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A Study of the Dispersed Flow Interfacial Heat Transfer Model of
RELAP5/MOD2.5 and RELAP5/MOD3.

M. Andreani*, G. Th. Analytis, S. N. Aksan
Thermal-Hydraulics Laboratory,
Paul Scherrer Institute (PSI),
CH-5232 Villigen PSI, Switzerland

Abstract

In this work, the model of interfacial heat transfer for the dispersed fiow regime used in the RELAPS
computer code is investigated. The validity of the 1-D approach used for calculating the heat exchange
between the droplets and the vapour in the dispersed fiow region above a quench front was shown to be
questionable for conditions of low quality at the quench front and low mass flux. Under such conditions, the
interfacial heat transfer calculated assuming 2 uniform distribution of droplets over the cross-sectional area of
the channel is necessarily overpredicted, and the vapour superheat is strongly underpredicted. The purpose of
the present paper is to show that the limitations of the 1-D approach, obtained from the steady-state anlyses
of slow reflooding experiments, has some impact on the performance of the 1-D transient computer codes
like RELAPS/MOD2.5 and RELAPS/MOD3. As an example, the transient analysis of a low flooding rate
experiment in a tube was performed. An early completion of the quench process and a fast desuperheating of
the vapour at the tube exit was obtained by both codes. The too high quench front velocity (four times higher
than in the experiment) could not, however, be put univocally in relation to the underprediction of the vapour
temperature, and the consequent increase of the precursory cooling, as many coupled thermal and hydraulic
transient effects prevailed. Quasi steady-state anlyses of two runs, where the boundary conditions for the
the post-dryout region could be better controlled for a predetermined position of the quench front, were
thus performed. These analyses show that the vapour superheat at the tube exit is strongly underpredicted,
confirming the limitations of the 1-D model for interfacial heat transfer in the dispersed fiow region.

* ETHZ, Nuclear Engineering Laboratory Swiss Federal Insitute of Technology (ETH),
8092 Zurich, Switzerland
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1 Introduction

An extensive work of assessment, development and applications of the RELAPS and TRAC/B reactor safety
computer programs has been underway for some time at the Thermal-Hydraulics Laboratory of the Paul
Scherrer Institute (PSI). One of the reactor safety issues to which the research has been specially addressed
is the reflooding phase of the LOCA: indeed, the accurate calculation of the rod temperature during this
period is of importance for the estimation of the safety margins required for the reactor operation.

The main results of this research [1},{2],{3],{4] and the contributions to the code development in the areas of
wall heat transfer [5],(6], interfacial drag [2],(6], and numerical techniques [6],[7] have been fully documented
and examples of references have been provided here. For several reflooding experiments, it has been observed
that both the trend and the values of the calculated results (wall and vapour temperatures, entrainment,
collapsed liquid level, etc.) obtained by the ‘frozen’ version of the codes were very different to the measured
experimental data. The discrepancies between the calculations and the data were noticeably large, especially
for low flooding rate conditions. Low flooding rate experiments are characterized by very high void fractions
all over the region above the QF for long time periods; in this zone droplets are dispersed in a stream
of superheated vapour. The incorrect calculation of either the vapour superheat or the wall heat transfer
coefficient resulted in the poor predictions of the ‘frozen’ versions of the codes.

The implementation of more consistent packages of correlations for wall heat transfer and interfacial shear
(for both the wet and dry wall regions), the accurate selection of several empirical constants entering in the
various models on the base of sensitivity studies, and the modification of interpolation schemes and numerical
techniques lead to improved versions of the programs, which successfully simulate most experiments with
bundles [21,[3},[51,(6].(7]. _
Modifications to the closure laws (Jargest droplet size, interfacial heat transfer) related to the dispersed flow
regime above the Quench Front (QF) have also played a role in the achievement of good results, and more
research is underway in this area. These studies are important contributions to the development of reliable
calculation tools for reactor safety assessment, as the test facilities considered for the assessment are closely
reproducing the conditions expected in the nuclear cores.

However, since a few quantities (average tempéramres, entrainment rate, quench front velocity, etc.) are
measured and can be used for the assessment, the adequacy of the closure laws used for the individual
submodels can seldom be demonstrated. In principle, a fortuitous compensation of errots and the lumping of
different effects in one single ‘best fit’ parameter, could mask the deficiencies in the models implemented in
- the codes. .For instance, the lack of the representation of the spacer grids and an incorrect model for interfacial
heat transfer and interfacial shear could be ‘compensated’ by a proper, although unphysical, choice of the
empirical criterion for defining the droplet diameter.

In the present report, a different approach to the analysis of the reflooding process is presented, which is
more suitable for evaluating the capabilities of one of the submodels used in the codes, namely that for
interfacial heat transfer in the dispersed flow region. The attention to this particular model is motivated by
the results of a recent investigation [8),[9] on post-CHF heat transfer with dispersed flow during reflooding.
It has been shown that, under conditions of low mass flux and low quality at the QF, the interfacial heat
transfer must be overpredicted by the 1-D models and some 3-D (such as those implemented in RELAP and
TRAC® series of codes) and this results in large underpredictions of the vapour superheat. It was argued
that the neglect of the cross-sectional distribution of the droplets can be the reason for these discrepancies.
The clustering of the droplets around the centre with the consequent reduction in the interfacial heat transfer
has been proposed {8],{9] as a possible mechanism for explaining the high superheating rates (close to those
admissible for ‘frozen flow’) at some distance from the QF observed in several tube experiments [10): this
conclusion was obtained using the commonly accepted closure laws for interfacial drag and droplet diameter.

The present analysis using RELAPS is, therefore, aiming at a verification of such a general statement by
a specific application of the 1-D approach. In this respect, the most interesting variable for judging the

*The TRAC code is often quoted as 3-D code, as it can provide information on the 3-D diswibutions in the core; the large
sizes of the radial mesh which can practically be used, however, do not allow to calculate the radial profiles inside the individual
sub-channels.



capability of the model is the vapour temperature at the exit of the test section, and this will be the main
object of the discussions of the results.

For this purpose, it is convenient to assess the codes against data obtained in single-tube experiments; the
simpler tube geometry allows to better test the interfacial heat transfer model, as the ‘spurious’ effects of the
grids (which cannot be quantified and cannot be taken into consideration by the code, but are present in the
experiments with bundles) on the droplet size and other variables, will not bias the comparison between the
calculated vapour temperature and the experimental data. The exercise presented in this work is the transient
analysis of the low flooding rate experiment 3051 at 2 bar in the single tube test section of the University
of California-Berkeley (UCB) by means of frozen versions of RELAPS/MOD2.5 (Mod2, cycle 36.06)(11)]
and RELAP5S/MOD3 (7vj)(12}; this experiment was chosen because the separate steady-state analyses [9]
showed severe difficulties of the 1-D approach. '

However, while the transient analysis of the core is the only important application of the reactor safety
codes, much deeper insight in the influence of the interfacial heat transfer on the mixture evolution is made
possible by considering ‘snapshots’ at different times during the transient. The values of several variables
are considered constant over a short time period, and the analysis is referred to such a ‘frozen’ picture.
The rationale for the consequent ‘quasi steady-state analysis’ is shortly outlined here, and discussed more in
depth in §3. For the ‘steady-state’ calculation, the conditions above the QF must be imposed (approximately)
constant over a short time, and the wall heat fiux over the tube length above the QF must be given as input:
if good predictions for both liquid and vapour mass fiow rates are obtained, the resulting vapour temperature
at the tube exit (which depends on the total heat exchanged with the droplets) will give a direct estimate
of the adequacy of the interfacial heat transfer closure law used in the code. Indeed, the uniform heat fiux
which characterizes the single-tube experiments leads to slowly changing axial wall temperature distributions
and allows a sufficiently good estimate of the local heat flux at all elevations. This, in turn, allows a rather
accurate evaluation of the total power input to the mixture above the QF (on which the vapour superheat
strongly depends) at any selected time, so that one of the unknowns which complicates the interpretation of
the results of the transient analyses, namely the instantaneous ‘actual’ power input, can be eliminated.

Therefore, in the present work the quasi-steady state analyses of two UCB experiments (Run 3051 at 2 bar
and Run 3053 at 3 bar) for the time of the mid-height quench are also carried-out.

2 Test cases used for the assessment

Well documented experimental results for the reflooding of tubes were obtained at the University of California
at Berkeley [13],[14]. The diagram of the experimental test facility is shown in Fig. 1. The test section used
for the second series of experiments at 2 and 3 bar was a 14.25 mm inside diameter (0.83 mm thickness)
tube, 3.67 m in length. It was quenched by bottom injection of water at flooding rates from 25 to 180 mm/s:
the water subcooling, about 80 K, was the same for all the experiments. Constant electrical heat input was
used, and the cooling of the tube was initiated after an equilibrium condition had been reached: initial wall
temperatures ranged between 316 °C and 760 °C. The tube was not insulated, and large heat losses have
been allowed. The transient was initiated from a condition of constant wall temperatures, the power input
being balanced by the heat losses. The initial axial wall temperature profile was practically fiat.

The temporal variation of the tube wall temperature at different elevations and of the fiuid temperature at the
tube exit were obtained: the vapour temperature was measured by a sheathed microthermocouple (0.254 mm)
located at about S cm above the tube exit. The flows of liquid and vapour at the tube exit were separated by
means of a carefully designed separator, and the entrained liquid was collected in a tank. The vapour mass
flow was also measured. Moreover, the water collected inside the test section (from which the collapsed
liquid level can be calculated) was obtained by measuring the pressure difference between inlet and outet
of the test section, and neglecting friction and acceleration pressure drops.

During many tests, the wall temperatures at some distance from the QF set to nearly constant values for
long times, being the heat input balanced by the heat losses and the heat transfer to the fiuid: typical wall
temperature time-histories are shown for Run 3051 (experimental conditions specified below) in Fig. 2.



In the present investigation, the conditions at the earliest time such a steady condition (the quality at the
QF being positive) for the wall temperatures at the higher elevations is attained are chosen for the ‘quasi
steady-state’ analyses.

In Table 1 the experimental conditions of the two runs used for assessing the codes are summarized.

For the quasi steady-state analyses, the additional information on the equilibrium quality at the QF zgr and
the axial distribution of the net heat input to the fluid ¢/, at the selected time are also required.

The equilibrium quality immediately above the quench front zgr is calculated [15] by adding to the quality
immediately below the Quench Front z~ (calculated by an energy balance over the wet region) the quality
change across the Quench Front due to the intense vaporization caused by the release of the heat stored in
the tube wall:

Colu(T+ =T )Ugr

o -
=z 4 H;,GA (1)

with:

Prot (ii:) A

where C, is the volumetric heat capacity of the wall, A, the cross sectional area of the wall, Ugp the
quench front velocity, H;, the vaporization enthalpy, G the total mass flux, A the cross sectional area of the
channel, T+ and T~ the wall temperatures above and below the quench front, AH,,,; the liquid subcooling
at the inlet of the test section, L the total length of the tube test section, zgr the distance of the QF from
the tube inlet, and P, the input power.

The net heat flux ¢, at each elevation is obtained by subtracting fmm the inside-wall 1mposed’ heat flux
gy (Pror divided by the internal surface area), the heat losses g7 ;, (referred to the inside-wall surface area)
and the sensible heat stored in the wall:

=4~ e~ O3 | @

where C,, is wall heat cﬁpacity per unit inside wall area and T}, the value of the wall temperature (in K)
obtained by polynomial interpolation of the experimental temperatures. The outside heat flux (losses) is:
& = hi(T, — Toms) @
where h;, is the global heat transfer coefficient (HTC) from the wall to the surrounding&, assumed to be at
temperature 7,,,5=294 K The experimental values of k, could be correlated by the formula:
hy = 11.949 52197 (To-Temsdl  (W/m? K) (4)

The heat losses per unit area (heat flux to the ambient) referred to the inside-wall heat transfer area is obtained
by:

L=t

where D, and D are the external and internal diameters, respectively.
The total heat input to the fluid in the dry region above the Quench Front Py, is calculated by integrating
g;n over the wall heat exchange area.

The values of the several variables required for the quasi steady state analyses are given in Table 2 together
with the transient times to which they refer.



Run P G Prot Tw,in
No. |bar kgm?s kW

3051 12 | 251 4.326 | 812.
3053 | 3. | 2s. 4.326 | 812.

Table 1: Experimental conditions for test cases UCB-3051 and UCB-3053

3053

t zor Ugr T~ T+ z= zgr PFary| in J
| s m woms K K W_{ z(m) | kW/m’
[150. | 1.90 | 7.3 | 401. ] 593. | 0.10] .12 | 923. | 200 | 1691 |

220 | 1545
240 | 1392
260 | 1238
280 | 1097
300 | 969
320 883
340 | 8.19
358 | 819
150. | 205 |75 |414.1593.10.12|.14 [874.|220 | 15.19
240 | 1420
260 | 13.60
280 | 1298
300 | 12.10
320 | 1097
340 | 990
358 | 989

Table 2: Calculated variables used for the steady-state analyses.



3 Transient analysis of test case 3051

The basic nodalization scheme for the analysis of Run 3051 is shown in Fig. 3. It consists of one pipe
(component 120) with 19 cells for the test section, one time-dependent junction (110) for the bottom injection,
one junction (125) representing the mbe exit, and two time-dependent volumes (105 and 130). The heated
wall of the test section is represented by the same number of heat slabs (19), and uniform linear power
generation is imposed. The heat losses (calculated from a temperature-dependent heat transfer coefficient
hg) to the ambient depend on the external wall temperature, according to correlations (3) and (4). The
values of the heat transfer coefficient A, has been calculated for several temperatures, and a table of Ay
vs temperature has been used for the input deck. The ambient temperature has been imposed constant and
equal to 294 K. At the beginning of the transient (=0 s) the test section is filled with superheated steam in
thermal equilibrium with the wall of the tube (Ty=T, :n=812 K). The transient is initiated by starting (t=0 s)
the bottom injection of water.

The transient was calculated with the ‘frozen’ versions of both RELAPS/MOD2.5 and RELAP5/MOD3. For
both calculations the correlation for interfacial drag in tubes was chosen. The reflooding option was chosen
for the calculation with both versions of RELAPS, so that moving fine heat structure meshes were used in
the wall heat transfer calculation. The reflooding heat transfer package was then utilized in the calculation
with RELAPS/MOD2.5, whereas this option does not affect the correlations used by RELAP5/MOD3, as a
unique heat transfer package is used for all conditions. The input decks for the two calculations are given
in App. L

The calculation by RELAPS/MOD2.5 could not be completed using the nodalization with 19 vols. shown
in Fig. 3 (left), as a condition of error (which could not be explained) occurred, at about 160 s, in the
subroutine QFMOVE, which calculates the advancement of the quench front(at this time, the quench front
elevation was already above 2.44 m). Reduction of maximum and minimum time steps, and changes in the
number of radial meshes and maximum number of fine meshes only provoked a negligible time shift of the
error condition. Eventually, the solution was to halve the size of the hydrodynamic nodes (from 0.2 to 0.1
m) and, correspondingly, of the heat slabs. The resulting nodalization with 36 vols. is also shown in Fig. 3.

The comparisons of the wall temperatures calculated by both codes with the measurements are shown in
Figs. 4 and 5. Even though some minor differences can be observed in the results of the two calculations,
thé most striking outcome of the analysis is the very large discrepancy between calculated and measured
wall temperatures, as in [4]. The test section quenches completely in about 550 s, while both codes predict
complete quench within 160 s. While RELAPS/MOD3 predicts correctly a gradual bottom quench progres-
sion, RELAPS/MOD?2.5 calculates a second quench front, propagating from the top of the test section, as it
can be recognized (Fig. 5) from the early quench at 3.35 m (highest measurement station). The results are
somewhat surprising, if one recalls that most of the analyses with bundles (¢.g., NEPTUN with cosine-shaped
heat flux profiles, but also with several spacer grids) indicated the tendency of RELAPS/MOD2.5 to overpre-
dict the quench times and the wall peak temperatures, especially at the highest elevations [4]. These results
are also in conflict with recent assessment work using data from the Lehigh bundle reflooding experiments,
where a uniformly heated bundle was used: for these cases RELAPS/MOD2.5 was generally predicting peak
temperatures and quench times with acceptable agreement in comparison to experimental data, and the only
underpredictions were found for low elevations {4]. This last assessment work can, however, be barely
associated to the previous ones, because of the short length of the test section; in fact, the analysis was
focussed on lower elevations than in the NEPTUN case.

RELAPS5/MOD3, on the contrary, behaves in accordance with the previous experience [4]: it overpredicts
the quench front velocity (or rather the ‘cooling front’ velocity, as no evident temperature ‘knee’ can be
observed). For the present tube experiment the effect is amplified, as the QF velocity is four times higher
than in the experiment.

