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DEVELOPMENTAL VERIFICATION OF PINSIM-MOD 2

1s R. C. Hagar

* ABSTRACT

PINSIM-MOD 2, 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.a

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-MOD 2 can correctly solve inverse, forward,
and backward formulations of the heat conduction problem in a
one-dimensional cylindrical geometry.

.
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1. INTRODUCTION

+,

The digital computer codes PINSIM-HDD1 (Ref.1) and PINSIM-MOD 2 i
' (Ref. 2) have been developed for use in planning and analyzing the re-

*
suits of experiments that use electrically heated rods to simulate nu-
clear fuel rods during thermal-hydraulic transients. Both codes were
developed as part of, and have found applications in, the Oak Ridge Na-
tional Laboratnry (ORNL) Pressurized-Water Reactor (PWR) Blowdown Heat
Transfer (BDHT) program.

The PINSIM code (PINSIM-MODI and/or PINSIM-MOD 2) is essentially a
generalized one-dimensional heat conduction cooe for cylindrical geome-
tries; it is capable of solving several formulations of the conduction
problem empicying user-defined multiple axial (up to 20) and radial (up
to 10) regions in a cylindrical geometry and user-defined material prop-
erties. The conduction problem formulations solved by PINSIM may be1

referred to as forward, backward, and inverse problems. The forward
conduction problem is the classical one of determining internit rod ten-
peratures and rod surface conditions when both power generation rate and
surface boundary conditions are specified. The backward conduction prob-
les is that of determining internal temperatures and power generation rate
when two surface conditions are specified. The inverse conduction problem
is that of determining internal rod temperatures and surface conditions
when both the power generation rate and an internal temperature are speci- ,

fled. The PINSIM-MODI code solves the first two problems only, while,

i PINSIM-MOD 2 solves all three. Conduction problem formulations solved by
| PINSIM are summarized in Ta' ole 1. ,

| Table 1. Conduction problem formulations solved by PINSIMa

Forward Backward
Inverse

Case 1 Case 2 Case 1 Case 2'

,

Power generation K K U U K

; Surface heat flux U U K K U

Surface temperature U K U K U

; One internal temperature NU NU NU NU K

i Internal temperatures U U U U U

; Surface boundary condi- K NU K NU NU
tions (hg Tbulk) *'

Solved by PINSIM-MODI Y Y Y Y Ni

! Solved by PINSIM-MOD 2 Y Y Y Y Y
'

aK = known, U = unknown, NU = not used, Y = yes, and N = no.
|

_ _ _ -. . _ , - _ _ _ _ . . _ , _ _ _ _ _ . _ , _ . _ _ , _ _ . _ _ _ _ _ . _ . _ _ _
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Throughout the development of both PINSIM-MODI and FINSIti-MOD 2, the
validity of various program modules have been verified informally by de-

'** velo 9 mental 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-MOD 2 using data

obtained during a relatively low powered power-drop test conducted in the
BDHT program's Forced Convection Test Facility (FCTF)'' using an internally
heated electric fuel pin simulator (FPS). The method (later described in

,

greater detail) used to verify PINSIM is briefly described as follows:

1. Develop a PINSIM model of the electric pin used in the FCTF test.
2. Create and execute a PINSIM problem model to solve the inverse conduc-

tion problem using a record of the sheath thermocouple response and
the rod power transient as boundary conditions; determine centerline
temperature, surface temperature, and surface heat flux.,

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

4. Create and execute a PINSIM problem model to solve the forward con-
duction problem using the quasi experimental surface heat transfer
coefficient, the bulk coolant temperature, and the rod power tran-,

sient as boundary conditions; calculate centerline temperature, sheath
thermocouple position temperature, surface heat flux, and surface tem-
perature.*

5. Create and execute PINSIM problem models to solve the backward conduc-
tion problem using transient 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
thermocoupk records and (2) the calculated surface heat flux and surface
temperaturen 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 comparisont, are presented in Sect. 2. Comparisons are summarized*

and conclusions are presented in Sect. 4. The PINSIli problem models are
entered in the sample problem listings in the appendices.

