE KK KL XX SXX K SEKKE KARKEEREARR AR AR RS AR SR RAR AKX SEER R A RK S $E RS K &
EREERE SRR RN R R R RS R AR AR SRR AR SR SRR RS R R AR SRR R AR R E R RR R R E R R C EERE R ERA AR X XA E AR KRR AR S SRR AR AR R AR S KRR R R CR R G RER R R KK AR KK K &
ERCREE RS R AR AR ERE RO RA R CRRRR TR SRR AR AR R R SRR AR R R AR RCRER RN KRE AR E S RER KK SRKE S UE SR KR KR REE KRR R R A RS KKK S SRR AR S REE R E K KR EE KRR K KK E K
SEEESEERRE L RE R RE LR R AR A MR R AR KRR L AR EEER SRR RN SR RRR ERRE SEKEF G REKKEEEEE & EERERERRREE R RE AR R R SRR AR R R R R KRR K AR AR R R R A Rk kS K &K
SHREE FERR R R KESERSR SR RIS LR S XXX XA KRR EEE KR RE K SRR AR S AR R A AR AR AR S AN KR AR R E RO R S KR AR AR KRR SRS AL AR R AR EE R E R AR ECACRR AR T KRk SR EE &K
EEFR AR SR XA RE AR R RRR B AR SRR R SR RS R A SRR ER R R R EE A R AR R REE KR AR AR AR EEEE ERSE R SRR SR AR AR K AR E AR KN SR SRS K AR RS REEREE KX S XS4 SREE KK
EEEX SR ER SR XR EE AR AR AN ER AR RB AR R R RR RN R R R AR R R R R EE R R ER R K S RE R KR AR RIS R R SRR R RN E AR REE KR AR ERRC SR RE RS % REREREKE RN SR K% AR &k & &
LA A A L R L d R R A R R s T R Ry R T I I T I T I I T I T T I T T I M
SEIEEE XL AR AR AR ER R B IR SRR EEARE R A NN R AR AR ERRA KRR R R EREEE S EEE KK K% SEXRKE SEX AR KR KK KE X XEEERE R REE CE R RS KREEEERERE K EERRRAEE KR
RN AR AR RS AR A RRAR R XS IR AR SRR ERE AR SR AR AR AR R R R AR S SRR AV KR KT R E R R SRR SR AR R R A KE S A R C L AE D E R SRR A SRR SR AR R C AR RS K SRR & &
SEER ERE R AR E R KR C AR EL RN RR RS R A RR R RS RN R A AR AR R AR R KRR SRE KRR ER SR KKK G KR KK & * EEREERBEEC R RA R R KK KK KR KSR & SRS SRKBEREANRE K XK KR RS &S
ALK AERXE RS R SRR SRR E R DD AR NP AR AE R AR AR AR AR SRR SRR RRE SRR SRR SR AR KK SR A EE R X XX RKAE G & K& BEEEREE EX SR REE SR EEE XREXKAEKESE K KN
EREERELEESF A EX R EA KRR RSB AN AR AR R SRS SO R KRR E R R RE R KR ESRE AL KEEE ERGQ k& G KG Bk LR CERR LR ERE RS AT R RS RX KR EC AR R KR AR R EEE KR SR RS RR &R
LA A R Rl A2 2 22 R 22 2 22 R R Ry S P I R i ettt IIm™m * EEREEE XX ERERRE R RR RS RE AR S SE XK RERE KRR KREE k&
FEEBREARBERXREEEERR RN SRR NS AR RS AR SRR KRS R R AR AR AR AR SR KRR R R REE AR KRS L E ERXREEE ¥ SR EEREKCRECL AR SRR R S XS S4B & EEACEEERRER EE SR KEEK AR
FHEE X AR R F AN AR R SRS E RS ER A RO RS R R C O S RS SRS R R ER A C AR E RER KRR R EREE KA RK KK KK EEFR R REEREEE KR EBEREE SEEKEF KRR KK R KRR K RERK REEE SRR K&
XN BAERB SRR EERR R E LR KRR R AR KR A SRR ARG R R AL A AR S ARG E KRR R KR K & EEREEEEREEEE K%k REXEBEEEE KEE SR LR KR RS RE KK RAR R K *6EX EREXE SR EE SR
AR AL S LR L R R Rt 2 R R g R Y I I I EEREXEEEREEREC KRG KKEX SR EEE &

SEEESK KRR RE R X EEEEE R AR AR S XSS BEEEXE RS 8% * SEXKEER LS * EERRRERE XXEEEKEE SEEE KN
R RRRE XS SR AR KRR E KSR RA RS SRS KRR E S *% &%& KEEk%k ¥ BEREEREE SRR X KRR KSR K SR EE K &
RS FR SR SRR KU R AR EE R RS SE RS AR R R R R K & &k INITIALTZc) INPJUT DATA EEREEERE AL R E AR ECEEE L ERRER RS AR ER KR G SR KE K Y
FEERRXLEEERABEEC R EEEE PR IS VA AR REES SR &% & SEEEREE EXE XK XK X% & KR K XK A KB K
FERESEEEEERE KRR XK AEE R R AR SRR R S ERRE S S &K EEEEEREEE X Sk SRR SERERXK ¥k XREk XREE & &

SEREEB XN AR EE R RN R R K SRR R R SR RS EA K KRR KKK A K KEEK K REE HEK EEEE REBE E AR E CE R EX KRS E R LR RA SR R C KRR R ARG RS S EE AR AT AR XA GE R E R R R AR KRB K E R
SR ERBRER A ER R E RN AL PR RE AL SRR S N AR R AR SRR R R R R AR AT R R AR R KR KRR KGRI R & KRR KKK SAXE EEAAR AR SRS AKX & EEEREE XS LR SEE S
EXEEFRAXN R X AR AT RE SR SRS AR MR R RS KRS AR RN S LR RSN ERRE KX E KR AL SR A DK EE S A REERKER & SRR KK RERESE FEEEFEEREE & RAREKEEREE EEASEERE KN
LA d AR 2 E A Rt R R R Il R R L R e Y T Tt T T L * KRR REEERE & SREEEE KX G SAREREEEE & KX EXEE FEEE KK
FEXEE AXERE BB KR SRR RN AR AN RE AR R RN S RS AR R KRR RSB REERE X & XX & KEEEE &S EEEEE XK KR XEREERE KX REE R A EEER SERAEERE & SR EXBKIERER S
FRREEE & XSS XL RESRERE AR RER RS ERE S SRS EE XA SRS R A AR R RARE SR E A BK A KKK KKK KKK & EERE KR SR KRR EE R RR S KR KA S SRS R AR A KA S KK CHR KK S SREE &%
EEER X SR RN R RS R ER SRR K ER B R S KR KN SRR E R E R SRR KK KRR KKK & K&K & %6k kG & EE £ K5E KRR E & KEEEAKEEE & EASE AR RERE FREKG EEE EXXXK AEKRE KK
*EEREX FEEERERRE RAR R A R RV ARRRE RN RN SR AR AR R R AR R R EE R R A S RS R SRR K E KR KSR REE SX &S KRKEEE KB KEE S&& SHERE SR EE% EE K& ok k& EEEEE AR EE R &
hAAA AR R AL R LR R L R g R Y I T T I T T EERE LR A RE R AR ER KK EE Kk XEEE S
FEER XA XX BN ER SRR R X SR N AR AR O AR R AR R KSRk KEER AR AR RAEREAE AR KR KRR % b REE &% XXEKE & KEXEE XXX K& kX FRE KKK KE SRR KEEE RESE RAKE KD
FEXLEBERE AR RN AR R E R EERE AR RN AR R AR ER A KRR R AR SR EE LA R AR R R AR AR KE S K AR OO S AE RS T8 & & KK EXEEE R AR AR E R AR SR R ESRBERRECRE R CR KRR SR RE & &
EERE AR SGHC K AR ER SRR ERE R RS E RS RS R R AR N AR SRR RS R SR ARE R KRR AR R RS KA KGR UE £ 4% EREUE SAEEEEREERE SRS ARG KX SR & SEERERERAERKRERREK SR EE K&
SRR AR R RN R RS SR RE R R AR R AA R RN AR R R R KR R R R SRR K ER TR RS SR E A ARG S SR KK CE KR SE R KA & S EKEX & & EL 22 R SEEREXXE * FEFRXEE KX K &
FEER RSN RSN AAX SRR A SR A RAR AR R SRR SR RN SRR AR S SRR EE A RAE KR EE CRREE RS R SL R ERE & & EREEERE QAR EKEE KR SR RX SRR E R SR AR R RS RS KRR RS SR XA GG & &
FEREEXIREERR AR AR XL RN RV R IRERER X R RS SRR AR E AR KR RN R AR KRR E KRR DA AR KNG K 4 SE KRR SE KR NEE REKER SREE RAdasdd s K4& & R R EE X kX EESE K
FREERREEBE SR AN AR ER AR L RS RE AR SRR AR R SRR R SRR E R KR EE SRS ERE &% & & FEEB R EE XX KEEEE EEEKEEACKE SR LR & K& XEEEE SEERKKE SR EKA KR
FERERNNR AR R AR RS CRERR R EARRRRE XS SRR AR SR AR R R RN SRR R RN R SRR R ERE SRR R K KAS KR AR SR & SXKKAKEEREEERRE KRB RKE 40 4 EEEEEEEEEE KRR K EE AR &N
BEXEREER AR ER RN AR L XA LR RE AR R AR AR SRR RE A SRR AR R K KL AR AR KRS SRS KRG REE SREE RS RSB E AR SR ER AR SR AEER B R K K& SXREEKEEE R EE kK X AKRKEESE K
FEERRR XN R R AR AR SRR RS ARENELA R S AR RS AR RR KR AR AR R KR KKK AL KR SR K K K& CEREEASE KRR R C R K EE R C KRR ARG AR SRS AT AR R G SRR R SRR B ER CRES SR EE & &
FEERR R AR R R RR AR SR SEE SRR SR F SR AR RS SRR E RS RR RA R R R K SRR R SRR AL CAEE ARKEEKEE K AR NEE RESRERE AR REEERE R RE AT FENE KX SRR EEXER KR E KRS KSR KB
SEERREBE BB REREREERE RSP ARSI RER B R RRE R KR SR AR RSB R K EE SRR RN EE RARE R KRG K E S KK PRAXEERERAKEE K RS &R EXEERE R AR R R R R R R KK kXK R A S KRk K S
FEXX B REEEAE TR KRG AR RS KRR KSR SRR AR A SRR RS CR R AR R RR R AR SRR G ER KR C OO R E AN K ER R RS AR EE KR RS ER KK QN & FEREIEE AR RASEE SRR E XS SR K& &
EXRRFE XX B R L KA AR TR SRS S AR KR SRR R R R R AR RS SRR R AR E KX EEEEY FEEREEE S & FEEER * % EEEERE RERREEKE S SESEEKEA AR RRRE Kk & XK KR
““ttt“'t“‘ttt‘t‘.“tt“t‘t‘t“‘tt‘ltt‘t“tt‘t‘t‘l““tttttttttttttt*‘tt.t&‘&t###t#tttttt#ttt‘#lﬁtt‘l##‘#ttt“‘tt‘ttt‘tt#“tt“
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PINSIM A NULCLEAR FUEL PIN SIMULATOR=-TRANSIENT ANALYSIS COD: MCD 2 VERSIUN 002
PINSIM VERIFICATION STUDY PROUOLEM POWEI=DROP TEST SIMULATION
——e=— GENERAL PROCBLEY DATA —==—=-—
SYSTEM
SYSTEM FLAG
1 -1
PROBLEM END TiIM - 4 QJUU00D V) >EC
TIMF STE? CAINTROL oROUPS
GROUP BEGINNING MINIMUM TIML MAXIMUM TIME
NO TIMT(SEC ) STEP 14 (LECQC) STEP SIZE(S.C)
1 o0 S ODIWID=-J2 S 0000000-02
QUTRAUT  INTRJL
ELAPSED NO F ELPASED TIMED
TIMF STEP
MAJOR EDIT 3 3 1000000 01
MINOR EDIT 1 [ e
PLOT RECORD g 0
PROBL EM CINVLRGENL KITERTA
TEMPERATURE COANVEPGENCE FACTUR 9 19900030 07
ENERGY CCNVERGENCL FA TOR v 1000000-07

