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Thermal Fluid-Structure Interaction Analysis of Shield Plug (II)

- Verification of FLUSH by Two-Dimensional Model -

Xiaoming Song*
Hiroaki Ohira**

ABSTRACT

In designing the shield plug of LMFBR, it is important to evaluate the thermal response between
the cover gas thermal-hydraulics and the temperature fields of the shield plug at the same time.
Based on the experiments which were performed by OEC, the natural convection and the thermal
radiation in the cover gas layer were calculated with the structure simulating the shield plug in a
detail two-dimensional model. The calculations were carried out for 8 kinds of experimental
RUNs using a FLUSH code.

The main results were as follows:

- For these 8 kinds of experimental RUNS, the velocity and the temperature distributions in
the cover gas layer were presented. The radial and axial temperature distributions in the
rotating plug were also presented, which were difficult to measure by the experiments.

- The boundary surface temperature between the cover gas layer and the rotating plug had
the same tendencies and the calculated average temperatures on the boundary surface had
good agreements with the experimental data. The average relative deviations from
experimental values were less than 1.3%.

- The natural convection of the cover gas enhanced the temperature distributions in the
structure. The effects of thermal radiation on the heat transfer was relatively small and it
can be neglected when the temperature of the heated aluminum disk is less than 400°C.

*  Assignee of the Scientist Exchange Program in Nuclear Energy Research between Japan and
Neighbouring Countries from October 8, 1995 to March 29, 1996 at Thermal-Hydraulic
Research Section, O-arai Engineering Center, PNC.

(Present organization: Nuclear Power Institute of China, P.R.China)
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NOMENCLATURES

: Area of surface of heated aluminum disk

. Area of lower surface of rotating plug

: Constant of properties

: Constant of properties

- Specific heat

: Average relative deviation from the experimental value
: Shape factor

: Heat transfer coefficient

: Enthalpy

: Cell or Element indices in the r-, 8-, and z-directions
: Thermal conductivity

: The distance from the cell center to the boundary

: The number of nodes on boundary surface

: Heat

: Heat flux

: Radial coordinate

. Temperature of heated aluminum disk

: Temperature of rotating plug lower surface

. Calculated average boundary surface temperature

- Experimental average boundary surface temperature
- Temperature of node i on boundary surface

:' The average temperature in the cover gas layer
: Axial coordinate

: Relaxation factor

- Emmisivity of heated aluminum disk surface

. Emmisivity of rotating plug surface
: Density

: Radiant constant

: Circurnference coordinate

: Viscosity

: Gravitational acceleration

: Volume expansion coefficients

: Grnumber

> Pr number

Ra number
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1. INTRODUCTION .

In designing the shield plug of LMFBR, the heat transfer characteristics from liquid sodium
surface to the shield plug through cover gas layer is important to evaluate the thermal stress of
the structure and the performance of the cooling system. In June 1979, a series of tests on heat
transfer to the rotating plug through the cover gas layer were conducted in OEC [1l. Detail
experiments were carried out regarding the natural convection in the cover gas layer and the
thermal radiation heat transfer between the heated aluminum disk and the rotating plug.

The objective of this work is to verify a FLUSH code for simulating the heat transfer to rotating
plug through the cover gas layer in an LMFBR reactor vessel. In addition the following
information is provided:

- The accuracy of FLUSH for the analysis of the heat transfer between fluid and structure,

- The effects of the temperature distributions in the structure, especially, on the boundary
surface temperatures which were resulted from the cover gas natural convection and the
thermal radiation.

- The acquisition of a lot of calculated results which are difficult to measure in the
experiments, for instance, the velocity vector and the temperature distributions in the
cover gas layer, and the temperature distributions in the rotating plug.

In order to evaluate these effects, detailed two-dimensional models including the cover gas layer
and the rotating plug were created. Based on the experimental results, the calculations of the
heat transfer to the rotating plug through the cover gas layer were carried out for 8 kinds of
experimental RUNs. The calculated results were compared with the experimental results.
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2. EXPERIMENTAIL APPARATUS

Figure 2.1 shows a schematic of a test vessel. The main components consist of the heated
aluminum disk which can be moved in the vertical direction, and the heat flux measuring section
which simulates the rotating plug in an LMFBR. A 300-millimetre-thick thermal insulator
surrounds the outside wall of the test vessel and an auxiliary heater in the center of the thermal
insulator is installed so that the thermal loss in the radial direction to be compensated. In the
inside wall of the test vessel, a circular radiation shield is arranged in order to reduce the thermal
loss in the radial direction as little as possible. Argon (Ar) gas and Helium (He) gas were used
as the cover gas in this experiment.

Figure 2.2 shows the circular heated aluminum disk. It is heated by the heater. In order to
reduce the radiant heat transfer from the heated aluminum disk to the heat flux measuring
section, a S-millimetre-thick commercial aluminum plate was installed on the upper surface of
the aluminum disk. Several thermocouples were arranged for the temperature measurement of
the heated aluminum disk. The heated aluminum disk can be moved in the vertical direction so
that the thickness of the cover gas layer can be changed from 100 to 300 millimetres. In this
experiment, the thickness of the cover gas layer was set at the constant level of 100 millimeters.

Figure 2.3 shows the heat flux measuring section which was made by circular stainless plate
(SUS-304). The thickness of the heat flux measuring section was 40 millimetres and the upper
surface was covered with 5-millimetre-thick Helium gas. Several thermocouples were arranged
on the lower and upper surfaces of the heat flux measuring section, and they were also arranged
in the Helium gas layer.
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3. FLUSH CODE -

The calculations were performed using a FLUSH code which include two computer programs
called AQUA and FINAS.

AQUA is a new version of COMMIX-1A computer programi2] which was developed by
Argonne National Laboratory (ANL) under sponsorship of the U.S. Nuclear Regulatory
Commission (USNRC). COMMIX-1A is a general-purpose thermal-hydraulic code that can be
used to calculate multi-dimensional steady/unsteady reactor component fluid-flow problems.
The general background and equations solved by COMMIX-1A have been reported in reference
[2]. This code has been released from ANL to PNC through the USNRC in January, 1983. After
the code was released to PNC, much modification was carried out by PNC/OEC and the
modified code was named an AQUA code which was used extensively in PNC. The input
manual for the use of the code has been documented in the PNC report in Japanesel31.