,

|

- - - _ - _ -- -_. - - - . . - - - - --. --
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2. METHOD AND RESULTS

*2.1 Data Base
,

The data base used to both bound and verify PINSIM calculations was a

generated during a power-drop test of an electrically heated rod in the
ORNL-PWR-BDilT program's FCTF; it consists of a tabulated record of the
rod power transient and the responses of two internal rod thermocouples
(a centerline and a sheath thermocouple) and a coolant subchannel thermo-
couple (located in the coolant subchannel approximately adjacent to the
axial plane of the two rod thermocouples).4 The thermoenuple records are
plotted in Fig. 1; error barn on the curves represent an uncertainty of
12.5 K (14.5'F) in the indicated temperature. At steady state, the power-
generation rate was 10.32 kW/f t (9.786 Btu /s-f t), and at the initiation of
the transient the power was turned of f and remained at 0.0 throughout the
transient.

2.2 Electric Pin Model

The electric rod used in the power-drop test (from which the thermo-
couple records plotted in Fig. I were taken) was desigaated 018A in the
BDHT program.4 This multiple-region rod consisted of a boron nitride core ,

surrounding a center thgemocouple bundle and was itself encircled by an
electric heater element made of Inconel (Fig. 2). Outside the Inconel
heater element is an annular boron nitride region and a stainless steel *

sheath. Sheath thermocouples are placed in the annular boron nitride
region, immediately adjacent to the sheath.

Rod Ol8A was fabricated according to relatively strict dimensional
specifications, but its exact internal dimensions can be known only by
sectioning the rod and actually measuring the internal distances. Be-
cause rod Ol8A has not yet been sectioned, its exact dimensions are
still unknown. However, rod 038 (which should be identical to rod 018A)
has been sectioned and measured.5 Measarements at several different
positions on the rod are summarized in Table 2. The dimensions listed
in the third column of Table 2 were used in the PINSIM model to describe
rod Ol8A.

2.3 Inverse Conduction Problem and Results,

!

In the context of this report, the inverse conduction problem in-
volves determining rod surface heat flux and surface temperature when the
rod power generation rate and an internal temperature are specified. The ,

model that directa PINSIM to solve this problem using the pin model pre-
viously described, the sheath thermocouple record (Fig. 1), and the rod
power transient are all included in the PINSIM output listing in Appen- 4

dix A. Results of the inverse calculation are plotted in Figs. 3 and 4.
I

|

I

!
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Fig. 2. Schematic of a cross section of a THTF Bundle 3 FRS.

.

Table 2. Typical electric rcd radial dimensions

.

PINSIM modelRegion outer radiusRegion
(in.)

Thermocouple bundle 0.0281 0.0013 0.0281

Boron nitride core 0.1089 0.0006 0.1089
Ileater element 0.1227 i 0.0006 0.1227

Annular boron nitride 0.1682 0.0004 0.1682

Sheath 0.1871 1 0.0003 0.1871

Figure 3 compates the PINSIM-calculated centerline temperature with
the centerline thermocouple record and presents both the sheath thermo-
couple record and the PINSIM-cale. .ated surface temperature. The PINSIM- *

calculated temperatures and the aoserved temperatures are in reasonably
good agreement, but the PINSIM-calculated centerline temperature is

*
slightly higher than the observed centerline temperature between 0.5 and
2.0 s. 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

!
|



_ _ _ _ _ _ _ _ _ _ _ _

. r . . , e e

|

I

ORNL-DWG 81-1616 ETD

; -l

h.
~

-l
.

