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Abstract

The MELCOR code was used to simulate PNL's Ice Condenser Experiments 11-6 and
16-11. Inthese experiments, ZnS was injected into a mixing chamber, and the combined
steam/air/aerosol mixture flowed intoan ice condenser which was 14.7mtall. Experiment
11-6 was a low flow test; Experiment 16-11 was a high flow test. Temperatures in the ice
condenser region and particle retention were measured in these tests. MELCOR pre-
dictions compared very well to the experimental data. The MELCOR calculations were
also compared to CONTAIN code calculations for the same tests. A number of sensitivity
studies were performed. It was found that simulation timestep, aerosol parameters such
as the number of MAEROS components and sections used and the particle density, and
ice condenser parameters such as the energy capacity of the ice, !ce heat transfer coef-
ficient multiplier, and ice heat structure characteristic length all could affect the results.
Thermal/hydraulic parameters such as control volume equilibrium assumptions, flow loss
coefficients, and the bubble rise model were found to affect the results less significantly.
MELCOR results were not machine dependent for this problem.
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1 Introduction

MELCOR [1] is a fully integrated, engineering-level computer code being developed at
Sandia National Laboratories for the U.S. Nuclear Regulatory Commission (USNRC).
The term "fully integrated" refers to the high level of uniformity and integration of the da-
tabase that ties the various packages together, as well as the input and output structure.
The term "engineering level" means that MELCOR was designed to model the progres-
sion of severe accidents in light water reactor nuclear power plants, but its flexibility
allows it to be used in a wide range of physical problems. The entire spectrum of severe
accident phenomena -- reactor coolant systems; containment thermal and hydraulic re-
sponse; core heatup, degradation and relocation; and fission product release and
transport --is treated in MELCOR for several types of nuclear reactors. MELCOR has
been successfully applied in severe accident analyses ([2] and [3]). As part of an ongoing
quality and technical assessment program, a number of assessment calculations have
been performed, including calculations of the FLECHT SEASET natural circulations ex-
periments [4], the ACRR source term experiments [5], and the LACEaerosol experiments
[6]. This document addresses an assessment of MELCOR relating to the ice condenser
experiments performed by Pacific Northwest Laboratory (PNL) [7] in recent years.

The pressurized water reactor (PWR) ice-condenser contait_mentsystem is designed to
suppress the rise in pressure within the reactor containment that would result from a
rupture in the reactor coolant system. In addition, the ice-condenser may also serve to
capture radioactive aerosols as gases pass through the condenser. A series of large-
scale experiments were conducted at the High Bay Test Facility (HBTF) at PNL to inves-
tigate the extent to which an ice condenser may capture and retain air-borne particles.

Recently, a new model was added to MELCORto model ice condensers [8]. The model
physics was, in part, based on the ice condenser model in CONTAIN. However, the heat
structure outgassing model in MELCOR was extensively used because the physics is
similar and use of proven code already in place saved development time. The MELCOR
code with the ice condenser model, then, was used to simulate two HBTF experiments,
Experiment 11-6 (also referenced as Experiment 6) and Experiment 16-11 (also refer-
enced as Experiment 11). Experiment 11-6 was a low-flow test, while Experiment 16-11
was a relatively high-flow test. In both cases, ZnS was used as the aerosol. In both tests,
temperatures and particle retention were monitored.

Reported are the comparison of MELCOR results to the experimental data, and also to
CONTAIN calculations ([9] and [10]) for both Experiments 11-6 and 16-11. Both the ex-
perimental data and the CONTAIN results were available to provide guidance to the
MELCOR calculations. In addition, sensitivity studies were performed relating to machine
dependence, time step size, flow resistances, number of aerosol components and sec-
tions, effective ice condenser heat of reaction, ice condenser heat structure characteristic
lengths, allowable size range of aerosol particles, heat structure heat transfer coefficient
multiplier, equilibrium versus nonequilibrium thermodynamics, and inclusion of a bubble



risemodel. MELCOR version1.8LF was used for all the calculationswhose results are
showninthis report. Thisversionshouldbe consideredthe earliestversionwithwhichto
performicecondensercalculations.



2 Facility and Test Description

The experimental geometry of the HBTF aerosol tests, excerpted with permissionfrom
[7], is shown in Figures 2.1 and 2.2. The entire test section was 17.1 meters high. The
14.6 meter ice column was centered between two turning vane assemblies located at the
inlet and outlet of the ice-basket region. The initial downcomer section contained provi-
sion for the hot air and steam injection, as well as injection of the aerosol. After the
injection assemblies, mixing chambers were positioned to allow the gas to become
homogenous. The piping then changed from a cylindrical to a square cross-section, and
went through a 90-degree turn, changing the flow from downward vertical to horizontal.
In the horizontal section, a diffuser section enlarged the flow area. From the diffuser
outlet, another 90-degree section with turning vanes changed the flow from horizontal to
upward vertical. Then, the flow went through the 14.6 meter ice condenser. Another
90-degree section changed the flow back again to horizontal, again with turning vanes.
After an area decrease, the flow was directed to a scrubber.

For an experiment, the ice-condenserwas loaded with ice after the test section had been
pre-chilled. For Experiment 11-6, steam and hot air were actually injected for about 30
minutes prior to the introduction of aerosol particles. This pretreatment attempted to
better represent the ice inventory after the blowdown phase of a postulated severe reac-
tor accident. Because of this pretreatment, almost half the ice initially loaded into the ice
condenser in Experiment 11-6 was melted at time "zero" for the test, the pretreatment
phase not being counted as part of the actual experiment. Further, from the description
of the procedure for loading the ice, it is assumed that each 14.6 meter ice column did not
have any vertical impediments preventing the ice pieces from moving downward to re-
place ice melted at the bottom of the column. This latter assumption is important because,
at present, MELCOR does not make any provision for the solid ice to move from one
region to another.

Another unique feature of Experiment 11-6 was that the flow rate was so low as to allow
recirculation to occur within the ice condenser. The cross-section of baskets for the ice,
shown in Figure 2.3, was such that there were four main irregularly shaped, and con-
nected, flow channels. In Experiment 11-6, the data clearly indicated that flow in one of
the channels was in the downward direction. Any model of this experiment had to ac-
count for this significant event.

In both tests, the aerosol introduced was ZnS. The steam, hot air, and aerosol were
injected into the test apparatus for a specified time. Experiment 11-6 was considered to
be a low flow test that lasted over 120 minutes, while Experiment 16-11 was a high flow
test lasting approximately 70 minutes.

The pertinent hydrodynamic and aerosol sources and ice condenser masses for both
experiments are shown in Tables 2.1 and 2.2.
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Table 2.1. Sources and Ice CondenserMasses for Experiment11-6

Hydrodynamic Sources:

Matenal Time(s) _ TemDer_um(K}
N2 0. 0.03576 400.

330_. 0.03576 393,
4380, 0.03576 400.
7200. 0.03576 393.
7500. 0,03576 400,

02 0. 0.00894 400.
3300. 0.00894 393.
4380. 0.00894 400.
7200. 0,00894 393,
7500. 0,00894 400.

Steam 0, 0.06184 400.
3300. 0.06184 393.
4380. 0.06184 400.
7200. 0.06184 393.
7500, 0.06184 400.

Aerosol Sources (Time Independent):

Aerosol (ZnS) Flowrate 0.011 kg/s
Aerosol Mass Median Diameter (AMMD) 3,5 x 10.6m
Geometric Standard Deviation (GSD) 2.0

Ice Condenser (Heat Structure) Massess:

.IceConden.,serLocation(Heat Structure#) InitialIce Mas_s(kg)
Lower (HS300) 675,65
Middle (HS310) 675.65
Upper (HS320) 0,0
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Table 2.2. Sourcesand Ice CondenserMasses for Experiment16-11

Hydrodynamic Sources:

Matedal _ _ 7emoerat_re (K)
N2 O, 0.03172 363.

360. 0.03172 363.
362, 0.03045 370.

2100. 0.03000 378.
4200, 0.02950 383.

02 O. 0.00793 363.
360. 0.00793 363.
362. 0.00761 370.

2i00. 0.00750 378.
4200, 0.00737 383.

Steam O. 0.20000 363.
360, 0,20000 363,

2100. 0.19750 370.
4200. O.19500 383.

Aerosol Sources (Time Independent):

Aerosol (ZnS) Flowrate 0.030 kg/s
Aerosol Mass Median Diameter (AMMD) 3.5 x 10"sm
Geometric Standard Deviation (GSD) 2.0

Ice Condenser (Heat Structure) Massess:

Ice conden}er Location(He_t Structure#7 _nitialIce Mass(ko)
Lower(HS300) 821,00
Middle(HS310) 821.00
Upper(HS320) 821,00



3 MELCOR Computer Model

Generally speaking, both MELCOR and CONTAIN are lumped-parameter, controlvol-
umes computer codes and thus do not have knowledge concerning dimensionality. In the
following discussion, however, reference will be made to one- and two-dimensional
geometries. This is in reference only to the flow paths that connect the control volumes.
If a control volume is represented as a six-sided box, then a one-dimensional model
would have flow only in/out a maximum of two of these sides (and the sides do not have
to be opposite one another), a two-dimensional model would flow out a maximum of four
sides, and three-dimensional flow could flow out all six sides.

Guidance for the MELCOR model was obtained from the CONTAIN model [9,10] for
these two PNL experiments. One major departure from the CONTAIN model was that it
was two-dimensional, whereas the MELCOR model was one-dimensional. It is believed
that most MELCOR modelers will use the ice condenser model in a one-dlmensional
configuration to simulate nuclear power plants. Thus, the most useful assessment will
result from modeling the experiment in a manner most closely associated with a typical
modeler's approach, i.e., in a one-dimensional geometry.

The MELCOR hydrodynamic nodalization which models the experiment is shown in Fig-
ure 3.1. There are a total of ten control volumes in the MELCOR model. Control Volumes
10 and 20 represent the injection and mixing regions. Control Volume 100 is the
cylindrical-to-cartesian transition region as well as representingthe transitionfrom verti-
cal downward flow to horizontal flow. Control Volume 200 is the diffuser section. Control
Volume 210 redirects the flow from horizontal to vertical upward. Control Volumes 300,
310 and 320 divide the 14.6 meter ice-condenser section into three equal vertical sec-
tions, as was done in *he CONTAIN model. Control Volume 400 represents the outlet
flow section, while the gas is exhausted to Control Volume 450, which represents the
"environment". In the actual experiment, the flowwas sent to a scrubber, which is ignored
in both the CONTAIN and the MELCOR models.

Control Volume Hydrodynamic (CVH) mass and energy sources were used to simulate
the injection of hot air and steam into Control Volume 10. These sources were time
dependent. An additional source/sink pair was placed in Control Volumes 300 and 320.
It was observed in the low flow test [7], Experiment 11-6, that some natural convection, or
recirculation, occurred in the region from the diffuseroutlet to the ice condenser sections.
To model this "backflow" or recirculation, a mass/energysink was placed in Control Vol-
ume 320; this same mass and energy was then sourced to Control Volume 300. An
attempt to source this mass and energy further upstream to Control Volume 210 was
unsuccessful because of the small size of Control Volume 210 relative to that of Control
Volume 320. The source/sink control function removed 20% of the massand energy from
Control Volume 320 every timestep, and transferred it to Control Volume 300. The 20%
value was used after conducting an informal sensitivity study ranging from 15% to 30%.
The MELCOR input for this recirculatlon was arranged so that, by changing one number,



Figure 31 MELCOR Nodalization Diagramfor the Ice Condenser Test Facility showing
ControlVolumesand FlowPaths (notto scale)
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the source/sink recirculation in the high flow Experiment 16-11 could be "zeroed out" of
the simulation.

Another minor difficulty encountered was in setting the initial pressures. Initlally, pres-
sures in all the control volumes were set at the same value in the hope that the
mass/energy source in Control Volume 10 would raise the pressure and set up a driving
force to initiate flow. This proved unsuccesstul; fatal CVH convergence errors occurred.
To alleviate this problem, a linear pressure gradient was set as Initial conditions to "jump
start" the flow in the proper direction and rate. This technique proved successful, and was
used in the reference calculations. Pressure values for each control volume used to
alleviate this minor problem may be found in Appendix A.

Flow paths shown in Figure 3.1 connected each control volume in succession. However,
a further refinement was necessary in the ice-condenser sections. As water from melted
ice in an ice condenser volume built up, it would compete with the upward moving hot
gases flowing in a flow path. When enough liquid water built sufficient pressure head, the
flow would reverse, a pressure build-up would occur, and either extreme time-step re-
ductions would occur, or the code would shut down. To alleviate this problem, two flow
paths were placed in the entrance and exit regions of the three ice-condenser control
volumes. This allowed liquid water to flow downward in one flow path while simulta-
neously the steam/air/aerosol gas mixturecould flow upward in the second flow path. No
valves were placed in any of the flow paths, and 100% of the flow area for all flow paths
was available during the entire simulation time. Loss coefficients were calculated from
standard pipe friction factor correlations [11].

Heat structures were associated with each control volume to represent the piping, turning
vanes, etc. Three heat structures were placed in each of the three ice condenser control
volumes, as shown in Figure 3.2. One represented the ice itself; another represented the
horizontal structural supports that could absorb heat and accept aerosol deposition; and
a third structure represented the vertical supports that absorbed heat but did not allow
aerosols to precipitate on them. Two heat structures--one representing the vertical por-
tion, and another representing the horizontal portion--were created for the ice condenser
entry, located in Control Volume 210. Initially, only a vertical heat structure was placed in
this control volume. However, substantial water from the ice condensers found its way
down to this control volume, and CVH convergence problems were experienced with only
a vertical heat structure in this location. The original heat structure was separated into a
vertical and horizontal portion, alleviating the CVH convergence problem. A total of fif.
teen heat structures existed in the model. Control Volume 450 did not have a specific
heat structure associated with it (nor is it necessary in MELCORto place a heat structure
in every control volume). However,the outside of the heat structures representing piping
communicated with Control Volume 450. All of the heat structures contained only two
nodes. The significance of number of nodes to resolve an ice condenser heat structure
was examined in Section 8.4. The importanceof radiation heat transfer, especially forthe
aerosol results, was examined in a sensitivity study in Section 8.5.
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As discussed in Section 2, Experiment 11-6 was conducted after thirty minutes of pre-
heating, which reduced the ice inventory from 243lkg to 1361kg. An examination of the
data revealed that ice melting during the preheat phase must have been primarily axial,
i.e,, most ice melt occurred at the bottom of the ice condenser. This melted ice was then
replaced by ice failing down from higher regions of the ice condenser, and leaving the
upper portion of the ice condenser devoid of ice. in fact, the data strongly indicated that
the upper ice condenser control volume (Control volume 320) did not have any ice by the
time Experiment 1!-6 began (time "zero"). Further, at some point, ice melting changed
from being primarily axial to being radia! because the ice in Control Volumes 300 and 310
disappeared at almost exactly the same time. If ice meltwas axial during the experiment,
then CV310 would have lost all its ice much sooner than CV300. Since ice disappeared
from CV300 and CV310 at about the same time, ice remaining from the preheat phase
wss equally apportioned between the ice condenser heat structures in these two control
volumes

A MELCOR parameter that affected the melt rate of the ice is the adjustable heat transfer
coefficient multiplier. In [8], a value of 1.2 for this parameter was used. For Experiment
!6-11, the 1.2 value was adopted and agreed very well with experiment. However, the
unique behavior of Experiment 11-6, with the pre-melting of ice and the recirculation,
required an adjustment of this parameter. In the bottom control volume (CV300), a value
of 1.8 was used for this parameter, and in the middle control volume (CV310) a value of
3,8 was necessary. These values were chosen based on the amount of time to melt the
ice in each compartment as indicated by the experimental results. Since ice was absent
in the uppermost compartment for Experiment 11-6, a third value was unnecessary.
These values were still weli within accepted values for this parameter, as CONTAIN used
a value of 5.0 for this parameter [8]. In addition,a sensitivity study was conducted for this
parameter for both experiments in Section 8.2.

The aerosol input specified two components, water vapor and ZnS, because previous
studies [6] have shown a distinct benefit in doing so. The default number of components
in MELCOR is one. However, the default number of classes (fifteen) and default number
of sections (five) were used. The minimum and maximum diameters for the size distri-
bution were 0.1 x 106m and 100.0 x 106m, respectively These non-default choices were
based on the data given in [7]. The aerosol particle density was unavailable, so the value
used in the reference calculation was 2500 kg/m3. Most of these parameters -- number
of components, number of sections, the minimum diameter, the allowable range of parti-
cle diameter, and the aerosol particle density -- were examined in sensitivity studies
discussed in Section 6. The source aerodynamic mass mean diameter (AMMD) was
given as 3.5 x 106m for Experiment 11-6. Since a value for Experiment 16-11 was un-
available, the same value was used. The geometric standard deviation (GSD) used in
both simulations was 2.0. The AMMD and GSD were provided in [7].

In Experiment 11-6, initial temperatures were taken from data that was available. Some
CVH and heat structure temperatures were interpolated. One assumption was that the
30 minutes of pretreatment with hot gas flow in Experiment 11-6 had warmed the piping
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almost to the same temperature as the gas flowing inside, in Experiment 16-11, difficulty
was encountered when an attempt was made to model the entry piping heat structures at
room temperature and hot gas was flowed into the control volumes containing these
structures. Condensate would form on these heat structures and cause the problem to
become, numerically, extremely stiff. The timestep would be reduced so far as to cause
shutdown of the simulation. This problem was alleviated by slightly raising the initial
temperatures of the heat structures in MELCORthat represented the piping and diffuser.
This minor deviation from actual experimental conditions produced temperatures at early
time of the simulation that were somewhat too high. Section 4 discusses this observation
further.