FINAS (Finite Element Nonlinear Structure Analysis System) has been developed by PNC/OEC
which can be used to analyze multi-dimensional steady/unsteady reactor structure component
thermal-stress and heat transfer problems. The input manual for the use of the code has been
documented in the PNC report in Japanesel4l. In this calculation, FINAS code was used to
analyze the temperature fields in the rotating plug.

The FLUSH codel3] can be used to calculate the heat transfer problems between fluid and
structure through AQUA and FINAS. Using the two results, the temperature distribution on
boundary surface between fluid and structure can be determined by iterative calculations.
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4. MODELING

4,1 Geometry

The geometrical details have been taken from the referencelll. Figure 2.1 shows the detailed
geometrical model (experimental vessel). Considering the symmetry of the experimental vessel
in the azimuthal direction, the two-dimensional model can be used. In this calculation, efforts
were made to create a numerical model in detail to avoid extremely long computer-time.

Figure 4.1 shows the simple geometrical model which is only 1/36-sector of the cover gas layer
and the heat flux measuring section (rotating plug ) in the experimental vessel. The radial
length of the cover gas layer is 282.5 millimetres, and the height of 100 millimetres. Ar gas was
used as the cover gas. The heat flux measuring section (rotating plug) is made of stainless steel
(SUS304). The radial length of heat flux measuring section is the same as that of the cover gas
layer, and the height of 40 millimetres.

4.2 Mesh Arrangement
Figure 4.2 shows the mesh arrangement for the two-dimensional model which is divided into
two parts; the cover gas layer and the structure region simulating the rotating plug (heat flux

measuring section).

4,2.1 Cover Gas Layer

- Coordinate system : Cylindrical coordinate

- I-Direction (radial direction) : Divided into 29 sections
- J-Direction (circumference direction) : 1 section

- K-Direction (axial direction) : Divided into18 sections
- Number of cells 1522

- Number of surfaces 11138

- Number of boundary surfaces 16

4.2.2 Rotating Plug (Heat Flux Measuring Section)

- Coordinate system : Cylindrical coordinate

- I-Direction (radial direction) : Divided into 25 sections
- J-Direction (circumference direction) : 1 section

- K-Direction (axial direction) : Divided into 8 sections
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- Number of nodes - 1 468
- Number of elements 1200

4.3 Analysis Conditions
4.3.1 Properties

In this calculation, the properties of Ar gas such as enthalpy, density, thermal conductivity and
viscosity were all assumed to be the linear functions of only temperature:

h=Con+Ciy T, Cop=143216x10%, Cj,=5.21x10?

(4-1)
p=Cop+CipT, Cop=2.338851, Cyp=-2.978776x107 w2
k=Cou+Ci T, Co= 171811102, Cp=3.94171103 @3

and
m =C0m + Clm Ts C()m = 2.2333610-5, CIm = 4,9028610‘8 (4-4)

Where, Co and C; are the constants, and they were input as the NAMELIST formats in AQUA.

The properties of SUS304 such as thermal conductivity, specific heat capacity and density were
input as the table formats in FINAS. Table 4-1 shows these properties.

4.3.2 Boundary Conditions

The boundary condittons which were used in this calculation are listed in table 4-2. They are
decided from the experimental results.

4.3.3 Heat Transfer Coefficient

In order to reduce the deviation deduced from the simplification of heat transfer correlation, the
heat transfer from the cover gas to the rotating plug was modeled by using the small size mesh
(about 1 millimetre) near the boundary surface. The heat transfer coefficients on the each
boundary cell surface; H, can be evaluated as follows:

H=kl (4-5)
where,
k : thermal conductivity of Ar gas,
1: the distance from the cell center to the boundary.

4.3.4 Turbulence Model

In this calculation, the turbulent model was not used.
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4.3.5 Force Structure Model

In this calculation, the force structure model was not used.

4.3.6 Heat Conduction

HHEXS8 model which is a cube of six surfaces was used as the heat conduction model.

4.3.7 Thermal Radiation

The transferred heat quantity by radiation between the heated aluminum disk and the surface of
rotating plug (the heat flux measuring section) can be evaluated according to following formulas:

4 4
Q= o(T ;= Tye)
l1-¢g, 1 1-¢g,
+ + _
EA.IA Al A Al F €ue AUG 4-6)

Q: the amount of heat by the thermal radiation,

€5 : the emmisivity of heated aluminum disk,

€y the emmisivity of rotating plug surface,

An: the area of surface of the heated aluminum disk,

Ayg: the area of the lower surface of the rotating plug,

G : the radiant constant,

F: the shape factor, its value is related to the relative position of emitted surfaces,
T, : the temperature of the heated aluminum disk,

Tyg: the temperature of the rotating plug lower surface.

According to the experimental results, the following emissivities were used:

€y =0.09 4-7)
gy = 0.16 (4-8)

The shape factor F was calculated in detail using the formula in the reference[6].

4.3.8 FLUSH Iteration

The method of heat flux iteration used in FLUSH is as follows:

Qe = (gt - o ) o+ q° > o =0.5 (4-9)
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The convergence criteria of temperature iteration is as follows:

T

T,

i

-4
max <30 x10

(4-10)
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5. RESULTS AND DISCUSSIONS

5.1 Results

The calculated results for eight kinds of experimental RUNs are described bellow regarding the
natural convection in the cover gas layer, the temperature distributions in the cover gas layer,
the temperature distributions in the rotating plug, and the radial temperature distributions on the
boundary surface.

5.1.1 Natural Convection in Cover Gas Layer

Because of the temperature difference in the cover gas layer, there must deduce the natural
convection in the cover gas layer. Figure 5.1.1 shows the distribution of calculated velocity
vectors in the cover gas layer for eight kinds of experimental RUNs. By comparing these
figures, it is found that the distributions of eight kinds of experimental RUNs almost have the
same flow pattern. The characteristics of the calculated flow pattern were as follows:

- Clock-wise natural circulation was formed in the cover gas layer,

- The velocity vectors near the walls were larger than these in the other area since the
temperature differences near the wall were larger. The largest velocity vector in the

cover gas layer was about 0.5 m/sec.
5.1.2 Temperature Distribution in Cover Gas Layer

The temperature distributions in the cover gas layer for eight kinds of experimental RUNs are
shown in the form of isothermal line in Figure 5.1.2. From these figures, it is clear that the
pattern of the temperature distributions in the cover gas layer of eight kinds of experimental
RUNs have quite similar tendencies. They show the typical temperature distributions of natural

convection.
5.1.3 Temperature Distribution in Rotating Plug

The temperature distributions in the rotating plug for eight kinds of experiments are shown in
Figs 5.1.3 and 5.1.4. Figure 5.1.3 shows the radial temperature distributions at different axial
positions-and Figure 5.1.4 shows the axial temperature distributions at different radial positions.
Comparing these figures, the same conclusion can be deduced that the temperature distributions
in the rotating plug had the same tendencies. The highest temperature appeared in the center of
the lower surface of the rotating plug and the lowest temperature on the upper surface of the
rotating plug.
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5.1.4 Boundary Surface Temperature Distribution Between Cover Gas Layer and
Rotating Plug -

The boundary temperature distributions between the cover gas layer and the rotating plug for
eight kinds of experimental RUNs are also shown in Figure 5.1.3. Naturally, as analyzed above,
temperature distributions on the boundary surface between the cover gas layer and the rotating
plug were the same. The highest temperature was in the circle center of the boundary surface,
and then, it gradually becomes lower in the radial direction until the lowest temperature in the
circumference of the boundary surface.