'

n. f. 's, CENTERLINE THERMOCOUPLE RECORD
,

e*.

lli ,

', -g $A ,
, -
' x

\, S5IEATH THERMOCOUPLE RECORD d~

N- ,

e, ,

PINSIM-CALCULATED CENTERLINE TEMPERATURE ~I "'

N,
,

p. \

f|_ 's PINSIM-CALCULATED SURFACE TEMPERXTURE
\ -

C( s,

\ '.
'

-

.

's,

.|
o

8-

x.\'N.N
.
.

'

!

N- r- g'

. ~ 7 .~i ;.r ! - --- , T --.. g
.

h
*"

_

ao 6 h h h h h h h h b h h h h h h h h- h ..
;

TIME IN S.

Fig. 3. Comparison of PINSIM inverse conduction problem solution
results with original thermocouple records.

|
!

)

:
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - ______ ______



_ _ _ - _ _ _ _ . _ _ _ _ _ _ __

)

ORNL-DWG 81-1617 ETD

E

~

.|h.

$-

? |-i 3

-3 2x j.
M

3. k- E
m

-3 h oo

|5- H
- M

ug g_
45gI E

'

g-

: 2 ~ A. h. ,

.g
. . . . . . . . . . , . . . . . .v . v

H, -

I y. . . . . . .
M Se M M LO 12 Le b b M da 14 is M $0 it de is is u

| TIME IN SBC"

Fig. 4. FRS surface heat flux transient from PINSIM's inverse con-
duction problem solutions.

|

|

|

. . . . , ,
,

_ _ _ _ _ _ _ _ _



!

!

9

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 cannotg
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 f rom differences caused by thermocouple
and rod model uncertaintins, 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 therm 0 couple record (Fig. 1) appears to be a smooth
curve. However, the derivstive 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 recor6 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 temperaturas from the original and snoothed'

,

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 PINSIM-calculated centerline

! temperature and the original centerline thermocouple record, Fig. 3 serves
to verify PINSIM's solution of the conduction equation, which describes:

! heat transfer between the center of the pin and a radial position corre-

| sponding to the position of the sheath thermocouple. However, this does
; not verify the solution of the conduction equation between the sheath
: thermocouple position and the surface of the pin. Thus, PINSIM's calcula-
; tion of surface temperature and surface heat flux is not verified by the
'

results plotted in Fig. 3. Because these parameters cannot be directly
measured, PINSIM's calculation can only be verified by comparison with

the results of a calculation by an established, previously verified heat
transfer code.

The heat transfer code selected to veri *y PINSIM's calculation of

surface conditions was HEATING 5 (Ref. 6) a ficite-element heat transfer'* code developed at ORNL. A HEATING 5 model of the pin modeled in the PINSIM
problem was constructed and used by HEATING 5 to determine the pin's tran-

i sient response when the pin experiences both the power transient used in3

! the PINSIM pcoblem and the surface temperature calculated by PINSIM
(Fig. 3). The results of the HEATING 5 calculation are compared with the

h

'
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PINSIM results in Figs. 9 and 10.* These figures show that the HEATING 5
results are in good agreement with the PINSIM results; if the HEATING 5
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 HEATING 5 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-
fled. 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 ) -- T ( t )B

Surface heat flux is not directly calculated by HEATING 5. The
"HFATING5-CALCULATED" data (Fig.10) were actually determined from tem-
peratures calculated by HEATING 5 for the surface (node N) and the node
just inside the surface (node N-1), using the equation

k (TN -- T -1 )N,,

q =-
*r

N
rN 1"

rN-1

where *

q"- surface heat flux,
k - thermal conductivity, *

ri = radial position of node 1.

l
1

_ _ _
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where

H(t) = heat transfer coefficient at time t,+

q''(t) = calculated surface heat flux,
T (t) = calculated surface temperature,S
T (t) = bulk coolant temperature.*