Moreover, it can be observed (Fig. 6) that early in the transient (30 s for the MOD2.5 and 100 s for the
MOD3), the calculated vapour temperatures in the uppermost node drop to low values (about 420-450 K)
close to the saturation temperature (about 400 K), whereas the experimental value sets for a long time to 2
value of around 600 K.
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The reason for such a large disagreement between the predicted and the measured quench front velocities
is not easy to single out, as several effects can contribute to the inaccuracy of the predictions. On the one
hand, too large wall heat fluxes might have driven the wall to rewetting conditions, with consequent drop
in the vapour temperature to the saturation value. Moreover, large mass flow oscillations affect both code
versions (in Figs. 7 and 8 the vapour and liquid carry-out, as well as the total mass flow rate at the tube
exit are shown), and most probably contribute to the excessively fast propagation of the quench front. On
the other hand, the large temperature difference between the wall and the vapour might have resulted in an
additional increase of the already over-predicted wall heat flux [6] and, consequently in an overprediction of
the precursory cooling.

" From the comparison of the calculated mass accumulated inside the tube, the collapsed liquid level, the
vapour flowing out of the test section and the total liquid carry-out (Fig. 9), with their respective experimental
counterparts, one can conclude that both code versions predict the ‘average’ hydraulic behaviour of the system
fairly well. : .

It should be noted here that the calculation of the total liquid carry-out by RELAPS/MOD2.5 is actually
better than what appears in Fig. 9, as the control variable (cntrlvar) which integrates the liquid expelied over
the time is affected by an error, and underestimates the total liquid carry-out. A short explanation can be
given as follows. The mass flow rate of the phase k at a junction j (in the specific case the junction 125) is
obtained from:

My = prjorjveiA

and the total mass fiow can be calculated by summing up the gas and the liquid mass flows. The total mass
expelled out of the test section M,,. is then:

- ‘ - .. -
Moe: = int(cntrivar) = /o (M + M,;) dt (5)

On the other hand, the total carry-out can be calculated by integrating directly the total mass flow at the tube
exit M;, which is also calculated by the code:

M,.; = int(mflowj1250000) = /(: ' M;dt (6)

The comparison of the results of the two expressions is given in Fig. 10: it is observed that a 10% difference
exists in the RELAP5/MOD?2.5 calculation, while a much smaller discrepancy appears in the RELAPS/MOD3
calculation. As the value of M., calculated by Eq. (6) satisfies the mass balance with a high accuracy, it can
be concluded that the mass flows calculated by Eq. (S) underestimate the ‘actual’ mass fiows. Indeed, under
rather unstable liquid mass flow conditions, the spikes in the mass flow rate (due to the spikes in the liquid
mass flow rate) calculated by Eq. (5) are much lower than those present in the mass flow time-history of the
variable mflowj1250000 (see Figs. 7 and 8). This can be explained by the different numerical techniques
used for obtaining the time and space averages of the various quantities at the junctions in these two different
versions of the code.

Even though the comparison between calculations and experiment regards only the exit conditions, it can
be assumed that both wall and interfacial drag are correctly predicted over the transient’ and that the axial
liquid mass distribution has also been captured with a good approximation.

Using the hypothesis that the low vapour temperatures drive the wall heat flux increase and the wall temper-
atures drop (and not vice versa), one could then argue that the failure of the RELAP5/MOD3 in predicting
vapour and wall temperature, is an overprediction of the interfacial heat transfer, which results in an antici-
pated desuperheating of the vapour up to large distances from the quench front. An indication in favour of
this explanation can be obtained from observing, for example, that at the time of the quench at 2.58 m (t=93
s, interpolated value) the vapour temperature at the tube exit (1.2 m downstream) is about 550 K, whereas

YThis does not necessarily imply that interfacial and wall drag models are comrect.
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in the experiment at the time this happens (t=298 s) the vapour temperature was 50 K higher. However,
the comparison is not fully meaningful as one cannot compare the actual quality at the quench front (highly
oscillating in the calculation because of the high heat transfer rates across it) and the total heat input to the
vapour in the dry region. In fact, one also observes that, because of the high cooling rates (due also to
the large wall-to-liquid heat transfer) at large distances from the QF, the calculated and experimental wall
temperatures and temperature decrease rates in the dry region are quite different at the time of the 2.58 m
quench. This implies different values of the local heat fluxes and, then, of the total heat input to the vapour.

Therefore, because of the complex interactions between the different heat transfer processes, the transient
effects and the history-dependent thermal-hydraulic conditions, the boundary conditions which influence the
vapour superheating rate are different in the calculation and in the experiment, so that the model for interfacial
heat transfer in the dispersed flow regime cannot be judged conclusively.

In the case of the MOD2.5 calculation, the occurrence of top quench confuses the p:cture even more, as
the sudden decrease of the vapour temperature close to the exit is not due to the excessive interfacial heat
transfer, but to the fact that the vapour cannot receive heat from the wet wall any longer and a large quantity
of saturated vapour is generated from the direct wall-to-liquid heat exchange.

From the analysis of this tube experiment, it can be deduced that:

1. The analysis of experiments with tubes can yield rather different results than those obtained for bundles,
even for very similar conditions. The results for tubes, even though they are not truly representative
of the conditions in a nuclear reactor, provide a useful test for the adequacy of the correlations used
in the computer codes, as most of the models implemented are primarily derived for circular channels
(the application to bundles implies the use of some ‘equivalent’ diameter). This can be recogmzed
from the excellent prediction of the hydraulics.

2. The calculated quench front progression is much faster than in the experiment for both versions of the
codes. The discrepancy is due to a too large wall heat flux [6] in the post-CHF regime, to which the
underprediction of the vapour temperature also contributes.

3. Run 305! provides a very severe test for the codes. The difficulty of the 1-D approach in predicting
interfacial heat transfer demonstrated for more specific conditions [9], cannot be definitely confirmed
here, but the large discrepancy in the calculated vapour temperature seems to be consistent with those
phenomenological considerations. In particular the MOD3 calculations secem to be affected by the
overprediction of interfacial heat transfer, but both calculations are probably dominated by deficiencies
in the wall heat transfer models.

4. The transient analysis above does not allow to draw any conclusion about the correctness of the
individual models, as they (and their numerical implementation) interact with each other.

With respect to the main goal of the present work, namely the assessment of the interfacial heat transfer
model for Dispersed Flow, not much can be concluded from the transient analysis; hence, the analysis of
experiment 3053 (for which results similar to those obtained for test 3051 are expected) was not carried-out.

4 Quasi-steady state analysis of Run 3051

The basic idea behind the quasi steady-state analysis has already been introduced in §1; here the mathematical
formulation of this approach, as well as the conditions which must be fulfilled in order to arrive to the
evaluation of the capabilities of the interfacial heat transfer modcl using only the experimental vapour
temperature at the tube exit, are discussed.

When the quenching process progresses slowly and at constant rate, as usual when the quality at the QF is
positive, the thermal-hydraulic conditions at any point in the channel downstream from the QF (wall and
fluid temperatures, mass flows, qualities, etc.) vary slowly as well. The quasi steady-state condition is thus
realized if the time necessary to the QF to move a significant distance (e.g., the distance between the centres
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of the volumes above and below the ‘nominal’ position of the QF) is larger than the residence time of the
droplet in the post-CHF region. If this prerequisite is satisfied, any slow variation of the QF position (and
quality) will lead to slow variations of the hydrodynamic variables downstream. Under this condition, the
evolution of the mixture can be described by the usual conservation equations, dropping the time-derivatives.

The steady-state form of the vapour continuity and energy equation can be written for a straight tube (like
in the RELAPS code [11], but neglecting dissipation and using the enthalpy instead of the internal energy)
of cross-sectional area A as:

d G
(< >< p,>U,)=-a-zi=<I‘> . ™
H
<a,>< py > Uy== G = Qus+ < Qi >—-<T>(H - H,,) (8)

where U,, H;, Gy, Quy and < Qy > are the cross-sect:onal]y averaged axxal vapour velocity, the bulk vapour
enthalpy, the vapour mass flux, the phasic wall heat transfer rate per unit volume and the cross-sectionally
averaged interfacial heat transfer rate per unit volume, respectively.

By integrating between the QF elevation zgp and the tube exit elevation 2T Eq. (8) multiplied by the tube
flow area A, one obtains:

:'r
j AG,dH'dz- / Qu,Adz + / < Qi > Adz - / I(H, - H,,)Adz
or

and, integrating by parts the first term in the Left Hand Side of the equation:

2T aG 27

AGIHE‘ - AGyqrH,qr — / AH—1dz = / QusAdz +
ior dz tqr
T

/ < Qiy > Adz +

QP

'T
lq'

Using the continuity equation (7) and replacing G, A by the vapour mass flow rate M,, it follows:

‘T
MTHT - M,orHyqr = Q,,,Adz + / <Qiy>Adz+ [ THAdz

qr aqr
T

- / I'(H, - H,,)Ad:
aqr
Observing that:
Sr . .
f TAdz = MT - M, or
1 4

one can write (assuming saturated vapour at the QF):

MTHT = M, 0r By gr + Pyary + / < Qi > Adz+ (MT = M, or)H,, 9)

where Fy 4y is the total heat transfer rate to the vapour alone in the dry-wall region. If all the droplet
population is represented by an average diameter d, the average interfacial heat transfer rate per unit volume
is:
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< Qi >= % <(l-a,)(T-T)> (10)
Since in a 1-D mode] the droplet concentration is assumed uniform over the cross section and the distribution
coefficient is taken equal to unity, the relation:

<(l-a)T-T)>=<(1-a)><(T-T,)>=<(1-a,)>(T,-T,) (11)

leads to:

< Qi >= % <(l-a)><T-T1,) (12)
This is the relation that under low mass flux and low quality conditions, will lead to the overprediction of
the interfacial heat transfer, and the underprediction of the vapour temperature [9]. To show that RELAPS
is affected by large inaccuracies in the prediction of the vapour temperatures because of the large interfacial
heat transfers, and then that Eq. (12) does not hold, is the goal of the following analysis.

From Eq. (9) one easily realizes that if the gas mass flow rate at the QF and the tube exit calculated by
the computer code are (approximately) equal to the experimental ones, and the total wall-to-vapour heat
transfer is the same as in the experiment, any deviation of the exit enthalpy (temperature) can be artributed
to the incorrect prediction of the interfacial heat transfer. This estimation can be done irrespective of the
wall-to-liquid heat transfer and the consequent vapour production at the wall.

Therefore, for the quasi steady-state analysis four conditions (Fig. 11) must be fulfilled in the calculation:

1. the time needed by the the QF to advance a substantial length about the ‘reference’ QF position is
much longer than the droplet residence time ¢, (= (z" —zgr)/ T1). The average values of the variables
during this time (which we will call ‘averaging period’ ¢,,) can be compared with the values obtained
by a steady-state analysis.

2. same (approximately) zqr (M, qr) 2s in the experiment during the averaging period t,,.
3. total heat input to the vapour equal to the experimental one.

4. same M7 as in the experiment.

The first two conditions can be imposed by restricting the analysis to a section of the tube including the
region downstream of the ‘nominal’ position of the QF and a short length upstream of it. The fluid injected
at the bottom of this ‘reduced’ length section is a2 mixture with a quality close to that inferred from the
experiment. The QF progresses from the inlet of the section up to the nominal location of the QF (and the
quality at the QF changes accordingly), for which the tube exit vapour temperature must be compared with
the experimental value. From this time on, and until the time the first node above zgr quenches, the values
of the various variables of interest are considered.

With respect to the third condition, certain assumptions and approximations are needed, since only the total
heat flux to the mixture is known at the few measurement stations. As the experimental wall temperatures
reach nearly steady values at some time during the run, and drop suddenly only when the QF is very
close to the measurement location, the interpolation of the heat fluxes for any elevation of the tube can be
calculated with good accuracy, and the total heat input to the mixture in the dry region of the tube can then
be estimated with reasonable confidence: with this procedure the values in Table 2 were obtained. Still the
partition between the two phases is unknown, so that two approaches can be used in the calculation:

o Impose the total heat flux equal to the experimental one, and let the code partition the heat between
the phases. If this option is chosen, the wall-to-liquid heat transfer must be small at least at some
distance from the QF, otherwise an underprediction of the vapour temperature can be due to the low
heat input to the vapour rather than to the overprediction of the interfacial heat transfer.
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e If the code calculates a too large wall-to-liquid heat transfer, increase the total heat flux as much as
necessary to transfer to the vapour an amount of heat equal (approximately) to the total experimental
one. This second option assumes no wall-to-liquid heat transfer in the experiment. Therefore, this
procedure uses the upper limit for the heat input to the vapour, and, if the vapour temperature is still
underpredicted, the deficiency in the approach for calculating the interfacial heat transfer will become
more evident.

For the fourth condition, namely calculated vapour mass fiow close to the experimental value, one ¢an only
hope that the computer program predicts liquid and vapour.carry-out fiow rates close to the experimental ones
at the time of the mid-height quench. This expectation is conforted by the results of the transient analysis
above, where both calculated liquid and vapour carry-out were in excellent agreement with the measured
ones. For the purpose of testing the interfacial heat transfer model, lower vapour mass flows than in the
experiment can also be accepted, as the calculated vapour superheat is enhanced by a reduced vapour mass
flow. Similarly, the liquid carry-out must be approximately equal to or lower than the experimental value, A
calculated liquid mass flow much higher than in the experiment would imply a large concentration of liquid
at high elevation: the consequent vapour desuperheating effect could not be related to the 1-D approach for
the interfacial heat transfer.

In order to avoid misunderstandings, it is appropriate to repeat here that, as RELAPS is a transient code,
our ‘steady-state’ analysis consists in running -the program over the short time period needed by the QF to
advance from the inlet of the tube to the node immediately above the elevation zgr, chosen for the analysis.
In summary: The analysis will be restricted to a shorter tube length. The quench front moves from the
inlet to a certain predetermined elevation above zgr. From the time the QF is close.to zgr, the quality
immediately above must be close to zor, and the power input to the vapour in the dry region must be
equal to P, 4 ; this last condition can be approximated by imposing that the total heat transfer rate to the
mixture is equal to the (experimental) Py.,. The mass fiows at the tube exit will be observed; if they are in
close agreement with the experimental data (obtained by differentiating the experimental water and vapour
carry-out), the vapour temperature at the tube exit will be compared with the experimental data.

4.1 Calculation with RELAPS/MOD2.5

In Fig. 12 the nodalization used for the ‘steady-state’ analysis with the MOD2.5 is shown. It consists of
ten short (0.03 m) cells below zqr, and nine cells representing the above-QF region having the same size
as in the 19 vols. nodalization (Fig. 3). The inlet quality z;, was set by a trial-and-error procedure, by
checking the value of zqr at the end of the transient, as calculated from an energy balance performed by
means of a control variable; at the end z;, has been set equal t about 6%. The need for this procedure
is due to the oscillations in the calculation of the mass flows immediately above the QF, which render the
direct estimation of the quality impossible.

The heat flux at the wall was initially imposed according to Table 2, the initial vapour temperature in the dry
region was given a linear profile (the experimental temperature at t=150 s being used for the highest node),
and the experimental wall temperature was imposed to the heat structures. Unfortunately, the calculation
stopped after a few seconds, and the reason was easily found: the vapour temperature upstream of the quench
front was exceeding 3000 K. This happened because a very large amount of heat was transferred directly to
the vapour, in spite of the fact that a bubbly flow regime was predicted. It was realized that RELAPS, for
imposed heat flux conditions, calculates the heat fluxes to the two phases by splitting the total heat input
into two equal parts, irrespective of the fiow regime.

It was then necessary to change our approach of imposing the heat flux, and other boundary conditions were
used: -

e Impose the power generation.

s Impose the experimental heat losses at t=150 s.
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» Impose the axial temperature profile. As the heat flux is then calculated by the reflooding heat transfer
package, the total heat input to vapour is not controlled, but varies during the short period of time
of the ‘quasi steady-state’ analysis, and depends mainly on the initial wall temperature. Therefore,
three different axial wall temperature profiles are imposed, and the resulting heat input to the vapour
is calculated. The three axial wall temperature profiles, shown in Fig. 13, are:

1. exp: experimental wall temperature distribution.

2. low: temperatures decreasing with the distance from the QF. These values have been found (by trial
and error) to yield (approximately) the desired axial heat flux distribution (Fig. 14).

3. high: temperatures higher than those experimentally observed.

The resulting wall heat fluxes averaged over the last 5 s of the calculations are shown in Fig. 14. The input
deck for the calculation using the experimental temperature distribution is given in App. II.