MAXI MUM NUMPERP OF ITERATIUNO S)

121

06/10/80
05/13/80

STEP SIZtE
SEL FLAG

2

ROUTED 1O
DEVICE NO

&
8
1

[ X3]

206 (PINMAN)

PAGE 00312

111



PINSIM A NUCLEAR FUEL FIN SIMULATOR-TRANSIENT ANALYSIS CODc “0OD 2 VECRSION 202 06710780 NO 206 (PINMAN) PAGE 0013
PINSIY VERIFICATION STUDY PROBLEM POd R DROP TFST SIMULATION Q€ /13780

A ACEECRCE RE AR R A REERE E AR R RE S SRR E R SR A SRR GO AR A RARE KRR Sk kE & x G EEUCERE EXEK LK EEk RS EEEEREEEK Fe &k Xk KLk & & K¢k EEEE SN
EEXRCEEREEEE S AERREUEERXICRERE ¥k & ek kenbkkdkskSYSTEM [ NPUT DATA SYST M NJ 1 %% & *%%k % &¥&% & ® * * ¥ & Sk%k &k&kE FEEEES
LRSS IR A L R R L Lt L R 22 a2 a2 R Rl S R R s R Pl E Iy R I T T T I T T T Ty 3

SYSTEM POW R (NIFO STLADY-STATE
CUNTROL FLAG FLAG/# 3 L v S POWER K»
-1 1 0o

URDERS OF INTERPO_ATION
POWER FLUX TeM  wATJURC H T COEFF

2 2 2 2

POWER FILTER PARAMETERS

LOW=-PASS 4I6H PASS FILTER
BREAKPOINT oREAKPIINT FLAG
o0 [ 3] 0

[48}



PINSIM A NUCLEAR FUFL PIN SIMULATOR-TRANSICNT ANALYSIS COD ¥ 02 v RSION DD2 0E/13/80 NC 206 (PINMAN) PAGE 0014
PINSIM VERIFICATION STLDY PROBLEM POWER-DRUP TEST SIMULATIUN ot/13/80

P ST TI I PR ST I R LRI R I RS S R L S R Rl bt l s ERREEEKE KX PREEREX % k% k& EEEEX dkEk wkk FhEkk F A3k kakEk ktk AR kExk RkEE R E
CALCULATIONAL CONTRI SY TEM 1 LEVEL # 1
e e S S ittt T T PR LR L R R P AL A et b Ehpeh kSR AT RR Rt G¥F XAAKEGEE LEKEEFETEE * e Ex bk k%% k KEEKEEEREREE KR

CALCULATIJN LOCATICH
AR UG RE RGO ANE R EREX

FIN Lev L NODE

) 1 0o

BOUNDARY CINDITIJN CONTROL FLAGS
SEAKEREREREXER G EKE EHE 3K FEERRRKEERKEERRIERE KL K

LEVEL URFACE U FACE
POWER HEAT FiLJX 4 T COEFF TEMPERATURE
] 81 ¢ ay

LEVEL FILTER OF TRUL
EEKEEERR RN ERVR XGRS EBERGRERFE X TREXKAE S EA AR bR EK *k

LOW-PASS HIGH-PASS FILTER
PARAMETER BREAKPJINT BREAKPOINT FLAV
LEVEL POWER o0 [+ ] ]
HEAT FLUX 00 [ ] o
TEMPERATURE [+ ] a0 ©
P0W R TRI

REKEE SRR EADRER K REKEK

TEMPEIATJIRE FLAG
0o 0 o

BOUNDARY CUNJITION LINKS
(TA3LES FILLOW)
XK KERABARRRRRK PSSR R EE SR AR KRB RN TR DHREKEE K

NUDE/PARAMETER #/

PARAMETER PIN - VEL POINTER
LEVEL POWER v o ]
HEAT FLUX 4] ] 23
H T COEFF [} [\ o
TEMPERATURE )] v 185

€11



(- - - -0 -] (- - - - - - -N-N-N-] 000

(-2 - -

PINSINM

A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE

PINSIM VERIFICATION STUDY PROBLEM

TIME
(SEC )

(]
2000300
400000D

6000000
8000000
100200D
1200000
1420000

1600000
180000D
2000000
2200000
2400000

260000D
280000D
3000000
3200000
3400000

3600000
3800000
4000000

(BTU/SEC-FT*22)

(]
]
(]

[-N-N-XN-X-1 [-N-N-N-¥.1 (- - X-N--1

[- -0 -)

HEAT FLUX

9469600
8972200
6954S0C

5118700
4422000
3351600
2860 700
2040800

144190C
1236700
116990C
815610C
7734100

294530C
2636600
1426€0C
3286400
2141800

1953900
2978000
2032500

02
02
g2

(- - - ] (- - - -0 - -N-]

[-x - - -]

(-}

3o 2

POWER-DROP TEST SIMULATIUN

TIME
(SEC )

2000000~91

250000D
4500000

6500030
8500000
1050000
1250000
1450000

1650000
1850000
2950000
2250000
2450000

2650000
2850000
3050000
3250000
3450000

3650000
3850000

20
00

00
)
01
01
a1

—==—= SURFAC

[- -2 - -] [~ - - - =) [--0-]

looo©oo

(-]

HEAT FLUX
(BTU/SFEC-FT*s

1005900
8528700
6A69800

5115390
4024500
2889500
2489000
2112700

1558600
1231100
704€20D
6058000
1483900

3671700
4174800
3862600
7896500
1726100

4835500
2064300

23
02
n2

VCRSION 002

HEAT FLJUX TAGBLG

[ I -2 - ocCcCcocC (I~ ]

oo

© o

TIME
(5LC )

1300000
3)9000D
SOU0 00D

7390000
3291 00D
1190900
1 90000
1 0J00

1700000
1390000
2139900
2300000
2 J9000

27900000
23J0000
3199000
3300000
3500000

3700000
3330900

(BTU/SEC~FTs 2)

[~ <]

oogQoOQ occcCo

[~ -l - -]

© o

96710780
06/13/80

HEAT FLUX

9705700
76 7£0D
598500D

4804000
3813300
3298490
2204300
1784600

1351600
1311000
1208500
7185300
4552900

2192700
2602400
9837200
232620
464530D

1845000
17685C)

92
02
02

(SR -~ -] ocCcoes (-3 -3 -]

(-~ -N -

[ -]

NC 206 (PINMAN)

TIMF
(SEC )

1 30000
3500000
5500000

590000
$50000D
1159000
13 2000
1550GC gD

17 000D
1950060
2150000
2350000
25 0000

2750000
2950000
~1 vooo
3359000
3 waaod

3750000
2950voC

PAGE 0015

H AT FLUX

(BTU/SEC-FTss2)

D]
M
]