B

A surface heat transfer coef ficient record thus determined is plotted in

Fig. 11; results of the forward :alculation that used this record are
plotted in Fig. 12. It indicaree 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 Rackward 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 t insients 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 hcat flux from the first forward conduction problem

solution a td the heat transfer coefficient and bulk coolant temperature
transient _nat 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-
ceysed. As in Fig. 13, the two sets of temperature curvec in Fig. 16 are

i
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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; PINS 1H 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 codel to experience a specified surface heat
flux transient while it experiences specified surface heat transfer co-
efficient and bulk coolant temperature transients. Figures 13 and 16
indicate that backward-calculated internal temperatures exactly match
the corresponding internal temperatures from the inverse-calculated and
forward-calculated results that produced the boundary conditions for the
backward calculations.
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3. CONCLUSIONS

Data generated during a power-drop test with an electrically heated*

fuel rod simulator were used to verify PINSIM-MOD 2 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 sheat'.. ucar 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-MOD 2 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 PlNSIM 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 provi.2ad by one
formulation produced results in a second, different formulatica 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-MOD 2 during solution of the inverse conduction problem discussed.

in Sect. 2.3. Some results of this calculation are plotted in Figs. 3
t and 4.
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Appendix B

FORWARD CONDUCTION PROBLEM SAMPLE OUTPUT

This appendix includes a copy of the printed output produced by
PINSIM-MOD 2 during solution of the forward conduction problem discussed.

in Sect. 2.4. Some of the results of this calculation are plotted in

Fig. 10.
.
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Appendix C

BACKWARD CONDUCTION PROBLEM SAMPLE OUTPUT

This appendix includes a copy of the printed output produced by
* PINSIM-MOD 2 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.
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PINSIM8 A NUCLEAR FUEL PIh Slesus ATOR-TR ANS IENT ANALYSIS CO36. 430 2 VChSION 002. 06/10/84 Ma. 206 (PIN 4ANI PAGE 0932
P8MSI4 WERIFICATION STUDY FeoaL E m 3 Pouf 9-DeOP TEST SIMULATION 06/33#80

SYSTEM e 8. L tyf L 8 t

C AL CUL 4T IJN LO'nT80N
PIN LEVEL NOOL

t 1 0
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HEAT TR a h SFE R COEFFICIENT ( BTJ /SEC-F T 2-F ) 0.0
SLaF ACE HEAT FLbu (STU/SEC-FT28 0 3358600 02 0 2351600 02
TEMPERATUGE EDEG. F3 0.5749100 03 0.S749800 03

OACK CAwCULATION

CALCUL ATED eaCSJLT S

UNFILTERED FILTERED
poutR (Kup =0 4540800-01 -0.4540800-01
$URFACE NE AT FLUX ( B T U/ SE C-F T 2 ) 0.J3S1600 02
$bRFACE T EsopE R A TURE (DEG. F) 0.5749800 03

>*

TEMPERATUNC DISTalsuTION
PIN 8 LivEL 1

M33E
LEVEL NO 1 2 3 4 S 6 7 8 9 to

I E46.01 462.74 657.96 653 48 e49.31 t44.FJ 640.56 036.49 e Jt .e3 626.43

NDai
LEVEL NO 31 42 43 to IS 14, 37 la 39

8 620.97 (85 60 610 44 605.50 630.F4 E96 3 7 590.70 584.26' 577.99
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PINSIwl A N LC L E AR FUEL PIh SimuLATUR*TRAN$ LENT A N AL V $ 15 CODE. 433 2 %f R $1 dre n02. 04./10/80 hC. 206 lethma%8 PAGE 0034

PIN $1m VERIFRCATICN STUDY PMOBLEM & PLeE4-JAOp TE ST SIMULATION 06/13/80

SUMMARY CF PIN CO hD l T IOse$. PIN NL. 1

PIN TEppCEATJkt Ol5TklMUTION

D UO.