The results of the three computations ars shown in Figs 15-21. In Fig. 15 the wall temperatures at several
elevations are shown for the low initial wall temperature distribution. The temperature time-histories in the
other two cases were similar. Two remarks can be done: 1) the wall temperatures at some distance from
the QF (z > 2.2 m) are practically constant during the calculation time, and 2) in the time period between
10 and 15 s the QF lies somewhere between 1.855 m and 2.0 m. The time needed for the QF to advance
from 1.855 m to 2.0 m was found to be larger than the droplet residence time ¢, (=~ 1-2 s), so that the first
requirement for the ‘steady-state’ analysis is satisfied.

It is first observed that the equilibrium quality at the QF (Fig. 16) varies during the transient time, but is
close to the experimental value at least for times larger than 10 s.

The vapour mass flow (Fig. 17) at the tube exit is also in close agreement with the experimental value. On
the contrary, the liquid mass flow rate (Fig. 17) exhibits large oscillations: their, amplitude, however, do
not exceed 30% of the measured average flow rate. The fact that the average values (between 10 and 15 s)
of the total mass flow rate and exit quality (Fig. 18) are quite close to the experimental values, snggest that
the hydraulic behaviour is in general well predicted.

The total power input to the vapour (Fig. 19) is, in all cases, at least as high as the total heat input to the
mixture, so that also the thermal boundary condition on the vapour superheat evolution is satisfied in both
cases.

Under the conditions mentioned above, the average values of the several quantities of interest for our analysis
during the time period from 10 to 15 s are thus comparable with those obtained by a steady-state analysis
for QF ‘frozen’ at 1.89 m; then, it does make sense to compare the calculated vapour temperature with the
measured one. In Fig. 20, it can be observed that after 10 s the vapour temperature (while being unstable)
is always underpredicted by at least 50 K, even when the power input to the vapour is twice as much as the
experimental total heat transfer rate to the mixture (Fig. 19). It is easily realized that the spikes are due to
instantaneous increases of the void fraction due to sudden drops in the liquid mass flow rate (liquid carry-out).
In Fig. 21 the average value of the vapour temperature is shown, and the large underprediction (150 K)
observed for the initial wall temperature distribution which yields value of Py, close to the experimental
ones is in fairly good agreement with that expected on the base of the quasi steady-state separate model [9].

From the RELAPS/MOD?2.5 calculations, we can thus conclude that the interfacial heat transfer must be
overpredicted. Let us discuss the possible sources contributing to the overprediction:

1. The liquid fraction might have been overestimated. This, however, can be almost excluded by the
fairly good prediction of the liquid carmry-out, which suggests a correct estimate of the axial liquid
distribution.

2. The interfacial heat transfer coefficient (k;) is possibly overpredicted because of a large average value

of the phase velocity difference. Indeed, one can suspect that large oscillations in the liquid velocity
(leading even to negative velocities) can still be compatible with a correct average value of the liquid
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mass flow, but yicld (because of the non-linear dependence of the heat transfer coefficient on the phase
velocity difference (U, — U})) large values of k;. This can be also excluded by observing that the
velocity difference at two elevations (Fig. 22) are quite stable.

3. The droplet diameter might be underpredicted. The separate steady-state analyses [8] show, however,
that for 2 wide range of droplet diameters the results are very similar to those obtained using the
RELAPS/MOD?2.5 criterion.

4. The only possibility that is left is, thus, that the interfacial heat transfer rate is based on the incorrect
assumption of a uniform droplet concentration over the cross-sectional area. .

Other calculations (not shown) have been carried-out using the normal (blowdown) heat transfer package,
and slowing down the propagation of the quench front by increasing the thickness of the heat slabs in the
region below the QF. The vapour temperature at the tube exit was still underpredicted by at least 100 K.

Furthermore, a version of the code was generated, in which the wall-to-liquid heat transfer was forced to go
to zero within 30 cm from QF. The axial wall temperature profile was imposed in such a way to preserve the
total experimental power input to the dry region (Pay), so that the heat transfer rate to the vapour (Py 4ry)
was practically equal to the total experimental one. Even under these conditions, the calculated vapour
temperature was still much lower than in the experiment.

42 Calculation with RELAPS/MOD3

For the analysis with RELAP5/MOD3, the nodalization had to be slightly modified. This was due to the reason
that the first calculation (not shown by a figure) showed that the quench front was progressing much faster
than in the corresponding RELAPS/MOD2.S calculation. Under these circumstances, the time necessary for
the QF to propagate from the node below zgr to the node above it (time ¢,, over which the thermal-hydranlic
conditions of the post-CHF region can be considered approximately insensitive to the actual location of the
quench front around the imposed zgr) became comparable with the ‘droplet transit time: the averaging of
the variables over the time period ¢,, was consequently becoming of dubious meaning. Therefore, larger
nodes (50 mm instead of 30 mm) were used for the section below iqp and the node including zqr (Fig.
23). Moreover, the time, over which the average values of the variables discussed above are calculated, is
made dependent on the transient, i.c., the averaging period is between the time the wall temperature in the
cell below zqgp (cell 9) drops below the quench temperature (580 K) and the time this happens to the first
node in the ‘dry’ zone (cell 11). When the wall temperature in node 11 drops below 580 K the transient is
thus terminated.

The first calculation, performed by using initial wall temperatures equal to the experimental ones, also showed
a very high heat transfer rate in the dry zone, nearly double as much than in the experiment, and a much
larger vapour mass fiow, resulting from the large evaporation rates caused by the high wall-to-liquid heat
transfer.

Therefore, the low axial wall temperature distribution (Fig. 13) was used for the next calculations. The
results are shown in Figs. 24-29. The wall temperatures are shown ir Fig. 24: at large distance from the
QF they are slowly growing, and the QF lies between 1.825 and 2.0 m for the time between 8 and 12 s. The
equilibrium quality at the QF is shown in Fig. 25. It can be remarked that it is highly oscillatory (often,
the case found in the RELAPS/MOD3 calculations [4]), due to the large spikes in the heat transfer from the
wall to the fluid in the wet region. The lower value of the equilibrium quality, which is representative of
the ‘steady state’ heat transfer rate, is, however, close to the expected value.

The vapour temperature at the tube exit (Fig. 26) is predicted quite well, but one can easily realize from the
good prediction of the vapour carry-out (Fig. 27) and the negligible liquid carry-out (Fig. 28) that this is due
to the deficiency of liquid in the region far away from the QF. Fig. 29 shows the void fractions at various
clevations. The water is accumulated in the region immediately downstrearn from the QF, so that no heat
sink is available to the steam further up. It was originally believed that one of the reasons for the insufficient
liquid carry-over could be the larger value of the critical Weber number (We,,=12) used in the MOD3 with
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respect to that used in the MOD2.5 (We,,=3), which implies the calculation of quite large droplets in the
mist-flow region and these drops cannot be lifted by the drag force (see below).

It was then decided to perform the calculation with a modified version of the code developed at PSI (version
bb) which, among other features, uses the same We. as in MOD2.5. This modified version has been
discussed by Analytis [6], and the description of its features will not be repeated here: it suffices to say that
better numerical stability is achieved and several unphysical effects (like the void fraction passing through a
minimum immediately below the quench front) are eliminated by the utilization of more physical correlations.
The results are shown in Figs. 24-28 and 30. It can be observed that the liquid carry-out (Fig. 28) is a
linle higher than before, but still much too low: however, the resulting slight modification in the axial void
fraction profile (Fig. 30) reduces the average outlet vapour temperature (Fig. 26) by about 30 K.

In order to understand the reasons why the utilization of the same criterion for the droplet size yields different
results in RELAPS/MOD?2.S and in RELAPS/MOD3, the overall calculation scheme of the interfacial drag
in RELAPS/MOD3 was reviewed. It was realized that, for reflooding calculations, the droplet diameter was
bound by a lower limit of 2.5 mm. This value appears arbitrary, and for sensitivity analysis purposes it was
- changed to 1.25 mm in a new version of the code, which was called UPX. Moreover, it has been found out
that the drag coefficient for droplets is defined as:

Cp = min{Cp ,,0.45} (13)
where the drag coefficient for the viscous regime Cp , is given by:

. ﬁ 0.637
Coe = Z(1.+ 0.1RST) (14)

It is clear from Eqgs. (13)-(14) that for large Re (large droplets) the drag coefficient attains very low values.
However, the drag coefficient for a solid sphere is asymptotically approaching the value 0.45 for Re> 1000
(Newton regime), being higher for lower values of Re [16]). The value of Cp for fluid particles is even
higher, as they get distorted [16]). Eq. (13) is then basically wrong and even if one wants to consider the
droplets as solid spheres, it must be replaced by the usual criterion:

Cp = max{Cp,,0.45} : (15)

Eq. (15) was then implemented in the version UPX.

The results of the calculation by version UPX are shown in Figs. 25-28 and 31. It can be remarked that
the liquid carry-out (Fig. 28) is now larger than in the previous calculations, but it is still too low. The
axial void fraction distribution (Fig. 31) shows a larger presence of liquid at the higher elevations, and this
determines lower vapour temperature (Fig. 26).

It can be observed that the calculated heat transfer rate to the mixture (Fig. 32) was always higher than in
the experiment, but the heat transfer rate to the vapour was about 30% lower (Fig. 33). However, radiation
from wall-to-droplets can account for a significant portion of the wall heat transfer [9), so that the actual
heat transfer rate to vapour Py 4y is likely to be predicted realistically.

Further attempts to modify the code in order to get the correct liquid mass flow were not performed. As
a trend, it has been already established that, for decreasing values of the droplet diameter, more and more
liquid can be carried over, and increasing underprediction of the vapour temperature results.

These results are in agreement with those obtained by RELAPS/MOD2.5 and by the steady-state analyses.

5 Quasi-steady state analysis of Run 3053 by RELAP5/MOD2.5

Experiment 3053 was practically the same as Run 3051, the only difference being the higher pressure (3 bar
instead of 2). The analysis has been performed only by the RELAPS/MOD2.5, because of the difficulties
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in the prediction of the liquid carryout by the MOD3, which render the interpretation of the resuits more
difficult.

The nodalization used for the analysis of run 3053 is shown in Fig. 34. Only, two axial wall temperature
distributions (Fig. 35) have been tested. The resulting average axial wall heat flux profiles during the time
period between 10 and 14 s are given in Fig. 36.

The transient time for the calculations was 14 s, since the node above the ‘nominal’ value of zgr quenches at
that time. The time-histories of the wall temperature at various elevations for the ‘experimental’ initial axial
wall temperature distribution are shown in Fig. 37. The time span over which the results are representative
of a steady quench front at 2.05 m (QF between 2.055 m, vol. 10, and 2.2 m, vol. 12) is between 8§ and 14
s.

The results of the calculations are shown in Figs. 38-41. It is noted that the quality at the QF is correctly
obtained (Fig. 38) and the heat transfer to the vapour alone is much larger than the experimental toral
power input (Fig. 39). The calculated liquid carry-out (Fig. 40) and the calculated total mass fiow at
the exit (Fig. 41) decrease from larger values than in the experiment to lower values during the averaging
period. The calculated vapour carry-out (Fig. 42) is, however, larger than in the experiment, due to an
excessive evaporation in the tube. Therefore, one condition necessary for the fully meaningful comparison
(see §3) between calculated and experimental vapour temperature is not satisfied. We note, however, two
circumstances: 1) the experimental total mass flow was probably larger than that measured in the test, as a
certain error in the mass balance was found [14), and 2) the heat input per unit volume of the flowing vapour
is at least as large as in the experiment, since F, 4y is substantially larger than the total experimental heat
flux (Fig. 39). .

It is thus possible to state that the large underprediction of the vapour temperature at the tube exit (Fig. 43)
is again due to the overprediction of the interfacial heat transfer, and not to an overprediction of the vapour
mass flow.

6 Conclusions

The main goal of the present work was the assessment of the interfacial heat transfer model for the Dispersed
Flow Film Boiling region above a quench front implemented in RELAP5/MOD2.5 and RELAPS/MOD3. The
interest for this specific aspect of the DFFB model was raised by a separate work [9] which suggested severe
limitations of the 1-D models in calculating the interfacial heat transfer rate under low mass flux conditions
for low qualities at the quench front..

To this aim, a low-flooding rate reflooding experiment at 2 bar has been analyzed by RELAPS/MOD?2.5
and by RELAPS/MOD3. The transient analysis has shown for both codes a large disagreement between
the calculated and experimental quench front propagation rates, which can be attributed to an inadequate
modelling of the heat transfer phenomena in the vicinity of the QF and confirms other similar analyses, e.g.
{4). In fact the good prediction of the carry-out suggests that the hydrodynamic behaviour is fairly well
simulated. The vapour temperature at the tube exit dropped to the saturation value much before than in
the experiment, but it could not be conclusively assessed whether a too high interfacial heat transfer was
responsible for such bad predictions. This was due to the fact that the total instantaneous power input to the
mixture in the post-CHF region at the time the quality at the QF becomes positive, was much larger than
in the experiment, as it depends on the axial transient cooling rate distribution and then on the actual wall
temperature distribution above the QF, which results from the preceeding transient.

In order to control the power input to the mixture, a quasi-steady state analysis has been performed. A short
transient was run, during which the quench front is allowed to advance a short distance around the position
of interest, imposing (approximately) the quality at the quench front. The power input to the mixture can be
controlled, to a certain extent, by imposing the initial wall temperature distribution above the quench front.
The RELAPS/MOD2.5 calculated correctly the total carry-out and overpredicted the total heat transfer to the
vapour. In spite of this, the vapour temperature was substantially underpredicted. It could be so concluded
that interfacial heat transfer was overpredicted.

19



RELAPS/MOD3 showed a large underprediction of the liquid carry-out, and this led to a good prediction of
the vapour temperature. However, when the calculation was repeated using two other versions of the code
where the closure laws affecting the droplet dynamics were modified in a way to allow a larger carry-out
(though still lower than the experimental one), the vapour temperature was again underpredicted.

The steady-state analysis of a second experiment at 3 bar was also performed by RELAPS/MOD2.5, and
results similar to those obtained for the test at 2 bar were obtained.

It can be concluded that, as expected from steady-state analysis, computer codes like RELAPS, which cal-
culate the interfacial heat transfer rate between vapour and droplets assuming a homogeneous distribution of
the droplets over the cross section, overpredict the desuperheating effect of the liquid, and hence underpredict
the vapour temperature at large distances from the quench front. This underprediction of the vapour tem-
perature, does not always lead to the underprediction of wall temperatures, as other deficiencies in the wall
heat transfer modelling and/or hydrodynamics often mask the difficulty of the codes to estimate the correct
interfacial heat transfer. Nevertheless, we hope that this work will motivate some efforts to develop some
empirical approach to calculate the reduction in the interfacial heat transfer rate under low mass flux/low
quality conditions, since a detailed 3-D model which can calculate these effects (like that developed by one
of the authors [9]) cannot be easily incorporated in a system code.
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coefficient for droplets (— - e- =).
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APPENDIX 1

Input decks for transient calculations
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Appendix IA

RELAPS/Mod 2.5 input deck
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= UCB351
*
* UNIV. OF CALIFORNIA BERKELEY (UCB) TEST

X RN R NN ERNERENEELENEEBNEEAEELNNENENENNERE NS NNNNENNNNNNNERNNRNNNNENNENNERNNNEJRNINEEN]
* REFLOOD TEST IN SINGLE TUBE GECMETRY

* UCB-3051: P=2 BAR, G=25.1 KG/M**2/S

*

* input
*

power and heat losses

* RELAPS/MOD3 calculation

L XA NN NENENEANENEERELESEENENENRENEEEEENENNEENEESRENNNNNENEENNENENNERE NN ENNERNNNLENENENRDNZ:)

®

00000100 new transnt

00000101 xun

* cpu-lim

00000105 1.0 2.0 3580.