CoOcCoOocC CT00O0C

00000

3936500 02
7082000 02
€283700 02

4423_00 02
3575700 02
2639500 v2
2274900 02
1886400 02

1 S650D 062
7755200 01
4994700 01
6772100 01
8422690 01

5682000 01
2774100 01
2454500 01
8208900 00
8 82190-01

4097000 00
1957300 01

911



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS COD MID 2 VERSION 002 06/10/89 NO 206 (PINMAN) PAGE 0016
PINSIM VERIFICATION STUDY PROBLEM POWER=-DROP TEST SIMULATION 05713780
————— TEMOERATURS TAELE - -—

TIME TEMPERATURE TIME TEMPERATURE TIME TEMPERATURE TIME TEMP RATURE

{SEC ) (F) (SEC ) (F) (SEC ) (F) (SEC ) (F)
o0 0 6435900 03 0 5000000 O1 0 6378000 03 0 1000000 00 0 632670D 03 0 1520000 00 0 6287100 03
0 2000000 0O 0 621470D 03 0 2500000 00 0 6153400 03 9 3200000 00 0 6122500 23 0 359300D 0O 0 609140D 03
0 4000000 00 0 60a4230C 03 0 4500000 00 0 5985400 03 0 5000000 00 0 5970100 03 J .50000D 00 0 550860D 03
0 600000D 00 0 5913300 03 0 6500000 00 0 5882700 03 O 7330000 00 0 5859800 03 0 7500000 00 Q0 5844100 93
0 8000000 00 0 5812s0D 03 0 8500000 00 0 5797300 03 0 900000D 00 0 5779100 03 0 $500000 00 0 5763400 03
0 1000000 01 0 5749100 03 0 1050000 01 0 5750300 03 Q0 11v0000 01 0 5711100 03 0 1158000 01 0 5715100 03
0 1200000 01 0 5687100 03 0 1250000 O1 0 568130D 03 0 1390000 01 9 5679602 03 0 1350000 O1 0 5662200 03
0 1400000 01 0 5655800 03 0 1450000 01 0 5637100 03 0 150000D 01 0 5636100 03 0 15500CD 01 0 5618600 03
0 1600000 01} 0 5626300 03 0 1650000 O1 0 5613500 03 9 1700000 01 Q0 5612100 03 0 1750000 91 0 559180D 03
0 1800000 01 0 5593100 03 0 1850000 01 0 558550D 03 0 1900600D 01 0 557090D 03 0 1650000 01 0 558770D 03
0 2000000 01 0 5566500 03 0 2050000 O1 0 5579200 923 0 2100000 01 0 5550400 03 8 2150000 91 0 5573490 03
0 2200000 01 0 5559900 03 0 225000D 01 0 5563400 03 0 230000D O1 0 5554500 03 0 235000D 01 0 5549500 03
0 2400000 01 0 5537700 03 0 2450000 01 0 $563800 03 9 2500900 O1 0 5555000 03 0 2 S5000D 01 0 5528800 03
0 2600000 01 0 5544700 03 0 2650000 01 0 5543300 03 9 270000D 01 9 554990) 03 0 2750000 O1 0 5531600 03
0 2800000 01 0 §53910D 03 0 2850000 O1 0 5530600 03 0 2909500D 01 0 5534100 03 0 295000D 01 0 5532500 03
0 3000000 01 0 5538200 03 0 3050000 O} 0 5525700 03 0 310080D O1 0 5535500 03 9 3159000 01 0 5529700 03
0 3200000 01 0 55231200 03 0 3250000 O1 0 5530400 03 0 3300000 01 0 552420) 03 0 33 000D O1 0 5 29500 03
0 3400000 01 0 $52340C 03 0 3450000 01 0 §542200 03 J 3500002 01 Q0 5514100 03 0 3550000 01 0 5527600 03
0 3600000 01 0 5520500 03 0 3650000 01 0 5525500 03 9 3700000 O1 0 5 1900) 03 0 750000 O1 ¢ 5523900 03

STT



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYS1S C0OD 102 VERSIUN Qv2

06710780
PINSIM VERIFICATION STUOY PROBLEM POWER=-JDROP TEST SIMULATIUN 05713789
= === TEMPERATUR TA8LEL == =-
Tim TEMPERATURE TIMF TEMPEPATURE TiME TEMPERATURE
{SEC ) (F) {(5€C ) (F) { EC ) [ Q]
0 3800000 Ot 0 5510400 03 0 385000 03 0 5516400 03 0 3339000 01 0 S12390D0 9

0 4003000 01 ¢ 5516300 03

NGO 20F (PINMAN) PAGE 0017

TIMF T MPERATURE
(SEC ) (F)

0 395 60D o1 0 5 31000 03

911



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE
PEINSIM VERIFICATION STUDY PROBLEM POWER=-DR0P TEST SIMULATION

430 2

----- PIN DATA —=——=
(PIN NO 1)

VCRSION 002

06/10/80
06/13/80

POWER POWER PIN TO AVG TulTAL PIN NUMBCR OF NUMBER OF
SYSTEM FLAG POW PEAK FAC LEN TH FT AXIAL LEVELS MATERIALS
Q 14 0 10000 01 1 3 1 4

GAP INTERNAL 4 AT TRANSFEF PIN
CALCULATION DATA AREA SCALING DEFORMATION
FLAG FLAG FACTOR FLAG
V] o 9 1000000 0! ]

FLUX DSPR SSION FACTOKS

WER NUT JUSED

NO

206

{PINMAN)

PAGE 0018

{11



PINSIM

LFVEL

A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS COD
PINSIM VERIFICATION STUDY PROBLEM

Ml 2 VEISTON

POUFR-DROP TFEST SIMULATION

ww=e= LEVIL VATA —==-=
(PIN NO 1)

SURF ACE HEAT AXIAL AXIAL Pl ASSOCIATFD
TRANSFER AREA LENGTH POWER FRACTION WATEF NODw
(FTe%2) (FT)
Q0 9?6¢55D-01 1 o000 1 0330 ]
- ?

2902 0b/10/8) NO 256 (PINMAN)
06713780
N3 OF RADIAL N OF RADIAL
REGIONS NODES
S5 19

PAGE 0019

8TT



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MJD 2 VERSION 002 06/10/80 NO 206 (PINMAN) PAGE 0020
PINSIM VERIFICATION STUDY PROBLEM POWER-DROP TEST SIMULATIUN 967137890

—==== REGIUN DATA ===--
(PIN NO 1)

LEVEL REGION REGION INNER REGION JUTER KADIAL POWER NJ OF MATERIAL

NOC NO RADIUS FT RAJIuU> FT PEAK FACTOR NOD=S | D NO
1 1 90 0 2342D-02 00 1 1
1 2 0 2342D-02 0 9075D-02 [ ) 7 1
[} 3 0 90750-02 0 1w23D-01 0 10000 01 2 3
1 4 0 10230-012 0 14020-01 ov 6 2
1 S 0 1402D0-01 0 152%0-21 00 3 4

61T



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CUDE wOD &
PINSIM VERIFICATION STUDY PROSLEM

LEVEL NOODE

NO

o e b b be bh b b b g B s e e e b e e e

NO

CO~NOCVDPWUN~

QO0O0O000CO0CVWOO00O0O0O0OLOO

NODE INNER
RADIUS FT

0o

2341 700-02
405774C~02
523899002
619909D-02
7029260-02
777124D-02
8448310~02
$075000-02
$667120~-02
1022500-01
1064 850-01
1162710-01
1226820-01
12ET7750~-01
1345910-01
1401670-01
1456060-01
1508500-01

NODE CENTLCR

CO0OCECONDO0OCOOCODO0O0OCTO

RADIUS FT

1¢55830-02
3312770-02
4685740-02
5739150~-02
6627190-02
7409540-02
R11684D-02
876726D~-02
9375730-02
9949G7D-02
1029290-01
1129290-01
1195200-01
1.57650-01
1317150-01
1374070~-01
1429130-01
1482 10-01
153404D-01

COOVWOOCCVUOOCUDOOLOO

POW™R=DRGP TEST SIMULATION

NUOF OATA

{PIN Na 1)

NQu wuUT R
RAVIJ FT

341 70D0-02
Mol 740-0
233390 O¢
197090-)2
7929260 2
777 260 02
36448310-0
307 SV de
uu?120-02
19 250v-vl
1994 5u0-01
1lv 710 01
122 9¢u vl
120775v 021
1345910-91
1491 70 01
140 dLu-~-01
1 va50u 21
150%170-02

CoOCLOoCUCEeECLLT L OO0

V RSION 002

NOD
Vi LUM FT4

1722710-04
3 5331D-04
3450010 Q4
3450210-v4
34,0010-04
345001D-04
3450310-04
3459010 04
34 30L38D-0%
3 dolI80-04
4812780 04
481278D-04
4812730-vs
4831278D-04
48 12760-04
481 78D-04
4883420 04
4883420 04
4t 83420 04

YE/15/89
Q6/13/78)

RA
P A

VQOCOUCOCOCUOVOVWNUVWODOUEOGS

NC

D1AL POWET
KINC FACTCP

C el uwwlO v

2 0)50b 00
56000 B du

CC w0 w00

296 (PINJAN)

MATEP IAL

1 0o

NNV w > o b e e

&P ENN

NO

PAGE 0021
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PINSIH
PINSIM VERIFJICATICN STLOY PROBLEM

A NUCLEAR FUEL PIN SIMULATOR-TRANSIFNT

POWER-DROUP

FULL IWING ARE DESCRIPTIGNS JF T 4 GTHER MATERIALS

»
ANALY LIS COD. MID 2 VERSION 002
TEST SIMULATIUON
———w— MATEITAL DATA —==w=

(P1I NI 1)

