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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 is 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-generation 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-M0D2 can correctly solve inverse, forward,
and backward formulations of the heat conduction problem in a
one-dimensional cylindrical geometry
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Throughout the development of both PINSIM-MODl and PINSIM-M0D2, 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-M0D2 using data
obtained during a relatively low-powered power-drop test conducted in the
BDHT program's Forced Convection Test Facility (FCTF)4 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-

5 Create'and execute PINSIM problem models to solve the backward conduc
tion problem using transient surface 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
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Fig 1 Power-drop test thermocouple records
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Fig 2 Schematic of a cross section of a THTF Bundle 3 FRS

Table 2 Typical electric rod radial dimensions

Region
Region outer

(in )
radius

PINSIM model

value

(in )

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
2 0s This discrepancy can probably be attributed to (1) a slight mis
match between the rod model material properties and those of rod 018A, or
(2) mismatch between the model internal dimensions (Table 2) and those of
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Fig 3 Comparison of PINSIM inverse conduction problem solution
results with original thermocouple records
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Fig 4 FRS surface heat flux transient from PINSIM's inverse con
duction problem solutions
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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) is 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 is compared with the original
record in 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 1-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 he-it
transfer code

The heat transfer code selected to verify PINSIM's calculation of
surface conditions was HEATING5 (Ref 6) a finite-element heat transfer
code developed at ORNL A HEATING5 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 used in
the PINSIM problem and the surface temperature calculated by PINSI 1
(Fig 3) The results of the HEATING5 calculation are compared with the.
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Fig 5 Derivative of original sheath thermocouple record
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Fig 7 Comparison of PINSIM-calculated inverse conduction problem
solution results using original and smoothed sheath thermocouple records
as boundary conditions with original thermocouple records
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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 HEATING5 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 internal 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
ing 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) ,

Ts(t) - TB(t)

Surface heat flux is not directly calculated by HEATING5 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-l), using the equation

k (TN~TN-1>

rN-l

q =

rN In

where

q""= surface heat flux,
k = thermal conductivity,
rx = radial position of node i
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peratures calculated by HEATING5

l-H

w

w
Dm

w

3

Ui



ORNL-DWG 81-1623 ETD

SURFACE HEAT FLUXES

PINSIM-CALCULATED

HEATING5-CALCULATED

20

TIME IN SEC

&=&-
*T
35

Fig 10 Comparison of surface heat flux calculated by PINSIM with
surface heat flux calculated by HEATING5

* CM
p *

s

CO
oo

X
D
rJ

pa

W

u
u

-c\i

40



17

where

H(t) = heat transfer coefficient at time t,
q"(t) = calculated surface heat flux,
Ts(t) = calculated surface temperature,
Tjj(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 inverse 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 in 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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first backward conduction problem solution results)
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Fig 15 Comparison (0 to 4 s, -0 1 to 0 1 kW) of original power
transient (from power-drop test) with PINSIM-calculated power transient
(from first backward conduction problem solution results)
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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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CONCLUSIONS

Data generated during a power-drop test with an electrically heated
fuel rod simulator were used to verify PINSIM-M0D2 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 in the coolant channel ad
jacent to the rod thermocouples Comparisons have been made between the
test data and the results of PINSIM-M0D2 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-M0D2 during solution of the inverse conduction problem discussed
in Sect 2 3 Some results of this calculation are plotted in Figs 3
and 4





PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VtRSION 002 06/30/00 NO 211 (PINMANi PAGfc 0002

LISTING OF INPUT DATA FCR CASfc 1

1 ************************************************************POJOB OAT*

2 =PINSIM VERIFICATION STUOY PRGBLEN PLWfcft-DROP TEST SIMULATION

3 *

4 * NSYS NPINS NFLIP

5 100100 1 1 0

b *

7 * I0JC8 RSTr«TM ENDT NTIM

8 1O0000 1 0 0 4 0

9 *

10 * TIME TMIN TMAX JTIMFL

11 100001 0 0 OS 05 2

12 *

13 * NITER CONVERGENCE CRITERIA TEMP ENERGY

14 100400 SO 1 00-8 1 0O-3

i& *

l j * NJBtG IG3I3UG IHDBUto ISOUUG IFCBLG

17 200000 11 O 6 0

13 •

19 * M INCUT *MIN DELM IN

20 210000 8 1 0 0

21 *

22 *

23 * MAJQUT NMAJ JELMAJ

24 220000 6 0 10

25 *

26 * KPLT DELFLT LO

27 230000 0 0 0 M

28 *

£9 ****** ************* *«** ***************************1_Nl) OF POJOB OAT*

30 »*** * ***«*«*********************»»*«**********************PDPIN OAT*

31 »

32 * APPPH IMATE BUNOLC -i OEaIGN (AS DESCRIBED IN dOHT-2<.i>7)

33 *

34 *

35 * MODEL ASSEMBLCD LN J/3/80 BY BOO tiAGAR

3£> * (THERMAL CONDUCTIVITY OF CUTER BN3 ANNULUS CHANGtD BY OGM

37 * ON 26-MAR-80 TO IMPROVE INV RESULTS)

38 *

39 *

40 ****************************************** ****************** ********

41 *

42 * NLVL NMAT IPOW P0»FAC IGAPFL INFLAG HTCFAC IDFURM

43 410000 14110 0 100

44 *

45 ************************ ************************ ******* ******** **•

4b *

47 *

48 * NREG PlVPA ZLNCTH NODMAT

49 410100 S 10 1 000 0

oO *

51 * RINREG ROTWEG POVP NNOO MATRLG

b2 410101 00 0 0023417 0 0 1 1 * T/C BUNDLE

53 410102 0 0023417 0 009075 0 0 7 I INNER dN3

54 410103 0 O0V07S 0 010225 1 00 2 3 * HLATER tLEMtNT

55 410104 0 010225 0 0140167 0 0 6 2 * OUTER BN3

o 410105 C 0140167 0 0155917 0 0 3 4 * SS-Jlo



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VERSION 002 Ob/30/80 NO 211 (PINMANi PAGE 0003

57 *
58 **********************************************************************

59 * MATERIALS
6 0 **********************************************************************

61 *

62 * MATERIAL 1 BN3 (CORE)

63 *

64 *

65 419100 0 3 5000

66 *

67 * (THERMAL CONDUCTIVITY)

68 *

69 419110 0 0 0 2300 0

70 *

71 * (COEFFICIENTS *ERE OBTAINED FROM L J OTT ON 3-2-80)

72 419111 21 286*75 -O 01013*9 0 0 0 0 0 0

73 *

74 * (SPECIFIC HEAT CAPACITY)

75 *

7b 419120 0 0 0 2300 0

77 *

78 419121 C 167812347 3 70264053D-04 -1 737935240-07

79 + 3 144862 150-11 0 0

80 *

81 * (DENSITY)

82 *

83 419130 -1 0 0 2300 0

84 * U)

85 * (CORE BN3 OENSITY CORRECTED ON 6-MAY-80 TO CONFORM N>
86 * TO BDHT-2404)

87 419131 136 3840

88 *

89 *

90 * MATERIAL 2 BN3 (ANNULUS)

91 *

92 *

93 419200 0 3 6000

94 *

95 * (THERMAL CONDUCTIVITY)

96 *

97 419210 0 0 0 2300 0

93 *

99 * (COEFFICIENTS WERE OBTAINED FROM L J OTT ON 3-2-80)

100 *

101 (K COEFF MOOIFIED BY DGM Ct< 26-KAR-eO TO

102 * IMPROVE INV RESULTS INCREASE BOTH EY 1 104)

103 *419211 1 56185 -0 368726-02 0 0 0 0 0 0

104 419211 17 1853 -0 40719E-02 0 0 0 0 0 0

105 *

106 * (SPECIFIC HEAT CAPACITY)

107

108 419220 0 0 0 2300 0

109

110 419221 0 167812-47 3 70264053D-04 -1 73793524D-07

111 + 144862 15D-11 0 0

1 12 *

113 * (DENSITY)

114 *
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PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CUDE MOD 2 VERSION 002 06/30/80 NO 211 (PINMAN) PAGE 0012

579 4 0 400000E 00 0 0300E400

580 4 0 500000E 00 0 0OOOE40O

581 4 0 600000E400 0 0OOOE4O0

582 4 0 700000E+00 0 00OOE 00

583 4 0 800000E 00 0 0O0OE4O0

584 4 0 900000E400 0 0000E4O0

j85 4 0 10O0O0E 01 0 OOOOE + CO

586 0 200000E 01 0 0OOOE4O0

587 4 0 300000E 01 0 0O0OE4O0

588 4 O 400000E 01 0 OOOOE 00

589 4 0 500000E+01 0 OOOOE+00

590 4 0 600000E 01 0 0OO0E400

591 0 700000h401 0 OOOOE 00

592 4 0 800000E401 0- OOOOE + 00

593 4 0 900COOE401 0 OOOOE400

594 4 0 1OO0O0E 02 0 OOOOE400

595 *****************************i************************END OF POQA DAT***

596 **********************************************************************

597 *

598 210001 PHIM1 1) TdALIl 1) POWLd 1) TNODd 1 1)

599 4 TNCDd I 3) TNGDO 1 4) TNOCd 1 16) T «JD( 1 1 19)

60 0 *

601 200000 6 0 0 0 1

CARO ABOVE IS REPLACEMENT CARD

602 ******************************************************************** •

603



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VERSION 002 06/30/80 NO 2d (PINMANI PAGE 0013
PINSIM VERIFICATION STLDY PROBLEM PCOER-OSCP TEST SIMULATION 07/16/80

DATA OECK DIAGNOSTICS

MINIMUM LENGTH OF TABLE ARRAY IN COMMON /SCRTCH/ IS 1106 WORDS

(LENGTH OF THE ARRAY IS NOW 10000 WORDS)

— PROCESSING THE JOB CONTROL CARO

— PROCESSING PROBLEM CPT IONS

PROCESSING PIN DATA

PROCESSING SYSTEM OATA SYSTEM # 1 ^
tv)

******** CARDS 500020 THROUGH S00020 HISSING

♦4444444 WARNING SYSTEM 1 LEVEL 1

CARD SERIES 500111 NC CF TABLE PAIRS SPECIFIED AT 20

IS BEING RESET TO ACTUAL NO OF PAIRS FOUND IN INPUT = 22

♦♦♦♦♦ 4 NOTE CARC 500111 POWER TABLE IS BEING NORMALIZED TJ 0 9479720 00 (PLVL ON CARO 500100)

♦4444444 WARNING SYSTEM I LEVEL 1

CARO SERIES 500141 NO OF TABLE PAIRS SPECIFIED AT 20

IS BEING RESET TO ACTUAL NO OF PAIRS FOUNO IN INPUT = 401

INITIALIZING PIN PARAMETERS

PROCESSING EDIT OPTIONS

MINIMUM LENGTH (JJ- DATA ARRAY IS 868 WORDS

(LENGTH OF THE ARRAY IS NOW 5000 WORDS)



=>INSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VERSION 002 06/30/d0 NO 211 (PINMAN) PAGE 0014
PINSIM VERIFICATION STUDY PROBLEM PGWER-OROP TEST SIMULATION 07/16/80

END OF INPUT DATA PROCESSING

NO FATAL DIAGNOSTICS

PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CJDE MOD 2 VCRSION 002 06/30/80
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PINSIM VERIFICATION STUDY PROBLEM PCWER-OROP TEST SIMULATION 07/16/80

******************************* ******************************* *********************************** * ****************************
********* ***************************************************************************************************************** ******
******************************************* * ******************************************************* ********** ****************
**********************************************************************************************************************************
******************************************* ************************* ************************ ************ **********************
************************ *********************************************************************************************************
****************************************************** ********************************* * ***************************************
******************************** **********************************************************♦*****************»*#«»****«*»*♦*«»»*»»
**************************************************************************************************** *****************************
*********************************************************************** ************************************************ *********
********************************************************* ***** ******************************************************************
*************** ************************* ************************ ******************* *******************************************
********************************** ******************************************************** **************************************
***************** ****************************************************************************************************************
************************************************************************************* ********************************************
******** ************************************************************************************************************* ***********
********************************* ****** ****************** ******** *************************************************************
********************************** ***********************************************************************************************
************************************************************************************************* ******** ***********************
***************************************************************** ***************************************************************
********************************* ***************************** ******* * *** ****************************************************
**********************************************************************************************************************************
**************************************************************************************** ***** ***********************************
**********************************************************************************************************************************
**************************************** ****************************************
*************************************** ** ************************************* J^
**************************************** INITIALIZED INPUT DATA ****************************************
****************************************

****************************************
•* **•*•****•**•*•*•***•***•••****••**•*

*************************************

**********************************************************************************************************************************
************************************************ *********************************************************************************
****************************************** ***************************************************************************************
********************************************************************** ***********************************************************
********************************************.************************ *************************************************************
**********************************************************************************************************************************
************************************* *********************** ***** *************************** **********************************
********* ******************************* *********************************** ********************** *****************************
*********************************************************** **********************************************************************
**********************************************************************************************************************************
**********************************************************************************************************************************
******************************************************** *************************************************************************
********************************************************************** *** *******************************************************
************************************************************ *********************************************************************
**********************************************************************************************************************************
********************************* *************************** ********************************************************************
*** ******************************************************************************************************************************
*********************************************************************** **************** *****************************************
******************************************************************* **************************************************************
********************************************************************************************* ************************************
*********************************** ********************************** ***********************************************************
**********************************************************************************************************************************
**********************************************************************************************************************************
************************************************************ ********* ***********************************************************



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODB MOD 2 VERSION 002 06/30/80 NO 211 (PINMANJ PAGE 0016
PINSIM VERIFICATION STUDY PROBLEM PCHER-ORCP TEST SIMULATION 07/10/80

GENEMAL PROBLEM DATA

SYSTEM

SYSTEM FLAG

I 0

PROBLEM END TIMc - 4 0000 00D 00 SEC

TIME STtP CONTROL uROUPS

GROUP BEGINNING MINIMUM TIME MAXIMUM TIME STEP SIZE
NO TIMEISEC I STEP SIZE(SCC) STEP SIZE(SEC) SEL FLAG

10 0 5 0000000-02 5 C00O00O-02 2

MAJOR EDIT

MINOR EOIT

PLOT RECORD

UUTPUT CONTROL

ELAPSED NO OF ELPASEO TIME ROUTED TO

TIME 5TEPS DEVICE NO

0 0 100000D 01 o

1 0 0 8

0 0 0 1

PROBLEM CONVERGENCE CRITERIA

TEMPERATURE CONVERGENCE FACTO* 0 IOOOOOD-07
ENERGY CONVERGENCE FACTOK 0 1000000-07
MAXIMUM NUMBER OF ITERATIONS 50

Ln



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOO 2 VERSION 002 06/30/80 NO 211 (PINMANI PACE 0017
PINSIM VERIFICATION STUDY PROBLEM PCWER-OROP TEST SIMULATION 07/16/60

********•*******•*************************************»***,********,**************************************************************
********************************»********»**********SYSTEM INPUT DATA SYSTEM NO 1************«*»*»*«««****»»»»»*«»«»»»**»«»»««»
***•****************•********•*****•**.**********•********•************************************»***********************************

SYSTEM POWER CONTROL STEADY-STATE

CONTROL FLAG FLAG/* OF LEVELS POWER KW

0 -10 10O000O 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

0 0 0 0 0

J>



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2
PINSIM VERIFICATION STUDY PROBLEM PCWER-OROP TEST SIMULATION

VERSION 002 06/30/30

07/16/80

NO 211 (PINMAN) PAGE 0018

******************************,***********************************************************************•****•****•*****************
CALCULATICNAL CONTROL SYSTEM 1 LEVEL * 1

**********************************************************************************************************************************

CALCULATION LOCATION

**********************

PIN

1

LEVEL

1

NODE

16

BOUNDARY CONDITION CONTROL FLAGS

•***••*****•**•*•••*****•*•******•*•••*•*••**••***

LEVEL

POWER

22

SURFACE

HEAT FLUX

SURFACE

H T COEFF TEMPERATURE

401

LEVEL FILTER CONTROL

***•**•*•*•*•***•*•**••••***•***•*•**•****•*•***•••*

PARAMETER

LEVEL POWER

HEAT FLUX

TEMPERATURE

LOW-PASS

BREAKPOINT

0 0

0 0

0 0

HIGH-PASS FILTER

BREAKPOINT FLAG

0 0 0

0 0 0

0 0 0

POWER TRIP

********************

TEMPERATURE

0 0

FLAG

0

BOUNDARY CONDITION LINKS

(TABLES FOLLOW)
••A********************************************

PARAMETER PIN

NODE/PARAMETER */

LEVEL POINTER

LEVEL POWER 0 0 23

HEAT FLUX 0 0 0

H T COEFF 0 0 0

TEMPERATURE 0 0 67

J>



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2
PINSIM VERIFICATION STUDY PROBLEM POkER-DROP TEST SIMULATION

POWER TABLE FOR SYSTEM

PAGE 0019VERSIO 002 06/3 0/80

07/16/80

NO 211 (PINMAN) P

YSTEM 1 LEVEL 1

TIME LEVEL POWtft TIME LEVEL POWER

(jEC ) (Kk ) (SEC > (KW )

TIME LEVEL POWER TIME LEVEL POWER

(SEC ) (KW ) (SEC ) (KW )

0 0 0 92 76960 01 0 100O00O-01 0 0

0 200000D 00 0 0 0 3000000 00 0 0

0 600000D 00 0 0 0 7000COO 00 0 0

0 100000D 01 0 0 0 200000D 01 0 0

0 500000D 01 0 0 0 600000D 01 0 0

0 900000D 01 0 0 0 1000000 02 S 0

0 500000D-01 0 0

0 400000D 00 0 0

0 8000000 00 0 0

0 300000D 01 0 0

0 700000D 01 0 0

0 100000D 00 0 0

0 5000000 00 0 0

0 900000D 00 0 0

0 400000D 01 0 0

0 800000D 01 0 0

•Px
co
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PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOO 2 VERSION 002 06/30/80 NO 211 (PINMANI PAGE 0022
PINSIM VERIFICATION STUDY PROBLEM POWER-DROP TEST SIMULATION 07/16/80