The reference MELCOR sirnulation was run with a maximum timestep of 1.04 second for
E×periment 11-6 and 0.45 second for Experiment 16-11 during the entire time of each
simulation. In Experiment 11-6, the low flow case, MELCOR ran at the maximum time-
step of 1.04 second. Experiment 16-11 was a high flow case; thus, with higher velocities
it was expected that the timestep would be smaller. This was the case, as the observed
timestep in Experiment 16-11 was usually 0.44 second. In both cases, the timestep
would be decreased for short periods of time while the code stepped through some short,
fast transients. The results of a timestep study are given in Section 5.2.

Running the MELCOR code involves two steps. Most user input is contained in a MEL-
COR Input GENerator file created by the user. The actual computation itself is invoked
by a short MELCOR input file. A copy of the MELGEN and MELCOR input used for the
reference calculation of Experiment 16-11 is given in Appendix A. Since the input to
simulate the two experiments was so similar, the input to simulate Experiment 11-6 is not
included.

14



4 Reference Calculation Results

The MELCOR ice condenser aerosol assessmentwas performed as an open post-test
calculation, with both the experimental data and also results from previous CONTAIN
analyses available for reference. The results discussed in this section represent the
MELCOR calculation that, in our judgment, the typical user would also produce. These
results use the insights gained from a thorough examination of the experimental data and
the CONTAIN analyses.

All of the experimental results presented have been digitized from figures in Reference
[7]. Since many of the curves exhibited extreme oscillatory behavior, only major maxima
and minima were captured in the digitizing process, and many small oscillations were
ignored. The two reference calculations were performed on an IBM RISC 6000 Model
550 workstation using the IBM AIX 3.1.5 operating system.

4.1 Experiment11-6ReferenceCalculationResults

The experimental data for the ice condenser experiments consisted of temperature data
and aerosol data (particle retention factor). In Experiment 11-6, the low flow rate induced
a natural circulation flow between the diffuser outlet and the ice condenser. The MEL-
COR simulation only recirculated flow from the top of the ice condenser to the bottom, so
there was only global agreement with gas temperatures exiting the diffuser. This agree-
ment is discussed in Section 9. However, since this was an ice condenser aerosol
experiment, it was assumed that the pertinent results to compare are ice condenser tem-
peratures and particle retention of the aerosol. All temperature data displayed represents
the temperature of the vapor (referred to in MELCOR as the "atmosphere") which is the
temperature of the steam/air/aerosol mixture.

Both the experimental data and the MELCOR and CONTAIN models divided the ice con-
denser region into three vertical compartments. Figure 4.1.1 compares the experimental
temperatures to those of the MELCOR model in the lowermost ice compartment, which is
represented in the MELCOR model by Control Volume 300. Because Experiment 11-6
exhibited a recirculation loop, one flow path of the four major flow paths in ice condenser
was about 25K cooler than the other three flow paths. The temperature figures in this
report will consistently display an "envelope" for the experimental data representing the
thermocouple that registered the temperatures from the hottest of the four flow paths and
the thermocouple that displayed the temperatures from the coldest flow path. The upper
and lower temperature curves that defined the envelope tended to approach each other
and make the envelope very small when all of the ice in compartments that contained ice
was melted, of which Figure 4.1.2 is an excellent example. The slope of the temperature
increase changed as well when all of the ice in a condenser section was melted. In gen-
eral, as Figures 4.1.1 - 4.1.3 demonstrate, the MELCOR model did an excellent job of
predicting temperatures within the data envelope. Further, the data showed that the ice
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condenser sections lost all ice somewhere between 4000 and 5000 seconds, which was
also well predicted by MELCOR.

Figure 4.1.2 compares the experimental results for the middle ice condenser compart-
ment, which was in Control Volume 310, to the MELCOR model results. From initial time
to about 4200 seconds, the MELCOR result fell within the experimental envelope. The
melt time between 4000 and 5000 seconds was also well predicted. MELCOR slightly
overpredicted by as much as 3-4K the temperature rise after the ice was melted, but
again gave excellent agreement for the steady-state temperature in the condenser for the
last 1600 seconds of the experiment. Overall, the agreement was considered excellent.

Figure 4.1.3 compares the experimental results for the uppermost ice condenser com-
partment, located in Control Volume 320, to the results of the MELCOR model. In this
experiment, this compartment, at time zero, did not have any ice. The two thermocouples
in this compartment, as a result of the lack of ice, predicted temperatures within a few
degrees of one another. Thus, the experimental data was adequately represented by one
curve. For the first 3000 seconds, MELCOR predicted the temperature fairly accurately,
However, after this time, the experimental temperature profile rose more sharply, while
the MELCOR results continued on the same slope until the lower control volumes lost
their ice. Then, the MELCOR temperature curve rose sharply and caught up with the
experimental result.

As discussed in the CONTAIN results, the most important result of the aerosol portion of
the test can be obtained from the measured particle retention fractions. The experimental
results for Experiment 11-6 concluded that the initial particle retention was 0.86 (or 86%),
the final particle retention was 0.73, and that the average during the test was 0.78. The
MELCOR time-dependent result of particle retention is shown in Figure 4.1.4. Note that
the curve quickly drops below 0.825, and that the final value is about 0.71.

Pressure build-up in the experiment was negligible. It was stated that the normal oper-
ating test section pressure never exceeded 13.8 kPa gage, but did not state an average
or typical value. In many instances it was probably less than this value. MELCOR results
were such that the test section pressure did not exceed 2.0 kPa gage.
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4.2 Experiment 16-11 Reference Calculation Results

In Experiment 16-i 1, only data for the top and bottom ice condenser regions was
available. Data was not presentedforthe middle region. However, sincethis testwas
performedwith everycompartmentfullof ice and itwas a highflowtestwith no recircu-
lation[7], it is reasonableto assumethat the temperaturesfor the middleice condenser
were intermediateto thoseof the topandbottomice condenser.

Figure 4.2.1 compares the envelope of the experimental results for the lowermostice
condenserto the MELCOR prediction. In this experiment,the MELCOR data for this
compartmenttendedto followthe upperexperimentaltemperatureenvelope. Dudnglate
time, MELCOR predictedtemperaturesthat were as muchas 5-10K higherthanthe up-
per temperatureenvelope. However, an importantobservationis that the slopeof the
predictedtemperaturecurve matchesthat of the data. The slightoverestimationof tem-
perature,especially in this compartment, may be attributedto the MELCOR limitation
discussed in Section 3, where it was pointedout that it became necessaryto set entry
heat structuresat temperaturesartificiallyhigherthanexperimentalvalues to avoid con-
densationandconsequentconvergencedifficulties.Still,overallagreementwiththe data
was considered"tobe good.

Although the experiment data was not available, the MELCOR prediction for tempera-
tures in the middle ice condenser are presented in Figure 4,2.2 for the sake of
completeness,

Figure 4.2.3 compares the envelope of the experimental results for the uppermost ice
condenserto the MELCOR prediction. In thiscase, the MELCOR predictionbegan too
high, butthen did reasonablywell forthe remainderof the experiment. Again,MELCOR
initial and early-time temperatures were higher than the temperature in the uppermost
compartmentbecauseof the initialhighentryheat structuretemperatures. Agreement
betweenMELCOR and experimentinthiscompartmentwas alsoconsideredgood.

The experimental results for the aerosol portion of Experiment 16-11 were as follows.
The initial particle retentionwas given as 95.9%, the final particle retentionfactorwas
0.88, and the averagewas 0.937. The MELCOR prediction,alongwiththe experimental
average, isshownin Figure4.2.4. Theparticleretentioncurvequicklydroppedto a value
around0.94, remainedbetween0.92-0.94 formostofthe test,andthendroppedto a final
value of about 0.91.
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I
5 Machine Dependency and Timestep Effects

For identical input, differences in MELCOR results have been observed or reported on
different computational platforms. In most instances, this has stemmed either from dif-
ferences in FORTRAN compilers or in different interpretations of the ANSI FORTRAN
standard. Thus, it was essential to perform the two reference calculations on different
machines to determine whether the answers were consistent, especially on computa-
tional platforms with different operating systems and/or word length. Another concern
was that varying the maximum timestep may possibly affect the results. The effect of
varying the maximum timestep on one computing platform (the IBM workstation) was
examined with respect to the MELCOR simulation of the PNL Ice Condenser
experiments. In fact, all of the Sensitivity Studies with the exception of the Machine De-
pendency Sensitivity Study, including those of Sections 6, 7, and 8, were performed on
the IBM workstation.

5.1 Machine Dependency

The reference calculations for both Experiment 11-6 and Experiment 16-11 were run on
a CRAY XMP-24, a DEC VAX 8650, a Gateway 486/33 Personal Computer, and a Sun

Microsystems SparcStation 2, as well as the IBM RISC 6000 Model 550 workstation. The
results from the five machines differed in the last significant digit in the printed output
results (of usually five significant digits), but when plotted all the results were such that no
differences were visible.

Figure 5.1.1 shows the particle retention for both experiments as compared for the dif-
ferent computing platforms. Figure 5.1.2 shows the vapor temperature in Control Volume
300 and Figure 5.1.3 shows the vapor temperature in Control Volume 320 where the
sensitivity study was compared to the experiment results (for both experiments). The
figures show that there were no observable difference in the results. Although not shown,
other hydrodynamic, flow, and aerosol parameters evinced the same characteristic, i.e.
for all practical purposes the results were identical.

Figure 5.1.4 shows the total cpu time used by the five different machines for each of the
reference calculations. A result reported in another assessment [4] was that the IBM
workstation virtually equalled the CRAY supercomputer in run time for these problems,
Of course, the coding structure of MELCOR requires that the CRAY run for the most part
in scalar mode; vectorization is not widely utilized. The PC required an order of magni-
tude more cpu than the IBM and the CRAY. Note that the PC "cpu time" is actually wall
clock time and that the PC worked on a different task at about 35r'.n seconds. Thus, the

uiscontinuity for the PC curve in Figure 5.1.4 for Experiment 16-_, should not exist, and
the total cpu time should be closer to 12,000 seconds than just over 14,000 seconds.
Although not shown, there was no difference in the proportionate cpu time that any one
package of MELCOR used for the platforms. For instance, if the CVH Package used 50%
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Figure 5.1.1 Particle Retention for Experiment 11-6 (top) and Experiment 16-11
(bottom), Machine DependencySensitivityStudy.
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of the total cpu time on the IBM workstation,then approximately the same was the case
for the remaining platforms.

The machine dependency sensitivity study was the only study performed using an earlier
version of MELCOR other than 1.8LF. Because of time constraints, MELCOR I.SKW
was the version used in this study to show that there is essentially no machine depen-
dency for the two ice condenser simulations. Previously, MELCOR version 1.8KQ had
also been used to conduct a machine dependency study, with the same result that ma-
chine dependency was virtually nonexistent. Again, because of this redundency and the
aforementioned time constrain, it was not deemed necessary to repeat the machine de-
pendency sensitivitystudy for this class of problem.

5.2 Tirnestep Effects

The reference calculations for Experiment 1i-6 described in Section 4 were run with a
maximum timestep of 1.04 second. On the very first MELCOR run, a timestep of one
second was used. Except for difficulties described elsewhere in this document, the cal-
culation ran very smoothly using this value. Therefore, on subsequent runs, the
maximum allowable timestep was refined (after two runs) to a value of 1.04 second,
because it was observed that Experiment 11-6 usually ran at a CVH-limited timestep of
about 1.04 seconds.

In the timestep sensitivity study for Experiment 11-6, the reference calculation was run
with the maximum timestep halved, decreased by a factor of five, decreased by one order
of magnitude, and decreased by two orders of magniftude. Increasing the maximum al-
lowable timestep made no sense because MELCOR would then run at the CVH limit of
about 1.04 seconds and give results identical to those of the reference calculation. (This
was actually verified, although results are not shown here.) Figure 5.2.1 compares par-
ticle retention for the base timestep and that using the other four maximum timestep
values - 0.52, 0.208, 0.104, and 0.0104 -- for Experiment 11-6. One observes that the
difference between successive timestep calculations -- going from largest to smallest
timestep --is a monotonically decreasing function. Therefore, there is a great degree of
confidence that the solution is converging. Furthermore, there is only about a difference
of two percJntage points in particle retention between the reference calculation at 1.04
seconds and the calculation using 0.0104 seconds. Pigures 5.2.2 to 5.2,4 compare the
temperatures in each of the three ice condenser control volumes for Experiment 11-6.
The figures show that the timestep variation had a small, but observable effect on the
temperatures - a few degrees. They also show that as the maximum timestep was re-
duced, that difference from the previous calculation was smaller, again implying that the
results were converging.

The cpu required to simulate Experiment 11-6 is shown in Figure 5.2.5. Forthis problem,
cpu time depended roughly linearly on the total simulation time. Thus, halving the maxi-
mum timestep doubled the cpu time and reducing it by an order of magnitude increased

32



33



(_I)OOE;A3Ule_n),D_eduJei_tOdDA

34

I I II •



II •

_'"_'_............i'"' l ' I i .........I I I '""'I ......I I ........i ........i ''''_ i_'i _- _D

(>1)OICA3u!eJn)_oJed_Uel._lodoA

35

' " '" ..... III



(_I)O_E)A3ule_n_o_edLue.LJodo^

36

...............,,i 1 11 i i IIIIIII I I I III IIlll



(s_Ol)euJl£ndo 10_01

37

, , k_ r,,, illlll lii _ - IIII IIII



cpu time by about an order of magnitude. This impliesthat no significant subcycling
occurredfor any of thetimesteprunsfor Experiment11-6.

The same sensitivitystudywasperformedfor Experiment !6-11. In thisexperiment, the
timestepwas usuallyCVH-limitedto a value around0,44 seconds,althoughfor simulat-
tngthisexperimentMELCOR decreasedthe tirnestepforshorttransientsmoreoftenthan
for Experiment11.6. Thus,the referencemaximumtimestepinthiscase wasset to 0.44
seconds,and the sensitivitystudywasperformedusingvaluesof 0.22, 0.088, and 0.044
seconds. A runwitha timesteptwo ordersof magnitudesmallerwas not performedfor
Experiment16-11 since the resultsfrom the above runs showed minimaldifferences.
Figure5,2.6 comparesthe particle retentionof the base timestepto that of the other
sensitivitystudy values for Experiment16-11, Figures5.2.7 to 5.2.9 show the vapor
temperaturesin the ice condensercontrolvolumesfor eachof the runs. The observed
differencesbetweenrunsweresmallerforthishighflowcaseascomparedto the lowflow
case, Inthe particleretentionplot,itwasdifficultto discernany differences,althoughthe
printedoutputdefinitelywas different. Temperaturesvariedonlya few degrees. Figure
5.2. i0 showsthe cpurequiredforthe Experiment16-11simulation.Again,cputimewas
commensuratewiththe valueof the maximumtimestep- the smallerthe value,the more
cputimewas required,

5.3 Heat Structure Numerical Damping Coefficient

The Heat StructurePackagecontainsa modelto stabilizenumericaloscillationsthat can
occurwhenheat is transferredto a controlvolumewithsmallthermal inertia. Underthe
conditionof smallcontrolvolumethermal tne,,lia,the controlvolumeatmospheretem-
peraturecan oscillateabout the heat structuresurfacetemperaturebecause the heat
transfer rate is numericallyexplicit with respect to the control volume atmosphere
temperature. Sensitivitycoefficients4070 havebeen providedin MELCOR to allowuser
controlover thedegree of numericaldampingusedby the Heat StructurePackage[12].

The default values for the coefficientsfor the numerical damping were used throughout
these studies, except in this sensitivity study where the damping was removed in a run
simulating each experiment by inputting zero values for both of the 4070 sensitivity
coefficients. Particle retention and Control Volume 300 (lowermost ice condenser region)
temperatures are shown in Figures 5,3.1 and 5.3.2. The Experiment 11-6 results did
show a difference in particle retention and control volume temperatures. Figure 5.3.3
displays the CV300 heat transfer coefficient and demonstrates that, for Experiment 11-6,
the MELCOR damping algorithm determined that damping was necessary. If damping
was not necessary, then the two curves in Figure5,3.3 would be identical. With damping,
however, the heat transfer coefficient in this case was significantly smaller, thus leading
to slightly slower melt rates, higher temperatures, and less particle retention.

The Experiment 16-11 results for this sensitivitystudywere virtually identical, as demon-
strated in Figures 5,3.1 and 5.3,2. There were some extremely small differences in the
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printed output. The reason for the Identical results Is clear from Figure 5.3.3, which
shows that the heat transfer coefficient for CV300 was virtually identical for the two
results. The other controlvolumesdemonstratedthis as well, althoughthey are not
displayed.A closeexaminationof Figure5.3.3 does reveal somedifferences,but they
were notenoughto cause observabledifferencesonthe particleretentionandtempera-
ture plots.

Because the inclusionof the damping coefficient is a numericalartificethat Is unneces-
sary in this problem,the calculationwithoutthe dampingcoefficientIs probablya more
accurateassumption. However,we have seenthat the effecton the Experiment16-11
resultswasniland the effect onthe Experiment11-6 resultswas fairlysmall.

Althoughnot shown,the exclusionof damping slightlyreducedthe necessarycpu timefor
both cases. For example, for Experiment 1t-6, for runs that required about 800 seconds
of cpu time, there was a savings of about 30 seconds.