*

* TIME STEP CONTROL CARDS * REQUIRSD
* END TIME MIN DT MAX DT OPTN MNR MJR RST
00000201 10. 1.0-9 4000 4000
00000202 1000. 1.0-19 4000 4000
*

t$*$*$*$t$*$t$*s*s*sts*$t$t$*$*s*s*s*srstst$t$t$*$*$*$t$*s*S*Stst

*
*

:$*$*$*$*$*$*$'$’$*$'$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$'$*$*$*$*

00000301
-

00000302
00000303
00000304
00000305
00000306
00000307
00000308
00000309
00000310
00000311
00000312
00000313
00000314
00000315
®

00000319
L 4
00000340
»
00000342
»

00000343
00000344
00000345
00000346
00000349
00000350
00000351
*

00000363
00000354
00000365
000003566
*

00000370
00000371
00000372
00000373
00000374
00000376
*

cputime

voidg
voidg
tempf
tempg
tempf
tempg
P

P

voidg
voidg
voidg
voidg
voidg
voidg

tempg
mflowj
catrlvar

catrlvar
catrivar
catrlvar
cntrlvar
catrlvar
catrlivar
catrlvar

cntrlvar
cntrlvar
catrlvar
catrlivar

catrlvar
catrlvar
catrlvar
catrlvar
catrivar
cntrlvar

MINOR EDIT REQUESTS

0

120010000
120020000
120010000
120010000
120020000
120020000
120010000
120020000
120120000
120130000
120140000
120150000
120170000
120150000

120130000
125000000
103

112
113
114
115
122
118
119

140
141
142
143

150
151
152
161
162
169



00000380
00000381
00000382
00000383
00000386
00000388
*

000003580
00000381
00000392
00000393
00000394
00000395
«

*0000038S

x

floreg
floreg
floreg
floreg
floreg
floreg

httemp
httemp
httemp
httemp
httemp
httemp

ztrwt

120040000
120070000
120100000
120130000
120160000
120180000

120000401
120000701
120001001
120001301
120001601
120001801

1200000

:$*$t$*$*$*$*$*sf$*$ts*s*s*sws*s*s*srs*s:s«s*s*s*s*s*stS*stststs*

*

500 time 0

®

S02 time 0

: 4

600 S00
*

TRIP COMPONENTS
tstst$*$*$*$t$t$t$*$t$*$t$*$*$*$ts*srs*srstststststs*$*$*515t$t$t

gt
gt

null 0. 600. l * end

null 0. 0.

*S*$'$*$'$*$'$'$*$'$*$*$*$*$*$*S*S*S*$*$'$’$*$*$’$*$*$*$*$*$*$*$*
HYDRODYNAMIC COMPONENTS
'S'S'S'S*$'$*$*$*$'$‘$*$'$*$*$'$*$'$'$'$*$*$*$*$*$*$*$'$'$*$*$*$*

*
*

1 * start injection
and reflocd

Frmo cm-e lovoe oce- 1 l-vees wmaclcemes caee lecoe —oee 1 -------- 1-
* [105] feedwater tank - inlet thermodynam;c conditions 1
Focon ceme lew=- 1 le==-- lecee cncclewns cne=l-
1050000 *feedtan*
1050101 0.00015935 0. 1000. 0. 0. 0. 0. 0. O
1050200 103 * i.c.: p.T; subcooled water
1050201 0. 2.5eS 311.15
-------- i B e T i e C e auiat S
* {110] inlet junction - flow boundary conditions
-------- lovee cocclevan ccncleca- . 1 leeem cmeclecar —w==]-
1100000 *feedjun® tmdpjun
1100101 105000000 120000000 0.
1100200 1 502
1100201 0. 0.004007 0.000 0. *mcell=G*Acell
-------- lowe=m mece]eccnn wa=a] 1 s EE T e e &
* [120) tube
¥emce am- lecee caee l-m=e =eee lowee coe- leere —eee lecee we-- leocee —wew 1-
1200000 *testsec" pipe
1200001 19
1200101 0.00015935 19 * Avcell
1200201 0. 18 * Ajunct
1200301 0.1 1 * cell length 4z
1200302 0.2 18 =
1200303 0.16 19
1200401 0. 19 * cell volume=dz*avcell
1200501 0. 19 * hor. angle
1200601 S0. 1% * vert. angle
1200701 0.1 1 * cell dz
1200702 0.2 18 ~*
1200703 0.16 19 =*
1200801 1.-4 0.01425 19 * friction data
1200901 a. 0. 18 * loss coefficients
*1201002 100 11 * bundle correlation on
1201002 0 19 * tube correlation on
1201101 00000 18
1201201 3 2.00+5 gl12. 0. 0. 0. 19 * initial
* * conditions
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Fommwe wwe= locee —eme lomee e lowee e
* {125] outlet junction

Fomses wmam ) loeme eeee e
1250000 "outljun® sngljun

1250101 120010000 130000000 O.

1250201 1 0. 0.00
L lovmm —eee l-mve weee N
* [130] outlet tank

Tomne m==- lemee —ce- b lecee ~eee-
1300000 "outltan” tmdpvol

1300101 .01 0. 1000. 0.
1300200 003

1300201 0. 2.0+45 8l2.

-

lommm mem- 1-—— ——o= 1-mmm —=mo 1-
s E—  PR— p PR 1-
0.0 0.0 00000

0.0

lomem —me- 1m-mm ——m- 1-mmm —mm- 1-
;P P 1-mmm ——-- 1-
0. 0. 0. 0. O

:$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*

-
*

HEAT STRUCTURES

*S*S*S'$'$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*$*S*$*$*$*$*$*$*$*$*$*

R loeee eeem levee —ceee locoe =cw- locrme =ee- lovem —=e= b 1-*
** (1200] test section(tube)

Frevee mvmnleres ccec]eccca cccn]leces coaclecce ccec]ernn comm]lemme c-ee]l-*
11200000 19 10 2 0 0.007125 3502 0 32
11200100 O 1

11200101 29 0.00795 * cuter tube radius

11200201 1 9

11200301 1. 9

11200400 0O

11200401 812. 10 * temperatures of the nodes

11200501 120010000 O 1 1 0.1 1 * inner
11200502 120020000 10000 1 1 0.2 18 * surface
11200503 1201390000 O 1 1 0.16 19 *

11200601 -120 0 4110 1 0.1 1 * outer
11200602 -120 0 4110 1 0.2 18 * surface
11200603 -120 0 4110 1 0.16 19 =+

11200701 150 0.0273224 0. O. 01 * power distributiocn
11200702 150 0.0546448 0. oO. 18 »

11200703 150 0.04371538 0. 0. 19 = )

*11200801 O 0. 0. 0. 19 * M2

11200801 0. 11. 11. 0. 0. 0. 0. 1. 1% * M3

Focre ccmc]lemmn cemccleces sccclemcs cmcn]lenne cecc]loeme ccec]lecee cee-]le®*

*

:s*s*ststs*$*$*$ts*s*s*s*ststststsﬁstststs*s'.$*$t$*$t$*$*$t$t$*$*

”*
*

CONTROL VARIASBLES

*s*s’s*s*s*sts*ststs*s*sisﬁ$t$*$t$is*st$*$*$*s*s*s*sts*s*s*s*stst

Femoo —coclo-=s —-oclecee mceclocoe smeelecoe cooclemes —ooelecse oo-el-
* cv 103: collapsed liquid level in the test section (m)

L e lomme —om- l-mmm —mme R 1--- ---- 1-m=m —e-- 1-
*

20510300 collev sum 1. 0. 1

20510301 O.

20510302 0.1 voidf 120010000

20510303 0.2 voidf 120020000

20510304 0.2 voidf 120030000

20510305 0.2 voidf 120040000

20510306 0.2 voidf 120050000

20510307 0.2 voidf 120060000

20510308 0.2 voidf 120070000

20510309 0.2 voidf 120080000

20510310 0.2 voidf 120050000

20510311 0.2 voidf 120100000

20510312 0.2 voidf 120110000

20510313 0.2 voidf 120120000

20510314 0.2 voidf 120130000
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20510315 0.2 voidf 120140000
20510316 0.2 voidf 120150000
20510317 0.2 voidf 120160000
20510318 0.2 voidf 120170000
20510319 0.2 voidf 120180000
20510320 0.1l€ void£f 120190000
*

e T PIIVRPIIL PRSPPI, PRS-

* cv 112: vapour mass flow from the test section (kg/s)

. e LS PN, PROURSH I, P

*

—mwn]leca-

————]e———

-————l=

————le

20511200 entgfl mult 0.0001593S 0. 0

20511201 rhogj 125000000

20511202 velgj 125000000

20511203 voidgj 125000000

*

b R ik Sbe Dl e i i ELt i N e
* cv 113: liquid mass flow from the test section (kg/s)

R e S e St CEF PSS BRSPS
*

20511300 entffl mult 0.00015935 0. 0

20511301 rhofj 125000000

20511302 velfj 125000000

20511303 wvoidfj 125000000

®

¥eocoo sceclemes ccaclecon coecleces smecleces comelesee —-emlo-es cee-l-
* cv 114: total mass flow out of the test section (kg/s)

*ocoo coeoleeem comclemen cmmclecee weeeleces —memlesce mmomlemes —ea-]-
*

20511400 entflow sum 1. 1. 0

20511401 O.

20511402 1. cntrlvar 112

20511403 1. catrlvar 113

®

¥ecoo meec]lencs comc]lecos cooclesss cemecleems mmeclecee —oee]le-es —-e-l-
* cv 115: quality at the tube exit

*emeo sccclesss scacleces ememlescs semcloees cceele-e- 1 1-
*

20511500 exitqual. div 1. 1. 0

20511501 ontrlvar 114 cntrlvar 112

*

¥eoow seccleces cmaclecos coecleses mmesleces ccecleses cmesleste —ee-]-
* cv 118: integral of mass flow at tube exit (kg) (RS var.)

Foson comcloemce concleses cmeslomos memslemes mseclesos —comslesss ooee]-
®

20511800 intwgext integral 1. 0. 0

20511801 mflowj 125000000

*

Foces cowclence conclecss cemsloces cooelocas ccenlocme coenleses —ee-l-
* cv 119: integral of mass flow at tube exit (kg) (ecntrlvar)

*oome ccecleses ccaclemme secclames cmeelecee sceclemae ceemlee—- cae-l-
*

20511900 intwgext  integral 1. 0. 0

20511801 cntrlvar 114

*

¥omeo secclesss cocclemcs cmeclomes ceecloees conelesme eoecle-es oe--]-
* cv 122: mass of water accumulated (kg)

Fommm e loces --~- lowee wme- locee e lovee —--- leocoe ~ee- lomos =om- 1-
*

20512200 accwater sum 0.00015835 0. 0

20512201 0.

20512202 0.1 rho 120010000

20512203 0.2 rho 120020000

20512204 0.2 xho 120030000

20512205 0.2 rho 120040000

20512206 0.2 rho 120050000

20512207 0.2 rho 120060000

20512208 0.2 rho 120070000

20512209 0.2 rho 120080000

20512210 0.2 xho 120090000

20512211 0.2 rho 120100000
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20512212 0.2 rho 120110000
20512213 0.2 rho 120120000
20512214 0.2 rho 120130000
20512215 0.2 rho 120140000
20512216 0.2 rho 120150000
20512217 0.2 rho 120160000
20512218 0.2 rho 120170000
20512219 0.2 rho 120180000
20512220 0.16  rho 120190000
L]

Feeee e lommm —mee p R lecoe —ce- 1-—=e —c—- 1o aeee 1-—-

* cv 140: integral of vapour mass flow at tube exit (kg)

#emme mmmelemme ememlemes ce;clecee cmeelecoe —mocleces memelecoo

*

20514000 intwgext integral 1. 0. 0
20514001 cntrlvar 112
-

Tomce mee= lecee —mee B s lecee weem locoes weea R loew-
* cv 141: integral of liquid mass flow at tube exit (kg)

*eme mmeeleme- mmeele=el cceclemmm commlemmm cmeelocs mccelece-

*

20514100 intwfext integral 1. 0. 0
20514101 ecntrlvar 113
*

¥emom wmmelemmm mem—lemee mmeclesce cmmolecoe emomleces coeoleae-

* ¢cv 142: sum of total mass accumulated and_expelled (kg}

R S M QSRS S SO DI g SRR I

L]

20514200 masstot sum 1. 0. 0

20514201 0.

20514202 1. catrlvar 140

20514203 1. catrivar 141

20514204 1. cntrlvar 122

Foomr cmee lecem conclacos cvw- B l-=== —=ee locem e lec=-
* cv 143: integral of liquid mass flow at tube inlet (kg)

Mo o e e STt 1 lomee evae loere weae lac—-
*

20514300 intwfin integral 1. 0. 0

20514301 mflowj 110000000 -

*

Foroe cae- locem —cw- lowce ccw- locee —cee lew—mwr e=-- lovee meee- le==-
* cv 150: power input to wet portion of test section

Fomme we—- i locce —ce- lomoe e leome ccw-= lomom —eme 1=
t 3 R

20515000 gqinwet sum 1. 0. 1

20515001 0.

20515002 1. g 120010000
20515003 1. q 120020000
20515004 1. q 120030000
20515005 1. q 120040000
20515006 1. q 120050000
20515007 1. qQ 120060000
20515008 1. q 120070000
20515009 1. q 120080000
20515010 1. qQ 120090000

q 120100000

20515011 1.
*

T e o B R

* cv 151: power input to dry porticn of test sectien

LI lomem —==elomes —meclemoe mme=leeen meecleces comcleme-

20515100 qindry sum 1. 0. 1 2
20515101 0.

20515102 1. q 120110000
20515103 1. qQ 120120000
20515104 1. q 120130000
20515105 1. Q 120140000
20515106 1. q 120150000

i
]
1
L]
[
!

————l~

————l-

———]e

———l-

———l-

2000.
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20515107 1. q 120160000

20515108 1. q 120170000

20515109 1. q 120180000

20515110 1. q 120190000

*

L b N lecee e l-=c~ aena lecow === lomee =wee- 1-
* cv 152: total power input to fluid in test section

Fomme meme]lemee cecc]lemes cccelomens cecmlaces cccnloman mmeclenes eeee]-
*

20515200 qindry sum 1. 0. 1

20515201 O.

20515202 1. cntrlvar 150

20515203 1. cntrlvar 151

*

Femae ——=— lowee —ve- lomee weoclacce ccme]cmme cmcclcene cmac]lemen coea]l-
* cv 161: power input above 2.4 m

L lomee ~oee lecvees caec lecen —-e- le—one =eeo lecoe === lomee =ce- 1-
-

20516100 q@indry24 sum 1. 0. 1 2 2000.
20516101 oO. ,

20516102 1. q 120140000

20516103 1. Q 120150000

20516104 1. q 120160000

20516105 1. q 120170000

20516106 1. q 120180000

20516107 1. q 120190000

*

ol lovee onaa locoe caaa lecoe cee- leces coee lecoe —ve- lecee wve- 1-
* cv 162: power input to vapour above 2.4 m

W loewces e lecee 1 lomee ccee locee =ee- lecon owe- 1-
*

20516200 gvap24 sum 1. 0. 1 2 2000.
20516201 O.

20516202 1. qwg 120140000

20516203 1. qwg 120150000

20516204 1. qwg 120160000

20516205 1. qwg 120170000

20516206 1. qwg 120180000

20516207 1. qwg 120150000

=

oo wmmw B leocro —=e- locee cecc]cmen ccaa lover —ve- lecme ===- 1~
* cv 169: heat transfer to vapour only in the dry region

Toese am=- lewoe —cea lacee cewua loecmr cccmlecce mmcclecse conclecae ~ae=]-
*

20516900 gdxryvap sum 1. 0. 1

20516%01 0.

20516902 1. qwg 120110000

20516903 1. qwg 120120000

20516904 1. qwg 120130000

20516805 1. qwg 120140000

20516906 1. qwg 120150000

20516907 1. Qqwg 120160000

20516908 1. qwg 120170000

20516909 1. qwg 120180000

20516910 1. qwg 120150000

-

tSt$ts«t$t$*$*s*$tst$t$t$t$t$t$t$*$t$~ts*$t$isa'sts*s*sts*s*stsfgtst

*  GENERAL TABLES
ts*s*s*srs*st$t$t$t$*5tst$t5t$tst$*$t$*$c$t$tsfst$t$*$t$t$t$*$Q$f

*®

Focne cecalewa- 1 lovoe =e- “lecma comaclacee cnaclewe-

* tab 110: heat losses

Tonoe cne= lewew 1 locer e s lecee =ce- l-v=-

*

- 20211000 htc-temp

20211001 300. 12.13582

20211002 3%50. 13.81509

20211003 400. 15.72673

20211004 425. 1€.77857

20211005 450. 17.80288



20211006 475. 19.10140
20211007 500. 20.338016
20211008 520. 21.46453
20211009 540. 22.60660
20211010 560. 23.80943
20211011 580. 25.07626
20211012 600. 26.41051
20211013 620. 27.81574
20211014 630. 28.54614
20211015 640. 29.29573
20211016 650. 30.06500
20211017 6560. 30.85448
20211018 670. 31.66468
20211019 680. 32.49618
20211020 690. 33.349%47
20211021 700. 34.22519
20211022 710. 35.123%0
20211023 720. 36.04622
20211024 730. 36.99275
20211025 740. 37.96413
20211026 750. 38.96103
20211027 760. 39.98410
20211028 770. 41.03404
20211029 780. 42.11154
20211030 730. 43.21734
20211031 800. 44.35218
20211032 81l0. 45.51682
20211033 820. 46.71204
20211034 830. 47.93864
20211035 840. 49.19745
20211036 850. 50.48932
20211037 860. 51.81511
20211038 870. 53.17572
20211039 830. 54.57205
20211040 890. 56.00505
20211041 %00. 57.47568
20211042 310. 58.98492
20211043 520. 60.53380
20211044 3930. 62.1233S
20211045 940. 63.75463
20211046 950. 65.42876
20211047 960. 67.14684
202110438 970. 68.91004
20211045 980. 70.71953
20211050 990. 72.57655
20211051 1000. 74.48233
20211052 1010. 76.43815
20211053 1020. 78.44532
20211054 1030. 80.50520
20211055 1040. 82.61918
20211056 1050. 84.78866
20211057 1060. 87.01512
20211058 1070. 83.30003
20211059 1080. 91.64495
20211050 1090. 94.05144
20211061 1100. 96.52112
*

Fomoe e b levcee am-- lecoe ceee lomme ——ee locoe == lee==
* tab 120 ambient temperature
Bemae cmeclesee ceccleces ceccleven cvec]lencn ceeclecee coccn]lemae

*

20212000 temp

20212001 0. 294.256
20212002 1000. 294.26
-



¥emoo mmmclemms cmmelemee memeeleces ccoclecos —=emelemmm —eeeloma-

* tab 150 test section power

¥omoo mmoeloces cmeclemee mmmclenee cceelecen mmeeleeos eocen]lo-e-
*

20215000 power

20215001 0. 4328,

20215002 1000. 4326.