LEvtL NC 1 2 3 4 h e 7 8 9 to

I 666.01 662 74 657.9o 653.41 6+9.01 (44.73 e40 56 636.45 438 83 626.43

NOUL
LEVEL NO 18 12 13 14 lb 16 17 18 19

3 620.97 ens.60 610.44 605.50 030 76 b%6 17 590.70 See.26 577.99
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4 SEF MT FLLs SUAF TE ta p LEVEL PQen NODAL 7tp %33AL 7EFA NOJAL 7?MP NOO4L 7eWP AGO 4L Temp

R TIEtSEC3 3/5-F72 DEG F 07U/bFC 40EG F1 4 3EG F 3 ( CEG F 3 (DEG F 3 (DEG FD

7 ( l. 33 4 3. 33 a 1. 33 ( t, 8. Il 4 5. l. 33 4 4. 8. 43 4 1. Benet 4 3. 1 19)
-, .: ...,- ,_ _...... ..,_- ., - + - -.

00 94.696 443 59 9.2769 842.25 S42 2b 942 25 705.80 652 12

0 5300003-01 800.59 637.80 0.8 726 t E-02 840.12 83a.40 836.20 700.J* 646.F8

0.8000000 00 97.057 632 67 -0.9 393 3 E-0 2 8JF.JI 835.08 826.37 692.37 648 35

0 850000 89.965 428.78 0.tS45tE-08 830.75 821 44 885 00 684.28 636.77
0.200000 89.722 628 4F -0 2 Fed 7E-05 822.49 880.72 803 12 6Fh.41 429.51

0.250000 85.287 616.34 0.87808E-OS 832 80 F99.4J 791 20 666.86 623.03

0 300330 76.376 682 26 -0.65907E-03 802.19 787.9e 779.42 659.59 689.13
0 360000 70.820 609 14 0.56918E-02 791.07 FFe.47 767.93 653.le 685.54
0 400000 69.545 604 23 -0.53198E-02 779.F5 765 16 756.72 64e.76 o80 53

0 450000 68.698 59 e.54 -0.34572E-02 768.43 F54 34 F45.88 640 14 604.78

0.b D0 00 0 59.850 597.01 -0 89655E-02 757 2F F43.J6 735.42 634.78 602.45

0.550000 62.887 590 86 -0.83994E-03 746.J6 FJ2 96 725.34 628.79 596 59

0.600000 51 187 591 33 0.tS690E-OS 735 78 722.95 785.68 624.52 590.00

0.650000 51 153 588.27 -0 15.30E-02 725 57 733.J5 706.44 620.23 592.94
0.730000 48 040 585 98 -0 278F9E-05 715.Fe 704.16 697.68 686.15 590.37

0.750000 44 283 584.41 0 44222E-OL 706.38 695.43 689.26 612.52 588.46

0 803400 44.220 588 25 - 0. 4 3 58 P E-0 8 697.45 $87 82 081.29 608.64 585.30
0.850000 40 245 579.73 0.3330SE-OS 688 15 679 2J OFJ.75 605 21 Se3 42 t/s

0.900000 38 130 577.91 -0.35047E-On 680 54 6Ft.F4 606.59 648.97 981 48

0 95JJ0 0 35.757 574 34 0.54657E-On 673.24 664.67 659.84 598 98 579.62

8 00000 33 516 574.9% -0 45408E-01 666.01 657.96 653.41 596 87 577.99
1 05000 28.895 575.03 -0.978S7E-02 659.17 558 63 647.35 594.01 577.69
8 10000 32.984 E71 88 0.4355tE-Ol 452.72 645.06 641 67 591.00 574 15
8.85000 26.395 578 58 -0.39565E-Ol 646.64 640.03 oJ6 29 588.e4 573.94
8.20000 28.607 56 e. F1 -0.19805E-01 440.90 634 69 633489 586 24 578 35

1 25000 24.890 568 13 0.48477E-01 435.49 629.68 626.40 584.10 570.42
1 30000 22.043 567.96 -0.4296tE-OS 630 38 o24.94 623 85 582 37 569.99