47



48



6 Aerosol Sensitivity Studies

With respectto MELCOR aerosolresults,at presentthere Is interest in whetheran aero-
solneedsto be representedby itsowncomponent,whichwasthe case forthe reference
study(Section4), or whetherone componentwouldbe sufficient,whichIs the MELCOR
default. Second,therewasthe questionof whetherfiveaerosolsectionswas sufficient.
Perhapsusinga largernumberof sectionswouldchangeMELCOR results. Thus, sen-
sitivitystudieswere performedin whichthe numberof aerosolcomponentswas vaded
(oneor two),and the numberof aerosolsectionswasvariedfromthe defaultof fiveupto
twentysections. Third,althoughthere are particlesinthe flowwithvaryingsoliddensity,
MELCOR uses a singlevalue. Thus, there was uncertaintyas to the propervalue. A
value of 2500 kg/m3was used inthe referencecalculations.Again,to evaluatethe sig-
nificance of this parameter, it was varied in a third aerosol sensitivity study. The
MELCOR defaultvalue of 1000 kg/m3was used,and the referencevalue was also dou-
bled to 5000 kg/m3 in this study. Fourth,the choice of diameterlimitson the particle
diametercan affectthe results.To examinethe significanceof the wateraerosolandthe
diameterat whichit is created,aswellas compressingandexpandingthe rangeforZnS,
the minimumparticlediameterwas increasedand decreasedby an orderof magnitude
fromthe referencevalue of 0.1 x 10"8m.

6.1 Number of MAEROSAerosol Components

In the reference calculations,the injected ZnS aerosolwas the secondcomponentwhile
wateraerosolwas the firstcomponent.Anothercalculationwas performed in whichboth
the ZnS and water were combined into one component,which is the default choiceof
MELCOR. Figure6,1.1 showsthat the effectof combiningthe aerosolsintoone compo-
nentdecreasedthe resultantparticleretentionforbothexperimentsbyalmosta constant.
Agreement with experiment was not as good with the one-component calculationsas it
was withthe two-componentreferencecalculation. Figures6,!.2 and 6,1.3 displaytwo
Importantaerosolparameters- the suspendedaerosolmassandthe aerodynamicmass
median diameter (AMMD) for the lowermost region, Control Volume 300. The two-
component case calculated slightlysmaller suspendedaerosol masses than the one-
componentcase inboth experiments.This impliedthat more particleswere settledout,
as the particle retentionin Figure6.1.1 proves.Figure6.1,3 showthat forthe mass me-
dian diameter the one- and two-component results were virtually identical for both
experiments, The AMMD of the ZnS in CV300 was very closeto the input value of 3.5 x

, 10`6m placed in the upstream mixing chamber. Since water aerosol is created In the
smallest section, its AMMD was much smaller --in the range of 0,75 to 1.0 x 10"_m, The
combination of the two AMMD's for the two-component case equalled that of the one-
component case. Thus, all of the results were consistent.
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The point at whichall of the Ice fromthe ice condenserdisappearedis evident tn both
experimentsbecause tt was the pointin which the two resultsmerge tn Figures6,1,2.
This is verifiedin Figure6.1,4 whichshowsthat all of the ice inthe lowerice condenser
compartment(whereHeatStructure300 was located)wasmeltedat about4400 seconds
in Experimenti i.6 and3200 secondsin Experiment16-11,

Figure6.1.5 showsthe vaportemperature in CV300 (the lowerice condenserregion)for
bothexperiments.The figuredemonstratesthat therewereno observabledifferencesIn
the thermal/hydraulicconditionsbeingcalculatedbetweenthe one.componentand two-
componentcalculation.Thisincludedtemperatures,flows,etc. in the remainingregions
of the calculationswhere figuresare not shown. It shouldbe emphasizedthat thiswas
the observationthatwas expected.

The two-componentcalculationtookonly about a minuteextra cpu time forboth experi-
ments,asshownin Figure6.1.6. Thus,the additionaltimeusedto suparatethe ZnS and
water intoseparatecomponentsis recomme_dedto treataerosoleffectsmoreaccurately
in MELCOR.

6.2 Number of MAEROSAerosolSections

The referencecalculationsusedthe default numberof MAEROS aerosolsections,which
was five. For both Experiment11-6 and 16-11, sensitivitystudieswere performedin
whichfirst ten and thentwenty MAEROS aerosolsectionswere used, These sections
representthe numberof sizebins intowhichthe particlesize may fall. The minimumand
maximumbin diameterswere notchanged,so thisstudyonlychangedthe totalnumber
of binswhichliebetweenthe minimumand maximum.

Figure6,2,1 showsthe effect that the sensitivitystudyhadon particleretentionfor both
experiments. In both cases, increasingthe number of section from five to ten hadthe
effect of decreasingparticleretention,by less thanone percentagepointin Experiment
16.11, andby about2,5 percentagepointsin Experiment11-6, Sinceten sectionsrep-
resentsthe spectrumof particle size better than five sections,it is believed that the
ten-sectionresultswereslightlymoreaccurate, Thetrendof decreasingparticleretention
is correct because it will requireslightlymore time for particlesto agglomerate to the
heaviestsectionand settleoutwhenthereare ten sectionsas opposedto five. However,
as Figure6.2,1 shows,whenthe numberof sectionswasagaindoubledto twenty,a very
smalldifferenceinparticleretentionwas observedascomparedtothe ten sectionresults,
Thus, as with the timestep results,convergenceis observedand the twenty section
computationprobablygivesthe mostaccurateresults. Figure6,2.2 showsthe tempera-
ture in the bottom ice condenser for each of the experiments. As in the component
sensitivitystudy,changingan aerosolparametersuchas the numberof sectionshadno
effect on the temperatures. Althoughnot shown,this conclusionappliedto all of the

controlvolumesand flowpathsinthe problem. ,
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Figure 6.2.3 shows the cpu time required for each run for each of the experiments. Dou-
bling the number of sections to ten required roughly an increase of 25% In the necessary
cpu time for both experiments. Usingtwenty sections required more than double the cpu
time. Using five sections for these calculations gave aerosol results that were within 5%
of the twenty section results; it is an individual judgment call as to whether the ten section
or twenty section calculations were worth the additional accuracy compared to the cpu
cost.

6.3 Particle Density

The particle density is a value chosen to represent every aerosol particle in the aerosol
calculations. It is used in several correlations within the RN Package [12]. Obviously, if
there is more than one kind of particle, this is a simplifying assumption. The MELCOR
default value is 1000 kg/m3, which was representative of ,,_ter aerosol. With ZnS also
present as an aerosol particle in the experiments,a largervalue was necessary, but there
is some uncertainty as to the "correct" value. The value of 2500 kg/m3was chosen from
previous experience and from an informal sensitivity study.

Figure 6.3,1 shows the effect of varying the particle density on particle retention for both
experiments. Changing the density had a large effect on particle retention. For Experi-
ment 11-6, the lower density decreased particle retention by about ten percentage points,
while the higher density raised particle retention by ten percentage points. For Experi-
ment 16-11, the trends were the same, but the corresponding decrease or increase was
about 2.5 percentage points instead of ten. Physically, these trends were correct in that
heavier particles settle out faster and to a greater degree than light particles. Figure 6.3.2
shows that the suspended aerosol mass data was consistent with the particle retention.
Higi,er suspended masses implied lower particle retention. Figure 6.3.3 shows the aero-
dynamic mass median diameter in CV300 for both the ZnS and water for both experi-
ments (all three ice condenser regions showed the same trends). The smaller densities
had larger diameters because the larger, less dense particles could remain as aerosols
for longer periods of time. The point at which the ice and water disappeared from CV300
is apparent, especially in the Experiment 11-6 plot, because it is the time in which all the
water densities become zero. Thus, all of the MELCOR data were consistent.

Figure 6.3.4 and 6.3.5 show the temperature in the bottom and top ice condenser for each
of the experiments. As in the previous two sensitivity studies, changing an aerosol pa-
rameter such as the particle density had no effect on the temperatures, flow path
parameters or other CVH variables. Figure 6.3.6 shows that varying the density had a
very small impact on the cpu time, for both experiments.
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Figure 6.3.3 Aerodynamic Mass Median Diameter for Experiment 11-6 (top)and
Experiment 16-11 (bottom). Aerosol Density Sensitivity Study.
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6.4 Minimum Particle Diameter

Values for the minimum and maximumparticle diameters, as discussed tn Section 3,
wereobtainedfrom data givenin [7]. However,one facet of the aerosolmodelingtnthe
RN Package is that the water aerosolcan be created at a differentdiameter which is
partlya functionof the allowablediameterrangu, Thiswillaffectthe speed at whichthe
aerosolcomponentssettleoutof the atmosphere. Also,if the rangeis changedand an
aerosol is injected at the same diameter, th,_distributionof the aerosol in the various
sectionsmay change, This in turn may affect the rate and/or quan_tityof the aerosol
settlingout. Inthisstudy,the minimumreferencediameterof 0,1 x 10"em wasdecreased
to 0.0i x 10°Gmandalso increasedto 1,0 x 10.6m.

It shouldbe emphasize that only the minimum particlediameter was changed;the maxi-
mum particle diameter was always fixed at 100.0 x 10"e m, There was substantial
experimentalevidence thatparticleslargerthan 100.0 x 10.6m alwayssettledout,There.
fore, thisvaluewas not changedin this study,

Figure 6.4.1 shows that raising the minimum diameter affected the particle retention
marginally,but that loweringthe minimum diameter raisedthe particleretentionin Ex-
periment 11-6 by about six percentagepointsand in Experiment16..11 by about 2,5
percentage points, Thecausewasnotthermal/hydraulic.Figure6.4,2 demonstratesthat
the temperatureof ControlVolume300 for bothexperimentsdidnotvaryby changingthe
particlediameterrange. Althoughnotshown,the same wastrue forthe remainingcontrol
volumes, Figure6,4.3 showsthat the ice melt ratewas also notaffected.

The choiceof minimum particlediameterdid affect the particle retentionby redistributing
particlesinthe five aerosolsections, Figure6.4,4 showsan approximatetime-averaged
variationof massineach sectionof theZnS componentfor Experiment11-6, Clearly,the
aerosolboundariesgiventhe referenceaerosolminimumand maximumdiametersare
suchthat mostof the aerosol,withan AMMD of 3,5 x 10_ m wasinitiallyplacedinSection
3. Thiswas verifiedby examiningthe writtenoutput, Increasingor decreasingthe mini-
mumdiameter, however,shifted the sectionboundaries,and the sectionthatthe majority

of ZnS aerosolwasinitiallysplaced.Figure6.4,4 showsthatwhenthe minimumdiameter
was increasedto i.0 x 10" m, therebydecreasingthe allowableaerosolrange, the me-
jorityof the ZnS is initiallyplacedin Section2. Conversely,whenthe minimumdiameter
was decreased, the majority of the ZnS aerosolwas placed in Section4, For the case of
minimum diameter equal to 1.0 x 106 m and the majority of ZnS aerosol mass in Section
2, it took longer to migrate to the largest section and settle out, Thus, this case should
have a lower particle retention, which is verified by Figure 6,4,1. Conversely, the case of
minimum diameter equal to 0.01 x 10.6m placed the majority of ZnS mass in Section 4,
which resulted in faster settling and higher particle retention

Figure 6,4.5 shows that varying the allowable diameter range had an observable but not
significant effect on cpu usage.
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Figure 6.4,1 Particle Retentionfor Experiment11-6 (top)and Experiment16.11
(bottom), MinimumAerosolParticle DiameterSensitivityStudy.
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Figure 6.4.5 ComputerProcessorTime for Experiment11-6 (top)and
Experiment16-11(bottom). MinimumAerosolParticleDiameter
SensitivityStudy.
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7 Thermal/Hydraulic & Flow Sensitivity Studies

Sensitivity studies were also conducted on parameters that affected the control volume
hydrodynamics and the flow. Because of the geometry of this problem, there was un-
certainty concerning the values of the flow loss coefficients used in the MELCOR FL
Package. Thus, the loss coefficients for all flow paths were first halved and then doubled
to examine the importance of this parameter. CVH input requires that the user make a
choice between equilibrium and non-equilibrium thermodynamics (pool and atmosphere
at the same or different temperatures). The reference calculation used non-equi!ibrium
thermodynamics for all control volumes because it usually is a more accurate
assumption. However, a sensitivity study using equilibrium thermodynamics was also
performed. Another CVH sensitivity study was performed to determine if the inclusion of
physics for bubble rise through an accumulation of pool (liquid water) in any control vol-
ume was important.

7.1 Flow Loss Coefficients

Assigning flow loss coefficients to flow paths is a difficult task. This particular experi-
mental geometry contained turning vanes, diffusers, a change from cylindrical to
cartesian piping, and complex ice condenser baskets, Although the best engineering
judgment possible was used for all of the MELCOR input, computation of the flow loss
coefficients exhibited some uncertainty. Thus, a sensltwity study was conducted on the
flow loss coefficients to determine the impact that the flow loss coefficients have on the
MELCOR results. In this study, the reference loss coefficients for all the flow paths were
both doubled and halved, Figure 7.1.1 displays the results of this sensitivity study on
particle retention for both Experiments 11-6 and 16-11. There were small observable
differences in the results, but it is obvious than even a poor choice of flow loss coefficients
for these problems did not significantly affect the aerosol results. Figures 7,1.2 to 7.1.4
display temperatures in the three ice condenser control volumes for both experiments.
Again, although there were small deviations from the reference calculation results, tt was
apparent that, because pressure drop in this problem was small, the variation in flow loss
coefficients did not significantly change conditionswithin the ice condenser. Although not
shown, changing the flow loss coefficients had a negligible effect on the cpu time to solve
the problem for both experiments.

7.2 Equilibrium/Non.equilibrium Thermodynamics

The term "equilibrium/non-equilibrium thermodynamcis"refers to a choice in the Control
Volume Hydrodynamics(CVH) Package that the user mustmake (no default value is
coded) Equilibrium forces the liquid water, or pool, in a control volume to be in thermo-
dynamicequilibriumwiththe atmosphere,inthiscase the steam/air/aerosolmixture, In a
practicalsense,equilibriumforcesthe pooland atmosphereto be at the same tempera-
ture (a poorchoiceinmostMELCOR applications),Nonequilibdumallowsthe twoquant-
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I

ities to De in differentthermodynamicstates. The referencecalculationwas performed
usingnon-equilibriumthermodynamicsoptioninthe CVH Package. Figure7.2.1 to 7.2.3
showspredictedtemperaturesin the three icecondenserregionsof the non-equilibrium
calculationcomparedto those of an equilibriumcalculationfor both experiments. Be-
cause the vapor temperaturemust now equal that of the pool (and a very small pool
usuallydoes exist in each controlvolume,especiallyin Experiment11-6) and the pool
temperaturewas always cooler,the vaportemperaturesfor the equilibriumcalculation
were, notsurprisingly,coolerthan the non-equilibdumvaportemperatures.

Figure 7.2.4 showsthat the lower temperatures slowed the ice melt rate. Until the ice
melted, this tended to decrease the particle retention, especially for Experiment 16-11
with its higher flow rate, as Figure 7.2.5 shows. However, since the ice lasts longer, and
even after the ice was melted, temperaturesstayed lower, particle retention for later times
for both experiments were higher for the equilibrium cases. Figure 7.2.5 is misleading in
that it may appear to some that the equilibrium case for Experiment 11-6 is more
accurate. However, recall that the finalexperimental value was 0.73 for Experiment 11-6
and 0.88 for Experiment 16.11. Only averages are shown in the figure.

Figure 7.2.6 shows that the equilibrium calculation required moderately less cpu time
than the non-equilibrium calculation.

7.3 SPARC Physics

Since MELCOR calculations placed a small amount of pool in each of the three ice con-
denser control volumes, an additional calculation was performed with the FL Package
bubble rise model turned on. SPARC is an acronym for Suppression P__.ool_erosol _e-
moval Code [12].

The temperature results for the three ice condenser regions for both experiments are
depicted in Figures 7.3.1 - 7.3.3, which compare the reference calculation to the calcula-
tion with SPARC physics In Experiment 16-11, the pool was so small that temperatures
were not significantly affected. Although the plots show the curves to be identical, there
were differences in the printed output results. Temperatures in Experiment 11-6 were
cooler by a few degrees for the SPARC simulation.

Figure 7.3.4 compares SPARC and non-SPARC results for particle retention for the two
experiments. Again, Experiment 16-11 showed very littledifference because of the small
pool volumes. However, as observed in Section 7.2, Experiment 11-6 contained, at
times, large enough masses of pool for the SPARC physics to cause a significant in-
crease in particle retention compared to the reference calculation. It is apparent that the
SPARC code was removing an additional significant amount of aerosol from the flow in
Experiment 1i.6, about ten percentage points more. in Experiment 16-11, pool was
formed at the end of the experiment, which caused the particle retention at late times to

78

............... ,,, i i ii ill, i Illllll III I IIIIIII III I -



Ice Condenoe_" Aeooeementt Ewp 11-6

380 _ Nonoqulllbrlum l "" "'_J"_

Equlllbrlum I ,"'""

--_--- ExP Top Envilopo I ,,'
370 -- "" ExP Bottom Envolopi | l

-_ 3GO I I""'--" -- "

350 /,:V , _ ,_.., "
_.-,A;.,,,, -, ,,.,; ' _t""_'_/ I "

340 _'%,q_.I" ,.,W _,h-,'W_ ,j!s.i _" r' _ .
/ II ,_ _,_! _ ...Z S
/ t 1 I JL._'-- O a_" ,.

.
s2o l_-..t,r'#M_'m"'""_" '"" ' 'X/

310
0 I 2 3 4 5 6 7 e

TIME (I0:_#)

Figure 7.2,1 VaporTemperature for CV300 or Experiment 11..6(top) and Experiment
16-11 (bottom). Equilibrium/Nonequilibrlum SensitivityStudy.