PIN DATA

(PIN NO 11

POWER POWER PIN TC AV5 TOTAL PIN NUMBER OF NUMBER OF
SYSTEM FLAG FCW PEAK FAC LENGTH FT AXIAL LEVELS MATERIALS

0 10 1000D 01 1 00 1 *

GAP INTERNAL HEAT TRANSFER PIN

CALCULATION DATA AREA SCALING DEFORMATION

FLAG FLAG FACTOR FLAG

0 0 0 1000OOO 01 0

FLUX DEPRESSION FACTORS

WERE NOT USED

Ul



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VERSION O02 06/JO/80 NO 211 (PINMANi PAGE 0023
PINSIM VERIFICATION STUOY PROBLEM PCWER-OFCP TEST SIMULATION 07/16/80

LEVEL DATA

(PIN NU 1)

LEVEL SURFACE HEAT AXIAL AXIAL PIN ASSOCIATED NO OF RADIAL M) CF RADIAL
NO TRANSFER ARCA LENGTH POWER FRACTION WATER NODE REGIONS NOOEa

(FT*<*2) (FT)

O 9796550-01 1 000 1 0000 0 5 IS

S3



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOO 2

PINSIM VERIFICATION STUDY PROBLEM PO»ER-DROP TEST SIMULATION

VERSION 002 06/30/80

07/16/80

LEVEL

NO

REGION

NO

1

2

3

4

5

REGION INNER

RADIUS FT

0 0

0 2342D-02

0 90750-02

0 1023D-01

0 1402D-01

REGION DATA

(PIN NO 1)

REGION OUTER

RADIUS FT

0 23420-02

0 907SD-02

0 10230-01

0 1402D-01

0 15590-01

RADIAL PO ER

PEAK FACTOR

0 0

0 0

0 1000D 01

0 0

0 0

NO OF MATERIAL

NODES 1 D NO

1 1

7 1

2 3

6 2

3 4

NO 211 (PINMAN) PAGE 0024

LT)
W



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD
PINSIM VERIFICATION STUOY PROBLEM PCWER-OROP TEST SIMULATION

VERSION 002 06/30/80

07/16/dO

NO 211 (PINMAN)

- NODE DATA •

(PIN NO 1)

EVEL NODE NODE INNER NODE CENTER NODE OUTER NODE RADIAL POWER MATERIAL
NO NO RADIUS FT RADIUS FT RADIUS FT VOLUME FT3 PEAKING FACTOR I 0 NO

1 0 0 0 16S583D-02 0 234170D-02 0 172271D-04 0 0

2 0 234 170D-02 0 331277D-02 0 4057740-02 0 34500 ID-04 0 0

3 0 405 774D-02 0 4685740-02 0 5236990-02 0 3450010-04 0 0
4 0 5238990-02 0 573915D-02 0 6199090-02 0 3450010-04 0 0

S 0 619909D-02 0 66 719D-02 0 702926D-02 0 34S001D-04 0 0
6 0 702926D-02 0 74 09540-02 0 7771240-02 0 3450 010-04 0 0
7 0 7771240-02 0 811684D-02 0 8448310-02 0 345001D-04 0 0

a 0 844 83 ID- 02 0 8767260-02 0 907500D-02 0 3450 010—04 0 0
9 0 9075000-02 0 9-7573D-02 0 966712D-02 0 348638D-04 0 S00000O 00 3

10 0 9667120-02 0 9949S7D-02 0 1022500-01 0 3486380-04 0 500000O 00 3
n 0 102250D-01 0 10.929D-01 0 109485D-01 0 4812780-04 0 0 2
12 0 1 09485D-01 0 112929D-01 0 116271D-01 0 481276D-04 0 0 2
13 0 116271D-01 0 119 20D-01 0 1226820-01 0 4812 780-04 0 0 2
14 0 122682D-01 0 12S765D-01 0 128775D-01 0 4812 780-04 0 0 2
IS 0 128 7750-01 0 1317150-01 0 134591D-01 0 4312780-04 0 0 2
16 0 134 591D-01 0 1374070-01 0 140167D-01 0 4812 780-04 0 0 2
17 0 140 1670-01 0 142913D-01 0 14S606D-01 0 4883420-04 0 0 4
18 0 145606D-01 0 148251D-01 0 150U50D-01 0 4863420-04 0 0 4

19 0 150850D-01 0 1534040-01 0 15591 7D-01 0 4S8342D-04 0 0 4

PAGE 0025



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VERSION 002 06/30/80 NO 211 (PINMAN) PAGE 0026
PINSIM VERIFICATION STUDY PROBLEM PCWER-ORGP TEST SIMULATION 07/16/80

MATERIAL DATA

(PIN NO 1)

IDENTIFIED MATERIALS

MATERIAL NO 3 IS INCONEL

MATERIAL NO 4 IS STAINLESS STEEL 316

FOLLOWING ARE DESCRIPTIONS OF THE OTHER MATERIALS

U)



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOO 2 VERSION 002 06A>0/80 NO 211 (PINMAN) PAGE 0027
PINSIM VERIFICATION STUDY PROBLEM PCWER-OKOP TEST SIMULATION 07/16/80

MATERIAL DATA

(PIN NO 1)

MATERIAL NO 1

MbLTING TEMPERATURE (F)

5000 00

THERMAL CONDUCTIVITY

OTU/HR-FT-F)

ALLOWED TEMPERATURE RANGE

HIGH LOW

2300 00 0 0

K « CO ♦ Cl»T * C2»T»*2 4 C3*T*«3 * C4»T»»4

CO CI C2 C3 C4

0 2128660 02 -0 1013690-01 0 0 0 0 0 0

SPECIFIC HEAT CAPACITY Ul
(BTU/LBM-F1 ON

ALLUWED TEMPERATURE RANGE

HIGH LOW

2300 00 0 0

CM CM C1«T » C2»T»»2 ♦ C3«T**3 ♦ C44T444

CO CI C2 C3 C4

0 167812C 00 0 3702C4D-03 -0 1737940-06 0 314486O-10 0 0

DENSITY

(L0M/FT»»3)

0 1383840 03

-1



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS COOL MOD 2 VERSION 002 06/40/dO NO 211 (PINMANI PAGc 002O

PINSIM VERIFICATION STUDY PROBLEM PCWER-OROP TEST SIMULATION 07/16/80

MATERIAL DATA

(PIN NO 1)

MATERIAL NO 2

MELTING TEMPERATURE (Ft

S00O 00

THERMAL CONDUCTIVITY

(BTU/HR-FT-F)

ALLOWED TEMPERATURE RANGE

HIGH LOW

2300 00 0 0

K = CO * C1*T * C2*T»*2 * C3*T**3 * C4»T**4

CO Ct C2 C3 C4

0 1718530 02 -0 407190D-02 0 0 0 0 0 0

SPECIFIC HEAT CAPACITY Ul
(dTU/LBM-Fl xj

ALLOWcU TEMPERATURE NANuE

HIGH LOW

2300 00 0 0

CF = CO ♦ Cl*T ♦ C24T442 ♦ C3*T**3 ♦ C44T444

CO CI C2 C3 C4

0 167812D 00 0 3702640-03 -0 1737940-06 O 3144860-10 0 O

DENS IT Y

(LBM/FT443)

0 1354680 0 3

END OF INPUT DATA PROCESSING



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VERSION 002 06/30/60 NO 211 (PINMAN) PAGE 0029
PINSIM VERIFICATION STUDY PROBLEM PGWER-OROP TEST SIMULATION 07/16/80

**********************************************************************************************************************************
»***********»»*****»♦*♦*»**♦»*»***»***»**»**♦*»*******4*^ »»***»»♦♦****»*»

**********************************************************************************************************************************

************************************************* ********************************************************************************

**********************************************************************************************************************************
**********************************************************************************************************************************
*** ******************************************************* ******************** *** *************************************************

**********************************************************************************************************************************

**********************************************************************************************************************************

**********************************************************************************************************************************

**********************************************************************************************************************************

**********************************************************************************************************************************

**********************************************************************************************************************************

**********************************************************************************************************************************

**********************************************************************************************************************************

**********************************************************************************************************************************

**********************************************************************************************************************************

**********************************************************************************************************************************

**********************************************************************************************************************************

**********************************************************************************************************************************

**********************************************************************************************************************************

************************************* ***************** ******************************** ********************************************

**********************************************************************************************************************************

**********************************************************************************************************************************

**************************************** ********** *****************************

**************************************** ****************************************

**************************************** STEADY-STATE OUTPUT **************************************** (j,
**************************************** **************************************** CO

•****»^************ ******** ************* ****************************************

**********************************************************************************************************************************

**********************************************************************************************************************************

**********************************************************************************************************************************

**********************************************************************************************************************************

**********************************************************************************************************************************

*********************************************************************** **********************************************************

**********************************************************************************************************************************

**********************************************************************************************************************************

**************************************************************************************************************** *****************

****************************** ***************************************************************************************************

**********************************************************************************************************************************

**********************************************************************************************************************************

**********************************************************************************************************************************

********************************************************************************************** ***********************************

**********************************************************************************************************************************

**********************************************************************************************************************************

**********************************************************************************************************************************

**********************************************************************************************************************************

**********************************************************************************************************************************

**********************************************************************************************************************************

**********************************************************************************************************************************

**********************************************************************************************************************************

**********************************************************************************************************************************

**********************************************************************************************************************************



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

PINSIM VERIFICATION STUDY PROBLEM PCWER-OROP TEST SIMULATION
VERSION 002 06/30/80

07/16/80

NO 211 (PINMAN)

LEVEL NO

1

LEVEL NO

I

842 25

11

803 82

SYSTEM * LEVEL •

CALCULATION LOCATION

PIN LEVEL NODE

LEVEL BOUNDARY CONDITIONS

POWER (KW)

HEAT TRANSFER COEFFICIENT (BTU/SEC-FT2-F >

TLMPERATURL (OEG F)

UNFILTERED

0 9276960 01

0 0

0 7058100 03

INVERSE CALCULATION

CALCULATED RESULTS

FILTERED

0 9276960 01

0 7058100 03

SURFACE HEAT FLUX (BTU/SEC-FT2)

SURFACE TEMPERATLRE (CEG F>

0 9469620 02

0 6435950 03

2

842 25

12

779 45

3

842 2S

13

758 00

TEMPERATURE DISTRIBUTION

PIN 1 LEVEL 1

4

842 25

14

738 85

NODE

5

842 25

NODE

15

721 56

6

842 25

16

705 81

7

842 25

17

688 51

8

842 25

18

669 69

9

842 25

19

652 03

PAGE 003S

10

829 27

Ul



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CUDE MOD 2

PINSIM VERIFICATION STUDY PROBLEM POWER-DROP TEST SIMULATION

VERSION 002 06/30/80

07/16/80

NO 211 (PINMAN) PAGE 0036

LEVEL LEVEL POWER

NO (BTU/SEC)

1 0 9276960 01

SUMMARY OF PIN CONDITIONS PIN NO

PIN POWER

TAU (5 EC)

0 0

OELT (SEC)

O 0

BTU/SEC

0 0

SYSTEM IDENTIFICATION PIN 1

LEVEL SYSTEM # SYSTEM LEVEL

SURF HEAT TRAN SLRF HEAT FLUX CENTERLINE TEMP HEATER NODE SURFACE TEMP ADJACENT COOL S URF HT TRANS
(BTU/SEC) (eTU/SEC-FT**2) (F) TEMP(F) (F) TEMP(F) COEFF(B/S-FT2-F)
0 927696D 01 0 9469620 02 0 842254D 03 0 829270D 03 O 643595D 03 O 705610D 03 0 0

EQUIVALENT GAP

CONDUCTIVITY

(BTU/SEC-FT-F)

GAP CONDUCTANCE

(BTU/SEC-FT**2-F)

GAP THICKNESS

(FT )

0 0

STEADY STATE

GAP THICKNESS

(FT )

NO OF ITERATIONS

IN H T OLUTION

ON

O



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VERblON 002 06/30/80 NO 211 (PINMAN) PAGE 0037
PINSIM VERIFICATION STUDY PROBLEM PCWER-OFGP TEST SIMULATION 07/16/80

SUMMARY OF PIN CONDITIONS PIN NO 1

PIN TEMPERATURE DISTRIBUTION

NUDE

LEVEL NOl 23456 789 10
842 25 842 25 842 25 842 25 842 25 842 25 842 25 842 25 842 25 8*9 27842 25

19

652 03

1

NUi>E

ll 12 13 14 15 16 17 18LEVCL NO
I 803 82 779 46 758 00 738 85 721 56 705 81 688 51 669 69

ON



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE NOD 2 VERSION 002 06/30/80 NO 211 (PINMANI PAGE 0038
PINSIM VERIFICATION STUDY PROBLEM POWER-DROP TEST SIMULATION 07/16/80

SUMMARY OF PIN CONDITIONS PIN NO 1

TOTAL STORED ENERGY PIN 1 = 0 307978D 02 BTU

LEVEL STORED ENERGY PER LEVEL(BTU)

1 0 30797SD 02

TOTAL NODAL STORED ENERGY (BTU1

NODE

LEVE4- NOl 23456789 10
1 0 72470 00 0 14S1D 01 0 14S10 01 0 14510 01 0 14510 01 0 14S1D 01 0.1451O 01 0 1451D 01 0 18620 01 0 18300 01

NODE
LEVEL NO 11 12 13 14 15 16 17 18 19

1 1 86 1 78 1 71 1 66 1 60 1 55 2 08 2 02 1 93

ON
fx>



R

E

S

T

A SRF HI' FLUX SURF TEMP LEVEL POWR NODAL TEMP NODAL TEMP NODAL TEMP NODAL TEMP NODAL TEMP

R TIME(SEC) B/S-•FT2 DEG F BTU/SEC (DEG F) (DEG F) <OEG F) (OEG F) (OEG Fl

T ( 11 1) ( 1 1) ( 1 1) ( 1 1 I) (113) (114) ( 1 1. 16) (11. 19)

o o 94 696 643 59 S1 2770 342 25 842 25 842 25 70S 61 652 0.

0 5000000-01 100 59 637 80 0 0 340 83 838 40 836 20 700 34 646 78

0 100000D 00 97 057 632 67 0 0 83 7 02 331 02 826 37 692 37 641 35

0 150000 89 965 628 71 0 0 830 76 821 45 81 S 00 684 21 636 77

0 200000 89 722 621 47 0 c 822 50 810 73 803 13 675 42 629 54

0 250000 85 287 615 34 0 0 812 80 799 44 791 21 666 86 623 03

0 300000 76 376 612 26 0 0 802 19 787 94 779 42 659 59 619 16

0 350000 70 820 609 14 0 0 791 07 776 47 767 91 653 18 615 54

0 400000 69 545 604 23 0 0 779 75 765 16 756 72 646 76 610 53

0 450000 68 698 598 54 0 0 768 43 754 11 745 89 640 14 604 78

0 500000 S9 450 597 01 0 0 757 28 743 36 735 43 634 79 602 46

0 550000 62 887 590 86 0 0 746 37 732 97 725 35 628 eo S9o 60

0 600000 SI 187 S91 33 0 0 735 78 722 95 715 67 624 52 S96 00

0 650000 51 153 588 27 0 0 725 67 713 34 706 43 620 23 592 94

0 700000 48 040 585 96 0 0 715 76 704 17 697 62 616 16 590 37

0 750000 44 283 584 41 0 0 706 38 695 43 689 24 612 .1 S88 46

0 800000 44 220 581 25 0 0 697 45 687 12 681 29 606 65 585 30

0 850000 40 245 579 73 0 0 688 95 679 23 673 75 605 21 .63 42

0 900000 38 130 577 91 0 0 680 88 671 75 666 59 601 98 581 41

0 950000 35 757 S76 34 0 0 673 24 664 66 659 82 598 97 579 62

1 OOOOO 33 16 574 91 0 0 666 01 667 95 653 41 596 17 577 99

1 05000 28 895 575 03 0 0 659 17 651 63 647 37 594 02 577 69

1 10000 32 984 571 11 0 0 o52 72 64S 65 641 67 591 00 574 IS

1 15000 26 395 571 51 0 0 646 64 640 02 636 28 S38 84 573 94

1 20000 28 607 568 71 0 0 640 90 634 70 631 20 586 25 S71 35

1 25000 24 890 568 13 0 0 635 49 629 68 626 39 584 09 -70 42

1 30000 22 043 567 96 0 0 630 38 624 94 621 86 582 37 569 99

1 35000 22 749 566 22 0 0 625 -.7 620 48 617 59 580 42 .68 32

1 40000 20 468 565 58 0 0 621 05 616 27 613 57 578 69 567 47

1 45000 21 127 563 71 0 0 616 79 612 31 609 78 576 74 .65 66

1 50000 17 646 563 61 0 0 612 77 608 58 606 21 575 23 565 26

1 55000 18 864 S61 86 0 0 608 99 605 06 602 83 573 49 563 61

1 60000 14 419 562 63 0 0 605 43 601 74 599 65 572 41 563 96

1 65000 15 586 561 35 0 0 602 08 598 63 S96 67 571 11 S62 79

1 70000 13 16 561 21 0 0 598 93 595 70 593 87 570 03 *62 46

1 75000 15 565 559 18 0 0 t>95 98 592 95 591 23 568 51 560 62

1 80000 12 367 559 31 0 0 593 20 590 36 568 75 567 42 560 45

1 85000 12 311 558 55 0 0 590 58 587 92 586 41 S66 34 559 69

1 90000 13 110 557 09 0 0 588 11 585 61 584 19 565 03 558 30

1 95000 7 '7552 556 77 0 0 583 79 583 44 582 11 564 60 559 49

ON
Ul



E

S

T

A SRF HT FLUX SURF TEMP LEVEL FOWR NODAL TEMP NODAL TEMP
R TlMe(SEC) B/S-FT2 OEG F BTU/SEC (DEG F) (DEG F)
T ( 1 1) ( 1 1) (1 1) (111) (113)