*
t$*$t$t$*$t$t$*$*$t$tsasﬁststsrststsa$t$*$*$*$t$Q$a$t$t$*$*$t$*$t
®*

* $8988888SS HEAT STRUCTURE THERMAL PROPERTY DATA

*

* (s-steel and inconnel 600 from Bethsy, copper from TM-~IN-816)

*

QS*sfsts*$*$t$t$t$*$*$t$t$*$*s*$*$*$*$*$t$*$t$*$t$*st$*sw$t$t$t$*

R L locee weee 1--=e ===~ e i lo~--
20100100 tbl/fectn 1 1 * INCONEL-600

Foooe e locoe wee- locoe wmee l--oe —=-- locoe —o-a i lowe-
*

Femme —m—— lomoe wee- levee ~mee e B loome ==ea l-~--
* INCONEL-600 - thermal conductivity (W/m-K) [tp002]

Frmwe —m=— lewmm cme- lowee wemme lewm= we=- l-wee mm-- le—ee —ve- l-ve-
20100101 oO. 14. 294.0 14.8 * lst - artiff.
20100102 373.0 15.7

20100103 473.0 17.3

20100104 S73.0 18.9

20100105 &73.0 20.6

20100106 773.0 22.2

20100107 873.0 23.8

20100108 §73.0 25.7

20100109 1073.0 27.4
20100110 1173.0 29.3
20100111 1273.0 31.0
20100112 1373.0 32.7
20100113 1473.0 34.4
20100114 1573.0 36.1

Pomee cmem]eocce crvalecccn cmnc]lecns cceclenee mmcalecne ccec]leca-
* INCONEL-600 - volumetric heat capacity (J/m3-K)

LT lecom —=ee lemee coee 1-—-= —-=- lewee —=a- locee cw== levca-
20100181 0. 3.7+€ 294.0 3.740+6 * 1st - artiff.
20100152 373.0 3.900+6

20100153 473.0 4.060+6

20100154 573.0 4.180+6

20100155 €73.0 4.330+6

20100156 773.0 4.510+6

20100157 §73.0 4.650+6

20100158 973.0 4.830+6

2010015¢ 1073.0 5.020+6
20100160 1173.0 5.200+€
20100161 1273.0 $.340+6
20100162 1373.0 5.630+6
20100163 1477.0 5.810+6
. LA 2 END *thkR



Appendix IB

RELAP5/Med 3 input deck
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= UCB3S51
*
* UNIV. OF CALIFORNIA EBERKELEY (UCB) TEST

LA AR N RS RNEE S A AERREE RN N NN RN EENNERNFEANFNEREN NN NN NRFR AR R RRRNNNN NNN RENLNN AR LN NN ]
* REFLOOD TEST IN SINGLE TUBE GEOMETRY
* UCB-3051: P=2 BAR, G=25.1 KG/M**2/S

L

* input : power and heat losses

*

* RELAPS/MOD2.5 calculation ;

* for RELAPS/MOD3 only the card nr. 11200801 has to be changed

L ER RN NN NRENRNEAEREREESNERENENENENNRRENNNNENNNNNNNNSEN NN NERRNN NN N RN ENLNERENNESNNN)

*

00000100 new transnt

00000101 run

* cp

00000105 1.0 2.0 3560.

*

* TIME STEP CONTROL CARDS * REQUIRED
. END TIME MIN DT MAX DT OPTN MNR MJR RST
00000201 10. 1.0-7 4000 4000
00000202 1000. 1.0-19 2000 2000
®

"S'S*$*$"$*$*$"$*$*$'$‘$*$*$*$*$*$*$*$*$*$*$*$'$*$"$*S*$*$*$*$‘$"
*

MINOR EDIT REQUESTS
*sts*savsist$*$*$*$tsf$t$*$asrs*sts*s*s*$*$'$*$*$t$*$t$tSQ$t$i$*$t

*
*

00000301 cputime 0

*

00000302 wvoidg 120070000
00000303 woidg 120130000
00000304 voidg 120190000
00000305 vwoidg 120250000
00000306 wvoidg 120310000
00000307 wvoidg 120340000
*

00000309 wvoidg 120160000
00000310 rheg 1201€0000
00000311 wvoidf -120160000
00000312 rhof 120160000
00000313 rho 120160000
*

00000319 tempg 120360000
x

00000340 mflowj 125000000
*

00000342 cntrlvar 103

*

00000343 cntrlvar 112
00000344 cntrlvar 113
00000345 ontrlvar 114
00000346 cntrivar 115
00000247 ocntrlivar 120
00000348 cntrlivar 121
00000349 cntrlvar 122
00000350 cntrlivar 118
00000351 comtrivar 119

*

00000363 ocntrlvar 140
00000364 ontrlvar 141
00000365 cntrivar 142
00000366 ocntrlwvar 143

*

00000380 floreg 120070000
00000381 floreg 120130000
00000382 floreg 120150000
00000383 floreg 120250000

69



00000384
00000385
*

00000390
00000391
00000332
00000393
00000394
00000395
*

*0000033
*

floreg
floreg

httemp
httemp
httenp
httemp
httemp
httemp

9 ztrwt

120310000
120340000

120000701
120001301
120001901
120002501
120003101
120003401

1200000

:$*$t$*$*s*s*s*s*s*s*s*s*srst$*$t$*$*$*$*$t$*$*$t$t$*$t$*$*$*$t$t

»

500 time O
*

502 time 0
*

600
*

500

TRIP COMPCONENTS
AR R R N G SR N R R N R A A SR A SR A SR G A SN S SH SR GASH Gr G GHGHGrS*S™
gt null Q. 600. 1l * end

gt null 0. 0. 1 * start injection

and reflood

*s*s*s*s*s*s*s*s*sts*s*s*s:s*s*s*srs*s*s*stst$*$*$*$t$*$*$*$t$¢$t
*

-
*

HYDRODYNAMIC COMPONENTS

*$*$*$*$'$*$'$'$*$*$*$*$*$*$*$*$*$*$*$'$'$*$*$*$*$*$*$*$*$*$*$*$*

D lomee —mme R ) R e lewmm ===m 1-
* {105] feedwater tank inlet thermodynamzc conditions

Focooe cccclecce cocclovmee onwo lecee cve]lemen ceee 3 locons o=e- 1-
1050000 'feedtan' tmdpvol

1050101 0.00015935 0. 1000. 0. 0. ©. 0. O0. O
1050200 103 * i.c.: D.T; subcooled water
1050201 0. 2.5e5 311.15
-------- lecos cmcclecer ccecl-ma- mmacloces coen]lemes ccecleemmieeea]-
* (110} inlet junction - flow boundary conditions
R leces coccl-cee aee- locos —ce- 1 1 mmn]lecen cen- 1-
1100000 *feedjun® tmdpjun
1100101 105000000 120000000 0.
1100200 1 502
1100201 0. 0.004007 0.000 0. *mcell=G*Acell
-------- lowe= ccev]lomce cocc]leces mecc]leene wee=]l -] ce=e]l-
* [120] tube
-------- lovee ccceleces comaa]l~een ~==2] 1 ——emlevee coeel-
1200000 "testsec" pipe
1200001 35
1200101 0.00015935 38 * Avcell
1200201 0. 35 * Ajunct
1200301 0.1 1 * cell length dz
1200302 0.1 35 «*
1200303 0.16 38
1200401 0. 36 * cell volume=dz*Avcell
1200501 0. 36 * hor. angle
1200601 90. 36 * vert. angle
1200701 0.1 1 * cell A4z
1200702 0.1 35 «
1200703 0.156 38 »
1200801 1.-4 0.01425 36 * friction data
1200901 0. 0. 35 * loss coefficients
*1201002 100 11 * bundle correlation on
1201002 0 36 * tube correlation on
1201101 - 00000 35
1201201 3 2.00+5 812. 0. 0. 0. 36 * initial
* * conditions
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*

1201300 1

1201301 0. 0.0 0. 35S * mass flows

e meae lecee —c=- lcee ~==- R lecce === l-m=e === ) 1-
* [125] outlet junction

Temoe mcwaloeee ccecleccce ccoc]leccn mcaclamce cmec]ecee mcae]eemn —eee]l-
1250000 “outljun® snglijun

1250101 120010000 130000000 O. 0.0 0.0 00000

1250201 1 0. 0.00 0.0

Poer ccwnlencs cccc]lecce cemeclecns cccclemee cwmec]lerce cees]lecmn —ew-] -
* [130] outlet tank

Foren wmaa leven anea lecer ==ea R lemee cme- loces —we- b 1-
1300000 "outltan*® tmdpvol

1300101 .01 0. 1000. 0. 0. 0. 0. 0. O

1300200 003

1300201 0. 2.0+5 812.

*

*$*$*$*$*$t$*$*$t$*$*$t$*sr$*$n—$t$*$*$*$*$*$*s*s*s*s*s*s*s*s*s*s*

*

* HEAT STRUCTURES

*

*$*$*$*$*$"$*$*$*$"$*$'$'$*$*$*$"$*$*$*$'$*$*$*$*$*$*$*$*$*$*$’$*

R lommm ——-- lomee mccmlomme —oee e 1-mmm ——me 1--mm === 1-+*
** [1200] test section(tube)

b L e L e UL L L R it B S e ittt S UL L S LS EL LTt LS L
11200000 36 - 10 2 0 0.007125 502 0 16
11200100 O 1 .

11200101 ¢ 0.007%5 * outer tube radius

11200201 1 9

11200301 1. 9

11200400 ©

11200401 812. 10 * temperatures of the nodes

11200501 120010000 O 1 1 0.1 1 * inner
11200502 120020000 10000 1 1 0.1 35 * surface
11200503 120180000 O 1 1 0.16 36 *

11200601 -120 0 4110 1 0.1 1 * outer
11200602 -120 ] 4110 1 0.1 35 * surface
11200603 =120 0 4110 1 0.16 36 *

11200701 150 0.0273224 0. O. 01 * power distribution
11200702 150 0.0273224 0. O. 35 =

11200703 150 0.0437158 0. O. 36 * )
11200801 © 0. 0. 0. 36 * M2
*11200801 O. 11. 11. 0. 0. 0. 0. 1. 18 * M3

Femoe coa- lewen —ee- locee ~ema leceae —aea leovcee ===c 3 locon ccccl-r
*

*stststststs*s*s*s*s*$i$*s*$*$t$f$*$*$’s*s*s’sts*sts*s*s*sts*sts*

=

* CONTROL VARTABLES

* .
Qststs*s*s*sts*sts!s*sts*s*s*s*s*s*s*s.s*s*sts*s*stststs*stststs*

*

Feore —wea- lomce wcee loere —eee 1 1l lewcee =ve- lecon =oe- 1~
* cv 101: collapsed liquid level in the test section (lower part)

Prmee cma- lo==n —ce- loecee ===- lecee ==e- lomce == leeee cvee locece cee-l-
*

20510100 collevl sum 1. 0. 1

20510101 O.

20510102 0.1 voidf 120010000

20510103 0©.1 voidf 120020000

20510104 0.1 voidf 120030000

20510108 0.1 voidf 120040000

20510106 0.1 voidf 120050000

20510107 0.1 voidf 120060000

20510108 0.1 voidf 120070000

20510108 0.1 voidf 120080000

‘20510110 0.1 voidf 120090000

20510111 0.1 voidf 120100000

20510112 0.1 voidf 120110000

20510113 0.1 voidf 120120000

20510124 0.1 voidf 120130000
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20510115 0.1 voidf 120140000

20510116 . 0.1 voidf 120150000

20510117 0.1 voidf 120160000

20510118 0.1 voidf 120170000

20510119 0.1 voidf 120180000

*

Romme am-— l-vue cca- locce caea lecae ceea lomee =wm- l-mee mme loew= === 1-
* cv 102: collapsed liquid level in the test section (upper part)

Focom cmmmlemes smeclemee cmemlemee —meolemmn emcelemee moocle-es —o—-l-
-*

20510200 collevu sum 1. 0. 1

20510201 0.

20510202 0.1 voidf 120190000

20510203 0.1 voidf 120200000

20510204 0.1 voidf 120210000

20510205 0.1 voidf 120220000

20510206 0.1 voidf 120230000

20510207 0.1 voidf 120240000

20510208 0.1 voidf 120250000

20510209 0.1 voidf 120260000

20510210 0.1 voidf 120270000

20510211 0.1 voidf 120280000

20510212 0.1 voidf 120290000

20510213 0.1 voidf 120300000

20510214 0.1 voidf 120310000

20510215 0.1 voidf 120320000

20510216 0.1 voidf 120330000

20510217 0.1 voidf 120340000

20510218 0.1 voidf 120350000

20510213 0.186 voidf 120360000

-

Powoe comm]leces mecclaucce cccclecen ceac]ecne mvenlemee cemmlemes ceea]l-
* cv 103: collapsed liquid level in the test section (m)

T —eme l1-mem —-m- lo-mem —=eo lomee = l1--mm —--- lom== ====le=-- ~——-l-
*

20510300 collev sum 1. 0.

20510301 0.

20510302 1. catrlvar 101

20510303 1. catrlvar 102

»

tomoe eccs]leces caaclecce cceclecon cmaclecrs seeclesen ceenleces eme-]l-
* cv 112: vapour mass flow from the test section (kg/s)

L R e loome ==me l1-mmv —mmm 1-m=—= ==-- 1-
*

20511200 entgfl malt 0.00015935 0. 1

20511201 rhogj 125000000

20511202 velg3d 125000000

20511203 voidgj 125000000

®

Fomme —e=e lewee cue- lemee cccclecan cacc]lonen cmaclecnc ccenloves coe-]l-
* cv 113: liguid mass flow from the test section (kg/s)

Pomoe cmec]ecce cren]locen ccmc]lecme cmeclemes ccnmeleese cecc]lecce ceaa]l-
*

20511300 entffl malt 0.00015935 0. 1

20511301 <rxhofj 125000000

20511302 wvelfj 125000000

20511303 voidfj 125000000

*

#omoe cmmclece- mceclecee mmocleces smecleses =-eclesee cceale-ee —-o-l-
* cv 114: total mass flow out of the test section (kg/s)

Tonee ccm- lecen coee 1o =eee 1-—— ———- e lovcon ceew e 1-
*

20511400 entflow sum 1. 1.

20511401 0.

20511402 1. catrlvar 112

20511403 1. catrlvar 113

»
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| lecme —een leomoc =—cee lomee ——cn R lomme —m-m D 1-
* cv 115: quality at the tube exit

T B R i, L, B e
*

20511500 exitqual div 1. 1. 0

20511501 ontrlvar 114 cntrlvar 112

*

LD l-coe ——e- 3 lecee ==—o l-cee —m—- lecee === lovee —=—- 1-
* cv 118: integral of mass flow at tube exit (kg) (RS var.)

Focoe cecelecnc cmecleccn cmaclecen mececlecee mmec]lemme mmmeleens —ee]-
*

20511800 intwgext integral 1. 0. 0

20511801 mflowj 125000000

-

Foree —ee- leeos =eeee lemoe —=-- locem =mee lecee ——we b locme ==== 1-
* cv 119: integral of mass flow at tube exit (kg) (cntrlvar)

L e CL L T s R R i’ ol T L BT ST P S B
*

20511900 intwgext integral 1. 0. : 0

20511501 ecntrlvar 114

*

L lecme —-ee lecee —mme l-cee —=w- lecce ==e- R loveos —=ee 1-
* cv 120: mass of water accumulated (lower part)

¥eoon memm]emme cececlecce ccaclocce cmeclesee cenc]lecen csca]lecee ceen]a
*

20512000 accwatl sum 0.00015835 0. .. 0

20512001 0.