79



Figure 7.2.2 Vapor Temperature for CV310 for Experiment 11-6 (top) and Experiment
16-11 (bottom). Equtllbflum/Nonequtlibrium Sensitivity Study,
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Figure 7,2.3 Vapor Temperature for CV320 for Experiment 11-6 (top) and Experiment
16-11 (bottom), Equllibrium/NonequtlibriumSensitivityStudy,

81

..... ,, ,,,, - m Imnl - I - il • II I IIIIIIIIIIII -- --



100

0
0.00 O. 75 I .50 2. 25 3.00 3. 75

TIME (10:Is)

Figure7.2.4IceMassMeltedinCV300forExperiment11-6(top)andExperiment16-II
(Bottom),Equilibrium/NonequilibrlumSensitivityStudy,

82



'_ IIIII_
llIIi'_i





Ice Condenser Assessment, Exp 16-ii
1.00

0.95

0.90 -

¢-" = ==

._o
e--

0.85 -(1)

I'Y . ,.

._o 0. 80
0

13--

0.75 -

n Nonsqulllbrlum

0 . 7 0 " _ Equilibrium

--o-- Exp Test Avsroge

0 • 65 l i l i i | .... I i I l l l ' I i I l

O. O0 0 . 75 i .50 2. 25 3. O0 3. 75

TIME (lOSs)

Figure 7.2.5 ParticleRetentionfor Experiment 11-6 (top) and Experiment 16-11
(bottom). Equilibrium/NonequilibriumSensitivityStudy.

83



Ice Condenser Aesesementl Exp 11-S
900 _ '......',,,,'.....,'......',,i,' ' ....' .......' " ' ' ' "-' ' '

--_ -_ Nonequlllbrlum !8oo I " _" Equlllb_-lum _-" "

700 _

soo

500

400

0

300

200

100

O - ii i ,

0 1 2 3 4 5 6 7 8

TIME (103s)

Ice Condenser Assessment, Exp IG-II
I.I

i ,

I • 0 _ Equilibrium

0.9

0.8

o 0.7

Q>

O.S

_. 0.5
o

o 0.4
o

I.----

0.3

0.2

0.1

0.0
O. O0 O. 75 1 . 50 2. 25 3. O0 3. 75

TIME (103s)

Figure 7.2.6 Computer Processor Time for Experiment 11-6 (top) and Experiment
16-11 (bottom). Equilibrium/Nonequilibrium Sensitivity Study.

84



Ice Condenser Assessment= Exp 11-6
...... ,i i i, LI i i

380 _ No bubblo rise phuslcs o.- "''I'_ -
ro I

C.- SPARC PhWBIC8 s m

..... Exp Top Envelope

3'70 .... Exp Bottom Envelope _ "

" !_ "
3SO " ,. "

._ * / el
qMI

. i

_ 350 - _,_ ,/ /i "Sit! • • *A I
I t t _ t t so _- ._, , . ! , , ,,,-_:,'_J/ .

32O
/

' , i" _,- ,e "J
.J310

0 1 2 3 4 5 G 7 8

TIME (103s)

Ice Condenser Assessment, Exp 1E;-11
380 ' ,' ", , " , , , _'" , , ," , , , , , ,

375 -

370 __
...,.. ",,' II _,/t *t', r, ,_ ._ ._ .",= Ii 1_¢"_ i I ; 2 'p_ ."

co _ I! _,, v I .,_'_! _ t! ;. -
: ',//_"_ i '_ '

:> 355 _, _ _ lC.)

350 _" _'"

° "tL /XV,\ /

= 345

_" 340 I1 ,.. _ o I , _ .,
l _, /'_ I I t \A ^ ., .'E

_35 - , -- , , "'_.,:\ - - -i l_e_ ! _ i! ;'.,,.- t,PV_, _
s.. 330 - IXi_ I X_,_I:i _I _ \i',.i "'\r_No
ca. , _'t I _l_,_, t, ,, 11...... ,_1
> 325 ,I _.._ |l'i\I _ = No bubble rlse phi=Isles

t ! • t .-.
/ t, .-. SPARC physics

320 , V Exp Top Envelope

3 1 5 IJ ' Exp Bottom Envelope
!

310 I, , , , , , , , , , , , , , , ,
O. O0 O. 75 1 . 50 2. 25 3. O0 3. 75

TIHE (103s)
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actually rise slightly. Figure 7.3.5 shows that the addition of the SPARC physics model
added a small, but noticeable amount of cpu time to the problem simulation for both
experiments.

It should be pointed out that, although in the experiments there was probably fog and
certainly liquid water present in regions of the ice condenser, it did not congregate in a
liquid pool at the bottom of "control volumes" as assumed by MELCOR. Although one
can certainly obtain different results, as demonstrated here, by activating the SPARC
physics, for ice condenser control volumes it is not recommended. We maintain that the
reference calculation without SPARC physics is the more accurate and more appropriate
result.

89



600

500

400

o
300

200

100

0
0 1 2 3 4 5 6 7 8

TIME (103s)

Flgure7.3.5 ComputerProcessorTimefor Experiment11-6(top)and Experiment
16-11(bottom).SPARCPhysicsSensitivityStudy.

90



8 Ice Condenser Sensitivity Studies

Since the ice condenser model was new, emphasis was placed on conducting several
studies on the importance of several of the ice condenser parameters. For the ice con-
denser input, two parameters -- the temperature range of melting, and the effective heat
of reaction -- were varied to determine their importance. An adjustable heat transfer co-
efficient also exists in the ice condenser model to account for details lacking in the
modeling. In [8], a value of 1.2 was used, but CONTAIN used a value of 5.0. A sensitivity
study was conducted on this parameter. Third, a characteristic length for the ice con-
denser heat structure was not well-known. This parameter was also varied in a study.
Also, most of the heat structures in the critical ice condenser region were very thin, usu-
ally 9ram and the reference study was conducted using only two nodes for these
structures. To determine the effect of heat structure nodalization, an additional calcula-
tion was performed in which ten nodes were placed in all of the heat structures. Finally,
another study was performed in which the inclusion of radiation heat transfer to and from
the structures on aerosol results was examined.

8.1 EnergyCapacityand TemperatureRangeof the Ice

The total energy capacity of the ice and the temperature range over which melting is
allowed are coupled in the present ice condenser model. In [8], the temperature range

j used was 274-373 K, and this was one of the ranges used in this sensitivity study. How-
ever, especially for Experiment 11-6, this produced temperatures in the ice condenser
that were too high. Also, the study in [8] assumed one control volume for the ice con-
denser rather than the three used in this study. The reason the large temperature range
was used in [8] was that, as the melted water runs down the control volume, its temper-
ature is increasing to the boiling point, and this energy must be accounted for in the ice
condenser model. For the three control volume model, then, it appeared reasonable to
divide the temperature range by three. Thus, another run in this sensitivity study used a
range of 274-307 K to account for the latent heat of melting of the water as it traveled from
the upper ice condenser control volume to the bottom. However, it was obvious from the
results of [7] that the ice in Experiment 11-6 completely melted in the 4000-5000 second
time span, and the 274-307 K temperature range allowed the ice to melt too slowly. The
temperature range of 274-284 K was chosen for the referencecalculation because it gave
the most consistent agreement with the particle retention, temperature, and ice condens-
er melt data.

The results of this study are presented in Figures 8.1.1 to 8.1.6. Figures 8.1.1 to 8.1.3
display the resulting temperatures in the three ice condenser control volumes for both
experiments. The results predicting Experiment 11-6 were more sensitive to the allowed
temperature range and energy capacity of the ice than were those predicting Experiment
16-11, probably because Experiment 11-6 started out with only about half the ice as Ex-
periment 16-11. For Experiment 11-6, using the 274-373 K temperature range resulted
in higher temperaturesthat gave poorer agreementwith data than the referencecalculation.
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Figure 8.1.2 Vapor Temperature for CV310 for Experiment 11-6 (top)and Experiment
16-11 (bottom). EnergyCapacityof Ice SensitivityStudy.
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I

Figure 8.1.3 Vapor Temperature for CV320 Experiment 11-6 (top) and Experiment
t6-11 (bottom). Energy Capacity of Ice Sensitivity Study.
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Temperatures in the results for Experiment 16-11were relatively insensitive to ice energy
capacity.

Figure 8.1.4 displays heat structure temperatures. The time at which ice disappeared
from a control volume was clearly indicated by the jumps in temperature. For Experiment
11-6, ice clearly disappeared between 4000-5000 seconds using the 274-284 tempera-
ture range, while the 274-307 K temperature range had the ice disappearing between
5500-6000 seconds. The experimental temperature curvesclearly indicated that this was
too late. For both experimental cases, a choice of 274-373 K for the temperature range
resulted in a calculation for which the ice never completely melted.

Figure 8.1.5 displays the particle retention. The aerosol resultsexhibited small variations
from reference values in this study, but they were not significant. Finally, Figure 8.1.6
displays the cpu time required for each run. Again, the choice of ice energy capacity did
not affect run time significantly.

8.2 Ice Heat Transfer Coefficient Multiplier

In [8], a value of 1.2 was used for the ice heat transfer coefficient multiplier, while CON-
TAIN calculations used a value of 5.0. (To this author's knowledge, the mathematical
model for the ice condenser is the same in MELCOR and CONTAIN and thus the coeffi-
cient multiplier for the two codes performs the same function.) For the Experiment 16-11
reference calculation (See Section 3), the recommended value of 1.2 was used. How-
ever, as discussed earlier, this proved unsatisfactory for the Experiment 11-6, and values
in the 1.8-3.8 range were used. This was one of three differences in the input decks for
simulation of the two experiments. Another was different initial and boundary conditions
(an obvious necessity). The third was the inclusion of the recirculation phenomenon in
the Experiment 11-6 input.

For Experiment 16-11, this sensitivity study used the reference value of 1.2, the CON-
TAIN value of 5.0, and the intermediate value of 3.1 to determine the significance of the
heat transfer coefficient multiplier. For Experiment 11-6, the reference value of multiplier
averaged 2.8, so the sensitivity study for this experiment used the lower value of 1.2 and
the upper value of 5.0 as the sensitivity range.

Figure 8.2.1 to 8.2.3 shows the variation in temperatures in the ice condensers for both
experiments. Not surprisingly, a larger multiplier lowered the temperatures, but increased
the melting rate, as shown in Figure 8.2.4. Although the variation in the multiplier varied
temperatures, its most significant effect was on the melt rate of the ice and the resulting
point at which the slope in the temperature curves changed. For Experiment 11-6 in
Figure 8.2.4, a multiplier value of 5.0 melted the ice about 1600 seconds earlier than the
reference case, causing a corresponding jump in vapor temperature at an inappropriate
time (See Figure 8.2.1). Because the multiplier affected temperatures in the ice con-
denser, particle retention was also affected, as Figure 8.2.5 shows, but the effect was
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Study.
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I

small and predictable. The smaller multiplier resulted in higher temperatures and thus a
lowerparticle retention. A highermultiplierin early time resultedin lowertemperatures
and higherparticleretention. ForExperiment11-6, in the last1000 secondsa multiplier
value of 1.2 allowedthe condenserto actuallystill retain some ice while the othertwo
studiesatthispointhadall ice melted. Thus,at this time, the multiplier=1.2case actually
had a higherparticleretention.

The ice heat transfer coefficientmultiplier did not significantly affect cpu time, as shown
In Figure 8.2.6.

8.3 Ice Heat Structure Characteristic Length

The characteristic length of 0.032 meters for the ice condenser heat structureswas rep-
resentative of the diameter of a typical ice cube. However, there were large open spaces
in the structure, there was considerable variation in ice cube size, and consequently there
was uncertainty as to the correct value of the characteristic length. In this sensitivity
study, the reference characteristic length for the three ice condenser heat structures was
essentially halved and doubled (values of 0,015 and 0.060 m were actually used), and
also increased and decreased by an order of magnitude.

=

Figures8.3.1 to 8.3.3 show the resultant effect on the ice condenser temperatures for the
two experiments. Figure 8.3.4 shows the temperature of the lower ice condenser region.
It can be observed that the characteristic length was an important parameter in predicting

the melt rate of the ice (from Figure 8.3.4, the point at which all ice melted is readily
evident), which in turn significantly affected temperatures in that region. In this respect,
the characteristic length parameter affected the results in a manner almost identical to
that of the ice heat transfer coefficient multiplier. As Figure 8.3.5 shows, the effect on
particle retention was again similar to the Multiplier Study result. Variation of a few per-
centage pointswas observed in the expectedtrend. Although not shown, the character-
istic length did not significantly affect cpu time; al_the runs lie within 60 cpu seconds of
one another.

8.4 Heat Structure Nodalization

In this study, a case was run in whichthe number of nodes in all the heat structureswas
changedfromtwoto ten. Figure8.4.1 comparesparticleretentionfor thisinputvariation
to the referencecase for bothexperiments. As seen in previoussensitivitystudies,the
variationaffected the lowflow case morethan the highflow case. In both cases,early
time behaviorwas unchanged. Figure8.4.2 displaysthe reason for this behavior. At
early time, ice mass melted for the two caseswas identical. For Experiment11-6, it
wasn't untilabout1000 secondsthat the ice massmeltcurvesdiffered. For Experiment
16-11, particleretentionnever differedby more thanone percentagepoint;for Experi-
ment 11-6, the differencewas abouttwoandone-halfpercentagepoints.
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Figures 8.4.3 to 8.4.5 display the effect on temperatures for both experiments. Again, for
early times, temperatures for the two and ten nodes cases were almost identical. Then,
results differed significantly, with the ten node case consistently much higher than the two
node case. By closely examining Figure 8.4.6, the points at which ice finishes melttng in
a cell can be observed in the ten node case by the sudden temperature jumps. Thus, for
Experiment 16-11, the ice in the outermost cell melted at about 1000 seconds. Once ice
is removed from a cell, the Heat Structure Package replaces the ice with a material
specified in the input for that ice heat structure. This, as recommended in [8], was a low
density, high heat capacity materialwhich tended to somewhat Insulate the remaining ice
from the high temperature control volume and raise the temperature of the outer Ice con-
denser temperature node. Thus, the ice is melted at a slower rate and the control volume
has higher temperatures. This explains the higher control volume temperatures, slow ice
melt rate, and lower particle retention in the ten node case.

Because the ice condenser melt mechanism operates in the manner described above,
temperature behavior at the outer node in an ice condenser heat structure is unpredict-
able and thus may give unexpected results. Using only two nodes not only gives a much
more predictable temperature response (Figure 8.4.6), but creates a more simple model.
As Figure 8.4.7 shows, there was also a significant cpu advantage in using few nodes.

8.5 Radiation Heat Transfer

The reference calculation did not include radiationheat transfer between heat structure
surfaces and adjacent control volumes because it was believed that temperatures were
too low to have a significant impact on the calculation. However, it was found in [6] that
inclusion of radiation could have a dramatic effect on aerosol behavior, even at low tem-
peratures, because of saturation ratio differences and its resulting effect on water droplet
suspension.

In this study, another run was made that included radiation in the ice condenser regions.
An emissivity value of 0.9 was used. Particle retention for both experiments is shown in
Figure 8.5+1. The inclusion of radiation did not affect particle retention significantly. The
temperatures of the control volumes of the three ice condenser regions are shown in
Figures 8.5.2 to 8.5.4. Again, although there are small differences, the effect for these ice
condenser problems was unimportant. Finally, in Figure 8.5.5, the results of suspended
aerosol masses in the lower ice condenser region show small but insignificant
differences. Although not shown, the inclusion of radiation increased cpu usage by just a
few seconds.
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Figure 8.4.5 Vapor Temperaturein CV320 for Experiment11-6 (top)and Experiment
16-! 1 (bottom), Heat StructureNodalizationSensitivityStudy.
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Figure 8.4.7 Computer Processor Time for Experiment 11-6 (top) and Experiment
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Figure 8,5.2 VaporTemperature in CV300 for Experiment11-6 (top)and Experiment
16-11 (bottom), RadiationHeat TransferSensitivityStudy.
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Figure 8.5.5 Suspended Aerosol Masses for Experiment 11-6 (top) and Experiment
16-11 (bottom). Radiation Heat Transfer Sensitivity Study.
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9 Comparison to CONTAIN

CONTAIN has also been used to simulate these two PNL experiments [9, 10]. Although
all of the data for Experiments 11-6 and 16-11 were available at the time that the CON-
TAIN calculations were performed, they were performed before the PNL final report [7]
was written. The CONTAIN calculations placed emphases on the recirculation in the
diffuser rather than events occurring within the ice condenser, in contrast to the one-
dimensional MELCOR flow model, the CONTAIN model used a two-dimensional flow
model to approximate the recirculation that occurred within the ice condenser in Experi-
ment 11-6. The same CONTAIN nodal model was also used to simulate Experiment
16125-11. CONTAIN predictions for the temperatures within the ice condensers them-
selves were not presented, so comparisons between MELCOR and CONTAIN tempera-
tures in the ice condenser are not possible. As discussed In Section 3, both MELCOR
and CONTAIN are "zero dimensional" control volume codes; the dimensionality dis-
cussed tlere refers only to the flow network that connected the control volumes.

The CONTAIN reports did publish diffuser inlet and outlet temperatures. No figures are
shown because both the MELCOR and CONTAIN results are straight lines, so figures
would not enhance the discussion. For Experiment 16-11, the experimental data indicate
that the diffuser inlet began at a temperature of about 365 K and linearly increased to
about 385 K at the end of the experiment. MELCORControl Volume 200 (See Figure 3.1)
began and ended at a temperature of about 372 K. Since the MELCOR model was one-
dimensional, the 372 K value was an average value of the diffuser inlet during the test,
and since the focus of the MELCOR model was in modeling the ice condensers accu-
rately while only peripheral attention was given to upstream conditions, we were pleased
with this agreement. CONTAIN data [10], because it was two-dimensional, showed three
curves from three cells for the diffuser inlet. The single experimental temperature at the
diffuser inlet was 375 K after 35 minutes. One CONTAIN temperature prediction began
at 355 K and ended at about 365K. Another began at about 360 K and ended at 370 K,
while the third curve consistently ran about 2 K hotter than the second curve. Thus, the
CONTAIN predictions were slightly cooler than the experimental results. For the tem-
peratures at the diffuser outlet for Experiment 16-11, the experimental data was always
between 365 and 370 K (except at early time, when the heater was settling to steady-
state). MELCOR Control Volume 210 was always between 370 and 378 K for the entire
4200 seconds, so it predicted results a few degrees high. The coldest of the three CON-
TAIN cells ran linearly from a starting temperature of 345 Kto a final temperature of about
360 K. The hottest curve ran from 360 K to 365 K. Thus, CONTAIN again predicted
temperatures a few degrees on the cold side. CONTAIN temperatures were only plotted
out to about 35 minutes for a 75 minute experiment in which significant ice melt occurred
in the 35-75 minute range, while particleretention was plotted out to about 70 minutes. It
would have been useful for CONTAIN publications to include temperatures in the 35-70
minute time period, resulting in a more complete comparison to MELCOR.