Table 5-1 shows the measured average temperatures and the calculated ones on the boundary

surface. Tav and Dev in the table are defined as follow:

4
=LY T,
v TN “ i (5-1)
Ta-T
Dey = &SP | 100 (%) _
Texp (5-2)
where,
Tav : Calculated average temperature on the boundary surface,
Tj : Temperature of the mesh node i on the boundary surface,
N : Total number of the node on the boundary surface,
Texp : Experimental average temperature on the boundary surface,
Dev : Average relative deviation from the experimental dates.

It can be seen that the average relative deviation from the experimental results for each
experimental RUN is less than 1.3%.

5.2 Discussions

The heat transfer by the thermal radiation between the heated aluminum disk and the rotating
plug was not simulated in the above calculation. In fact, the thermal radiation heat transfer exists
from the heated aluminum disk to the rotating plug, because of the temperature difference.
Especially, the effects are expected to be larger on the condition of higher temperature on the
heated aluminum disk. Therefore, the effects of aluminum temperature must be studied. In
order to do this, several experimental RUNs were studied which had higher temperatures on the
heated aluminum disk based on the following 3 cases:
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- Case-1: The thermal radiation heat transfer (RTH) between the heated aluminum disk
and the rotating plug was calculated and the natural convection (NC) in cover gas layer
was neglected. ( with RHT )

- Case- 2: The natural convection in the cover gas layer was also calculated.
(without RHT)

- Case- 3: Both thermal radiation and natural convection were calculated.
(with NC and RHT)

Figure 5.2.1 shows the calculated velocity vectors in the cover gas layer, the calculated isotherms
in the cover gas layer and the radial temperature distributions in the rétating plug on the
condition of Case-3 of the experimental RUN 6. The highest temperature was measured on this
condition. Figure 5.2.2 shows the temperature distributions on the boundary surface of 3 cases,
and Table 5-2 shows the average temperatures on the boundaries in Case-2 and -3. These
include the results of Case-2 which were also shown in Section 5.1. Comparing Case-2 with
Case-3, it is found that the velocity vectors, the temperature distributions in cover gas layer and
the radial temperature distributions in rotating plug have the same tendencies between the two
cases. From these results, the following information can be deduced:

- On the condition of Case-1, the boundary surface temperature in the radial direction had
small distribution. The maximum temperature difference was about 2°C. The calculated

average temperature on the boundary surface was smaller than the experimental values.

- On the condition of Case-2, the temperature difference on the boundary surface in radial
direction was large and the maximum temperature difference was about 10°C. Thus, the
natural convection in the cover gas layer enhanced the temperature difference in the
rotating plug. The calculated average boundary temperature agreed well with the
experimental values in the experimental RUNs and the average relative deviations from
the experimental values was less than 1.3%.

- On the condition of Case-3, the temperature distributions on the boundary surface had the
similar tendencies to those in Case-2. The only difference was that the boundary surface
temperature in Case-3 was higher than that in Case-2. However, the average boundary
surface temperature was nearly equal at both cases. From Table 5-2, it can be seen that
the difference of average temperature of both cases was less than 1.3 °C. Therefore, it
can be concluded that the effects of thermal radiation heat transfer were very small and it
does not make large deviations on calculated results if it is neglected. Especially at the
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case of experimental RUNs 7 through 10, the thermal radiation heat transfer can be

neglected since the temperature of heated aluminum disk are very low.

In Section 5.1.1, it was concluded that the velocity distributions in the cover gas layer at eight

kinds of experimental RUNs almost have the same pattern. This can be discussed as follows:

At the condition of natural convection, the Raylay number can be calculated using following

definitions:

Ra = GrPr

ghp L (T =~ Tyg)

: Ra number,

: Gr number,

: Pr number,

: The average temperature in the cover gas layer,
. specific heat capacity,

: thermal conductivity,

- emperature of heated aluminum disk,

: temperature of rotating plug lower surface,

: density, ‘
: viscosity,

: defined length,

: gravitational acceleration,

: volume expansion coefficients.

(5-3)

(5-4)
(5-5)

(5-6)

If the radial length of cover gas layer was used as the defined length of the formulas, the Raylay

numbers of the experimental RUNs were about 4.4-7.9 X 107, They were almost the same order.

That is the reason why the velocity distributions in the cover gas layer at the experimental RUNs

almost have the same pattern.



PNC TN9410 96-102

6. CONCLUSIONS _

The detailed two-dimensional analysis of heat transfer to the rotating plug through the cover gas
layer for 8 kinds of experimental RUNs were performed by using FLUSH. The main
conclusions were as follows:

- For these 8 kinds of experimental RUNS, the velocity and the temperature distributions in
the cover gas layer were presented. The radial and axial temperature distributions in the
rotating plug were also presented, which were difficult to measure by the experiments.

- The boundary surface temperature between the cover gas layer and the rotating plug had
the same tendencies and the calculated average temperature on the boundary surface had
good agreements with the experimental values. The average relative deviations from
experimental values were less than 1.3%.