20512002 0.1 rho 120010000

20512003 0.1 rho 120020000

20512004 0.1 rho 120030000

20512005 0.1 rho 120040000

20512006 0.1 rho 120050000

20512007 0.1 rho 120060000

20512008 0.1 rho 120070000

20512009 0.1 rho 120080000

20512010 0.1 rho 120090000

20512011 0.1 rho 120100000

20512012 0.1 rho 120110000

20512013 0.1 rho 120120000

20512014 0.1 rho 120130000

20512015 0.1 rho 120140000

20512016 0.1 rho 120150000

20512017 0.1 rho 120160000

©20512018 0.1 rho 120170000

20512019 0.1 rho 120180000

*

R e i L e e T e s R S, RS B
* cv 121: mass of water accumilated (upper part)

i i R Y e Dt T P 1 1~
L

20512100 accwatu sum 0.00015%35 O. 0

20512101 0.

20512102 0.1 rho 120150000

20512103 0.1 rho 120200000

20512104 0.1 rho 120210000

20512105 0.1 rho 120220000

20512106 0.1 rho 120230000

20512107 0.1 rho 120240000

20512108 0.1 rho 120250000

20512109 0.1 rho 120260000

20512110 0.1 rho 120270000

20512111 0.1 rho 120280000

20512112 0.1 rho 120290000

20512113 0.1 rho 120300000

2051211¢ 0.1 rho 120310000

20512115 0.1 rho 120320000

20512116 0.1 rho 120330000

20512117 0.1 rho 120340000

20512118 0.1 rho 120350000

20512119 0.16 rho 120360000

*
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Fooms == lememe —=me locos e lecee ~=a- i lecce cee- lee—~
* cv 122: mass of water accumulated in the test section (kg)

Hoome wo=e i lomws —=w- 1= === lecme —we- locme —ee- lewe-
*

20512200 accwater sum 1. 0. 0

20512201 0.

20512202 1. cntrlvar 120

20512203 1. cntrlvar 121

*

¥eome com- lowme o=e- loeon omee e 1--— =we- lovem - lewem
* cv 140: integral of vapour mass flow at tube exit (kg)
L I lemoe weee l-=me ==ae locme e loees —=—- lace-
*

20514000 intwgext integral 1. 0. 0

20514001 cntrlvar 112
*

¥eeoe wommlemme mmaclemee cmemlesmce smceleses meeeleces sceolaee-

* cv 141: integral of liquid mass flow at tube exit (kg)

Fomme —mm lecme amee lewmm ——=- locmm —me- lome=m =—ee loecee —=-— p P,
: 4

20514100 intwfext integral 1. 0. 0

20514101 cntrlvar 113

»

¥coe mmmolemme mmeelesec mecclowce mmeslosee meeolecce mcmeloc--

* cv 142: sum of total mass accumulated and expelled (kg)

T

*

20514200 intwtext sum 1. 0. 0
20514201 0.

20514202 1. catrlvar 140

20514203 1. catrlvar 141

20514204 1. catrlvar 122

-

¥ecoe mmemlemec cmeclomes ccmclemee mecclecee meoelecco mceelecee

* cv 143: integral of liquid mass flow at tube inlet (kg)

T 1 lo-—= ~—cclomce =eoclocee mmaelacee smecle-as

*

20514300 intwfin integral 1. 0. 0
20514301 mflowj 110000000
*

'5*$'$*$*$*$*$*$'$*$'$*$*$*$*$*$*$*$*$*$*$*S*$*$*$'$*$*$*$'$*$*$*
_*  GENERAL TABLES
tsistsas*StStsts*ststs*s*s*sts*s*st$fsts*s*s*s*s*stststststststst
*

Femmm —em R T P L s T

* tab 110: heat losses
Fowme == lovem e lomee =om- lowem === loeoe ==e- lewoe —oem l-=--
k]

20211000 htc-temp
20211001 300. 12.13582
20211002 350. 13.81509
20211003 400. 15.72673
20211004 425. 16.77957
20211005 450. 17.30288
20211006 475. 19.10140
20211007 500. 20.38015
20211008 520. 21.456453
20211009 540. 22.60660
20211010 560. 23.80943
20211011 580. 25.07626
20211012 600. 26.41051
20211013 620. 27.81574
20211014 530. 28.54514
20211015 640. 29.29573
20211016 650. 30.06500
20211017 660. 30.85448
20211018 670. 31.66468
20211019 680. 32.49616
20211020 590.  33.34947
20211021 700.  34.22519
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20211022 710. 35.12390
20211023 720. 36.04622
20211024 730. 36.99275
20211025 740. 37.96413
20211026 750. 38.96103
20211027 760. 39.98410
20211028 770. 41.03404
20211029 780. 42.11154
20211030 790. 43.21734
20211031 800. 44.35218
20211032 810. 45.51682
20211033 820. 46.71204
20211034 830. 47.93864
.20211035 840. 49.19745
20211036 850. 50.489832
20211037 860. 51.81511
20211038 870. 53.17572
20211039 880. 54.57205
20211040 890. 56.00505
20211041 900. 57.47568
20211042 S10. 58.98492
20211043 920. 60.53380
20211044 930. 62.12335
20211045 940. €3.7546€3
20211046 S50. 65.42876
20211047 960. €67.14684
20211048 970. 68.91004
20211049 980. 70.719S3
20211050 9%0. 72.576S5
20211051 1000. 74.48233
20211052 1010. 76.43815
20211053 1020. 78.44532
20211054 1030. 80.50520
20211055 1.040. 82.61918
20211056 1050. B4.78866
20211057 1060. 87.01512
20211058 1070. £9.30003
20211059 1080. 91.64455
20211060 1090. 94.05144
20211061 1100. 96.52112

*

e l-eve ———- lovee oem- locos —=e-
* tab 120 ambient temperature
Feoor —m-- e lowee ~==- e
*

20212000 temp

20212001 0. 294.26
20212002 1000. 294.26

*

Fomme ——-e leeoe = lomee w=m- l--oe mee-
* tab 150 test section power
Fomee cmee locee —ee- levoe —oe- lecee ~ee--
*

20215000 power

20215001 0. 4326.
20215002 1000. 4326.

*
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S SSRGS S SHGHG GGG GGG GGG GHG GGG GGG

*

* 989885988 HEAT STRUCTURE THERMAL PROPERTY DATA

k

* (s-steel and inconnel 600 from Bethsy, copper from TM-IN-816)

*
*s*s*s*s*s:s*ststs*s*srs*$t$*$*$*$*$t$*$t$t$*s*s*s*s*s*s*s::s*s*s*
x

Fomoo mmec]lemes ceen]lemee ceeclocmen cncclemnn ween]lccne meea]lawe-
20100100 ¢tbl/fctn 1 1 * INCONEL-~600

Feomee o= lo=we ae-e lewme —=a- 1o =~ lo=we e lecee —wwe lewo=
* N .
Forme mmm=lece= mmes]le—ee cceeleves cncclemncs cmen]omes ccen]lene-
* INCONEL-600 - thermal conductivity (W/n-K) (tp002]

Tomoo em=- lowe= mees lomme e locoe ove- lemes ccae leeoe —wee l-ww-
20100101 O. 14. 2%4.0 14.8 * 1st - artiff.
20100102 373.0 15.7

20100103 473.0 17.3

20100104 573.0 18.9

20100105 673.0 20.6

20100106 773.0 22.2

20100107 873.0 23.8

20100108 973.0 25.7

20100109 1073.0 27.4
20100110 1173.0 239.3
20100111 1273.0 31.0
20100112 1373.0 32.7
20100113 1473.0 34.4
20100114 1573.0 36.1
*

———— —m—- N lo-oe e 1o e leomee cwe~ lecos woee l-=-==
* INCONEL-600 - wvolumetric heat capacity (J/m3-X)
Ll e lomee —eee R I locee =mee lewe=m
20100151 0. 3.7+6 2%4.0 3.740+6 * 1st - artiff.
20100152 373.0 3.900+6
20100153 473.0 4.080+6
20100154 573.0 4.180+6
20100155 673.0 4.330+6
20100156 773.0 4.51046
20100157 873.0 4.650+6
20100158 973.0 4.830+6

20100159 1073.0 5.020+6
20100160 1173.0 5.200+6
20100161 1273.0 5.340+6
20100162 1373.0 5.630+6
20100163 1477.0 5.810+§
- L2 23 m xR
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= UCB351
*
* UNIV. OF CALIFORNIA BERKELEY (UCB) TEST

LI NN AN R EENNEENNENEANEENNNENENNN NN NN ENNNNENENRENENNRLNNENNENNENENNERNRNNNERNJNRERREH}J
* REFLOOD TEST IN SINGLE TUBE GEOMETRY

* UCB-3051: P=2 BAR, G=25.1 KG/M**2/S, XQ-=0.09

*

* GOAL: CALCULATION OF THE AXIAL VAPOUR

TEMPERATURE DISTRIBUTION WHEN THE QUENCH FRONT

IS AT HALF-LENGTH ELEVATION (2=1.89 M)

REPRESENTATION OF THE SECTION ABOVE QUENCH FRONT ONLY (2>1.8 M)
REFLOODING OPTION USED

input: Power and heat losses

LR BN B B N B

* RELAPS/MOD2.5 calculation .
* for RELAPS5/MOD3 only the card nr. 11200801 has to be changed

XA RN NN NNNERNENENERENEAEENEERENNERENNNNENENNENNENENNERNENNENNRNENNNERZJ.NNENNNNENRNSERNERSH}E)

*

00000100 new transant

00000101 zun

L] cpu-lim

00000105 5.0 10.0 880.

00000110 nitrogen

w*

* TIME STEP CONTROL CARDS * REQUIRED
* END TIME MIN DT MAX DT OPTN MNR MJR RST
00000201 15 1.0-9 0.01 3 10 400 400
=
t$*$i$*$*$*$w$*$t$*$ts'ststs*$t$*$*$t$ts*s*scs*s*ststsisas*sts*$*
»

* MINOR EDIT REQUESTS

»

*ststs*s*s*s*s*SiStst$*$t$*$*$*$*SQS*svs*s:s*$f$t$*$t$i$*$*$*$*$'
00000301 cputime o

00000308 voidg 120100000
00000309 voidg 120110000
00000310 wvoidg 120120000
00000311 wvoidg 120130000
00000312 voidg 120140000
00000313 voidg 120150000
00000314 wvoidg 120170000
00000315 voidg 120150000
*

00000319 tempg 120130000
k

00000320 gq 120110000
00000321 qwg 120110000
00000322 q 120120000
00000323 qwg 120120000
00000324 qwg 120130000
00000325 qwg 120140000
00000326 qwy 120150000
00000327 qwg 120160000
00000328 qwg 120170000
00000329 qwg 120180000
00000330 qwg 120190000
*

00000331 mflowj 120110000
00000332 mflowj 120120000
00000333 mflowj 120130000
00000334 mflowj 120140000
00000335 mflowj 120150000
000003356 mflowj 120160000
00000337 mflowj 120170000
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00000338 mflow] 120180000
00000340 mflowj 125000000
*

00000342 ocntrlvar 101
*

00000343 ocntrlvar 102
00000344 ocntrivar 103
00000345 ocntrlvar 104
00000346 cntrlvar 105
00000348 ontrlvar 106
00000349 cntrlvar 110
00000351 cmtrlvar 111
00000352 ecatrlvar 115
00000353 ontrlvar 120
00000356 cntrlvar 125
00000357 ocntrlvar 128
00000358 cntrlvar 129
00000359 cntrlvar 133
00000360 ontrlvar 134
00000361 ontrlvar 138
00000362 ocntrivar 139
00000363 ocntrlvar 143
00000364 cntrlvar 144
00000365 cntrlvar 149
00000370 ocntrivar 150
00000371 entrlvar 151
00000372 ontrlvar 152
00000373 cntrlvar 166
00000374 cntrlvar 167
00000375 ontrlvar 168
00000376 cntrlvar 169
00000377 cntrlvar 173
00000378 ocntrlvar 182
*

00000380 floreg 120100000
00000381 floreg 120110000
00000382 floreg 120120000
00000383 floreg 120130000
00000384 floreg 120140000
00000385 f£floreg 120150000
00000386 floreg 120160000
00000387 £floreg 120170000
00000388 floreg 120180000
00000389 floreg 120150000
*

00000351 httemp 120001001
00000352 httemp 120001101
00000393 httemp 120001301
00000394 httemp 120001601
00000395 httemp 120001801
»

*00000357 ztrwt 1200000

*

*sts*st$t$t$t$*s*s*stStsis'ks*$t$t$ts,s*stts*s*srs*s*s*s*s*sisfs*

L]

* TRIP COMPONENTS

*

*S*S*SQSQSQS'SQs*s*s*sts*s*s*s*s*s*s*s*sts*s*s*s*sis*s's*s*sts*s*

*

500 time O gt mull 0. 400. 1 * end

*

501 quale 120180000 1le =null 0. 20.00001 1 * full

*

502 time O gt null 0. oO. 1l * start injection
* and reflood

503 time O gt null 0. 0. 1l * start averaging

600 500
*
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*$'$"S"$*$*$*$"$*$*S"$‘$*$*$*$*$'$*$*S*$*$*$*$*$*$*$’$*$*$*$*S*$*

:
*

HYDRODYNAMIC COMPONENTS

ts*$*$t$’k$*$’.$*$*$*$*$Qst$*$*$*$*$*$*$*$*$*$*s*s*s*s*s*s*s*s*stst

*omee - l-voe =e=- lecms acee S lowoe === lowom ———- l--m -=== 1-
* [105] feedwater tank - inlet thermodymamic conditions

ey i B e Attt R R il B
1050000 "feedtan* tmdpvol

1050101 0.00015935 0. 1000. 0. 0. 0. 0. 0. O

1050200 002 * i.c. p.X; saturated

1050201 0. 2 15+5 .008 .
-------- 1o mmmnloccn cemclemes mcmeclecee semmlevren cecec]leses —-==]l-
* [110]) inlet junction - flow boundary conditions

oo === 3 loven wcee leces —=e- l--=e === R I i-
1100000 *feedjun*" jun

1100101 105000000 120000000 0.

1100200 1 502 time 0

1100201 -1. 0.0 0.0 0.

1100202 0. 0.0 0.0 0.

1100203 0.0001 0.003707 0.00030 0.

1100204 100.0 0.003707 0.00030 0. *mcell=G*Acell
-------- lemee mccc]leces cccclecne cccc]lecee cmce]leccn o] e —e-=]-
* (120] tube

Rrmee === lecer wee- lecee cce- locre ———- lew=-:  mmme]ceen c——- lecee =ce- 1-
1200000 "testsec” pipe

1200001 19

1200101 0.00015935 19 * Avcell

1200201 0. 18 * Ajunct

1200301 0.03 10 * cell length dz

1200302 0.2 ig8 =«

1200303 0.16 19

1200401 0. 19 * cell volume=dz*Avcell

1200501 0. 19 * hor. angle

1200601 90. 19 * vert. angle

1200701 0.03 10 * cell 4z

1200702 0.2 18 =*

1200703 0.16 19 =

1200801 1.-4 0.01425 19 * friction data

1200901 0. 0. 18 * loss coefficients

+1201002 100 11 * bundle correlation on

1201002 0 19 * tube correlation on

1201101 00000 18

1201201 2 2.00+45 1. 0. 0. 0. 1 * initial
1201202 2 2.00+45 1. 0. 0. 0. 2 * conditions
1201203 2 2.00+5 1. 0. 0. 0. 3

1201204 . 2 2.00+5 1. 0. 0. 0. 4

1201205 2 2.0045 1. 0. 0. 0. S

1201206 2 2.00+5 1. 0. 0. 0. 6

1201207 2 2.00+5 1. 0. 0. 0. 7

1201208 2 2.00+45 1. 0. 0. 0. 8

1201209 2 2.00+45 1. 0. 0. 0. 9

1201210 2 2.00+5 1. 0. 0. 0. 10

1201211 3 2.0+5 420. 0. 0. 0. 11
1201212 3 2.0+5 430. 0. 0. 0. 12
1201213 3 2.0+5 440. 0. 0. 0. 13
1201214 3 2.0+5 450. 0. 0. 0. 14
1201215 3 2.0+5 460. 0. 0. 0. 15
1201216 3 2.0+5 470. 0. 0. 0. 16
1201217 3 2.0+5 480. 0. 0. 0. 17
1201218 3 2.0+5 490. 0. 0. 0. 18
1201219 3 2.0+5 500. 0. 0. 0. 19

»

1201300 1

1201301 0. 0.00030 Q. 1 * mass flows
1201302 0. 0.00035 0. 2

1201303 0. 0.00037 0. 3
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1201304 0. 0.00039 0. 4

1201305 0. 0.00040 0. 5

1201306 0. 0.00041 0. 6

1201307 0. 0.00042 0. 7

1201308 0. 0.00043 0. 8

1201309 0. 0.00045 0. 9

1201310 Q. 0.00047 0. 10

1201311 0. 0.00052 0. 11

1201312 0. 0.00058 0. 12

1201313 0. 0.00063 0. 13

1201314 Q. 0.00066 0. 14

1201315 0. 0.0006¢9 0. 15

1201316 0. 0.00072 0. 16

1201317 0. 0.0007s 0. 17

1201318 0. 0.00078 0. 18

Komwe mmme]-vee cmac]emcn cmac]leman mecc]leccs ccmn]emne cmec]ecee —eaa]l-
* [125] outlet junction

Fomom mmwm]loceme cecc]ccce ccnc]lemne ccmc]lemne ceme]lemes cemme]leeee —eee]-
1250000 *outlijun® sngljun

1250101 120010000 130000000 O. 0.0 0.0 00000

1250201 1 0. 0.00078 0.0

e I s B it E LT b By R i B
* [130] outlet tank

Tecne ccev]lecce ceccn]lecne conc]locnn crmaclecen cacc]lecce cenc]leens sera]lo
1300000 *"outltan* tmdpvol

1300101 .01 0. 1000. 0. 0. 0. 0. 0. O

1300200 003

1300201 0. 2.0+5 480.