For Experiment 11-6, the data was more interesting because there was recirculation, and
as previously discussed, there was considerable temperature variation within a control
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volume because of the three-dimensional stratified flow. The diffuser inlet temperature
"envelope" fell within 315 K and 395 K. Again, the three cells representing the CONTAIN
results were straight lines. One curve began at 325 K and ended at 331 K, a second
began at 343 K and ended at 347, and the third began at 350 K and ended at 355 K.
Thus, the hottest CONTAIN curve was 45K below that of the hottest experimental data,
while the coldest CONTAIN result was in good agreement with the coldest experimental
data. Because of the initial and boundary conditions for MELCOR for this problem, the
Inlet curve represented by CV200 started at 398K and gradually fell to a value of about
380 K at a time of 3500 seconds. After this time, tho temperature curve consistently
stayed between 380 K and 385 K. The diffuser outlet temperatures for Experiment i 1-6
were very similar to those of the inlet. Experimental data showed extreme stratification
between values of about 315 K and 390 K. The CONTAIN data fell within 325 K and 350
K, while the MELCOR temperatures for CV210 stayed between 340 K and 345 K for the
first 70 minutes, at which time ice was exhausted from the condenser. Then, the tem-
perature gradually increased to about 367 K, a trend which was reflected in the
experimental data. The CONTAIN temperatures were only plotted out to 70 minutes for
a totally transient experiment that lasted 125 minutes. CONTAIN particle retention was
plotted out only to 40 minutes, which leaves one to wonder about particle retention be-
havior in CONTAIN between 40 and 70 minutes.

Figure 9.! compares the particle retention results of Experiment 11-6 to those of the
MELCOR and CONTAIN predictions. The CONTAIN curve is a digitization of a figure
shown in [10]; the actual CONTAIN curve is smooth and continuous. CONTAIN under-
predicted particle retention, while MELCOR gave good agreement. Figure 9.2 compares
the results of Experiment 16-11 to those of MELCOR and CONTAIN, where the CON-
TAIN data was again digitized from a figure in [10]. Again, CONTAIN underpredicted the
particle retention while MELCOR was in good agreement.

One reason that CONTAIN underpredicted particle retention was that the particle density
used -- 1000 kg/m3-- was probably not as representative of an "average" density as the
2500 kg/m3 used by MELCOR, Another probable reason was that CONTAIN prediction
of temperatures in the ice condenser region was high. Although CONTAIN predicted
lower temperatures in the diffuser region, the ice condenser region changed the temper-
ature of the incoming flow drastically, and as seen in some of the MELCOR sensitivity
studies, prediction of the correct temperature in the ice condenser control volumes was
essential to obtain agreement with experiment for the particle retention. Temperatures in
the ice condenser region of CONTAIN were probably too high because the ice melt rate
was too low. In other words, not enough heat was transferred from the hot gas to the ice
to cause a proper melt rate. CONTAIN predicted that half the ice in Experiment 11-6
melted in 2400 seconds, while both MELCOR and the experimental data showed that
55% of the ice had been melted by this time. For Experiment 16-11, CONTAIN predicted
that total ice melt occurred in 4050 seconds, while MELCOR predicted that total melt
occurred in 3400 seconds. The fact that CONTAIN was melting the ice too slowly only
implies that this occurred because temperatures in the ice condenser region were too
high, but the underprediction of the particle retention data also supports this supposition.
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10 User Guidelines for ice Condenser Calculations

Two difficulties were encountered in the courseof this assessment associatedwith the
CVH Package. First, the CVT (ControlVolume Thermodynamics)Package, whichpro-
videsequationof state informationto the ControlVolumeHydrodynamicsPackage, has
convergence difficultieswheneverwater is presentand the temperature is near freezing
(273.15 K). That is one reasonwhythevalue forTEMPL inthe icecondenserinputis set
at 274 K throughoutall the calculationsand notthe 273.15 value. If MELCOR ts en-
counteringdifficultyin CVH in one of the ice condensercontrolvolumes,then the user
shouldattemptto modifyconditionsupstreamso that the vaportemperaturetnthat con-
trol volume is higher. Often,the problem can be alleviatedif the temperature is raised
only5K or less,whichshouldnotsignificantlyaffect the globalresults. Second,CVH can
also have convergence difficultiesassociatedwith condensationwhen a hot vapor is
flowing into r_cold control volume. One should check the printed outputand determine
which contrcl volume is encountering the difficulty, and then adjust boundary and/or inittal
conditions, whichever is most appropriate, to reduce the condensation in that control
volume.

In the low flow experiment, recirculation was a significant physical event that MELCOR
will not automatically model, The user must be aware of such physics and determine a
method to account for it in the MELCORmodel, MELCOR is a flexible code and there are
many approaches, In this particular case,we found the CVH source/sinkapproach to be
satisfactory.

The following discussion applies to the gas source and ice condenser input in the Heat
Structure Package, Record HSDGCCCCC1, Proper specification of the low and high
temperatures, TEMPL and TEMPU, and the resultant heat of reaction, HTRSRC, is im-
portant if an accurate prediction of the rate of ice melt is to obtained. TEMPL is usually
(always for this assessment) specified as 274K. TEMPU and HTRSRC are coupled by:

HTRSRC - 2000'(273.15- TICE) + 332619 + 4218*(TEMPU - 273,15) (1)

where the first term accounts for sensibleheat required to raise subcooiedice to the melt
temperature, the second term is the latent heat of fusion of water, and the third term
accounts for the sensible heating of melted ice water (See [8] for more details,). Units of
HTRSRC are J/kg. in Section 8.1, it was demonstrated that the choice of this tempera-
ture range can affect ice condenser temperatures. Although, for these two problems, the
temperature change did not affect the particle retention and other aerosol results signifi-
cantly, this may not be the case for other problems. Obviously, the choice of HTRSRC
affects the time to melt all of the ice, For certain problems that contin__ long after the ice
is melted, the timing of this event may be extremely important,

In this study, two flow paths were placed at the inlet and outlet of each Ice condenser
compartment. As discussed in Section 3, with only one flow path, there was an alternate
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pool build-up and release throughoutthe calculationthat causes pressureo_ctllatlons,
resultingIn flowandtemperaturefluctuations.After the icecondenserstudieshad been
nearly completed, tt was discovered that only one flow path is necessary tf the
pool/atmospheremomentumexchange (Card FLnnn05 in the FL Package)Is made
small. Then, the atmospheremovingupwardsdoes not cause the downwardflow of
liquidwater to oscillate. It tsalso importantto pointout that, althoughthe experiments
certainlyshowedtemperatureoscillations,theywere causedby denslty/temperaturein-
duced flow Instabilities that MELCOR presently cannot model, not because of a
temporaryliquidflowblockage.

Use an ice condenserheat transfer coefficientmultiplierbetween 1,2 and 3.8. Although
CONTAIN applied a value of five, for the referencecalculationsthe MELCOR models
never requireda value larger than 3.8. In the sensitivitystudyfor this parameter,the
value of five alwaysproducedresultsin whichthe ice wouldmelt muchtoo quickly. Al-
though the recommended range is still wide, possible problem variations are too
numerousto be morespecific.

Use onlytwonodesto representthe icecondenserheatstructure; When morethantwo
nodesare used and all the ice in the outermostcell melts, thenthe temperatureof the
outermostnoderisesintemperatureinan unpredictableanddiscontinuousmanner. Us-
tngonlytwo nodes,the temperaturerisesina smooth,predictable,linearfashionuntilall
of the ice tn that heat structuremelts. Then, the temperaturerisessharply,whichis a
morephysicalrepresentationof the phenomenon.
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11 Code Problems and Limitations Identified

Earlyinthe assessment,a round-offproblemwasdiscoveredin the icecondensermodel.
In accountingfor total ice melt, the methodof additionused resultedin more ice being
meltedthanwas originallypresent. Sincetotal ice meltwas subtractedfromthe odgtnal
value to determineice remaining,a negativevalue for thisparameterwas createdand
resultedinfloatingpointerrors, Thiswas reportedto MELCORcodedevelopersin Defect
InvestigationReport(DIR) 983, andwas correctedin MELCOR version1,SKJ.

Undercertain circumstances,the logicfor the ice condenserdegassingmodelcouldbe
bypassedon the first iterationof MELCOR. This problemwas uncoveredin both the
CharacteristicLengthand the Timestep SensitivityStudies. When the logicwas by-
passed,initializationof parameterswas suchthatallof the ice inan ice condenserwould
be "melted"on the first iteration. The logicwas modifiedto avoidbypassingof the Ice
condensermodel in MELCOR version 1,8KQ (DIR992). Unfortunately, further circum-
stanceswere discoveredin whichthe logiccouldbe bypassed,whichwas reportedin
DIR1002. Aftera moreextensivereviewof the logic,a morecomprehensivecorrection
was added, whichbecameMELCOR version1,SKW.

Under conditionsof extremely small timestep (dr) (suchas during the Tlmestep Depen-
dencyStudywitha "dt"of one-hundredthnormalvalue),a roundofferrortestwasviolated
and again a large quantity of ice would melt in an unrealistically short time. Re-
programmirg ofthe roundofferrortestcorrectedthe problemin MELCOR version1.SLE.

Finally,a correctionto a Fortran"IF" test inthe RN Packagewas made incorrectly,This
became apparentwhenexaminingthe resultsof the ParticleSize Rangeand Heat Struc-
ture Nodaltzation Sensitivity Studies. Particle retention and other aerosol results
producedresultsthat were notconsistent, The "IF" test was correctedunderMELCOR
version1.8LF.

Although the following is not a strict !imitalion of the ice condenser model per se, the
present implementation of the ice condenser model under the Heat Structure Package
restricts the user to using only two nodes to represent the ice condenser heat structure,
As pointed out in the Nodalization Sensitivity Study, using more than two nodes results In
the creation of an insulating layer between the outer node and inner nodesonce the outer
heat structure "cell" has melted. The outer node rises in temperature and thus reduces
the amount of heat transferred from the ice to control volume regions. Thus, unexpected
temperatures and melt times can result.
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12 Conclusions and Recommendations

An assessmentof the icecondensermodelthat hasbeenincorporatedintoMELCOR [8]
has been performed usingthe PNL ice condenseraerosolexperimentsas a basis for
evaluation.The MELCOR modelcreatedforthisassessmentwascomparedto twoof the
PNL experiments:one was a lowflowcasewith naturalrectrculation,and anotherwas a
high flow case with no recirculation.Agreementof MELCOR with the PNL experiment
was verygood. MELCOR particleretentionpredictionsagreedwiththe data qualitatively
inthatthe valuebeganat oneand decreasedquickly,leveledoutduringthe time thatice
was melting,and thenfinallybegandecreasingagain!ate inthe experimentwhenthe tce
supply had been exhausted. Quantitativeagreement with the experimental results,
based onthe few valuesgivenfor theexperimentalparticleretention,wasalso excellent,
Agreementwithtemperaturedata forbothexperimentswas alsoexcellent,withMELCOR
resultsusuallyfailingwithinthe lowtemperature/hightemperatureexperimentaldata en-
velopegivenat three axial locations.The time at whichall of the ice in a regionmelted
was alsowell-predictedby MELCOR.

The MELCOR resultswere in better agreementwith the experimentalmeasurementsof
particle retentionthan the CONTAIN results.Calculatedtemperatureresultsfor the dlf-
fuser inlet and outlet are difficult to comment upon because of the differences in
nodalizationfor the two calculations.However,on average, the MELCOR resultswere
similarto thoseof the CONTAINresults.MELCORtemperatureswereperhapsa bit high,
while the CONTAIN resultswereperhapsa bit lowcomparedto the data, Unfortunately,
in the true regionof interest,the ice condenser,whilethe MELCOR predictionswere in
excellentagreement with experiment, there was no CONTAIN temperaturedata pub-
lishedor available,

In addition to a reference calculationfor each experiment,fifteen sensitivitystudies were
also performedfor each of the two experiments. Dudngthe courseof these studiesa
numberof highlyusefulitemswere broughtto light. First,sincethe icecondensermodel
was a new additionto MELCOR, codingerrorsin the modelwere not unexpected,and
therewere several, However,with the methodologyusedin conductingsensitivitystud-
ies a numberof problemswereuncoveredandaddressed. Thus,althoughby no means
exhaustive,the studieswere conductedin sufficientdetailthat the ice condensermodel
withinMELCOR can be used, withinthe guidelinesand recommendationsgiven in this
report,witha highdegreeof confidence.It is recommendedthatsuchan assessmentbe
conductedwhenevereithera new modelis added or an existingmodelwithinMELCOR
is extensivelymodified. The largestvarietyof sensitivitystudiesthat is practicalwithin
time andbudget constraintsshouldbe considered,

Amongthe sensitivitystudies,one examined dependencyon timestep. It was found that
there wasa smalltimestepdependency,butitwas clearthatthe resultswereconvergent,
Another study addressed possiblemachinedependency. There was, for all practical
purposes,no machinedependencyobservedon the five differentplatformson whichthe
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calculationswere performed. Thus, the ice condenser model can be used with confi-
denceat leastontheseplatforms.Finally,unlessone's modelhassmallcontrolvolumes,
we recommendnot usingthe heat structuredampingthat coupleswiththe ControlVol-
ume HydrodynamicsPackage. It is a numericalartificethatcan decreaseaccuracy.

Thermal/hydraulicsensitivitystudiesfocusedon the flow loss coefficients,the type of
thermodynamicsused, andthe possibilityof includingSPARC physics. Flowlosscoeffi-
cientsshould,as with all MELCOR input,be computedwithas muchcare anclaccuracy
as possible. However, itwasfoundforthisproblemthata variationof asmuchasa factor
of four in all of the flow losscoefficientsdid not significantlyalter the resultof either the
aerosolsor of the temperatures. Use of nonequilibriumthermodynamicsis recommend-
ed as is not activating the SPARC physics. Both choicestend to more accurately
representthe physicsof the problem.

!

Foursensitivitystudiesexaminedparameters associatedwiththe aerosolinputwiththe
RadlonuclidePackageof MELCOR: (1) numberof aerosolcomponents, (2) numberof
aerosol sections, (3) aerosolparticledensity,and (4) the aerosol particle size range.
Separatingdifferentaerosolsintodifferentcomponentswas foundto be desirableinthe
componentsstudy. Thisconclusionwasalsomadein[6]. The apparentgaininaccuracy
(notto mentiona more accuratephysicalrepresentation)is more than worththe small
additionalcomputertime required. In the sectionsstudy,for these computations,using
five aerosolsectionswas adequate. Usingup to ten sectionsappearedto improvethe
results,but incurreda definite,nontrivialadditionalcost in computationaltime. Using
twentysectiondid notchangethe resultssignificantlyand computertime was doubled.
Thus, we recommendusing five sectionsif computertime is an issue, a,ld up to ten
sectionsif it is not. In the particledensitystudy,a valueof 2500 kg/m3 was used in the
referencecalculation,and in [7] a valueof about2200 kg/m3was used. This may serve
as someguidancefor futurecalculations.Choiceof particledensityis,of course,highly
problemdependent. However,the studydid uncoverthe fact that aerosolresultswere
highlysensitiveto the valueof thisparameter.

Finally, five sensitivity studies examined parameter associated with the input of the ice
condensers: (1) the energy capacity of the ice, (2) the ice heat transfer coefficient multi-
plier, (3) the tce heat structure characteristic length, (4) the number of nodes in the ice
condenser heat structure, and (5) radiation heat transfer to and from the ice condenser
heat structure, The parameters that set the energy capacity of the ice affected the time
of complete ice melt much more than temperatures or aerosol results. It is impossible to
give guidance on proper values because proper values for these parameters are too
problem dependent. The study on the ice heat transfer coefficient multiplier discovered
that this parameter affected both the ice melt rate and temperatures. Values between
1.2-3.8were used in the reference calculations. We recommend starting with a value of
1.2 for all ice condenser heat structuresand then examining the results, If warranted,
then higher values up to 5.0 can be justified [8]. The study on the ice heat structure
characteristic length found that this was the parameter that perhaps affected the results
the most. Temperatures, ice melt rate, and particle retention were all sensitive to this
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parameter.Inthereferencecalculation,we foundthala lengthrepresentativeof the
diameterofatypicalic_cube(SeeSection3)inthecondenserto_ themosi_asonable

and moslaccuratevalue.Fortheheatstructurenodestudy,itwas foundlhalusinglhe
two nodesas was done in[8]gave themost predictableand,supposedly,accurate
results.The presentMELCOR icecondensermodeldoesnotremoveiceina cellasina
movingboundarymodel,Rather,when alliceina cellismelted,itisreplacedwilhan-
otherheatstructurematerial.Thishasa deleteriouseffe=on theicemen ra!eoffurther

innercellsand on theenergyexchangebotweentheiceheatslruclureand itscontrol
volume.Thus,useofmore thantwonodesq,_ran icecondenserheatslru=ureisnol

recommended,whileuseofonlytwonodesishighlyrecommended_Finally,theinclusion
ofradiationdidnotaffectanyoftheresultssignificantly.However,in[6]JlWaS foundihai
radiationcouldaffectaerosolresults,Since,forthisproblematleast,includingradiation
didnotgreallyincreasethecpuload,therecommendalionistoincludeit_

A positivepointconcerningMELCORshouldbe emphasized, First, forthe ice condenser
problems,there was no machinedependency, Given a code the size of MELCOR, the
numberof platformson which the studywas performed,and lhe varietyof Fortrancom-
pilers with which programmers must contend, this was a stgnificant achievement,
Second, for all of the aerosolsensitivitystudiesin Section6, noneof the variationsaf-
fectedthe ControlVolumeHydrodynamics(CVH) results, Althoughlhis was an expe_ed
result,again creditshouldbe given forachievingsucha goal, Third, for mostnumerical
algorithm_,convergencetowardsthe "exact"solutionisdependenton limeslep Usually,
a smallertlmestep resultsin higherconvergence. For these problems,this was indeed
the case with the MELCOR code, Further,the timestepstudy indicatedthat the results
wereconvergingas the timestepwas reduced.