ICPNTIFL O M T RIALS
MATERTAL NO 2 IS INCUNEL

MATERIAL NI 4 Lo TAILLES, »TFEL 316

0713780 NO 206
05713780

(P INMAN)

PALE 0022

T¢T



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MID < VERSION 002
PINSIM VERIFICATION STUDY PROBLEM POWER-DROP TEST SIMULATION

———= MATEIIAL DATA —=- =~
(PIN NO 1)

MATcRIA NU 1

MELTIN T MPERATURE (F)
SCuv 02

THERMAL CONDUCTIVITY
(BTU/AR-FT~- )

ALLOWED TEMPERATUR RANGE
HIGH LOw
2300 00 00

K = C0 + Cl&T & C2&Tr 2 + (3¢T#%3 + CaxTe*4

co Cc1 c2 c3
0 2128660 02 -0 1013690-01 99 00

SPECIFIC HEAT CAPACITY
(aTy/7LM )

ALLCWED T MP RATURL. KANGFE
HI o LO«
2300 o0 o0

CP = CO + CL1*T + C2%T%%2 + C3%T*¥3 + CasTx¢a

co c1 c2 c3
0 167120 00 0 370264D-03 =) 1737940 0C 0 314480D-10

O NSITY
(LaM/FT¢%3)
0 1383340 03

06710780
06713780

ca

Cca

NO

206 (PINMAN)

PAGE 0023

(444



PINSIM
PINSIM VERIFICATION

A NUCLEAR FUEL PIN SIMULATOR~TRANSIENT ANALYSIS COD.

MOoD 2 VERSION 002

STLUDY PROBLEM POWER=-OROP TEST SIMULATION
————= MATCRIAL DATA ~-
(PIN NU 1)

MATERIA Nu 2

MELTIN T MP2cRATURF (F)

0oV W

THERMAL JINDUCTIVITY
{(BTY/4R FT- )

ALLOWED T ™MP RATUR kANGE
HI © La#
2300 Q0 [ ]

K = CO ¢ C15T + C2*T%%2 C3%T%%3 + C4xTex4

co Ct c2 CcJ3
0 171853D 02 -0 407190C-02 3 v 0w

SPFCIFIC 4 AT CAPACITY
(BTI/7LB4= )

ALLOWED T MP ;ATJIR  RARGE
HIGH LLw
2330 0OV ¢
CP = CO + CI=*T CakTer, C «T%e3 CasTa%g
co c1 Ce c3

0 1678120 OV Q 3702640-03 =0 1737940 9o 0 3144860-10

L NSITY
(LB4/FT %3)
0 1354060 33

END OF INPUT DATA RUCLS ING

00/10/780 N0 206 (PINMAN)
g6/713/780

Ca

PAGE 0024

€C1



PINSIM A NUCLEAR FUEL FIN SIMULATOR-TRANSIENT ANALYSIS COD MOD 2 VERSION 002 06/10/80 NO 296 (PINMAN) PAGE 0025

PINSIM VERIFICATION STUDY PROBLEM POWER DRDP TEST SIMULATION 0b6/13/80

SEEEFE AR R A R REER AR E R SR R C AR R kA SR AR ARG RR R AC R ARG A KK CK KRR KA KE KL K EFSE SXRKKE CXKEK & XX E P AR RLK BB KRS SRR KGR &K
SRR EA R R R AR AR PR AR A RS E R AR AR KRR A R RE RS R R AN R A AN K KA SRR AR F R KR C R SR SR K SRR AR RE R G SRR R KK AR EE S R Gk G AA & AREEKXAEGEREXECR KERE XX
FRAEEE SR KRR KR AL R KR ER R C R R E RN R R EER R E R R RN R KRR K KRR SRR R R Rk KRR S C R KA E DR R R EE SRS R RN kR kR ALk Ak k& S5k kXE Rk kERR & &
AR RA KR R AR AR R BERCRE ARG AR R R KR R KRN KRR R AR R AR K KRR RE R KRR E SRR EE & SEERKSCREA K EE kR Kk TAR RS AR SR F RS A A AAKE XA SE KRRk KR &R & &
EEREEERE KR ER S ERK ARG RS E R AR EE AR R R ERRK A E SR KR E SR AR K E XX B R TR KR SRR SRR AT KGR S SRR ARG X CE AR H G NS kkkk & *EEEEE = k& & KEkEEEFREX
EEEE RS ER RN SR AR AR AR RS FR AR AR KR R A K AR E Rk kXA EXK KRR KRR E k& &Rk KK EEEEE * SRRk chhkT kb hkkEEk *% % ¥ KEkEEREEREE kXSRS &
XX RE RS AR AR A RSB EER P S IR R KRR R K AR AR K KA PR DR E R R A KR KGR R R EE AR K S K G SR EE & REEEEE R A SRR DS e H RS R SR EA KRR E K & F AFEEKOEE kG EE XS
XA R ER G EEE RS RS EE AR RS AR AR S ARG AR R AR R AR SR R K AR C kK RSk kb xE R &k EE& & SEEX *EE e KX EERENRkE EE EEAEESR KERE R R R K KR RE KX
EERE R KR RE R R FE XA R AR R K AR AR A SRR B R SRR R R KRR R RN R R AR R KK KRR KRR KRG S R R R KA E R KKK G X X SRR SR LK REEKEAE & KEEEE XS SR EE AR RE RESE KK
FAREEE CAKREC R KCR R ES E AR KRR A PR CR AL R R RS K EREE X RK SR RS K KAAE TR AE LSRR S E XX SAEE R SRR T ARG RE TS R EXK G LK AT L KRR KR X AR ECEEE FE XS Rk E & KEER K&
EEEERREERK ER RE SR K EGRER K E AR R K SRR KR AR KRR R KR SRR R C RS E R CR R SRR KRk KX GE SEEEER RS KXk &k SEERETREE X ERE X SK % kY FRLEEEEEEEREEE KX
SRR RA A AA R R RA SRR RE R AR R AR AR RN R R AR KRR R AR AN R KKK R R AR R SRR E P KR E K E S KA E AR R E SRR E R KA SR ERRX Uk SA & BEEUXX XX EH AT KRR SRAX K &
EEEREKREREAS RS KR A XE R R SR R KR AP AR S AR R R AR SRR R R R SR R AR RO R RO KK EF & K&K KRR B EK AR ST AR RE KR KKK AR TR K kKK & STEEkE KK SRk EEEE EEER X T
LR R 22 22 RS RSS2 22 2 R 22 222 22 222 R R e RS2 R 2R 22222 FE 2222 Nl Rl ] SaEE EERGDRXE KRR GEk HEX " SEEEEKkE Kk SREEREEKE
% SRS RAKER SR AR R AR R A RS R AEEERE R R AR AR AR R AR R KR R A AR R A E T RK R S AKX RS E B & S5 SR XH XA KAK SRDE X XBEXRE G SREAE XXX LER KEEE EKEE K&
EXRERARRREE KRR RR R SRS R SRS KR SO SRR EEEE R AR KR KR K KR K E R KR K AR AR KR E K CE R E R G TG S EAEXRRR EE S SRR EERR A AE SRR PR AR L udEk EERKEEX SRR KK
EERERERER KRR RRERR R E R KRR R KRR R R AR SR R R E R R A K E K KRR KR KR SR XN R E R KGR R & FR LGSR KK K k& FEGH A XA L L AR A ER AL AR AR R EE R R SR EE & &
EEEE ARG R G AR R H XK SR A SR RR PRSI R R R KRR C R SR SRR EF R G X R XR EX R F R RS SR SE XSS KR kX KX SREEREERREREDARERE KEXEREEEAGEEEAERS KRR SRR AEREE X SEEE
XL ES XX R R AR AR RE KR R KA SR E R R R KK KA AR SR R AR R AR K SR kK kR kR Kk kK & kk&k & &&« *& EXEKEEEEE KEEEEX FEEEEAERS & *% % X Rk RN EREE K E
AR AR KR R AR AR A P R AR IR SRR R R AR R A R AR SR KR A SRR SRR SRR SO R E R R K K A KBRS R R R AR AKX SRR TR A TR R S S & KL KX AU ER X T ek EEER KK
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EERRAEXR RE KRR EE R AR R A RE K% LEREEE SRR EEEE RRCE KRR KKK KGR RKR SRS R ER X R A XE SR U kE BEEEEE FAFRXB XS XK ESANRE AR SRR kA kR EKREIRRE & &
SR RAE R AR AR AE AR RR AR A E KRR ER AR R E XA R KR KRS KRR SR KSR R E KRS AR R XA SR E SO R E SRR KA R A EE G S X KR GKE S RA X A AR TR A G R EEEE R EE S KEER ERER & &
EXEE RS X K AR AR R LR E R SR K AR P R KRR A K kKA RS R SRR KSR K RSk S kK E S k& kX kEk FEERER kRS EERGEDX K& &k & THAE KEEEEE K EAA KSR kR Rk KK ER KR K

EEXERXEL AR TR IR SEFXRAE KRR E XL KK KK R K KK SERR SO R AR AR R & & KACE LR AT KA REEX KR ER K&
ERERERECEEEE RS SRR A SRS ARG SR RC R e SRk ERE kS EEXSXESEREGCRER AR ER R SR EEEK K REEEKkEE kREEEE
EEEEREXX B ER KR R XX EE R R A RS R B0 &k REEERE KK STEADY=STAT JJTPUT REREEERRE  TXEEEE FEREXEERE CEXECEEERRES
SRR RREE AR E RS AR AR AR R AR D IR SR RE Sk kR kK Xk SRR REREEE & SE PR EABXAKXEEEEREEEEK KCREEE
R RS A A RS R DR SSRGS RN S EOEEEE kX G K ki EELEEEEE AR EEZEE S SREEX R ECRE R KSR EEEE & &