1 35300 22.749 566 22 0 14909E-01 675.57 620.47 617.59 580.44 568.32i

8 43000 20.468 565.58 0.22075E-On 621.J5 016.28 413.58 578.70 567.47
1 45000 21.127 Se 3 78 -0.37284E-01 636.79 612.38 609.7F 576.73 565.66

1 50000 17.846 563.68 0.31268E-05 632 77 60s.58 606.21 575 23 S e 5. 26
8.55030 88 864 "61.86 =0.26748E-01 608.99 S05.05 602 82 573.48 563.60
1 60000 14.439 562.63 0.43414E-Ol 605.43 601.75 599 67 572.42 Se3.96
3.65000 15.586 563.35 -0.6 0286 E-0 3 602.38 5%s.62 596.65 578.10 542.79
1.70000 83.586 568 21 0 3967tE-On 598.13 593.F0 593 86 570 03 562.46

4 75000 15.545 559 18 J.40619E-02 595.98 592 96 591.24 569 52 SEO.67
1.80000 12.3 7 559.3: -0.iO950E-On 593.20 390.J6 588.75 567.42 560. 5
1 85000 12 318 558.55 -0.2250tE-04 590 58 587.91 586.39 566.33 559.69
1.90300 33.510 557.09 0. 4 9042 E-01 588.12 465.62 584.20 565.04 558 30
1.95000 7.7552 55e.77 -0.40807E-08 Se5.79 583.44 582.88 564.60 559.49

i
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2.2500d 6.0580 SSd.34 0 307872-03 574 56 572.99 572.30 560.47 SS6.702.30000 7 1953 555 45 -@.88220E-on $73 3d SFt.62 570.75 $%9.82 5%6 822.35000 6.7721 554.95 -0.22526E-02 575.FJ 574 33 569.Sb SS9 3S SSS.582 403JO 7.7341 553.77 0 3 Stone-05 S70.42 469 44 568.48 5S9 30 354.492.45000 8.4939 SSe.J8 -0 3tF3AE-03 S49.20 568.00 $67.32 Sta.St SS6.52

2.50000 4.5529 555 50 -0 82156E-01 S6w.37 Suu.94 J64 39 559.2e $$$.922.55030 a.4226 552.88 0.J6789E-01 S67.J6 56b.9F 565.39 B5F.28 553 6%2.64@0@ 2 9453 554.47 -0.2F023E-01 S66.JJ boS.Ga b64 49 S?6.99 554.742.65000 3.6717 $54 33 0.28774E-SS 565 40 Joe.19 S4;t.67 $50 78 554.472.70000 2 1927 SS4.99 -0.tsoe6E-OI $64.23 56J.38 $62.93 SS6.77 SSS.19
2.75000 S.6820 553 3m 0 83977E-02 SC3 43 Se2 4,4 Se2.la C56 82 553.692 80000 2 6366 553.98 0.tSe06F-02 562.3F 5mt.94 Se t . 52 555.94 SS4.tS

g
w2.8SJ0J 4 3748 SSJ.36 -0.SteS2E-02 Set.3F Sul.2F Ste.8h 555.46 S$3 45 Ch2.90000 2.6024 553.48 4.82859E-03 563 34 Sud.66 S60 29 Sas.25 S S J.6 52 95043 2.7748 553.25 -0.428356-02 560 5e SoJ.4F S 59. 72 555.J3 5S3 53

3.03304 3 4266 553.82 0.61344E-02 560.80 ' 454.53 559 28 55S.04 $53 953.05004 3.8626 552 57 -0.24370E-01 559.55 55w.08 Sh8. 71 554.S8 552.933.13OvJ 0.G8372 $53.SS 0 30144E-On SS9.33 35d.SS S$a.27 S$4 39 553.643.8S000 2 4545 552 97 -Set &619E-01 558.3F 353 11 S$7.85 SS4.J8 $$3.203.20003 3.5n64 552.82 -0.3952eE-42 S$8.LJ SS F.69 S57.44 553 94 SS2.4J
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