2 OOOOO 1 1 699 556 65 0 0 583 61 581 41

2 05000 7 0462 557 92 0 0 581 5o 579 50

2 10000 12 085 555 04 0 0 579 64 S77 70

2 15000 4 9947 557 34 0 0 577 83 576 02
2 20000 8 1561 555 99 0 0 576 14 574 45

2 25000 6 0580 556 34 0 0 574 56 572 99
2 30000 7 1653 555 45 0 0 573 09 571 62

2 35000 6 7721 554 95 0 0 571 71 570 34
2 40000 7 7341 553 77 0 0 570 41 5o9 13

2 45000 1 4839 556 38 0 0 569 20 568 0 0

2 50000 4 29 555 50 0 0 568 07 566 95

2 55000 8 4226 552 88 0 0 567 01 565 97

2 60000 2 9453 554 47 0 0 566 02 56S 05

2 65000 3 6717 554 33 0 0 565 10 564 18

2 70000 2 1927 554 99 0 0 564 23 563 38

2 75000 5 6820 553 16 0 0 563 42 662 63

2 80000 2 6366 553 91 0 0 562 67 Sol 93

2 85000 4 1748 Ss3 06 0 0 561 97 561 28

2 90000 2 6024 553 41 0 0 -.6 1 30 560 65

2 95000 2 7 741 553 25 0 0 560 68 560 07

3 OOOOO 1 4266 553 82 0 0 SoO 10 559 53

3 05000 3 8626 552 57 0 0 559 55 559 02

3 10000 0 96372 553 55 0 0 559 05 558 5 5

3 15000 2 4545 552 97 0 0 558 57 = 58 11

3 20000 3 3864 552 12 0 0 558 13 557 69

3 25000 0 7£965 553 04 0 0 557 71 557 30

3 30000 2 3262 552 42 0 0 55 7 32 556 93
3 35000 0 82089 552 95 0 0 556 95 556 59

3 40000 2 1418 552 34 0 0 556 61 556 2 7

3 4500 0 -1 7261 554 22 0 0 556 <:9 555 98

3 50000 4 6453 551 41 0 0 556 00 555 72

3 55000 0 83821E-01 552 76 0 0 555 73 555 47

3 60000 1 S539 552 OS 0 0 5t>5 48 555 23
3 65000 0 48355 552 55 0 0 555 24 555 0 0

3 70000 1 6450 551 90 0 0 555 01 554 79

3 75000 0 40S7O 552 39 0 0 554 79 554 59

3 80000 2 9780 551 04 0 0 554 59 554 39

3 85000 0 2C643 531 94 0 0 554 39 5j4 19
3 90000 1 7686 551 29 0 0 554 19 554 00

3 95000 -1 9573 553 10 0 0 554 01 553 83

NODAL TEMP NODAL TEMP NOOAL TEMP

(DEG F) (DEG F) (DEG F)

(114) (11 16) ( 1 1 19)

580 15

578 33

576 61

575 00

573 49

572 09

570 79

569 56

568 40

567 31

566 32

565 38

564 49

563 66

562 90

562 18

561 51

560 88

560 28

559 72

559 20

558 72

558 27

557 85

557 4S

557 07

556 72

556 39

556 08

555 81

5S5 56

->55 32

555 09

554 87

554 66

554 47

554 27

554 08

5S3 89

553 73

563 51

563 06

561 77

561 56

560 90

360 47

559 82

559 16

558 29

558 51

553 29

557 21

556 99

556 77

556 77

556 12

J5S 90

355 46

555 25

555 03

55S 03

554 59

5 4 S

554 38

553 94

SS3 94

553 72

553 72

553 50

553 94

553 29

553 29

553 07

553 07

552 8

552 85

552 41

552 41

552 20

552 63

557 74

558 57

556 17

557 80

556 75

556 90

556 12

555 58

554 48

556 51

555 93

553 66

554 74

54 67

555 19

53 69

554 IS

553 45

553 65

553 51

53 95

532 93

.53 64

553 2 0

552 44

53 12

552 64

553 03

552 53

554 06

51 84

552 77

52 23

552 60

52 08

552 43

551 32

.51 96

551 46

552 92

ON
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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 06/30/80

LISTING OF INPUT DATA FOR CASE

1

2

3

4

5

6

7

8

9

10

1 1

12

13

14

IS

16

17

13

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

************************************************** *********PDJ08 DAT*

= PINSIM VERIFICATION STUDY PROBLEM POWER-DROP TEST SIMULATION

100100

*

*

iooooo

*

*

100001

*

100400

*

NSYS

1

ID JOB

1

NPINS

1

NFL IP

0

RSTRTM

O 0

ENDT

4 0

NTIM

1

TIME TMIN TMAX ITIMFL

0 0 05 05 2

NITER CONVERGENCE CRITERIA TEMP ENERGY

5 0 1 00-8 1 OD-8

* ND3UG IGDBUG 1HDBUG ISDBUG IFD8UG

200000 11 0 6 0 3

*

* MINCUT NMIN DELMIN

210000 8 1 0 0

* MAJOUT NMAJ DEL MAJ

220000 6 0 10

*

230000

•

**********»*******»********»*********»***************END OF PDJOB DAT*

************************************************************POPIN DAT*

•

• APPROXIMATE BUNDLE 3 DESIGN (AS DESCRIBED IN BDHT-2287)

*

*

• MODEL ASSEMBLED ON 3/3/80 8Y BOB HAGAR

• (THERMAL CONDUCTIVITY OF CUTER BN~ ANNUL US CHANGED BY DGM

• ON 26-MAR-80 TO IMPROVE INV RESULTS)

•

*

*••**•*•*•**•*******•*•**•***********•****•**•*****•***•**************

*

• NLVL NMAT IPOW POWFAC IGAPFL INFLAG HTCFAC IDFORM

410000 1 41 10 O 0 10 0
*

**********************************************************************

410100

410101

410102

4 10103

410104

410105

NPLT DELPLT

0 0 0

NREG

5

PCVPA

1 0

ZLNGTH

1 0 00

RINREG ROTREG

0 0 0 0023417

0 0023417 0 009075

0 009075 0 010225

0 010225 0 0140167

0 0140167 0 0155917

NODWAT

0

POVP NNOD MATREG

0 0 1 1 * T/C BUNDLE

0 0 7 1 * INNER BN3

1 00 2 3 * HEATER ELEMENT

0 0 6 2 * OUTER BN3

0 0 3 4 * SS-316

NO 211 (PINMAN) PAuE 00C2

CD



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VERSION 002 06/30/80 NO 211 (PINMANi PAGE 0003

57 *

58 **********************************************************************
59 * MATERIALS

60 **********************************************************************
61 *

62 * MATERIAL 1 BN3 (CORE)
63 •

64 •

65 419100 0 3 5000
66 •

67 * (THERMAL CONDUCTIVITY!
68 *

69 419110 0 0 0 2300 0
70 *

71 * (COEFFICIENTS WERE OBTAINED FROM L J OTT ON 3-2-80)
72 419111 21 286575 -0 0101369 0 0 0 0 0 0
73 *

74 * (SPECIFIC HEAT CAPACITY)
75 *

76 419120 O 0 0 2300 0
77 *

78 419121 0 167812347 3 70264053D-04 -1 73793524D-07
79 ♦ 3 144862 15D-11 O 0
80 •

81 * (DENSITY)

82 •

83 419130 -1 0 0 2300 0
84 •

85 * (CORE BN3 OENSITV CORRECTEO ON 6-MAY-80 TO CONFORM Q
86 * TO BDHT-2404)
87 419131 138 3640

88 •

89 •

90 • MATERIAL 2 BN3 (ANNULUS)
91 •

92 •

93 419200 0 3 SOOO
94 *

95 • (THERMAL CONDUCTIVITY)
96 *

97 419210 0 0 0 2300 0

98 »

99 • (COEFFICIENTS WERE OBTAINED FROM L J OTT ON 3-2-80)
100 *

101 * (K COEFFS MOOIFIED BY DGN ON 26-MAR-80 TO
102 * IMPROVE INV RESULTS INCREASE BCTH BY 1 104)
103 *419211 IS 56185 -0 J6872E-02 0 0 0 0 0 0
104 419211 17 1853 -0 40719E-02 0 0 0 0 0 0
105 *

106 • (SPECIFIC HEAT CAPACITY)
107 *

108 419220 0 0 0 2300 0
109 •

110 419221 0 167812347 3 70264053D-04 -1 73793524D-07
111 ♦ . 144862 15D-11 0.0
112 *

113 * (OENSITV1
114 •
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VERSION 002 06/30/80PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VERSIl

289 ♦ 0 700000E400 0 O000E4O0

290 ♦ 0 800 000E+00 0 0000E+O0

291 + 0 900000E+00 0 OOOOE-CxOO

292 + 0 100000E+01 0 OOOOE+00

293 ♦ 0 200000E4-01 0 OOOOE+00

294 ♦ 0 300000E + 01 0 OOOOE+00

295 ♦ 0 400 000E+01 0 OOOOE+00

296 + 0 500 000E+01 0 OOOOE+00

297 ♦ 0 600 000E+01 0 OOOOE+00

298 * 0 700000E+01 0 OOOOE+00

299 ♦ 0 800000E+01 0 00O0E+O0

300 ♦ 0 900000E+01 0 OOOOE+00

301 ♦ 0 1OO0OOE4O2 0 OOOOE+00

302 *****************************************************EHD OF PDOA DAT***

303 *********•**•******•*********•**•***••*•**•***•***•••*•*******•*******

304 •

305 210001 PH I •( 1 11 TWALO 1) POULII 1) TNODd 11)

306 + TNCDd 1 3) TNODd 1 4) TNOOd 1 16) TN0D( 1 1 19)

307 *

308 200000 6 0 0 0 1

CARD ABOVE IS REPLACEMENT CARO

309 •

310 • NPBACK NLBACK NNBACK IPFL IOFL IHFL ITFL DTSYS PLVL

31 1 500100 1 1 0 20 0 20 20 0 05 9 27696

CARD ABOVE IS REPLACEMENT CARD

312 *

313 **********************************************************************

314

NO 211 (PINMAN) PAGE 0007

xj
*x



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOO 2 VERSION 002 06/30/80 NO 211 (PINMAN) PAGE 0006
PINSIM VERIFICATION STUOY PROBLEM POkER-OROP TEST SIMULATION 07/16/80

DATA DECK DIAGNOSTICS

MINIMUM LENGTH OF TABLE ARRAY IN COMMON /SCRTCH/ IS 492 WORDS

(LENGTH OF THE ARRAY IS NOW 10000 WORDS)

PROCESSING THE JOB CONTROL CARD

PROCESSING PRUBLEM UPTIONS

PROCESSING PIN DATA

PROCESSING SYSTEM DATA SYSTEM • 1

•••***•* CAROS 500020 THROUGH 500020 MISSING

♦♦♦♦♦♦♦♦ WARNING SYSTEM 1 LEVEL 1

CARO SERIES 500111 NO OF TABLE PAIRS SPECIFIED AT 20

IS BEING RESET TO ACTUAL NO CF PAIRS FOUND IN INPUT - 22

♦+♦+♦♦♦♦ NOTE CARC 500111 POWER TABLE IS BEING NORMALIZED TO 0 9479720 00 (PLVL ON CARO 500100)

♦♦+♦♦♦♦♦ WARNING SYSTEM 1 LEVEL 1

CARD SERIES 500 131 NO OF TABLE PAIRS SPECIFIED AT 20

IS BEING RESET TO ACTUAL NO CF PAIRS FOUND IN INPUT = 81

♦♦♦♦♦+♦♦ WARNING SYSTEM 1 LEVEL 1

CARD SERIES 500141 NO OF TABLE PAIRS SPECIFIED AT 20

IS BEING RESET TO ACTUAL NO OF PAIRS FOUNO IN INPUT = 22

INITIALIZING PIN PARAMETERS

PROCESSING EDIT OPTIONS

MINIMUM LENGTH OF DATA ARRAY IS 272 WOROS

(LENGTH OF THE ARRAY IS NUW 5000 WORDS)



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOO 2 VERSION 002 06/30/80 NO 211 (PINMAN) PAGfc 0009
PINSIM VERIFICATION STUDY PROBLEM POWER-DROP TEST SIMULATION 07/16/80

END OF INPUT DATA PROCESSING

NO FATAL DIAGNOSTICS

PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VERSION 002 06/30/80 NO 211

•«l

ON



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VERSION 002 06/30/80 NO 211 (PINMANi PAGE 0010
PINSIM VERIFICATION STUDY PROBLEM POWER-DROP TEST SIMULATION 07/16/80

***************************************************************************** *********** ****** *********************************
*********************************************************************** ********* **************************************** *******
******************************************************************************************* ** *********** ***********************
************************************************************************** ***** ******* * **** **************** *****************
**********************************************************************************************************************************
******************************************************************************************************* **************************
*********************************************************************** * ************* ******************************************
**************************** **************************** **************************** ***************** *************************
**** ******************************************************************** ***************** **** ****************************** **
**********************************************************************************************************************************
***************************************************** *********************************************************** ************* **
********************************* ****************************************************** ****************************************
*************************************************************** *************************** **** ***** ***** *********************
********************************************************************************************************* ************************
.j********************************************************************** **************** ** *************************************
************************************************************ ******************* ******* ******* *********************************
******************************************************************************************************* **************************
**************************************************** *********** *****************************************************************
********************************************************* ******** *** ******************** **************************************
************************************************************************************** * *****************************************
**********************************************************************************************************************************
************************************************************ *********************************************************************
************************************************************** ***************** ********** ****** ******************** *********
♦********.***************************************************************************************** *****************************
*******************.*****♦*♦************ * ************************************** xj
***************«***«**.***.♦********♦♦** ******************..**.*.****.*****.*** -J
***»*********«****************.********* INITlAi_IZ D INPUT DATA »***********,***************.*******.***
**************************************** * **************************************

********************** *****************
****************************************
*********************************************************** *********************************** *********************************
J****************************************************************** * ************** ** ********* ** *********************** **
***** ************************************************** ******************************** ** *********** *** *** *****************
******************************************************************* ******** ************** ********** **************************
**•******»******•***•*»**•***• ***************************** ***************************** ************************************ **
******************************************************************************************* *** **********************************
********************************************** **************************** *********************************************** ******
********************************************* ************************************** ***** ******************** ******************
******************************************************** * ********************************* *****^*******************************
***************************************** ********************** ************************ ****************** *** *****************
*** ******************************************* ******************************** *********** *********** *************************
******************************************************************************** *** **** ** ********************************** **
•*« ******************************************************************* ************** * ***** ******** ********* ***********
************************************* ************************* ******************* ***** ***** * ******************************
**************************************************************************************** ** *************************************
********************************************************* ************************************************************************
********************************************************* ************ ************** ******** *** **** **************************
**************************** * ************************************************************ ** **********************************
***************** ****** ***************** **************** ************** ***************** *** *********************************
******* ************************************** ************************ ******* ********** ***** ***** **************************
•A************************** **************************** ************* ************** * *** *** *********************************
**•*********•*•**••*•*•**•****•**** *************** *********** ************************ ** **** *********************************
******************************************************** ** **************************** ***** ************* *********************
** * *********************** ****•*•**• *********************************** ************************ *******************************



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOO 2
PINSIM VERIFICATION STUOY PROBLEM POWER-OROP TEST SIMULATION

VERSION 002 06/30/80

07/16/80

GENERAL PROBLEM DATA

SYSTEM

I

SYSTEM

FLAG

0

PROBLEM END TIME = 4 000000D 00 SEC

TIME STEP CONTROL GROUPS

GROUP

NO

BEGINNING

TIMECSEC )
MINIMUM TIME

STEP SIZE (SEC)
MAXIMUM TIME

STEP SIZE!SEC)
STEP SIZE

SEL FLAG

0 0

MAJOR EDIT

MINOR E01T

PLOT RECORO

5 0000000-02 S 0000000-02

OUTPUT CONTROL

ELAPSED NO OF

TINE STEPS

0

1

0

ELPASEO TIME

0 100000O 01

0 0

0 0

PROBLEM CONVERGENCE CRITERIA

TEMPERATURE CONVERGENCE FACTOR 0 1000000-07
ENERGY CONVERGENCE FACTOR 0 1000000-07
MAXIMLM NUMBER OF ITERATIONS SO

ROUTED TO

DEVICE NO

6

S

1

NO 211 (PINMANI PAGE 0011

^4
00



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VtRSION 002 06/30/80 NO 211 (PINMAN) PAGE 0012
PINSIM VERIFICATION STUDY PROBLEM POWER-DROP TEST SIMULATION 07/16/30

**********************************************************************************************************************************
*»********«****************************»**4*********SVSTEM INPUT DATA SYSTEM NO I**********************************************
**********************************************************************************************************************************

SYSTEM POWtR CONTROL STEADY-STATE
CONTROL FLAG FLAG/* OF LEVELS POWER KW

0 10100000D 03

ORDERS OF 1NTERPULAT ION

POWER FLUX TEMPERATURE H T COEFF

POWER FILTER PARAMETERS

LOW-PASS HIGH-PASS FILTER
BREAKPOINT BREAKPOINT FLAG

0 0 0 0 0

«>l



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2
PINSIM VERIFICATION STLDY PROBLEM PCUER-OfiOP TEST SIMULATION

VERSION 002 06/30/80

07/16/80

NO 211 (PINMAN) PAGE 0013

•**•******•*******•*»*•**,**************************»**************************************************m*******mt0m„m^^900^t^
CALCULATIONAL CONTROL SYSTEM 1 LEVEL « 1

******************* *****•************»********«*****************»**»*»****»*»,*„******»„„„„„..^^^..^^^^^^^^^^^^^^^

CALCULATION LOCATION
**********************

PIN

1

LEVEL

1

N03E

0

BOUNDARY CONDITION CONTROL FLAGS
**************************************************

LEVEL

POWER

22

SURFACE

HEAT FLUX

SURFACE

H T COEFF

81

TEMPERATURE

22

LEVEL FILTER CONTROL

****************************************************

PARAMETER

LEVEL POWER

HEAT FLUX

TEMPERATURE

LOW-PASS HIGH-PASS FILTER

BREAKPOINT BREAKPOINT FLAG

0 0 0 0 0

0 0 0 0 0

0 0 0.0 0

POWER TRIP

********************

TEMPERATURE

0 0

FLAG

0

BOUNDARY CONDITION LINKS

(TABLES FOLLOW)

***********************************************

NODE/PARAMETER #/
PARAMETER PIN LEVEL POI

LEVEL POWER 0 0 23

HEAT FLUX 0 0 0

H.T COEFF 0 0 67

TEMPERATURE 0 0 229

CO
o



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD
PINSIM VERIFICATION STUDY PROBLEM POWER-OROP TEST SIMULATION

VERSION 002 06/30/80

07/16/80

TIME LEVEL POWER

(SEC ) (KW )

0 0 0 92 7696D 01

0 200000D 00 0 0

0 600000D 00 0 0

0 100000D 01 0 0

0 S00000D 01 0 0

0 900000D 01 0 0

POWER TABLE FOR SYSTEM 1 LEVEL 1

TIME

(SEC >

100O00D-01

300O00D 00

7OOO00D 00

200000D 01

600O00D 01

IO0O00O 02

LEVEL POWER

(KW )

0 0

0 O

0 0

0 o

0 0

0 0

TIME

(SEC )

LEVEL POWER

(KW >

0 5000000-01 0 0

0 400000D 00 0 0

0 8000000 00 0 0

0 3000000 01 0 0

0 700000D 01 0 0

NO 211 (PINMAN) PAGfc 0014

TIME

(SEC )

LEVEL POWER

(KW.)