-

*$'$'$*$'$”$*$*$*$’$*$*$*$*$*$'$*$*$”$*$*$"$*$*$*$*$*$'$'$*$'$*$*

*

* HEAT STRUCTURES

-

*s*s*s*sts*s'ksts*stst$9$*$t$*$t$t$st$t$*s*s*s*ststststs*st$t$~:St$*

*

s B et Tt L R e S R Y e LU DL T By
** [1200] test section(tube) - above quench front

Afevew cmce]lecee cceclenmne cccclecnes mcnc]lence cccclence cnmeclecon ceem]le*
11200000 19 10 2 0 0.007125 502 0 €4
11200100 O 1

11200101 9 0.00795 * outer tube radius

11200201 1 9
.11200301 1. 9

11200400 -1

11200401 400. 400. 400. 400. 400. 400. 400. * ipnitial

+ 400. 400. 400. * temperatures of
11200402 450. 450. 450. 450. 450. 450. 450. * the nodes

+ 450. 450. 450. *

11200403 S55. §55. 555. 555. 555. 555. 555. *

+ §55. 555. S55. *

11200404 575. 575. 575. 575. 575. 575. 575. *

+ 575. 575. 575. *

11200405 595. $95. 58%5. 595. 595. 595. 5%5. *

+ 595. 595. 5885. *

11200406 595. 595. 5%5. 595. 595. 595. 585. *

+ 595. 595. 58s5. *

11200407 585. $95. 595. 595. 595. S95. 595. *

+ 595. 595. 59S5. *

11200408 595. 595. 595. 595. 595. 595. 5%5. ~*

+ 585. 595. S95. *

11200409 S95. 565. 595. 595. 595. 585. 595. *

+ 585. 595. 59S5. *

11200410 585. 595, 595. 595. 595. 595, 585. *

+ g95. 585. 595. *

11200411 S85. 595. 595. 585. 595. 585. 595. ** (above QF)

+. S$85. 595. $9S5. *x

11200412 645. 645. 645. 645. 6€45. 645. 645. **

+ 645. €45. 645. o
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11200413 670. 670. 670. 670. 670. 670. 670. =**

+ 670. 670. 670. ol

11200414 6&90. 690. 690. 690. 690. 690. 690. =**

+ 690. 690. 69%90. *x

11200415 710. 710. 710. 710. 710. 710. 710. **

+ 710. 710. 710. il

11200416 720. 720. 720. 720. 720. 720. 720. **

+ 720. 720. 720. *¥

11200417 726. 726. 726. 726. 726. T726. 726. **

+ 726. 7268. 726. **x

11200418 733. 733. 733. 733. 733. 733. 733. **

+ 733. 733. 733. *x

11200419 733. 733. 733. 733. 733. 733. 733. **

+ 733. 733. 733. k%

11200501 120010000 10000 1 1 0.03 10 * inmer surf
11200502 120110000 10000 1 1 0.2 18 *»
11200503 120190000 O 1 1 0.16 19 =*»
11200601 O 0 0 1 0.03 10 * outer surf
11200602 0 0 2121 1 0.2 11 >
11200603 0 0 2122 1 0.2 12 *
11200604 O 0] 2123 1 0.2 i3 =~
11200805 © 0 2124 1 0.2 14 *
11200606 © 0 2125 1l 0.2 15 ~
11200607 © "] 2126 1 0.2 16 ~*
11200608 O 0 2127 1 0.2 17 *
11200609 O 0 2128 1 0.2 18 =
112006810 O 0 2129 1 0.156 19 *
11200701 150 0.00819672 0. 0. 10 * power distribution
11200702 150 0.0546448 0. 0. 18 *»

11200703 150 0.0437158 0. 0. 19 *»

11200801 0O 0. 0. 0. 19 » 2
*11200801 O. 11. 11. 0. 0. 0. 0. 1. 19 = M3
Forme eccmlocre cocmleece cracleces cvmclecmn mmes]leccs ccenleces cm-o]l-*
*
*$*$*$'$*$*$"$'$*$*$*$*$“$*$*$*$*$*$*$*$*$*$*$*$*$‘$*$*$*$“‘$*$*$*
*

* CONTROL VARIABLES .

*
tstsﬁststs*Ststs*s*s*sfS*ststststststsa-s*s*s*s*s*s*s*s«s*s*sts*s*
*

*ooon cmecolewss memelecee cmcc]emes eeeclecee ceaclecee ccenleeee —---1-
* cv 101: collapsed liquid level in the test section

Tomoe wm=- leces ccea locoe emea lewee cee- locom mccc]ecce com- lewee === 1i-
*

20510100 collev sum 1. 0. 1

20510101 0.

20510102 0.03 voidf 120010000

20510103 0.03 voidf 120020000

20510104 0.03 voidf 120030000

20510105 0.03 voidf 120040000

20510106 0.03 voidf 120050000

20510107 0.03 voidf 120060000

20510108 0.03 voidf 120070000

20510109 0.03 voidf 120080000

20510110 0.03 voidf 120090000

20510111 0.03 voidf 120100000

20510112 0.2 voidf 120110000

20510113 0.2 voidf 120120000

20510114 0.2 voidf 120130000

20510115 0.2 voidf 120140000

20510118 0.2 voidf 120150000

20510117 0.2 voidf 120160000

20510118 0.2 voidf 120170000

20510119 0.2 voidf 120180000

20510120 0.16 voidf 120190000

*
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e mma- lecoa —mee locee «wcea b levoe —eee 3 lewme == i-
* cv 102: vapour mass flow from the test section

e e T

*

20510200 entgfl mult 0.00015935 0. 1l

20510201 rhogj 125000000

20510202 velg] 125000000

20510203 wvoidgj 125000000

20510204 cmtrlvar 153

*

*ommw = lowos —ca- lecoe =cee lovme cme- i locee —e=- R 1-
* ov 103: liquid mass flow from the test section

*mme —m—- leces wvae lecoe weee lecoe cca- lovcoe cawe- N R 1-
*

20510300 entffl mult 0.00015935 0. 1

20510301 xhofj 125000000

20510302 wvelfj 125000000

20510303 voidfj 125000000

20510304 ecntrlvar 153

*

*eooe mmemlemme memelesme ccmoleses cmmcleeee me—ele-es ~-e-lo—e-

* cv 104: total mass flow out of the test section

Romoe —eme 1--~= —--- R e e 3 e 1--=m ~—=—= 1-
*

20510400 entflow sum 1. 1.-10 1 1 1.-10
20510401 O.

20510402 1. cntrivar 102

20510403 1. cantrlvar 103

k]

Tecme mecclemes mceelemee meecleses memeleee-

————]e———-

————]le———-

* ocv 105: quality at the tube exit

e m——e lomce —eee lecer —a—— locee ———- loren ~== wlecee - lomme ———a 1-
t ]

20510500 exitqual div 1. 0. 1

20510501 cmtrlvar 104 cntrlvar 102

»*

¥ mecelemme ecmclomeo sco—loeee ———ale-e-

* ov 106: phase velocity difference in volume

el em—-

13

————lee———

————i-

A ——mm R lomee ~—e- 1 1 ememlemme cmcalemes —-esl-
*

20510600 diffvi3 sum 1. 0. 1

20510601 O. .

20510602 1. velg 120130000

20510603 ~1. velf 120130000

*

¥eore cocmlecce ccmclecas cocn]lemen caccleecn cmmc]leecen cam- lomme mme=- i-
* cv 107:

e e B B Sl R, i
*

20510700 abscvl06 stdfnctn 1. 0. 1

20510701 abs cntrlvar 106

*

Ll lomee w-=e lecos =-we lemeer —==- lovoe we=- 5 locen —c== 1-
* cv 108:

Focoe mmmclemme cmenlomee cceelemes comelemes —mccleece mmecleses —---l-
*

20510800 ¢v107s10 mult 1. 0. 5

20510801 cntrlvar 153 entrlvar 107

*

Frooe ceew locoe mee=e lecean weee lecoe ane- loeee ~eea levee =ee- lewes ccea 1-

LT PR R RIS P I ("

*

20510900 cv107int
20510801 cmtrlvar

*

integral 1. 0.

108
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 JECI . locwm —mee lomee ccmclocae woea l-mm= ———- )
* cv 110: average phase veloclty difference (10-20s) in

s DT RSN [ O e

»

20511000 avdwvl3 div 1. 0. 1
20511001 cntrlvar 154 catrlvar 109
R 3

*eomm mmemlemee mmeclemee mmemlecen cmeclecem mceclemee

* cv 111: phase velocity difference in volume 16

#emom mmmclecee mmeelemee mmeclecms emeoleee mmeelemee

————lem—e

cell 13

———] -

P S,

——ea]m——

————l-

————l-

———la

———]a

*

20511100 diffvie sum 1. 0. 1

20511101 0.

20511102 1. velg 120150000

20511103 -1. velf 120180000

*

T l-mee == I 1l e lecee —eee locee e lewem ———e 1-
* ov 112:

L leceer —wea Y loceme —eem e lecre —ee= lovwe = 1-
*

20511200 abscvlll stdfnctn 1. 0. 1

20511201 abs cntrlvar 111

*

Fomoe wemc]lccen cocelecce cccmcloace ccec]ereer mmeelecen cmenlence ceea]l-
* ov 113:

Fomoe e loecee caee lemes we=a lecoe ane- lomee —mem leece weee I 1-
*

20511300 c¢vil2sl0 mult 1. 0. 1

20511301 cntrlvar 153 cntrlvar 112

*

Fcee —mee l-cmm —mee lomme cm-e locoe —me-e lemem —mm- lomce meee l-mee —-m- 1-
* ov 114:

Foee ——e= Jocon oo lemee coea leree e l1--=- —=w- l-cce - lowee ——e- 1-
k]

20511400 cv1l3int integral 1. 0. 1

20511401 cntrlvar 113
* .

¥eooe comelemee mmmelescc ccoclocee mecleeem —oeolemes

el e——

* ¢cv 115: average phase velocity difference (10-20s) in cell 16

¥emem mmmelemmm mmemlemee memelicos coclooee —eoolomae

*

20511500 avdvlé div 1. 0. 1
20511501 cntrlvar 154 cntrlvar 114

* .

Frmoe —m=- e i lovcee cwea locoe —cea l--=- ——e- l-we-

* cv 118: vapour mass flow at junction 10

T RO S PR SRR Pty SR PR

c—em]lm———

cmmelem—e

cemelecon

————le

————le

——Tla-

———le

*

20511800 entgjl0  mult 0.00015935 0. 1

20511801 rhogj 120100000

20511802 velgj 120100000

20511803 voidgj 120100000

k 3

Teooe —me- lo=mm —eee lomon meee lo-oc ——-- ) FETR—— lomee —om-c locon —mee 1-

* cv 119: liquid mass flow at junction 10

*emee mmmclemee cemmlemee mmeclecoo ccclecme cccclamen

*

20511900 entfjl0 mult 0.00015935 0.
20511901 rhofj 120100000

20511302 velfj 120100000

20511903 voidfj 120100000
*

Pooee —eee locee =e-- 1= ~==- lJecom —eee locoe w--- loee-
* ¢cv 120: total mass flow at junctioen 10

¥emee memolemee meeelemee meellecoo ceceloeen —cooleme-

*

20512000 mflowjl0 sum 1. 0. 1l
20512001 O.

——ee]lee——

1

————]e——

S R,

————l-

———1-



20512002 1. cntrlvar 118

20512003 1. cntrlvar 119

*

T l-mom amee l1emmm —mee lomme —--- lemem ~eme locmm —em- lemom —mem 1-
* cv 121: quality at junction 10

Foroe - R lomme —mee lemmm - S I lemee ==m- 1-
*

20512100 qualjld div 1. 0. 1

20512101 cntrlvar 120 cntrlvar 118

*

Fommm —o=e I=eos ~=e- le—om —o—- l--vm =--- e l-omm moee lomer == 1-
* ¢v 122: vapour mass flow at junction 11

¥eomem eoecleces cecclemem cmecleees mmemlecec mcecleeee cceoleooo o-e-l-
*

20512200 entgjll mult 0.00015935 0. 1

20512201 rhogj 120110000

20512202 velg] 120110000

20512203 voidgj 120110000

20512204 cntrlvar 153

*

Fomae ——ee loces eme- loeoe wmee looor omee lomer ===- l-wcs =-e- locoe === 1-
* ¢v 123: liquid mass flow at junction 11

Fomoo memelosce eseslesse cnecleses coosleses socclooos coeclenee eoecl-
*

20512300 entfjll mult 0.00015835 0. 1

20512301 rhofj 120110000

20512302 velfj 120110000

20512303 voidfj 120110000

20512304 cntrlvar 153

*

e lece=s =mccloccs comclecoe coecloncs coecleacos cmcclecas see-l-

* cv 124: total mass flow at junction 11

*oooe cmmelemme smemlecme ccollcmce —eecloee-

*

20512400 mflowjll sum
20512401 0.
20512402 1.
20512403 1.
*

1. 1.-10

cntrlvar 122
cntrlvar 123

e it DT TS PRI, PR

* cv 125: quality at junction 11

e lecme mcealomee ace= lmme—e —m=- § P
*

20512500 qualjll Qdiv 1. 0.
20512501 centrlvar 124 cntrlvar 122
*

*ocee cmeclemme sccalomme mmcelemme —caelome-

* cv 126: vapour mass flow at junction 16
Fooom 1 loses cceclovos concleee-
*

20512600 entgjlé mult 0.00015935
20512601 rhogj 120160000

20512602 velgj 120160000

20512603 voidgj 120160000

20512604 cntrlvar 153

L

*amae mmmelemee meeolemes cmeclomoe cceclocee

* cv 127: liquid mass flow at junction 16

e i G, pUE M, S

-

20512700 entfjlé mule 0.060015935
20512701 rhofj 120160000

20512702 «velfj 120160000

20512703 wvoidfj 120160000

20512704 cntrlvar 153

*
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*omme ——molemes —meelemme mmeclecee cocoleems mmemlecen meemle-o- —-e-l-

* cv 128: total mass flow at junction 16

Fomoe —mee 1---- —==- l-mem —-a- leomom —-ee lemmm ——-m l1-mmm —=m- l1=mmm ——m- 1-
*

20512800 mflowjlé sum 1. 1.-10 1 1 1.-10
20512801 O.

20512802 1. catrlvar 126

20512803 1. cntrlvar 127

*

R locse =ee- locoe —=ee lovoe ———- l-ree ~==- locee —vw== 1= —=—- i-
* cv 129: quality at junction 16

Hoooe —eee 1-mmm = lomee e lo-ee —eee lomem === T lomee —-ee 1-
*

20512900 qualjlé div 1. 0. 1

20512901 ontrlvar 128 - cntrlvar 126

*

L e Sl lo=-e ———- e 1--=- —--- 1--== =--- l-mee === 1-
* cv 130: integral of wvapour mass flow at junction 11

oo === lowre === lowom —me- lemee —=—- loeoc ———- locoe =--- leco= === 1-
*

20513000 intwgjll integral 1. 0. 0

20513001 ontrlvar 122
*

T —mem leemm =—me lomee —ome lomen =mee R losoe ome- lemem —-me 1-

* cv 131: integral of liquid mass flow at junction 11

*eooe memolemem mmmmlemesm smemlecee meeolefec mmeclo-ee

*

20513100 intwfjll integral 1. 0. 0
20513101 catrlvar 123
*

PP, .

Fomoe e lemmm ——me p SR lommm —eee 1-==n = lommm —-m- l1-mom —--- 1-

* cv 132: integral of total mass flow at junction 11

*emee memclomem mmmelemes memeelecee ceeelleme ccecloee-

RS, .