- The natural convection of the cover gas enhanced the temperature distributions in the

structure. The effects of thermal radiation to the heat transfer was relatively small and it
can be neglected when the temperature of the heated aluminum disk is less than 400°C.
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Table 4-1 Properties of SUS304

Temperature Conductivity Heat Capacity Density
(°C) (kcal/mm.s.’C) (kcal/kg."C) (Kg/mm3)
20 3.48E-06 0.108 8.03E-06
50 3.53E-06 0.112 8.02E-06
100 3.73E-06 0.118 8.00E-06
150 3.89E-06 0.122 7.97E-06
200 4.05E-06 0.125 7.95E-06
250 4.21E-06 0.128 7.93E-06
300 4.37E-06 0.129 7.90E-06
350 4.53E-06 0.131 7.88E-06
400 4.70E-06 0.132 7.86E-06
450 4.86E-06 0.133 7.83E-06
500 5.02E-06 0.134 7.81E-06
550 5.18E-06 0.136 7.79E-06
600 5.34E-06 0.138 7.76E-06
650 5.51E-06 0.14 71.74E-06
700 5.67E-06 0.142 7.72E-06
750 5.83E-06 0.145 7.70E-06
800 5.89E-06 0.147 7.67E-06
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Table 4-2 Boundary Conditions

Run The aluminum plate|  The upper surface
number surface* (°C) of the structure* (°C)
1 363.1 160.2
2 404.3 180.9
3 407.0 182.8
6 410.5 186.4
7 337.2 1534
8 292.7 131.1
9 290.9 129.1
10 235.8 102.3

* The experimental average temperature from reference 1
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Table 5-1 The Calculated Boundary Temperatures

Radial _Temperature on the boundary (°C)
location | PUN 1| RUN2{RUN3|RUN 6| RUN7|RUN 8 |RUN9 | RUN

oy | KON 1| RUN2 RUNS | RUN 6| RUN 7) RUN 8 | RUN .
0.0 169.16 190.86 190.88 | 19448 150.67 136.39 134.41 106.44
11.3 168.67 190.32 190.64 194.25 159.49 136.24 134.25 106.32
22.6 168.03 185.62 190.28 193.89 159.21 136.01 134.01 106.13
339 167.43 188.95 189.88 193 .48 158.90 135.74 133.74 105.92
45.2 166.86 188.32 189.46 | 193.07 158.58 135.48 133.47 105.71
56.5 166.34 187.85 189.06 192.66 158.26 135.21 133.21 105.51
67.8 165.86 187.23 188.67 192,27 157.96 134.96 132.95 105.31
79.1 165.43 186.75 188.31 191.91 157.68 134.71 132.71 105.12
90.4 165.04 186.32 187.97 191.56 157.41 13445 | 13248 104.94
101.7 164.69 185.94 187.65 101.25 157.17 134.28 132.27 104.78
113.0 16438 | 18559 | 187.35 | 19095 | 15693 | 13408 | 13208 | 104.63
124.3 164.09 185.27 187.08 190.68 156.72 133.90 131.90 104.49
135.6 163.83 184.98 186.83 190.43 156.52 133.74 131.73 104.36
146.9 163.60 184.75 186.60 190.19 156.34 133.58 131.58 104.24
158.2 163.39 184.50 186.39 189.98 156.18 133.44 131.44 104.13
165.5 163.21 184.29 186.39 189.79 156.03 133.32 131.31 104.03
180.8 163.04 184.10 186.02 189.61 155.89 133.20 131.19 103.94
192.1 162.88 183.92 185.85 189.44 155.76 133.09 131.08 103.85
203.4 162.74 183.76 185.69 189.29 155.63 132.08 130.98 103.77
2147 162.60 183.61 185.54 189.14 155.52 132.89 130.88 103.69
226.0 162.47 183.47 185.40 189.00 155.41 132.80 130.79 103.62
2373 162.34 183.32 185.27 188.86 155.30 132.71 130.70 103.55
248.6 162.22 183.18 185.14 188.73 155.20 132.62 130.62 103.48
2599 162.10 183.06 185.02 188.61 155.11 132.54 130.54 103.42
271.2 161.99 182.94 184.92 188.51 155.04 132.48 130.47 103.37
2825 161.94 182.88 184.87 188.47 155.00 132.47 130.44 103.35
Tav 164.40 185.60 187.20 190.79 156.80 133.97 131.95 104.52
Texp 162.30 183.40 185.30 188.90 155.30 132.90 130.90 103.70
Dev 1.29% 1.20% 1.03% 1.00% 0.97% 0.81% 0.80% 0.79%
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Table 5-2 The Calculated Boundary Temperature with/without Radiation

with NC and RHT (Case-3) without RHT (Case-2) Experiment
Run Average Average Average Average Average

number Temperature | Deviation Temperature | Deviation Temperature

(°C) (%) (°C) (%) )

1 165.1 1.73 1644 1.29 162.3

2 186.6 1.74 185.6 1.20 183.4

3 188.6 1.76 187.2 1.03 185.3

6 192.1 1.70 190.8 1.00 188.9




7 T TR
73T

[3aeld

W

344

® ¢ Thermocouples
control

upit : mm

Fig.2.1  Schematic of Test Vessel

for temperature

15| Thermocouples well

14| He gas nozzle

13] Heater

12 | Upper thermal insulator

| 11| Window for ebservation

10| Insert heater pozzles

§ | Sodium outlet nozzle

8 | Overflow nozzle

7 | Cover gas nozzle

6 | Radfation shield

5 | Heat flux measuring section
4 | Auxiliary heater

3 | Thermal insulator

2 | Heated Aluminium disk

1 Test vessel
No.| Parts

201-96 OTY6NL ONd



N2 -

=
o
q) - 100
\& ! 5 ;
- - —3-f] -
- —— . Vi ~r—or <t
- ——— — (} EE—" - PN =h:|_r Nj_
e =—
1022
) 5 Thermocouples 0.5 c-A
4 M5 x 10 Bolt SUS304
Commercial Aluminium Plate
7 3 {Umpotished} A100p
2 Aluminium Disk AC
]
1 Heater -
L
RNumber | Parts Quality
T
unit : mm -
Fig.2.2 Heated Aluminum Disk

¢01-96 OTPENL ONd



PNC TN9410 96-102

90°

unit : mm
o : Thermo couples for
heatflux measurment

LLL - j - JD“? )

= <
S & .5.3.3 1.0,,0.5
- = g

,/’E;:;king 0.5¢ C-A Thermocouple 8 | Side wall
1.0% SUS Wire 5 Meldin 7| Spacer
)
H::==::==____ / # Tj' 1 g C-A Thermo Couples
15 3 Upper plate
Installation of Thermocouples 2 He Gas layer
' 1 SUS-304 Plate
NO.| Parts

Fig.2.3  Heat Flux Measuring Section



40mm

100mm

A
y
A
Cover Gas Region .-
v L R
282.5mm

Fig. 4.1 Geometrical Model

¢01-96 OTV6NL INd



=0.0 56.5 1130 169.5 226.0
! | t

282.5

Ar=113 X 25

Y

The upper surface of the structure

~Structure Region%

(SUS304)