0 100000D 00 0 0

0 500000D 00 0 0

0 900000D 00 0 0

0 4000000 01 0 0

0 8000000 01 0 0

oo



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2
PINSIM VERIFICATION STUDY PROBLEM PCWER-OROP TEST SIMULATION VERSION 002 06/30/80

07/16/80

TIME COEFFICIIENT

(SEC ) (BTU/SEC-FTJ»*2

0 0 0 I0 0537D 01
0 2O0000D 00 0 1 13472D 01
0 4000000 00 0 I2 2083D 01
0 6000 ODD 00 0 1262510 01
0 8000000 00 0 12 5861D 01
0 1000000 01 0 122660D 01
0 I20000D 01 0 126048D 01
0 1400000 01 0 12 4877D 01
0 160000D 01 0 120I08D 01
0 180000D 01 0 12(8930 01
0 2 000 00D 01 0 1157000 01
0 220000D 01 0 993686D 00
0 240000D 01 0 990900D 00
0 260000D 01 0 839920D 00
0 280000D 01 0 81 1S28D 00
0 3000000 01 0 6014030 00
0 3200000 01 0 63 £3930 00
0 340000D 01 0 3229190 00
0 360000D 01 0 447IS30 00
0 3800000 01 0 5719150 00
0 4000000 01 0 113822D 00

SURFACE HEAT TRANSFER COEFFICIENT TABLE

TIME 1COEFFICIENT TIM. 1COEFFICIENT
(SEC 1 (ETU/SEC-FT**2-F) (SEC ) (BTU/SEC-FT**2-

0 5 000 000-01 0 1 16394D 01 0 100000D 00 0 1099010 01
0 2 SO 000D 00 0 1 16801D 01 0 3000OOD 00 0 118214D 01
0 45OO00D 00 0 1252S4D 01 0 5000000 00 0 127474D 01
0 650000D 00 0 124S10D 01 0 7000 OOD 00 0 1242080 01
0 8500000 OO 0 126265D 01 0 9000 000 00 0 12S737D 01
0 105000D 01 0 122320D 01 0 1100 000 01 0 1240S0O 01
0 1250000 01 0 I25021D 01 0 1300 000 01 0 I23835D 01
0 14 50 00D 01 0 126649D 01 0 I50000D 01 0 127065D 01
0 1650000 01 0 1 181 39D 01 0 1700000 01 0 12120VO 01
0 18SO0OD 01 0 1290860 01 0 1900 000 01 0 125993D 01
0 20S000D 01 0 1 156 070 01 0 2100 000 01 0 113042D 01
0 22S00OD 01 0 999775D 00 0 230OOOO 01 0 104 80<CD 01
0 24S000D 01 0 8648240 00 0 250000D 01 0 8731630 00
0 26S0OOD 01 0 7355710 00 0 2700OOD 01 0 7113940 00
0 285000D 01 0 805683D 00 0 2900OOD 01 0 753776D 00
0 3050000 01 0 S8S730D 00 0 310000D 01 0 57691BD 00
0 325000D 01 0 S6945SD 00 0 3300OOD 01 0 4S30S2D 00
0 34S0OOD 01 0 332632D 00 0 350OOOO 01 0 4113S8D 00
0 36S000O 01 0 4263640 00 0 3700000 01 0 4671960 00
0 385000D 01 0 4642910 00 0 3900000 01 0 2654640 00

NO 211 (PINMAN) PAGfc 0015

TIME 1COEFFICIENT
(SbC ) (BTU/SEC-FT**2-F

0 1500000 00 0 1093.>0D 01

0 3500000 00 0 119427D 01

0 550000D 00 0 128060D 01

0 7500000 00 0 124956D 01
0 9500000 00 0 1243600 01
0 1150000 01 0 12550SD 01
0 135000D 01 0 123963D 01
0 165000D 01 0 1247680 01
0 17500OD 01 0 1267380 01
0 195000D 01 0 1I9187D 01
0 215000D 01 0 1043260 01
0 2350000 01 0 10688SD 01
0 25500OD 01 0 9284710 00
0 275000D 01 0 764113D 00
0 295000D 01 0 6620010 00
0 31S000D 01 0 6217230 00

0 3 J 500 OD 01 0 3832150 00

0 3550000 01 0 4460390 00
0 3750000 01 0 5233600 00
0 39500OD 01 0 1397S2D 00 co

to



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2
PINSIM VERIFICATION STUDY PROBLEM POWER-DROP TEST SIMULATION

VERSION 002

TEMPERATURE TABLE

06/30/80

07/16/80

NO 211 (PINMAN) PAGE 0016

TIME TEMPERATURE MME TEMPERATURE TIME TEMPERATURE TIME TEMPERATURE

(SEC 1 (F) (SEC ) (F) (SEC I (F) (SEC ) (F)

0 0

0 200000D 00

0 600000D 00

0 100000D 01

0 S00000D 01

0 900000D 01

0 5494000 03

0 5*94000 03

0 54S400D 03

0 S49400O 03

0 549400D 03

0 349400D 03

0 100O00D-01

0 3000000 00

0 70O000D 00

0 2 004) OOD 01

0 6OOOOOD 01

0 IOOOOOO 02

0 S49400D 03

0 5494 OOD 03

0 S49400D 03

0 5494 OOD 03

0 S49400D 03

0 S494 00D 03

0 5000 OOD-01

0 4000 000 00

0 8000OOD 00

O 3000000 01

0 7000 000 01

0 5494000 03

0 S49400D 03

0 5494000 03

0 5494000 03

0 S49400D 03

0 100000D 00 O 5494000 03

0 SOOOOOO 00 O S49400D 03

0 900000D 00 O 5494000 03

O 400000D 01 O 549400O 03

O 800000D 01 0 S49400D 03

00



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VERSION 002 06/30/80 NO 211 (PINMAN) PAGE 0017PINSIM VERIFICATION STLDY PROBLEM PCWER-DRCP TEST SIMULATION 07/16/80 (PINMAN) PAGE 0017

PIN DATA

(PIN NO 1)

POWER POWER PIN TO AVG TOTAL PIN NUMBER OF NUMBER OF
SYSTEM FLAG POW PEAK FAC LENGTH FT AXIAL LEVELS MATERIALS

0 10 1000D 01 1 00 1 4

GAP INTERNAL HEAT TRANSFER PIN
CALCULATION DATA AREA SCALING DEFORMATION

FLAG FLAU FACTOR FLAG

0 0 0 1000000 01 0

FLUX DEPRESSION FACTORS

WERE NOT USEO

00



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

LEVEL DATA

(PIN NO 1)

LEVEL SURFACE HEAT AXIAL AXIAL PIN ASSOCIATED NO OF RADIAL NO CF RAOIAL
NO TRANSFER AREA LENGTH POWER FRACTION WATER NODE REGIONS NODES

(FT**2) (FT)

0 97S6SSD-01 1 000 1 0000 19

CO
LO



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD
PINSIM VERIFICATION STUDY PROBLEM PCWER-DROP TEST SIMULATION

VERSION 002 06/30/80

07/16/80

LEVEL

NO

REGION

NO

REGION INNER

RADIUS FT

0 0

0 2342D-02

0 9 075D-02

0 1023D-01

0 14020-01

REGION DATA

(PIN NO 1 )

REGION OUTER

RADIUS FT

O 2342D-02

0 90750-02

0 1023D-01

0 14020-0 1

0 1559D-01

RADIAL POWER

PEAK FACTOR

0 0

0 0

0 1000D 01

O 0

0 0

NO OF

NODES

MATERIAL

I D NC

NO 211 (PINMAN) PAGE 0019

CO
ON



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2
PINSIM VERIFICATION STUDY PROBLEM POWER-DROP TEST SIMULATION

VERSION 002 06/30/80

07/16/80

NO 211 (PINMAN)

- NODE DATA

(PIN NO 1)

~"~~

LEVEL NODE NODE INNER NOOE CENTER NODE OUTER NOOE RADIAL POWER MATERIAL
NO NO RADIUS FT RADIUS FT RADIUS FT VOLUME FT3 PEAKING FACTOR I 0 NO

1 1 0 0 0 16«583D-02 0 2341 70D-02 0 172271D-04 0 0
1 2 0 234170D-02 0 3312770-02 0 4057740-02 0 3450010-04 0 0
1 3 0 40S774D-02 0 4685740-02 0 5238990-02 0 3450 010-04 0 0
1 4 0 523S99D-02 0 5739150-02 0 6199090-02 0 345001D-04 0 0
1 5 0 6199090-02 0 662719D-02 0 702926D- 02 0 345001D-04 0 0
1 6 0 702926D-02 0 7409540-02 0 777124D-02 0 3450 010-04 0 0
1 7 0 777124D-02 0 8116840-02 0 8448310-02 0 34500ID-04 0 0

1 8 0 8448310-02 0 8767260-02 0 907SOOD-02 0 3450010-04 0 0
1 9 0 907500D-02 0 9375730-02 0 9667120-02 0 348638D-04 0 500000D 00 3
1 10 0 9667120-02 0 994997D-02 0 1022500-01 0 3486380-04 0 500000D 00 3
1 11 0 1022500-01 0 10 929D-01 0 109485D-01 0 4812780-04 0 0 2
1 12 0 109485D-01 0 112929D-01 0 116271 D-01 0 4812780-04 0 0 2
1 13 0 116271D-01 0 119S20D-01 0 1226820-01 0 4812780—04 0 0 2
1 14 0 1226820- 01 0 12S76SD-01 0 1287750-01 0 4812780-04 0 0 2
1 IS 0 1287750-01 0 13171SD-01 0 1345910-01 0 4S1278D-04 0 0 2
1 16 0 134 59 ID-01 0 1374070-01 0 1401670-01 0 48 12780-04 0 0 2
1 17 0 1401670-01 0 142913D-01 0 145606D-01 0 4883420-04 0 0 4
1 IB 0 14S606D-01 0 1482510-01 0 1508S0D-01 0 4883420-04 0 0 4
1 19 0 1S08SOD-01 0 1S3404D-01 0 155917D-01 0 488342D-04 0 0 4

PAGE 0020

CO
•xj



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VERSION 002 06/30/80 NO 211 (PINMAN) PAGE 0021

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

MATERIAL DATA

(PIN NO li

IDENTIFIED MATERIALS

MATERIAL NO 3 IS INCONEL

MATERIAL NO 4 IS STAINLESS STEEL 316

FOLLOWING ARE DESCRIPTIONS OF THE OTHER MATERIALS

00
00



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VtRSION 002 06/30/80 NO 211 (PINMAN) PAGE 0022
PINSIM VERIFICATION STUDY PROBLEM PCWER-OROP TEST SIMULATION 07/16/80

MATERIAL DATA

(PIN NO 11

MATERIAL NO 1

MELTING TEMPERATURE (F)

5000 00

THERMAL CONDUCTIVITY

(3TU/HR-FT-F)

ALLOWED TEMPERATURE RANGE

HIGH LOW

2300 00 0 0

K = CO ♦ C1*T 4 C2*T**2 + C3*T*«3 + C4*T**4

CO CI C2 C3 C4

0 2128660 02 -0 1013690-01 0 0 0 0 0 0

SPECIFIC HEAT CAPACITY 00
(BTU/LBM-F) VO

ALLOWED TEMPERATURE RANGE

HIGH LOW

2300 00 0 0

CP = CO * Cl*T ♦ C2*T**2 » C3*T**3 ♦ C4*T**4

CO CI C2 C3 C4

0 1678120 00 0 3702640-03 -0 1737940-06 O 31*4860-10 0 0

OENSITY

(LSM/FT**3I

0 1383S4D 03



'INSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VERSION 002 06/30/80 NO 211 (PINMAN) PAGE 0023
PINSIM VERIFICATION STUOY PROBLEM POWER-DROP TEST SIMULATION 07/16/80

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 0 0

K = CO ♦ C14T » C2*T**2 ♦ C3*T**3 * C4*T**4

CO CI C2 C3 C4

0 17I8S3D 02 -0 407190D-02 0 0 0 0 0 0

SPECIFIC HEAT CAPACITY VO
(BTU/LBM-F1 O

ALLOWED TEMPERATURE RANGE

HI GH LOW

2300 00 0 0

CP = CO ♦ C1*T + C2*T**2 + C3*T**3 + C4*T**4

CO CI C2 C3 C4

0 1678120 00 0 3702640-03 -0 173794D-06 0 314486D-10 0 0

DtNSITV

(LBM/FT**3I

0 13S4680 03

END OF INPUT DATA PROCESSING



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2 VERSION 002 06/30/80 NO 211 (PINMAN) PAGE 0024
PINSIM VERIFICATION STUDY PROBLEM POWER-OROP TEST SIMULATION 07/16/80

*****************************************************************************************«*************»************,***»»»*»**»*»
**********************************************************************************************************************************
**********************************************************************************************************************************
**********************************************************************************************************************************
**********************************************************************************************************************************
**********************************************************************************************************************************
**********************************************************************************************************************************
**********************************************************************************************************************************
********************************************************** ***********************************************************************
**********************************************************************************************************************************
**********************************************************************************************************************************
**********************************************************************************************************************************
**********************************************************************************************************************************
***************************************************************** ****************************************************************
************************************************************************************ *********************************************
**********************************************************************************************************************************
**********************************************************************************************************************************
****************************************************** ***************************************************************************
**********************************************************************************************************************************
**********************************************************************************************************************************
***************************************** ****************************************************************************************
**********************************************************************************************************************************
************************************************************************************** ******************* ******* ***************
************************************************************ *********************************************************************
****************************************

****************************************
****************************************

****************************************
ft********************************,*,*** STEADY-STATt OUTPUT ****** *************************** *****
**•***•**••**•*•*****•***,*****••*»»**,* **************************************** s
******•**••*•****••**••******•******•*** ***** *********************************

**********************************************************************************************************»*******»********,*»*»»»
*********************************** ************************************** *******************************************************
•**•*****•***•*****•**«*********»*»**********,* ****************************** ************«****************************„„„„„
************************************************************************************************* *•*******•*•*••••************,**
*************************************»**********************************************************************»*♦***,******»» *****
******** ************************************************************** ***************** ****************************************
**************************** **************** ************* ***************************************************************** ****
********************************************************* ** ***************************************** **************************
**********************************************************************************************************************************
********************************************************************** ****************** ********************************* ******
**************************************************************** *************************************************»****,»»»*,»»,**
*********************************************** *, *«»****»»» *******************************************************************
*********************************************************************** ***************** ************************* **************
********************************************************* ********************* ************************** ***********************
*** ****************************** ******************************************************* ***************************************
*•***•••*• ***♦************♦**********»♦********»**»**»»*»»»***»*,»**«**********»»*»»** *******************************,»,„ ****
***************************************************************************** ************************************************* **
************************** ***************** *************** ***** ** * »*** J******************************,***************,*****
************************************************************************************************************************^*9t*ttt^
***************************************************** ****************************************************************************
***************************************«****«*******»*»»*»*»»***,******** ********* *********************** ******»***»*»**»»**»»*
****** **•***•**•****• ****«*********«********************,*»*»**»*»» *,******»«»»»» *********************************************
************************************************************* *********************************************«********************„
*****************♦******«**»*******************»***»**»*,*»*»«»************************************»*******«**»******»***,*,**,*»



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

PINSIM VERIFICATION STUDY PROBLEM PCWER-DfiOP TEST SIMULATION
VERSION 002 06/30/80

07/16/80

NO 211 (PINMANi

LEVEL NO

1

LEVEL NO

1

11

803 ei

SYSTEM * LEVEL «

CALCULATION LOCATION

PIN LEVEL NOOE

LEVEL BOUNDARY CONDITIONS

POWER (KW)