AR EERE R R R R AR R R R R R R R ER R AR R KR A K ERC R R AR AR E K C ARG ST & Xk & X0 ks KEE XS SR KK K&k & LkEEEEE &K % Rk EkEk SEEkEKEEREE
SEIERE R R AR X RE RN KRR R KL R R K KR KR R A SRR AR KRR AR K EE SN K KR R KA KRR F R R KSR SRR A AR KE R SRR S G R R SR XX K & SEGX AR R XA KLU EAAE R KA EK KKK EEER &R
AR AR ECR SR EE SR SK AL R R LG SR SR AR KRS SRE AR G A AR SR G REK RS SRR EEK TR CF Xk & CKkEXE X SEREKEE SREKEXEEEE kK XX &2 kA XBACKEEKKER KT RE SR EE K&
EEFEXEEE R R RE RS AKX RS RN R R R IR G AR R BR AR K AR R R R AR KR R R AR R R RS KRR R kG k& BEEEL ARG R SRR RE A R KR E kR k&% » * X% &% % EE e K S8
EREEA KA AR AR ST AR AR E R AR R ARG R S AE K R K KRR E R R K EEEE R KR KSR AR R A kX A AR G A KRG AR KA ARG EE SRS X KRK LK BRI AR TXABAAA X GG ERER KXRE KRN K E
EXEEE AR EEEREREE KRR RN G E R RRRR ER R EE A E KR FC KRR KK KR AE R K CK KRR KRk kXK K K& & *k ChkEEEkE FEEk SEEAKERX KK EKEXEE % kekuk % XEEREEREER K&
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FESEEL EE AT EX X ALK KE SR RS RS ERRB S XK RERE KSR KRS E R KK TR ER AR AR K EE K FE SR KSR R SRR AR ARG KR S AECK EE XX KRE K AEE XXX K G S RRE FEEE DR REEEEERE KERR K &
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FXFER R AR R A RS AR ER R C XX A KRR KR KRS SR KK KX GG E XX SO AR R EERRERGE FERTL XK LG SRS AEKB KSR ABERAET R KRG AR XA SE AL ARG AR A SX AR AR RX R KX ST RN K &
ERCRFEER RS AR SR AR R R R P E N R AR KRR R R R K SR AR KRR R R KKK K AR R AR S RE R RS K R R R KRR & SRR EE AT RKEE X SRR XA ST SR A XA K KX KKK kKX & (222 3 2]
R R R KCE SL SRR AARE R LR E AR IR AR R RER KK FR R KK KRR KK A RS C kKX &k SEGEECEE X EGAL SESREGRETE SEFEF Kk AKX KAELL TS K& TAGAX XX KEEA XEAX ERER S &
EEEA R CRXEER BE AR EREGC TR SR SE GRS KRN G S SR SRS SRCRECAEEEEEE R KRR REREEREE & KkE & SR AL & SA S TEEXVEAS KT K S REAGAAEREL AR SEX KTk KR EE &K
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PINSIM A NUCLEAR FUEL PIN IMULATOR-TRANSIFNT ANALYSI (oS ) wl o V_RSION 002
PINSIM VERIFICATION STJDY PROBLEM POWF OROP TEST SIMULATION

YSTEY # 1 L VFL # 1

CALCULATIUN LLCATION
PIN LEVEL NuD

1 t ]

LFVEL BNUNDARY CUNDITI(N

UNFILTE &O

0e/71078) N
0 713783

ILTerR O

MEAT TKANSFER €O FFUCIENT (RTU/SEFC~FT2-F) g v
SURFACE HEAT FLUX (BTU/SEC-FT2) 0% Soul U 0 946%0)L vV
TEMPFRATURE (DEG F1) v 64 59 7 03 64 35900 O

BACK CA  ULATIUt

CALCULATLD R SJLTS

UNFLl T RED ILTFRED
POWER (KWw) Q ) 73«0 01 9 927 9 0 01
SURFACE hEAT FLUX (3TJ/SEC-FT2) J J4€9 LD T2
URFACE TEMP RATUFE (DEG F) ) €4 5900 03

T MP RATUR IsTRl14UTIOH
PIN 1 L EL 1

N Ve
LEVEL NO 1 2 3 4 < s
1 842 B4z 2% a8 2 25 842 25 342 5 Lag
dOO.
LEVEL NO 11 12 13 14 15 1
i 803 81 775 45 73 130 738 84 7 ) 8 80

kg R
g4 2 a4 25
17 18
ey 0 € S

20

>
(PINVAN)
r
)
542 25
19

052 92

PAGE 0026

10
829 26

114"



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS COD M0D 2 VERSION Q02 06/13/80 N0 2)6 (PINMAN) PAGE 0027
PINSIM VERIFICATIGN STUDY PROBLEM PCWER=DROP TEST SIMULATIUN 0t /713780

SUMMARY OF PIN CGADITIONS PIN NC 1
TAU (SEC) JELT (SE )
00 2 0

3Ty/s C KW
PIN POWER [ 00

SYSTEM IDENTIFI ATION PIN 1}

LEVEL YSTEM # SYSTEM LEVEL
1 1 1
LEVEL LEVEL POWER SURF FEAT TRAN SURF HEAT FLUX CENTERLIN TeMP | ECATER NODLC SURFACE TEMP ACJACENT CoOL S URF HT TRANS
NG (BTU/SEC) (8TU/SEC) (8TY/ EC-FT%%2) « TEMP(F ) (F) TEMP(F) CCEFF(B/S~-FT 2-F)
1 0 927694D 01 0 927€54D 01 0 9469600 02 0 842248) 03 0 8.9265D 03 0 543590D 03 0 ©43590D 03 o 0
EQUIVALENT GAP STEADY STATFE
CONDUCTIVETY GAP CONDUCTANCE AP THICKNESS GAP THICKNESS NG CF ITERATIONS
LEVFL (BTU/SEC-FT-F) (BTU/SEC-FT#%2-F) (FT ) (FT ) INH T SOLUTION
1 o0 00 v o o0 S
4 le - & » i L)

921



PINSIM A NUCLEAR FUFL PIN SIMULATOR=TRANSIENT ANALYSIS C€ODC 9dv v kSION 00 06710789
PINSIM VERIFICATION STUDY PROSBLEM PONER-DROP TEST SIMULATIUN v6/13/89

SUMMARY OF PIN CONDITIONS PIN NRC 1

PIN TEFMPERATURL DI TRIUWUIION

NCL O
LFVEL NO 1 2 3 4 S -3 7
[} 842 25 842 25 P42 25 842 25 Be2 2 542 25 242 25
NuDo
LEVEL NO 11 i2 13 14 15 io 17
1 803 8t 779 A5 758 60 738 R4 721 56 785 80 fEH SO

842

18
6069

NG

&9

842

19
652

206 (P INMAN)

25

92

PAGE 0028

1o
829 26

(XA



PINSIM A NUCLEAR FUEL PIN SIMULATGOR TRANSIENT ANALYSIS coo MaD 2 vV KSION Q02 06/1u/89 NO 296 (PINMAN} PAGE Q029

PINSIM VERIFICATION STUDY PROBLEM POWER DROP TEST SIMULATION O6/13/780

SUMMARY OF PIN COGNDITIONS 2IN NU 1

TOTAL STCRED ENERGY IV 1 9 30797 D 02 8TU
LEVEL STORED CNER Y E? LEVE (LTU)
1 0 20737 0 02

TOTAL NODAt STUR D EN RGY (ETU)

NOD
LEVEL NO 1 2 3 4 S [ 7 8 9 10
1 0 72 7D 090 0 1451D o1 0 14510 01 0 [451D 01 ) 14510 01 0 14510 11 QO 1451D 01 0 1451D 0% 0 18620 01 0 1832D 01
NCDL
LEVEL NO 11 12 13 14 1 16 17 18 19
1 1 86 1 78 1 71 1 66 1 [} 1 2 )8 2 V2 1 95
L
& > - /\ -

82T



. i> [ ) ) - ! P
PINSIM A NUCLEAR FUEL PIN SIMULATOR TRANSIENT ANALYSIS CODE 430 < vV RSION 002 06/10/80 NGO 206 (PINMAN) PAGE 9030
PINSIM VERIFICATION TUDY PROBLEM POWER~-DROP TEST SIMULATION 06/13/80
EFEERRRE R RK SRS R SRR CR A FRRARA AR SRR R ARSI ER KA S RRU Rk hkk KPR AR HHERE & KOk E & & &k E o EEkE HE KA $hae k% KK % K ¥ KEKEAEES KX

GEEEE TR REFREX RN AE X SRR RERARR KA RAk BEE ERSFEGHRRE KGR K REKEFASR GO RGHEE okF CRESRGE R REXR Sk K& SREKEF KR AKEEK ¥ 2ok BRE AL KBE XX
EUFERREEEE A EREAGEEEIGEDS R A ESR AR R RS DA RE S A GR A ARSI TR S A AR o e ¥ & ke kkk & KX EFFXERE X ¥ * ¥k RuFRkk dak SREFREE EREKEE FEE

SRACREBRIR R R LR EIE AR XK IR FBERREEEE Kk DXEXEIRKEEIRERETKOEE ¥ *% kkx Hkky Rk kE Rk ke kkE kAR RERE * kA% * *® * k%
KX EREEE BB RAERABE RN DR BT R RAAR BRI R KRR KGRI SRR LG BE R Zhk ¥ LE LR oRSohhd s ke X bhkkErk xxed Kk ¥ FEEAE BAEkEX LER RS 22 R 2
SEEROART R AL IS GEERRRI SRR A F ADRK RS LAAC XK ERRRE KRS XX AEXE R X R ETR LR R kG KEEEHEE FERE TRk REEERTEAEEK KKEXK PR LR L REREEEEE T FE KK