A final recommendation is that at some point in the study, the problem should be run
usinga maximumtimestepthat is significantlysmallerthan the "standard"valuethat lhe
user has chosen -- a valuean order of magnitudesmaller is recommended, Such an
inputvariationtends to uncoveraspectsof the problemthatoneotherwisemightnothave
discovered, Sometimesthey can be important discoveries, for example, the error dis.
coveredin the Heat StructuresPackageduringthe courseof thisassessment The user
shouldbe preparedfor some investigationif differencesin resultsfor differenttimesteps
are encountered, Since MELCOR is a fairlyefficientcode, runningon fairly inexpensive
platformsin reasonableclocktimes, thisisone quickmethodof confirmingresults,
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Appendix A- Experiment 16-11 Reference Calculation
MELCOR Input Deck

QtettttettttttOOOtOOOQtttO eetttttOttQ_BtQOOtOtOtO_QttQQOOOtQOOBOOttttOOtOtOOOtQ

" ICE CONDENSER ASSESSMENT: MELCORMODEL OF PNL'S
" ICE CONDENSER EXPERIMENT 16-1i
e

° Robert J. Gross
O

OOOtOOOeOttOt _t Ot tOOet OOtt Ot OOOtOOOQQOOQOtOOOOtOOtOet_tQBOteOtOOO_tOttOQOOQ_tQ

t

TITLE 'ICECON - EXP 11'
JOBID 'ICECON - EXP 11'
CRTOUT

DIAGF 'icecon_aero,gdia'
OUTPUTF 'icecon aero.gout'
RESTARTF 'icecon_aerorst'
TSTART 0.0
li

" MAX NUMBER OF CVH ITERATIONS
SC44010 4401 20.0 3
,It

"** CONTROL VOLUME HYDRODYNAMICS INPUT

"'" CV010 IS THE FIRST MIXING CHAMBER- PNL ICE CONDENSER FACILITY

CV01000 'MIXCHI' 2 2 1 "NONEQ.,VERT, ROS
CV01002 0.0 0.0 * VLATMO, VLPOLO
CV010A1 PVOL 110325,
CV010A2 TATM 363.
CV010A3 PH20 0.0 ° NO STEAM INITIALLY
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CV010A4 MLFR.4 0,8 ° N2
CV010A5 MLFR.5 0.2 "02
e

CV010B1 5.65549 0,0
CV010B2 10.26319 0.3366
e

° AIR AND STEAM SOURCES
e

CV010C1 MASS.4 10 2 • N2 FLOW (KG/S)IN TF010
CV010C2 TE 20 8 "N2 TEMP HIST IN TF020

CV010C3 MASS,5 30 2 • 02 FLOW (KG/S)IN TF030
CV010C4 TE 20 8 ° 02 TEMP HIST IN TF020

CV010C5 MASS,3 50 2 • STEAM FLOW (KG/S)INTF050
CV010C6 AE 60 2 " STEAM ENTHALPY(J/S)IN TF060
t

TF01000 'N2 FLOWRATE' 6 1.0 0.0

° SEC FLOW (KG/S)
TF01011 0.0 0.0
TF01012 0.5 0,031715
TF01013 360,0 0.031715
TF01014 362,0 0.03045
TF01015 2100.0 0,030
TF01016 4200.0 0.02950

TF02000 'AIRTEMP' 5 1.0 0.0

° SEC TEMP(K)
TF02011 0,0 363.0
TF02012 360.0 363.0
TF02013 362.0 370.0
TF02014 2100.0 378.0
TF02015 4200.0 383.0
t

TF03000 '02 FLOWRATE' 5 1.0 0.0

" SEC FLOW (KG/S)
TF03011 0.0 0.00793
TF03012 360.0 0.00793
TF03013 362.0 0.007614
TF03014 2100.0 0,0075
TF03015 4200.0 0,007374

TF05000 'STM FLOWRATE' 4 1,0 0.0
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I

" SEC FLOW (KG/S)
TF05011 0,0 0,2
TF05012 360.0 0.2
TF05013 2100.0 0.1975
TF05014 4200.0 0,195
o

TF06000 'STM ENTHALPY' 4 1.0 0,0

" SEC FLOW (J/S)
TF0601i 0,0 5,351E+5
TF06012 360,0 5,351E+5
TF060i3 2100,0 5,304E+5
TF06014 4200,0 5.2577E+5
t

eeteoeeeeoeet eeeeet eeeooeeeeeeeeeeeeeeeeeeeeeeoeeoeoeeoooteteeeeeeoleeeeeoeeoeo

e

"*" CV020 iS THE SECOND MIXING CHAMBER- PNL ICE CONDENSER FACILITY
l

CV02000 'MIXCH2' 2 2 1 "NONEQ., VERT, RCS
CV02002 0,0 0.0 "VLATMO, VLPOLO
CV020A1 PVOL 109025.
CV020A2 TATM 363.
CV020A3 PH20 0,0 " NO STEAM INITIALLY
CV020A4 MLFR,4 0,8 ' N2
CV020A5 MLFR.5 0.2 " 02
o

CV020B1 1.04775 0,0
CV020B2 5,65549 0.3366
l

_i_t__e__o_tii_t___°__t__to_o__

I

°" CVl00 IS THE DIFFUSER INLET
O

CV10000 'DIFFINLET' 2 2 1 ° NONEQ,, VERT, RCS
CV10002 0.0 0.0 ° VLATMO, VLPOLO
CV100A1 PVOL 108825,
CV100A,?. TATM 353.
CV100A3 PH20 0.0 * NO STEAM INITIALLY
CV100A4 MLFR,4 0,8 ° N2
CV100A5 MLFR,5 0.2 ° 02
O

CV100B1 0.21 0.0
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CVI00B2 0.2405 0.01720
CVI00B3 0.271 0.04713
CVI00B4 0.332 0.12360
CVI00B5 0.3625 0.1655
CVI00B6 0.393 0.2074
CV100B7 0.4235 0.2637
CV100B8 0,4845 0.3136
CV100B9 1.04775 0,331
e

oeeoeoeeeoeteeoee0eeoeeetoooeeooeoeee eeeoooooeeeetotoeoee eooee0eoQeeeooeeeeeoee

s

*'" CV200 ISTHE DIFFUSER

CV20000 'DIFFUSER' 2 1 1 ° NONEQ,, HORIZ, RCS
CV20002 0.0 0,0 ' VLATMO,VLPOLO
CV200A1 PVOL 105625,
CV200A2 TATM 353,
CV200A3 PH20 0,0 " NO STEAM INITIALLY
CV200A4 MLFR,4 0,6 " N2
CV200A5 MLFR,5 0.2 ° 02
e

CV200B1 0,0 0,0
CV200B2 0,724 0.3498

CV200C1 MASS,1 201 3
CV200C2 PE 203 3
o

OOOttOOOOD°OOtOO°O0 OtO00 O00°tOOOtQeooeteootooOOOOOOOOOeOOOO•QeOOOOOt 000 OtO00°O0

O

" CONTROL FUNCTIONS FOR MASSAND ENERGY REMOVALOF WATER IN
" CONTROL VOLUMES CV200 AND CV210
e

CF20000 TMAX EQUALS 1 1.0 0.0
CF20010 0,0 1.1 TIME
e

CF20100 REMOV-CV200 DIVIDE 2 1.0 0,0
CF20111 1.0 0.0 CFVALU.200
CF20112 -0.25 0,0 CVH-MASS,1.200
o

CF20200 REMOV-CV210 DIVIDE 2 1,0 0,0
CF20211 1.0 0,0 CFVALU,200
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CF20212 -0,25 0.0 CVH-MASS,1.210

CF20300 REMOV-200E MULTIPLY 2 1.0 0,0
CF20311 1.0 0,0 CFVALU,201
CF20312 1.0 0,0 CVH-H,1.200

CF20400 REMOV-210E MULTIPLY 2 1.0 0.0
CF2041i 1.0" 0,0 CFVALU.202
CF20412 1.0 0.0 CVH-H.1.210

CF24000 T2MAX EQUALS 1 1.0 0.0
CF24011 0.0 1,1 TIME

CF24100 H20-CV320 DIVIDE 2 1,0 0,0
CF24110 1,0 0,0 CFVALU.240
CF241ii 1,0 0.0 CVH-MASS,3,310

CF24200 H20-CV320 MULTIPLY 2 1.0 0,0
CF242t0 1.0 0,0 CFVALU,241
CF24211 1,0 0,0 CFVALU.264
g

CF24300 N2-CV320 DIVIDE 2 1.0 0.0
CF24310 1.0 0,0 CFVALU,240
CF24311 1.0 0,0 CVH-MASS,4.310
e

CF24400 N2-CV320 MULTIPLY 2 t,0 0.0
CF24410 1.0 0,0 CFVALU.243
CF24411 1.0 0,0 CFVALU.264

CF24500 02-CV320 DIVIDE 2 1.0 0.0
CF24510 1.0 0.0 CFVALU.240
CF24513 1.0 0,0 CVH-MASS,5.310

CF24600 O2-CV320 MULTIPLY 2 1,0 0,0
CF24610 !.0 0.0 CFVALU.245
CF24611 1.0 0,0 CFVALU.264

CF24700 REMOV-3203 MULTIPLY 2 1.0 0.0
CF24710 1.0 0.0 CFVALU.241
CF24711 1.0 0.0 CVH-H.3.310
t
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CF24800 REMOV-3204 MULTIPLY 2 1,0 0.0
CF24810 1,0 0.0 CFVALU,243
CF24811 1,0 0.0 CVH-H.4,310
e

CF24900 REMOV-3205 MULTIPLY 2 1,0 0,0
CF24910 1.0 0,0 CFVALU,245
CF24911 1.0 0,0 CVH-H,6,310

De

e

CF25000 REMOV-320E ADD 3 1.0 0,0
CF25010 1,0 0,0 CFVALU,247
CF25011 1.0 0,0 CFVALU,248
CF25012 1,0 0,0 CFVALU,249
O

CF25i00 REMOV-320E MULTIPLY 2 1.0 0,0
CF251i0 1,0 0,0 CFVALU,250
CF25111 1,0 0,0 CFVALU,264
o

CF25200 H20.CV210 EQUALS 1 1.0 0.0
CF25210 -I.0 0,0 CFVALU,242

CF25300 N2-CV210 EQUALS 1 1.0 0,0
CF25310 -1,0 0,0 CFVALU,244
e

CF25400 O2-CV210 EQUALS 1 1,0 0,0
CF25410 -1.0 0,0 CFVALU,246
o

CF25500 ADD-210E EQUALS 1 1.0 0,0
CF25510 -1.0 0,0 CFVALU.251 !
e

' Because CF260 is zeroforall time, nothingis removed
° fromCV320 and nothingIs addedto CV300, "[hislogic
° was retainedfromthe simulationof recirculstlonIn

' Experiment6
e

CF26000 'PERCENT' EQUALS 1 1.0 0.0
CF26010 0,0 0.0 TIME
t

CF26100 'MAXTIME° EQUALS 1 1.0 0.0
CF26110 0,0 100,0 TIME
°

CF26200 'FRAC 1' DIVIDE 2 1,0 0,0
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CF26210 1,0 0,0 CFVALU,261
CF26211 1.0 0.0 TIME
e

CF26300 'FIN FRAC' MIN 2 1.0 0,0
CF26310 0.0 1,0 TIME
CF26311 1.0 0.0 CFVALU.262
e

CF26400 'TAKEOUT' MULTIPLY 2 1,0 0,0
CF26410 1.0 0,0 CFVALU.260
CF26411 -1.0 0.0 CFVALU,263
O

eeeeeeeteeteeeeeoeoeeeeoeee_eeeeeeeeeeeeeeeoeeo_ooeoeeeoeeoeoeeeeeeeeeeeeoeee

o

"" CV210 ISTHE ICE BASKETENTRY
e

CV21000 'ICE ENTRY' 2 2 1 'NONEQ,,VERT, RCS
CV21002 0,0 0.0 "VLATMO, VLPOLO
CV21003 0.5242
CV210A1 PVOL 104625,
CV210A2 TATM 33B.
CV210A3 PH20 0,0 ° NO STEAM INITIALLY
CV210A4 MLFR,4 0,8 ° N2
CV210A5 MLFR,5 0.2 " 02
°

CV210B1 0.0 0.0
CV210B2 1,2557 0,8975
°

CV210C1 MASS.1 202 3
CV210C2 PE 204 3
CV210C3 MASS.3 252 3
CV210C4 MASS,4 253 3
CV210C5 MASS,5 254 3
CV210C6 AE 255 3
e

Ill° °°ltllllttlll°It°llllltlOtl°l°llOtlOtlltllll°Illt tllOltllllI°llllllllOlttl°

0

°" CV300 IS THE FIRST ICE CONDENSER SECTION
e

CV30000 'ICECON 1' 2 2 1 ' NONEQ,,VERT, RCS
CV30002 0,0 0.0 * VLATMO, VLPOLO
CV300A1 PVOL 103525,
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CV300A2 TA'M 331.
CV300A3 PH20 0,0 ' NO STEAM INITIALLY
CV300A4 MLFR.4 0,8 * N2
CV300_ MLFR,5 0.2 * O2

CV300B1 1,2557 0,0
CV3OOB2 6,132S 2,039
t

eeeeaeeeeeeee,eeeeeeeeeeeeeeeeeeeeeteteeeeeeeeeeeeeeeeeeeeeeeeeeeeeeoee eeeeeee,

•'* CV310 IS THE SECOND ICE CONDENSER SECTION

CV31000 '!CECON2' 2 2 I *NONEQ,,VERT, RCS
CV3i002 0,0 0,0 *VLATMO, VLPOLO
CV310A1 PVOL 102825.
CV310A2 TATM 313,
CV310A3 PH20 0,0 " NO STEAM INITIALLY
CV310A4 MLFR.4 0.8 ' N2
CV310A5 MLFR.5 0.2 * 02 !

CV310B1 6.1325 0,0
CV310B2 11.0093 2.039
e

CV310Ct MASS,3 242 3
CV310C2 MASS.4 244 3
CV310C3 MASS,5 246 3
CV310C4 AE 251 3

• llellel*tl IlilOlllltltlOelleltlellllllltlgl/glllgogllqilellleeeeOO Illleleltllll

Q

"* CV320 IS THE THIRD ICE CONDENSER SECTION

CV32000 'ICECON3' 2 2 I *NONEQ,,VERT, RCS
CV32002 0.0 0,0 ' VLATMO,VLPOLO
CV320A1 PVOL 101425.
CV320A2 TATM 283.
CV320A3 PH20 0.0 * NO STEAM INITIALLY
CV320A4 MLFR.4 0.8 * N2
CV320A5 MLFR,6 0.2 ' 02
t

CV320B1 11,0093 0.0
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CV320B2 15,996i 2.039
e

eeeteeeo eloooeoeeQleoeeeoo QeeQooeeeleeeeeeeegeeeeoeeeooeeBeeeoeeoeeeeeeeoooeeee

e

"" CV400 IS THE OUTLET SECTION
e

CV40000 'OUTLET' 2 2 I ' NONEQ,, VERT, RCS
CV40002 0.0 0.0 * VLATMO, VLPOLO
CV40003 0.5242
CV400AI PVOL 101325.
CV400_ TATM 283.
CV400A3 PH20 0,0 * NO STEAM INITIALLY
CV400A4 MLFR.4 0,8 * N2
CV400A5 MLFR.5 0.2 * 02
I

CV400B1 15,8861 0,0
CV400B2 16.9261 0,7456
e

I,
eO eQoleeoeeeeeeeeeeeeeeeeeeeooloeeoeoeeeeoeeoe_eoeeeeeeoooleleeeeleeeeeeeeoeeoe

e

"** CV450 IS THE ENVIRONMENT
e

CV45000 'ENVIRON' 2 I I ° NONEQ,, HORIZ, RCS
CV45002 0.0 0.0 , VLATMO, VLPOLO
CV450A1 PVOL 101125.
CV450A2 TATM 294.
CV450A3 PH20 0.0 ° NO STEAM INITIALLY
CV450A4 MLFR.4 0.8 ' N2
CV450A5 MLFR.5 0.2 ' 02
e

CV450B1 0.0 0.0
CV450B2 20.0 1,0E+6
e

________________________________________________________°_________e_____________

eoeeeeeeeeeeeeeeeeoeeeeeeeoeeeeeeeeooeeeeeeeeeeeeeeeoeeeeeeeeeeeeeooeeeeeeeeooe

ool

•*° FLOW PATH INPUT
eee

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

oeeeeeeeeoe eeeeeeee eeeeeleleeeeeteeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeetoeeeeeeee

o
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"" FL010 IS THE MIXINGCHAMBER 1 TO MIXING CHAMBER 2
e