HEAT TRANSFER COEFFICIENT ( BTU/SEC-FT 2-FI

TEMPERATURE (OEG F)

UNFILTERED

0 927696D 01

0 100537D 01

0 5494000 03

FORWARD CALCULATION

CALCULATED RESULTS

FILTERED

0 927696D 01

0 5494000 03

SURFACE HEAT FLUX (BTU/SEC-F T2)

SURFACE TEMPERATURE (OEG F)

0 9469620 02

0 6435900 03

2

842 25

12

779 45

3

842 2

13

758 00

TEMPERATURE DISTRIBUTION

PIN I LEVEL 1

4

842 25

14

738 84

NOOE

5

842 25

NODE

15

721 56

6

842 25

16

705 81

7

842 25

17

668 SO

8

642 25

IS

669 69

9

642 25

19

652 02

PAGE 0028

10

829 27

to



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2
PINSIM VERIFICATION STUDY PROBLEM PGWER-OROP TEST SIMULATION

VERSION 002 06/30/80

07/16/80

LEVEL

NO

I

LEVEL POWER

(BTU/SEC)

0 927696D 01

SUMMARY OF PIN CONDITIONS PIN NC

TAU (SEC)

0 0

DELT (SEC)

0 0

PIN POWER

BTU/SEC

0 0

SURF HEAT TRAN

(BTU/SEC)

0 9276960 01

SYSTEM IDENTIFICATION PIN 1

LEVEL SYSTEM » SYSTEM LEVEL

SURF HEAT FLUX CENTERLINE TEMP

(eTU/SEC-FT**2) (F)

0 9469620 02 0 8422490 03

HEATER NODE

TEMP(F)

0 829266D 03

SURFACE TEMP

(F)

0 6435900 03

NO 211 (PINMAN) PAGE 0029

ADJACENT COOL S URF HT TRANS

TfcMP(F) CCEI-F(B/S-FT2-F)

0 S49400D 03 0 100 37D 01

EQUIVALENT GAP

CONDUCTIVITY

(BTU/SEC-FT-F >

GAP CONDUCTANCE

(BTU/SEC-FT**2-F)

GAP THICKNESS

(FT >

STEADY STATE

GAP THICKNESS

(FT )

NO OF ITERATIONS

IN H T OLUTION

0 0 0 0 0 0



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2
PINSIM VERIFICATION STUDY PROBLEM PCWER-DROP TEST SIMULATION

VERSION 002 06/30/80

07/16/80

LEVEL NO

1

LEVEL NO

1

842 25

11

803 81

2

842 25

12

779 45

SUMMARY OF PIN CONDITIONS PIN NO 1

PIN TEMPERATURE DISTRIBUTION

3

842 25

13

758 00

4

842 25

14

738 84

NODE

5

842 25

NODE

IS

721 56

6

842 25

16

705 81

7

842 25

17

688 SO

NO 211 (PINMAN) PAGE 0030

8

842 25

18

669 69

9

842 25

19

6S2 02

10

S29 27

4S



PINSIM A NUCLEAR FUEL PIN SIMJLATOR-TRANSIENT ANALYSIS CODE MOD 2 VERSION 002 06/30/80 NO 211 (PINMAN) PAGE 0031

PINSIM VERIFICATION STUOY PROBLEM POWER-OROP TEST SIMULATION 07/16/80

SUMMARY OF PIN CONDITIONS PIN NO 1

TOTAL STORED ENERGY PIN 1 = 0 307976D 02 BTU

LEVEL STORED ENERGY PER LEVEL(BTU)

1 0 307976D 02

TOTAL NODAL STORED ENERGY (BTU)

NODE

LEVEL NU1 234 56 7 8 9 10

1 0 7247D 00 0 14510 01 0 1451D 01 0 14510 01 0 1451D 01 0 14S1D 01 0 14S1D 01 0 14510 01 0 1862D 01 0 1830O 01

NODE

LEVEL NO 11 12 13 14 15 16 17 IS 19

1 1 86 1 78 1 71 1 66 1 60 1 55 2 08 2 02 1 95



R

E

S

T

A SRF HT FLUX SURF TEMP LEVEL POWR NODAL TEMP NODAL TEMP NODAL TfcMP NODAL TEMP NODAL TEMP
R TIME(SEC) B/S-FT2 DEG F BTU/SEC (DEG F) (DEG F) (DEG F> (DEG F) (CEG Fi
T (1 1 > (1 1) ( 1 1) (1 1 1) (113) (114) (1 1 16) (11 19)

94 696

1 i i• -——-—1 *-

642 25
0 0 643 59 9 2770 842 25 842 2 5 705 61

-4 ——

652 02
0 500000D-01 101 98 637 02

634 34

0 0 84 0 82 836 39 836 19 700 09 646 12
0 100000D OO 93 354 0 0 837 01 831 01 826 37 692 75 642 69
0 150000 88 466 630 30 0 0 83 0 75 821 46 815 01 684 95 638 22
0 200000 85 571 624 81 0 0 822 51 810 78 803 21 676 91 632 49

0 250000 81 733 619 38 0 0 812 87 799 58 791 40 669 02 626 73
0 300000 77 060 614 59 0 0 80 2 34 788 20 779 76 661 61 621 54
0 350000 72 635 610 22 0 0 791 33 776 86 768 38 654 73 616 78
0 400000 69 006 o05 92 0 0 780 12 765 68 757 33 648 2 612 17
0 450000 65 646 601 80 0 0 768 93 754 74 746 61 642 12 607 75

0 500000 62 075 598 10 0 0 757 89 744 12 736 26 636 39 603 74
0 550000 58 298 594 92 0 0 747 11 733 84 726 3 0 631 10 600 23
0 600000 54 263 592 38 0 0 736 64 723 94 716 73 626 3 597 32
0 650000 50 698 590 1_ 0 3 726 53 714 43 707 58 621 96 594 74
0 700000 47 789 587 88 0 0 716 83 705 34 698 as 617 90 592 24

0 750000 45 270 585 63 0 0 707 54 696 6 7 690 54 614 0_ _89 77
0 800000 42 874 583 46 0 0 69 8 68 688 4 3 682 64 610 38 587 39
0 850000 40 483 581 46 0 0 690 25 680 59 675 14 606 91 585 17
0 900000 38 065 579 67 0 0 68 2 24 673 15 668 02 603 67 583 16
0 950000 35 681 o7U 09 0 0 674 65 666 1 0 661 28 600 66 581 37

1 OOOOO 33 439 576 66 0 0 667 45 659 4 3 654 91 597 86 579 73
1 05000 31 579 575 22 0 0 660 65 653 13 648 88 395 21 578 12
1 10000 30 099 573 66 0 0 654 22 647 17 643 19 592 65 S76 43
1 15000 28 575 572 17 0 0 648 IS 641 54 637 81 590 18 74 80
1 20000 26 979 570 80 0 0 642 43 636 23 632 72 587 B3 573 29

1 25000 25 288 569 63 0 0 637 02 631 21 627 92 585 65 71 96
1 30000 23 720 568 55 0 0 631 92 026 4 7 623 38 583 61 570 74
1 35000 22 412 567 48 0 0 627 11 622 0 0 619 10 581 68 69 54
1 40000 21 232 566 40 0 0 62 2 57 617 78 615 06 579 84 568 36
I 45000 20 171 565 33 0 0 618 30 613 80 611 25 6 78 07 S67 19

1 50000 19 010 564 36 0 0 614 27 OlO 05 607 65 576 39 566 12
1 55000 17 698 563 58 0 0 610 47 606 SI 604 26 574 85 565 22
1 60000 16 331 563 00 0 0 60o 88 603 17 601 06 573 46 64 51
1 65000 15 324 562 37 0 0 603 51 600 03 598 05 572 17 563 79
1 70000 14 742 561 56 0 0 60 0 34 597 07 595 22 570 90 562 93

1 75000 14 263 560 65 0 0 59 7 35 594 29 592 55 569 61 561 97
1 80000 13 499 559 87 0 0 594 54 591 67 590 03 568 37 561 12
1 85000 12 663 559 21 0 0 591 89 589 19 587 66 567 22 560 38
1 90000 11 722 558 70 0 0 58 9 39 586 86 585 41 566 16 5S9 79
1 95000 10 695 558 37 0 0 587 04 584 66 583 30 565 26 559 36

VO
ON



R

E

S

T

A

R TIME(SEC)

T

2 OOOOO

2 05000

2 10000

2 15000

2 20000

2 25000

2 30000

2 35000

2 40000

2 45000

2 50000

2 55000

2 60000

2 65000

2 70000

2 75000

2 80000

2 85000

2 90000

2 95000

3 OOOOO

3 05000

3 10000

3 15000

3 20000

3 25000

3 30000

3 35000

3 40000

3 4500 0

3 5000 0

3 55000

3 60000

3 65000

3 70000

3 7500 0

3 80000

3 85000

3 90000

3 95000

SRF HT FLUX SURF TEMP

B/S-FT2 DEG F

(11) (11)
t +

9 9691

9 4612

8 8383

7 S771

7 3966

7 1089

6 S737

6 6688

5 9966

5 2291

5 0828

5 0688

4 4940

3 9365

3 7303

3 7925

3 7731

3 S584

3 2293

2 8201

2 467

2 4295

2 290

2 3814

2 238

2 0385

1 7367

1 4114

1 2132

1 2371

1 4 12

1 4941

1 4371

1 3308

1 3636

1 448S

1 4722

1 1652

O 72152

0 40747

558 02

557 58

557 22

557 05

556 84

556 51

556 05

555 64

655 45

555 45

555 22

554 86

554 75

554 75

554 64

554 36

554 05

553 82

553 68

S53 66

553 63

553 55

553 44

553 23

553 04

552 98

553 00

553 08

553 16

553 12

552 93

552 75

552 61

552 52

552 36

SS2 17

551 97

531 95

552 12

552 32

LEVEL POWR NODAL TEMP

BTU/SEC (DEG F)

(11) (111)

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

O 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

o o

0 0

0 0

0 0

0 0

O 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

584 82

582 74

58 0 78

578 95

577 22

575 61

574 10

572 69

571 37

570 13

568 96

567 88

566 86

565 90

565 01

564 18

563 41

562 68

562 00

S61 35

360 75

560 19

559 66

559 16

558 70

553 27

557 86

557 47

557 12

556 78

556 48

556 19

S55 93

555 68

555 44

555 21

555 00

554 79

554 58

554 39

NODAL TEMP NODAL TEMP NODAL TEMP

(DEG F> (OEG F) (DEG F)

(113) (114) (11 16)

582 59

580 64

578 82

577 10

575 50

574 0 0

572 60

571 29

570 05

568 90

567 81

566 80

565 85

564 97

564 14

563 3 7

562 64

561 96

561 33

560 72

560 16

559 63

5S9 14

558 6 8

558 2 5

557 84

557 46

557 1 0

556 77

556 4 6

556 18

555 92

555 67

S55 43

555.21

554 99

534 78

554 58

554 39

554 2 0

581 31

579 45

577 70

576 06

574 52

573 09

571 75

570 49

569 31

568 20

567 16

566 IS

565 28

564 43

563 64

562 90

562 21

561 56

560 94

560 37

559 82

559 32

558 85

558 40

557 99

557 60

557 23

556 89

556 57

556 28

5S6 01

555 76

555 52

555 29

555 08

554 87

554 66

554 46

554 27

554 10

564 43

563 63

562 88

562 23

561 64

561 06

560 4

359 84

559 31

558 90

558 49

558 04

557 66

557 36

557 07

556 75

556 39

556 04

555 75

555 51

555 31

555 12

554 93

554 71

554 4E

554 29

554 15

554 06

554 01

553 93

653 80

553 65

553 49

553 35

553 19

553 02

552 84

552 71

552 67

552 69

NODAL TEMP

(OEG F)

( 1 1 19)

558 94

"58 46

558 04

S57 79

557 53

557 17

-56 70

556 26

556 01

555 93

555 69

555 33

555 17

555 12

554 99

554 72

554 4 0

554 15

553 98

553 92

S3 67

553 77

S53 65

553 45

553 26

53 17

553 16

S3 21

553 27

553 23

553 06

552 89

552 75

552 64

552 49

552 30

552 11

52 06

552 18

552 35

v£>
•xj



o T.uC,<^, ZJ1\Z E" LEVEL P°"R N0OAL TEH,> N00AL TEMP NOOAI- TEMP NU°*»- TEMP NODAL TEMPR TIME (SEC) B/S-FT2 OEG F BTU/SEC (OEG F) (DEG F) (DEG F) (OEG F) (CEG F)
T (11) ( 1 li (11) ( 1 1 11 ( I l 3) ( 1 1 4) ( 1 1 16) ( 1 1 119)

4 OOOOO 0 34417 552 42 0 0 S54 21 SS4 04 553 94 632 72 5S2 46

CO
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Appendix C

BACKWARD CONDUCTION PROBLEM SAMPLE OUTPUT

This appendix Includes a copy of the printed output produced by
PINSIM-M0D2 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 VFRSIUN 002 06/10/80 NO 206 (PINMAN) PAGE 0002

LISTING OF INPUT DATA FOR CASE 1

1 **•**•••**•*••*•*****•****•*******•*»*•****•***********•*•*• DJOB CAT*

2 =PINSIM VFRIF1CAT1CN STUDY PROBLEM POWER-DROP TEST jIMJLATION

3 *

4 * NSVS NPINS NFL IP

5 100100 1 1 0

6 *

7 * 1DJOB RSTRTM ENDT MTIM

8 100000 1 0 0 4 0 1

9 *

10 * TIME TMIN TMAX ITI MFL

11 100001 0 0 05 05 2

12 *

13 * NITER CCNVERGENCE CRITERIA TEMP ENERGY

14 100400 50 1 OD-S 1 OD-8

15 •

16 * NOBUG IGCBUG IHOBUG ISDPUG IFDBUG

17 200000 11 0 6 0 3

18 *

19 • MINOUT NMIN DELMIN

20 210000 8 1 0 0

21 *

22 •

23 • MAJOUT NMAJ OELMAJ

24 220000 6 0 10

25 •

26 * NPLT OELPLT

27 230000 0 0 0

28 *

29 ************************************»****************E*|D OF ^0JO3 DAT*

30 ************************************************************ DPIN 3AT*

31 *

32 • APPROXIMATE 6UNCLE 3 DESIGN (AS DESCRIBED IN BDHT-2237)

33 *

34 •

35 * MODEL ASSEMBLED ON 3/3/80 BY BOB HAGAR

36 • (THERMAL CONDUCTIVITY OF OUTER BN3 ANNULUS CHANGED BY DGM

37 * ON 26-MAR-80 TO IMPRCVE INV RESULTS)

38 *

39 *

40 **********************************************************************

41 ♦

42 * NLVL NMAT IPCW POWFAC IGAPFL INFLAG HTCFAC 10FORM

43 410000 1 41 10 0 0 10 0

44 •

45 **********************************************************************

46 •

47 *

48 * NRPG POVPA ZLNGTH NODWAT

49 410100 5 10 1 000 O

50 *

51 * RINREG ROTREG PQVP NNOD MATREu

52 410101 0 0 0 0023417 0 0 1 1 * T/C BJNOLE

53 410102 O 00234 17 0 009075 0 0 7 1 t INN R BN3

54 410103 0 009075 0 010225 1 00 2 3 * HEATE3 ELbMENT

55 410104 0 010225 0 0140167 0 0 6 2 * OUTER 3N3

56 410105 0 0140167 0 0155917 0 0 3 4 * SS-31S



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS COD MOU 2 V *SION 002 06/!0/H0 NU 206 (PINMAN) PAGE 0003
57 *

58 ************************************* ******* * ***** ***** ** »* *
59 * MATERIALS

60 **************************** ************* »** *»** ** *** *********
61 *

62 * MATFPIAL 1 EN3 (CORE)
63 *

64 *

65 4 19 100 0 3 50 30
66 *

67 * (THERMAL CONDUCTIVITY)
68 *

69 419110 0 0 0 2300 0
70 *

71 * (COEFFICIENT WEPE OBTAINED FROM L J OTT ON 3-2-83)
72 419111 21 286575 -0 0101369 0 0 0 0 0 0
73 *

74 (SPECIFIC HEAT CAPACITY)
75 *

76 419120 0 0 0 2300 0
77 *

78 419121 0 167612347 70264053D-04 1 73793524D 07
79 ♦ 3 14486215D-11 0 0
80 *

81 * (DENSITY)

82 *

83 419130 -1 0 0 2300 0

8* * H
85 * (CORE BN3 DENSITY CORRECTED ON 6-MAY-80 TO CONFORM O
86 * TO BDHT-2404) N>
87 419131 138 3640

88 *

89 *

90 MATERIAL 2 BN3 (ANNULUS )
91 *

92 *

93 419200 0 3 000
94 •

95 * (THERMAL CONDUCTIVITY)
96 *

97 419210 0 0 0 2300 0
98 *

99 * (COCFFICIENTS WERE OBTAINED FROM L J OTT ON 3-2-80)
100 *

101 * (K COEFFS MOCIFIEO BY DGM ON 26-MAR-80 TO
102 * IMPROVE INV RESULTS INCREASE BOTH BY 1 104)
103 *4192I1 15 56165 -0 36872E-02 0 0 0 0 0 0
104 419211 17 IBS -0 40719E-02 0 0 0 0 0 0
105 •

106 * (SPECIFIC HEAT CAPACITY)
107 *

108 419220 0 0 0 2300 0
109 *

110 419221 0 167812347 3 70264053D-04 -1 73793 24D 07
111 + 3 144 862150-11 0 0
112 *

113 * (DENSITY)