X EAREXARR AR B TR SRR SRR PR R R RR SR AR AR SR RR GRS SR RRERREI AOB AR SN EE S bk E k& THRF & *kxdbk X¥ k¥ % KXk xE Rk e XREEEEGHISE SX
EREEXFED CF XE A AR K AKX DA RGPS ARSI RRE S AL R X SEER SR KRR KA XQABRE DR SRR F RSB kR Sk kT SREE KX & X ek e EX K B2k & XRkEG K CXXBERE KD kKX &
BEEEEEED KR RR R B A SRR SRR AT KRR D RX G Rk R XEKE R RS & 2212222 22 R 22 * RS EREkE Fk KEkEE Xk XEkk&k k& k Kk kX % EhkkkAEk AhkEk K KEKEKBEK
ERENES R B AR FE KRR RIS IS S RNK SR AT ARG X R RR R R RGP RS SRR R AR C R NI SRR G RxdhpakrEkhs & CEkkIkEkE *x FkFAEK XS Xk & ReLHhk shkk hk
SR ARG R DR L FREIFSC AR I RT SRR R AREK F S RAXXEEERAE TR KRR XS L ERK KRk kRO kkE X% bE 3 Exuxnk khbhkruphhsE k¥ Akk * SRRLACKEEE ERREEE
XS REFE SRR FR R AR XG XGRS DRk SHkEk & KEEAXE XFEEAXFACLEERREENREE K& & kxhxkkdd 2R XEE K &E & AnddR%m * EEE 2 ke kR KEEE KR
SERERE A EE AT RS SRR AR TR RR ST AR IR RR AR AR R kS WAL EARKRAROERK G AR SR Od ok KeXe kAo AT ph AR Es Xk FHEEHXSN £h kX RAKXE ¥ e K XEE CREX K
AR IR LA EFE AR DR LU BE R EXFR VAR EDARRE X RA KR SR G R AR AR AR S S SRE R R LR R E AR kR X X 2L 0K ¥ kkbkpkk hxkkk *¥k % kg ek EX X LR 2 k5% Xk X%
SR RRLF FE X SR R AKSAC AR T RS SA RS ST R OED A G RAE G ESREERNR AR REHERBE ST S k& ¥ Bk ARG LGRRRE XKL REE B ARR AV A AR RBEA R KR e a kAo uex kXK
FECKCA LA DL AL AR RCE AL A VKA NRGIAG AR S G UR XX SASS AR ARE RN RA N F S SRR AA XSSP F0RE X & S xkk % e kkx chkRk & XKLD& kX * ke ok beExk kKK k&
SRR BEDRARF FE R A AR AT RS I REITRR R T RRE DR FARE AT SR AR SR AL SRR X DA SRR E R X ARG X hkE kb o ko kX Kk & XXk SIEREKE KX XTXE BAXK *% k¥ ke kk L9
SORX RS LR B AT R K AERERRE AR SERREREFHERE ISR S S XX P ELE P AL R LASAAKS RS RE ARk XXk FXEXEEX R XS S R EoX & FR A bbrA ARAEXRXE XA EE S XK T GE ARG &
AERRRR R IR R RR DR XRASR TR RV R IR SRR bk kE SR kd ¥ & FEXEAAREBILR RSP QR EEBO KA KT RE Kx SRERRGRb kEkX Sk K SREEFII FEE K HE&X T 2% SEEGEEE XX
SRS AR RS R X EXB AR K G E R B RS KRR KRR ERREZ RESE SR EER K EREK &k ok *FIERESE ek kE X Hf PREEEEE S XX QR EE k FERB Lk LR LACKKKKEBTEK KX
SR ERBE BRI AR AKX SR SR BE XX KGR A SR ENETER A XA XX B RS X AN KA GREEITTR KX AL cF AL SHerE X Sk xG*PhEk *x&kAk k% ¥ I *E RR kSRR X HkkX X Hk ¥ *
AEOU R AT KFFRE AU ERET R K GEUGER A SAEEFXE Hk X REXKFXKEE ARG A KR OBk & HEGREs Kk ¥k ¥k k KkxA& KXk LES T ESES LRSI RS LS S ¥ &k k%xx%% HY¥
KBk Y REAE AN BER KR AR R R R AR XK AR UK RES AR SO RR QAL R XX KEN S XXX FAK 2Nk KGXGE K K h® FeF e xEok bbb ahdk KEFaL kxR RARL Aok xh & X & Sy kkk Kk Kk

BEVIRER XX AR AR B R FAX KRSV R AERR R KRR RS KR R KX R EDR R KRG R AT Ak s R kAL So R0k Rk AE Shufr k¥ Xk k¥ % * % FE¥ x % AE k& T RAKEKE
LR L PRSI s R LIRSS LRI RE 2222222222 2 X2 k& k¥ BER KGR REREK FEEEIEEEEERREEER S
LR R S LSRR RS 2222 2 22222222 2 2L L R 2l AR A AA KL R BED KXk kxd HEEGEEEEE KA FIEEEXK
FREEX KGO LA KL REE AR EXFT IS bRE K ISR Rk Bk TRANSIENT JUTPUT X kEE K E& ARG AR AREX HH K REXBEFAEAREEE
EERE XK ER R R AR B RS XX EL RS AB kA RB R G Rk k kX XD 232 S SR R LR L *¥% LR E R EL I EZE LY
(R 222 R RSS2 S 222 R 22 2R 2R S R 2 22t 1 I ok ok ok Rk K Thk Sk k AEHARESAEAEG REREGLX

FEREEFEE DR AR T O R RSEUI N AA RIS EREXAT XD EHAX e Ko hk o dpbhrh bk FEEGEE 2k & & L 20 Sk khkk FhkkEkEF * Rk GEk Ak KALEH Rk KEEhE KL K

ETTEXRR SR ARE FR KSR SE R KRR DI DS RD SR PRkt d hdkhhd X FEREEXELEAE FA G FERKb AR ohArE R R b hxE xp & ik KkkE Nkt ek It ks Hukk & KLU ELELK BN
ERER KSR LD AR RE A XNEE PR R KL AT AR R SXK RN XF AR XGRS A KK EACARXXRRKGEE SR EEHH e hk X2 okbk KU AEE oo XA Fhhuke &k HEx SAXEE GEFEBKEK X K@
EHELE FSRRGE SR BRGRRRE SR IX KA R ARG R R R SR AR KR AR EE AR AR DRSS R SR E & * &% 3% % * ¥k kkk & whxEkEk XkxHUN KX X HEEkEE AR RAGEIAFERE
SREXRF RS KRR KN KRR TER AKX A IR LE AR R EEIE & EXRFACECX TR ERA A0k UK S HER Gk kFohax kdkx & Gokk Lrkkbadks Frxe bk & xRk Fkk k& ek AKEK¥ L2 K R ]
FREFEEFERERK ORI ARSIUA GBI VEEE XAV CREFAXOF X RO o bR x hr Ao bbb hab 4% 6% S Ekk TXkE e ek ¥ EEkk bRk & Bk E X% kG EEEEE § X EX
EEREBEIRBEI A SR AXERAB KRR E DS RKF KRS RAS RS S SXEBE SRS CADNKREERRRE KFEFT REEREPKEFT X SRk AT TE RN &k kkk SR&XIXX R XET kX LAE NE L BRI IR L2 E-E ]
B SRR DRSR A AR KSR R SR IR SRR ARG SRR R KRR R RSN SR ARG SR A A BEE R S L AXA XS X XERE G XE ook ek 2hE W SRR Eeh ik & Re bR eX T ZE e SRAX XXBEES
EEEFRE KR SR RF RR DS AU RI D R IR RN R NK AL BB X B SRR GR DR R AR SRR KRGk bkx KAk TERSREGREXFBRET SKEE K&k Xk & ¥ khFAAHFBXGRBRER S SRR Ek FE kEX
ASRERRAB KR AR CF AR ARG ER R IR D AR RS DRGSR AN BRER R KR AKX *ER SRR E & S kb k kb RX&kE REEAERXREEEER D% kB XX KX EREAX AR SRR AR EE EHED XS
BEIEAL CX GO ARSI R RA A A ISV RE IR RS IE A A F RO R AR I bR SG G o bk o bR AP eA R GhhEE F & SRLY AT RGN R EE K RE RS R G e % PR PIEE % & ¥ SHRERXEEXRIXES XS
EEEKEBKEEERRUS KR SRR R R I BEBRKGRE RXR KT AEFEEAXEIKAX DL S R RRRPKRRE SR XA SR RE 0N x FRERFSKEEFRKY SRES XXX KR UK SH R R ABREUEK X IK KX ES SR EE X8
SERRREER X SR BEXXXXRE X EA AT KI RS AT EE XN AR SRR G X R A ERA AR RN S Gk R bk Sk ¢ SREGEAS ¥R G o eh oo RRERERA Kb X e h ok AX K AXK ¥ %%k HkEe ke ik kY
BEEERKSE AR ER ES LA S DA TN R AR R BRI SR E SRR G SRR RS AR R SEL A EEE KRR ERFRKGRAE S FERC bbb od R Th Ry FEGUE RER A% A XAEHX Rk *xBHRKK * Hhkk kKX XK
UL AR EDEE SN EE AT ER IR I AB AR AR KGR AR RR GG AR RS SR AF KGR A RRR AR KRR KL AR SRKE Kk & Sk RAEER&b& LR R L PR LR L] REYR EKUEEXREE IKQR XS
SRR AR KK ER R R RE R R R R E X RI Y AR LR KA EIG SR G H L ER k. KA SECA LR ADEL CRE X CRRG AR SE oG hX RS EAB X RS HE RE XXX XKL KX SR GR BT RFSE LR B K ¥ FHX & SERE DAKE XD
BEERRE AT RE Y ARSI R B AP R R AR A ER R R ER SR AR SRR G b KRRk SRR GREE R ERERE B XX Tk kxR dhE *x FhkK Fhud kd% Axe ¥ k¥ ¥ &k RxE¥x Kkk%3D
EERE AR FR R DR AL G AP RN R BR R AR R AT DL AL R R G R RR R SR TR AT AR S KA SO RX MRS A SRR R RS R R EEF SRR kE T oa ek Hhkkd XEXXR XXk EEEB&kk G R