Az=50X38.0

140.0

100.0 120.0

o e

0 L
kS \
8 \
Z \
5 \
[}

g

o

8 -

g Cover Gas Region

Q

(Ar Gas) \

\
3

Circumference (Adiabatic)

Az=(1.0,2.0,30,4.0,5.0,6.0,75,9.5 1200X2["

Z

\
Aluminium plate surface Boundary surface

Ar=10,2.5,35,50,65,80,90,97, 113,125, 145,157, 17.1,19.3, 204
17.5,154,139,12.2,11.0, 10.0, 9.5, 8.5, 8.0, 7.0, 6.0, 4.0, 2.5, 1.0

r=0.0 56.5 113.0 169.5 226.0

Fig. 4.2 Mesh Arrangement for the Two - Dimensional Calculation

2825

100.0

79.0

62.0

380

21.0

z=0.0

201-96 OTPENL INd



178 M/S

TP YT —F —F —— c =
A dardbathan gty [[Tr= = = — == ISR 7 T e Fra T = o Sy
E.q\\\!..il.lltl!ltlr.rf._.., :nq - - mayy Ffrm v e = e - mayy ~1|l\ - e awayy
s r o o . e —- roror » » r..: e v v v » rr.—co— faea o v+ -bn':

! Seny b4 s 2 S ey a0 - » Xy ey - 0w 5 s ey
1rpre > . - e ey :..; x4 | | 4 tr i
. 1\ _ 1 = ¢.:_ bowa p » a9 4.«: L | 44..:
- - - ey :q.;‘, PR S T “:.»; PR iy “:cyx PR S vy

A e e ey e, vy s It

.. 9 Wyaes oot s s oot et oL
Ty fes s sl sy e e
A e . ;...:: ::.- TR Y ) :_.-p e F o v ____.., [ R
e .. tte & _‘.__:E :_..,.. I Coa M, S R

Dm
—
-

-
-

-
a4

S

-

Bl Mryes ey L,
L "
" e

T ey

:‘.-vv x F

L PEH
) BRERRARY
L

:n-.—vdtw

SRRV
ﬂ:_.-v « & 4

e

-
-

-

£

A

v

-

_:*..p1 « & )

-

KRT I
il

U

........:__ ::.....

L I L I
Y LT

:..4:-4 - PR mmg_;

-

SRyt
L < & b“ﬁﬁhr

RUN 1
RUN2
RUN 3

-

ﬂﬂﬂ’ovu,. - - \‘sﬁ:,

-
-

PNC TN8410 96-102

-......54._:_ .#
_d,’p v
Cre ot ey it B! Mo SRR H::.: s ey
L -
L ‘¢-a:_ :AJ - I\\x:* _5,11’...- \h\___g:“ M_:thdo \_—.\-.___-.:
5
LR EPEE ..._c_:_ ’J’ A \l\\x‘: _._.;J:lit.\\\_..-_\: a;v—...!iﬂl.\t\...:t
b -
LA, ¥ <.__-:__ 5 -~ - + rreei J-—z/ﬂﬂ.f’ - e e d_azxfj.l.t.!\\.‘_.:__
Ao e P -q__-: J;Xfflla\\\\\x...t __Jfﬂfurlnlllt\\.. ;/ﬂf{rflls\\\b.\\
L LA ] T _lef.?.f.ll — . .__c.ﬁrj..d.....r - v,...: .’/Jf:r...rll..l ,..:
Ve o« o« - A HEAI e e e s - sy
H.___ ”:.”ﬂff.ftl — v r oy ;ﬁ..,..fff..l..l;l;\\\\:. W o — o wrry
L T Y s -— 5 o T, o -—
hrso I nu:n: - T CIIo Aot RS
P ffomfontst4 15 s aeie St S o S 11 o grarras] SSomrr o - 4 11 |
N

RUN 6
Fig. 5.1.1 Calculated Velocity Vectors in Cover Gas Layer



PNC TNS410 96-102

I s e g A
frerme o o & + & o.
*‘-¢11 » » » » A
—:..a... s s = a 4
_:_:.a P
—_+-,> P I
:..o' [P "I
__:_.-, PO
d_u—- [ S
__:.- Py v kg
_____.. Pt b,
_:o- Ly ox £y
::.- Y. ko,
:-‘- L
::.. Yy s e oy
ﬂﬂﬂpov Y o4 a4 sy,
:aarq LI
_aazti L TP
Mo - - ¢ oy
u..a.q..ra.l. - - oo
u)ﬂ..rl.l-!n A o e
J’I.rlrfllll -— oA
Tt e o o a
i M e e
—— -

_:a.-. o= £ )
__:.-v . < & 3
:w-., <« & 3

:‘.-14 « &

:,,-14 ~ 4
_:-f.. “ a a

LTI “ e s
:_’ﬂf. ~ . e e o
v e e o o -
LU TN e e

v an e o

M e i e

Trrem = = ”lrl..rr:
Hevae o n 2 = . - ay
ftae. - » o » » ».—.Z_
__..a._ = » x> a a4 ...-:
::_sa o = A 4 Yo
___.->_. 1 e v 4 .,.._:
—.—.t»» A a L q¢-_=
____.-_,_, I ..q.::
__:—p [ PO Y ..-::
_:‘- S R T -—:
:‘. L CERYT

-
-
-
-—
-—
=

-
-
—
-—
=

-
-
-
-—
-—
A=

-
-
-
-—
-

LN N EY

»

-
s
-
-
-~
-—
3

RUN 8

e ae & 2 3 3 aaay
fHere e « &+ + = = & Ay
Hise v n o = & gy
e,z 5 > vy
:.-».. £ » » 3 ‘_.‘-:
_::,_. 4 o« * 0¥ MR R
::-’ Ao vy MR R
e o o v v RET
Meens o v RN
::—» L o FoF ..-::.
Mress v v & o KT
_:-,q AR R R R YT
ey o Foe gl
::-rv A S IFR T
M,y o syl
Mav, + o . [ FEIT
Mave s o o . RNET
M o L L, e
Maea o o L, T
Wans e v o o o
Wenew o o o e e
Mmoot o e s b
Ay tee st b o o 4 - aoxrn
.Itll’l‘ll‘.‘ll.-\h““
e e = =F T S £ 7