114 *



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE v|30 2 V RSION 00 06/10/80 NO 206 (PINMAN) PAGE 0004

115 419230 -1 0 0 2300 0
116 •

117 * (CORE BN3 OENSITY CORRECTED ON 6-MAY-80 TO CONFORM
118 * TO BDHT-2404) P
119 419231 135 468

120 •

121 *

122 *

123 * MATERIAL 3 INCONEL HEATER ELEMENT

124 *

125 419300 5 3 5000 0

126 •

127 * MATERIAL 4 SS - 316

128 *

129 419400 7 3 «000 0

130 •

131 *****************************************************ts3 OF DPIN OAT*

132 ************************************************************ JSYS oKO*

133 *

134 * SYSTEM INPUT eACK-CALCULATION

135 •

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

137 * BOUNDARY CONDITIONS SURFACE FLUX SURFACE TEMPE-gATJRE

138 *

139 ***********************************************************************

140 *

141 * ISYSF IPOWX PSYS

142 500000 -110 0 l->

143 . O

144 * * LEVEL CALCULATIONAL CONTROL LEVEL * 1 *

145 •

146 * NPBACK NLEACK NNBACK IPFL IQFL IHFL ITFL DTSYS PLVL

147 500100 1 1 0 O 20 0 26 0 05 9 2769
148 *

149 * BPOWL BPOWH IPOWF

150 500101 0 0 0 0 0

151 *

152 * BPHIL EPHIH IPHIF

153 500102 0 0 0 0 0

154 *

155 * BTMPL ETMPH ITMPF

156 500103 0 0 0 0 0

157 *

158 •

159 * ITRPFL TTRIP

160 50015 0 0 0 0

161 *

162 *****************«***********************************£no OF PDSYS PK3*

163 ** PINSIM 002*206 1286 PININV /80165 0052 PDINV DATS

164 ** TIME IN SEC* S I t S E $

165 ** TEMPERATURE IN DEG F*

166 ** 0 100000E+01 TIME IN SECS

167 ** 0 100000E+01 TWAL((11 11)1 INVS

168 500141

169 + 0 OOOOOOE+00 0 643590E+03

170 + 0 500000E-01 0 637800E+03

171 + 0 100O00E+00 0 632670E+03

172 + 0 150000E+00 0X&28710E+03
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PINSIM VERIFICATION STUDY PROBLEM POWER-DROP TEST SIMULATION 06/11/80

DATA DEC* DIA "JUSTICE

MINIMUM LENGTH OF TABLE ARRAY IN CJMMON /S RTCH/ IS 615 WORDS

(LENGTH OF THE ARiAY IS VI* 10000 WORDS)

PROCESSING TH JO ONTRJL CApID —

PROCFSSING PROOLE* OPTILNS

PROCESSI^ PI M DATA

PROCESSING YST M 3ATA SYST M * I- 0
CO

******** CARDS 500020 THROUGH 500020 MISSING

4 + + +++ + WARNING SYSTEM 1 LEVEL 1

CARD SERIES 500121 NO OF TABLE PAIRS SPECIFIED AT 23

IS BEING RESET TO ACTUAL NO OF PAIRS FOUND IN INPUT = 81

*♦♦+♦♦♦♦ WARNING SYSTEM 1 LEVEL 1

CARD SERIES 500141 NC OF TABLE PAIRS SPECIFIED AT 23

IS BEING RESET TO ACTUAL NO OF PAIRS FOUND IN INPUT = 01

INITIALIZIM PIN 3AHAMETEJS

PROCESSING D1T 3PTICNS

******** TOO MANY NUMBERS ON CARDS 220000 THROUGH 220030

MINIMUM LENGTH OF DATA ARRAY IS 346 W030S

(LENGTH OF THE AR3AY IS NO* 000 WORDS)



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS COD HDD 2 V -JSION 002 Ot/lO/aC NC 206 (PINMAN) PAGE 0010
PINSIM VERIFICATION STUDY PROBLEM POWER-DROP TEST SIMULATION 06/13/80

******* THE FOLLOWING CAHCS WERE NOT USED

50 0111

********* TAU = 0 0 WARN HAS BEEN CA 3 PO SIDLE PRCBL M ER OR ********

ENO OF INPUT DATA PROCESSING

NO FATAL uUAGNJSTIlS

o



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE 430 2 VE»!>ION 002 06/10/80 NO 206 (PINMAN) PAGE 0011
PINSIM VERIFICATION STUDY PROBLEM POWER-DROP TEST SIMULATION 06/13/80

**********************************************************************************************************************************
*********************************************************************** *** **** *********** ***** ******************************
********************************************************************************* ****************** *****************************
************************************************************************************************************* ***** **************
******************************************************************************************* ***** ***** ***** ** **• *•*****•**•**
********************************************************************************* ************************************************
******************************************************************** ****** *** * ***** ******************************************

******************************************************************************* **************************************************
********************************************************* ************** ****************************** ***************************
***************************************** ********************** ***** ********** ************************************************
***** ********************* ******************************************************************************************************
************************************************************ *********** ********************************************** ***********
***************************************************************************************** ******************* ********************
**********************************************************************************************************************************
******************************************************* ******* *** ****** ************ ************ **************** ***********
**********************************************************************************************************************************
************************************************************************* * ************************* * ************************
*****************************************************************«*»**»»»***»** ************ ******* ******* ***** **************
*********************************************************** •***»**«*»****** ****************************************************
*************************************************************************** * ****** ******************** ********** ***********
*********************************************************************** ******* * ************************** *********************
************************************************************************ ************* ******** *********** ***** ***************
************************************************************* ************ *** ********* *** ****************** **** ***********
********************************************************************»************************,«*******» »**********»**,*»»****»*»*
• ****************•**•******»**„******** * ********* * ******** ******** ******
• ********************•*»************,*** ** *** **** ^ «****»»*»*»******»,»**,*»
**************************************** INITIALIZE 1NPJT DATA ****************************************
•***•******************,***«************ * ******* *** ».*»*» *» » »******»»****
**************************************** ********* * ** ********** ** **********

************************************************ ****** ****************************************************************„***,****
******************************************************************************* ******* **** ******** ********* * ***************
******************************************************************** ********** * *********** ********** ** ********** **********
*********************************************************************¥****** * ********** * ****** ** *, »»»*****» * ************
****** ••**••*••**•***••*•**•************************ * * ,,* **»*»,» ***** *** ********* ** ********** ******** *« ************
****** * ************************************************************** ***** ************************************** *************
****************************************************** » **»* *** **, ** ** *** **** * ***»*»»*, * *****»»*»» ******** **********
****** ******************************************************************* *»** ****** ***** *** ***** ***** ******** ***********
******************************************************** ******************************************** ****************** ** ******
***************************************** ******************** ******* **« »** ***** * **** ,** ** ** ******** ******************
************************************************************ *********,***»»«***,»* ******************** **************************
* ********************************************************** *»»»,»* **** ***** ******************* *,* ** »*****»»»«*,»»»*********
********************************************************************************* ***** • • ***** ******* * ******* ********
******************************************************************* ********** ***************************************************
************************************************************************* ************* ***** **** ******** *** * ****************
****************************************************** ******** ** * * ******* ******* *************** * ** ***** ***************
****************************************************************** ********** * *************** ***** *** »***»******»*»»*» ******
*****************************************♦****»*»***,,**»»»»«».********* ********«*******»»***»*»***»* »*»**»****»,*» ***»»»**«»*
******************************************************************** *************************************************************
******************************************************* ************ ****** ******»********»„«» **»» *, ************* **********
********************************************************************** *** ************** ***** **********************************
**************************************************************************** ****************** ******************* ***** ********
*****»****************»*»**♦♦»******»*,»»»»»*,«»*»*»********* **»,«** *» ***** * **» ****** ********* ***********»,**« **»*»»»

**********************************************************************************************************************************



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODu MCD

PINsIM VERIFICATION STUDY PROOLEM POWE3-D10P TEST SIMULATION

VEkSION 002

GENERAL PROBLEM DATA

SYSTEM

1

PROBLEM END TIM

SYSTEM

FLAG

-1

4 0JJ000D 03 s£C

TIMF STEP CJNTI10L *»ROUPS

GROUP

NO

BEGINNING

TIM=(SEC )

MINIMUM TIMl

STEP li. (oEC)

MAXIMUM TIME

STEP SIZE(S-C)

0 0

MAJOR EDIT

MINOR EDIT

PLOT RECORD

5 003UOJD-32 5 0000000-02

OUTPUT JNTHJL

F ELPAStD TIMEELAPSED NO

TIMF STEP

PROBl EM CTMVE3GENC

3 1000D0D 01

O I.

0 0

MTChlA

06/10/80

06/13/80

STEP SIZE

SEL FLAG

ROUTED TO

DEVICE NO

TEMPERATURE CONVEPGFNCE FACTO*

ENERGY CCNVERGENCC FA TO*

MAXIMUM NUMPEP CF ITERATIJNo

3 1000000 07

0 1000000-07

53

121

NO 206 (P(NMAN) PAGE 0012



PINSIM A NUCLEAR FUEL FIN SIMULATOR-TRANSIENT ANALYSIS CODa MJOD 2 VERSION 002 05/10/80 NO 206 (PINMAN) PAGE 0013
PINSI* VERIFICATION STUDY PROBLEM POW R DROP TFST SIMULATION Oe/13/80

• St*************************************************************** *** ******* ****************** *** ** ** ****** * * ***••••*•

*••****•***** **************** *** * ***************SySTFM input DATA SYST M NJ 1 ** * *** * **** ****** *** *** ******

***************************************************************************** ********************* ******************************

SYSTEM POW •< LIMIT O STuAOY-STATE

CONTROL FLAG FLAG/HJ 3 L V S POWER K*

-1 1 0 0

ORDEPS OF INTERPOLATION

FLUX TCM KATJ3C H

POWCR FIL.TE-C PAaAi4tTERS

LOW-PASS -UGH PASS FILTEK

BREAKPOINT oftEAKP3I NT FLAG

0 0 0 3 0



PINSIM A NUCLEAR FUFL PIN SIMULATOR-TRANSIENT ANALYSIS COD 4 0 2
PINSIM VERIFICATION STLDY PROBLEM POWER-DROP TEST SIMULATION

************************************************ ****************** * * ** *** ***** ***** *** ***** * *** **** *** *************
CALCULATIONAL CO MTR3 aY TfcM 1 LEVEL * 1

******************************************************** *************** *** ******** ********** * ******* *** * **************

CALCULAT1JN LOCATION
**********************

V RS10N 002 0e/13/80

00/13/80

FIN

1

LtV L

1

NOat

0

BOUNDARY C3NDITIJN CONTROL FLAGS
******************* *** *** *********************

LEVEL

POWER

URFACE

HEAT FLUX

U FACE

H T COfcFI- TEMPFPATURF

PI

LEVEL FlLTtR Uf TRUL

**•****•****•**•*•**#********* *********************

HIGH-PASSLOU-PASS HI<

PARAMETER BREAKPJINT 8REi

LEVEL POWER 0 0 0 0

HEAT FLUX 0 0 0 J

TEMPERATURE 0 0 0 0

POW R TRI

********************

TEMPE-IATJRL

0 O

FLAo

O

FILTER

FLAu

0

0

0

BOUNDARY CLNJITION LINKS

(TA3LES FOLLOW)

********************************** ************

N03E/PARAMETLR »/

PARAMETER PIN -VEL POII

LEVEL POWER l> 0 0

HEAT FLUX 0 0 23

H T COEFF 0 0 0

TEMPERATURE 0 J 18"5

NC 206 (PINMAN) PAI.E 0014

LO



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODS <-3D 2
PINSIM VERIFICATION STUDY PROBLEM POWER-DROP TEST SIMULATION

VCRSION 002 1)6/10/80

06/13/80

TIME HEAT FLUX

(SEC ) (BTU/SEC-FT**

0 0 0 9469600 02
0 200000D 00 0 897220D 02

0 4000OOD 00 0 695450C 02

0 600000D 00 0 5118700 02
0 8000OOD 00 0 4422000 02
0 100000D 01 0 33SI600 02
0 120000D 01 0 2860 700 02

0 140000D 01 0 204o800 02

0 160000D 01

0 180000D 01

0 200000D 01

0 2200000 01

O 240000D 01

0 260000D 01

0 280000D 01

0 300000D 01

0 320000D 01

0 340000D 01

0 360000D 01

0 3800OOD 01

0 4000000 01

0 144I90C 02

0 1236700 02

0 116990C 02

0 815610C 01

0 7734100 01

0 294530C 01

0 2636600 01

0 142660C 01

0 338640D 01

0 214180C 01

0 195390D 01

0 297800D 01

0 203250D 01

TIME

(SEC )

0 -.000000-01

0 2500003 00

0 450000D 00

0 6500000 00

0 850000D 03

0 105000D 01

0 125000D 01

O 14S000D 01

0 1650000 01

0 1850003 01

0 205000D 01

O 225000D 01

O 245000D 01

0 265000D 01

0 285000D 01

0 3050000 01

0 325000D 01

0 345000D 01

0 36S000D 01

0 3850000 01

HEAT FLUX

( BTU/SFC-FT** )

0 100S90D 33

0 852S70D 02

0 6R6980D 02

0 5115303 02

0 402450D 02

0 2889500 02

0 2489000 02

0 2U270D 02

o lbseeoo 02

0 123110D 02

0 7046200 01

0 605800D 01

0 148390D 01

0 3671700 01

0 417480D 01

0 386260D 01

0 7896jOD 00

- 172610D 01

0 483550D 00

0 206430D 00

X.SA IHD1

TIME HEAT FLUX

(iLC ) (BTU/SEC-FT*

0 130000D 03 0 9705700 32

0 3)30003 00 0 76 7603 02

0 5000OOD 00 0 596500D 02

0 7JO000D 00 0 4804003 02

0 9)30 000 03 0 3813)00 02

0 11 00 OOD 01 0 3298400 02

0 1 00003 01 0 2204303 02

0 1 0 300 01 0 178460D 02

0 17J000D 01

0 15JO000 01

0 21 JO OOD 01

0 2J0000D 01

0 2 JOOOD 01

0 2 700 000 01

0 293000D ul

0 31JJ0JD 01

l> 330000D 01

0 350000D 01

0 370000D 01

0 3330003 01

O 135160D 02

0 131190D 32

0 120850D 0

0 718S30D 01

0 455290D 31

0 219270D 01

0 2602403 01

0 983720D 00

O 2326203 01

0 464530D 01

0 184500D 01

0 17685C3 31

206 (PINMAN) PAGE 0015

TIMF

(SEC )

0 1 300CD 00

O 35001/OD 00

0 55000CO 00

0 SOOOOO 00

0 550000D 00

O USOOOD 01

O 13 00 OD 01

0 1550C0D 01

O 17 OOOO 0 1

0 195000D 01

0 2150000 01

0 235000D 01

0 25 OOOD 31

0 275000D 01

0 295000D 01

0.1 OOOO 01

0 3350000 01

0 3 OOOD 01

0 375000D 01

0 J950O0C 01

H AT FLUX

(3TU/SEC-FT**2)

0 3996 500 02

0 7082000 02

0 6288 70D 02

0 4423-00 02

O 357570D 02

0 2639 500 02

0 227490D 02

0 1886400 02

0 1 56 500 02

0 775520D 01

0 4994 70 0 01

0 6772 10D 01

0 842260D 01

0 5662OOD 01

0 277410D 01

0 2454 500 01

0 8208900 00

0 8 82100-01

0 4097000 00

- 1957300 01



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS COD H3D 2
PINSIM VERIFICATION STUDY PROBLEM POWER-DROP TEST SIMULATION

VFRSION 002 06/10/80

05/13/80

NO 206 (PINMAN) PAGE 0016

TIME TEMPERATURE TIME TEMPEPATURE

»TUHC TAtrLt -

TIME TEMPFPATURE T IME TEMP RATURE

(SEC ) (F) (SEC ) (F) (SfcC ) (F) (SEC ) (F)

0 0 0 6435900 03 0 500000D 01 0 637800D 03 0 1030000 00 0 632670D 03 0 153 00 00 00 0 628710D 03

0 200000D 00 0 621470D 03 0 2500003 00 0 615340D 03 0 3000000 00 0 6122500 33 0 35J00 0D 00 0 609140D 03

0 400000D 00

0 600000D 00

0 800000D 00

0 100000D 01

0 120000D 01

0 140000D 01

0 1600000 01

0 1800000 01

0 200000D 01

0 220000D 01

O 240000D 01

0 260000D 01

0 2800000 01

0 300000D 01

0 320000D 01

0 3400000 01

0 3600000 01

0 604230C 03

0 5913300 03

0 581250D 03

0 5749100 03

0 5687100 03

0 565S80D 03

0 562630D 03

0 559310D 03

0 S56650D 03

0 5559900 03

O 5537700 03

0 5544700 03

0 5539100 03

0 553820D 03

0 552120D 03

0 552340C 03

O 552050D 03

0 4500000 00

0 650000D 00

0 850000D 00

0 105000D 01

0 125000D 01

0 145000D 01

0 165000D 01

0 185000D 01

0 2050000 01

0 225000D 01

0 245000D 01

0 2650000 01

0 28S000D 01

0 305000D 01

0 325000D 01

0 345000D 01

0 3650003 01

0 598540D 03

0 588270D 03

0 579730D 03

0 575030D 0 3

0 568130D 03

0 563710D 03

0 561350D 03

O 5585500 03

0 5S7920D 03

0 556340D 03

0 SS6380D 03

0 554330D 03

0 553060D 03

0 552570D 03

0 5530400 03

0 S54220D 03

0 5525500 03

O 5030000 00

J 733000D 00

0 900000D 00

0 UvJOOOO 01

0 133O00D 01

O 150000D 0 1

J 173000D 01

0 190000D 01

0 210000D 01

0 230000D 01

0 2500000 01

J 270000D 01

0 2900 OOD 01

0 3100C0D 01

0 330000D 01

3 3500003 01

0 370O00D 01

0 597010D 03

0 585980D 03

0 5779103 03

0 571110D 03

0 5679603 03

0 5636100 03

0 5612103 03

0 5570O0D 03

0 555040D 03

0 555450D 03

0 S55500D 03

0 5549903 03

0 55341OD 03

0 553550D 03

0 5524203 03

0 551410D 03

O 5 19003 03

0 -50000D 00

0 753300D 00

0 950000D 00

0 115000D 01

0 135000D 01

0 15500 CD 01

0 175000D 31

0 1930000 01

0 215000D 01

0 235000D 01

0 2 5000D 01

0 275000D 01

0 295000D 01

0 315000D 01

0 33 00OD 01

0 355300D 01

0 7S000D 01

0 5908600 03

0 584410D 03

0 576340D 03

0 571510D 03

0 566220D 03

0 561B60D 03

0 5591800 03

0 5587 700 03

0 557340D 03

0 554950D 03

0 552880D 03

0 S53160D 03

0 5532 50D 03

0 5529 700 03

0 5 29500 03

0 5527600 03

0 552390D 03



P.'nII- ^o^rfr?nFU!L "* SlMULATO«-TR*NSIENT ANALYSIS COD * 3 2 VERSION 002 06/10/80 NO 20. (P.NMANI PAGE 0017PINSIM VERIFICATION STUOY PROBLEM POW£c«-3R0P TEST SIMULATION Ob/13/80 «hinihan) PAGE 0017