BFREFEEE AR EK KR REXX CAAFE IR RS RRGREETEXMAE AT E K S QAEREREEFRR %L S RE & * % Fukkk & Sk nkakd kxR kx xk¥ *kk & ¥ X% XSS EE SRR RKER S K
&k KRR XEZKRG RS REREERT R R E PR RN AR AR KRR XS KR PR R AR R AR AR R AR AR R AR XS RERERERE R R ARR SR aERE ok KX KEEERE KX ¥ X% ¥k % ¥ kkkk¥ KxE0RXGS
SREEER RS AAAR LR AT R SRR AR GO R R AR AR S RE kAT AAN G AAA ARG EEDR AR SR RE R B R Ae X * LT KT AGEER BAR AN E AR XS XEE KXE & BREXEX XX EREEEERE FEE XY
FhRk AR ETED FAERERLDAE VDS IR DI AR KR ILR R R T K KRR ACX RS IR R AR FRES SR SE KRRk k Rk X kkk kuk k& S AR X LE IR L 8 2 EERE R 22 hX¥ ¥ kX AEkXEEEE &k
SREE AR SRR KRS TR AR KSR AR ER N AR R R LR REE R KR EEREEEE D CRE R E AR SR L ER R R S kK BEpk SRk xRk wE Kk X e hkk ¥x2% SxxkkkkREEkE & kR Rk k. 2R
BEEEEEKE AKX SR TR SRR KX S SHE AR XD AR L RRFE G AT AN RIESAL AT RE R EAE RS Dbk d oG &R & ok kkkkkk xkdkk *xk & & #% EaxH% % kkx X RS RS KA KA IR S D
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PINSIM A NUCLEAR FUEL PIN SIMULATOR=-TRANSIENT ANALYSIS CODE MQD 2 VCRSIAN 02 06/19/89 NG 206 (PIAMAN) PAGE 0031

PINSIM VERIFICATION STUDY PROBLEM POWERI-IROP TEST SIMULATION 057137 0

CEERAE SR E IS PSS SH S AL P VRV NS RN AR R SR SR XSRS MAJOR FDIT NUMB R 1 SAERREEILLELS L S0 SHASIERUBERE L X LSS XX 0X H 4SS 58
SN E AN F0SE S SV SSSB USRS SR SR S RASE S EB X R D TIME STED | Jvs < 20 BESEBREREE RXSRVD0EE ¥ & CXE % CEESSE A GAE S EE
SO0SS 0004502045020 AN S ESISRSRIESE R SRSRSE SN S TRANSIENT TIME = 1 0Nun SecC FEBES RS * SEESASENIENNS 2EE $2EE FEE ¥ SR EE

CURRENT NO CF

TYPF OF DUTPUT A URLS WRITTEN
MAJOR EDIT 1
MINOR EOIT 20
PLOT RECORD °
Pa ? v ) * N

OtT



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYS1S CODE 40D 2
PINSIM VERIFICATION STUDY PROBLEM

LEVEL ND
1

LEVEL NO
1

VERSION 202

POWER~-DROP TEST SIMULATION

SYSTEM ¢ 1 L VEL # 1

CAL CULATION LOCATION

PIN LEV L NODE

1 [+)

LEVEL BOUNDA<Y CONDITIONS

UNFILTERED

HEAT TRANSFER COEFFICIENT (BTJ/SEC-FT2-F) 00

SURFACE HEAT
TEMPERATURE (DG F)

POWER (KW)
SURFACE HEAT FLUX (BTU/SEC-FT2)

SURFACE TEMPERATURE (DEG F)

1 2
666 01 €62
11 12
620 97 €15

74

60

657

13
610

96

44

FLUX (BTU/SEC-FT2)

Q0 3 5160D 02
0 5749100 03

BACK CALCULATION

CALCULATED RESJLTS

UNFILTERED
-0 4540800-01

0 3351600 02
0 5749100 03

TEMPERATURE DISTRIJUTION

653

14
60S

PIN 1 L VEL 1

NODE
S [ ]
41 049 01 ©44 73
NODE
15 16
50 600 74 96 17

- ' 0p
06/10/80 NO 206 (PINMAN) PAGE 0032
06713780
FILTFRED
1] 351600 02
0 5749100 03
FILTERED
-0 454080D0-01
7 8 9 10
640 S5 036 49 €31 83 626 43
17 18 19
590 70 584 26 577 99

TeT



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODC 4D 2 VERSIUN DD¢  06/19/8D
PINSIM VERIFICATION STJUDY PROGLEM POWER~DROP TEST SIMULATION 1E/13/780

SUMMARY OF PIN C NOITI INo IN NC 1

TaU (5 C) ol T (S C)
) 1000 01 90  4200-01
dTu/s C Kw
PIN POWER [V ] [( ]

SYSTEM IDFNTIFICATICN PIN 1

LEVEL SYST M # SY T ™M LEVLL
1 i 1
LEVEL LEVEL PCWER SURF HEAT TRAN SURF HEAT FLUX CENTERLIN Te4pP JEATE NODC SUIFACKF TEMP

NO {BTU/SEC) {BTUL/SEC) {BTU/ EC-FTH%2) ) TE4 ( ) (F)
1 -0 4540800-01 0 3283410 N 0 33 163D 02 0 6669090 V3 Q 6204270 V3 b 749100 03

EQUIVALENT GAP STEALY OTAT

CONDUCTIVITY GAP CONDUCTANCE GAFP TH1CKNES GAP THICKNFSS
LEVEL {BTYTU/SEC-FT~F) [(3TU/SEC-FT*%2=F) {7 ) {FT )
1 00 00 [ J] D0
-
v ? v ?

N

295 (PINMAN) PAGE 0033

ADJACENT CeCOL
TEMP(F)
Q@ 5749100 0

NC GF 1TEPATIUNS

INHT

SJILUTIGN

URF HT TRANS
COEFF(B/S~FT2-F)
n o

el



LY [~ ~e 1 v r 4
PINSI M A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE M0D VERSIUN 002 06/10/80 NO 206 (PINMAN) PAGE 0034
PINSIM VERIFICATION STUDY PROBLEM POWER-DROP TEST SIMULATION 06713780

SUMMARY GF PIN CONDITIONS PIN NO 1

PIN TEMPERATJRc DISTRIBUTIJN

NJIDw
LEVEL NO 1 2 3 a4 S & 7 a 9 10
1 666 01 662 74 657 96 653 a1} 649 VUl t4q 73 640 56 636 45 €31 63 626 43
NOuL
LEVEL NG 11 12 13 14 1o 16 17 18 19
1 620 97 €15 60 610 44 605 S0 Ld0 74 96 17 =96 70 84 26 577 99

€T



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSI NT ANALYSIS CODF 90D 2 VER>ION 002 06710780 N 206 (PINWAN) PAGE 0035

PINSIM VERIFICATION STUDY PROBLEM POWER=-DROP TEST SIMULATIUN 06713780
SUMMARY OF PIN CONDITIJINS PIN NU 1
TOTAL STORED ENERGY PIN 1 - 9 2299120 v2 8TU
LEVEL STORED ENERGY R LEVLLILTU)
1 3 233120 02
TOTAL NODAL STORED N RGY (ERTU)
NODE
LEVEL NO 1 2 3 4 > 6 7 -] 9 10
1 0 52390 00 0 1042D 01 O 1031D 01 0 10220 o01% 0 10120 01 0 1003D 01 0 9935D 00 O G847D 00 0 1336D 01 0 13230 01
NOLe
LEVEL NO 11 12 13 14 15 16 17 18 19
1 1 30 1 28 1 27 1 25 1 26 1 23 1 74 1 72 1 69
R r v ' -~ %