FL01000 'MlXlTO2' 010 020 5.85549 5.65549
FL01001 0.073 4,6077 1.0 0.1525 0,1525 • AREA,LENGTH, OPEN
FL01002 0 ° VERT
FL01003 0.01 0.01 "LOSS COEFFS
FL010S1 0,073 4,6077 0.305 ' AREA, LENGTH, HYD. DIA

s
Q

Q•oe•eeeeo•e•ee•o••eQQ••oe••eo••°°• Q•eeeQtoQoe•e•eeeQteoe ••••co• oeooeeI•Qoeooe•

°

"0" FL100 IS THE MIXING CHAMBER 2 TO THE DIFFUSER INLET
e

FL10000 'MIX2TOINLET' 020 100 1.04775 1.04776
FL10001 0.073 4,083 1.0 0.1525 0,1525 •AREA, LENGTH, OPEN

FL10002 0 ° VERT
FL10003 0.60 0,60 • LOSS COEFFS
FLI00S1 0.073 4.083 0.305 • AREA,LENGTH, HYD, DIA
e

•°e•••O•Oe••••••e•te••t••••••et•••oeo•o•e•e•••eee•et•t•eo•••et•••tt•••e•••tt•••

"•' FL200 IS THE DIFFUSER INLET TO THE DIFFUSER

FI.20000 'INLETODIFF' 100 200 0.362 0.362
FL20001 0.093 2.6492 1.0 0.344 0.344 'AREA, LENGTH, OPEN
FL20002 3 " HORIZ
FL20003 0.01 0,01 ' LOSS COEFFS
FL200S1 0.093 2.6492 2,6492 " AREA,LENGTH, HYD, D!A

oeeooo••••••••••eeeo•e•ooB••eele•I•o•eQeeB•eeoeoe•et••o Ie•oQQto••oo•••••••••••O

°

"" FL201 ISTHE DIFFUSER TO THE DIFFUSER DRAIN
°

°FL20100 'DIFFDRAIN' 200 201 0.0 0.0
°FL20101 0,093 0.6 1.0 0.344 0.344 "AREA, LENGTH, OPEN
"FL20102 2 • POOL FIRST VERT
'FL20103 0,01 0.01 ° LOSS COEFFS
"FL201S1 0,093 0.5 2.6492 "AREA, LENGTH, HVD. DIA
O

oee•o•oo•••°••••eooQeeeooeeeeeeettee••••e•eo•eeeoette•eeo•teetttteooee•eteeeee•

°

"" FL210 ISTHE DIFFUSER TO BASKETENTRT
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O

F_1000 'DIFFTOICECONIN' 200 210 0,362 0,362
FL_100i 0,524 1.7264 1.0 0,8168 0,8168 ' AREA, LENGTH, OPEN
F_1002 3 ' HORIZ
FL21003 0,30 0.30 "LOSS COEFFS
F_IOSI 0,524 1,7264 0,724 "AREA, LENGTH, HYD. DIA
e

tteoeeQoolg)QeooeoeeeQeeoeQeeeeeeeole oeeeoee QeQeeo eQie• eeeeee_eeeoeeeeee eleeoeQe

o

•'" FL300 IS BASKETENTRY TO ICE CONDENSER I
e

FL30000 'ENTRYTOICECONI' 210 300 i.2557 i.25$7
FL30001 0.524 3.2948 1.0 0.4084 0.4084 "AREA, LENGTH, OPEN
FL30002 0 ' ATMOS ONLY,VERT
FL30003 0.50 0,50 ° LOSS COEFFS
FL300S1 0,524 3.2948 0.724 ° AREA, LENGTH, HYD. DIA
o

tell lOlltOtOOte llettlOqlJqb OgttlOltOOOttlO_OlN tOlOt_legOOOl el NQltllltlOllttltltO

O

"" FL301 IS SECOND BASKETENTRY TO ICE CONDENSER 1
e

FL30100 'ENTRYTOICECONI' 210 300 1,2557 1,2557
FL3010i 0.0524 0,32948 1.0 0,04084 0,04084 * AREA, LENGTH,OPEN
FL30102 0 ' POOL ONLY, VERT
FL30t03 5.00 5.00 " LOSS COEFFS
FL301S1 0,0524 0,32948 0,0724 " AREA, LENGTH, HYD. DIA
t

llll lllllllttlltttttlttttlltilt lltliltiitlllltltlll IlttOOlIIIQIItlltlIlIItlIItl

0

"'" FL310 IS BASKET1 TO BASKET2
e

FL31000 'BASK1TO2' 300 310 6,1325 6.1325

FL31001 0.1672 4.8768 1,0 0.2307 0,2307 "AREA, LENGTH,OPEN
FL31002 0 " ATMOS ONLY, VERT
FL31003 t0.0 10.0 ° LOSS COEFFS
FL310S1 0.1672 4,8768 0.1 "AREA, LENGTH, HYD, DIA

tllOtllttOttlll It IlQIIIOIIIOOIIIIIOIOIOIOI tlllllttlOlllltlllOllilOltOllltlOllll

e

"" FL311 IS SECOND BASKET1 TO BASKET2
t
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FL31100 'BASK1TO2' 300 310 6.1325 6.1325
FL31101 0.01672 0.48768 1.0 0.02307 0,02307 * AREA, LENGTH, OPEN

i

FL31102 0 * POOL ONLY,VERT
FL31i03 100, 100, ° LOSS COEFFS
FL311Sl 0.01672 0.048768 0.01 ° AREA,LENGTH, HYD. DIA
e

eeeeeoeooooeoooooooeoeeeeeeooeooeeeeeeeeoeeeoeeteeeeeoeeeeeooeeeeeeeeQteeeeeeoe

e

"" FL320 IS BASKET2 TO BASKET3

FL32000 'BASK2TO3' 310 320 11.0093 11.0093
FL32001 0.1672 4.8768 1.0 0.2307 0.2307 * AREA, LENGTH, OPEN
FL32002 0 ° ATMOSONLY, VERT
FL32003 10,0 10,0 " LOSS COEFFS
FL320S1 0.1672 4,8766 0.1 ° AREA, LENGTH, HYD. DIA
e

°oo, od, Qooooeeoie_ooOooeteoteoeeoQoooteoQooeooeeooeoo _Qooot eo oooooQoooOoeoo oooO0o

o

"" FL321 IS SECOND BASKET2 TO BASKET3
e

FL32100 'BASK2TO3' 310 320 11.0093 11.0093
FL32101 0.01672 0.48768 i.0 0.02307 0.02307 " AREA,LENGTH, OPEN
FL32102 0 " POOLONLY, VERT
FL32103 100, 100. " LOSSCOEFFS
FL321S1 0.01672 0.48768 0.01 ° AREA,LENGTH, HYD. DIA
e

oo°oQoooeot ottoo_oo ooo ttt tttt oQooo eoooooooootoooooooot t t oooQ ot tooot Qotootoot oooooo

°*' FL400 IS BASKET 3 TO THE OUTLET SECTION
o

FL40000 'BASK3TOOUT' 320 400 15.8861 15.8861
FL40001 0.1672 3.2064 1.0 0.2307 0.2307 * AREA, LENGTH, OPEN
FL40002 0 * VERT
FL40003 6.0 6.0 * LOSS COEFFS
FL400S1 0.1672 3.2064 0.1 "AREA, LENGTH, HYD. DIA
O

e°°ot°°°°io°ottt°tttto_°_ett°°ttttttt°°°ttttto°Qooeto_tt°°tt°°°t°tttoto_°_°_°t°

tt

"°" FL450 ISTHE OUTLET TO THE ENVIRONMENT
O

FL45000 'OUTTOENV' 400 45_ 16.5529 16.5529
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FL45001 0.01815 3.2064 1.0 0.152 0.152 *ARE,. LENGTH, OPEN
FL45002 3 " HORIZ
FL45003 1.5 1.5 * LOSS COEFFS
FL450S1 0.01815 3.2064 0.152 "AREA, LENGTH, HYD. DIA
t

iiOilitil, tltitil.tiil l'o ttl ill'eft Oot t ooo t oo_t t OOt eO tttOO ttot ot oOO oettooot toQot Ot tottOtOtt tt QO

tl.ttilritee eeeet ltitee et ee oct teet t o t eeee eeee tuett ee eQ t it el.it etltttt tl tl e t el'e ttt titt tit e t t o oet t too

eee

Q** HEAT STRUCTURE INPUT
tbtib

ett.elleeil.l.et.l.il.l.l.l, il,, l,t l.tt ot e,oo eeo to e,ot oetoo teee eoet eeeee eett oet ee eoet oeo ee eeeil, eit

etletttititltetieee ee tlilell elltlee_l, eee eeeet eeeeeeteeee ee eeeeo et et eeee et,et_et oeeee=eee e,

tt

"°* HS010 IS MIXING CHAMBER 1 HEAT STRUCTURE
t

HS00010000 2 2 -1 * NODES, GEOM (CYL)
HS0001000! 'HS FOR CV010'
HS00010002 5.65549 1.0 " LOW ELEV, VERT ORIENT
HS00010100 -1 1 0.305 * LOC, FORMAT, DISTANCE
HS00010101 0.31135 2 * LOCATION OF NODE 2
HS00010200 -1 * MATERIAL INDEX
HS000i0201 'STAINLESS STEEL' 1 * MATERIAL, MESH LOCATION
HS00010300 0 * NO INTERNAL HEAT SOURCE
• BCTYPE CVNUM FLOW POOL ATMOS
HS00010400 1 010 INT 0.0 1.0
• SURFA CHARLEN AXIALLEN
HS00010500 1.0 0.305 4.6077
° BCTYPE CVNUM FLOW POOL ATMOS
HS00010600 1 450 EXT 0.0 1.0
• SURFA CHARLEN AXIALLEN
HS000!0700 1.0 4.6077 4.6077
HS00010800 -1
HS00010801 383.0 2 * INITIALTEMP
tt

•** HS020 IS MIXING CHAMBER 2 HEAT STRUCTURE

HS00020000 2 2 -1 * NODES, GEOM (CYL)
HS00020001 'HS FOR CV020'
HS00020002 1.04775 1.0 * LOW ELEV, VERT ORIENT
HS00020100 -1 1 0.305 * LOC, FORMAT, DISTANCE
HS00020101 0.31135 2 " LOCATION OF NODE 2
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HS00020200 -1 " MATERIAL INDEX
HS00020201 'STAINLESSSTEEL' 1 ° MATERIAL,MESH LOCATION
HS00020300 0 " NO INTERNALHEAT SOURCE
" BCTYPE CVNUM FLOW POOL ATMOS
HS00020400 1 020 INT 0.0 1.0
° SURFA CHARLEN AXIALLEN
HS00020500 1.0 0.305 4.6077
* BCTYPE CVNUM FLOW POOL ATMOS
HS00020600 1 450 EXT 0.0 1.0
" SURFA CHARLEN AXIALLEN
HS00020700 1.0 4.6077 4.6077
HS00020800 -1
HS00020801 383.0 2 " INITIALTEMP
It

*** HS100 IS DIFFUSER INLET HEAT STRUCTURE
l

HS00100000 2 1 -1 " NODES, GEOM (RECT)
HS00100001 'HS FOR CVl00'
HS00100002 0.51 0.0 * LOW ELEV, HORIZORIENT
HS00100100 -1 1 0.51 " LOC, FORMAT, DISTANCE
HS00100101 0.61135 2 * LOCATION OF NODE 2
HS00100200 -1 * MATERIAL INDEX
HS00100201 'STAINLESS STEEL' 1 * MATEHIAL, MESH LOCATION
HS00100300 0 * NO INTERNAL HEAT SOURCE
* BCTYPE CVNUM FLOW POOL ATMOS
HS00100400 1 100 INT 0.0 1.0
* SURFA CHARLEN AXlALLEN
HS00100500 3.9446 0.308 3.2
* BCTYPE CVNUM FLOW POOL ATMOS
HS00100600 1 450 EXT 0.0 1.0
* SURFA CHARLEN AXlALLEN
HS00100700 3.9446 3.2 3.2
HS00100800 -1
HS00100801 383.0 2 * INITIALTEMP

"*" HS200 IS DIFFUSER HEAT STRUCTURE

HS00200000 2 1 -1 * NODES, GEOM (RECT)
HS00200001 'HS FOR CV200'
HS00200002 0.5154 0.0 * LOW ELEV, HORIZ ORIENT
HS00200100 -1 1 0.5154 * LOC, FORMAT, DISTANCE
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HS00200101 0.52175 2 " LOCATIONOF NODE 2
HS00200200 -1 ° MATERIAL INDEX
HS00200201 'STAINLESS STEEL' 1 * MATERIAL, ,. :':SHLOCATION
HS00200300 0 ° NO INTERNALHEAT SOURCE
• BCTYPE CVNUM FLOW POOL ATMOS
HS00200400 1 450 EXT 0.0 1.0
° SURFA CHARLEN AXIALLEN
HS00200500 .2.53 1.74 1.74
• BCTYPE CVNUM FLOW POOL ATMOS
HS00200600 1 200 INT 0,0 1.0
• SURFA CHARLEN AXIALLEN
HS00200700 2.53 0.5154 1.74
HS00200800 -1
HS00200801 373.0 2 * INITIALTEMP
Q

•** HS210 ISTHE VERTICAL PORTIO'; OF ICE BASKETENTRY HEAT STRUCTURE
t

HS00210000 2 1 -1 ° NODES, GEOM (RECT)
HS00210001 'VERT HS-CV210'

HS00210002 0,0 1.0 * LOW ELEV, VERT ORIENT
HS00210100 -1 1 0.724 * LOC, FORMAT, DISTANCE
HS00210101 0.73035 2 * LOCATIONOF NODE 2
HS00210200 -1 * MATERIAL INDEX

HS00210201 'STAINLESS STEEL' 1 ° MATERIAL, MESH LOCATION
HS00210300 0 * NO INTERNAL HEAT SOURCE
• BCTYPE CVNUM FLOW POOL ATMOS
HS00210400 1 210 INT 0.0 1.0
• SURFA CHARLEN AXIALLEN
HS00210500 1.048 0.724 0.362
• BCTYPE CVNUM FLOW POOL ATMOS
HS00210600 1 450 EXT 0.0 1.0
• SURFA CHARLEN AXIALLEN
HS00210700 1.048 0.724 0.362
HS00210800 -1
HS00210801 363.0 2 * INITIAL TEMP
l

•** HS215 IS THE HORIZONTAL PORTION OF ICE BASKET ENTRY HEAT
STRUCTURE
l

HS00215000 2 1 -1 * NODES, GEOM (RECT)
HS00215001 'HORIZHS-CV210'

HS00215002 0.724 0.0 * LOW ELEV, HORIZ ORIENT
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HS00215100 -1 1 0.724 " LOC, FORMAT, DISTANCE
HS00215101 0,73035 2 "LOCATION OF NODE 2
HS00215200 -1 " MATERIALINDEX
HS00215201 'STAINLESS STEEL' 1 " MATERIAL,MESH LOCATION
HS00215300 0 * NO INTERNALHEAT SOURCE
" BCTYPE CVNUM FLOW POOL ATMOS
HS00215400 1 450 EXT 0.0 1.0
• SURFA CHARLEN AXIALLEN
HS00215500 2.3655 0,8168 0,8i68
" BCTYPE CVNUM FLOW POOL ATMOS
HS007.15600 1 210 INT 0,0 1.0
" SURFA CHARLEN AXIALLEN
HS00215700 2,3655 0,8168 0,8168
HS00215800 -1
HS00215801 348.0 2 ° INITIALTEMP

•"* HS300 !S ICE CONDENSER 1

HS00300000 2 2 -1 * NODES,GEOM (CYL)
HS00300001 'ICE CONDENS 1'
HS00300002 1.2557 1.0 • LOW ELEV, VERT ORIENT
HS00300100 -1 1 0.0 ° LOC, FORMAT, DISTANCE
HS00300101 0.23125 2 • LOCATION OF NODE 2
HS00300200 -1 ° MATERIAL INDEX
HS00300201 'BASKET' 1 " MATERIAL, MESH LOCATION
HS00300300 0 * NO INTERNALHEAT SOURCE
HS00300400 0 * ADIABATIC INSIDE BOUND
• BCTYPE CVNUM FLOW POOL ATMOS
HS00300600 1 300 ICE 0,5 0.5
° SURFA CHARLEN AXIALLEN
HS00300700 533.0 0.032 4.8768
HS00300800 -1
HS00300801 274.0 2 * INITIALTEMP
" SPECIAL ICE CONDENSER CARDS ARE NEXT
HSDG003000 00300 1 'POOL'
HSDG003001 1002,0 374799. 274, 284. 1.2 0.25 0.5
°

•** HS301 IS THE HORIZONTAL METAL BASKETOF ICE CONDENSER 1
e

HS00301000 2 1 -1 * NODES, GEOM (RECT)
HS00301001 'BASKET 1H'
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HS00301002 1,265 0.0 * LOW ELEV, HORIZORIENT
HS00301100 -1 1 1.265 "LOC, FORMAT, DISTANCE
HS00301101 1.374 2 * LOCATIONOF NODE 2, WALLS9MM THK
HS00301200 -1 * MATERIALINDEX
HS00301201 'STAINLESS STEEL' 1 "MATERIAL, MESH LOCATION
HS00301300 0 "NO INTERNALHEAT SOURCE
° BCTYPE CVNUM FLOW POOL ATMOS
HS00301400 1 300 INT 0.0 1.0
• SURFA CHARLEN AXIALLEN
HS00301500 25.0 0.03 0.21
• BCTYPE CVNUM FLOW POOL ATMOS
HS00301600 1 300 INT 0.0 1.0
" SURFA CHARLEN AXIALLEN
HS00301700 25.0 0.03 0.21
HS00301800 -1
HS00301801 280.0 2 * INITIALTEMP
e