TEMPtRATUrt TAILt — —

(SEC, "MPEPATURE ^ TEMPEPATURE T̂IM^ TEMPERATURE T̂IMF TMPERATURE
(F)

S«tM0»:: ols!^" 0 385000,0, 0 55.940D03 O3}J0,OO0> 0 51290D0 0 395 OOD 0, 0 5 3100D03



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CQD£ *3D 2

PINSIM VERIFICATION STUDY PROBLEM POWES-3R0P TEST SIMULATION

- PIN DATA —

(PIN NO 1 )

VERSION 002 06/10/80

06/13/BO

POWER POWER PIN TO AVG

SYSTEM FLAG POW PEAK FAC

TOTAL PIN

LEN TH FT

NUMdCR OF NUMBER OF

AXIAL LEVELS MATERIALS

O 1000D 01

GAP

CALCULATION

FLAG

INTERNAL

DATA

FLAG

H AT T<ANSFEI-

AREA oCALING

FACTO*

DEFORMATION

FLAG

0 100000D 01

FLUX D=PR SSION FACTOI-S

HER NOT JbLD

NO 206 (PINMAN) PAGE 0018



PINSIM A NUCLEAR FUEL PIN SI MULATOR-TRANSI FNT ANALYSIS COO X30 2 VtRSION 002 l)b/10/8) NO 206 (PINMAN) PAGE 0019
PINSIM VERIFICATION STUDY PROBLEM POWFR-DROP TFST SIMULATION 06/13/83

LcVZL liATA

(PIN NJ 1)

L^VEL SURFACE HEAT AXIAL AXIAL Pig ASSOCIATFO NO OF RADIAL NC OF RADIAL
NO TRANSFER AREA LENGTH POWER FRACTJ 3N WATEf- NODc REGIONS NODES

(FT**21 (FT)

1 0 97<?655D-01 1 000 1 03 30 0 5 19

00



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE 430 2

PINSIM VERIFICATION STUDY PROBLEM POWER-DAOP TEST SIMULATIUN

VERSION 002 06/10/80

06/13/80

LEVEL

NO

REGION

NO

REGION INNER

RADIUS FT

0 0

0 2342D-02

0 90750-02

0 1023D-0I

O 14020-01

REGION DATA

(PIN NO 1 )

REGION JUTEK

RA3IU9 FT

0 2342D-02

O 9075D-02

0 1U23D-01

0 14020-01

0 15390-01

RADIAL POWER

PEAK FACTOR

0 O

0 0

0 1000D 01

0 0

0 0

N3 OF MATERIAL

NODcS I D NO

206 (PINMAN) PAGE 0020

V0



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE H.OD
PINSIN VERIFICATION STUDY PROBLEM POWR-DROP TEST SIMULATION

V RSION 302 36/1 J/flD

06/1 •%/& )

NC ?0h (PINJIAN)

LEVEL NODE NOOE INNER

NO NO RADIUS FT

1 1 0 0

1 2 0 234 1 70D-02

1 3 0 4057 74D-02

1 4 0 523899D-02

1 5 0 619909 D-02

1 6 0 7029260-02

1 7 0 777124D-02

1 8 0 8448310-02

1 9 0 907500D-02

1 10 0 966712D-02

1 11 3 1022500-01

1 12 0 1094850-01

1 13 0 1,627,0-0,
1 14 0 122662D-01

1 1j 0 126 775D-01

1 ,6 0 134591D-01

1 17 0 140167D-01

1 18 0 ,456060-01

1 19 0 150e50D-01

NODE CENTER

RADIUS FT

0 1(55830-02

0 1312770-02

U 4685740-02

0 573915D-02

6627,90-02

7409540-02

811684D-02

676726D-02

9375730-02

9949970-02

13o929D-01

1129293-01

1195200-01

1^57650-01

1317150-01

137407D-01

1429130-01

1482 10-01

153404D-01

—__

(PIN NJ 1)

NOD uUT R NUD RAO!AL pG*Er MATERIAL

RAuIJ FT JfLUM FTJ p AKlNC. FACTrP I 0 NO

0 341 70D-02 0 172271D-04 0 3

0 4uj7 74J-0 0 3 50010-04 0 •)

0 2jJ99x> Oi 0 34b0010 04 0 0

0 19J09D-32 J 345031D-04 0 )

0 7ui2926Li 32 L 34J001D-04 3 3

0 777 24J 02 0 34o001U-04 0 0

0 3448310-0 J 34 50 01D-04 0 )

0 307 OOO id 0 34bJ31D 04 3 3

0 9oo7l2D-02 0 34 3C38D-0* 3 j 0 ) )0D 00 3

0 10 <C500-|>1 0 J 86360-04 T 5&03C 13 Oo 1

0 1394 5U-01 u 4K127SD 04 0 0 ?

0 Uu 71LI 01 0 4B12 78D-04 0 a 2

0 122 12U 01 3 40127dD-04 0 > 2

0 12o775u 01 0 4612780-04 0 •)

0 13-.591D-01 0 48 12780-04 0 0 ?

3 1401 70 01 3 481 78D-04 0 0 2

0 14-> OGJ-01 0 4H8342D 04 0 > 4

0 1 UaSOU 01 a 488342D 04 0 0 4

0 15->917D-01 0 4t 8342D 04 0 0 4

PAGE 0021

IO
o



x, V

PINSIM A NUCLEAR TUEL PIN SIMULATOR-TRANSIENT ANALYjIb COD_ i(3D 2 VtRSION 002 06/13/80 NO 206 (PINMAN) PAlat 0022

PINSIM VERIFICATION STUDY PROBLEM POWER-DROP TrST SIMULATION 05/13/10

M ATRIAL DATA

(PI NJ 1)

IDFNTIFI 3 M T KIALS

MATERIAL NO j IS INCUKEL

MATERIAL N3 4 Io TAULESo sTFEL 316

FULLJWING ARE DESCRIPTIOMS JT TIT (jTHfcR MATERIALS

tvJ



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE M3D 2 VERSION 002 06/10/80 NO 206 (PINMAN) PAGE 0023

PINSIM VERIFICATION STUDY PROBLEM POWER-DROP TEST SIMULATION 06/13/80

MATERIAL DATA

(PIN NO 1)

MATcKIA NO 1

MELTIN T MPERATURE (F)

5000 03

THERMAL CONDUCTIVITY

(BTU/-IR-FT- )

ALLOWED TEMPERATUR RANGE

HIGH L3«

2300 00 0 0

K = CO ♦ C1*T + C2*T* ? ♦ L3*T**3 + C4*T**4

CO CI C2 C3 C4

0 2I2866D 02 -0 1013690-01 0 0 0 0 0 0

SPECIFIC HEAT CAPACITY M

(dTJ/LUM ) £*

ALLCWED T MP RATUR.- KANGF

HI.,rl LOW

2300 00 0 0

CP = CO + C1*T ♦ C2*T**2 ♦ C3*T**3 ♦ C4*T**4

CO CI C2 C3 C4

0 1678120 00 0 370264D-03 -3 173794D 06 0 3144800-10 0 0

D NSITY

(LdM/FT**3)

0 1383843 03



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS COO.. MOD 2 VtRSION 002 06/10/80 NO 206 (PINMAN) PAGE 0024

PINSIM VERIFICATION STUDY PROBLEM POWER-JROP TEST SIMULATION 06/13/80

MATCH I AL DATA

(PIN NO 1)

MELTIN I Mr>cRATUkF (F)

000 03

THERMAL 3NDUCTIVITY

(BTJ/-IH FT- )

ALLOWED T MP RATuR kANGt

HI H LJ*

2300 00 0 0

K = CO ♦ C1*T + C2*T**2 C3*T**3 + C4*T**4

CO CI C2 CJ C4

0 171853D 02 -0 407190C-02 3 O 0 0 0 0

SPFCIFIC -I AT CAPACITY M

(dTJ/LBi(- ) JO
LO

ALLOWED T MP RATUR RAI>Gt

HIGH LLI

2330 00 0 3

CP = CO ♦ C1*T C2*T**«_ C *T**3 C4*T**4

CO CI C C3 CA

0 1678120 03 0 3702640-03 -3 173794D Ob 0 3144860-10 0 0

L, NS1TY

(Ld-I/FT *3)

0 135466J 33

END OF INPUT DATA «0CLS ING



PINSIM A NUCLtAR FUEL FIN SIMULATOR-TRANSIENT ANALYSIS COD MOD 2 VERSION 002 06/10/80 NO 206 (PINMAN) PAGE 002S

PINSIM VERIFICATION STUDY PROBLEM POWER 3R0P TEST SIMULATION 06/13/80

*********************************** ******************************* ******* **** ****** ***** • ********************* ************

************************************************************************************************ ********** **********************

*************************************************************** *************** **************************** ** **** *************

************************************************************ ****** * ******************* ************************ ***************

************************************************************************ ************************* **** * ****** * ** * **********

******************************************* ***************** *** *********** * ******** ************* ** * * ****************

******************************************************************************* * ****************************** ** **************

*************************************************************** ****** ** *** • **** *** **************** **********************

**************************************************************************************** *************** ** *********************

****** ************************************************************************************************** ******* ****************

**•******•***********•*******»*•*********•****••»•*********•••* ****** ********* **** * ********* ***** *** *** ****************

*************************************************************************** ******************** ********** *«****«*****•*«•*•****

*************************************************************** * **** *************************** ***** * **** ** *************

ft****************************************************************** ************ *«*• *************** **« ** ******** ********

** *********************************************************************** * **** *********** ************* ***«*«****«****«****•*

***************************** ********************************************** ********** *********************** ***** ************

***************************************************************************** ********* * ** *************************************

* ************************************************************************** ****************** ***************************** ••••

************************************************************ *• ***** ** ** ********* ****** ********** •* ** *****•••*•***

************************************************************************************************************* *******************

*********************************************************** ********** ***** * ********* ***** ********** ** *******************

************************ *«** ************** ******************************* ***** ****** ******************* ********************

************************************************************************************* ******************************** ****••**•**

* ************************************************************** ***** *************** ** ** * «*** ****** **********************

**************** *********************** ***************** * ********************

**************************************** **********«,********»**** ******** ******

******************************* ••****•• STEAOY-STAT 3JTPUT ********* ****** ********* ************ M
**************************************** ********** ** ************************** jj,
******************************** ******* ********** *****************************

***************************************** **************** ******** * **** * ***** ********* *** • ******** * *** **** **********

* ****************************************************************************************** » ******************** *****•**•***•*•

*************************************************************** *• *** * ***** * ****** ************ ** ** ***********************

*********************************************************************** ************************ ***** * ****** ********

* ******************************************************************************************* ***** *******************************

***** **•**•*****•********•***•*•*• *********************************** ** ******* *** *************** ** ***** ** ************

************************************************************* ************** ************************************ *«**«***«*••****

******************************************************************************** ************* ************** ft******************

**************************************** ************************************************ *************** ****** **** ***********

* ****************************************************************************************************************** **************

****«*«******«******************************************************«****** *** *• ****************** »** * ***** *** *** ******

***************************************** ************************* ************************ *** **** ***************************

*************************************************************************** ************************* *** * ** ** ***************

*********************************************** ************* **** ******* * * ******************** ** * *********** ************

******************************************************************************* * ********** ************************ * **********

************************************************************* ** ** *** * *** * **** ******* ********* ******** **************

******** ******************** *********************************************************** ******* ****** ** * *** ***************

************************************************************** ************* *****************************************************

****************************************************************************** ************ «******« ************ *** ** ******

*********** ******************************************* ***** • ************ ********** ***************** 4* *********************

******************************************************************** »• •** * ******* **************** ************* *************

***** *t*************************** *********************************** ********** **** ***** *** ** * ** ********* * ***********

********************************************************************************************************************* ***********

***************************** ******************************** *********** *********** * ********** ** * ******** *** **** *****



PINSIV, A NUCLEAR FUEL PIN IMUL ATOR-TRAN SI TNT ANALYSI CO. uO. VISION 002 06/10/U) Nf 20 (PINVAN, PAGE 0026
PINSIM VERIFICATION STUDY PROBLEM POWFS DROP TEST SIMULATION 0 /I3/BO

YSTE* * 1 L VTL * 1

CALCULATION LOCATION

PIN LEVEL NuO

1 I 0

LFVEL OHUNOArfY CUN31TIIN

UNFILTt tl) ILTtr O

HEAT TKANSFEH CO FFICIENT (PTU/SFC-FT2-F1 0 0 r
SURFACE HEAT FLUX (BT J/SEC-FT2 ) 0 9 SoOJ 0 0 9469o)L 0
TEMPFRATURt (OEG F| « 64 59 3 Oi 64 J590L 0

OACK CA ULATIOr

CALCULATES H SJLTS

UNF1 T «tD ILTFktO

POWER (KW, 0 > T*^° a» 0 927 9 D 01
SURFACE hEAT FLUX (dT J/SEC-FT2) 0 Mt« UD B2 M

URFACE TEMP RATUI E OEG F) > <" 4 5500 03 ^
Ln

T MP RATUR IsTSIdUTIOr

PIN 1 L LL I

LEVtL

1

NO 1

842

2

e42 2G

3

B 2 25

4

842 25

N Uu

-j

J 42 5

6

t 4d

7

B4 i. B4 25

<3

y42 25

10

829 26

LEVEL

1

NO 11

80T SI

12

7 79 45

13

7 -3 30

14

738 84

gUDw

15

7 j

I

l 8 0

17

ess o

18

e <; 652 32



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS COD MOD 2
PINSIM VERIFICATION STUOY PROBLEM PCWER-DROP TEST SIMULATION

VFRSION 002 06/10/80

06/13/80

NO 2 )6 (PINMAN) PAGE 0027

LEVEL LEVEL POWER

NO (BTU/SEC)

I 0 9276940 01

LEVCL

SUMMARY OF PIN CONDITIONS PIN NC

PIN POWER

TAU (SEC)

0 0

3ELT (SE )

3 0

3TJ/S C

0 0 0 0

SYSTEM IOENTIFI ATI ON PIN 1

LEVEL YSTfeM * SYSTEM LEVEL

SURF HEAT TRAN SURF HEAT FLUX CENTERLIN TtMP ) CATtR NODL SURFACE TEMP ACJACENT COOL S URF HT TRANS
(BTU/SEC) (BTJ/ EC-FT**2) ( J TFMP(F) (F) TEMP(F) CCEFF( B/S-FT 2-F)
0 9276940 01 0 946960D 02 0 8422483 OJ 0 8^92650 03 0 543S90D 03 0 C4J590D 03 0 0

EQUIVALENT GAP

CONDUCTIVITY

(BTU/SEC-FT-F)
GAP CONDUCTANCE

(8TU/SEC-FT**2-F)
AP T-llCKNtSb

(FT )

STEADY STATF

GAP THICKNESS

(FT )

NO CF ITERATIONS

IN H T SOLUTION

NO



ft » «- > V

ll

PINSIM A NUCLEAR FUFL PIN SIMULATOR-TRANSIENT ANALYSIS CODC 400 VISION 00. **'|°/S' « "6 (PINMAN, PAGE 0028
PINSIM VFRIFICATION STUDY PROBLEM POWER-DROP TEST SIMULATION 06/13/80

SUMMARY OF PIN CONDITIONS PIN Nt 1

PIN TFMPERATJSL DI TRIUUTION

LFVEL NO

1

1

842 25

2

642 25

3

P42 25

4

842 25

5

842 2

6

h42 25

7

342 25

6

842 2

9

842 PS

10

829 26

LEVEL NO

1

11

803 01

12

779 45

13

753 00

14

738 B4

NoD_

15

721 56

lb

705 80

17 IP

669 69

1»

652 0?

to
•xi



p!m!!m ^01rf,^^r.FyE': P,N S,MULAT0R TRANSIENT ANALYSIS COD M3D 2 V NSION 032 06/10/80 NO 20c (PINMAN, PAGE 0029PINSIM VERIFICATION STUDY PROBLEM POWER DROP TEST SIMULATION Ob/13/80 1™«™J KAOt 0029

SUMMARY OF PIN CONDITIONS JIN NO 1

TOTAL STOREO ENERGY 1 J 1 0 30797 D 02 STU

LFVFL STOREO CNtR Y EC LEVF (bTU)

1 0 J073 7 0 0?