eT



P

R
E
S
T
A SRF HT FLUX SURF TEMP LEVEL POWR NODAL TewnP NIDAL TEMP NODAL T ™MP NODAL TEWMP ANGDAL TTMP
R TIME(SEC) B/S-F T2 DEG F BTU/SEC (DEw F) {JEG F) {DEG F) {DEG F) (DEG F)
T «1 1) <1 1) «1 1) 1 1 1) (1 1 3) 1 1 43) {1 1 10) «1 1 19)
- —— . + ‘- -—t- ———— -
o0 94 696 643 59 9 2769 842 25 842 25 342 25 705 80 6 2 N2
0 500000D0-01 100 59 637 80 0 87261E-02 840 32 838 40 836 20 790 34 646 738
0 1000030 00 97 057 €32 67 ~0 93931E-02 837 o1 831 01 826 37 692 37 641 35
0 150000 89 965 628 71 0 15451E~01 830 75 821 45 815 00 684 21 636 77
0 200000 89 722 621 a7 -0 27487E-01 822 19 810 72 803 12 675 4} €29 53
0 250000 a8s 287 61% 34 0 17808E-01 812 430 799 43 791 20 666 86 623 93
0 300000 76 376 612 26 -0 65907E-03 802 19 787 94 779 a2 659 L9 619 1>
0 350000 70 820 60§ 14 0 16G18E-02 791 Q7 T76 47 767 91 653 18 615 54
0 400000 69 $45 604 23 -0 S53198E-02 779 75 765 16 756 72 646 76 ©10 53
0 450000 68 698 S98€ S3 -0 14572E-02 768 43 754 10 745 88 640 14 604 78
0 500000 9 850 97 01 -0 19655E-02 757 27 743 36 735 42 634 780 602 45
0 550000 62 887 590 86 -0 13994E-03 746 36 732 96 720 34 628 79 566 59
0 600000 51 187 591 33 0 15690E-01 735 78 722 95 715 68 624 S 56 00
0 650000 51 153 588 27 -0 15230€-02 725 57 713 35 706 46 620 23 592 94
0 730000 48 040 585 98 -0 27879E-01 715 7o 704 16 097 61 616 1% 590 37
0 750000 44 283 584 41 0 44222E-01 706 38 695 43 689 26 612 52 588 46
0 802000 44 220 581 25 -0 43582E-01 697 45 587 12 681 29 608 64 585 30
0 850000 40 245 579 73 0 3330%E-01 688 $S 579 23 673 75 605 21 583 42
0 900000 38 130 577 91 -0 35047E-01 680 38 671 74 666 S8 601 97 581 41
0 950000 35 757 576 34 0 54657E-~01 673 24 664 67 659 84 598 98 579 62
1 00000 33 516 574 91 -0 45408E-01 666 01 657 96 653 41 596 17 S7T7 99
1 05000 28 89S 575 03 -0 97887E-02 659 17 551 61 647 35 594 01 ST7 69
1 10000 32 984 71 11 0 43551E~01 652 72 645 06 641 67 591 00 574 15
1 15000 26 39S 571 51 -0 19565E-01 646 64 540 03 636 29 588 B84 573 94
1 20000 28 607 56€ 71 -0 19805E-01 €40 SO 634 69 631 19 586 24 571 35
1 25000 24 890 568 13 0 41477E-01 €35 a9 629 68 626 49 584 10 S70 42
1 30000 22 043 567 96 -0 42961E-01 630 38 624 94 621 85 582 37 569 99
1 35000 22 749 566 22 0 14909E-01 625 57 620 47 617 58 589 41 568 32
1 42000 20 468 565 58 0 22075E-01 621 05 ole 28 613 58 578 70 SET 47
1 45000 21 127 5¢3 71 -0 37284E-01 616 79 612 31 609 77 576 73 565 66
1 50000 17 846 563 61 0 31268E-01 612 77 608 58 606 21 575 2. S5€S 26
1 55000 18 864 561 86 -0 26748E-01 608 359 505 05 602 82 573 48 563 60
1 60000 14 419 562 63 0 43414E-01 60 43 601 75 599 67 572 42 563 96
1 65000 15 586 561 35 -0 60286E~01 692 )8 S8 62 596 65 571 10 5&2 79
1 70000 13 516 S61 21 0 39671E-01 598 3 95 70 593 86 570 03 562 46
1 75000 15 565 559 18 O 40619E~-02 595 98 92 96 591 24 568 52 SE€0 62
1 80000 12 3¢7 559 31 -0 10950E-01 593 20 90 36 588 75 So7 42 560 45
1 85000 12 311 8 55 -0 22501E-01 $90 58 87 91 586 39 566 33 559 69
1 90000 13 110 557 09 0 49042E-01 588 12 8BS 62 5384 20 565 04 558 30
1 95000 7 75S2 SSE 77 -0 40807E-01 585 719 83 44 582 11 564 60 559 49

SET



| a3 p=yymD

SRF HT FLUX SURF TEMP LEVEL POWR NODAL TeM2 NIDAL TEmP NODAL TeMP NIDAL TEMP NLDAL TEMP
TIME(SLEC) 0/S~FT2 DEG F 3TU/SEC {DeG F) (J)EG F) (OEG F) (DEw F) (DEG F)
«1 1) «1 1) (1 1) (1 1 1 [ 1 ) (1 1 4) (1 1 1¢€) (1 119
——————————— —t —— —-—— — - - mmee e e mre mmrece e — = m—————
2 00200 11 699 556 65 0 11712E-01 S8 1 581 40 580 15 $03 51 s 77
2 05000 7 0462 557 92 0 22904E-02 S81 6 73 50 78 33 563 v8 558 57
2 10300 12 085 555 04 -0 14672E~-01 579 3 77 70 576 60 561 7¢ S 6 16
2 15000 4 S947 557 34 0 30206F-01 s?77 4 76 03 575 vo 561 56 557 80
2 20000 8 1561 55 99 0 35709E-01 S76 14 74 44 573 48 560 89 556 75
2 25000 6 0580 55€ 34 0 30787E-01 S74 6 572 99 272 10 S5¢0 47 556 30
2 30000 7 1853 505 45 9 18220E-01 573 33 571 62 S70 78 2599 82 5 6 t2
2 3,000 6 7721 554 95 -0 22526E-02 571 70 279 43 269 55 559 1S5 55 5@
2 40090 7 7341 55 77 0 35168E-01 570 42 66 14 208 41 58 30 254 49
2 45000 1 4839 SS5€ 38 -0 31738E-01 569 O 268 00 267 3 558 ol 556 52
2 50000 4 5529 55 50 -0 12156F-01 568 )7 suL 94 266 30 5o 28 555 92
2 55000 8 4226 552 88 0 36789E-01 567 a1 65 97 &5 39 557 21 553 €6
2 60009 2 3453 554 47 -0 27023E-01 566 J2 65 0o 264 49 556 96 S 4 74
2 65000 3 6717 554 33 0 21774E-01 565 10 L4 19 263 67 550 78 554 K7
2 70000 2 1927 S84 99 =0 1S066E~-C1 564 23 64 38 562 99 256 77 555 19
2 79900 S5 6820 553 16 0 13977eE-02 SE3 4o 562 o4 502 18 wS 12 25 o9
2 800060 2 6366 553 91 0 15606E-02 562 7 a0l 94 501 52 525 90 554 1o
2 85000 4 1748 553 26 -0 B81€5 E-02 561 37 01 27 Se0 88 35 46 £ 4
2 90000 2 6024 553 a1} 0 12859E-01 S61 30 oU 66 S60 29 595 25 553 65
2 95009 2 7741 553 25 -0 42815E-02 26d 28 o) 07 559 72 o5 023 51
3 00000 1 4266 53 82 0 61344C-02 560 10 259 53 259 2?1 5 5 04 S 3 95
3 05000 3 8626 $52 57 0 24370E-01 559 55 59 01 558 71 554 S8 552 03
3 13000 0 58372 5 55 0 30144E-01 259 )5 253 55 658 27 5 4 59 64
3 150009 2 454AS 562 97 D 16619E-01 558 7 28 11 557 8o 554 38 S3 26
3 20000 3 3864 552 12 -0 39,28E-02 258 13 557 b9 557 44 553 G4 > 2 43
3 25000 0 7896 53 04 -0 71054E-03 557 71 57 30 EYaR 13 5 3 93 S3 11
3 50000 2 3262 562 42 0 22964E-01 557 32 ot 94 v 6 72 553 73 5 2 64
3 35600 0 82089 g2 95 0 30357e-01 S 6 35 20 59 5 & 37 353 7 S n3
3 49900 2 1418 552 34 0 38546E-01 56 51 S¢ 3 556 0% 553 S1 52 54
3 49900 -1 7261 54 22 0 45223E-~-01 556 ¢ 55 48 555 80 553 93 4 0
3 50000 4 54 3 551 41 0 405€5E-01 556 J0 25 72 505 57 > 3 30 S 1 84
3 55900 0 83321E-J1 552 76 0 41424E-01 555 73 50 46 955 30 5 3 8 562 17
3 60J00 1 9539 552 05 7 3067EE-~0] S K4 5o 23 55,5 09 553 07 552 2
3 65060 9 48355 552 55 -0 78483E-C2 $55 & 5 00 554 87 53 u7 S 2 9
3 70300 1 3450 551 90 N 12174E-0Q1 555 01 554 78 S94 65 552 B4 52 07
3 75900 0 43970 2 39 0 31879€-01 S 4 €0 >54 59 554 44 552 38t 552 43
3 80000 2 9780 551 04 J 48203E-01 554 8 S4 38 554 25 552 490 551 3
3 85000 0 20643 1 94 0 4540SE-01 5S4 19 254 19 554 19 552 a1 5 1 96
3 93000 1 7686 551 29 0 26095€E-01 254 19 4 90 553 89 552 20 551 45
3 95000 -1 9573 583 10 0 23368E-02 254 0 Sod 82 503 72 502 62 552 92
» ‘ Lol 4 4 -

9¢T



-

TIME(SEC)

“4DPp-nmMmI

SRAF HT FLUX

878 FT2
€1 1)

SURF TEMP
JEG F
«1 1

- m———————

551 63

0 14096E-Q1

NOCAL TCH
(DEG )

NODAL TeME
(3.6 F)

NJOAL TEMP NODAL TeMO NLDAL TEM

(0LC F) {DEG +) {0 F)
1 1 1) « 1 1 o) t1 1 4} 1 1 16} 1 1 19)
———— - —— - e ——— fmmm m——— ———  mm - mme——. e—— —————
5 3 13 583 o7 S 3 58 222 1 551 1

LET



N .8

g 8
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