RUN9

il eiod
BRI I T D D T DTN
Pree.. o o o . & - vy
Mgy - & v......_;
__.... A = » 3 ._4.2._
s, s P ) c..-__
ives s o, 4 T v MERETT
Bevay, o 4 1 s r ey
HTTWER row Fow Yoy
_-.-r-, [ IR ERF
:.-_. r o k) Ty
Thee s e sy vl
__:..vv = E vy
:,.'- L e N ETTT
__:—- A A N
_:o- L R NN E T
:--« A R NPT
Moo s o 4 L, ol
Taeeo o o ., ForEIN
Wer e w ow o o PR
Mrma ;o ow e e rrren
Bhvm e o o wr e a ow ow ot or
A L T -— e w oa PN
e 4w w ae
e s s s

RUN 10

Fig. 5.1.1 Continued



PNC TN9410 96-102

1
¥
_
|

’

el

£
Ry

e g Pt Y

RUN 3

s -

RUN 6

Fig. 5.1.2 Calculated Isotherms in Cover Gas Layer

_26_



PNC TN9410 96-102

e~

e el e = — == — — et ] e m e -t
T I ;
N i
/. 1
i !
1 :
' o
4] ! Al =
- H "
)
[}
|
\
[=)
. L
N1 ) 1
W . S
. [
! r
[~ ; S
- P
it Y N '
] 1 I
1 ' ’ N
’ t
. . .
\ ! e . '
i { !
it f /
! 1 N
L 4 Foa
bl 1Y P
4 ' S
! '
i P I
* T ’
1 ! ;
! s
! .
" .
D e et -
|
~ p

RUN 10

Fig. 5.1.2 Continued




Temperature (°C)

Temperature (C)

! x 107
e ! ) (  Boundary surface E
; T, i : A Upper surface
i Lo ' ; X 108mm-Height o e,
: e : O T16mm-Height "
;_—_—\\__ T . < 124mm-Height \\\
= F—— “\-___.__\i \ * 132mm-Height ;3 , '_\ —
é s-—g_,_,_‘_g‘_hk — - ] 1.34 ¥y
e Ny e Pt i S e
o] I e e A a—— R e M
) T E T R e Sy U
| : =
n g .30
EH 1
it 1.28
1
| |
L | ! . .
‘ udﬁ 9.5 1a 1.5 20 s 10 % ¥ l.hsﬂ.ﬂ 0.5 (-] 1.5 2.0 2.5 y.0 x 10F
Radial location (mm) Radial location (mm)
RUN 7 RUN 8
1 10f A |ot
132 1.08
1.3 1.06 \"‘H
1.3 = 8 1.04 "—'_:\H‘__“"“-o—-.._._s\:_.\.::_-h "’—‘*--‘—‘0--4-—,__‘
1.32 \'\L—..L =] E 1oz
1.3 ———— — e 1.
=
1.2 9.88
"a 0.5 1.0 L5 2.0 2.8 300t e a5 ) 1.5 24 1) 2.0 € 108
Radial location (mm) Radial location (mm)
RUN9 RUN 10

Fig. 5.1.3 Radial Temperature Distributions in Rotating Plug

201-96 OTPENL ONd



Temperature (C)

Temperature (°C)

o : ‘o
. |
> ‘a g | § ‘\\a
™ | 133 =
165 T \‘ ! 2 e
-~ ‘\ . .
s e e N =
132 7 H;—"—ﬂ ! \""-’-—:__‘_ . a Hﬂ_‘"‘\\\_‘hh—..__’_
J% g N S—— _6‘1—"’%—_’_‘9—-@ —] "_"—-9-—,___,_____ —
: i H l = "“"—-—‘—-H-_H—’__ — e
' 1 H
7 ‘ | ! -
| | ;
! E'SI: bl 3.5 LA 1.5 i | e 3Q o t.Ttﬂl) 0.5 14 1.5 0 2.2 24 ¢ 527
RUN 1 RUN 2
*: -
e L 5
. L ! ) e
3 ! ._\ 5 \‘\.,N
T w0
1,38 i o = \
e T 5 e e e El
9 & WMEMT@E
o
1.4 =
e a5 1 a e 20 e 300 10 e 05 1a s Ta 8 10 00
Radial location (mm) Radial location (mm)

RUN3 Fig. 5.1.3 Continued ~ RUNG

¢0T-96 OTPENL ONd



PNC TN9410 96-102

Temperature (°C)

Temperature (°C)

l70_r L L L R B SR 92T T T T T T T T T
168 | : ] -\
I g Center line b 190 L \ p m
L \ —=8 - Circumference \ ener line
166 e o 2 R —— ;‘5 188 i \ —8 -G ence
0 i '
164 - 2 186
@ 3
L A \ E- ) \
162 |- m 7~—15:|____ N 1 S 1841 ‘\
LT T e \\ ] Ml N\
160 P N TR R P N N i \.‘ﬁ. 3 182 [ \‘
4.00 1200 20.00 28.00 36.00 e ""‘“EN
Distance from lower surface (mm) 3
oot de i dud B b dudody
RUN 1 4.00 12.00 20.00 28.00 36.00

Distance from lower surface (mm)

RUN 2
192 — A L R R B A B N ML B B 196 T
150 \ Center line 194 LN\ Center line
I 0 - Clrcumference | \ —& - Circumference ]
-~ A
L P L \
4
138 I ] » 192 - \\ ]
3
] E| L
i ; \,\ J s I
o
186 “, g 190 7 ; |
[ [ _
e \ : L N i
I el - S " ~—a N\
184 doveim g 188 1 \
L i i ~85 4 F EL___ \ 1
I N et G L b= \ 1
182 L | l . : s N L N N 186 — A L 3 L 2 L " N P b b
4,00 12.00 20.00 28.00 36.00 4.00 12.00 20.00 28.00 36.00
Distance from lower surface (mm) Distance from lower surface (mm)

RUN 3 RUN 6

Fig. 5.1.4 Axial Temperature Distribution in Rotating Plug.

_.30_



PNC TN9410 96-102

Temperature {C)

Temperature { °C)

159 [
158 [

157

156

155

154

153

135 -
134

133

132

131

130

129

G Center line

N — - Circumference

12k

e

L i

!

o
Lt

: £ L L

4.00

12.00 2000 28.00 36.00

Distance from lower surface {mm)

RUN7

\\ —& - Circumference ]

Center line

T T

T

T T

Temperature { C}

T T T

L 1

™

4.00

12.00 20.00 28.00 36.00

Distance from lower surface (mm)

RUN9

Fig. 5.1.4 Continued.