TOTAL NQOA1 STU3 D tN RGY (LTUJ

NOD

LEVEL N° » 2 3 4 5 6 7 8 9 ,0
1 0 72 7D 00 0 1451D 01 0 14510 01 0 14-5 ID 01 J 1451D 01 0 1451D 31 0 1451D 01 0 1451D 01 0 13620 01 0 18330 01

NCDL

1 l 86 l 78 » 7> 1 66 10 1 2 38 2 02 1 95

* •» * > *

ro

CO



V. U * » >*• '

PINSIM A NUCLEAR FUEL PIN SIMULATOR TRANSIENT ANALYSIS CODE 1430 <. V RSION 002 06/10/80 NO 206 (PINMAN) PAGE 0030
PINSIM VERIFICATION TUDY PROBLEM POWER-JROP TEST SIMULATION 06/13/81)

***************************************************** *********** * ***** ***** **** ** ** **** ******** **********
***** ***************************** *** *************** *************** **** **************** *** ***** ****** * *** ********** **
********** ****************************************************** * * ***** * ********* * * * ** ****** *** ******* ********* *
*********************************** *** ******************** * ** *** **** ****** ** ***** ********** * *** * * ****
********* ********************************* «********•***«***•* * *************** ***** ********* **** ** * ***** ***** **********
******************************************* ******************* ** *** ******* ******************* **»* ****** ********* **•*
*********************************************** ****************** ***** ** **** * ****** ** *** * ***** ** *** ************* **
******************************************************** ******************* **** **** * ******** *** * **** * ************** *
********************************************** *************** * ******** ** ******** **** ****** »* ******* ***** ********
********************************************************************* ************ ** ******** #* ********* **** ** *************
*************************************************************** ******* ** *** ******* ************ ******* * ****************
***************************** **** * ****** ******************** ** * ******** ******** **** ** ******* * **** ************

************************** ********************* ************************ ****************** *** ******** **** ******* **** ******
**************************************************************************** * ******* ***** ** * **** ***** * *** ****** ***
***************************************** ************************ *** * ** ** **************** **************************** ****

********************************************************************* * **** ** **** ****** ********** * ************* **** ***

************ **************************************************************** ******** *** *** ******* ****** »** ** ** ***** ««*
************************************* ********************************* **** ******************** ******************** ***********

*********************************** **** * * ***************************** ** *********** *** * ******* *** * *** ** ** *********
****************************************** ********** **** ******* ****** * ** ******* ******** * ******* ************* **

******************************************************************* ********* * ** ****** ***** *** »* *********** **** * *** *
******** ******»********««****#******** ** * ********* ************ * ****** * *** * * **** ** ******************* * • ***** **

******* ««******4**4****************4******»««************** **** ****** **** *************** ********************** ****** *** **

************************************************************* *********** **** ******** ** *** ** * * *** * * **** *******
**************************************** **** ** *** ********** ***************
**************************************** *************** ***** ********* ********

***********t ***************** ********** TRANSItNT JUTPUT ******* ** *********** *** ************ M
**************************************** *************** ** * ****** ****** ^
************************************** * *********** *** **** ******************

******************************************* **************** ****** «* * * **** ****** ******* * ****** ** ******* **********
************************************** ******* * *************** ************** ***** *** *** *** ********* **** * * ************

***************************************************************** ********** ******** ******************* *** ***** ******* * **
***** ********************************************************** ******* * ** *** * ***** ******** * ***** **************

************************************ * *********************** **** ******** *** * **** ********* ****** * ** *** ** ******* ****

**9**************4***«***** ********************************** ** ***** **** ********* * **** ***** ** ***** ** ********** ****

*************************************** ******************** ***** *********** *********** * *** ******* ****** * * ** **********

* ************************************************************ *********************** ***** ********** * ********* **************

*************************************************************** *** *************** **** ****** **************** ******** »**
******************************** *********************** ******** * ***** *** **** ************* ** ******************************

****** «*******4*****************************C***************4********** * ************************ ******** * * * ****************

************** ****************** ****** *************************************** ************* *********************** ************
********* **************************************************** **** ** **************************** ************ * *** **********

***************************************************** ************ ***************** *********** ******** ******* * ******* **

********************************** ***************************************** ** * ********** ****** ****** **** **************

******************************************* ******************************************* *********************** ** **** **********
******************************************************** ************* **** **** ******* * *** **** **** *** ***** ***** **•*

******************************************************************* ********************* ****** ****** ***** ******** **********
******************************************* ** *************** *** * ** ***** * **************** *** *** * * ** ****************

** ********************* ************************************ ************* ********** ******** *** * * ** * * ***** ********

*********************************** *********************************** * ********** ***************** **** **************** *****

********** ***************************** **************************** ************ ****** ** **** ******* *** * *********** *

********************************************** ******************* *** **** ************ ***** *** *********** * ******** ***

********************************************************************** * *** ****** ***** *** * * ** ****** *** * ***************
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PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2
PINSIM VERIFICATION STUOY PROBLEM POWER-DROP TEST SIMULATION

VERSION 002 06/10/80

06/13/80

NO 206 (PINMAN)

LEVEL NO

1

LEVEL NO

1

666 01

11

620 97

SYSTEM * L VEL *

CALCULATION LOCATION

PIN LEV L NODE

LEVEL BOUNDARY CON3ITIONS

HEAT TRANSFER COEFFICIENT (BTU/SEC-FT2-F)

SURFACE HEAT FLUX ( BTU/SEC-FT2>

TEMPERATURE (DEG F)

UNFILTERED

0 0

0 3 5160D 02

0 5749100 03

BACK CALCULATION

CALCULATED RESJLTS

FILTFRED

0 35160D 02

0 5749 100 03

POWER (KW)

SURFACE HEAT FLUX (BTU/SEC-FT2)

SURFACE TEMPERATURE (DEG F)

UNFILTERED FILTERED

-0 454080D-01 -0 454080D-01

0 335160D 02

0 5749100 03

2

662 74

12

615 60

3

657 96

13

610 44

TEMPERATURE 01STRIdUTlON

PIN 1 L VEL 1

4

653 41

14

60S 50

NODE

5

649 01

NOOfc

15

600 74

6

644 73

16

c96 17

7

640 5S

17

590 70

8

636 49

18

584 26

9

631 83

19

577 99

PAGE 0032

10

626 43

U>



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD 2
PINSIM VERIFICATION STJDY PRObLEM P0WER-3R0P TFST SIMULATION

VERSION !30«; 06/io/a")

36/13/SO

LEVEL LEVEL POWER

NO (BTU/SEC)

1 -0 45408 OD-01

SUMMARY OF PIN C NOlTIJNo

TAU (S C)

) 100D 01

3cLT (S C)

3 00D-O1

PIN POWER

OTJ/S C

0 0

SURF HEAT TRAN

(BTU/SEC)

0 328341D 0,

SYSTEM IOFNTIFJCATICN PIN 1

LEVEL SYST M * SY T V LtVtL

I 1 1

SURF HEAT FLUX CFNTERLIN Tt-IP 1EAT1 NOOC

(8TU/ EC-FT**2) ( ) IE* ( )
0 33 160D 02 0 6663090 UJ 0 62C427D OJ

SURFACH TEMP

(F )

0 74910D 03

216 (PINMAN) PAGE 0033

ADJACENT COOL

TEMP(F)

0 574910D O

URH HT TRANS

COEFF( B/S-FT2-F )

0 0

LEVEL

EQUIVALENT GAP

CONDUCTIVITY

(BTL/SEC-FT-F)

GAP CONDUCTANCE

(3TU/SEC-FT**2-F)

GAP THICKNES

( T )

aTEALY ^TAT

GAP THICKNFSS

(FT )

NC CF ITFPATIONS

IN H T SOLUTION

0 0 0 0 0 0

CO
IO



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSIENT ANALYSIS CODE MOD
PINSIM VERIFICATION STUDY PROBLEM P0KER-3R0P TEST SIMULATION

VERSION 002

SUMMARY OF PIN CONDITIONS PIN NO

PIN TEMPERATJRc DISTRIBUTION

Ob/10/80

06/13/80

NO 206 (PINMAN) PAGE 0034

NODi.

LEVEL

1

NO 1

666 01

2

662 74

3

657 96

4

653 41

5

649 01

NOUL

6

£44 7J

7

640 56

8

636 4?

<5

631 83

10

6 26 4 3

LEVEL

1

NO 11

620 97

12

615 60

13

610 44

14

6 05 50 600 74

16

596 17

17

*90 70

18

e4 26

19

577 99

CO
03



PINSIM A NUCLEAR FUEL PIN SIMULATOR-TRANSI NT ANALYSIS CODF MOO 2 VERalON 002 06/10/80 NO 206 (PINMAN) PAGE 0035

PINSIM VERIFICATION STUOY PROBLEM POWER-DROP TEST SIMULATION 06/13/80

SUMMARY Or PIN CONDITIONS PIN NO 1

TOTAL STORED ENERGY PIN 1 - 0 229912D 02 BTU

LEVEL STOREO ENtHGY cR LtVLLILTU)

1 3 2t9J120 02

TOTAL NODAL STORED N RGY (BTU)

NODt

LEVEL NOl 234j6789 10
l 0 52390 00 0 1042D 01 0 10310 01 0 1022D 01 0 10123 01 0 1003D 01 O 9935D 00 0 9H47D 00 0 1336D 01 0 13230 01

NODt

LEVEL NO 11 12 13 14 15 lb 17 18 19

1 1 30 1 23 1 27 1 25 1 24 1 23 1 74 1 72 1 69

CO
J>



R

E

S

T

A SRF HT FLUX SURF TEMP LEVEL POWR NODAL TtMP N33AL TEHP NODAL T MP NODAL TEMP NODAL TZMP

R TIME (SEC) B/S-FT2 DEG F BTU/SEC (DEi> F) OEG Fl (OEG F) (DEG F) (DEG F)

T ( 1 1) (1 1) (1 I) (111) ( 1 , 3) (114) ( 1 1 16) ( 1 , ,9)

0 0 94 696 643 59 9 2769 842 25 842 25 342 25 705 80 6 2 02

0 500000D-01 100 59 637 80 0 87261E-02 840 32 838 40 836 20 700 34 646 78

0 10000 00 0 0 97 057 632 67 -0 93931E-02 837 01 831 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 47 -0 27487E-0I 822 49 810 72 803 12 675 41 629 5^1

0 250000 85 287 61s 34 0 17808E-01 8,2 80 799 43 791 20 666 86 623 03

0 300000 76 376 612 26 -0 6S907E-03 802 ,9 787 94 779 42 6S9 j9 619 lo

0 350000 70 320 609 14 0 I6918E-02 791 07 7 76 47 767 91 653 ie 615 54

0 400000 69 S45 604 23 -0 S3198E-02 779 75 76o 16 756 72 646 76 O10 53

0 450000 68 698 59 e 54 -0 14572E-02 768 43 754 10 745 88 640 14 604 78

0 500000 9 850 97 01 -0 196S5E-02 757 27 743 36 735 42 634 78 602 45

0 55000 0 62 887 590 86 -0 13994E-03 746 36 732 96 72j 34 628 79 596 59

0 60000 0 51 187 S91 33 0 1S690E-01 735 78 722 95 715 68 624 5 596 00

0 65000 0 51 153 588 27 -0 1S230E-02 725 57 713 35 706 44 620 23 592 94

0 700000 43 040 585 98 -0 27879E-01 715 76 704 16 697 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 803000 44 220 581 25 -0 43S82E-01 697 45 587 ,2 681 29 608 64 585 30

0 850000 40 245 579 73 0 33305E-01 688 S5 579 23 673 75 605 21 583 42

0 900000 38 130 577 91 -0 35047E-0I 680 as 671 74 666 58 601 97 531 41

0 9S000 0 35 757 576 34 0 54657E-01 673 24 664 67 659 84 598 98 579 62

1 00000 33 516 S74 91 -0 4j408E-01 666 01 657 96 653 41 596 17 5 77 99

i osooo 28 895 575 03 -0 97837E-02 659 17 551 61 647 35 594 01 577 69

1 10000 32 984 71 11 0 43SS1E-01 652 72 645 6b 641 67 591 00 574 15

1 15000 26 39S S71 51 -0 19S6SE-01 646 64 640 03 636 29 588 84 573 94

1 2000 0 28 607 56e 71 -0 1980SE-01 640 90 634 69 631 19 586 24 571 35

1 25000 24 890 568 ,3 0 4I477E-0, 635 49 b29 68 626 40 584 10 570 42

1 30000 22 043 567 96 -0 42961E-01 630 38 624 94 621 85 582 37 569 99

1 3S0O0 22 749 566 22 0 14909E-01 625 57 620 47 617 58 583 41 56e 32

1 40000 20 468 565 58 0 22075E-01 621 35 ol6 28 613 58 578 70 567 47

1 4500 0 21 127 56 3 71 -0 37284E-01 616 79 512 31 609 77 576 73 565 66

I 5000 0 17 846 S63 61 0 31268E-01 612 77 608 58 606 21 575 2~ 5 65 26

1 5500 0 18 864 561 86 -0 26748E-01 608 99 505 OS 602 82 573 48 563 60

1 60000 14 419 562 63 0 43414E-01 60 43 601 75 599 67 572 4 2 563 96

1 65000 15 S86 561 35 -0 60286E-01 602 38 98 62 596 65 571 10 562 79

1 70000 13 516 561 21 0 39671E-01 598 3 9o 70 593 86 570 03 562 46

1 75000 IS 565 559 18 0 40619E-02 59S 98 92 96 59 1 24 568 52 560 62

1 80000 12 367 559 31 -0 10950E-01 593 20 90 36 588 75 5o7 42 560 45

1 85000 12 311 a SS -0 22501E-01 S90 58 87 91 586 39 566 33 559 69

1 90000 13 110 557 09 0 49042E-01 588 12 85 62 584 20 565 04 5S8 30

1 9a000 7 7552 556 77 -0 40807E-01 585 79 63 44 582 11 564 60 559 49

CO
Cn



M-> N33AL TFMP

(3EG F)

1) (11 )

R

E

S

T

A SRF HT FLUX SURF TEMP LEVEL POWR NODAL Tt
R TIME(StC) 0/S-rT2 DEG F 9TU/SEC (DtG F)
T ( 1 1) (1 11

-+

( 1 1) ( 1 1

"——

2 OOOOO 1 1 699 556 65 0 11712E-01 58 1
2 05000 7 0462 557 92 0 22904E-02 581 6
2 10300 12 085 555 04 -0 14672E-0, 579 3

2 15000 4 9947 557 34 0 30206F-0, 577 J
2 20000 8 1561 55 99 0 35709E-0, 5 76 14

2 25000 6 0580 556 34 0 30787E-0, 574 6
2 30000 7 1*53 5j5 45 0 18220E-01 S73 3d
2 3->000 6 772, 554 95 -0 22526E-0? 571 70
2 4000 0 7 7341 55 77 0 3516SE-0, 570 42

2 45000 1 4839 556 38 -0 3J738E-01 569 0

2 50000 4 5529 55 50 -0 12156F-01 568 37
2 55000 8 4226 552 88 0 36789E-0, 567 31

2 60000 2 9453 654 47 -0 27023E-01 566 32
2 65000 3 67 17 554 33 0 21774E-0, 565 10
2 7000 0 2 1927 554 99 -0 15066E-01 564 23

2 7b000 5 6820 553 16 0 J3977E-02 5C3 4o
2 80000 2 6366 553 91 0 1SA06E-02 562 7

2 8500 0 4 1748 553 06 -0 8165 E-02 561 97
2 90000 2 6024 553 41 0 12859E-0, 561 30
2 95000 2 7741 553 25 -0 42815E-02 -.60 ad

3 OOOOO 1 4266 53 82 0 61344C-02 560 to
3 0500 0 3 8626 552 57 0 24370E-0, 559 55
3 13000 0 98372 5 5b 0 30144E-0, 359 35
3 15000 2 4545 552 97 0 J66J9E-01 558 7

3 20000 3 38 64 552 12 -0 39j28E-02 o58 13

3 25000 0 7896 S3 04 -0 71054E-01 557 71
3 oOOOO 2 3262 552 42 0 22964E-0, "557 J2
3 3500 0 0 82089 5 2 95 0 30357E-01 5 6 35
3 4000 0 2 1418 552 34 0 38546E-0, 5^6 51
3 4500 0 -1 7261 554 22 0 45223E-01 556 9

3 5000 0 4 54 3 551 41 0 405eSE-01 S56 30
3 55000 0 83921E-01 552 76 0 41424E-01 55S 73

3 60300 1 9539 552 05 0 30678E-01 5 7
3 650CO 0 483S5 552 55 -0 78483E-C2 555 4
3 7030 0 1 9450 551 90 0 12174E-01 555 01

3 75000 0 43970 2 39 0 31879E-0, 5 4 60
3 80000 2 9780 551 04 3 482o3E-0l 554 8
3 3500 0 0 20643 1 94 0 4S409E-01 54 39
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Internal Distribution

NUREG/CR-1940
ORNL/NUREG/TM-431
Dist Category R2

1 W G Craddick 14 J P Sanders

2 R D Dabbs 15 H E Trammell

3-7 R C Hagar 16 D B Trauger

8 H W Hoffman 17 Patent Office

9 C R Hyman 18 Central Research Library

10 A L Lotts 19 Document Reference Section

11 D G Morris 20-21 Laboratory Records Department

12 L J Ott 22 Laboratory Records (RC)
13 T W Robinson

External Distribution

23-24 Director, Division of Reactor Safety Research, Nuclear Regulatory
Commission, Washington, DC 20555

25 Office of Assistant Manager for Energy Research and Development,
DOE, 0R0, Oak Ridge, TN 37830

26-27 Technical Information Center, DOE, Oak Ridge, TN 37830
28-412 Given distribution as shown in category R2 (10-NTIS)
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