————l-

*

20513200 intwtjll sum 1. 1.-1¢0 1 1 1.-10
20513201 0.

20513202 1. cntrlvar 130

20513203 1. cntrlvar 131

*

R locee meee lemre cewa locee == 1o === locer —ce= locoe meme 1-

* cv 133: average total mass flow at junction 11

*econ emmclemme mmmelemee semeclomee eieclecom —mmcloee-

®

20513300 avwtjll div 1. 0. 0
20513301 ocntrlvar 154 catrlvar 132

*

*emee cmeclemme mmeclemee cmeclemes meeclemee —meeleeee

* cv 134: average quality at junction 11

B L T

R P,

. locce cam- lomee ———= ; lemon ——-- ) lemee —e-= 1-
*

20513400 awvxajll div 1. c. 0

20513401 cntrlvar 132 cntrlvar 130

*

T e T B

* cv 135: integral of vapour mass flow at junction 16

c—emle———

oo e l1-=mm =--- l1emom ———- levee wmm- l1-mmm ——em loeee ~—m- leemm -=m- 1-
*
20513500 intwgjlé integral 1. 0. 0

20513501 cntrlvar 126
*

T — lomam ~me- R lomme =aee lomem —=me ; D loeem =m-- 1-

* cv 138: integral of liquid mass flow at junction 16

#emee mmeelommc mmeelomee cmeclemes meeeleee —mecle-ee

x

20513600 intwfjlé integral 1. 0. 0
20513601 cntrlvar 127
*

—emelem——



1
* cv 137: integral of total mass flow at junction 16

s DR DS ERMFIAG DA R

*x*

20513700 intwtjlé sum 1. 1.-10 1
20513701 0.

20513702 1. cntrlvar 135

20513703 1. entrlvar 136

*

*eeme mmmolecme meealocee cecelesos cemolemem cmeeleees

* cv 138: average total mass flow at junction 16

——melm———

Mo e locer ——-— s lomoe -~ locme ——-- s . lomom m——- 1-
*

20513800 avwtjlé div 1. 0. 0

20513801 cntrlvar 154 cntrlvar 137

*

*ecme mmeclemme mmeelemee cceclemoc cmcnlosme coemleaoo

* cv 139: average quality at junction 16

L lo—ee = lomce —-em lomee we—- locece coua lovee == ——lecm= mee- 1-
*

20513900 avxajlé div 1. 0. 0

20513901 cntrlvar 137 cntrlvar 135S

-*

*emom ~omelemem mmcelecee cmeelesce memeleee—m cmeeloee-

* cv 140: integral of wvapour mass flow at tube exit

Reem mmeclemee mmmelemcl —ccolocoo cecclemems ——oleeeo

*

20514000 intwgext integral 1. 0. 0
20514001 cntrlvar 102
w

s LTS [ENEPRNUSES PRECIORPURES PRSI, P

* cv 141: zntegral cf liquid mass flow at tube exit

——e—n]ee—-

————le——

S .

————]a

———1a-

Foooe —eee lovoe cccnloman maee lecee =aee 1l - leomee —cea lem—= - 1-
-
20514100 intwfext integral 1. 0. 0

20514101 entrlvar 103
*®

*eom —mee locen moee DR lomen ~e- e lomon —=-- lom=m ——e- 1-

* ov 142: integral of total mass flow at tube exit

#emme mmmeleces mmcelemee mceeleces mmeelemes —eeeleeee

*

20514200 intwtext sum 1. 1.-10 1
20514201 0.

20514202 1. cntrlvar 140

20514203 1. cntrlvar 141

*

*eomm mmemlemee cecmlesee cecelemce meoclecms smeclecoo

* cv 143: average total mass flow at tube exit

Feooe emeclemee mmmelesee —cemelescs memclecms scenleeoo

————] —-——-

S, .

Py

S

————l-

]

20514300 avwtext div 1. 0. 0

20514301 cntrlvar 154 cntrlvar 142

*

R B R levee —a=- locmv ——w- levcae ecua loeme wcce- 1-

* cv 144: average quality at tube exit

#emom mmeclemee memelewes smmeleese —meclemee —eecleee-

*

20514400 avxaext div 1. 0. 0
20514401 ontrlvar 142 cantrlvar 140

*

*eowm mmmelommm mmenleces cmeelemce seeclesme ceecleco-

* ov 149: equilibrium quality at the quench front

*rse - lom== wmeclecee ccec]enns cmec]lcecec ceaclev—-
”*

20514900 xeqqf sum 1. 1. 0.
20514901 0.075

20514902 1.13355258-4 entrlvar 150

*
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¥omme mmmelemee cmealemee mmeclemee seeolemee smmeleses cmoele-oo

* cv 150: power input to wet portion of test section

#omoe mmmelemme mmeelemem mmenlemae cmecloces mmmeleees e—mclo-e-

*

20515000 ginwet sum 1. 0. 1

20515001 O.

20515002 1. q 120010000

20515003 1. q 120020000

20515004 1. g 120030000

20515005 1. q 120040000

20515006 1. Q 120050000

20515007 1. q 120060000

20515008 1. q 120070000

20515009 1. q 120080000

20515010 1. q 120090000

20515011 1. q 120100000

*

R A lecee «ome- lecoe wee- lemme === leeee === l-=>-
* cv 151: power input to dry portion of test section

Xmme o D 1-m=~ ~=-- l-wem —em- lowmm —eme R 1----
*

20515100 gQindry sum 1. 0. 1

20515101 O.

20515102 1. q 120110000

20515103 1. q 120120000

20515104 1. q 120130000

20515105 1. q 120140000

20515106 1. q 120150000

20515107 1. q 120160000

20515108 1. a 120170000

20515109 1. ot 120180000

20515110 1. q 120190000

*

Fommo —w=— leeee =eee loeee —me 1 1 ————] e ————- l-=--
* cv 152: total heat input to fluid in test section

Foomo co=- locce =vee lom=e == l-aee =eee locee e=e- locee —eae lewem
*

20515200 gintot sum 1. 0. 1

20515201 0.

20515202 1. catrlvar 150

20515203 1. cantrlvar 151

*

e St B B Dl St TS E RS
* cv 153: trip unit

Fomoe ceceloces mrveclecnc comclocne ccaclecan cemc]lecmne ccecleme-
~

20515300 trip tripunit 1. 0. 0

20515301 503

»

Pomwa coec]eces mececclemme coceleece conc]lonnn cmecleces concleme-
* ¢cv 154: delay

tomne memeleces -—ea I loeee wme- lecom —-w- I le===
20515400 delay sum 1. 0.0000001 1

20515401 -10.

20515402 1. time 0

*

Foree co=- lomem —me- locme cee- I lecme —=e- I lemw-
* cv 160: heat added to wet part (after 10 s)

Foooe cme- lecee mcec]lecen coccleces scccleems covc]lecne covac]leoma-
*

20516000 htwetld mult 1. 0. 0

20516001 cntrlvar 150 cntrlvar 153

*

R leocoe wcea R locce mee- lowos w=e- leocmm =meo lom=-
* cv 161: heat added to dry part (after 10 s)

Tomme me=- R lomoe —mee locos wmee lowece o=-e lecem —cw- le=e-
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*

20516100 htdryl0 mult 1. 0. 0

20516101 entrlvar 151 cntrlvar 153

®

Feom e e lemem —omm lowme === 1-mmm ——e- 1--mm --—- e 1-
* ¢v 162: heat added to fluid (a2fter 10 s)

Hmoe —eme e lomee —mmm 3 lemee ———- 1-emm —--- R 1-
*

20516200 httotld mult 1. 0. 0

20516201 cntrlvar 152 cntrlvar 153

*

Hoooe —me- lomce = lecee ~eee b lovem —-—- 1---m -—-- l-mmm ——-- 1-
* cv 163: total heat added to fluid in wet region (after 10 s)

Rwmme mwo-

x

lomm= eeeoleces emmclocce memalocoe mmeeleses mseele-es —e-a]l-

20516300 htinwet integral 1. 0. - 1

20516301 cntrlvar 160

*

D 1-mm= =me- leeoe —omm e R 1omem —-—- e 1-
* ¢v 164: total heat added to fluid in dry region (after 10 s)
L B loeom —-e- leemm —meelocce mmeelemee ~om- leeem wmme 1-
*

20516400 htindry integral 1. 0. 1

20516401 cntrlvar 161

*

e —mew leces wow- lecee oo lmeoe meee 1o ~e—- lecwn mee= lomece =ee= 1l-
* cv 165: total heat added to fluid (after 10 s)

e —=ee locee wemes lecom ——e- lo—oe —=e= I lewen === lemee =m=e 1-
*

20516500 htintot integral 1. 0. 1

20516501 ontrlvar 162

*

*eooe - B 1emmm —me- lecom =omm ) S l-mem —-ee 1-
* cv 166: average heat transfer rate in wet region (10-20 s)

Feme - l1-mmm —emm B lommm —=-e 1-mom ——-- 1--—- -—=- e 1-
*

20516600 avhtwet d&iv 1. 0. 0

20516601 cntrlvar 154 cntrlvar 163

*

Foooe —mee lommm —me- b e b R R e b 1i-
* ¢cv 167: average heat transfer rate in dry region (10-20 s)

Ko —mmm lovee wee- l1-—- -==- lesne =e=e locees —eee l--m= ==== lemee =cme 1-
*

20516700 avhtdry div 1. 0. 0

20516701 cntrlvar 154 cntrlvar 164

*

L s locee ==ee B lecen oe-- lemoe ==ee leces =ee= lemes === ~-1-
* cv 168: average heat transfer rate to fluid (10-20 s)

R —eee locme ceee lemoe cce- lemoe ~c=e lecens cce- locee cee- leecwe secee 1~
*

20516800 avhttot div 1. 0. 0

20516801 cntrlvar 154 entrlvar 165

®

e —mee I lecoe ==e- locoe —==- lecees cce- lomee wce-= lomee —e=e 1-
* cv 169: heat transfer to vapour only in the dry region

W ey L T s s R R I e L e
®

20516900 gdryvap sum 1. 0. 1

20516901 0.

20516902 1. Qqwg 120110000

20516903 1. qwg 120120000

20516904 1. qwg 120130000

20516805 1. qwg 120140000

20516906 1. qwg 120150000

20516907 1. qwg 120160000

20516508 1. qwg 120170000

20516909 1. qwg 120180000

20516910 1. qwg 120190000

*
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#omem mmmclemee cmeclemee mmeclecos mmcclemam —emeleeme mmmolemme soeol-

* ¢cv 171: heat added to vapour in dry region (after 10 s)

L et s LR PuA S P, A g R e &

*

20517100 htdrylo mult 1. 0. 0
20517101 catrlvar 169 cntrlvar 153

*

e e TN, RPN PRISIERISPES PRSI SRS PR,

* cv 172: total heat added to vapour in dry region (after 10 s)

Foeom mmmolemem mmmolemee me—clecoo emclamem —ccooleems ——molomee ~—oeclo

*

20517200 htgdry integral 1. 0. 1
20517201 ecntrivar 171
< :

¥emeo memolemem mmmclemee mmeclemco ccmclecae meeelocoe comclemee seaele

* cv 173: average heat transfer rate to vapour in dry region (10-20 s)

e e P e e e &

*

20517300 avqwgdry div 1. 0. 0

20517301 cntrlvar 154 catrlvar 172

*

R R it s R R R L B er’ B
* cv 180: vapour temperature after 10 s

Frme e lowee w=e- lomee ==ea locee e lemes —eee R lomwe we-- 1-
*®

20518000 tempglO mult 1. 0. 0

20518001 tempg 120190000 entrlvar 153

»

T = l--ac -=-- lemee e lecee —aee lecoe —ea- locoe w=me locee ~e=- 1-
* ¢cv 181:

e ST B B e PSSP, PR B
* .

20518100 tempint integral 1. Q. 0

20518101 cntrlivar 180

»

Farree —memm l-con wee- R leo=er wmee locee ===- B lec=e ve=- 1-
* cv 182: average temperature (10-20 s)

Faomme weme lomme wee- - - lo=ve =we- l-cce o= 3 T e 1-
x

20518200 avtemp div 1. 0. 0

20518201 catrlvar 154 cntrlvar 181

tStsts*s*s*s*s*s*s*$t$t$t$*$*$t$t$t$*$t$*$'$*$*$t$i$*$tst$*s*$*si
* GENERAL TABLES
:s*s*s*s*s*s*ststststststststsws*s*st$*ststsistsﬁsis*stststsfsts*

Tomoe wcme- locee —eee lecee ~oea b l--w- 1 1

* tab 110-129 heat losses and heat fluxes

R leoee e i leeee —c—e locoe e lowme «caa laemv
»

20211000 htrnrate

20211001 O. 26402.

20211002 1000. 26402.
»*

20211100 htrnrate
20211101 0. 16930.
20211102 1000. 16930.
k

20211200 htrnrate
20211201 0. 15470.
20211202 1000. 15470.
*

20211300 htrarate
20211301 0. 13930.
20211302 1000. 13930.
*

20211400 htrnrate
20211401 0. 12395.
20211402 1000. 12395.



*

20211500 htrnrate
20211501 0. 10980.
20211502 1000. 10980.
x

20211600 htrnrate
20211601 0. 9700.
20211602 1000. 9700.
*

20211700 htrnrate
20211701 o©. 8843.
20211702 1000. 8843.
*

20211800 htrnrate
20211801 0. £195.
20211802 1000. 8195.
*

20211900 htrnrate
20211501 0. 8195.
20211502 1000. 8195.
*

20212100 htrnrate
20212101 0. 8494.
20212102 1000. 8494.
*

20212200 htrnrate
20212201 0. 9802.
20212202 1000. $802.
*

20212300 htrnrate
20212301 0. 11174.
20212302 1000. 11174.
*

20212400 htrnrate
20212401 0. 12553,
20212402 1000. 12553.
*

20212500 htrnrate
20212501 0. 13823.
20212502 1000. 13823.
*

20212600 htrnrate
20212601 0. 14973.
20212602 1000. 14873.
*

20212700 htrnrate
20212701 o. 15737.
20212702 1000. 15737.
*

20212800 htrnrate
20212801 0. 16317.
20212802 1000. 16317.
L 4

20212900 htrnrate
20212901 0. 16317.
20212902 1000. 16317.
*

e i £ R e K ey Lo TR o, s
* tab 150 test section power
e B i B T R s e

L ]

20215000 power
20215001 o©. 4326.
20215002 1000. 4326.
*®
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:s*s-.s*s*grs*s*$'$f$*$'$*$*$*$*s'$:$*$*$*$*$*$*$t$*$*$*s*$*$*s*s-:

*
*
-
*

$55588888$
(s-steel and inconnel 600 from Bethsy, cocpper from TM-IN-816)

HEAT STRUCTURE THERMAL PROPERTY DATA

tsts'$f$*$*$*$*$*$*$t$t$*$t S*S*S* s*s*s*s*s*s* s*sfststsfs* $*$*$*$*

Tomrm comm]eree cew- leecee ——m- l-m=e === l-=we ===e b 1--==
20100100 tbl/fctn 1 1 * INCONEL-600

Fomam o l-m== —-—e locwe e lo=== —=== le=w= ==m- lovee —me- 1---=
*
omwe wmee lowoe el e e lecen o= lecee m—e- s low=e
* INCONEL-600 - thermal conductivity (WIm—K) [tp002]
e e loces wcmelocee e 1= meeclemmre cmcoleame aeee 1--w=
20100101 oO. 14. 294.0 14.8 * 1st - artiff.
20100102 373.0 15.7
20100103 473.0 17.3
20100104 573.0 18.9
20100105 673.0 20.6
20100106 773.0 22.2
20100107 873.0 23.8
20100108 973.0 25.7
20100109 1073.0 27.4
20100110 1173.0 29.3
20100111 1273.0 31.0
20100112 1373.0 32.7
20100113 1473.0 34.4
20100114 1573.0 36.1

N mem e levceme cee- loree cee= lewem = leees —ee lovmm e l1-——-
* INCONEL-600 - volumetric heat capacity (J/m3-K})
L lovoe ~=e= locem cve- leovces —=e= l-mem e locoe coem lo=m-
20100151 0. 3.7+6 294.0 3.740+6 * 1st - artiff.
20100152 373.0 3.900+6
20100153 473.0 4.060+6
20100154 573.0 4.180+6
20100155 673.0 4.330+8
20100156 773.0 4.510+6
20100157 873.0 4.550+6
20100158 9873.0 4.830+5
20100159 1073.0 5.020+6
20100160 1173.0 5.200+6
20100161 1273.0 5.340+6
20100162 1373.0 5.830+6
20100163 1477.0 5.810+6

L 2 & 4 mD L3 &
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