Tamperature (°C)

137 r T —T
136 [ \ G Ceniler {ine
[ \\ —&8 - Circumlerence ]
135 |
134 | ]
133 |
| TR
B o
132 N
F B !
r = ?
L g
131 ) " 1 1 1 PR
4.00 12.00 20.00 28.00 36.00
Distance from lower surface (mm)
RUN 8
107 — T
106 [ Center line
I —=8 - Circumference
105 ]
; \L ]
104 i \\
[ e
103 | g
L ~a
L ]
102 P P P

4,00 12.00 20.00 28.00 36.00
Distance from lower surface (mm)

RUN 10



PNC TN9410 96-102

T e e e e e e e e —
A".’;j;:'?::':; - = = == - - I T DTIITIITEN
t ’,;za—z - e — — - e ..-;--—----““
f“ x x - - - - - - - - """"""i:
*Tff)‘,“ ” » rl - - - - - - p-»abu.“,‘
“T L v v - - R B I R
Pt
T t t o+ a A 4 A " 4 4 = ?""‘Vv;u — 1.78M/S
i
TT‘I‘ LI Y b [ - S * - - - - ---gl'lfv..‘Il
II“"\\‘( * LY - - - - - - - - <<<br,iL
‘1\'\‘\“\‘. - - - - - - - - « w4 x4 & l
s v w m m owm e o - - - - ....--...‘J
z EEN S % oW ow wm om e om m e e -.._...._.-......-'i
::::\h.--.-.-. -— -— —— — — -_q_q_q—q—-o_-q-._:,
ER- i i e~ =SS R~ — el ettt ] |

g

|

Calculated Velocity Vectors in Cover Gas Layer

Calculated Isotherms in Cover Gas Layer

(O Boundary surface

X 1
2.4

Temperature (°C)

A Upper surface

X1 10mm-Height
O 1 20mm-Height
> 130mm-Height

1.0 % 107

\\
~
|

1.4

Radial location (mm)

Radial Temperature Distributions in Rotating Plug

Fig. 5.2.1 Calculated Thermal Characteristics for RUN 6
(Considering the Radiant Heat Transfer)



PNC TN9410 96-102

172 e 194 [ —
A v Calcutation without RHT | | £\ semeidne Calculation without RHT = {1
170 N\ —8 - Calculation with NC and RHT |_] 192 —& - Caleulaion with NC and RHT [
[ 5 | — e - Caleulation with RHT 1 :\EJ\ — o - Calulution wih RHT,  * |
R AN § 190N
= 168 ; £ - ‘
g \\SJ o 1ssf B
2 166 N\ R \
] : G 186f NS
E 164 | E C NG ]
b= [ : : ~ & 184 i i = N
e : NS P15
i62 LT ; . ~o- i ;
L <o . 182 Qi =
- Tom— e :
160 PRI PR B P P PR P 180-'.....,!........”
36.5 124.3 1921 259.9 56.5 124.3 1921 259.9
Radjal Location (mm) Radial Location (mm)
RUN 1
RUN 2
196 —— L ST SR BN DRI B 200 T
: \ e Calculation without RHT L 8 Calculation without RHT 1
194 —3 - Calculetion with NC and RHT 1 198 PN 5 - Caleulation with RET and NC 1]
. = &= = Calculation with RHT g [ \[ 1 & - Caleulation with RHT I
~ 192 —~ AN
g F \ ) 196 [ X ]
e 190 f N B o ]
=R \\\ 1 2
5 r o
‘é_ 188 [ < ]
g ro~ ; > g
[t o d B e == N
186 - e =
i o ~3- ] -
i T i i ] [ :
184: : o e 188 NEE P
182- d il ||i|e P T Ty Sl 186- ch ]
56.5 124.3 192.1  259.9 565 1243 1921 2599
Radial Location (mm) Radial  Location (mm)
RUN 3 RUN 6

Fig. 5.2.2 Comparison of Boundary Temperature Distributions




PNC TNS410 96-102

APPENDIX

List of FLUSH Input Data for the Two-dimensional Analysis
of Experimental RUN1 (with Radiation)
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SYSTEM _
xx****:x*x::xttxxt:::**xtzxx*:*:z:*xx**x*tt:xxt**i**t:x*tzxz:t*zttx
X% <<< RUN 1 INTERFACE ELEMENT >>> xx

EE R R R AR AR AR KRR RN RN R R R R E R KR KRR A AR X KRN AR R LR XK K
STEADY STATE

CYCLE 15 1 1000000 0.01
RESTART AGUA
CONDITION 3.00E-4 2.40E-5 1

SYSUNIT 2.3883E-10 5.00E-1
*kxekkx SURFACE 3 xxxkkxkxx

WCELL 1 1 18 29 1 18 3 1

WELEM 100125001 1000

END SYSTEM

R R X R X R R R A R RN R A R R R R R R RN R AR AR RN R K R R R R AR LT R R EE R XX TR RN AR AR
SAQUA

AR AR E R E R R R R R R R R R R R R R R KRR R R R R AR R R R KRR KT RN RE R RN R R R R RN RE
xxxxxx COVER-GASC(AR) NATURAL CIRCULATION ANALYSIS EEEXREXRERESE
XEXEXX STEADY RUN EXPERIMENTAL RUN 1 EXXTXXEEREXE

AR R KRR X R KA R AR R R R R E R E R R R E R R AR R R RN A AR R AR E R R IR KRR R EXRRREX KR EEE
&GEOM ITURKE=0.
IFRES=1, ISYMCH=3, IFITEN=3, IFPCG=5,
IGEOM=-1, NL1=1138, NM1=522,
IMAX=29, JMAX=1- KMAX=18, NSURF=6,
DX= 0.0010, 0.0025, 0.0035, 0.0050, 0.0065, 0.0080, 0.00%0.,
0.0097, 0.0113, 0.0125, 0.0145, 0.0157, 0.0171, 0.0193,
0.0204,
- 0.0175, 0.0154, 0.0139, 0.0122, 0.0110, 0.0100, 0.0095,
0.0085, 0.0080, Q.0070, 0.0060, 0.0040, 0.0025, 0.0010,
DY= 0.1745329252,
pZ= 0.0010, 0.0020, 0.0030, 0.0040, 0.0050, 0.0080, 0.0075,
0.0095, 0.0120C,
0.0120, 0.0095,
0.0075, 0.0060, 0.0050, 0.0040, 0.0030, 0.0020, 0.0010,
XNORML= 1.0, -1.0, 0.0, 0.0, 0.0, 0.0C-
YNORML= 0.0, 0.0, 0.0, 0.0, 1.0, -1.0C-,
ZNQORML= 0.0, 0.0, -1.0, 1.0, ©.0, 0.0,