°'* HS302 ISTHE VERTICAL METAL BASKETOF ICE CONDENSER 1
e

HS00302000 2 1 -1 ' NODES, GEOM (RECT)
HS00302001 'BASKET 1V'
HS00302002 2.265 1.0 " LOW ELEV, HORIZ ORIENT
HS00302100 -1 1 1.265 * LOC, FORMAT, DISTANCE
HS00302101 1.274 2 * LOCATION OF NODE 2, WALLS9MM THK
HS00302200 -1 * MATERIALINDEX
HS00302201 'STAINLESS STEEL' 1 " MATERIAL, MESH LOCATION
HS00302300 0 " NO INTERNALHEAT SOURCE
• BCTYPE CVNUM FLOW POOL ATMOS
HS00302400 1 300 !NT 0.0 1.0
" SURFA CHARLEN AXIALLEN
HS00302500 25,0 0,03 3,0
" BCTYPE CVNUM FLOW POOL ATMOS
HS00302600 1 300 INT 0.0 1.0
• SURFA CHARLEN AXIALLEN
HS00302700 25,0 0,03 3,0
HS00302800 -1
HS00302801 280,0 2 " INITIALTEMP
l

"*" HS310 IS ICE CONDENSER 2
°

HS00310000 2 2 -1 ' NODES, GEOM (CYL)

155



HS00310001 'ICE CONDENS 2'
HS00310002 6,1325 i.0 * LOW ELEV,VERT ORIENT
HS00310100 -1 1 0,0 * LOC, FORMAT, DISTANCE
HS00310101 0.23125 2 * LOCATIONOF NODE 2
HS00310200 -1 ' MATERIALINDEX
HS00310201 'BASKET' 1 "MATERIAL, MESH LOCATION
HS003!0300 0 * NO INTERNALHEATSOURCE
HS00310400 0" "ADIABATIC INSIDE BOUND
" BCTYPE CVNUM FLOW POOL ATMOS
HS00310600 1 310 ICE 0.5 0.5
• SURFA CHARLEN AXIALLEN
HS00310700 533.0 0.032 4.8768
HS00310800 -1
HS00310801 274.0 2 " INITIALTEMP
" SPECIAL ICE CONDENSER CARDSARE NEXT
HSDG003100 00310 1 'POOL'
HSDG003101 1002,0 374799, 274. 284. 1.2 0,25 0,5

• "° HS311 ISTHE HORIZONTAL METAL BASKETOF ICE CONDENSER 2

HS00311000 2 1 -1 " NODES, GEOM (RECT)
HS00311001 'BASKET 2H'
HS00311002 6.140 0,0 " LOW ELEV, HORIZORIENT
HS00311100 -! 1 6.140 " LOC, FORMAT, DISTANCE
HS00311101 6.149 2 " LOCATIONOF NODE 2, WALLS9MM THK'
HS00311200 -1 " MATERIALINDEX
HS00311201 'STAINLESS STEEL' 1 * MATERIAL,MESH LOCATION
HS00311300 0 "NO INTERNALHEAT SOURCE
" BCTYPE CVNUM FLOW POOL ATMOS
HS00311400 1 310 INT 0.0 1.0
° SURFA CHARLEN AXIALLEN
HS00311500 25.0 0.03 0.21
• BCTYPE CVNUM FLOW POOL ATMOS
HS00311600 1 310 INT 0,0 1.0
• SURFA CHARLEN AXIALLEN
HS00311700 25,0 0.03 0,21
HS00311800 -1
HS00311801 280,0 2 ° INITIALTEMP
o

"°" HS312 IS THE VERTICAL METAL BASKETOF ICE CONDENSER 2
l
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HS00312000 2 1 -i ° NODES, GEOM(RECT)
HS00312001 'BASKET2V'
HS003i2002 7.140 1.0 * LOW ELEV, HORIZ ORIENT
HS00312100 -1 1 6.140 ° LOG,FORMAT, DISTANCE
HS00312101 6.149 2 * LOCATIONOF NODE 2, WALLS9MM THK
HS00312200 -1 " MATERIALINDEX
HS00312201 'STAINLESS STEEL' 1 * MATERIAL,MESH LOCATION
HS00312300 0 " NO INTERNALHEAT SOURCE
• BCTYPE CVNUM FLOW POOL ATMOS
HS00312400 1 310 INT 0.0 1.0
• SURFA CHARLEN AXIALLEN
HS00312500 25.0 0.03 3.0
• BCTYPE CVNUM FLOW POOL ATMOS
HS00312600 1 310 INT 0,0 1,0
• SURFA CHARLEN AXIALLEN
HS00312700 25.0 0.03 3.0
HS00312800 -i
HS00312801 280.0 2 * INITIALTEMP
e

•** HS320 IS ICE CONDENSER 3

HS00320000 2 2 -1 ° NODES, GEOM (CYL)
HS00320001 'ICE CONDENS 3'
HS00320002 11.0093 1.0 * LOW ELEV,VERT ORIENT
HS00320100 -1 1 0.0 ' LOC, FORMAT, DISTANCE
HS00320101 0.23125 2 * LOCATIONOF NODE 2
HS00320200 -1 ° MATERtALINDEX
HS00320201 'BASKET' 1 ° MATERIAL,MESH LOCATION
HS00320300 0 ° NO INTERNAL HEATSOURCE
HS00320400 0 ° ADIABATICINSIDE BOUND
• BCTYPE CVNUM FLOW POOL ATMOS
HS00320600 1 320 ICE 0.5 0.5
• SURFA CHARLEN AXIALLEN
HS00320700 533.0 0.032 4.8768
HS00320800 -1
HS00320801 274.0 2 * INITIALTEMP
• SPECIAL ICE CONDENSER CARDS ARE NEXT
HSDG003200 00320 1 'POOL'
HSDG003201 1002. 374799. 274. 284. 1.2 0.25 0.5
t

°"° HS321 IS THE HORIZONTAL METAL BASKETOF ICE CONDENSER 3
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O

HS0032i000 2 1 -i ° NODES, GEOM (RECT)
HS0032100i 'BASKET3H°
HS00321002 11.110 0.0 ' LOW ELEV, HORIZ ORIENT
HS00321100 -1 1 11.110 ' LOC, FORMAT,DISTANCE
HS00321101 11.120 2 * LOCATIONOF NODE 2, WALLS 10MMTHK
HS00321200 -1 * MATERIALINDEX
HS00321201 'STAINLESS STEEL' 1 ° MATERIAL,MESH LOCATION
HS00321300 0 ° NO INTERNALHEATSOURCE
" BCTYPE CVNUM FLOW POOL ATMOS
HS00321400 1 320 INT 0.0 1,0
" SURFA CHARLEN AXlALLEN
HS00321500 25.0 0.03 0.21
" BCTYPE CVNUM FLOW POOL ATMOS
HS00321600 1 320 INT 0,0 1,0
" SURFA CHARLEN AXIALLEN
HS00321700 25,0 0.03 0.21
HS00321800 -1
HS00321801 274,0 2 " INITIALTEMP
e

"" HS322 ISTHE VERTICAL METAL BASKETOF ICE CONDENSER 3
l

HS00322000 2 1 -1 ' NODES, GEOM (RECT)
HS00322001 'BASKET3V'
HS00322002 12.i 10 1.0 " LOW ELEV, HORIZ ORIENT
HS00322100 .1 1 11.110 * LOC, FORMAT, DISTANCE
HS00322101 11.120 2 ° LOCATIONOF NODE 2, WALLS 10MM THK
HS00322200 -1 * MATERIALINDEX

HS00322201 'STAINLESSSTEEL' 1 ° MATERIAL,MESH LOCATION
HS00322300 0 ' NO INTERNALHEAT SOURCE
' BCTYPE CVNUM FLOW POOL ATMOS
HS00322400 1 320 INT 0.0 1.0
" SURFA CHARLEN AXiALLEN
HS00322500 25,0 0.03 3.0
° BCTYPE CVNUM FLOW POOL ATMOS
HS00322600 1 320 INT 0.0 1.0
" SURFA CHARLEN AXIALLEN
HS00322700 25.0 0,03 3.0
HS00322800 -1
HS00322801 274.0 2 ° INITIALTEMP
e
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w

"" MATERIALPROPERTIES INPUT
e

O0 eO oql QOfie e OQQqi eQ qbOOOqJQOqHPIOOOOOOOQ O0 _O OOeOeOOOQQQOOO ooeote ooogo gQi_oolooeeeooo

eeoeoeeetoe oteeoeeeeeeeeooeeeeoeeeeeeeoeooooeoeoeeeee0oeooeodeoooeoeeeooeeeoeeo

o

MPMAT01200 'BASKET'
MPMAT01201 'RHO' 070
MPMAT01202 'CP_' 071
MPMAT01203 'THC' 072

TF07000 'BASKET RHO' 1 1.0
TF07010 274. 1.0
TF07100 'BASKET CPS' 1 1.0
TF07110 274. 485,7
TF07200 'BASKETTHC' 1 1.0
TF07210 274, 5.0

NCG001 N2 4
NCG002 02 5
NCG003 CO 6

40f/IIqDetQI, IqI'OOOeOQeBIIPIDO0 OJlOOlttltttttOtelOtettltOlttttttlltltlOltttttlltt•tOlt

eOeOee eeeeoet oe eeeeeeQeoooeteeeeeoeeo eeee•foeeoeeee6oeooteeeeeeoeeooeoeoooeeo•o

e

*" RADIONUCLIDE (RN1) PACKAGEINPUT
ID

(ileOee_ oe_ee eeeiil_ee (l_eoo_eoet_eeeeoee eeoooeeeeeeeeoeoeeee_e•eeooeeeo eee•_o_••_•

• !

RN1000 0 ' ACTIVATE RN PACKAGE

'Number of componentsis two - watervaporanclZnS
"Use default numberofclasses, 15, andsections,5

" nsec ncornp nclas nclsw nclsbx numsra numsrv
RN1001 5 2 15 14 13 1 0
o

"Smallest diameter,largestdiameter,and nomlaldensity
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RN1100 0,IE-6 I00,0E-6 2500.
O

RNACOEF I "CODE CALC$ AEROSOL COEFFS
RNPT000 9,0E+4 2,0E+S 273. S00. • PIT MINSAND MAXS
e

• AEROSOL SOURCES
• ZN$ ISTHE ONLY AEROSOL
e

' CVSource Phase Clsll RsdFra¢ MsssRste TsbFunc Dlst
RNAS000 10 2 11 0,0 1,0 065 2
RNAS001 3,SE-6 2.0
e

CF06500 'AEROSOURCE' TAB.FUN I 1,0 0,0
CF06503 065
CF06510 1.0 0,0 TIME
TF06500 'AERO SOURCE' 3 1,0 0.0
TF06510 0.0 0.030
TF06511 2400.0 0.030
TF06512 4200.0 0,030
O

RNMS000 1,0 1.0 1,257 1.0 0,001 0.05 1.0 1.0E-5 " DEFAULTVALUES
g

' CLASS/COMPONENT MAP

• WATER IS COMPONENT 1 (THE ONE IN CLASS 14)
• ZNS IS COMPONENT 2 (THE TWO IN CLASS 11)
RNCC000 1 1 1 1 1 ! 1 1 1 1 2 I 1 1 1
e

• Aerosol Deposition 8nd Setlling

RNDS000 302 RHS INACTIVE
RNDS001 312 RHS INACTIVE
RNDS002 322 RHS INACTIVE
e

RNSET000 320 310 11.0093 0,524176 ' area is0.724 squsrecl
RNSET001 310 300 6.1325 0.524176
RNSET002 300 210 1.2557 0.524176
RNSET003 010 020 S,65549 0,073
RNSET004 020 100 1.04775 0.073
RNSET005 100 200 0.724 0.073
RNSET006 400 320 15.8861 0.524176
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e

' ControlFun_ions forthe AerosolInput
e

CF21500 'ZNS MASS010' EQUALS 1 1,0 0,0
CF215!0 1,0 0,0 RN1-AMGT.11-1-010
CF21600 'ZNS MASS020' EQUALS 1 1,0 0,0
CF21810 1,0 Q,0 RN1-AMGT-11-1-020
CF21700 'ZN$ MASS 100' EQUALS 1 1,0 0,0
CF21710 1,0 0,0 RN1-AMGT-11-1-100
CF21800 'ZNS MASS 200' EQUALS 1 1,0 0,0
CF2i810 1,0 0.0 RN1-AMGT-11-l-200
CF21900 'ZNS MASS 210' EQUALS 1 1.0 0,0
CF21910 1,0 0,0 RN1-AMGT-11-1-210
CF22000 'ZNS MASS300' EQUALS 1 1.0 0.0
CF22010 1,0 0,0 RN1-AMQT-11-1-300
CF22100 'ZNS MASS 310' EQUALS 1 1.0 0,0
CF22110 1,0 0,0 RN1-AMQT-11-1-310
CF22200 'ZNS MASS320' EQUALS 1 1,0 0,0
CF22210 1.0 0,0 RN!-AMGIT-11-1-320
CF22300 'ZNS MASS 400' EQUALS 1 1,0 0,0
CF22310 1,0 0,0 RN1-AMGT-11-1-400
CF22400 'ZNS MASS 450' EQUALS 1 t,0 0,0
CF22410 1,0 0,0 RN1-AMGT-11-1.450
e

CF22500 '_!20 MASS 010' EQUALS 1 !,0 0,0
CF22510 1.0 0,0 RN1-AMQT-14.1-010
CF22600 'H2O MASS 020' EQUALS 1 1,0 0,0
CF226i0 1,0 0,0 RN1-AMGtT-14.1-020
CF22700 'H2OMASS 100' EQUALS 1 1,0 0,0
CF22710 1,0 0,0 RN1-AMGT-14-1-100
CF22800 'H2OMASS200' EQUALS 1 1.0 0.0
CF22810 1,0 0,0 RN1-AMGIT-14-1-200
CF22900 'H2O MASS 210' EQUALS 1 1.0 0,0
CF22910 1.0 0,0 RN1-AMGT-14-1.210
CF23000 'H20 MASS 300' EQUALS 1 1,0 0,0
CF23010 1.0 0,0 RN1-AMGT-14-1-300
CF23100 'H2O MASS 310' EQUALS 1 1.0 0,0
CF23110 1.0 0,0 RN1-AMGT-14-1-310
CF23200 'H20 MASS 320' EQUALS 1 1,0 0,0
CF23210 1,0 0,0 RN1-AMGT-14-1-320
CF23300 'H2O MASS 400' EQUALS 1 1,0 0.0
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CF23310 1,0 0,0 RN1.AMGT-14.1-400
CF23400 'H20 MASS 450' EQUALS I 1.0 0,0
CF23410 1,0 0,0 RNI-AMGT-14.1-450
Q

CF30000 'AEROMASSIN' MULTIPLY 2 1,0 0,0
CF30010 0,0 0.030 TIME
CF30011 1,0 1,0E.7 TIME
O

CF30100 'DFI' DIVIDE 2 i,0 0,0
CF30110 1,0 0,0 CFVALU,300
CF30111 1,0 0.0 CFVALU.224
O

CF30200 'PART RENT' ADD 2 i,0 0,0
CF30210 -1,0 0,0 CFVALU,301
CF30211 0,0 1,0 TIME
tl

' Neceessr'/Decay Heat Input
9)

DCHDECPOW 'TF.066'
DCHCLSNORM YES
DCHDEFCLS0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
o

TF06600 'DCH DECAY' 2 1,0 0,0
TF06610 0,0 0.0
TF06611 100000,0 0,0
e

' Elemental Molecular Weight
' Compound Molecular Weight
e

$C00000 7120 65.37 t 11
SC00001 7120 97,434 2 11
e

*eor" melter
t

eeeeeeeeeeota, eetteeeeeeeeeeeeeeeeeoeeeeeeeeeeoteeeeoeeoetoeeeeoeeeeeeeeeoeee

"ICE CONDENSER ASSESSMENT: MELCOR MODELOF PNL'S ICE
" CONDENSER EXPERIMENT 16-11
e

' RobertJ, Gross
t

lltilllllllllll IIlIlltlIIlIIlIOIIlIIltlIlttlitlttlIltlltllIltllIIlIilIItlIII
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eeoeeoooeoeoeooeoeoeoeeeoeeeeeeeeeeoeeoooeeoeeoeeeoeeoooeoooeooeo6oeeeooeeoe

TITLE 'ICECON- EXP 11'
JOBID 'ICECON- EXP 11'
eeeeeeeoeeoeeeeeeeeeeeoeeeeoeo_eeeeeeeeoeeeoeeeeeeeeoeeeeeeeoeoeeeeeeeeoeeoe

RESTARTF 'icooon_loro,ret'
RESTART -1

OUTPUTF 'lcecon...uro,out'
MESSAGEF 'tcocon_8oro,mes'
DIAGF 'iaocon_soro.dis'
PLOTF 'tcecon..lero.ptf'
DTSUMMARY
e

RNEDTFLG 0 1 0
e

oeleeloeoeeeeteltoeeetletoeeootedeoleleetolloeeeegeQeleeteeoeleeoeeeeeoeeeeoe

* MELCOR ICE CONDENSER INPUT
O

DTTIME 0.2
CPULE_ 10,
CPULIM 20000.
9

* TIME DTMAX DTMIN DTEDIT DTPLOT DTRST DCREST
TIME1 0. 1.1 0.00000001 200. 10,0 09999. 1200,
TIME2 2000, 1,1 0,00000001 200. 10.0 99999. 1200,
TIME3 2900, 1.1 0,00000001 200 10.0 99999. 1200,
TEND 4200,
eeeeeeeooeeeoeeoeeeoeeeeoleoeeeoeoeeoeeeeoeeeeeeeeeoeeeeleoeeteeeoeeeoeeeee
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