SEND
REG -1. 1 1 1 1 1 18 1
REG -1. 29 29 1 1 1 18 2
REG -1. 1 29 1 1 18 18 3
REG -1. 1 29 1 1 1 1 4
REG ~1. 1 29 1 1 1 18 5
REG -1. 1 29 1 1 1 18 <3
END

&DATA

ISTATE=0, IFENER=1, IFMMO=2, IFMEN=0.,

IDTIME=1, RDTIME=0.8, LASTIT=250, I1T=2x1.,

EPS1=1.0E~6, EPS3=5.0E-5, EPSS=1.0E-5, EPS7=5.,0E-3.,

KFLOW=6%-3, KTEMP=2*x400,2x1, 2%400

TEMP=2%x0.0, 161.8, 363.1, 2x0.0.,

TEMP0O=265.0, PRESO= 1.46000E+5, GRAVI=-9.807.,

XPRES0=0.142, YPRES0=0.085,ZPRES0=0.05,

IFPROP=1, FCOH=1.43216E5- FC1H=5.21000E2~
FCORO=2.338851, FC1RO0=-2.978776&E-3,
FCOK=1.71811E-2, FC1K=3.94171E-5.,
FCOMU=2.23338E~5, FC1MU=4_90284E-8,

_37_



PNC TN9410 96-102

26001

FCOCP=521.000,
FCTLO=150.0,FCTHI=650.0.,
NTMAX=100000., NTPRNT=0., NTPLOT=0,
NTHPR=012001,032001,052001,902003,902004~»

&END
END
WL
END
END SAQUA
**************************‘****¥************************************
SAQUAR

SGEOM

IFRES=3,
&END
LDATA
ISTATE=1,TREST=60.0",
EPS51=5.0E-7,EPS3=1.0E-5,EPS55=5_.0E-6,EPS7=1.0E-5

NTHPR=012001,032001,052001,902003.,902004~»

&END
END
END
END SAQUAR
EX X IR R AR E A R AR R R R R R RN RN R AR A R AR R X R R R R R E S SRR R R R AR L E XX XL L XXX R XX
SFINAS '
FINAS
TITLE
HEAT
SAVE
NOPRINT DESCR
CONTROL

- HEAT SOLVE 3
MODEL '
COORDINATE SYSTEM

10 2

FC1CP=0.000.,

0.00001 1 29 1 1 1 17

RUN 1 MODEL

1.0

NODE
**NLOOP2 2 1
*xNLOOP1 @ 10
1001 10
26001 10
#xEND1
*xEND2

501 10

601 10
ELEMENT TYPE

10 HHEXS
30 RLINK?2

CONNECTION
*xELQOOP2 8
*xELOOP1
1001
*xEND1
xxEND?Z

501
GEOMETRY

400

0.00
0.00
0.00
282.50

10.00
0.00
0.00
0.00

0.00
5.00
100.00
100.00

25 1

140.00
140.00 5.

1.00
99.00

10
25 1000
100

10 10
1000 1000
2002 1002

10
1000
2001

10
1000
1001

10 10
1000 1000
2012 1012

10 10
1000 1000

10 2011 1011

30 400 501 601

4 2.500E+05 1.350E-17 0.09%9 0.018



PNC TN9410 96-102

FASTENING
500
F3

601
1001

4001
7001

10001
13001
16001
19001
22001
25001

2002
5002
8002

11002
14002
17002
20002
23002
26002

MATERIAL
100 1

SPECIFIED TEMPERATURE

200

SUsS304

108126081
108226082
501

INITIAL TEMPERATURE

HEAT INPUT
500
=READ
HISTORY
INTERVAL

501 601
100126001
101126011
102126021
103126031
104126041
105126051
106126061
107126071
108126081
100226002
101226012
102226022
103226032
104226042
105226052
106226062
107226072
108226082

21

1

SPEC 200
HEAT 500
FAS 500

0.000E+00 52
0.10CE-02 2001
1.200E-02 5001
2.100E-02 8001
2.100E-0211001
2.100E-0214001
2.100E-0217001
2.100E-0220001
2.200E-0223001
2.500E-0226001
0.500E-02 3002
1.900E-02 6002
2.100E-02 2002
2.100E-0212002
2.100E-0215002
2.100E-0218002
2.200E-0221002
2.300E-0224002
2.400E-02

1000
1000

100 200.00
200.00
200.00
200.00
200.00
200.00
200.00
200.00
200.00
200.00
200.00
200.00
200.00
200.00
200.00
200.00
200.00
200.00
200.00

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

RN
L]
OO0

-39.80
-39.80
163.10

0.500E-02 3001
1.900E-02 6001
2.100E-02 9001
2.100E-0212001
2.100E-0215001
2.100E-G218001
2.200E-0221001
2.300E-0224001
2.400E-02 1002
0.800E~-02 4002
2.000E-02 7002
2.100E-0210002
2.100E-0213002
2.100E-0216002
2.100E-0219002
2.200E-0222002
2.400E-0225002

0.800E-02
2.000E-02
2.100E-02
2.100E-02
2.100E-02
2.100E-02
2.200E-02
2.400E-02
0.100E-02
1.200E-02
2.100E-02
2.100E-02
2.100E-02
2.100E-02
2.100E-02
2.200E-02
2.500E-02



PNC TN9410 96-102

END MODEL _

QUTPUT

PRINT SELECT

TEMP ALL

ELM ALL

POST TAPE

TEMP ALL

ELM ALL

STRUCTURE PLOT ‘

PESETZ2 4 100126001 1000 102126011 1000 1021260231 1000 103126031 1
104126041 1000 105126051 1000 106126061 1000 1071246071 1
108126081 1000

¥

FRAME A4V

AXES -Y X Z

VIEW 0. 0. 0.

PTITLE SAMPLE PLOT

IPLOT -4 NODES

CPLOT -4 TEMP 10

¥

END QUTPUT

END FINAS

S I Y Y P S Y R ]
FINAS

DUMMY

END FINAS

R i i T I Y Y P P P S R LSRR L
FNSEDIT

SELECT TEMP TAPES=1

ST1 ALL

REF TEMP 182.0

END SELECT

END FNSEDIT



